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SURFACE WATER TREATMENT OPERATORTGHCATION

Certification and Licensing Program

Mission
Promote responsible environmental stewardship.

Goal

Provideoperators with the basic knowledge requitéo manage drinking water,
wastewater and solid waste systems

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

Phone numbeand Website for regulatory, technical or operational concerns
502-782-6189

dca.ky.gov

Other programs administered by the Division of Compliance Assist

Kentucky Excel Program
Kentucky Brownfield Program
Kentucky Environmental Compliance Assistance Program

Disclaimer

All reasonable precautions have been taken in the preparation of this document, including
both technical and notechnical proofingThe Kentucky Division of Compliance Assistance
and all staff assume no responsibility for any errors or omissions. Should the summarized
information in this document be inconsistent with a governing rule or statute, the
language of the rule or statute sharevail. Reference herein to any specific commercial
products, process, or service by trade name, trademark, manufacturer, or otherwise, does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the
Kentucky Division of Cqiiance Assistance.
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SURFACE WATER TREATMENT OPERATORTGHCATION

N

Chapter 1. The Surface
Water Treatment Plant

Operator

Chapter 1 Objectives

Explain wherand why operator certification came into existence.

Determine what constitutes a public water system.

Understand and be able to notate the size parameters relative to certification
classifications of treatment facilities.

Recall the number of continuing edation hours necessary to renew operator
certifications.

Remember the grace period and monetary penalty of failing to renew operator
certification on time.

Explain the notions of professionalism and ethical behavior.
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Safe Drinking Water Act - Protecting America's Public Health

Detorest

Sol
Loc

Future Source Of Drinking Water

xxxxx

MULTIPLE RISKS REQUIRE MULTIPLE BARRIERS 1 g Z et e A e

Safe drinking water is essential 10 the health of American citizens and the economic Voticie
health of our communities. However, drinking water is vuinerable to contamination
bes

Drinking Water Intake

=
SEPA
EFA
St
Safe Drinking Water Hotline — (800) 426-4791 Safewater Web Site — www.epa.gov/safewater P b

History

When the Cuyahoga River ite@land Ohig, caught fire for the fifth time on June 22,
1969, people began complaining about the abysmal condition of the waters in the United
States. Publicity from this event was a major impetus for the passage of the Clean Water
Act (CWA) in 1972. Thstatute employs a variety of regulatory and nonregulatory tools to
sharply reduce direct pollutant discharges into waterways, finance municipal wastewater
treatment facilities and manage polluted runoff.

The CWA was followed up by the Safe DrinkingeWact (SDWA) in 197#h order to
protect the quality of both actual and potential drinking water in the United States. This
statute requires the United States Environmental Protection Agency (EPA) to regulate all
GLIzo f A O ¢ 1¢( $MIA & e dNddedAaxitndn2Gontaminant Levels (MCL) and
Maximum Contaminant Level Goals (MCLG) for each regulated contaminant. The SDWA
was amended in 1986 to address, among other things, the regulation of lead levels in
a2t RSNJ I YR ¥t dZEND § RInEDSGEDR FcbRs fdrthed ami@nded to
emphasize sound science and fisksed standard setting, small water supply system
flexibility and technical assistance, commurgiyjpowered source water assessment and
protection, public rightto-know and water sstem infrastructure assistance through a
state revolving loan fund (SRF). Further revisions to the SDWA in 1996 inttiaded
following:
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SURFACE WATER TREATMENT OPERATORTGHCATION

Consumer Confidence Reports (CCR) that all community water systems must distribute
annually about the water they prow including information on detected contaminants,
L23aaAroftsS KSIHfOK STFSOGa FyR GKS g1 6SNDRa a

CostBenefit Analysisvhich mandates that the EPA conduct a thorough dEstefit
analysis for every new standard to determine whether the benefitg drinking water
standard justify the costs associated with them;

Drinking Water State Revolving Funds (SRikirh states can use to help water
systems make infrastructure or management improvements or to help systems assess and
protect their souce water;

Microbial Contaminants and Disinfection Byproducts (D®Rich required the EPA to
strengthen protection for microbial contaminants, including cryptosporidium, while
strengthening control over the byproducts of chemical disinfection.

Operator Certification where water system operators must be certified to ensure that
systems are operated safely. In 1988 EPA issued guidelines specifying minimum
standards for the certification and recertification of the operators of commuaitd non
transient, noncommunity water systems. All states are currently implementing EPA
approved operator certification programs.

Public Information and Consultation: The SDWA emphasizes that consumers have a
right to know what is in their driking water, where it comes from, how it is treated and
how to help protect it and establishealDrinking Water Hotline among other resources.

Small water systems are given special consideration and resources under the SDWA, to
make sure they have thmanagerial, financial and technical ability to comply with
drinking water standards.

t dzof AO 41 SN aeaidsSvya ot2{0 NS RSTAYSR o
the public of water for human consumption through pipes or other constructed
conveyances, if such a system has at |ddsservice connections or regularly serves at
least25individualse
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SURFACE WATER TREATMENT OPERATORTGHCATION

Why Should | Become a Certified Operator?

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

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

Certification Process

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

System Classifications

I {dzoOflaa a!é aeaasSy Aa | aeadasSy K
Surface water or groundwater under the direct influence of surface water; or
Groundwater not under direct influence of surface water that uses grévatgtion.

Class-AD Water treatment plant with a design capacity < 50,@@0lons per day

Water treatment plant with a design capacigb0,000 but < 500,000
gallons per day

Water treatment plant with a design capaciy pOA0but < 3,000,000
gallons per day

Class 1A
Class A

Class MA  Water treatment plant with a design capaciy o D00galions per day
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SURFACE WATER TREATMENT OPERATORTGHCATION

Regulatory Education and Experience

High School Diploma or GEBdOne (1) year of acceptable operatic
Class-AD of a Subclass Auplic water system with any design capacity shall |
required.
High School Diploma or GBBd Two (2) years of acceptable
Class 1A operation of a water treatment plant with Six (6) months in a Clas
[IA, llIA or IVA water treatment plant shall be reqdi
High School Diploma or GBbd Three (3) years of acceptable
operation of a water treatment plant with One (1) year of that

GRS experience in a Class IIA, IlIA or IVA water treatment plant shall b
required.
Baccalaureate degrea engineering, science or equivalent is requi
Class \A and One (1) year of acceptable operation of a Class IlIA or IVA pL

water treatment plant shall be require&ubstitutions for experience
in lieu of a degree will be considered by the cabinet.

Operators in Training (OIT) C ertifications

Operators in training certifications assailable for each certification typenA
individual can apply for an OIT license that is one level higher and of the same type as the
certification that the individual currentlizolds.An individual may also apply for an entry
level OIT certificationOITs must pass the appropriate operator certification exam and
work under the responsible charge of a mentor. To apply for the exam, individuals must
submit the following to the Cdfication and Licensing Branch:

Education ad Experience Documentation Form;
Registraton Form for Exams and Training;
The appropriate fegand
At SGGSNI FNRBRY GKS LILX AOFYy(iQa YSyuz2NX» ¢KS
o Acommitmenttooversee® | LILX AOFydiQa ¢2NJ | FGSNJ
OIT;
o A commitment to mentor the applicant as long as the applicant is under the
YSYi2NDa RANBOG NBalLRyairofS OKIFNABST
o Verification that the mentor is not currently mentoring any other OITs; and
o Confirmaton that the mentor holds a certification license that is equal to or
greater than the certification level required to serve in primary responsibility of
the facility where the mentor and prospective OIT works.

=A =4 -4 4
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Certification Renewal or Maintenance

Drinking water treatment, distribution and bottled watesystem certiftations
expire on June 30 of evarumbered years. Certifications shall remain valid until the
expiration date, unless suspended, revoked or replaced by a higher classification
certificate bebre that date. Certificates issued between Jan. 1 and June 30 of a renewal
year will be issued to include the next twear renewal periodi-ailure to renew before
July 1 of the renewal year will result in the expiration of certification and a late fee
asessment.The certificate shall terminaté not renewed on or before De81 of the
year the certification expiredCertified operators with expired certificates shall not be in
responsible charge of a drinking water or wastewater facility.

Certified opeators (excluding OIT certificates) may renew their license(s)
electronically through the cabinetebsiteusing theESearcHink or by submitting the
Application for Certifiation Renewal and appropriate fee to the Division of Compliance
Assistance, Certification and Licensing Branch,S3er Blvd.Frankfort, KY 40601.

Certified operators who are designated an Operator in Training may renew a
certification withoutexamiration if the operator has:

q Satisfied the continuing education requirements;

| Earnedthe required years of operational experience;

| Submitted an Education and Experience Documentation form verifysg
or herexperience;

| Submitted a letter of recommendatn froma mentor; and

T Submitted a completed Application for Certification Renewal form and the
renewal fee to the cabinet or has renewed the certification electronically on
the cabinet'swebsite

Drinking water treatment, distribution and bottled wateedified operator<QQ
traininghours shall be completed for each renewal during the twey&gr period
immediately prior to the certificate expiration dat€ertified operators holding a
treatment, distribution and/or bottled watecertificate shall complet the required
number of cabineapproved training hours for the highest certificate held in lieu of
completing the required number of continuing education hours required for both
certificates.

Reminder-- Continuing education hours earned prior to certifition shall not
count toward certificaterenewal.
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SURFACE WATER TREATMENT OPERATORTGHCATION

Operator Ethics z Standards of Professional Conduct for Certified Operators

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

(a) A certified operator shall, during the performance of operationaiedfprotect

the safety, health and welfare of the public and the environment;

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

600 LF I OSNIAFASR 2LISNI G2 NDarci®wzRtENEeS Yy (|
in which the safety, health and welfare of the public or the environment are
endangered, the certified operator shall inform the employer of the possible
consequences;

(d) A certified operator shall be objective, truthful and complete iplegations,

reports, statements and testimony provided to the cabinet; and

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

The full set of standards is located in 401 KAR 11:020.

Certified operators who violate the standards in 401 KAR 11:020 are subject to
disciplinary actions which include but are not limited to:

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

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

(c) Revocation of the operator's certidition;

(d) Civil or criminal penalties; or

(e) A combination of the disciplinary actidmsted above.

Disciplinary actions are outlined in 401 KAR 11:050, Section 4.
All regulations related to the certification of wastewater and drinking water ajpes are

located in 401 KAR Chapter 11. A copy of the regulations is located in this naaduais
recommended that you become familiar with the regulations that govern your profession.
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Professionalism
Professionalism ighe skill, competence or chacter expected of a member of a
highly trained profession anithe use of professionals instead of amateurs

We are in a lowisibility PROFESSIONRan 2 dzNJ Odza it 2 YSNAE R2y Qi
important our work is to their welbeing.

We operators need to regard ogprofession as a PROFESSION, not just a job, and
take our cues from other professionals.

Be proud of your profession. You, as an operator, provide one of the resdhates
human beings need to survive

The purpose of treatment is to prale POTABLEAVTER fit for human
consumption to our customers.

KNOWLEDGE + YOUR DILIGENCE = POTABLE WATER
SOURCE WATER QUALITY + TREATMENT = FINISHED WATER QUALITY
Monitor Closely Controlled Change Set Goals

This formula for treating water is true and@urate for all systems.
SOURCE WATER + FACILITIES = TREATMENT TECHNIQUE

Since source waters are so different, treatmentiliies and techniques will bdifferent,
aswellC2 NJ GKAa NBI &2lyS (KISINS IAfaf il addd@ipliicA G4 T A
source waters or facilitie$Vhat works at one treatment facilityill not necessarily work

at another.Furthermore, what works at your facility today may not work nearly as well
tomorrow when the source water changes.
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The focus of operation sbuld be:

Set finished water goals

Monitor closely all affective raw water quality changes

Understand the operational theory and design characteristics of your facility.
Monitor and evaluate all factors that affect each treatment process.

Take into accout the big picture; recognize the interaction between processes.
Measure and evaluate the results of all changes.

Continuously strive to improve yourself as an operator.

=2 =4 -4 -4 -4 -4 -2

a, 2dz O yQil o6dzAf R | NXB Lzl
E ¢ Henry Ford

LOCAL ._)

WATER
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SURFACE WATER TREATMENT OPERATOR CERTIFICATION

List of Key Acronyms

AWWA American Water Works Association

AwwaRF AmericanWater Works Research Foundation

BAC Biologically Ative Carbon

BAT BestAvailableTreatment

BMP Best Management Practice

CPE Comprehensive Performance Evaluation

CTAP Kentucky DOW Comprehensive Technical Assistance Program
DBP Disinfection By Product

D/DBP Disinfectant and Disinfection kyProduct

D/DBPR Disinfectant and Disinfection lyProduct Rule

DO Dissolved Oxygen

DOW Division of Water (Kentucky)

ES EffectiveSze

ESWTR Enhanced Surface Water Treatment Rule

GAC Granular Activated Chon

GWR Ground Water Rule

GWUDI Ground Water Under the Direct Influence of Surface Water
IESWTR Interim Enhanced Surface Water treatment Rule

IFE IndividualRlter Efluents

LCR Lead and Copper Rule

LTESWTR Long Term Enhanced Surface Water Treatnkurle

LT2 Long Term 2 (Enhanced Surface Water Treatment Rule)
MIEX Magnetic Rsin (trademark acronym for a resin specific for DOC remc
MIOX Mixed idants

MGD Million Gallons per Day

MOR Monthly OperatingReport

MRDL Maximum ResidualiBinfectantLevel

NOM Natural Organic Mtter

NPDES National Pollutant Discharge Elimination System

O&M Operations and Maintenance

ORP OxidationReductionPotential

PWS Public Water gstem

QA QualityAssurance

QC Quality @ntrol

RCAP Rural Community Assistam®artnership

RTCR Revised Total Coliform Rule

SCADA Supervisory Control and Data Acquisition

SG Specific Gvity
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SOC
SUVA
SWTR
TC
TCR
TDS
TOC
uc
USEPA
USGS
WTP
WHPA

Synthetic Organic Carbon
SpecifidJltraviolet Absorbance
Surface Water Treatment Rule
TotalColiform

Total Colifom Rule

Total Dissolved Solids

Total @ganicCarbon

Uniformity Wefficient

United States Environmental Protection Agency
United States Geological Survey
Water Treatment Plant

Well Head Protection Area
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SURFACE WATER TREATMENT OPERATOR CERTIFICATION

Review Questions for Chapter 1 z The Surface Water Treatment Plant

R

Operator

Identify when the SDWAvasenacted?

Identify whenthe operator certificationprocess wa$ederally mandated?
Operatorshavehow many months to renew their license without having to retest?
What areoperators bound by regulation to do if they are told to do something

illegal?
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SURFACE WATER TREATMENT OPERATORTGHCATION

Answers to Review Questionsfor Chapter 1 z The Surface Water Treatment
Plant Operator

1.1974
2. 1996
3. Sixmonths

4. Informwhoever gave the order of the consequess.
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Chapter 2. Water Sources
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TheHydrologic Cycle

Chapter 2 Objectives

1. Define the hydrologic cycle and be able to recall the movements of water that are
entailed within.

2. Delineate the three typs of source water and the differences between them.

3.5SUSNXYAYS 6KIG SyadAaAdASa YF1S dzLJ 4 KS 9t !
quality.

4. Determine which type of source water is the easiest to remediate.
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The Hydrologic Cycle
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Evapotranspiration

Evaparation

Ocean

Groundwater Fbm-
Groundwater X

Soil Moisture

Percaolation

Evaporation ¢ A processn which something is changed from a liquid to a vapor without
its temperature reaching the boiling point.

Precipitation¢ The formation of rain, snow, haétc., from moisture in the air.

Runoff¢ Water, sometimes carrying agricultural or industrial westthat is carried by
rainfall and melting snow into surface waters.

Infiltration - Water passing through the soil and recharging aquifers.

Percolation¢ Making a liquid pass through a filter (soil and rock) or porous substance.

Transpiration¢ A processs KSNBE ¢ G§SNJ G LI2NJ Aa IABSY 27FF

surface ( leaves, exposed ropgsc.).

Page?1
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Current federal drinking water regulations defitieee distinct and separate sources of
water: 1) surface water, 2) groundwater under the direct influe of surface water, and
3) groundwater.

Surface Water
Surface water is water that is open to the atmosphere and results in overland flow.

Much of this water is the result of surface runoff. Specific sources of supply include rivers,
lakes, streams, sprgs, shallow wells and manmade impoundments.

Surface waters are easily polluted (or contaminated) with harmful chemicals and
pathogenic microorganisms that cause diseases in humans. These harmful entities can
enter surface water sources from runoff and ugstm discharges.

Theturbidity of surface water often fluctuates relative to the amount of
precipitation that can increase treatment requirements, costs and the need of operator
diligence.

Thetemperature of surface water vacillates with the ambient tempéure. This
fluctuation in temperature impacts all chemical and physical treatment processes and
makes consistent water quality more difficult to achieve.

Decomposing plant and animal life (organics) are prevalent in surface water.
Organics can affect thiaste, odor and color of wateand these organics have shown
themselves to be precursors of disinfectionpducts. Organics can also accelerate
corrosion rates and greatly increase treatment requirements and associated costs.

Water-quality problemssuch as hardness, or iron and manganese discoloration as
a result of dissolved mineralsccur infrequently in surface water suppljdésit can
occasionally be problematic with some waters.

Surface water sources are easier to access, pollute and remedtizate t
groundwater and quantity can be unstable during droughts.
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SURFACE WATER TREATMENT OPERATORTGHCATION

Because surface water supplies are so susceptible to pollution and pathogenic
contamination, higher levels of treatment that will includeagulation flocculationand
filtration will likely ke necessary. These processes are a part of thenitR#ple barrier
concept of water treatment.

Pulsilie Weter Supphy

4.3 Figure 1: Multiple barrier concept

Source Water Protectiorq Protecingthe water before it gets to the treatment facility
means less time and money to treat it when it gets to the plant.

Distribution ¢ Provide both the quantity and quality of water to our customers.

Treatment¢ Remove potentially harmful chemicals and aesthetically displeasing
contaminants
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Groundwater Under the Direct Influence of Surface Water

Groundwaters under the direabfluence (GWUDI) are affected by the same
parameters as surface wateso the levels of treatment are much the same as surface
water.

Groundwater

DNRdzy Rgl GSNI Aa O2yaAARSNBR (G2 06S 41 GSNJI
been stored within an aqter and does not change in character relative to precipitation
events. An aquifer is an underground layer of wetearing material. Groundwater is
usually brought to the surface by a well.

SOFdzaS 2F GKS SINIKQa | owntoihd dgGifar, the2 T A
water quality of groundwater is generally good. Because of its lack of exposure to the
atmosphere, contamination issues are usually much lesstiase ofsurface water.

Because of its characteristics and the lack of outside inflas, groundwateusually
requires less treatment than surfaeeater.

e |

Artesian
well

Confined aquifer
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Review Questions for Chapter 2 z Water Sources

1. What are the six hydrologic cycle processes that transport water around our planet?
2. An underground layer of water bearing materiata&led what?

3. Which source water, ground or surface, is easier to remediate?
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Answers to Review Questions for Chapter 2z Water Sources

1. Evaporation, condensation, runoff, infiltration, precipitation, transpiration
2. An aquifer

3. Surface
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SURFACE WATER TREATMENT OPERATOR CERTIFICATION

Chapter 3: Water
Characteristics and
Chemistry

Chapter 3 Objectives

1. Define an MCL, MCLG and associated action levels

2. Define an inorganic contaminant and what differentiates it from organic
contaminants. Explain whatleboth play in drinking water treatment.

3. Define pH, and explain its significance in water treatment, how it is measured and
the effects of the differences in measurements, and how to alter or change pH
levels.

4. Define alkalinity and what role it plays irater treatment as well as ways to
change alkalinity levels

5. Determine how temperature variances could impact both the water being treated
and the treatment processes and how to adapt to such changes.

6. Explain how a treatment facility can adapt to significeamperature change.

7. Define turbidity and explain its significance in the treatment process as well as how
it is measured.

8. Define hardness.

9. Delineate the types of color and their potential impact on the treatment process,
disinfection byproducts and custd SNBE Q LISNOSLJiA2ya 2F (KS.

10.List the most predominate causes of taste and odor in drinking water and how they
relate to TOC, NOM and DOC.

11.Define TDS and its impact on the treatment process.

12.Explain the importance of intake structures to the treatmenbcess, which intake
level would be superior and the means available to instigate inexpensive solutions
to intake issues.

13.Explain what significance stratification has to raw water.
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Water Characteristics and Chemistry

One of the first things water treatent operatoss should learn is theource of the
water entering their plantThewater source affects both the quantity and quality of the
raw water to be treatedA basic understandingf how raw water acquires its
characteristics and how these charactéds will affect human health and necessary
treatment techniques will helpperatorseffectively treattheir water.

Potable water is water that is safe for drinking purposes from the standpoint of its
chemical, physical and biological characteristughic water system§PWS) product
(potable water), must meet certain federal and state watgrality standards enforced by
the EPA and the Kentucky Division of Water (DOW).

Before any system in Kentucky begins offering water for human consumyjition
first must perform a series of tests on its raw water source(s) to determine 1) what type
of contaminants are present in the raw water 2) how pervasive these contaminaats
and3) the likelihood of the numbers of these contaminants changing over time. This
information is then used to determine what treatment processes are required, CT
calculations, monitoring frequencies and design parameters for plant expansions or for
new treatment facilities.

Periodically, water systems undergo sanitary surv8gsitary surgys evaluate
source water characteristics, treatment process effectiveness, distribution system
efficiencies, certified operator availabilities and capacity development guidelines.

Basic knowledge of water quality, characteristics and treatment processes
necessary to competently perform the duties of a certified treatment operaidter
gaining this knowledge, using it on a regular basis will hone your skills and improve your
performance as well as the performance of thlant.

Maximum Contaminant Le vels
Maximum Contaminant Levels (MsTlare

02)-129 -#, 3%#/ . $!1 29
NITRATE 10.0 mg/L SULFATE 250 mg/L
FLUORIDE 4.0 mg/L ARUORIDE 2.0 mg/L
LEAD 0.05 mg/L * IRON 0.3 mg/L
COPPER 1.3 mg/L ** MANGANESE 0.05 mg/L

TURBIDITY 0.3 NTU ***
* ActionLevel 0.015 mg/L  ** Action Level 1.3 mg/L  *** As an average of monthly samples
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SURFACE WATER TREATMENT OPERATORTGHCATION

Lead and Copper Rule

G¢KS GNBFGYSYld GSOKYyAIldzS F2NJ 6KS NYzZ S
at customer taps. If lead concentrations exceed atioa level of 15 ppb or copper
concentrations exceed an action level of 1.3 ppm in more than 10% of customer taps
sampled, the system must undertake a number of additional actions to control corrosion.
If the action level for lead is exceeded, the systamst also inform the public about steps
they should take to protect their health and may have to replace lead service lines under
0 KSA NI GthymviateRepadmév/lawsregs/rulesegs/sdwallcr/index.cfm

Additional requirements include the installation and maintenance of corrosion
control treatment (CCT) and source water monitoring/treatment, lead public education,
and lead service line (LSL) replacement.

2 KSy al [ Q& [tHéBonsbrkir® pubIR BIBST be informed as dictated by
the Public Notification Rule and Consumer Confidence reporting.

MAXIMUM CONTAMINANT LEVEL GOALS (M&@3ents the level of a contaminant
that would pose no detrimental health effect to humansisibften less than the MCL for
that individual contaminant. As technology and/or compliance treatment costs improve,
the MCL will gradually be lowered by the EPA until it equals the MCLG.

TREATMENT TECHNIQQESme recent regulatory additions and clg@s necessitate
the implementation of new or different treatment techniques for the removal of certain
contaminants in drinkingvater. Some of these treatmemhallengesre as follows:

1 CT for Giardig3-log removal), viruses {bg removalland cryptospoidium (upto 6-
logremoval)

1 TOOpercent removal requirement based on upon rawater TOC and alkalinity levels

1 5. tflQshing and cleaning req@ments for distribution systemsand

1 Lead and Coppearmoval and public notification requirements whenever action levels
are exceeded.
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Lead and Copper
Lead and Copper can have detramental effects to a water sytems, understanding ways

to control and monitor is extermely importantAnopertor needs to understand several
different factors that impact the release of lead and copper

=

Alkalinity, pH, and DIC.

Corrosion inhibitors.

Hardness (calcium and magnesium).
Buffer Intensity.

Dissolved oxygen (DO).

Oxidation reduction potential@dRP).
Ammonia, chloride, and sulfate.

Natural organic matter (NOM).

=4 =4 4 4 A4 A4 A A2

Iron, aluminum, and manganese.

Several different methods for control and treatment can be looked at. The EPA has a
document that coversghe steps a system shoukkaminewhen adjustingor optimal
corrosion control. Every water system will need to takéed#nt levels of action but it is
commonly knowrthat systems with LSleg@d service lines) contribute a high percentage
of lead in samples collected.

https://www.epa.gov/sites/production/files/20183/documents/occtmarch2016.pdf

There are different techniques and methods used to treat the contaminants in
water. The type of treatment used dependent on monetary corgerations, source
water qualityand engineering recommendations. Choosing the proper application
requires diligence.
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Curb

REEIXIITY
|

Communication
Pipe

Stop _ Sidewalk _ ping ‘ Valve

Property
Boundary

. Internal
Plumbing

— Isolation

ot AT

— Water

Supply Pipe Meter

Wa_ler G?—“_L 4!
M - Gooseneck or pigtail

Exhibit 2.2: Typical Water Service Connection that May Provide Sources of Lead (Sandvig et

al., 2008)

Water Quality Problem

Treatment

1. Colforms oricrobiological
contamination

la. disinfection (chlorination)

1b. disinfection (other oxidantsozone, clorine dioxide,
chloramination)

1c. coagulation, flocculation, sedimentation, filtratiand
disinfection

2. Turbidity

2. coagulation, flocculation, sedimentatiamdfiltration

3.0Odors

3a. clarification (cogulation, flocculation, sedimentation
andfiltration

3b. oxidation (chlorination or permanganate)

3c. special oxidation (chlorine dioxide)

3d. adsorption (GAC or PAC)

3e. aeration

4.1ron and/or manganese

4a. sequestration (poly orrtho phosphates)
4b. removal by special ion exchange

4c. permangana and greensand

4d. oxidation byaeration*

4e. oxidation with chlorine*

4f. oxidation with permanganate

*filtration must follow oxidation
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5. Excessive hardness 5a. ion exchange softening
5b. lime (and soda) softening

6. Dissolved minerals (high | 6a. ion exchange
total dissolved solid¥ 6b. reverse osmosis

7. Qorrosivity 7a. pH adjustment with chemicals
7b. corrosion inhibitor addition (zinc phosphate, site)

8. Preventative treatment 8a. add fluoride chemicals

a. fluoridation 8b. (1) do not prechlanate, disinfect with ozoneshlorine
b. trihalomethanes (THN) | dioxide or chloramines

8b. (2) remove THM precursors

8b. (3) remove THMafter they form

Inorganics

Nontlife forms such as sand, clay, silt, salts and me@snprise the majority of
the inorganics we see in the treatment plant. In addition there are some manmade
chemical compounds developed from nbfe materials that appear from time time in
our source water as a result of the erosion and dissolving of minerals or@®dycts of
industrial processes and pollution.

Some of the more common inorganic contaminants are lead, copper, barium,
cadmium, nitrates and arseniand all of tlese are toxic to humans. Treatment for
inorganic substances usually involves a combination of processes and is dependent upon
which inorganic contaminant needs to be removed. Some of the more commonly used
processes for inorganic removal include oxidatiomagulation combined with settling
and filtration, carbon adsorption, lime softening, ion exchange, reverse osmosis,
stabilization and chlorine and UV disinfection.
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A very prevalent drinking water problem relative to inorganstie presence of
iron ormanganese, calcium or magnesium hardness and total dissolved @d&3.

Withoutproper restoration, mining can have severe im pacts
upon stream hydrology, morphology, biota and water quality.

Surface Water Characteristics and Monitoring Parameters
Some monitoring of surface source water is done frequently to better understand
the significance and bearing on the sucfesoperation of the treatment facility.

Among them arghe following

pH actually describes the hydrogen ion concentration in a water sample. pH is
measured on a scale from 0 14 with a reading of 7 being neutral. The pH meter
measures the relative aount of hydrogen ions versus hydroxyl ions in a solution.
The lower the pH value, the greater the proportion of hydrogen to hydroxyl ions in
the solution and the moracidicthe solution. As pH values rise on the scale, the
relative amount of hydroxyl iongroportionate to hydrogen ions becomes larger
and the solution becomes motkeasic A pH measurement of 7.0 is considered
neutral and represents the point on the scale where the amount of hydrogen and
hydroxyl ions are equal. Each numerical change on Bhegale is actually
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indicative of a tenfold change in the hydrogen ion concentration. Frequemtly
change in pH indicates a change in water quality. Monitoring and understanding
the effect pH has on treatment processes can significantly improve the
optimization of these processes. The measurement of pH is established using a
calibrated ph meter.

pH Scale

10-1  10-3 10-6 10- 10-12
pHScale |0 1 2 3 4 5 6 7 8 8 10 11 12 13 14

@ 1013 -1 1078 107= 1072
-

Acidic Basic
-
Meutral
increasing hydrogen
increasing hydroxide ions
-

Alkalinity describes the ability of a substance to neutralize an acid. Alkalinity is a
buffer to pH, which means that the higher the level of alkalinity issolation, the
more acid it will take to lower the pH. Chemicals used to increase the alkalinity
level in water (lime, caustic soda, soda afis.) have the effect of adding hydroxyl
ions to a solution. When this addition of alkalinity creates an excekgdyoxyl

ions in relation to hydrogen ions in the solution, the pH of the solution will increase
accordingly. When acids are added to a solution (the addition of hydrogen ions)
containing alkalinity, the hydrogen ions bind with the hydroxyl ions in smiut
(essentially forming water molecules) and reduce the alkalinity level in the solution
without substantially affecting pH.

This is the buffering effect. As more acid is added to the soluti@nalkalinity will
gradually be used up and the pH will theecrease accordingly. When more
alkalinity is once more added to the water, it again creates an excess of hydroxyl
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ions and the pH will begin to rise dependent upon the amount of alkalinity added.
Alkalinity is determined mathematically after observingador change while
titrating a weak acid into a solution.

Temperatureis measured as degrees Fahrenheit or degrees Celsius. Temperature
impacts every treatment procesiut it is the parameter of least control for an
operator. Chemical reactions occur fastn warmer waters and particles settle out
more quickly in warmer waters. Warmer waters are more conducive to the growth
of organic substances and taste and odor issues are more noticeable in warmer
temperatures.Measured by a thermometer, temperaturefatts the

recommended filter backwash rateSometimes it is necessary to convert
temperatures in Fahrenheit to Celsius and vice versa.

x Fahrenheit =X Celsius X 1.8) + 32 CelsiusFafirenheitg 32) + 1.8

Turbidity is a measure of suspended netin a water sample. It can be
comprised of a myriad of entities including organic and inorganic substances.
Turbidity can be a viable indicator of the amount of contamination or pollution in
water, and as suchurbidity levels should be minimized thrghout the treatment
process. Turbidity can also interfere with disinfection efforts by shielding
pathogens from disinfection efforts.
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Simplified Diagram of &@athogen
Encapsulated by a Particulate

Viruz of Bacteria hidingina
sthall orifice of the patticuate.
(Zize=.1 to 100 pm)

Patticulate

Courtesy oEric Karch and David Loftis

Regulation requires water purveyors to achieve monthly average turbidity levels to
be below 0.3 NTU measured in the combined filter effluent every four hours of
plant operation. No treated water should evexceed 1.0 NTU.

Settled water turbidity should be maintained below 1.0 NTU and finished water
turbidity should be maintained below 0.1 NTU. Individual filters shall be
continuously monitored and notated for performance and inspection and
maintenance. Masurement of turbidity is obtained using a calibrated and
standardized turbidimeter.

Turbidimeters measure the reflective properties of the particulate in a sample. The
results are shown as NTUs (nephelometric turbidity units). Difféyeshtaped and
colored particulate will produce varied results on the turbidimeter.

Low Turbidity ——— = High Turbidity
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o Forward
90" Detector Scatter

Detector

Back
Scatter
Detector A

Sample  Transmitted
Source Lens Cell Light Detector
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Hardnesslescribes water containing a high level of calcium and magnesium ions.
Excessive hardness in watsauses soapot to latherandscale deposition on

pipes, valves, meters, boilers, dishes, cookware and water heaters. Hardness can
sometimes impart objectionable tastes to wates well as damaging some

industrial processes. Softened water deliverectstomers in Kentucky usually

has a hardness level between 80 and 90 mg/L as calcium carbonate (CaCO3).
Hardness levels are determined by titrating a weak acid into a solution while
observing a color change.

Colorrelative to water is water that is aesthieally objectionable or it can be any
water not deemed to be clear. There ao types of color:

N True color

o True coloiis causedy decomposing organic materials in the water.

0 Since true color is composed of organics, these may aid in the formation
of disinfection byproducts (DBPsas well as biofilms and biological
regrowth in distributionsystems.

o0 Measured in color units (CU) by using a spectrophotometer.

1 Apparent color

0 Apparent coloiis caused by precipitated inorges frequently iron (Fe)
andmanganese (Mn) in the water.

o This type of coloproduces discoloration in thevater as well as staining
basins, tubs and laundry. Iron at levels greater than (>)0.3 mg/L causes
red water, and manganese greater than (>) 0.05 frequently causes black
water.

o Apparent color is measured in mg/L using a spectrophotometer or a
reagent method.

Taste and odois aesthetically objectionable water that possesses any taste and
odor outside of what the customer is used to. These issues can be caused by many
major infuencessuch as algae, reservoir stratification, decaying organics,
wastewater, industrial wastes, minerals, dissolved gasses, incompatible chemical
combinations andlast but certainly not leastreatment plant and distribution

system shortcomings. Measement is done by using the Threshold Odor Number

Page39




SURFACE WATER TREATMENT OPERATORTGHCATION

(TON method) where samples are diluted and arranged in order for detection by a
panel of human observers. Average level of detection is used to describe the
sample.

Total Organic Carbon (TO@®scribes therganic composition of a water

sample. TOCga precursors to disinfectichy-product (DBP) formation. The most
effective traditional removal of TOC is accomplished by enhanced coagulation,
which is coagulation at a low pH. Activated carbon adsorptiofssan effective

method of removal. Regulatory removal requirements are based on raw water
levels and alkalinity levels. Due to the costs associated with TOC analysis, samples
are generally sent to an approved laboratory. Dissolved Organic Carbon (DOC) may
be used as surrogate for TOC for-plant process control and levels can be
determined by a spectrophotometer using the 254 method.

Volatile Organic Carbon (VOE@re organic chemicals that have a high vapor
pressure at ordinary, rootemperature caditions. VOCs are numerous and
varied and are both manmade and naturally occurring chemical compoiihesy.
can pose health problems including damage to the reproductive system, liver,
nervous system and other organs. Common VOCs come from householeizod
through septic systems, gasoline compounds (such as MTBE and benzene) and
industrial solvents. Current regulatory procedures establish MCLs, MCLGs, and
mandated treatment technologies based on ingestion of 2 liters per day. Water
treatment operatiors subject to the SDWA must implemergatment and
monitoring systemso ensure SDWA requirements are being met.

Your source water will frequently contain volatile organic compounds or chemicals
(VOCs). Some of the more frequently encountered VOCs areBenToluene,
Formaldehyde, Xylene, Chloride, Ethylene glyfcel,oil, vehicle exhaust and
gasoline. Most VOCs are absorbable to some extent. More weakly adsorbing
compounds can often be removed by air stripping.

Synthetic Organic Carbons (S@@Jer drinking water from pesticides and
herbicides. Synthetic Organic Chemicals (compounds) (SOCs) are also commonly
found in surface water. Some commonly found SOCs are Adipate, Lindane,
Atrazine, 2, 4D, ToxapheneDiquat, WeeeB-Gone, Scotts 4XD aidladexB.
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Some organics in drinking water are caused by the decay of naturally occurring
vegetation. These decay compounds are called lignins or tannins. A much larger
group of organic contaminants are the thousands of manmade organic chemicals
that have been crated in the last 50 years. The EPA regulates some of these
contaminants as health risks in the Safe Drinking Water Act (SDWA). These
manmade organic contaminants can be grouped into subcategories that are often
more recognized (and more easily pronounctdn the more formal chemical
name. These subcategories are given below, along with a few illustrations of
specific contaminants in each subcategory.

1. Industrial solvents, such as trichloroethylene, carbon tetrachloride
2. Hydrocarbons, such as benzerglene, toluene

3. Pesticides such, as aldicarb and chlordane

4. Herbicides such, as alachor and silvex

Trihalomethanes are the byroducts of the chemical reaction between chlorine
and the naturdly occurring organics in drinking water. These natyraticurring
carbon compounds are not hazardous by themselves, but when combined with
chlorine, produce byroduct reactants, which have a health concern.

TREATMENT OPTIONS
There are three treatment methods that have been shown to be effective in

removing organics from drinking water. They are aeration, adsorption using activated
carbon and oxidation.

Activated Carbon Treatment: Advantages and Disadvantages

Activated carbon has an enormous surface area for the volume it displaces. One
pound has the sudce area of more than a football field. Activated carbon is a material
GKFG FGONY OGa Ylye (eLilSa 2F 2NHIYAO O2ydl
removal capacity is used up, the carbon may be returned to the manufacturer for
rejuvenation (for vey large users) or can be disposed of appropriately. Activated carbon
can foster the growth of bacteria by concentrating the food the bacteria needs to live. A
final concern with activated carbon is the possible release of contaminants already
adsorbed. TKA & A& 1y26y & aRdzYLIAy3e FyR O2dz R
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saturated with contaminants, and a contaminant of higher preference displaces another
with lower adsorption preference.

Aeration: Advantages and Disadvantages

Aeration treatment consistef passing large amounts of air through the
contaminated water. The efficiency of the device is improved by breaking up the water
flow into many small droplets. The goal is to maximize the water's surface area to allow
the contaminants to volatilize intdhe air stream. Aerator configurations include packed
tower and lowprofile bubble tray styles. Where aeration is used, two operational
problems are possible:

Where there are elevated levels of iron or manganese, rusty staining efrwaée
fixtures andclothing is possible.

Bacterial slime may grow in aerators requiring continuous or periodic chlorination.

The advantage of aeration is that thaseno disposal of radioactiweaste or regeneration
of the treatment system necessary.

Oxidation: Advantages ad Disadvantages

Certain organic contaminants will chemically react with oxygen and oxiygen
compounds. After this treatment is accomplished, the resultant compounds may be either
fully neutralized or will have a lower level of hazard. Further treattmeay still be
necessary. Oxidizing chemicals inclodene,
potassium permanganate, hydrogen peroxide and
hypochlorite.

The Safe Drinking Water Act (SDWA) of 1974
required the administrator of the EPA to establish
minimum national standards for contraily the
presence of contaminants in drinking water. This = ‘ | : :
means that any technology used to remove SOCs from drinking water must be at least as
effective as GAC. The SDWA amendments declare granular activated carbon (GAC) as the
"best available control techoiogy” (BAT) for removing synthetic organic chemicals (SOCs)
from drinking water.
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Dissolved Oxygen (D@)the amount of oxygen dissolved in watend it can impact

water treatment operators in a number of ways. The amount of oxygen water can support
in its dissolved state is temperatwaependent. Iron (Fe) and manganese (Mn) will exist

in their reduced (colorless) form when dissolved oxygen levels are low or nonexistent.
Colder water can hold more dissolved oxygen than warmer water. Dissolved oxygksn leve
at or near 10(percentsaturation can release oxygen into filters in the winter and could

be a cause of air binding of the filters. Low or zero dissolved oxygen levels at the bottom
of lakes or reservoirs often cause taste and odor problems. The presdmtissolved

oxygen in water can contribute to the rate of corrosion in piping systems. Dissolved
oxygen levels can be determined with the use of a DO meter with values expressed in
mg/L.

Total Dissolved Solids (TD&¢ all the solids that are dissolvadwater. In potable

water, total dissolved solids consist mainly of inorganic salts, minute amounts of organic
matter and dissolved gases. Total dissolved solids can be reduced with
oxidation/settling/filtration and can be removed by distillation or merabe filtration.

The higher the total dissolved solid concentration, the greater the likelihood of taste and
odor issuesas well as scale deposition on pipes and fixtures. The total dissolved solid
concentration is measured on a sample of water that hasspd through a fine mesh

filter to remove the suspended solids.

The water that passes through the filter is evaporataad the remaining residue
represents the total dissolved solid level. Generally, waters with a TDS content < 50 mg/L
are the most desable for domestic uses.

Surface water sources that are polluted by man and nature are likely to contain quite a
variety of pollutants. Biological organispssich as bacteria, viruses and protozoa as well
as suspended and dissolved organic and inorgaaierals are usually prevalent in
surface water. Byroducts of land erosion and runoff, dissolved minerals, decomposed
plant and animal materials, airborne contaminants, industrial discharges and the ever
present human and animal waste continue to contaate our surface water sources.

For conventional treatment purposes, particulate impurities can be divididtwo
general classifications

1 Settable solidslargersized particles, such as sand and heavy silts that can
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be easily removed from water by sing down the flow enough to allow
natural gravity settling to occur.

Nonsettleable solidgcolloidal matter): smallesized particles, such as fine
clays and silts, bacteria and organic residileg do not readily settle out
and require chemical treatmeno produce larger particles that are
settleable.

Particle size Particle size Particles size

less than between greater than
! = -5 =

10 ?cm 10 ?cm and10 cm 10 5t:m

True solution Colloidal solution Suspensions
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LF¥ @2dzx a Fy 2LISNIYG2NE R2y Qi (1y29
you effectively treat it?

1 What contaminants are present?
1 How prevalent are these contaminants?
1 How frequently and hownuch will these parameters change?

4

Gt2Glro0ftS 61 0SNE A& o6 GSNI GKFG Aa
federal and state water quality standards.

Public Health Protection Challenges
1 There is an increase in the frequency, intensitg @uraton of extreme weather
events ( droughts, rain events, iseorms, etc).

1 Some pathogens are acquiring resistance to conventional disinfection.

0 0.2 log or less of inactivation of Cryptosporidiwnth free chlorine at & 15
mg/L for 60¢ 240 minutes(Firch, 1995)
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1 Meeting existing compliance levels is not always effective in preventing disease.

Cryptosporidium Outbreaks vs. Finished
\Water Turbidit

Location of Year General Plant Information Turbidity
Outbreak Information

Las Vegas, Nevada No apparent deficiencies; Average raw 0.14
(CDC, 1996) SWITR compliant; performed NTU 1/93-6/95
chlorination, filtration (sand & | Maximum of 0.3

anthracite) Reg 0.17 NTU

Milwaukee, Wisc. SWTR compliant; deteriorated | Dramatic

(CDC, 1996 source quality & decreased temporary finished
Logsdon, 1996) coag/floc process turbidity,
' effectiveness high of 2.7 NTU

Jackson County, Poor plant performance When outbreak

Oregon (excessive levels of algae & occurred, filtered

(USEPA, 1997) debris) no pre-chlorination water averaged' 1l
NTU

Carrolton, Georgia Conventional filtration plant; Filtered turbidity

(USEPA, 1997 sewage overflow into intake, reached 8 NintuU

Logsdon, 1996) fll_ters placediinto senvice from one filter,
without:backwash

Thermal Stratification

Epilimnion - warm lighter water

B ¥y )

Hypolimnion - cool heavy water
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»
.
ZRS

Stratified Lake
Warm Water Layer
Transition Layer
Cold Water Layer

In the fall, the warm surface layer cools and sinks. When it sinks, it stirs up all the
1S 6FGSN® ¢KS 1 1S 0S02YSraov@aadolyyahtol i Qa
water at the bottom of the lake.

- Lake Turnover - :

2 KSy fF1Sa 2N ANBASNOZANKRS arfliNdzZaANROGAZY
have settled out since the last turnover come to the upper regions of the body of water.
This layer of settlé material can include iron, manganese, organics and any number of
other substances that can increase the time, cost and attention necessary to treat this

water and make it potable.
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Intakes
Because of stratification and changing water levels throughouy#sr, many

treatment facilities have multilevel intakes. Some facilities employ floating intake
structures but most are fixed in place. It is important to keep all of the intakes clear so
they are available when needed. In multilevel intakes, the topramdtlle intakes usually
provide the best water for treatment.

{2YS FIrOAtAGASEA IINB SYLX 28Ay3 NADGSNDI y°
water before arriving at the treatment facility. If done successfully, this will greatly
decrease the entitiepresent in surface water and because of this natural filtration, cut
treatment costs.

Levisville Weter Company
Riverbani Fillvedon Prejeet
Celllzeier Wells (4) anel Tunne!

OHIO
RIVER

@AMD&OZJ
‘GRAVEL. ..
Adumg&

’
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Inspecting the inside of the water supply tunnel

Diagram of the riverbank filtration system

RIVERBANK

s

TREATMENT
PLANT
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Cleaner water, naturally

The Louisville Water Co. is implementing a plan to use riverside wells to provide water that
is cleaner than that drawn directly from the Ohio River. Here is how it works:

€@ Water- © Capped © Tapping into © Final
soaked layer wells the water treatment
Water from the Wells are drilled The water filters into the well Gravity causes the
river permeates along the through wellscreens. The sand water to flow out of
the sand and shoreline of the and gravel act as a natural filter, the wells and into a
u%"gg%:gzﬁa Ohio River. trapping impurities and making tunnel, where it is
acting like = the water cleaner. then pumped to the
sponge.

treatment plant for
softening. It is then
ready for drinking.

collection
tunnel

Not to scale

Source: Louisville Water Co. By Steven Reed, The Courier-Journal
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Review Questions for Chapter 3z Water Characteristics and
Chemistry

. Differentiate between health and aesthetic issues.

. Each transition on the pH scale, for instance from a 6 to a 7, is actually how much
of a difference?

is the ability of water to neutralize acids.

. What very important parameter of the treatment process is one the operator has
no control over? Explaithe parameter of the treatment process that the operator
has no control over.

. What is measured numerically by the calcium carbonate concentration of water?

. What is tre cloudy appearance of water is called? Identify the cloudy appearance
of water.

. What are the two types of color? Name the

. TOC, when in contact with free chloriqroduceswhat? Describe what TOC
produces when it comes in contact with freklorine.

. One way many of our customers judge the quality of their drinking water is the
absence of and . Descrilmesghways

10.Water that is cold can hold more than water that is

considerably warmer. Differentiate between dand hot water characteristics.
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Answers to Review Questions for Chapter 3 z Water Characteristics and
Chemistry

1. Health is illness or deatlhesthetic is objectionable to the senses but not the cause
of illness

10 times

alkalinity

temperature

hardness

turbidity

true andapparent

DBPs

© © N o g bk WD

tasteandodor

10.dissolved oxygen
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o s

6.

7.
8.

Chapter 4: Coagulation

Chapter 4 Objectives

. Define coagulation, how it relates to rapid mixing and explain what we, as

operators, hope to accomplish in this process.

. Delineate the factorshat can positively or negatively impact the coagulation

process.

. Explain how particulate agglomerates, the three types of coagulants and their

characteristics, and why one performs superior to the others.
Determine what role pH has in successful coagomat

. Enumerate the different types of coagulant mixers and determine at least one

advantage or disadvantage for each one.

Determine what time frame that conventional coagulation is viably achieved and
what effects colloids have on the process.

Define zetgotential and how it can improve the flocculation process.

Determine what test or procedures can greatly assist in ensuring optimal

coagulation.
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Purpose of Coagulation and Flocculation

The purpose of coagulation and flocculation is to promote the remaival o

particulate impurities, particularly nonsettleable solids and color from the water being
treated.

Process Description

T

Coagulating chemicals are added to water causing particles to become chemically
destabilized and clump together to form floc. Thesg ffloc particles collide with one
another and clump together to form larger floc particles that will settle out.

Coagulation is the destabilization of colloidal particles brought about by the addition
of a chemical reagent known as a coagulant.

Coaguléion uses the addition of a chemical to neutralize the charges on the small
suspended (colloidal) particles and cause them to clump together into larger particles
that will settle out or can be filtered.

The mixing of our water and coagulant chemicabs fisocess called flash mixing. We
hope to:

o Rapidly mix the coagulants

o Evenly distribute the coagulants

Coagulation is a physical and chemical reaction occurring between the alkalinity of the
water and the coagulant added to the water, which results inftrenation of
insoluble floc.

For a specific coagularthe pH determines which hydrolysis species (chemical
compounds) predominate. Lower pH values tend to favor positively charged species
which are desirable for reacting with negatively charged pawi®d, forming

insoluble flocs and removing impurities from water.

The best pH for coagulation usually falls in the range@75The proper pH range
must be maintained because coagulants generally react with the alkalinity in the
water. Residual alkality in the water serves to buffer the process (prevents pH from
changing) and aids in the complete precipitation of the coagulant chemicals. For
instance, the complete precipitation of alum will not occur if alkalinity is too low.

Lime or soda ash careladded to increase alkalinity if it falls below optimum levels to
increase it beyond its saturation point. However, too much alkalinity will retard the
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removal of organics which are more easily removed at low pH. Both overdosing and
underdosing will restilin less than optimum particulate removal.

o 0.5 mg/L of alkalinity is consumed per 1.0 mg/L of alum fed

0.93 mg/L of alkalinity is consumed per 1.0 mg/L of ferric chloride fed
Hydroxide Alkalinity

mg/L of lime will add 1.35 mg/L of alkalinity

mg/L ofcaustic soda will add 1.25 mg/L of alkalinity

Carbonate or Bicarbonate Alkalinity

mg/L of soda ash will add 0.94 mg/I of alkalinity

o

O ©0O oo

The mixing of the coagulant chemicals and the raw water is cdsld mixing
The primary purpose of the flash mix presds to rapidly mix and equally distribute the
coagulant chemical (s) throughout the water. This entire process is usually completed in
one to thirty seconds.

Types of flash mixers
1 Hydraulic mixingwhere flow energy is used (with throttling valves orfles) to
produce turbulence for chemical mixing. Energy usage is minimal but operators
must change the flow rate to vary the mixing.

1 Mechanical mixersutilize paddles, turbines, or propellers to generate the
movement of water to accomplish mixing. Theyn@hange mixing energies but
require electrical energy to do so.

Coagulation A -

SRR e - E Pt
Clay e
Particles
- -

=

1 Diffusersuse perforated tubes or nozzles to disperse the coagulant into the water
providing dispersal over the entire mixing basin. Generally sensitive to flow
changes and fragently require adjustment for proper mixing.
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1 Pumped blendersject the coagulant into the water through a diffuser in a pipe.
They provide rapid dispersion of the coagulant without any significant headloss.
Energy consumption is less than mechanicalmgix

Gravity Mixer

1 Gravity mixingallows natures forces to do the work of mixing. If designed correctly
this method works very well and requires no mechanical energy to be used.
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Some substances in the raw t@aexist in a dissolved state and must be precipitated into
some sort of solid substance before coagulation and flocculation can remove them from

the water.

Classification of Particulate Impurities
There are two classific@ains of particulate impurities
1 Settleable solidg; larger particles that can be removed by slowing down the rate
of flow and let gravity settle out the particulate;
1 Non-settleable solidsg small particles which must be destabilized to settle out.
Theyagglomerate when destabilized afafm floc.
)l
Coagulant Classifications
Coagulants are classified msmary or secondarycoagulants (coagulant aids).
1 Primaryc¢ cause the particles to become destabilized and clump together.
f Secondary add density and toughness to slow moving floc sotRe&y QG G S| NJ
apart and appear later in the distribution system.

Primary coagulantg@re characterized as eithenetallic saltssuch as aluminum
sulfate, ferric sulfate, and ferric chloride or smthetic organic polymersr as a blend of
metallic salts angbolymer blends such as alummchlorohydrate, polyaluminum

chlornde, etc.

1 Metallic salts¢ these react with other ions in the solution (our water) . Enough
must be added to exceed the solubility of the metal hydroxides. When solubility is
exceeded theesult is floc formation that will then absorb on the turbidity in the

water.

1 Polymersc these exist as cationic, anionic, or nonionic polyelectrolytes.
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1 Cationicg positively charged and they have the ability to adsorb on negatively
charged turbidity patitles and neutralize the charge. They can also form-nter
particle bridges that collect the particles in the water. These are mainly used as
primary coagulants.

1 Anionic- negatively charged polyelectrolytes that are primarily uaed
coagulant aids.

1 Nonionic ¢ possesses a neutral charge and are used as coagulant aids.

Colloids
Colloids are measured in nanograms which are 1/1,000,000,000 or one billionth of
a gram.

The properties of colloids that are of the most interest to operators are:

The capacityf colloid particles to adsorb other substances on their surface.
The tendency for their surfaces to become electrically charged.

The extraordinarily large surface area expressed in comparison with its mass.
The tendency for these particles to be in comgtmotion.

=4 =4 -4 A

If the colloidal surface charge is relatively high, adjacent colloids will repel each
other. The force of gravity is insignificant on small colloids. As a result, highly charged
colloids tend to stay in suspension. Colloids with little or nargh have little resistance
and will form together into aggregates (floc). Small clumps will form, and in turn,
aggregate into larger floc which settle out quickly or form an interconnected matrix. The
particle charge can be controlled by modifying the ieomwvment around the colloids. This
can be accomplished by varying the pH or the ionic species in solution.

A more direct technique is to add flocculants or dispersants to the liquid in
suspension. These are surface active agents which adsorb to thel@ild change its
surface characteristics including its charge. A direct measurement of the surface charge is
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not easysosometimes zeta potential is used instead.

Zeta Potential

Zeta potential is the electrical voltage difference between the surfasaoh
colloid and its suspending liquid. The potential is caused by the surface charge, soitis a
fairly direct measure of the suspension characteristics of the solution. The net charge at
the particle surface affects the ion distribution in the nearbyioeg Because of this, an
electrical double layer is formed in the region of the particle liquid interface.

- + « Colloidal particle (negatively
charged in this example)

Tightly bound Stern layer

Diffuse layer

Sliding surface

Double Layer

distance from colloidal surface

If more alkali is added to this suspension, the particles tend to acquire more
negative chargdf acid is added to this suspension, a point éllreached where the
charge will be neutralizedcurther additions of an acid will cause an abundance of a
positive charge.

Generally, a zeta potential versus a pH curve will be positive at low poterttial.
point is called thesoelectric pointand isnormally the point where the colloidal system is
the least stable
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The type of polymer you add to aid coagulation is dependent on the Zeta Potential of your
a230SYDP ¢KS OKSYAOFE altSayvyly gAftf OK22aS
charge. fie recommended polymer dosage proposed by your vendor, determined by a
series of jar tests simulating the treatment system, will assure your system will reach the
isoelectric point, the point the zeta potential reaches zero, where the colloidal system is
least stable allowing for the best conditions to support coagulation of colloidal particles in
the water being treated.

Factors Affecting Coagulation
1 pHc¢For each and every coagulant there is an optimal level at which each coagulant
will work best (optnhal pH will be reduced with lower temperatures). There is an
effective range for each coagulant such as alum which optimal rangeg8 5.5 ower
pH levels provide for better organic removal while higher pH levels favor inorganic
removal. Monitoring thgoH changes and conttwig them through chemical selection
and dosage levels.

1 Alkalinity ¢ Alkalinity is necessary for the development of floc. Higher levels inhibit
organic removal so monitoring raw levels is important. Adjust the alkalinity chemically
to a feed rate just above the desired level.

1 Temperature¢ Temperature determines the speed of chemical reactions; the warmer
the temperature the faster the chemical reactions. Temperature also impacts water
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viscosity, settling rates, filterability, an@tkwashing. Monitoring to determine the
temperatures effect and to develop proper adjustments to significant changes is
necessary to optimize treatment processes.

Speed and duration of mixing For successful coagulation violent and rapid
movement is requied to mix the chemicals in a matter of seconds.

Turbidity ¢ Turbidity is necessary for floc developmeanith low turbiditiesit is
sometimes necessary add coagulant aids. Monitor raw, settled and finished water to
determine the effectiveness of yoefforts. Try to develop and maintain water quality
standards which are < 1.0 NTU for settled water and < 0.1 NTU for finished water.

Type and dosage of the coagulaniVhich type works best, metallic salts, polymers or
a blend?

Pre-oxidation ¢ Pre-oxidation is necessary to remove dissolved substances such as
organic compounds (true color, TOC, algae, etc.) and inorganic compounds (iron,
manganese, nitrates, nitrites, etc.) and gases (hydrogen sulfide, methane, benzene
etc.). These dissolved substancassirbe precipitated out in the water so that the
coagulation, flocculation, sedimentation and filtration can viably remove them. If your
currentpre2 EARIF yi R2Say Qi I O02YLX A4aK (GKSaS$
OKIF y3aSao [/ 2YLR dzy R & odi ill-stiow &p2aeiinithe dibtdBudon LIA G |
system when oxidized by chlorine.

Adsorption¢ To make your treatment processes (coagulation, flocculation,
sedimentation and filtration) more effective the addition of activated carbon will

adsorb organic congqunds and help optimize your treatment. Powdered activated
carbon (PAC) provides better results prior to or after coagulation rather than during
coagulation. There are many grades of carbon available and a supply of quality carbon
should be kept on hand fgeriods of greater demand. Optimal dosages can be
determined through jar testing.

Interfering Substances If conflicting chemicals are added to the coagulant chemicals
it will result in reduced efficiency.

Time¢ Detention times are critical to the fefictiveness of chemicals and processes.
Reduced plant flow and/or baffling will improve detention times and process
optimization. Most treatment facilities were designed to operate twefayr hours a
day and operate best if used as they were designeddfslertcircuiting of all
treatment processes.
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Jar Tests
By far the most effective method to determine optimal dosages of coagulation
chemicals is jar testing.

Jar tests allow operators to determine tbptimal coagulant dosage, alkalinity, pH

and mixing energies

1) Using a 1,000 ml graduated cylinder, add 1,000 ml of raw water to be coagulated to each
of the jar st beakers.

2) Using a prepared coagulant stock solution, dose each beaker with increasing amounts of
solution.

3) After dosing each beaker, turn on the stirrers. This condition should reflect the actual
conditions of your specific plant.

4) Now look athe beakers and determine which one has produced the best results, if any!

- Underfeed will cause the sample to look cloudy with little or no floc and almost no
settling.
- Overfeed will cause a dense fluffy floc to form and inferior settlingpadilir.
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Jar #| ml stock ml
added dosage

1 0.5 5.0

2 1.0 10.0
3 1.5 15.0
4 2.0 20.0
5 2.5 25.0
6 3.0 30.0

Example

If the plant has a static mixer following chemical addition, followed by 35 minutes in a
flocculator, then 1.5 hours settling time logé it hits the filters we would conduct the jar tests
as follows.

1 Operate the stirrers at a high RPM for 1 minute to simulate the static mixer. Then
reduce the speed of the stirrers to match the conditions in the flocculator and allow
them to operate fori35 minutes. Observe the floc periodically during the 35 minutes. At
the end of the 35 minutes, turn off the stirrers and allow settling. Most of the settling
will be complete after 1 hour.

You, as an operator, must be able to measure and control themeance of both the
coagulation and the flocculation process. Coagulation and flocculatidPREAREATMENT
process for the sedimentation and filtration processes. Due diligence is required to operate
these processes on an optimum level.

The goal of an perator should be to produce a consistent settled water qualfy.0
NTU) so there is a constant and consistent load on the filters day after day. To accomplish this,
an operator must continually monitor the raw water quality parameters that impact the
process. Significant changes in the raw water quality will require adjustments to the
pretreatment process in order to maintain a consistent settled water quality and because of
your efforts, a consistent filter loading.

Process control monitoringpr all cantrolling factors in the raw and settled water
should take place continuously during the operation of the plant. Changes in the raw or
settled water characteristics generally require a change in operations. Plant settings and
chemical feeds based on finethwater turbidity ifNOTthe way to operate a treatment
facility. Any adjustment in finished water turbidity will take hours before the results of these
changes can be seen. This can lead to very inconsistent finished water quality, inefficiently
operatedfilters and could negatively inggt the potability of the water.
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pH. VIS TU, ALK, pH, VIS

TU, TEMP, ALK,

COLOR, pH Coagulation Effluent Flocculation Effluent

Source Raw Water

KEY: M MMM

TU = TURBIDITY

TEMP -

TEMPERATURE FLASH MIX FLOCCULATION
ALK - ALKALINITY (COAGULATION)

VIS - VISUAL

COAGULATION - FLOCCULATION PROCESS MONITORING and SAMPLE
POINTS

Jar testing is necessary to achieve optimal control and operation. Jar tests are a quick
and fairly simple method of predicting what will happen in your plant when chemical or
hydraulic danges take place. Jar testing is indispensible for determining optimal chemical
dosages, proper mixing speeds, settling rates, chemical demands, and more. Many operators
who cannot get the jar test to approximate what happens in their plant dismissgarsiseful
622t ® ¢KS NBIf AaadzsS Aa GKS 2LISNFI2N KIFayQ
figure out how to viably use them in the first place.

Figure 1-1. Forming a floc particle
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NThe most | mportan
performance is the use of optimal
coagulant dosages in pretreatment
processes. 0

(W. Bellamy et al, Journal AWWA, December 1993)
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Conversions

Conversions are something we use eveay.d-or instance, we know that four
guarters is equivalent to one dollar. One mile is equivalent to five thousand two hundred
and eighty feet. In order to properly figure flow, dosages, velocity, etc. we will need to

learn how to perform conversions.

1 psi 2.31 feet of head
1 ft of head 0.433 psi

1 cubic feet of water 7.48 gallons

1 cubic feet of water 62.4 Ibs.

1 gallon 8.34 Ibs.

1 gallon 3,785 ml

1 Liter 1,000 ml

1 Liter 1,000 grams

1 mg/L 8.34 Ibs/MG

1 ppm 1 mg/L

1 mi 1 gram

1 pound 453.6 gams

1 pound 7,000 grains

1 kilogram 1,000 grams

1 cuft/sec (ft3/sec) 448.8 gpm

1 MGD 1.55 cuft/sec (ft3/sec)
1 MGD 694.5 gpm

1 HP 33,000 ft.Ibs./min
1 HP .746 kilowatt

1 mile 5,280 feet

For each conversion there will be only one line that wititeon both the entities
needed to solve the problem. If the conversion factor known is on the left and you need
to convert the number to the equivalency on the right you would multiply. If the known
conversion factor is on the right side of this table sodi need to know its equivalency on
the left you would divide.
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Examples
1 Two miles is equivalent to how many feet?
o We know the number on the left hand column, two miles, so we multiply
the number in the right hand column by two.
2 X 5,280 fee= 10,560 feet

1 2083.5 gpm is equivalent to how many MGD?
o We line up the two entities we need that are on the same line
o 1MGD =694.5 gpm
o0 So, what we know is on the right side (694.5 gpm) we are computing from
right to left so we divide.
o 2083.5gpm + 685 gpm =3 MGD

1 Try someon your own . ..

1) 31,680 feet is equivalentto _ miles?

2) 80 feet of head = psi?

3) 417 pounds = gallons?

4) 5 cuft/sec (ft3/sec)=__ gpm?

5) 1736.25 gpm = MGD?

6) 5MGD=__  cuft/sec (ft¥/sec)?

7)4HP =___ ftlbs./min?

8) 37.4 gallons = cuft (ft3)?

9) 125.1 Ibs. of water gallons of water?
10)5385.6 gpm = cuft/sec (ft3/sec)
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Solutions

1) 31,680 feet + 5,280 feet = 6 miles

2) 80 feet of head X 0.433 psi = 34.64 psi

3) 417 powmds + 8.34 pounds = 50 gallons

4) 5 ft3/sec X 448.8 gpm = 2244 gpm

5) 1736.25 gpm + 694.5 gpn25 MGD

6) 5 MGD X 1.55 ft3/sec = 7.75 ft3/sec

7) 4 HP X 33,000 Ibs/min = 132,000t Ibs/min

8) 37.4 gallons +7.48 gallons =5 ft3

9) 125.1 Iis. of water + 8.34 Ibs/gallon = 15 gallons
10) 5385.6 gpm + 448.8 = 12 ft¥/sec
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Review Questions for Chapter 4 z Coagulation

. Another name for the coagulation process that actually describes what takes place
in this process is what? Describe the cdagan process and list the names
associated with this process.

. Name three types of mixers used in water treatment.
. The two classes of particulate impurities are what?

. The type of polymer, relative to their charge, that is most frequently used in
drinking water applications is ?

. The very small particulate we eventually hope to get settled out if our processes
are viable are called

. The average time consumed by the coagulation process is?

Paget9



SURFACE WATER TREATMENT OPERATORTGHCATION

L S o A

Answers to Review Questions for Chapter 4z Coagulation

rapid mix or flash mix

mechanical, diffusers, pumped blender, eductor
settleable & norsettleable

positive orcationic

colloids

seconds
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Chapter 5: FHocculation

Chapter 5 Objectives

. Define flocculation, what we as operators hope to accomplish in this process and

the factors that impact this process.

. Notate the types of mechanical flocculators that are used to accomplish the
conjoining of partulate matter.

. Determine the refinement ofonventional flocculation that achieves a higher
number of the type of particulate agglomeration desired.

. Define floc, enumerate the visual indicators of successful floc formation and
circumscribe the length of the process.

. Define short circuiting and whaole, if any, baffling could have on the flocculation
process.

. Determine the last area in the flocculation process that could negatively affect
proper floc formation.

. Determine the way, if there is one, that the flocculation process could be
optimized.

B FAY 2FNI G0SadAy3asr gKEFEG SldaA LISyl Aa
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Flocculation

A slow stirring process that causes the gathering together of small coagulated
particles into larger settleable particles. This process provides contact between these
particles in order to promote the formation of floc that is easily removed by
sedimentation and filtration. This process can take anywhere from thirty minutes to
several hours to complete.

FOR ALL INTENT AND PURPOSES COAGULATION AND FLOCCULATIONEARE A SIN(
PROCESS.

In order to achieve optimum particulate removal it is necessary to create enough
mixing in the flocculation process to enhance the collision of particles thereby forming
floc while preventing excessive mixing that could shear floc that wasqu#y formed.

We need to create floc of prop&IZEDENSITANd TOUGHNESS
Effective flocculationncludes:

1) Correct detention time (stirring time)

2) Correct stirring intensity

3) Properly designed mixing basin

4) Some means of providing enough stirring action

Insufficient mixing results in unproductive collisions and inferior floc formation.

Excessive mixing could promote the tearing apart of the floc particles after their
formation.

Detention time is the most important variable in the flocculation processiasng
the flocculators are working. The greater the detention time then usually the better the
floc.

T MINIMUM 30 minutes
1 IDEAL X 2 hours

Too small floc particles will not have the weight to properly settle, while too large
floc particles will present by@nt properties that will also negatively impact settling.
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The density of the floc in combination with the plant flow rate will determine when
and where the floc will eventually settle out in your plant. If the floc is settling out before
the sedimentatbn process, the plant flow rate can be increased. If the floc is carrying over
from the sedimentation process, the plant flow rate should be reduced. In either instance,
the coagulation chemistry can be changed instead of changing the plant flow rate since
the flow rate affects all treatment processes.

Since we want the floc particlés be evenly distributed throughout the water
there should be no eddy currents or debris buildup present in the basins

Short Circuiting
Short circuiting is a condition thatcurs in treatment tanks or basins when some
of the water travels faster than the rest of the flowing water. This is usually undesirable to
the treatment process since it may result in shorter contact time, reaction time or settling
time in comparison wh the theoretical (calculated) or presumed detention times.

Types of Flocculators
9 Horizontal Stirrers Paddlewheel or rockesirm varieties provide the best flocculators

available but require frequent mintenance and intensive energge!

9 Rocker Arm
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1 Vertical Stirrers Paddles, turbines, or propellers provide satisfactory performance
with less maintenance required. Their tendency to short circuit can be offset with
baffling.

The best flocculation basins are compartmentalized. The compartments usuale)
are separated by baffles to prevent shaitcuiting. The turbulence of the water is
gradually reduced by slowing the speed of the mixers or the size of the flocculator paddles
in each successive compartment. The reason for reducing the spdbd sfirrers is to
preventthe breaking aparof the large floc particles that have already formed; and also
reduce the velocity of the water so that these formed floc particles may begin to settle
out. Compartmentalized flocculation is also knowrstep flocculation.
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1 Weirs, baffles, and orificeare flow regulating devices which improve the flocculation
process by creating additional turbulence for mixing. The effluent end of the floc basin
needs to offer a smooth and gradual transition into the seditaéion basin.

The optimum velocity is from 0.1 to 1.5 ft/min. Flows < 0.1 ft/min causes inferior floc
formation. The efficiency of your efforts relative to coagulation and flocculation will
greatly determine the success of your entire treatment pracdhe lack of diligence or
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competency can result in:

1 Small particles will not settle out and will pass through the filtration process.
Tt22N) RAAGAYFSOUGA2Y oAff NBaddZ G AF GKS O21
1 Disinfection Byproducts such aghalomethanes will most likely increase.

Visual observations as well as lab tests are essential to successful coagulation and
flocculation.

Necessary visual checks include:

1 floc patterns in the floc mixing chamber
1 uneven floc in the floc basin

1 floc dersity and size

1 influent channel buildup of debris

1 condition of all mechanical equipment (pumps, motors, blades, etc.)

Cationic patch
(adsorbed high-

Negatively charge poly-
charged electrolyte)
particle

M. Hubbe
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Common Coagulation and Flocculation Problems

PROBLEMS

POSSIBLE CAUSES

POSSIBLE SOLUTIONS

Poor floc formation

Inadequate coagulant ce

Run jar tests; determine
optimum coagulant dose and
increase dosage as required.

Improper detention time

Run jar tests; apply needed
detention time , if possible, by
adjusting flocculator speed or
changing the flow rate

Feathery, flakey floc

Usuallyexcess lime which has a low
solubility. Excess lime will precipitate as
calcium hydroxide and form light floc.

Run jar tests. Lower lime dose
needed.

Inadequate coagulant dosage

If excess lime is desirable,
increase coagulant dosage unti
floc qualit is improved.

Floc settles in the
coagulation process

Velocity in basin is too low

Check velocity and flocculator
speed and adjust as needed.

Poor flocculation
even when optimum
doses of coagulant is
used

Improper mixing

Check rapid mix and mixer
speed;adjust as needed

Poor floc formation
under winter
conditions with low
turbidity

Not enough turbidity for effective
flocculation

Try some weighing coagulant a
such asentonite,clay or
sodium silicate

Improper detention time. Low temperature
causes lewer coagulation which
necessitates longer detention time

Determine optimum coagulant
dosage through jar tests and
employ the changes.

Inadequate
flocculation or
yellowish water.

Color of water is due to decomposition of
NOM like leaves, rotting vegetati, etc.

Provide low pH and high
coagulant dosage. Alum lowers
pH by forming sulfuric acid in
the water.

Inadequate
flocculation in the
summertime with low
turbidity

Drought conditions. A lack of proper dilutig
factor and high concentration of minerals
causing poor floc formation.

Run jar tests to optimize
dosages. Run jars without
coagulant aid to ensure their
necessity.

Floc settles in
coagulation basin

Excessive coagulant dose forms heavy flo
Weighting coagulant aid dosage is too higl

Run jar tets to optimize
dosages. Run jar tests without
aid to ensure their necessity.
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Review Questions for Chapter 5 - Flocculation

. As a competent operator, we want to form floc of the proper : , and

. The optimal detention time for coagulan is between and hours.

. The optimum velocity for the coagulation process is feet per minute. ldentify
the optimum velocity for coagulation.

. Name two types of flocculators.

. Necessary visual checks of the flocculation process include?ibDethe necessary
visual checks of the flocculation process.

. Explain the optimal colloidal particulate condition.
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Answers to Review Questions for Chapter 5- Flocculation

Size, density, toughness

Y% to 3 hours

.1 to 1.5 ft/min

horizontal, paddlewheel,ackerarm, vertical, paddles, turbines, or propellers.
Floc patterns, density, size, uneven floc formation, influent channel debris, the
condition of the mechanical equipment

neutralized
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Chapter 6: Sedimentation

Chapter 6 Objectives

1. Define sedimentdon, what affects sedimentation and how to know if the process
iIssuccessful.

2. Determine the difference in settling rates of different shaped particulate.

3. Decide whether alkalinity and turbidity will increase or decrease as the water
moves through the coagdation, flocculation and sedimentation processes.

4. Explain how tube settlers and lamella plates operate.

5. Determine what time frame conventional sedimentation operates in and the
velocity the water is traveling through the process.

6. Define shoricircuiting and determine which shape of basin is the most susceptible
to it.

7.5SFAYS afdzRISTI GKIFG KFELIWISYya AT Al AayQi
and why.

8. Describe where, optimally, turbidity levels should be observed during the
sedimentation process

9. Be able to list the four zones of a sedimentation basin.

10.Calculate the surface area and volumes of certain structures.
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Sedimentation

We use the sedimentation process to reduce suspended solids (natural, modified,
and precipitated) that are denser tharater. The process is also needed to reduce, or at
least to maintain, the load on filters.

Sedimentation is the decreasing of the velocity of the water below the point where
it can transport settleable suspended material, thus allowing gravitational facces
remove particles held in suspensioks the water becomes almost still in sedimentation
basins, settleable solids will fall toward the bottom of the basin.

Sedimentation Goals
1 Turbidity<2 NTU 95% of the time when source water turbidity is >10 NTU

1 Turbidity <1 NTU 95% of the time when source water turbicityo NTU

Why Optimization and Performance Goals
TheUSEPA did a pilot study to ass€sgptosporidiunmiemoval through
conventional sedimentation. (Dugan 2001)

1 Sedimentation removal under sudptimal coagulation averaged 0.2 I&yypto
removal.

1 Sedimentation removal under optimal coagulation averaged 1.&lypto
removal.

As the velocity of the water is reduced, gravity takes over and allows the solids to
settle to the bottom of the basin.

deposit]
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Factors Affecting Sedimentation
1 Particle size and distribution

1 Shape of particles
1 Density of particles
1 Temperature of the water (viscosity or density)
1 Electrical charge of the particles
1 Dissolved substances in the water
1 Flocculation characteristics ofé¢rsuspended material
1 Environmental conditions (wind, precipitation, etc)
Particle Diameter Representative | Time Required to Settle in 1 foot
Particle (.3 meters) Depth
Settleable
10 Gravel 0.3 seconds
1 Coarse Sand 3 seconds
0.1 Fine Sand 38 seconds
0.01 Silt 33 minutes
CONSIDERED NONSETTLEABL PARTICLES
0.001 Bacteria 59 hours
0.0001 Color 230 days
0.00001 Colloidal particles | 6.3 years
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Particulate Impurity Nature

Because of their size and density, sand and silt particles (> 10 microns) can be
NEY2OSR o6& aAYLX S ANIGAGIOA2Yy It aSGadtAy3Io
are the ones that require prreatment in order to produce larger, denser particles that
are settleable. Particle shape will also influence settling. Smooth airpalticles will
settle out more quickly than jagged irregular shaped particles.

Water Temperature

The settling rate of a particle becomes slower as the temperature drops. Because
of this the colder the water the longer the time period (detention timeguired for
effective settling to occur. In the water, flow rate will need to be decreased and/or
chemical dosages will need to be increased.

Electrical Charge on Particles

Most particles carry a slight electrical charge. If the majority of the particdes a
negative charge, they tend to repel each other and not settle. Most coagulants, such as
alum, have a positive charge which causes the negatively charged particles to become
attracted to the positively charged aluminum ions. This causes clumpiegigwhich
gives the particles a greater density and allows them to settle out by gravity.

Environmental Factors

Surface currents caused by wind can cause havoc with effective sedimentation.
Precipitation can also have a profound influence on the vtglwf the sedimentation
process.

Sedimentation Basin Hydraulics and Design Characteristics

There can be several types of currents found in sedimentation basins. Density
currents that are caused by differences in suspended solid concentrations and
temperaure differences. Eddy currents caused by the flow of the water into and from the
basin.
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Sedimentation Basin Zones

rnAAAAAANA | :—:H
[ 3 i
—  Inlet Settling Outlet
| Zone [] Zone ® Zone :
; [ j.

Inlet - Where water enters the basin.

A smooth transition is needed from the flocculation basin(s) to the sedimentation
so the flow of water can be uniformly dispersed into the baShort circuiting is a
condition that occurs in treatment tanks or basins when some of the water travels faster
than the rest of the flowing water. This is usually undesirable to the treatmentgssoc
since it may result in shorter contact time, reaction time or settling time in comparison
with the theoretical (calculated) or presumed detention tim&#ort circuiting can be
greatly reduced by baffling which can also help counteract temperaturavess.

ﬁ Outlet |
Inlet q . ‘

® o | ‘

Recirculation 1 Redirculation Zones
Outlet Inlet Zone

Circular basins are more prone to short ciriting than rectangular basins.
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Settling
The largest area of the sedimentation basin.

1 The calm wateprovides sufficient time fosuspended particles to settle out.
1 The horizontal velocity should k&3 ft/min., usually the slowethe velocity, the
better the settling

Types of Clarifiers

trough for
] ficating debris

@ O\\l(—l 1 e
sludge ap
0 on pulley system

o e

1
sludge collection

(ay Rectangular

decanting trough

% (cutflow)
|
=l

i

ya ————

raper am

sludge collecting trough > /
sludge —] T
inlet
® Round
settied water nier
<hannel decanting trough —
LI ==
77|
s | 3

shudge blanket
level

sludge
concentrator

botiom sludge
exiractor pipe

«<» Cone/Vortex

Sludge
This area provides temporary storage of settled particlé® entre basin should
be designed taninimize disturbances to the settll particlesThis area needs toeb
cleaned frequently enough b KS K& RNJ dzf AO OKIF NFX OG0 SNARadAOa
and the settled particulaterosludgeR2 Say Qi 6S02YS aASLIWAO®

Outlet
This area transitions the flow from the sedimentation basirnilte next process.
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This transitiomeeds to be smooth and devoid of any buildup so the flow rateaiesthe
same and currents anaitiated.

Launders and V-notch weirs
9 Collects water from the sedimentation basin
9 Controls uniformity of flow
1 If the outflow is high floc will carry over to the filters

Tube Settlers
Tube settlers arersall inclined tubes situated in the sedimentation badihese
GaStdidft SNAEeEé AYONBlIasS (GKS &Adz2NFFOS | NBI Ay N
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surface area andettle out completely laterThese provide the polishing step of the
sedimentation processlo date tube settlers are the most efficient way to improve the
settling process

Inclined
Plates

Horizontal
Projected
Area

Equivalent Floor Space
Required by a Horizontal
Clarifier

Tube Settlers vs. Conventional Settling

Comparitive
Liquid
Rise

Without Tube Settlers With Tube Settlers
Particle Settling Velocity
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"
=
-

The pretreatment process (coagulation/flocculation) determinesdffectiveness
of the sedimentation proces3.he settling characteristics of the suspended particles and
the flow rate will dictate efficiency of the procestyour efforts with the sedimentation
process fail to meet settled water turbidity goals (sushlaD NTU) the oxidation,
coagulation, and/or flocculation process needs to be improved

Sludge Handling
Sludge, which accumulates at the bottom of sedimentation basins, must be
removed periodically for the following reasons:

1 To prevent interference witlthe settling process (i. e. scouring),

1 To prevent the sludge from becoming septic or providing anremvnent for
microorganisms thawill cause taste and odor problems, and to prevent the
reduction of basin sizand thus basin detention time, and

1 Can chage the effective size of the basin.

In conventional rectangular basins 50% of the sludge should settle out in the first third
of the basin. Many basins have automatic sludge removal systems (traveling bridge, chain
and flight, rotating sludge rakes, etevhile others still require the manual removal of the
sludge. To determine when to remove sludge, sludge levels can be measured in a number
of ways:

Sludge blanket sounders

Bubbler tubes

Aspirators

Ultrasonic level indicator

Regardless of what type of bas/our plant has the sludge will have to be removed

=A =4 -4 4
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at one time or anotherSince sludge is an accumulation of chemicals and contaminants
and pollutants that we removed from the raw watétris unlawful to put this sludge
ANYWHERE without a pernMost all sludge requires some treatment before its end
usage or disposal.

Clarifier with continuous sludge rakes

Area and Volume
1 AREA a flat space or surface)
1 VOLUMEHEthe size of a @limensional object or regn of spacequantity)

Areais a twadimensioral measurement that in a rectangle involves the length and
width of whatever is being measured. When the calculation is completed the answer will
be in square feet (ft?). If we need to determine the cragstional area of a circle to
determine flow rate o velocity we can do so by multiplying the diameter in feet times the
diameter in feet by .785. The answer obtained by using this formula will also be in square
feet (ft2).

Volumeis a threedimensional measurement that in a rectangle includes the depth
measurement and in a cylinder (a circle with height or depth) includes the height or depth
of whatever is being measured. The calculation of volume will result in an answer in cubic
feet (ft9).
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OBJECT AREA (ft?) VOLUME (ft 3)

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

Circle .785xD'x D'

Triangle 1/2 (Base' x Altitude")

Cylinder .785 x D' x D' x Length'

Sphere 5236 x D'x D' x D'
Diameter (D) = 2 x radius Perimeter = Sum of the Sides Circumference = 3.14 x D

25t

*—45“ _..

This rectangle measures 25 feet wide and 45 feet long. To calculate the area of this
rectangle wemultiply the width (25 feet) byhe length (45 feet) and thproductwill be in
square feet. (ft X ft)

25' (ft) X 45' (ft) = 1125 ft2 (square feet)

In the calclations of circles or cylinders we use .785 in placei ¢8.14) which was
and still isused.The number.785 was derived from figuring the area ocediflny a circle
inside a squar&vhich is .785 of the square

-
- bk
Ll L

>~ The circle *a
occupies ‘.
185 of the
interior of

<, the square >

* "

v
.'Iljlll‘
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To calculate the area of a circle the surifl ve the area inside the perimeter of the
circle. To accomplish this we multiply diameter in feet times the diameterentimes
.785 and the sum wible in square feet.

The diameter of this circle is three fe@ obtain the area inside of thigde we
multiply the diameter in feet times the diameter in feet times .785.

.785 x 3' (ft) X 3' (ft) = 7.065 ft2 (square feet)

e —— 45 feet > *
15 feet
> 25 feet —_— > *

In this rectangle we have added the third dimension or measweet (15 feet). The
productof our calculation now will beni cubic feet (ft3) or feet times feet times feet.

Volume = 45' (ft) X 25' (ft) X 15' (ft) = BF5ft (cubic feet)
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285Qff dza8S GKS alFryYS aAxl S OANDES S dza SR
third dimension or measurement to it to determine hawnuch space is in the cylinder.

(3 !

10 feet

'

~—

Volume = .785 X 3' (ft) X 3' (ft) X 10’ (ft) = 70.65 ft3 (cubic feet)

{AYyO0OS 46S R2y Qi FNBIljdsSyife dzasS OdzwAlO TS
water we will frequently convert cubic feet to gallons by multiplyoodpic feet by 7.48 to
convert to gallons.

alye GAYS&a (GKS YSI adz2NBYSylatcasSwedmllS | NB
need to converinches to feet. To convert inches to feet just divide the inch mesament
by twelve (12) which isbviously the amounof inches contained in a foot.
2" (inches) + 12" (inches) = 0.166 ft
né 6AYOKSauv Rftmub 6AYOKSaL I no
6" (inches) + 12" (inches) = 0.50 ft
8" (inches) + 12" (inches) = 0.66 ft
10" (inches) + 12" (inches) = 0.83 ft

= =2 =2 =2 A =2

30" (inches) + 12" (inches) = 2t5 f
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Practice Problems
1. What is the crossectional area of a 6 inch waterline?

2. You need to replace the carpet in the shop. It measures 14 feet wide by 22 feet long.
How many square feet of carpet will you need to buy?

3. The new distribution line fromhie plant is 36 inches in diameter. What is the cross
sectional area of the new 36 inch line?

4. The sedimentation basin in your plant measures 15 feet wide, 40 feet long and it is 10
feet deep. What is the volume of your sedimentation basin in cubicdedtgallons?

5. Due to pressure issues a skid mounted tank is being installed that measures 20 feet in
diameter and 60 feet in height. What is the volume in cubic feet and gallons of water
that will be needed to fill this tank?
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Answers to Practice Problems

1. To determine the crossectional area of a 6 inch waterline

Area =.785 X .5 ft X.5 ft = 0.196 ft?

2. To determine the area of the shop

Area = 14 ft X 22 ft = 308 ft2

e ()

3. To determine the area ofa 36 inchp . _

Area = .785 X 3 ft (36 inches + 12 inche8)fk(36 inches + 12 inches) = 7.06 ft2

4. To determine the volume of your sedimentation basin

Volume = 15 ft X 40 ft X 10 ft = 6000 ft2 6000 ft3 X 7.48 gallons 8Xg&llons

5. To determine the volume of the temporary tank

Volume = .785 X 20 ft X 20 fteX ft = 18,840 ft® 18,840 ft3 X 7.48 gallons = 140,923.2
gal
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Review Questions for Chapter 6 z Sedimentation

1. Most of the sludge should settle out in the of the sedimentation
process.

2. Name four factors which can influence the success oktddimentation process.
3. Name the four zones of a sedimentation basin.

4. An uneven velocity of flow through the sedimentation basin is referred to as

5. Which type of basin, round or rectangular, are more susceptible to uneven flow
velocities?

6. A relatively inexpensive way to add much more surface area for the particulate to
settle out upon are called
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o o A~ W

Answers to Review Questions for Chapter 6z Sedimentation

First third

Any of these fouwill suffice, Particle size and digtution, shapeof particles,
density ofparticles, water temperature, dissolvedlssiances, flocculation
characteristics, environmental conditions, sg®eeéntation basin hydraulic
characteristics.

Inlet, settling, sludge, outlet

short circuiting

circular

tube settlers

Paged7



SURFACE WATER TREATMENT OPERATORTGHCATION

This page left blank intentionally.

Paged8



© N

9.

SURFACE WATER TREATMENT OPERATOR CERTIFICATION

Chapter 7: Alternative
Treatment Process

Chapter 7 Objectives

. Define upflow clarification in relation to solidsrgact units and explain how these

type of units work.

. Determire the degree of operator diligence required to successfully operate a

solids contact unit as opposed to conventional treatment.

List the visible indicators that could signify the successful operation of an upflow
clarifier or solids contact unit.

Determire the advantages and/or disadvantages, if any, of upflow clarification in
comparison with conventional treatment.

Demonstrate the ability to calculate weir overflow rates and detention time, Ibs.
and concentration of chemical additions.

Determine what thesignificant difference is between conventional treatment and
the operation of Actiflo treatment processes.

Explain the operation of a DAF unit as opposed to conventional treatment.
Explain the operation of Pulsators and Super Pulsators and how theyfdbifier
conventional treatment in what way?

Explain the operation of a Trident Microfloc unit and how it differs from
conventional treatment.

10.Explain the operation of a Roberts Filter Group unit and how it differs from

conventional treatment.

11.Determine how menbranes accomplish their task, the four types used in water

treatment and their differences, advantages and disadvantages between each
other and conventional treatment.
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Solids Contact Units
Solid contact units, or as they are sometimes called, upflavifidrs or Claricones

(Claricone is a brand name) are circular, vertical flow, basins that combine the
coagulation, flocculation, and sedimentation processes in the same basin. Some solids
contact units are built to involve only clarification.

Flow is inan upward direction and through a sludge blanket or slurry of flocculated
suspended solids. This sludge blanket, which must be constantly monitored and
maintained at a certain level and density, acts as a coagulant aid increasing the
effectiveness of the qocess of particulate removal.

Process Control
How Rate

1 The design flow rate needs to be converted to an overflow rate each overflow
rate there isan optimum slurry level and density that needs to be maintained.

1 Arrising overflow rate will increagbe depth of the slurry without increasing its
volume or density.

1 A decrease in the overflow rate will reduce the amount of slurry, without changing its
volume.

1 Sample taps will enable the operator to monitor changes in slurry depth and
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concentration.

Frequent monitoring of the rise and fall of the slurry level alla¥ws operator to
promptly makeadjustments in the recirculation device and more stringently control
the rate of flow changes. Thmsethod of operation will work only with gravity flow
systemsPressire systems are very difficuid control with changing flow rates.

Turbidity Level

T

The operator must immediately recognize changes in the ratemarbidity and

know exactlywhat to do whenthese changes occur in the clarifier so chemical dosages
can be adjusted accordingly. Higher turbidity levels mean higher dosages will be
necessary.

Water Temperature

l

Changes in water temperature causes changes in water density which influences
particle settling rates.

In extremely cold water, the operator mighbrsider using polymers, activatadlica,
calciumcarbonate or some other weighing agent to aid in the sedimentation process.
Solar heat will cause a certain amount of carryover to occur. This is natural and
R2Say Qi o1 NNF yid &SN gazgortiahdif® Sdgblahkat 2 y 3
stays in the settlingone and overall turbidity meets your objectives.

General

T

Dramatic changes in flow rates and temperature make the process very difficult to
control.

If the slurry rises to the weirs and is carrieceoto the filters, reduce the flow rate. If
possible, use weighing agents before changing flow rates in cold water. However, the
use of weighing agents can cause problems with the slurry, requiring changes in
recirculation ratesout too high of a recircul@don rate may also cause the slurry to flow
over into the filters.

Ample care should be taken when changiloygvfrates during a (cold water)

temperature change.

Operational Fundamentals

The operator of a solids contact unit controls the performance ofuhi¢ by

adjusting three variablesi) Chemical dosage, 2) Recirculation of slurry and 3) Sludge
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control.

Chemical Dosage
There must always be sufficient alkalinity in the raw water to react with the

coagulant. Example: for every mg/L of alum that is add@ed5 mg/L of bicarbonate
alkalinity is regired tocomplete the chemical reaction. In order for precipitation to occur
there should be an excess of 20 mg/L of alkalinity present. Alkalinity levels can be
increased with the addition of lime, caustic sodasoda ash.

Proper chemical dosages must be obtained through some means and jar testing is
the most viable method. We want to use the dosage that produces thefleesand the
lowest turbiditywithin a five minute settling period after stopping the girrers. The jar
test stirrer speedandstirring time should as closely as possible approximate the
conditions of the recirculating reaicn zone of the clarifier.

Recirculation of Slurry

The recirculation rate is established by the speed of thegliep, turbine,
pumping unit or by the injection of air. There is a direct relationship between the
percentage of slurry present and the mixing speed. To control this process, the operator
must maintain the correct volume of slurry in the reaction zonetytrolling the rate of
recirculation. To control the rate of recirculation, the operator must develop a table
showing the relationship of RPM versus the percentage of slurry. The operator should, at
various RPMs, take samples of the slurry and allow $ettle. Then, using the following
equation, the operator can plot results versus the RPM. The operator can then use this
table as a point of reference for operating the equipment in the proper speed range.

VIV%= (settled slurry ml) x 100
total sample volume, ml

The clarity of the water above the slurry (the supernatant) will indicate how well the
chemical reaction is proceeding. The percentage of solid@hyme will indicate whether

a proper amount of slurry is in the reaction zone. This analysis should be performed at
least hourly and even more often when the raw water is changing frequently. Experience
in this task as well as good recordkeeping withalan operator to determine the

optimum percentage of solids to maintain.
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Sudge Control
The sludge accumulates on the bottom of the clarifier ia $ettling zone. The

sludge igemoved hydraulically through a control valve. The Volume/Volume Test can be
used to determine the proper time to waste the sludge. The sludge being discharged
should be 9@; 98% solids. If the sludge being discharged is less than 90% solids, a
considerable amount of water is being pumped that could result in not leaving enough
sludge to be recirculated in the reaction zone. If the percentage of solids is todH@&gh

too much sludge could be accumulating and the recirculation device could become
overloaded.

Comparison with Conventional Rectangular Basins
Advantages

Solid contacunits provide better performance in turbidity remaal and softening,
under idealoperating conditions; chemical requirements are generally higheturbidity
removal and lowefor softening processes. Since the entire process is in one basin, capital
and maintenance costare usually lower than in conventional treatment. If taste and odor
issues are present, activatearbon can be added to the sludge blanket to provide
effectivetreatment. During algal bloomshen coagulants fail to react properly becau
of changes ipH, alkalinity, carbonate, ardissolved oxygen, treatment is more easily
controlled. The operar can increase the amount sfurry available during favorable
treatment conditions and remwve it during periods when theoagulation process not
functioning well.

Disadvantages

Extremely unstable during rapid changes in flow rate, turbidity level, and
temperature. Solidgontact units require a higher level of operator knowledge, skill, and
diligence. Solids contact units are more suscdgtib shortcircuiting than conventional
treatment.
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Summary

With increased speed of the recirculating device, a larger amount of slurry can be
retained in the unit. At the same time, if this amount of slurry becomes too great, it may
cause the sludgellnket to rise and ultimately spill over the effluent weirs with the
treated water.

If the recirculation rate is too low, the solids may settle too saath enough
recirculation andwill not return to the reaction zone. The absence of solids in the reacti
zone will result in improper coagulation. The end effect is a failure of the treatment
process.

Experience will allow the operator to determine the optimum amount of slurry
needed to be present that will satisfy a given recirculation rate, couplepuaper
chemical dosage andsafficient percentage of solids for recycling.

Ly 2NRSNJ G2 OFtOdzZ I S (GKS @OAlFoAftAGE 27
upflow clarifier the need exists to be able to calculate the weir overflow rate.

Top Viewof an Upflow Clarifier
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Weir Overflow Rate
Weir Overflow Rate (WOR) = GPM + Feet of Weir

Circumference = 3.14 X Diameter (ft) Perimeter = sum of all sides

Franklin treats 3.5 MGD and their upflow clarifier has a diameter of 35 feet. Whahés
weir overflow rate?

WOR = (3.5 MG X 694.5 gpm) + ( 3.14 X 35 ft)
WOR = 2430.75 gpm + 109.9 ft
WOR = 22.11 gpm/ft of weir

Detention Time

Detention Time (DT) = Volume (gals) + Flow (gpm)

a dzNLIK @ Qa & SRsinMeéhstiies 18 feéby'45 feet and the water depth in the
basinis 8 feetand theytreat2a D5 ® 2 Kl 4 A& adzNLIKe&Qad RSGSy

DT = Volume (gallons) + Flow (gpm)

5¢ I 6mMyQ - np&L2MEXB945gpnpny 3l
DT = 48470.4 gallons +~ 838@m

DT = 58.16 minutes

DT = .97 hours ( 58.16 minutes + 60 minutes)
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Surface Overflow Rate

Surface Overflow Rate (SOR) = Flow (gpm) + Area (square feet)

This is computed exactly the same way that filtration rates and backwash rates are
computed. Knotville treats 785,000 GPD and the size of their clarifier is 15 feet by 20 feet.
What is their surface overflow rate?

SOR = (785,000 gallons + 1,000,000) X 694.5 gpm =+ (15 ft X 20 ft)
OR
SOR = (785,000 gallons + 1440 minutes) +t(X220 ft)
SOR = 545 gpm + 300 ft2
SOR = 1.82 gpm/ft?

In order to determine the correct dosage of the chemicals needed to successfully
treat our water we need to be able to compute both the pounds necessary to complete
our tasks and the dosage pmpm needed to optimize treatment.

Lbs of Chemical
Lbs. of chemical = ppm X 8.34 X MG

ppm =Lbs. of chemicals
8.34 X MG

Anderson County treats their water by adding 4 ppm of cationic polymer to a flow of 3.5
MGD. How many ponds of polymer does Anderson County add to their water?

Lbs. = ppm X 8.34 X MG
Lbs. =4 ppm X 8.34 X 3.5 MGD

Lbs. =116.8
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Flemingwood adds 800 Ibs. of lime in order to treat a flow of 4167 gpm. What is
Ct SYAy3Jag22RQa R2al 3S Ay LILIYK

ppm =Lbs. of chemical
8.34 X MG

ppm = 800 lbs
8.34 X (4167 + @&B5 gpm)

ppm = 800 Ibs
8.34 X 6 MG

ppm = 800 Ibs
50.05

ppm = 16
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Practice Problems
1. Henderson treats 2.75 MGD and its clarifier has a radius of 358wt is the
weir overflowrate?

2. Evansboro has sedimentation basin that measures 16 feet wide by 40 feet long
andthewateRS LI K A& wmn FSSG FyR GKS@&@ GNBFG
detention time?

3. Pudducat rectangular weir measures 20 feet wide and 40lteeg. The plant
treats 9,000,000 gatins per day. What is the surface overflow rate?

4. Prestonsville uses.2ppm of bentonite clay as a weighing agentreat a flow of 8
MGD. Thealesired dosage is 3.5 ppm. How many additional Ibs. per hour of
bentonite clay will be needed?

5. The newoperator used 600 Ibs. of polymer to treat Flatfoots flow of M8D.
What is thedosage of polymer at the plant?
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Solutions to Practice Problems
1) WOR = Flow (gpm) + Feet of weir

WOR = (2.75 MGD X 694.5 gpm) = (2 X @fifus) X 3.14
WOR = 191@pm + 220 ft

WOR = 8.7 gpm/ft of weir

2) DT = Volume (gals) + Flow (gpm)
DT = (16 ft X 40 ft X 10 ft) X 7.48 gallons + (6.2 X 694.5 gpm)
DT = 47872 gallons + 4306 gpm

DT =11.1in

3) SOR = Flow (gpm) + Area (ft?)
SOR = (9,000,0601440 minutes) + (20 feet X 40 feet)
OR
SOR = (9 MG X 694.5 gpm) + (20 ft X 40 ft)
SOR = 6250 gpm + 800 ft2

SOR = 7.8 gpm/ft?
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4)Lbs. = ppm X 8.34 X MG
Lbs. = (3.5 ppm wantegl2.2 ppm already applied) X 8.34 X1&D
Lbs. = 1.3 ppm X 8.34 X 8 MGD
Lbs. = 86.74 Ibs/day
Lbs. = 86.74 Ibs + 24 hours

Lbs. = 3.6 Ibs./hr

5)ppm = Ibs. of chemical

8.34 X MG
ppm = 600 Ibs
8.34 X 1.8 MG
ppm = 600 Ibs
15

ppm = 40
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Actiflo

Sludge Micro-Sand and Sludge

to Hydrocyclone

Hydrocyclone <
Polymer Micro-Sand

Clarified
Water

1 |
m /\|..............0. —-
> || >¢<T - B %\\\WN
Coagulant B B
=&<] =&<] =]
‘ - N
Raw | —
Water Injection  Maturation ':':D:D::Djj:g
Coagulation Tube Clarifier

with Scraper }

—

Actiflois a treatment system that combines miesand with the floc particles to
accomplish treatment much more rapidly than conventional treatment.

1. Raw water enters the flash mix and is combined with coagulants. (1 minute*)

2. The water then enters the injection tank where miegand and polymers are
mixed in the water. (1 minute*)

3. The water then enters the maturation zone where it isregently mixed with a
longerretention time which allows the floc to get larger and settster. (4
minutes*)

4. Next, the water enters the settling tank where the migand ballasted floc settles
out almost immediately. (6 minutes*)
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5. The water then flows up through the settling tubes (lamella clarifiers) to the
collection troughs. (4 minutes*)

6. The micresand ballasted sludge is pumped from the bottom of the settling tank
into a hydrocyclone where the sludge and sand are separated and the sand is
reused. (The entire process takesrh 10 to 20 minutes) * all times are
approximate
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Actifloas well alariDAF, Trident Micr@ f 2 OX LYy FAf O2Qa&a t dzf &l
Filter Group treatment processes can be brought in on a flat bed truck, plumbed and
wired andbegin treating water

FLOCCULATORS

PACKED TOWER SATUATOR
EFFLUENT LATERALS

BUBBLE-GENERATING NOZZLES

CLARDAF by Leopold
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Raw Water Inlet

Coagulated water from am-line rapid mixer enters a flow distribution channel
prior to the flocculation zone.

Flocculation zone

Coagulated water is equally split to each unit, with traditionst&ge tapered
energy flocculation with variable frequency mixers. The retentioretemployed in this
stage is generally between eight and ten minutes.

Air ¢ Water Dispersion Zone

Flocculated water is then base of the flotation zone, through the injection of a
recycle stream. The recycle stream is produced by recyclgt8% of the drified or
filtered water to a pressurized saturator vesselOMpsi). The recycle stream is the
depressurized through a series of release submerged and span the entire transition zone
that then create micrebubbles which disperse zone.

Flotation Zone

The principle behind the flotation process is the midrobbles which will form a
dense air blanket within the flotation zone. This flocculated particulate will agglomerate
with the micro bubbles as they rise to the surface and subsequently, clarify therwat

Sludge Accumulation

The floating solids accumulate on the surface of the Aqua DAF unit that result in a
thick sludge layer. Sludge can then be removed by one of two methods:

1. Hydraulically, an automatic effluent weir rises at a prescribed time. Subségue
the flotation zone water inlet rises and the sludge is removed to a sludge trough .

2. Mechanically, a traveling sludge scraper penetrates and scrapes the sludge layer
into the sludge trough.
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FIBER GLASS
FLOATS

EFFLUENT
TROUGH

SLUDGE RETURN

INDIVIDUAL
SLUDGE VALVES

FLOATING BRIDGE
COLLECTION HEADERS

3D View

Vacuum machine

Clarified water
collection launder

Vacuum chamber

S

- :

Sludge blanket

Lateral distribution Z/"

Sludge concentrator

Stilling baffle
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Pulsators and Super Pulsators
Operation

1. Coagulatedvater from the rapid mix is sent to the pressure or vacuum chamber.

2. This coagulated water is distributed to a series of laterals that point downward in
order to promote scouring of the basin floor and provide energy for flocculation.

3. Internal sludge congdrators have headers that are opened at prescribed intervals
and allow the sludge to be removed by gravity.

4. Flocculated water is then directed upward through fiberglass settling plates while a
10 foot sludge blanket is maintained.

5. Clarified water is collged across the length of the settling area to a center
collection trough.

6. At a prescribed frequency and duration, the vent valve atop the chamber opens
and closes thereby creating subtle pulsations of the sludge blanket.

7. The net result is a pulsing sludglanket that combies flocculation, clarification
(settling), and sludge collection into one compact system.

Vacuum Pump

Vacuum
Chamber

Vent value—x&

Collection : ELy 5
Channel Clarification/
= Flocculation
o~ & Area
Cn"Eminn .-"‘. .___..-. I.- o .-::.:._ - /—
Laterals o >
oy : ' #_-»___.-'
Blowdown .
Pipes > .
~g
Settling
_ Plates
Concentrator & v
Distribution Distribution

Channel Laterals
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Trident Microfloc

Operation
1. First, the water enters a minimum of two 60° inclined tube settlers. In this

process, sludge recirculatiomleances the solids removal process.

2. Next, the water enters an upflow process that combines flocculation and
clarification (settling) in a single process. This adsorption clarification media
does not form floc that can settle but rather uses a buoyant raedi

3. FGSNI GKS Of I NATFAOIFIGAZ2Y LINROS&aasx GKS
(typically anthracite, sand and garnet) which becomes progressively finer from
top to bottom
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Roberts Filter Group - Pacer

I

{4

Service Flow Pattern

ContaClarifier© bed washing can be
activated manually or automatically at an
elapsed time interval or, when headloss

reaches a predetermined setpoint. Air

agitation along with normal operational raw
water upflow, scrubs the ContaClarifier©
media. Raw water flow continues for a short
period afterward, flushing the remaining

solids to the waste line.

Pagel18

The first stage, or pretreatment section,
is the ContaClarifier©. It is of granular,
non-buoyant media bed that is stable under
all service flow conditions. Chemically dosed
water is introduced to the bottom of the
clarifier section and flows upward through the
bed. The flow around the irregularly shaped
media particles causes the intimate mixing
and interparticle collisions needed for the
process of floc formation. The flocculation
process is enhanced by contact with the
previously retained solids.
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The backwash cycle incorporates a
separate air wash step using the Aries™
Managed Air System for the most effective
cleaning. The influent valve is closed and the
filter is allowed to drain until the water level
is about six inches above the filter media and
the air system is turned on. The scouring
action developed by the air system breaks the
accumulated solids free from the filter media
particles ensuring effective cleansing at a
minimum backwash water use. The filter is
Polishing Fiter Backwash Flow Pattern air washed at about 2-3 ft3/ft? for 3-4
minutes.

The backwash flow is then established
for refill and maintained for 5-8 minutes at a
rate of at least 15-18 gpm/ ft2 Flow is then
reestablished through the clarifier and the
unit begins to filter to waste cycle. This
continues for 5 - 10 minutes until the effluent
turbidity is below acceptable limits. The total
backwash cycle time is 20 - 30 minutes.

Polishing Filter Backwash Flow Pattern
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Potentially Beneficial @aracteristics

Small footprint
Prefabricated units
Automated operation

Frequently less expensive than conventional treatment facilities

- =2 =2 =4 =

Some offer as much as 7 log removaCoyptosporidium

Membrane Filtration
A membrane, or more succinctly described, a sparmeabé membrane is a thin

piece of material capable of separating substandésmbrane processes have become
more attractive for potable water treatment in recent years for many reasSosne users
like the fact that membran&%ize exclusion technology showegt promise for meeting
current as well as future regulations, including natural organic matter (N@NMgh can
impart color, tastes, odors and in combination with chlorine can cause disinfection by
products.Others enjoy the fully automated controls the&n eliminate guesswork by the
operator. The first membranes used in potable water were pressinieen, with vacuum
driven membranes being used more and more frequently.

MEMBRANE FILTRATION

The pore size at each step is one-tenth smaller
1000 microns = 1 millimetre (0.001 metre)

! | | | I | | i
4 I I I I | I ]
| | | I | I |
: | 1 | | | I I
. AFA IRTATAA
{ \ \ \ \ 1 \ \
\ \ \ \ \ \ \ \
Sedimentation Sand filtration Microfiltration Ultrafiltration  Nanofiltration Reverse osmosis
1000 microns 100 microns 10 microns 1micron 0.1 micron 0.01 micron 0,001 micron 0.0001 micron
Particlesof this  Typical pore size Typical pore size Typical poresize  Typical pore size  Typical pore size
relatively large size in sand filtration, in microfiltration, in ultrafiltration,  in nanofiltration, in reverse osmosis,
can be removed removing removing more producing sterile removing all producing essentially
from water asa most silt, sand silt and sand plus waterbut also  organic molecules pure water
sediment or by and adhering a wide range of removing larger  plus a range of salts
the processof ~ microorganisms microorganism but organic molecules
sedimentation not all viruses
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As the above illustration points out, sand filtration will effectively remoagiples
above the size of 100 microrSome of the attraction to membrane filtration is garnered
by the fact that some membranes remove particulate down to the size of 1/10,000 of a
micron.The four types of membrane filtration used in water treatment,dvg size of
particulate exclusion from largest to smallest, microfiltration, ultrafiltration,
nanofiltration, reverse osmosis.

How Big is a .0001 to a Piece of Hair ? (English Standard)
How Big is a Micron to a Piece of Hair ? (Metric Standard)
2,000 times size

.001 Inch
0254 mm

.0001 Inch
.00254 mm
Human Hair

.0035 Inch

Atom .0889 mm

Micron
.000039 inch
.007T mm

éd?og% SIRTER

v

Another factor in determining the proper membrane for the correct application is
the flux rate.In membrane applications, flrate is prettymuch synonymous with flow
rate. There is a maximum amount of water that can pass over or through a membrane
GKFEG oAttt GAlLofte |ff2g (-8xBusignpib&ssksivarktbeS o F
way we want.

Again, there are four fyes of membrane filtration mentioned here:

Surface Water Treatment Compliance Technology

Unit Technologies| Removal: Lo@siardiaand Log Raw Water, Pretreatmenand

Virus Other Water Quality Issues
Microfiltration Very effective Giardia, >& | High-quality influent or
(MP log; Rartial removal of viruses pretreatment required. Same note

(disinfect for virus credit) regarding TOC
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Ultrafiltration (UF)

Very effective Giardia, >&
log; Partial removal of viruse
(disinfect for virus credjt

Hightquality infuent or
pretreatment required (e.g., MF).
TOC rejection generally low, DBP
precursors could be a concern

Nanofiltration (NF)

Very effective absolute
barrier (cysts and viruses)

Very highquality influent or
pretreatment required

Reverse Osmosis
(RO)

Vely effective absolute
barrier (cysts and viruses)

May require conventional or other
pretreatment for surface water to
protect membrane surfacesuch as
may include turbidity or Fe/Mn
removal stabilization to prevent
scaling reduction of dissolved solid
or hardnessaandpH adjustment

PER.M‘EATE. X
. S ,'T» [ ™
L=,
0t~ |°

RETENTATE
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v Colloidal material

Microfiltration aaa The membrane filtration spectrum
membrane st oy ranges from reverse osmosis (RO)

=TT "‘Em“"ﬂm'“ which allows the finest degree of

.;i" separation, through nanofiltration,
Ultrafiltration - . . .
membrane Susarel ultrafiltration, and finally
ug . . . .
“divalant salts microfiltration, which seperates
Nanofiltration submicron particles from dissolved
migmbrans .
e Salls material.
Reverse osmosis -
membrane
Waler

Most municipal membrane applications use micro or ultrafiltration membranes while
many bottled water industrial applications seem to be reverse osmisisofiltration
seems to be used more for process water.
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Membrane Filtration Comparison

Unit
Technologies

Complexity: Ease of
Operation (Operator Skil
Level)

Secondary Waste
Generation

Other Limitations/
Drawbacks

Microfiltration
(MF)

Basic: increases with
pre/post treatment and
membrane cleaning
needs

Lowvolume waste,
may include sand,
silt, clay, cysts and
algae

Disinfection required
for viral inactivation

Ultrafiltration
(UF)

Basic: Increases with
pre/post treatment and
membrane cleaning
needs

Concentrated

waste: £20% by
volume. Waste may
include sandsilt,
clays, cysts, viruses
and humic material

Disinfection required
for viral inactivation

Nanofiltration
(NF)

Intermediate: increases
with pre/post treatment

and membrane cleaning
needs

Concentrated
waste: 5¢ 20% by
volume

Disinfection required
underregulation, as
recommended as a
safety measure and
residual protection.

Reverse
Osmosis (RO)

Intermediate: increases
with pre/post treatment

and membrane cleaning
needs

Brine waste. High
volume, e.g., 2%
50%. May be toxic
to some species

Bypassing of ater
cannot be practiced &
risk of increasing
microbial
concentrations in
finished water. Post
disinfection required
under regulation, is
recommended as a
safety measure and
for residual
maintenance

Pagel24




SURFACE WATER TREATMENT OPERATORTGHCATION

Function of RO Membrane

Fressure » Salt
Particles ke
RO
Membrane

Initially, membranes used pumps to forcefully pusater through the tiny
openingsor poresin the filters. The openings, in some cases, are so small that only water
can passhrough the pores in the membran@everseosmosis).

© Water Molecules  (()Membrane Openings Chemical Contaminants

mt:»\.ﬁruses cﬁj Bacteria

Even though the above illustration leaves something to be desihedplaincircles
and ovals represent the openings in the sgparmeable membrané/Nater molecules,
the smiley faces, represent water molecules and would freely pass through the openings
in the membrane. The jagged ovals represent chemical contaminants that coiufid n
through the openingsThe stars represent virusewhichare too large to fit through the
openings.The arrowed rectangles represent bacteaad they are much too large to fit
through the openings in the membrane.
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Particles & Silt &5

Concentrated Feed
Water Contaminants

Organics SR B, < 3
Pressurized : \ |
Feed Water Bacteria .- #

Salts 3

Water - - G

fjittReenaaenganatpants

High-Rejection (|

I R N T N R T N T I I T T T T T T T T T T T T

Composite

Membrane

Graphic of interaction at membrane surface

Clean Water

)

-
= <&
|
Raw Water ® =% “‘T Raw Water
ad <~ @
- - >

1.

Above: A strand of membrane in action
Below A casselle housing membranes

4'?’
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High-Purity Permeate

Vacuumdriven membranes are becoming more
widely used for potable water treatment. Most of
these vacuurrdriven membranes pull the water
through2r nn 2NJ 42 GKAYy YS°
bunde that separate the water from the
contaminants. These bundles are arranged in rau
and submerged in the raw water. Every 10 secor
or so, the water in the membrane tanksaerated
to scrub the membranes. Every 15 minytdse
vacuum pressure is revard to back pulse clean
water through the membranes pores to purge dir
from the membrane surface. These types of
membranes come in single header (attached at t
bottom only) and double header (attached both
top and bottom) and then lowered into the raw
water tank. In both single and double header
configurations, the air flow is reversed to
backwash the filter. The membranes are picture
below.
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Review Questions for Chapter 7 z Alternative Treatment Processes

1. A circular unit that combines coagulation, flocculation and sedimentation in a
single unit are called

2. The process where microsand is added to increase floc size, density, and weight is
referred to as the trade name

3. Are upflow clarifiers or solids contact units stable or erratic under changing
temperatures and flow rates? Explain how upflow clarifiers and solids contact
units remain stable or erratic under changing temperatuaiad flow rates.

4. The operator of a solids contact unit controls the performance of the treatment
process by controlling chemical dosages, the recirculation of the slurry and
. Describe the roles of an operator in relation to a solids contact unit

5. DAF is an acronym that stands for what? ldentify what DAF means.
6. Which type of norconventional treatment process actually uses two filters?

7. The membrane filter with the smallest pore sizes is called what? Identify the pore
sizes of each membrane fitte

8. The process by which membranes accomplish their task is actually
. Describe the process of how membranes accomplish their task.

9. Membrane filtration systems require minimal or a great amount of pretreatment?
Identify the level of pretratment needed by a membrance filtration system.

10.Name the two types of membrane filtration most frequently usednanicipal
drinking water applications.
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Answers to Review Questions for Chapter 7z Alternative Treatment
Processes

upflow clarifier units

Actiflo

changing flow rates, turbiditievels, temperatures
Sludge control

Dissolved Air Flotation

Roberts Filter Group

Reverse Osmosis

size exclusion

© © N o 00 b~ 0N PRE

require substantial pretreatment

10.microfiltration and ultrafiltration
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Chapter 8: Filtration

Chapter_8 Obijectives

=

Explain how pressure filters differ from conventional sand filtration.
2. Determine how the filtration process works and explain sieving, adsorption and
straining.
Are there different types of filters and if so, how are they different?
Determine how aiformity coefficients, effective size, specific gravity, and hardness
impact filter media
5. Determine which should be at the top of the filtethe smallest media or the
largest media and where most of the particulate is hopefully stored.
6. Decide whetherk S a il 6 SYSYGT GCAfGNIGAZ2Y Q& 220
LI NI AOdzE F i Sadé Aa | @FLTAR 2ySo
7. List the different ways flow control is accomplished in the filtration process and
how they differ
8. Determine at what amount of feet of head the filtration procesaakes
saturation.
9. Describe what factors could interfere with filtration.
109ELX FAY 6Ké& aft2¢ alyR FALGNIGAZ2Y A&ayQi
11.Define a schmutzdecke.
12.Decide whether or not the dissolved oxygen content of the treated waterdcoul
have a profound impact on filtration rates, maximum filtration rates for all types of
filters
13.Calculate flow in #{sec and gpm, velocity, and filtration/backwash rate and
backwash expansion rates.
145SFAYS o6 Ol 6l aKZ ( dzNb AaRdhoveto detelinineSEe> a A R
STFAOFOe 2F GKS 2LISNIG2NDa AYRADARdzZ f
15.Explain what regulations determine to be necessary notations for filter operation
and how long such notations need to be retained.
16.Determine turbidity goals for the optimizatiorf the filtration process.
17.Decipher what significance backwash expansion rates have on viable filtration.
185SFAYS | aFALGSNILINRPFAESE YR RSGSNNAY!
from such an endeavor.
19.Explain what a floc retention analysis or ceemples can illuminate.
20.Determine the alternatives to replacing filter media.

B w
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Filtration Process Description

The purpose of filtration is to complete the removal of particulate impurities from
the water being treated. It is the final barrier or treatntgsrocess for particle removal
and is accomplished by passing water through a bed of granular material such as sand,
anthracite, garnet, activated carbon, etc. or by forcing or drawing water through a
membrane

The particulate impurities removed should inde:

1 Particulate fractiong debris and microbes thatre easily removed
71 Colloidal fractiong very fine clays and microbes that will pass through a 0.45
micron filter but are NOT in true solution.

1 Dissolved fractiorg natural organic matter (NOM), reduderganics, among other

entities that are in true solution and will pass through filters

EFFECTIVE PRETREATMENT ISAMRER-OR THE SUCCHSSEMOVAL OF
COLLOIDAL AND DISSOLVED FRACTIONS
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Filtration Performance Goals
1 Turbidity :<0.10 NTU 95% of thenie

Maximum turbidity<0.30 NTU
Post backwash turbidity
With filter ¢ to ¢ waste return to service 0.10 NTU

= =2 =2 =2

Without filter ¢ to ¢ waste<0.30 NTU and return tg 0.10 within 15 minutes
|l

Types of Filters
1 Gravity Filters; the primary type of filters usg by surface water treatment plants
1 Slow Sand
1 Rapid Sand
1 Mixed Media

Wy Leved qurey Oachommh f"“’ P ators

]

fiter Drains

Warer passes through charcoal. sand. and
sravel layers in a warer sysrem = _filorarion rank.
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Multi Media and
Deep Bed Filters

24" to 36"

_ AnrthraéivteA 2ies.
Silica Sand

Sarnet Sand

Sravel

Influent

Coarse

Finer

Finest

Underdrain Sy stem

Support

Influent

Coarse
Sand
or
Anthracite

Gravel

Underdrain System

48" to 72"

Comparison of Slow-Sand, RapidSand, and High-Rate or Mixed Media Filters

CHARACTERIST

SLOW; SAND FILTER

RAPID SAND FILTER

HIGH- RATE FILTEF

Filtration Rate 0.05 gpm/t2 2 gpm/ft2 3¢ 8 gpm/ft2 *
Media Unstratified Stratifiedc¢ fine to Stratifiedc¢ fine to
Distribution coarse coarse

Filter Runs 20¢ 60 days 12¢ 36 hours 12¢ 36 hours

Loss of Head

0.2 feet initially to 4
feet final

1 foot initially to 8 or
9 feet fnal

1 foot initially to 8 or
9 feet final

Amount of
Backwash Water
Used

Backwash Not Used

2 ¢ 4% of filtered
water

6% of filtered water
*5 gpm/ft2 in Ky
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Slow Sand
1 Cannot be backwashed
1 The majority of the particulates are removed in the top few inchiesamd
1 The sand layer has to be physically removed when the filter becomes clogged
1 Low filtration rates (as low as 0.1 gpmjftictate large filter area be used for
larger quantities of water.
Dual Media
1 Filtration rate of 2gpm/R& of filter
1 Majority ofthe particulatestored in top layers of filter
Mixed Media
1 Filtration rate of 35 gpm/ft2 of filter
Usually made up of sand, anthracite and garnet
Majority of the particulate stored in top layer of filter.
Presure Filters; used primarily for groundwater or higher quality water sources
Granular Media greensand, sand, anthracite, etc.
Membranec micro, ultra, nano, and reverse oSmosis.

o W >
= [E

=2 =4 -4 -4 4

» o " f
! 7 ‘ “J y
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i\ ‘ \ - g CGhranwe

L =Y.
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Particulate removal by filtration is dependent upon
1 Source water quakt
1 Physical and chemical characteristics of the suspended particulates
1 The effectiveness of your pretreatmerto@agulation, flocculation, and
sedimentation)
1 The type, condition and operational control of the filter being used
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Removal Mechanisms of Filters
1 sedimentation on filter media
adsorption
biological action
absorption
straining

=4 =4 -4 4

Adsorptionis the binding of molecules or particles to a surface and must be
distinguished fromabsorptionwhich is the filling of pores in a solid. The binding of these
particles to the surface is usually weak and is reversible. Otherwise our efforts in
backwashing a filter would be for naught. Just about everything, including our water that
dissolves or suspends the material is bound, but compounds of taste and odorland co
tend to bind strongly

Absorption | Adsorption

Particle Removal
We, as operators, must understand that filters do NOT remove particles, they only
temporarily store them during the filtration process until backwash occurs. The key to
successfully operating a filter is tedp these particles in@rage untilbackwash can
properly dislodge and remove theror, before other forces alloywarticles to penetrate
the filter. Particles are temporarily stored in a filter bed primarily by these two means:
A Straining
o The large partiles are too large to fit througthe porous volume between
the filter media grains.
A Adsorption, Sticking, or Attachment
o The smaller particles come into contact with, and stick to, previously
stored patrticles or the surface of the filter media grains.

It needs to be noted that dissolved particles that are in true solution will pass
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through a filter and therefore must be brought out of solution (precipitated) by the use of

some pretreatment process.

O
0000 O%O%

Mechanical Straining Physical Adsorption

This distinction between particle storage and remosgam important one because
the smaller particles are stored in the filter bed by sticking to the surface of our filter
media and can, under certain conditions, detach from the filter media resulting in
turbidity breakthrough in the filter effluent. Alsohé smaller particles will not be
OF LJWidzZNBR YR a02NBR Ay GKS FAELGSNI dzyGAat
where the media grains have settled back into place after backwashing and where larger
floc has settled on the media to provide a grelasurface for small particles to stick or
attach to. One issue is that the smallest of these particles will not be detected by a
turbidimeter.
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Desirable Filter Media Characteristics

A Good hydraulic characteristics (permeable)

Inert, does not react withudbstances present in the water
Hard and durable

Free of Impurities

Insoluble in water

> > > > >

Filter media are classified according to their effective size, uniformity coefficient,
hardness, and specific gravity.
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Effective Size& Two factors are important wheselecting filter media

=

The time required for turbidity to breakthrough the filter bed.
The time required for the filter to reach limiting or terminal headloss

N

>\

If the media is properly selected these two times are about the same.

>s

If limiting headloss ia problem and turbidity breakthrough rarely occurs, then a
larger filter should be considered.

A If turbidity breakthrough is frequently an issue and limiting headloss is rarely
encountered, then a smaller media size should be considered.

A If both breakthough and limiting headloss both frequently occur, a deeper filter
bed and larger media size should be considered.

Uniformity Coefficient
Obviously a value that describes how uniform or alike in size each media grain is;

the lower the value, the more unifim then the more uniform the grains are that comprise
the filter media.

Generally, the more uniform the media grains the slower the rate of headloss and
turbidity breakthrough at a particular flow rate.

Hardness

Hardness is determined of various minaréd be scratched by another harder
object and categorized by a scale called the Mohs hardness number. A minimum of Mohs
hardness of 2.5 3 is frequently specified for anthracite coal. The hardness of filter grains
is important as it pertains to the durdhy of the media over extended periods of time.

ES 80x1.2 ES. ?45 washed WWashed
Round Siica Round ilica CQucrete pﬁ

_Round _Round -
Silica Sand Silica Sand Si

3 — £4

C Sand
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GRAIN SIZE

Cross section through single media bad such as conventional rapid sand filter

GRAIN SIZE

GRAIN SIZE

Cross section through ideal filter uniformiy graded from coarse 1o fine from top to bottorm

Figure 1-3. Filter bed cross section
Specific gravity
In this instance, specific gravity describes the weight per unit volume of a particular
media type. Media with the greatest specific gravity will occur at the greatest depths of
the filter. This occurs because specific gravity is also the weight of a substance in
relationship to an equal volume of water. Filter grain size should , however, decrease with
increasing filter depth.

Flow Control in Gravity Filters

During the filtering proess, water is applied to the filter in order to maintain a
constant depth or 4, 5 feet over the filter media. At the beginning of the run the filter is
clean and headloss is very low. The filtration rate, or velocity, is kept at the desired rate by
the use of a control. A control is also important in preventing harmful surges (abrupt
velocity changes), which can disturb the media and release stored particulate from the
filters.
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Rate of Flow Controller

The rate of flow controller is used to maintain a stant desired filtration rate. In
order to control the flow at the beginning of a filter run, the flow controller valve is
almost completely closed. This produces the necessary headloss and maintains the
desired flow rate. As the filtration run continuesdithe suspended material builds up in
the filter, headloss increases. To compensate for this increase in headloss, the controller
valve gradually opens. When the valve fully opens the filter run must end since further
KSIFRft2aa OF yQil o0 $heationdsty didpdipetpitcustyNThe nyajer
issue with rate of flow controllers (ROF) is its need for regular maintenance. If thes/alve
malfunctioning, issuemcludngdamag tothe filter bed and water quality degradation
could take place impating the filtration rate of the filter.

Variable Declining Rate Controller

CKS FAEAONIGA2Y NI OGS AayQd 1SLIWG Oz2yail y
starts high and gradually (hopefully) decreases as the filter gets dirty and headloss
increases. Each filter is supposed to accept the proportion of total flow that its particular
filer bed can handle. If this type of valve is in use, as a filter gets dirty, the flow through it
decreases. So, the flow is redistributed to cleaner filters a®i thLI | y & OF LI OA (i &
decline. To prevent excessive flow rates from occurring in clean filters, a flow restriction
device is placed on the effluent line of each filter.

Split Flow
The influent is split by a weir allowing equal distribution of watee&ach filter. The
filter effluent valve is controlled by the water level in each filter
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Self Backwash
The water level in each filter varies according to the headloss, but the flow remains
constant for each filter. Filter runs are preset and automalycebntrolled. These require

iKS
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the time of each preset backwash.

Underdrains
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Consider all of the duties that these devices are supposed to repeatedly successfully
accomplish.

v > > > D

Uniform flow distribution through the filters
Uniform air flow distrilution for air scouring
Uniform flow distribution for backwashing
Minimize media migration

Support filter media
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There are a number of different underdrain systems and | am in no way endorsing
any of them but rather attempting to display some different &gp

Rate of flow and loss Filter bed wash-
of head gages T water troughs

Operating
table

Operating .
fioor Coric;eti filter
an
Pipe gallery
floor Pressure lines to
hydraulic valves from

Filter drain operating tables

Filter to waste Influent to filters

Wash line

Effluent to
clear well

Wash troughs

Filter sand

laterals

manifold

Wheeler Underdrains

TYPICAL WHEELER
UNDERDRAIN INSTALLATION

oooooo
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10 to 15 mmrm

GRAVEL

15 to 290 mim

{1 35 mm spheres:

Teepee Underdrains

TYPICAL TEEPEE UNDERDRAIN INSTALLATION

Pagel4?2



SURFACE WATER TREATMENT OPERATORTGHCATION

Perforated Tubing

Wash Troughs

30" Filtrasorb

Roberts Filter Group”

Fipure & ~ Tetra LP Biocx Filter Underarain
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Filter Media Inspection?
What is needed is the uniformity of dispersion of water and air (if so equipped)
throughout the filter.

BACKWASH
SOURCE

Some problems can arisehich can adversely affetite success of your efforts
in filtration and backwash.

LEOPOLD UNDERDRAIN
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If the underdrainsystem is never scrutinized, medtagration can occur with
unevenmedia depths and flow rates that will affect filtration and backwashing

BACKWASH RISE RATE CONTOURS FILTER SUPPORT MEDIA
N INCHES PER MINUTE (P4 THICKNESS - INCHES

WITHOUT PLENUM BAFFLES ot ORIGINAL THICKNESS 8 INCMES

AVERAGE RATE 29.5 ¥ | 20 YEARS OPERATION [

[on [[oos [T o0 750 100}

i !

prosi] o0 1010 00 20 100 )

16°6 , ' ! "
ions) | o1 o1 08 830 | 100
{o7sl] on doo.s 018 no' 050!

b a = - s it

Interfering Substances

Depenaent upon circumstances such as time of year, temperature, and a myriad of
others, substances can enter our plants that interfere with the normal process operation.
Frequently the process that is most impacted is filtration.

Algae

A Many species of algae guuce objectionable tastes and odors.

A profuse growth of algae interferes with the chemical treatment of raw water by
changing the pH and hardness levels.

Some algae act as inhibitors to coagulation.

Algae can clog filters.

> >

> >

Dissolved oxygen
A DO can causa significant resistance to flow through the filter.
A Dissolved oxygen can permeate the filters and fill up the available space which can
lead to air binding of the filters.

Other Interferences
A Surface clogging and cracking caused by an overload of ablitks thin sand
interface in rapid sand filters.
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Gravel displacement or mounding that can usually be halted by the addition

placing a 76 mm layer of coarse garnet between gravel supporting the media and the fine
bed media.

Mudballs caused by the aggheration of particulates in the filter which can be

reduced by air scouring, surface wash, or, in some instances, increasing the backwash
rate.
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TURBID FLUID

CONTAMINANT —\ s~ FILTER MEDIA

CLEAR FILTRATE

Filtration rates are determined by dividing the totedw (gpm) by the total filter
area (fé). This ckulation can be used to determine tivelocity or speed of the water
moving through the filter bed at any given point in time. Changes in velocity should be
slow and gradual.

FLOW AND VELOCITY

"Q" = FLOW expressed in cubic feet per second
(ft3/sec)(cfs)

This denotes a volume over time.
Other ways we denote volumes over time are:

gpm
MGD
"V" = VELOCITY expressed in ft per second (fps)

This denotes distance over time.
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Examples:

Spriggs Treatment Plant treats water at a rate of 1.8 ft3/sec through 80 ft2 of filters. What
is the velocity of thevater through the filters?

Greenbo treats water at a rate of 1400 gpm through four filters, each measuring 6 feet
square. What is the velocity of the water passing through the filters?

V=Q+A V=18ft¥sec+80ft2 V=0.0225 fps

V=Q+A V=(0400gpm +448.8 gpm) =+ (6 ft X 6 ft X 4 filters)
V = 3.12 ft¥/sec + 144 ft?
V =0.021 fps

Filtration and Backwash Rates
FILTRATION RATE = Flow (gpm) + Surface Area

BACKWASH RATE = Flow (gpm) + Surface Ayea

You will notice that there is a distinct similarity between filtration and backwash rates. If
you can do one, you can do the other.
Example:
Your plant treats 1200 gpm and has 800 ft2 of filter surface area. What is the
filtration rate?
Filtration Rate = Flow (gpm) + Surface Area (ft?)
Filtration Rate = 1200 gpm + 800 ft2
Filtration Rate 4.5 gpm/ft2 filter
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An alternative formula for determining filtration rates is as follows:

FILTRATKDRATE = every 1.6 inches/minute of rise or fall is equivalent to 1 gpm

Example:
After observing the filters you have measured a 6.4 inch fall in the last minute. What is
the filtration rate?

FiltrationRate = every 1.6 inches/min = 1 gpm/ft2

Filtration Rate = 6.4 inches + 1.6 inches

Filtration Rate = 4 gpm/ft2
Practice:
Pineburg treats 6.2 MGD through eight filters measuring 10 feet wide by 15 feet long by
10 feet deep. What is the filtration rate

Filtration Rate = Flow (gpm) + Surface Area (ft?)

Filtration Rate = (6.2 MGD X 694.5 gpm) =+ (10 ft X 15 ft X 8 filters)
Filtration Rate = 4306 (4305.9) gpm + 1200 ft2

Filtration Rate = 3.6 gpm/ft2 (actually 3.5883333 rounded up)

Headloss Development
Media grains are not compressible but the solids that are temporarily stored by the
filter are compressible.

As velocity increases, solids become more compressed leading to greater headloss
development.

As filter runs increase, solids becermore compacted which leads to greater backwash
(flow rate/duration) requirements.

Filter Aids(polymers) can be added to the filter bed to improve particulate storage
mechanisms but may also increase headloss characteristics.
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headloss development in
conventional filters

rate of flow control valve
B ————
nearly closed nearly open

total
- \ v a 3
Airof o contr ol ~al ve head'avallable

head

solids storage headloss

clean bed head loss
/f‘—\‘

'
Filter Run Time (hrs)

IDEAL FILTER RUN

Headloss
Turbidity

w »w Oor 0> mI
< 4~ 0~ ® o cCc 4

Particle count

# per mL

Filter run length in hours
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Filter runsshould be terminatedwhenever:

1 Effluent turbidity (or particle count) exceeds pdetermined standards
1 Headloss exceeds a pdetermined level (usually 6 10 feet of head)
1 A predetermined filtrate volume is reached

Keep track of unit filter run volumes (UFR¥Bd production efficiencies

Terminate filter runs @
1 10,000 gal/ftz for conventional filtration
1 5,000 gal/ftz for direct filtration

% Production Efficiency3dER\¢, UBWV
UFRV

*Where UBWYV = unit bagkash volume, gal/ft2

THE GOAL SHOULD BE TRXMIZE PRODUCTION EFFICIENCY
WHILE CONTINUALLY MEETINGEAMHEOSED WATER QUALITY STANDARAS
EXCEED REGULATORY IMPOSED LEVELS
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Backwash

BACKWASING IS AN IMPORTANT STEP IN THE ENTIRE TREATMENT PROCESS AND I
CRITICAL STEP IN THE FILTERQGHESS. INADEQUATE BACKWASHING CAUSES MOST
OPERATING PROBLEMS ASSOCIATED WITH FILTRATION

Once a filter run has been terminated (due to fletermined standards), it is
taken out of service for cleaning. Backwashing is the process of reversing tref flow
water through the filter media in order to remove the stored particles that have been
deposited in the filter.

In addition to outlining the basis for initiating a backwash, a protocol involving this
procedure should provide stepby ¢ step instructons on how to properly backwash the
filters and all operators should follow them exactly. These instructions should delineate
the backwash sequence including when to use the surface sweep or air scour system and
the lengh of time they should be run.
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The instructions should indicate the backwash sequence including when to use the
surface wash or air scour system and for how long they should be run. The operator may
need to turn off the surface wash during maximum backwadgs to prevent the loss of
filter media. Backwash length, backwash rate, and the length of rewash should also be
included in the protocol. As in most instances, experience is the best teacher so optimum
badkwash parameters are developeder time thraigh experience and analysis.

Infet pipe Is
blocked off

Dirt Is taken
away through
waste pipes

Alr Is forced up
through the filters
to clean them
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In surface washing, strong jets of high pressure water from fixed or revolving
nozzles assist in breaking the filter surface crust. Design parameters for surface wash
could include:

V Provisions for water pressure of alst 45 psi

V A properly installed reduced pressure zone assembly backflow prevention
assembly to prevent backsiphonage if connectethmtreated water system

V A rate of 2.0 gpm/ft2 of filter with fixed nozzles or 0.5 gpm/ft2 with revolving arms.

As withfiltration, backwash rates (velocitghould be allowed to change in a slow and
gradual manner only. Rapid or abrupt changes in velocity will disturb the filter bed and
ultimately result infiltration problems.

Bed expansion should be in tR@ ¢ 35% rame dependent upon particular filter
design and viable operating parameters although new KyDOW new facility design
specifications stipulate a 50% expansion rate. Every filter should achieve the same bed
expansion whenever it is backwashed. Backwash sdtesld be changed dependent
upon changing aaditions, such as temperatur@ a manner that will achieve the same
bed expansion with each wash cycle.

' TYPICAL FILTER IN BACKWASH MODE ‘

INFLUENT

BACKWASH
WASTE

ANTHRACITE

SAND
UNDERDRAIN -
EFFLUENT
ey FILTER TO WASTE
e M
LEAH‘I.'I.I'ELL
BACKWASH J
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Backwash Scouring Action
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- SCOURING ACTION

Determining Backwash Filter Bed Expansion

P
F N
S
||

Unexpanded
Media

Gravel Bed

Backwash
Influent
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Determining filter bed expan sion

-n
20 inches

Y

16
inches

A5 inches

v
28 inches ]\-.

12 inches S 18 inches e
L

28 inches of media 38 inches of media

| <

{ (38 incheg; 28 inches) + 28 inches } X 100 = 35% Expansion
What is an ideal expansion rate?

Too little: inadequate fluidization of the media will not dislodge and remove enough of
the stored particulate that will aid in the development of madis. Mudballs impede

flow which will cause uneven velocities through the filter which can eventually result in
boils, vortexing, cracks, media destratification and clogging of the underdrain.

Too much:over fluidization will limit the collisions that ivhelp clean the filter media.

This will lead to longer backwash cycles and consequently, more of your production water
used to sufficiently wash the filter. Additionally, filter media will be lost, resulting in
shallower filter bed depths and less piaté storage capacity in the affected filter during
future filter runs. As a result, filter runs will be shortened and production efficiencies will
suffer.

How long should the backwash run be?

Too short: if the filters are still dirty after backwashey will need to be washed again
before normal UFRVs are achieved. This will also detrimentally affect production
efficiency.

Too long:the filter media could become too clean resulting in excessive ripening periods
(turbidity spikes) associated with thewash cycle. Again, production efficiency is lost
due to the longer filteig to ¢ waste periods required.
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For treatment facilities with filteg to- waste (rewash) capabilities, the rewash should be

long enough to allow the initial turbidity spike tags. Ideally, backwash should continue
until the effluent turbidity is<0.1 NTU. If the filter is in good condition and the settled

gl 0SNI ljdzr f Ade A& 3F22R3X (KA A& &K 2 devdlate thed dzNJ
pretreatment processes asell.

Impact of Backwash Recovery Spikes on
Filter Performance (cont.)

Valve fluctuation upon return to service
(222.1 billion particles passed through filter)
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Source: Region of Ottawa-Carleton Water Division (
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“TYPICAL” BACKWASH SEQUENCE

Air & Water Water Only
Alr Unly £ MINMes = | cciceisssss
4 scfm/ft?
Air/Water 3 minutes Low Wash 2 minutes
4 scfm/5 gpm 7 gpm/ft?
Water Ramp to 1 minute High Wash 15 minutes
High Wash
5 gpm/ft2 17 gpm/fit2
High Wash 5 minutes Low Wash 3 minutes
17 gpm/ft? Tdpm/it?
105 gallon/ft < WATER USAGE > 290 gallon/ft2

I

— ‘m‘\:};‘\_b;

Determining Filter Bed Expansion with a SECCHI DISC
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=4 =4 -4 4

E

O 4 9 0BackwashdCycle
Lower the level of settled water below troughs
Observe the filter bed for cracks, mounds or holes
Begin the surface wash (and/or agagir) to break up the surface crust
Start the backwash SLOWLY to begin loosening collected material and to gently
remove any air that may be bound in the filter. Observe the filter media for any
localized violent bubbling action.
GRADUALLY move into higite backwash to expand media and expel trapped
sediments. End the surface wash (and/or air scour) at this time to minimize media
migration or loss. Measure the filter bed expansion.
When the turbidity of the wash water reaches the getermined level,
GRADUALLY reduce the backwash rate to allow the different media grades to
properly restratify.
Observe the filter bed for vortexing, mounding, or media migration.
Rewash (filte to ¢ waste) until the turbidity spike has been observed and filtrate
meets pre¢ determined standards (0.1 NTU).
The rewash cycle (turbidity spike) will be significantly minimized and filter
LISNF2NXYIFyOS YIEAYAT SRcCARYBES2NES 2 84 @/F
service, until the next filter wash when it will be recytlgack into operation.
SLOWLY and GRADUALLY move back into the filtration mode until the maximum

filtration rate is reached.
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Techniques Used to Control Turbidity Spikes AFTER BACKWASH

Filter ¢ to ¢ waste until preset standards for turbidity and/or gtigle counts are
met: The goal is to obtain satisfactory filtered water quality rather than terminating the
filter ¢ to ¢ waste process according to a set time period. The length of time for ditier
¢ waste is site specific and varies with souraexr quality and the success of
pretreatment efforts. Generally, filter to ¢ waste until the initial turbidity spike falls to
0.1 NTU.

RequirementsFilter ¢ to ¢waste piping must be adequate enough to handle the
design flow thus assuring a smootlmisition (minimizing changes in water
velocities through the filter bed) between the effluent and filteto ¢ waste valves
when switching from one to the other. Turbidimeters or particle counters must be
capable of measuring rewash so that water gyatan be continuously monitored
during the filter¢ to ¢ waste cycle.

Delayed start.Take the backwashed filter out of service until another needs washing.
This allows additional time for filter media to settle tightly into place and for the floc to
settle onto the media, increasing attachment mechanisms. Generally a longer delay
means a shorter spike. This method may also prevent velocity changes (spikes) in all
other filters during a given filter wash.

Requirements The total plant capacity mtibe able to be met with one filter out
of service. Too long of a rest for the filter may require another backwash or
chlorination of the filter. Check Qksiduals.

A slow, gradual start:Start the filter at a slow rate and gradually increase ftoxer a
period of time (2Q; 30 minutes) using multiple rate increases while limiting the
magnitude of each change.

Requirements You must have ratef flow control valves that are capable of
supporting gradual increases in multiple steps.

Chemical caditioning of the media: Coagulant or polymer is added to either the
backwash water or the initial influent water to improve attachment actions. This helps
condition the filter media and destabilize the charges on particles left in the filter
following backwash.

Requirements:Trial and error is the only real way to determine the type of
chemical to be used, the proper dosage, and the duration of the dosage. Alternate
filter runs with chemical addition or dosing and with no chemical addition toyerif
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the effect of each change. Start with a low dosage and gradually increase it until
positive monitoring results are obtained. Consult references before implementing
this type of treatment.

When added to backwash: Dosage is critical and mustdi@tored.
Timing is important because coagulated water will remain in the toiradén
andeffluent piping and will subsequently be added to the clearwell.
Because of this, dosages must end prior to ending the backwash cycle.

When added to the influentA choice must be made between an initial slug
dose at startup or a low continuous dose. Monitoring of the effluent is
necessary for residual Adr F& when metallic salts are used. Effluent pH
monitoring is necessary if the settled water alkalinitijois. This procedure
may not be effective at temperatures below 41° F because it slows the
reaction time to a point beyond viability.

Ideal bed expansion can be determined by performing a floc retention analysis,
filter coring, and backwash turbidifyrofiles on individual filters before and after a
backwash. A comparison of different backwash rates for different durations of time will
indicate the ideal expansion rate for effectively cleaning a filter. Subsequent filter washes
would then hold constat the same bed expansion rate and wash duration with every
wash while adjusting backwash flow rates relative to changing water temperatures
throughout the year.

Hoc Retention Analysis or Filter Coring

A floc retention analysis accomplished by coringfihier, can tell the operator
exactly what is going on in the filter(s). If problems are discovemdbaervation box
inserted into the filter media to obtain a layer by layer view of the media can be very
beneficial. The floc retention analysis catl how much of the particulate your filter is
storing, where in the filter is the particulate being stored and how uniform and effective
your filter media is operating.

To perform the coring, pipes or conduit is pushed into the media at predetermined
spacing and depths to see what the media interface looks like. This will also help to
discover if mudballs are present in your filters. Before the actual coring the uniformity of
trough height is measured as well as whether or not the troughs are level.
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Some procedures require specialized instruments such as microscopes, or particle count
analyzers but with simple tools, most of which are available at any hardware store, a
wealth of information can & obtained about your filters.

General equipment neded include:

Luuuuununnunuom

two 2 ft X 3 ft section of % inch plywood
a 6 foot level

25 foot tape measure

flashlight

30 feet of heavy string or light cord

duct tape

stopwatch

permanent marker(s)

wire cutters

Laboratory equipment necessary for sampling and monitors:

ORONONOEORONON

nuwm

onewide-mouth plastic liter bottle

large metal washers or 1 %2 inch cap (for weighted-litee sample bottle)
25¢ 35 125 mL bottles for backwash turbidity samples

benchtop turbidimeter

10-16 1,000 mL bottles for floc retention analyses

two 500 mL Erlenmeydiasks with rubber stoppers

one 500 mL graduated cylinder

1-gallon ziplock bags to collect filter media samples for effective size and
uniformity coefficient

spoon

four 100 mL glass or plastic beakers

labels
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