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Certification and Licensing Program 
 

Mission 
Promote responsible environmental stewardship. 

 
 
Goal 
Provide operators with the basic knowledge required to 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 Environmental Protection.  We want to help you succeed! 

 
Phone number and Website for regulatory, technical or operational concerns 

502-782-6189 
dca.ky.gov  

 
 

Other programs administered by the Division of Compliance Assistance: 
 

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 non-technical proofing. The 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 shall prevail. 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 Compliance Assistance. 
 

http://dca.ky.gov/
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Chapter 1: The Surface  
Water Treatment Plant 

Operator  
 

 

 
 
 
 

Chapter 1 Objectives 

 
1. Explain when and why operator certification came into existence. 

2. Determine what constitutes a public water system. 

3. Understand and be able to notate the size parameters relative to certification 

classifications of treatment facilities. 

4. Recall the number of continuing education hours necessary to renew operator 

certifications. 

5. Remember the grace period and monetary penalty of failing to renew operator 

certification on time. 

6. Explain the notions of professionalism and ethical behavior. 
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History  
 When the Cuyahoga River in Cleveland, Ohio, 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. This statute 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 Drinking Water Act (SDWA) in 1974, in 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 
άǇǳōƭƛŎ ǿŀǘŜǊ ǎȅǎǘŜƳǎ.έ ¢Ƙƛǎ ǊŜƎǳƭŀǘƛƻƴ included Maximum Contaminant 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 
ǎƻƭŘŜǊ ŀƴŘ ŦƭǳȄ ŀƴŘ ŘŜŦƛƴŜŘ άƭŜŀŘ-ŦǊŜŜέ ǇƛǇŜǎ. In 1996, the act was further amended to 
emphasize sound science and risk-based standard setting, small water supply system 
flexibility and technical assistance, community-empowered source water assessment and 
protection, public right-to-know and water system infrastructure assistance through a 
state revolving loan fund (SRF). Further revisions to the SDWA in 1996 included the 
following: 
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Consumer Confidence Reports (CCR) that all community water systems must distribute 
annually about the water they provide, including information on detected contaminants, 
ǇƻǎǎƛōƭŜ ƘŜŀƭǘƘ ŜŦŦŜŎǘǎ ŀƴŘ ǘƘŜ ǿŀǘŜǊΩǎ ǎƻǳǊŎŜΤ 
 
      Cost-Benefit Analysis, which mandates that the EPA conduct a thorough cost-benefit 
analysis for every new standard to determine whether the benefits of a drinking water 
standard justify the costs associated with them; 
 
      Drinking Water State Revolving Funds (SRF), which states can use to help water 
systems make infrastructure or management improvements or to help systems assess and 
protect their source water;     
 
      Microbial Contaminants and Disinfection Byproducts (DBP), which 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 1999, the EPA issued guidelines specifying minimum 
standards for the certification and recertification of the operators of community and 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 drinking water, where it comes from, how it is treated and 
how to help protect it and established a Drinking Water Hotline among other resources. 
 
     Small water systems are given special consideration and resources under the SDWA, to 
make sure they have the managerial, financial and technical ability to comply with 
drinking water standards. 
 
     tǳōƭƛŎ ǿŀǘŜǊ ǎȅǎǘŜƳǎ όt²{ύ ŀǊŜ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ 9t! ŀǎ άŀ ǎȅǎǘŜƳ ŦƻǊ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ǘƻ 
the public of water for human consumption through pipes or other constructed 
conveyances, if such a system has at least 15 service connections or regularly serves at 
least 25 individuals.έ 
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Why Should I Become a Certified Operator? 
Wastewater and drinking water system operators are front-line environmental 

professionals who ensure the quality 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 wastewater industry can be extremely rewarding as you 
will be providing a critical service to your community. It just might be one of the most 
important positions in the world since no one can live without water. It takes 
knowledgeable, conscientious people to deliver 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 forms and fee and by passing the certification 
examination with at least a 70%. Regulations pertaining to the certification of drinking 
water and wastewater system operators are located in 401 KAR Chapter 11. 

 
System Classifications 

 

! {ǳōŎƭŀǎǎ ά!έ ǎȅǎǘŜƳ ƛǎ ŀ ǎȅǎǘŜƳ ǘƘŀǘ ǘǊŜŀǘǎΥ   
Surface water or groundwater under the direct influence of surface water; or 
Groundwater not under direct influence of surface water that uses gravity filtration. 

Class I-AD Water treatment plant with a design capacity < 50,000 gallons per day 

Class II-A 
Water treatment plant with a design capacity җ 50,000 but < 500,000 
gallons per day 

Class III-A 
Water treatment plant with a design capacity җ рлл,000 but < 3,000,000 
gallons per day 

Class IV-A Water treatment plant with a design capacity җ оΣллл,000 gallons per day 

http://www.lrc.state.ky.us/kar/title401.htm
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Regulatory Education and Experience  

Class I-AD 
High School Diploma or GED and One (1) year of acceptable operation 
of a Subclass A public water system with any design capacity shall be 
required.  

Class II-A 
High School Diploma or GED and Two (2) years of acceptable 
operation of a water treatment plant with Six (6) months in a Class 
IIA, IIIA or IVA water treatment plant shall be required.  

Class III-A 

High School Diploma or GED and Three (3) years of acceptable 
operation of a water treatment plant with One (1) year of that 
experience in a Class IIA, IIIA or IVA water treatment plant shall be 
required. 

Class IV-A 

Baccalaureate degree in engineering, science or equivalent is required 
and One (1) year of acceptable operation of a Class IIIA or IVA public 
water treatment plant shall be required. Substitutions for experience 
in lieu of a degree will be considered by the cabinet.  

 
Operators in Training (OIT) C ertifications   

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

¶ Education and Experience Documentation Form;  

¶ Registration Form for Exams and Training;  

¶ The appropriate fee; and 

¶ A ƭŜǘǘŜǊ ŦǊƻƳ ǘƘŜ ŀǇǇƭƛŎŀƴǘΩǎ ƳŜƴǘƻǊΦ ¢ƘŜ ƭŜǘǘŜǊ ŦǊƻƳ ǘƘŜ ƳŜƴǘƻǊ Ƴǳǎǘ ƛƴŎƭǳŘŜΥ   
o A commitment to oversee thŜ ŀǇǇƭƛŎŀƴǘΩǎ ǿƻǊƪ ŀŦǘŜǊ ǘƘŜ ŀǇǇƭƛŎŀƴǘ ōŜŎƻƳŜǎ ŀƴ 

OIT;   
o A commitment to mentor the applicant as long as the applicant is under the 
ƳŜƴǘƻǊΩǎ ŘƛǊŜŎǘ ǊŜǎǇƻƴǎƛōƭŜ ŎƘŀǊƎŜΤ 

o Verification that the mentor is not currently mentoring any other OITs; and   
o Confirmation that the mentor holds a certification license that is equal to or 

greater than the certification level required to serve in primary responsibility of 
the facility where the mentor and prospective OIT works. 
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Certification Renewal or Maintenance  
Drinking water treatment, distribution and bottled water system certifications 

expire on June 30 of even-numbered years. Certifications shall remain valid until the 
expiration date, unless suspended, revoked or replaced by a higher classification 
certificate before that date. Certificates issued between Jan. 1 and June 30 of a renewal 
year will be issued to include the next two-year renewal period. Failure to renew before 
July 1 of the renewal year will result in the expiration of certification and a late fee 
assessment. The certificate shall terminate if not renewed on or before Dec. 31 of the 
year the certification expired. Certified operators with expired certificates shall not be in 
responsible charge of a drinking water or wastewater facility. 
 

Certified operators (excluding OIT certificates) may renew their license(s) 
electronically through the cabinet website using the E-Search link or by submitting the 
Application for Certification Renewal and appropriate fee to the Division of Compliance 
Assistance, Certification and Licensing Branch, 300 Sower Blvd., Frankfort, KY 40601. 
  
 Certified operators who are designated an Operator in Training may renew a 
certification without examination if the operator has: 

¶ Satisfied the continuing education requirements;  
¶ Earned the required years of operational experience;  
¶ Submitted an Education and Experience Documentation form verifying his 

or her experience;  
¶ Submitted a letter of recommendation from a mentor; and  
¶ Submitted a completed Application for Certification Renewal form and the 

renewal fee to the cabinet or has renewed the certification electronically on 
the cabinet's website. 

 
Drinking water treatment, distribution and bottled water certified operatorsΩ 

training hours shall be completed for each renewal during the two (2)-year period 
immediately prior to the certificate expiration date. Certified operators holding a 
treatment, distribution and/or bottled water certificate shall complete the required 
number of cabinet-approved 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 certification shall not 
count toward certificate renewal. 
 

http://dca.ky.gov/certification/Pages/E-Search.aspx
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Operator Ethics ɀ 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 standard of integrity in the certified 
operator profession, standards of professional conduct apply to persons certified in 
accordance with 401 KAR Chapter 11. These standards state that: 
 

(a) A certified operator shall, during the performance of operational duties, protect 
the safety, health and welfare of the public and the environment; 
(b) A certified operator shall use reasonable care and judgment in the performance of 
operational duties; 
όŎύ LŦ ŀ ŎŜǊǘƛŦƛŜŘ ƻǇŜǊŀǘƻǊΩǎ ƧǳŘƎƳŜƴǘ ƛǎ ƻǾŜǊǊǳƭŜŘ ōȅ ŀƴ ŜƳǇƭƻȅŜǊ ǳƴŘŜr circumstances 
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 in applications, 
reports, statements and testimony provided to the cabinet; and 
(e) A certified operator shall ensure the integrity of the samples that the operator 
collects, prepares or analyzes so that results shall be a true representation of water 
quality. 

 
The full set of standards is 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 specified period of time, not to 
exceed one (1) year; 
(b) Suspension of the operator's certification for a specified period of time, not to 
exceed four (4) years, during which the certification shall be considered void; 
(c) Revocation of the operator's certification; 
(d) Civil or criminal penalties; or 
(e) A combination of the disciplinary actions listed above.   

 
Disciplinary actions are outlined in 401 KAR 11:050, Section 4.  
 
 
All regulations related to the certification of wastewater and drinking water operators are 
located in 401 KAR Chapter 11. A copy of the regulations is located in this manual, and it is 
recommended that you become familiar with the regulations that govern your profession. 
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Professionali sm 
Professionalism is the skill, competence or character expected of a member of a 

highly trained profession and the use of professionals instead of amateurs. 
 
 We are in a low-visibility PROFESSION anŘ ƻǳǊ ŎǳǎǘƻƳŜǊǎ ŘƻƴΩǘ ƪƴƻǿ Ƙƻǿ 
important our work is to their well-being. 
 
 We operators need to regard our profession 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 resources that 
human beings need to survive. 
 
 The purpose of treatment is to provide POTABLE WATER 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 accurate for all systems. 

SOURCE WATER + FACILITIES = TREATMENT TECHNIQUE 
 
Since source waters are so different, treatment facilities and techniques will be different, 
as well. CƻǊ ǘƘƛǎ ǊŜŀǎƻƴ ǘƘŜǊŜ ƛǎ ƴƻ άƻƴŜ ǎƛȊŜ Ŧƛǘǎ ŀƭƭέ ƻǊ ǉǳƛŎƪ ŦƛȄ ǘƘŀǘ will work for all 
source waters or facilities. What works at one treatment facility will 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 should 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 account the big picture; recognize the interaction between processes. 

¶ Measure and evaluate the results of all changes. 

¶ Continuously strive to improve yourself as an operator. 
 
 
 

 
 
 
 

 
ά¸ƻǳ ŎŀƴΩǘ ōǳƛƭŘ ŀ ǊŜǇǳǘŀǘƛƻƴ ƻƴ ǿƘŀǘ ȅƻǳ ŀǊŜ ƎƻƛƴƎ ǘƻ ŘƻΦέ 

                                             ς Henry Ford 
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List of Key Acronyms 
AWWA American Water Works Association 

AwwaRF American Water Works Research Foundation  
BAC Biologically Active Carbon 
BAT Best Available Treatment 
BMP Best Management Practice 
CPE Comprehensive Performance Evaluation 
CTAP Kentucky DOW Comprehensive Technical Assistance Program 
DBP Disinfection By - Product 
D/DBP Disinfectant and Disinfection by ς Product 
D/DBPR Disinfectant and Disinfection by ς Product Rule 
DO Dissolved Oxygen 
DOW Division of Water (Kentucky) 
ES Effective Size 
ESWTR Enhanced Surface Water Treatment Rule 
GAC Granular Activated Carbon 
GWR Ground Water Rule 
GWUDI Ground Water Under the Direct Influence of Surface Water 
IESWTR Interim Enhanced Surface Water treatment Rule 
IFE Individual Filter Effluents 
LCR Lead and Copper Rule 
LTESWTR Long Term Enhanced Surface Water Treatment Rule 
LT2 Long Term 2 (Enhanced Surface Water Treatment Rule) 
MIEX Magnetic Resin (trademark acronym for a resin specific for DOC removal) 
MIOX Mixed Oxidants 
MGD Million Gallons per Day 
MOR Monthly Operating Report 
MRDL Maximum Residual Disinfectant Level 
NOM Natural Organic Matter 
NPDES National Pollutant Discharge Elimination System 
O & M Operations and Maintenance 
ORP Oxidation Reduction Potential 
PWS Public Water System 
QA Quality Assurance 
QC Quality Control 
RCAP Rural Community Assistance Partnership 
RTCR Revised Total Coliform Rule 
SCADA Supervisory Control and Data Acquisition 
SG Specific Gravity 
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SOC Synthetic Organic Carbon 
SUVA Specific Ultraviolet Absorbance 
SWTR Surface Water Treatment Rule 
TC Total Coliform 
TCR Total Coliform Rule 
TDS Total Dissolved Solids 
TOC Total Organic Carbon 
UC Uniformity Coefficient 
USEPA United States Environmental Protection Agency 
USGS United States Geological Survey 
WTP Water Treatment Plant 
WHPA Well Head Protection Area 
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Review Questions for Chapter 1 ɀ The Surface Water Treatment Plant 
Operator  

 
1. Identify when the SDWA was enacted?  

2. Identify when the operator certification process was federally mandated?  

3. Operators have how many months to renew their license without having to retest?  

4. What are operators bound by regulation to do if they are told to do something 

illegal? 
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Answers to Review Questions for Chapter 1 ɀ The Surface Water Treatment 
Plant Operator  
 
1. 1974 

2. 1996 

3. Six months 

4. Inform whoever gave the order of the consequences.  
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Chapter 2: Water Sources  

 
 

The Hydrologic 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 types of source water and the differences between them. 

3. 5ŜǘŜǊƳƛƴŜ ǿƘŀǘ ŜƴǘƛǘƛŜǎ ƳŀƪŜ ǳǇ ǘƘŜ 9t! άaǳƭǘƛǇƭŜ .ŀǊǊƛŜǊ !ǇǇǊƻŀŎƘέ ǘƻ ǿŀǘŜǊ 

quality. 

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

 
 

 
Evaporation ς A process in which something is changed from a liquid to a vapor without 

its temperature reaching the boiling point. 

Precipitation ς The formation of rain, snow, hail, etc., from moisture in the air. 

Runoff ς Water, sometimes carrying agricultural or industrial wastes, that is carried by 

rainfall and melting snow into surface waters. 

Infiltration  - Water passing through the soil and recharging aquifers. 

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

Transpiration ς A process ǿƘŜǊŜ ǿŀǘŜǊ ǾŀǇƻǊ ƛǎ ƎƛǾŜƴ ƻŦŦ ǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ōȅ ŀ ǇƭŀƴǘΩǎ 

surface ( leaves, exposed roots, etc.). 
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Current federal drinking water regulations define three distinct and separate sources of 

water:  1) surface water, 2) groundwater under the direct influence 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, springs, 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 upstream discharges. 

The turbidity  of surface water often fluctuates relative to the amount of 

precipitation that can increase treatment requirements, costs and the need of operator 

diligence. 

The temperature of surface water vacillates with the ambient temperature. 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 the taste, odor and color of water, and these organics have shown 

themselves to be precursors of disinfection by-products. Organics can also accelerate 

corrosion rates and greatly increase treatment requirements and associated costs. 

Water-quality problems, such as hardness, or iron and manganese discoloration as 

a result of dissolved minerals, occur infrequently in surface water supplies, but can 

occasionally be problematic with some waters.  

Surface water sources are easier to access, pollute and remediate than 

groundwater, and quantity can be unstable during droughts.  
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Because surface water supplies are so susceptible to pollution and pathogenic 

contamination, higher levels of treatment that will include coagulation, flocculation and 

filtration  will likely be necessary. These processes are a part of the EPA multiple barrier 

concept of water treatment.  

 

 

Source Water Protection ς Protecting the water before it gets to the treatment facility 
means less time and money to treat it when it gets to the plant. 
 
Distribution ς Provide both the quantity and quality of water to our customers. 
 
Treatment ς Remove potentially harmful chemicals and aesthetically displeasing 
contaminants 
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Groundwater Under the Direct Influence of Surface Water  

Groundwaters under the direct influence (GWUDI) are affected by the same 

parameters as surface water, so the levels of treatment are much the same as surface 

water.  

Groundwater  

DǊƻǳƴŘǿŀǘŜǊ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǿŀǘŜǊ ǘƘŀǘ ƛǎ ōŜƭƻǿ ǘƘŜ ŜŀǊǘƘΩǎ ŎǊǳǎǘΣ ǿƘƛŎƘ Ƙŀǎ 

been stored within an aquifer and does not change in character relative to precipitation 

events. An aquifer is an underground layer of water-bearing material. Groundwater is 

usually brought to the surface by a well.  

 .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ŀōƛƭƛǘƛŜǎ ǘƻ ŦƛƭǘŜǊ ǿŀǘŜǊ ŀǎ ƛǘ ǘǊŀǾŜƭǎ Řown to the aquifer, the 

water quality of groundwater is generally good. Because of its lack of exposure to the 

atmosphere, contamination issues are usually much less than those of surface water. 

Because of its characteristics and the lack of outside influences, groundwater usually 

requires less treatment than surface water. 
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Review Questions for Chapter 2 ɀ Water Sources 

 
 
1. What are the six hydrologic cycle processes that transport water around our planet?  

 
2. An underground layer of water bearing material is called what?  
 
3. Which source water, ground or surface, is easier to remediate?   
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Answers to Review Questions for Chapter 2 ɀ Water Sources 
 
 

1. Evaporation, condensation, runoff, infiltration, precipitation, transpiration 

2. An aquifer 

3. Surface  
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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 what role both 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 in water 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 significant temperature 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 by-products and custoƳŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ǘƘŜƛǊ ǿŀǘŜǊΦ 

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 treatment process, 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 treatment operators should learn is the source of the 

water entering their plant. The water source affects both the quantity and quality of the 
raw water to be treated. A basic understanding of how raw water acquires its 
characteristics and how these characteristics will affect human health and necessary 
treatment techniques will help operators effectively treat their water. 

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

Before any system in Kentucky begins offering water for human consumption, it 
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 contaminants are 
and 3) 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 surveys. Sanitary surveys 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 are 
necessary to competently perform the duties of a certified treatment operator. After 
gaining this knowledge, using it on a regular basis will hone your skills and improve your 
performance as well as the performance of the plant. 

Maximum Contaminant Le vels  
Maximum Contaminant Levels (MCLs) are  
02)-!29 -#,ȭÓ  3%#/.$!29 -#,ȭÓ  

NITRATE 10.0 mg/L SULFATE 250 mg/L 
FLUORIDE 4.0 mg/L FLUORIDE 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 ***   

* Action Level 0.015 mg/L           ** Action Level 1.3 mg/L           *** As an average of monthly samples 
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Lead and Copper Rule 
ά¢ƘŜ ǘǊŜŀǘƳŜƴǘ ǘŜŎƘƴƛǉǳŜ ŦƻǊ ǘƘŜ ǊǳƭŜ ǊŜǉǳƛǊŜǎ ǎȅǎǘŜƳǎ ǘƻ ƳƻƴƛǘƻǊ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ 

at customer taps. If lead concentrations exceed an action 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 system must also inform the public about steps 
they should take to protect their health and may have to replace lead service lines under 
ǘƘŜƛǊ ŎƻƴǘǊƻƭΦέ  http://water.epa.gov/lawsregs/rulesregs/sdwa/lcr/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. 
 

²ƘŜƴ a/[Ωǎ ŀǊŜ ŜȄŎŜŜŘŜŘ, the consuming public MUST be informed as dictated by 
the Public Notification Rule and Consumer Confidence reporting. 

 
MAXIMUM CONTAMINANT LEVEL GOALS (MCLG) represents the level of a contaminant 
that would pose no detrimental health effect to humans. It is often 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 TECHNIQUES ς Some recent regulatory additions and changes necessitate 
the implementation of new or different treatment techniques for the removal of certain 
contaminants in drinking water. Some of these treatment challenges are as follows: 

¶ CT for Giardia (3-log removal), viruses (4-log removal) and cryptosporidium (up to 6-
log removal);                                                                          

¶ TOC percent removal requirement based on upon raw water TOC and alkalinity levels; 

¶ 5.tΩǎ flushing and cleaning requirements for distribution systems; and 

¶ Lead and Copper removal and public notification requirements whenever action levels   
are exceeded.  

 

http://water.epa.gov/lawsregs/rulesregs/sdwa/lcr/index.cfm
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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 important.   An opertor 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 (ORP).  

¶ Ammonia, chloride, and sulfate.  

¶ Natural organic matter (NOM).  

¶ Iron, aluminum, and manganese.  

Several different methods for control and treatment can be looked at. The EPA has a 

document that covers the steps a system should examine when adjusting for optimal 

corrosion control.  Every water system will need to take different levels of action but it is 

commonly known that systems with LSL (lead service lines) contribute a high percentage 

of lead in samples collected. 

https://www.epa.gov/sites/production/files/2016-03/documents/occtmarch2016.pdf 

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

https://www.epa.gov/sites/production/files/2016-03/documents/occtmarch2016.pdf
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Water Quality Problem Treatment 

1. Coliforms or icrobiological 
contamination 

1a. disinfection (chlorination) 
1b. disinfection (other oxidants ς ozone, chlorine dioxide, 
chloramination) 
1c. coagulation, flocculation, sedimentation, filtration and 
disinfection 
 

2. Turbidity 2. coagulation, flocculation, sedimentation and filtration 

3. Odors 3a. clarification (coagulation, flocculation, sedimentation 
and filtration 
3b. oxidation (chlorination or permanganate)        
3c. special oxidation (chlorine dioxide)              
3d. adsorption (GAC or PAC)  
3e. aeration 
 

4. Iron and/or manganese 4a. sequestration (poly or ortho phosphates)  
4b. removal by special ion exchange               
4c. permanganate and greensand 
4d. oxidation by aeration* 
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 
total dissolved solids) 

6a. ion exchange  
6b. reverse osmosis 
 

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

8. Preventative treatment  
a. fluoridation 
b. trihalomethanes (THMs) 

8a. add fluoride chemicals  
8b. (1) do not prechlorinate, disinfect with ozone, chlorine 
dioxide or chloramines  
8b. (2) remove THM precursors   
8b. (3) remove THMs after they form 
 

 
Inorganics  

Non-life forms, such as sand, clay, silt, salts and metals, comprise the majority of 
the inorganics we see in the treatment plant. In addition there are some manmade 
chemical compounds developed from non-life materials that appear from time to time in 
our source water as a result of the erosion and dissolving of minerals or as by-products of 
industrial processes and pollution. 

Some of the more common inorganic contaminants are lead, copper, barium, 
cadmium, nitrates and arsenic, and all of these 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 oxidation, coagulation 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 inorganics is the presence of 
iron or manganese, calcium or magnesium hardness and total dissolved solids (TDS).  

 

Surface Water Characteristics and Monitoring Parameters  
Some monitoring of surface source water is done frequently to better understand 

the significance and bearing on the successful operation of the treatment facility.  

Among them are the following: 

pH actually describes the hydrogen ion concentration in a water sample. pH is 
measured on a scale from 0 to 14 with a reading of 7 being neutral. The pH meter 
measures the relative amount 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 more acidic the solution. As pH values rise on the scale, the 
relative amount of hydroxyl ions proportionate to hydrogen ions becomes larger 
and the solution becomes more basic. 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 the pH scale is actually 
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indicative of a tenfold change in the hydrogen ion concentration. Frequently, a 
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.  

 

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 is in a solution, the 

more acid it will take to lower the pH. Chemicals used to increase the alkalinity 

level in water (lime, caustic soda, soda ash, etc.) have the effect of adding hydroxyl 

ions to a solution. When this addition of alkalinity creates an excess of hydroxyl 

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 solution 

(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 solution, the alkalinity will 

gradually be used up and the pH will then decrease 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 observing a color change while 

titrating a weak acid into a solution. 

Temperature is measured as degrees Fahrenheit or degrees Celsius. Temperature 

impacts every treatment process, but it is the parameter of least control for an 

operator. Chemical reactions occur faster in 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, temperature affects the 

recommended filter backwash rates. Sometimes it is necessary to convert 

temperatures in Fahrenheit to Celsius and vice versa. 

х Fahrenheit = (х Celsius X 1.8) + 32        Celsius = (х Fahrenheit ς 32) ÷ 1.8 

Turbidity is a measure of suspended matter in 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 such, turbidity levels should be minimized throughout the treatment 

process. Turbidity can also interfere with disinfection efforts by shielding 

pathogens from disinfection efforts.
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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 ever exceed 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. Measurement 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). Differently shaped and 

colored particulate will produce varied results on the turbidimeter.  

Simplified Diagram of a Pathogen 
Encapsulated by a Particulate 

Courtesy of Eric Karch and David Loftis 
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Hardness describes water containing a high level of calcium and magnesium ions.  

Excessive hardness in water causes soap not to lather and scale deposition on 

pipes, valves, meters, boilers, dishes, cookware and water heaters. Hardness can 

sometimes impart objectionable tastes to water, as well as damaging some 

industrial processes. Softened water delivered to customers 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. 

Color relative to water is water that is aesthetically objectionable or it can be any 

water not deemed to be clear. There are two types of color: 

¶ True color  

o True color is caused by decomposing organic materials in the water.  

o Since true color is composed of organics, these may aid in the formation 

of disinfection by-products (DBPs), as well as biofilms and biological 

regrowth in distribution systems.  

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

 

¶ Apparent color  

o Apparent color is caused by precipitated inorganics, frequently iron (Fe) 

and manganese (Mn) in the water.  

o This type of color produces discoloration in the water 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 odor is 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 influences, such as algae, reservoir stratification, decaying organics, 

wastewater, industrial wastes, minerals, dissolved gasses, incompatible chemical 

combinations and, last but certainly not least, treatment plant and distribution 

system shortcomings. Measurement is done by using the Threshold Odor Number 
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(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 (TOC) describes the organic composition of a water 

sample. TOCs are precursors to disinfection-by-product (DBP) formation. The most 

effective traditional removal of TOC is accomplished by enhanced coagulation, 

which is coagulation at a low pH. Activated carbon adsorption is also an 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 a surrogate for TOC for in-plant process control and levels can be 

determined by a spectrophotometer using the UV ς 254 method. 

Volatile Organic Carbon (VOC) are organic chemicals that have a high vapor 

pressure at ordinary, room-temperature conditions.  VOCs are numerous and 

varied and are both manmade and naturally occurring chemical compounds. They 

can pose health problems including damage to the reproductive system, liver, 

nervous system and other organs. Common VOCs come from household products 

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 operations subject to the SDWA must implement treatment and 

monitoring systems to 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 are Benzene, Toluene, 

Formaldehyde, Xylene, Chloride, Ethylene glycol, fuel 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 (SOC) enter 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, 4-D, Toxaphene, Diquat, Weed-B-Gone, Scotts 4XD and Bladex B. 
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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 created 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 pronounced) than 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 benzene, xylene, toluene 

 3. Pesticides such, as aldicarb and chlordane 

 4. Herbicides such, as alachor and silvex 

Trihalomethanes are the by-products of the chemical reaction between chlorine 

and the naturally occurring organics in drinking water. These naturally occurring 

carbon compounds are not hazardous by themselves, but when combined with 

chlorine, produce by-product 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 surface area of more than a football field. Activated carbon is a material 

ǘƘŀǘ ŀǘǘǊŀŎǘǎ Ƴŀƴȅ ǘȅǇŜǎ ƻŦ ƻǊƎŀƴƛŎ ŎƻƴǘŀƳƛƴŀƴǘǎ ƻƴǘƻ ƛǘǎ ǎǳǊŦŀŎŜΦ hƴŎŜ ǘƘŜ ŎŀǊōƻƴΩǎ 

removal capacity is used up, the carbon may be returned to the manufacturer for 

rejuvenation (for very 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.  TƘƛǎ ƛǎ ƪƴƻǿƴ ŀǎ άŘǳƳǇƛƴƎέ ŀƴŘ ŎƻǳƭŘ ƻŎŎǳǊ ǿƘŜƴ ǘƘŜ ŎŀǊōƻƴ ƛǎ ƴŜŀǊƭȅ 
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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 consists of 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 into the air stream. Aerator configurations include packed 

tower and low-profile bubble tray styles. Where aeration is used, two operational 

problems are possible: 

 Where there are elevated levels of iron or manganese, rusty staining of water use 

fixtures and clothing is possible. 

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

The advantage of aeration is that there is no disposal of radioactive waste or regeneration 

of the treatment system necessary. 

Oxidation: Advantages and Disadvantages 

 Certain organic contaminants will chemically react with oxygen and oxygen-like 

compounds. After this treatment is accomplished, the resultant compounds may be either 

fully neutralized or will have a lower level of hazard. Further treatment may still be 

necessary. Oxidizing chemicals include ozone, 

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 controlling 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 technology" (BAT) for removing synthetic organic chemicals (SOCs) 

from drinking water. 
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Dissolved Oxygen (DO) is the amount of oxygen dissolved in water, and it can impact 

water treatment operators in a number of ways. The amount of oxygen water can support 

in its dissolved state is temperature-dependent. 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 oxygen levels 

at or near 100 percent saturation 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 presence of dissolved 

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 (TDS) are all the solids that are dissolved in water. 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 membrane filtration. 

The higher the total dissolved solid concentration, the greater the likelihood of taste and 

odor issues, as well as scale deposition on pipes and fixtures. The total dissolved solid 

concentration is measured on a sample of water that has passed through a fine mesh 

filter to remove the suspended solids.  

The water that passes through the filter is evaporated, and the remaining residue 

represents the total dissolved solid level. Generally, waters with a TDS content < 50 mg/L 

are the most desirable for domestic uses.  

Surface water sources that are polluted by man and nature are likely to contain quite a 

variety of pollutants. Biological organisms, such as bacteria, viruses and protozoa as well 

as suspended and dissolved organic and inorganic materials, are usually prevalent in 

surface water. By-products of land erosion and runoff, dissolved minerals, decomposed 

plant and animal materials, airborne contaminants, industrial discharges and the everς

present human and animal waste continue to contaminate our surface water sources. 

For conventional treatment purposes, particulate impurities can be divided into two 

general classifications: 

¶ Settable solids: larger-sized particles, such as sand and heavy silts that can 
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be easily removed from water by slowing down the flow enough to allow 

natural gravity settling to occur. 

¶ Nonsettleable solids (colloidal matter): smaller-sized particles, such as fine 

clays and silts, bacteria and organic residues that do not readily settle out 

and require chemical treatment to produce larger particles that are 

settleable.  
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 LŦ ȅƻǳΣ ŀǎ ŀƴ ƻǇŜǊŀǘƻǊΣ ŘƻƴΩǘ ƪƴƻǿ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ȅƻǳǊ Ǌŀǿ ǿŀǘŜǊΣ Ƙƻǿ Ŏŀƴ 

you effectively treat it? 

¶ What contaminants are present? 

¶ How prevalent are these contaminants? 

¶ How frequently and how much will these parameters change? 

άtƻǘŀōƭŜ ǿŀǘŜǊέ ƛǎ ǿŀǘŜǊ ǘƘŀǘ ƛǎ ǎŀŦŜ ŦƻǊ ƘǳƳŀƴ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ Ƴǳǎǘ ƳŜŜǘ ŎŜǊǘŀƛƴ 

federal and state water quality standards. 

Public Health Protection Challenges  
¶ There is an increase in the frequency, intensity and duration of extreme weather 

events ( droughts, rain events, ice storms, etc.). 

 

¶ Some pathogens are acquiring resistance to conventional disinfection. 

 

o 0.2 log or less of inactivation of Cryptosporidium with free chlorine at 5 ς 15 

mg/L for 60 ς 240 minutes. (Finch, 1995) 
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¶ Meeting existing compliance levels is not always effective in preventing disease. 

Cryptosporidium Outbreaks vs. Finished 

Water Turbidity
Location of 

Outbreak

Year General Plant Information Turbidity 

Information

Las Vegas, Nevada

(CDC, 1996)

1993-

1994

No apparent deficiencies; 

SWTR compliant; performed 

chlorination, filtration (sand & 

anthracite)

Average raw 0.14 

NTU 1/93-6/95 

Maximum of 0.3

Reg 0.17 NTU

Milwaukee, Wisc.

(CDC, 1996

Logsdon, 1996)

1993 SWTR compliant; deteriorated 

source quality & decreased 

coag/floc process 

effectiveness

Dramatic 

temporary finished 

turbidity,

high of 2.7 NTU 

Jackson County, 

Oregon

(USEPA, 1997)

1992 Poor plant performance 

(excessive levels of algae & 

debris) no pre-chlorination

When outbreak 

occurred, filtered 

water averaged 1 

NTU

Carrolton, Georgia

(USEPA, 1997

Logsdon, 1996)

1987 Conventional filtration plant; 

sewage overflow into intake, 

filters placed into service 

without backwash

Filtered turbidity 

reached 3 NTU 

from one filter
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In the fall, the warm surface layer cools and sinks. When it sinks, it stirs up all the 
ƭŀƪŜ ǿŀǘŜǊΦ ¢ƘŜ ƭŀƪŜ ōŜŎƻƳŜǎ ŎƻƻƭŜǊΦ LǘΩǎ ŎŀƭƭŜŘ άǘǳǊƴƛƴƎ ƻǾŜǊέΦ ¢ǳrn overs add oxygen to 
water at the bottom of the lake. 

 

²ƘŜƴ ƭŀƪŜǎ ƻǊ ǊŜǎŜǊǾƻƛǊǎ άǎǘǊŀǘƛŦȅ,έ ŀǎ ƛƴ ǘƘŜ ƛƭƭǳǎǘǊŀǘƛƻƴ ŀōƻǾŜΣ ŀƭƭ ǘƘŜ ŜƴǘƛǘƛŜǎ ǘƘŀǘ 

have settled out since the last turnover come to the upper regions of the body of water. 

This layer of settled 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 throughout the year, 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 top and middle intakes usually 

provide the best water for treatment.  

{ƻƳŜ ŦŀŎƛƭƛǘƛŜǎ ŀǊŜ ŜƳǇƭƻȅƛƴƎ ǊƛǾŜǊōŀƴƪ ŦƛƭǘǊŀǘƛƻƴ ǘƻ ŀƭƭƻǿ ƴŀǘǳǊŜ ǘƻ άŎƭŜŀƴέ ǘƘŜ 

water before arriving at the treatment facility. If done successfully, this will greatly 

decrease the entities present in surface water and because of this natural filtration, cut 

treatment costs.  
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WATER 
TREATMENT

PLANT

RIVERBANK

RIVER

WELLFIELD

Inspecting the inside of the water supply tunnel  
 

 

 

 

 

 

 

 

 

 

 

Diagram of the riverbank filtration system  
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Review Questions for Chapter 3 ɀ Water Characteristics and 

Chemistry 

 
1. Differentiate between health and aesthetic issues. 

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

of a difference? 

3. ________________ is the ability of water to neutralize acids. 

4. What very important parameter of the treatment process is one the operator has 

no control over? Explain the parameter of the treatment process that the operator 

has no control over. 

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

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

of water. 

7. What are the two types of color?  Name them. 

8. TOC, when in contact with free chlorine, produces what?  Describe what TOC 

produces when it comes in contact with free chlorine. 

9. One way many of our customers judge the quality of their drinking water is the 

absence of _____ and _______. Describe those ways. 

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

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

 
1. Health is illness or death. Aesthetic is objectionable to the senses but not the cause 

of illness. 

2. 10 times 

3. alkalinity 

4. temperature 

5. hardness 

6. turbidity 

7. true and apparent 

8. DBPs 

9. taste and odor 

10. dissolved oxygen 
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Chapter 4: Coagulation  

 

Chapter 4 Objectives 

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

operators, hope to accomplish in this process. 
2. Delineate the factors that can positively or negatively impact the coagulation 

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

characteristics, and why one performs superior to the others. 
4. Determine what role pH has in successful coagulation. 
5. Enumerate the different types of coagulant mixers and determine at least one 

advantage or disadvantage for each one. 
6. Determine what time frame that conventional coagulation is viably achieved and 

what effects colloids have on the process. 
7. Define zeta potential and how it can improve the flocculation process. 
8. Determine what test or procedures can greatly assist in ensuring optimal 

coagulation.



SURFACE WATER TREATMENT OPERATOR CERTIFICATION 

 

 

 

Page 54 

 

  

Purpose of Coagulation and Flocculation  

The purpose of coagulation and flocculation is to promote the removal of 
particulate impurities, particularly nonsettleable solids and color from the water being 
treated. 
  

Process Description  
¶ Coagulating chemicals are added to water causing particles to become chemically 

destabilized and clump together to form floc. These tiny floc 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. 
 

¶ Coagulation 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 chemicals is a process 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 in the formation of 
insoluble floc. 
 

¶ For a specific coagulant, the 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 particulates, forming 
insoluble flocs and removing impurities from water. 

 

¶  The best pH for coagulation usually falls in the range of 5 ς 7. The proper pH range 
must be maintained because coagulants generally react with the alkalinity in the 
water. Residual alkalinity 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 can be added 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 result in less than optimum particulate removal.     
  

o 0.5 mg/L of alkalinity is consumed per 1.0 mg/L of alum fed 
o 0.93 mg/L of alkalinity is consumed per 1.0 mg/L of ferric chloride fed 

Hydroxide Alkalinity 
o mg/L of lime will add 1.35 mg/L of alkalinity 
o mg/L of caustic soda will add 1.25 mg/L of alkalinity 
o Carbonate or Bicarbonate Alkalinity 
o mg/L of soda ash will add 0.94 mg/l of alkalinity 

 
The mixing of the coagulant chemicals and the raw water is called flash mixing. 

The primary purpose of the flash mix process is 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 
¶ Hydraulic mixing where flow energy is used (with throttling valves or baffles) to 

produce turbulence for chemical mixing. Energy usage is minimal but operators 
must change the flow rate to vary the mixing. 

 

¶ Mechanical mixers utilize paddles, turbines, or propellers to generate the 
movement of water to accomplish mixing. They can change mixing energies but 
require electrical energy to do so. 

         
 
 
 

¶ Diffusers use perforated tubes or nozzles to disperse the coagulant into the water 

providing dispersal over the entire mixing basin. Generally sensitive to flow 

changes and frequently require adjustment for proper mixing. 
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¶ Pumped blenders eject 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 mechanical mixing.      

 

                                                  

 

¶ Gravity mixing allows 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 water exist 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 classifications of particulate impurities: 

¶ Settleable solids ς larger particles that can be removed by slowing down the rate 
of flow and let gravity settle out the particulate; 

¶ Non-settleable solids ς small particles which must be destabilized to settle out. 
They agglomerate when destabilized and form floc. 

¶  

Coagulant Classifications  
Coagulants are classified as primary or secondary coagulants (coagulant aids). 

¶ Primary ς cause the particles to become destabilized and clump together. 

¶ Secondary ς add density and toughness to slow moving floc so they ŘƻƴΩǘ ǘŜŀǊ 
apart and appear later in the distribution system. 
 

Primary coagulants are characterized as either metallic salts such as aluminum 
sulfate, ferric sulfate, and ferric chloride or as synthetic organic polymers or as a blend of 
metallic salts and polymer blends such as aluminum chlorohydrate, polyaluminum 
chloride, etc. 
 

¶ Metallic salts ς 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 the result is floc formation that will then absorb on the turbidity in the 
water. 
 

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

¶ Anionic -  negatively charged polyelectrolytes that are primarily used as 
coagulant aids. 

¶ Nonionic ς 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 capacity of 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 constant motion. 
 

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 no charge 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 environment 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 the colloid and change its 
surface characteristics including its charge. A direct measurement of the surface charge is 
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not easy so sometimes zeta potential is used instead.  
 

Zeta Potential  
Zeta potential is the electrical voltage difference between the surface of each 

colloid and its suspending liquid. The potential is caused by the surface charge, so it is a 
fairly direct measure of the suspension characteristics of the solution. The net charge at 
the particle surface affects the ion distribution in the nearby region. Because of this, an 
electrical double layer is formed in the region of the particle liquid interface. 
 

 
 

If more alkali is added to this suspension, the particles tend to acquire more 
negative charge. If acid is added to this suspension, a point will be reached where the 
charge will be neutralized. Further 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 potential. This 
point is called the isoelectric point and is normally 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 
ǎȅǎǘŜƳΦ ¢ƘŜ ŎƘŜƳƛŎŀƭ ǎŀƭŜǎƳŀƴ ǿƛƭƭ ŎƘƻƻǎŜ ŀ ǇƻƭȅƳŜǊ ōŀǎŜŘ ƻƴ ȅƻǳǊ ǎȅǎǘŜƳΩǎ ŜƭŜŎǘǊƛŎŀƭ 
charge. The 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  
¶ pH ς For each and every coagulant there is an optimal level at which each coagulant 

will work   best (optimal pH will be reduced with lower temperatures). There is an 
effective range for each coagulant such as alum which optimal range is 5.5 ς 8.5. Lower 
pH levels provide for better organic removal while higher pH levels favor inorganic 
removal. Monitoring the pH changes and controlling them through chemical selection 
and dosage levels. 
 

¶ Alkalinity ς 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. 

 

¶ Temperature ς 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, and backwashing. 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 ς For successful coagulation violent and rapid 
movement is required to mix the chemicals in a matter of seconds.  

 

¶ Turbidity ς Turbidity is necessary for floc development. With low turbidities it is 
sometimes necessary to add coagulant aids. Monitor raw, settled and finished water to 
determine the effectiveness of your efforts.  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 coagulant ς Which type works best, metallic salts, polymers or 
a blend? 

 

¶ Pre-oxidation ς 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 substances must be precipitated out in the water so that the 
coagulation, flocculation, sedimentation and filtration can viably remove them. If your 
current pre-ƻȄƛŘŀƴǘ ŘƻŜǎƴΩǘ ŀŎŎƻƳǇƭƛǎƘ ǘƘŜǎŜ ǘŀǎƪǎ ȅƻǳ ƳƛƎƘǘ ǿŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ ŀ 
ŎƘŀƴƎŜΦ /ƻƳǇƻǳƴŘǎ ǘƘŀǘ ŘƻƴΩǘ ǇǊŜŎƛǇƛǘŀǘe out will show up later in the distribution 
system when oxidized by chlorine. 
 

¶ Adsorption ς To make your treatment processes (coagulation, flocculation, 
sedimentation and filtration) more effective the addition of activated carbon will 
adsorb organic compounds 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 for periods of greater demand. Optimal dosages can be 
determined through jar testing. 
 

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

¶ Time ς Detention times are critical to the effectiveness of chemicals and processes. 
Reduced plant flow and/or baffling will improve detention times and process 
optimization. Most treatment facilities were designed to operate twenty-four hours a 
day and operate best if used as they were designed. Avoid short-circuiting 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 the optimal 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 test 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 at the 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 settling will occur.  
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Jar # ml stock 

added 
ml 

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 before it hits the filters we would conduct the jar tests 
as follows. 
 

¶ 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 for 35 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 the performance of both the 
coagulation and the flocculation process. Coagulation and flocculation is a PRETREATMENT 
process for the sedimentation and filtration processes. Due diligence is required to operate 
these processes on an optimum level.  

The goal of an operator should be to produce a consistent settled water quality (1.0 
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 monitoring for all controlling 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 finished water turbidity is NOT the 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 
operated filters and could negatively impact the potability of the water. 
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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 changes 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 dismiss jars as a useful 
ǘƻƻƭΦ ¢ƘŜ ǊŜŀƭ ƛǎǎǳŜ ƛǎ ǘƘŜ ƻǇŜǊŀǘƻǊ ƘŀǎƴΩǘ ōŜŜƴ ǘǊŀƛƴŜŘ ǘƻ ƻǇŜǊŀǘŜ ƧŀǊ ǘŜǎǘǎ ƻǊ ǘƘŜ ǘŜƴŀŎƛǘȅ ǘƻ 
figure out how to viably use them in the first place.  
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ñThe most important factor in plant 
performance is the use of optimal 
coagulant dosages in pretreatment 
processes.ò 
 

(W. Bellamy et al, Journal AWWA, December 1993) 
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Conversions 
Conversions are something we use every day. For instance, we know that four 

quarters 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 lbs. 

1 gallon 8.34 lbs. 

1 gallon 3,785 ml 

1 Liter 1,000 ml 

1 Liter 1,000 grams 

1 mg/L 8.34 lbs/MG 

1 ppm 1 mg/L 

1 ml 1 gram 

1 pound 453.6 grams 

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.lbs./min 

1 HP .746 kilowatt 

1 mile 5,280 feet 

 
For each conversion there will be only one line that will contain 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 and you need to know its equivalency on 
the left you would divide.  
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Examples 
¶ 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 feet = 10,560 feet 
 

¶ 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 1 MGD = 694.5 gpm 
o So, what we know is on the right side (694.5 gpm) we are computing from 

right to left so we divide. 
o 2083.5 gpm ÷ 694.5 gpm = 3 MGD 

 

¶ Try some on your own . . .  
 
1) 31,680 feet is equivalent to ______ miles? 

2) 80 feet of head = ____________ psi? 

3) 417 pounds = ________ gallons? 

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

5) 1736.25 gpm = _______ MGD? 

6) 5 MGD = ______ cuft/sec (ft³/sec)? 

7) 4 HP = _____ ft.lbs./min? 

8) 37.4 gallons = _______ cuft (ft³)? 

9) 125.1 lbs. 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 pounds ÷ 8.34 pounds = 50 gallons  

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

5) 1736.25 gpm ÷ 694.5 gpm = 2.5 MGD         

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

7) 4 HP X 33,000 ft. lbs/min = 132,000 ft. lbs/min 

8) 37.4 gallons ÷7.48 gallons = 5 ft³  

9) 125.1 lbs. of water ÷ 8.34 lbs/gallon = 15 gallons  

10) 5385.6 gpm ÷ 448.8 = 12 ft³/sec  
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Review Questions for Chapter 4 ɀ Coagulation  

 
1. Another name for the coagulation process that actually describes what takes place 

in this process is what?  Describe the coagulation process and list the names 

associated with this process. 

2. Name three types of mixers used in water treatment. 

3. The two classes of particulate impurities are what?   

4. The type of polymer, relative to their charge, that is most frequently used in 

drinking water applications is _______?   

5. The very small particulate we eventually hope to get settled out if our processes 

are viable are called _______. 

6. The average time consumed by the coagulation process is?  
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Answers to Review Questions for Chapter 4 ɀ Coagulation  

 
1. rapid mix or flash mix 

2. mechanical, diffusers, pumped blender, eductor 

3. settleable & non-settleable 

4. positive or cationic 

5. colloids 

6. seconds 
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Chapter 5: Flocculation  

 

 

 

Chapter 5 Objectives 

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

the factors that impact this process. 
2. Notate the types of mechanical flocculators that are used to accomplish the 

conjoining of particulate matter. 
3. Determine the refinement of conventional flocculation that achieves a higher 

number of the type of particulate agglomeration desired. 
4. Define floc, enumerate the visual indicators of successful floc formation and 

circumscribe the length of the process. 
5. Define short circuiting and what role, if any, baffling could have on the flocculation 

process. 
6. Determine the last area in the flocculation process that could negatively affect 

proper floc formation. 
7. Determine the way, if there is one, that the flocculation process could be 

optimized. 
8. ExǇƭŀƛƴ ƧŀǊ ǘŜǎǘƛƴƎΣ ǿƘŀǘ ŜǉǳƛǇƳŜƴǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ŀƴŘ ǿƘȅ ǘƘŜȅ ŀǊŜƴΩǘ ǳǎŜŘΦ 
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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 FLOCCULATION ARE A SINGLE 

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 was previously formed. 

 
We need to create floc of proper SIZE, DENSITY and TOUGHNESS. 

Effective flocculation includes: 
 

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 process assuming 
the flocculators are working. The greater the detention time then usually the better the 
floc. 

¶ MINIMUM 30 minutes 

¶ IDEAL 1 ς 2 hours 

Too small floc particles will not have the weight to properly settle, while too large 
floc particles will present buoyant 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 sedimentation 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 particles to 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 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 treatment process since it may result in shorter contact time, reaction time or settling 
time in comparison with the theoretical (calculated) or presumed detention times. 

Types of Flocculators 
¶ Horizontal Stirrers: Paddlewheel or rocker-arm varieties provide the best flocculators 

available but require frequent maintenance and intensive energy use.  

 
¶ Rocker Arm 
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¶ 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 (usually three) 

are separated by baffles to prevent short-circuiting. 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 speed of the stirrers is to 

prevent the breaking apart of 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 known as step flocculation. 
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¶ Weirs, baffles, and orifices are 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 sedimentation 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 process. The lack of diligence or 
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competency can result in: 

¶ Small particles will not settle out and will pass through the filtration process. 

¶ tƻƻǊ ŘƛǎƛƴŦŜŎǘƛƻƴ ǿƛƭƭ ǊŜǎǳƭǘ ƛŦ ǘƘŜ ŎƻŀƎǳƭŀǘƛƻƴκŦƭƻŎŎǳƭŀǘƛƻƴ ǇǊƻŎŜǎǎ ƛǎƴΩǘ ƻǇǘƛƳƛȊŜŘΦ 

¶ Disinfection Byproducts such as trihalomethanes will most likely increase.  

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

flocculation.  

 Necessary visual checks include: 

¶ floc patterns in the floc mixing chamber 

¶ uneven floc in the floc basin 

¶ floc density and size 

¶ influent channel buildup of debris 

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

 

 



SURFACE WATER TREATMENT OPERATOR CERTIFICATION 

 

 

 

Page 78 

 

  

Common Coagulation and Flocculation Problems 

 
PROBLEMS POSSIBLE CAUSES POSSIBLE SOLUTIONS 

Poor floc formation Inadequate coagulant dose 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 Usually excess lime which has a low 
solubility. Excess lime will precipitate as 
calcium hydroxide and form light floc. 

Run jar tests. Lower lime dose as 
needed. 

 Inadequate coagulant dosage If excess lime is desirable, 
increase coagulant dosage until 
floc quality 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 aid 
such as bentonite, clay or 
sodium silicate 

 Improper detention time. Low temperature 
causes slower 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 vegetation, 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 dilution 
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 floc. 
Weighting coagulant aid dosage is too high.  

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

 
1. As a competent operator, we want to form floc of the proper _____, ______, and 

_______.   

2. The optimal detention time for coagulation is between _____ and ______ hours. 

3. The optimum velocity for the coagulation process is ___ feet per minute.  Identify 

the optimum velocity for coagulation. 

4. Name two types of flocculators. 

5. Necessary visual checks of the flocculation process include? Describe the necessary 

visual checks of the flocculation process. 

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

 
1. Size, density, toughness 

2. ½ to 3 hours 

3. .1 to 1.5 ft/min 

4. horizontal, paddlewheel, rocker-arm, vertical, paddles, turbines, or propellers. 

5. Floc patterns, density, size, uneven floc formation, influent channel debris, the 

condition of the mechanical equipment 

6. neutralized 
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Chapter 6: Sedimentation  

 
 
 
 

Chapter 6 Objectives 

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

is successful. 

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 coagulation, 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 short-circuiting and determine which shape of basin is the most susceptible 

to it.  

7. 5ŜŦƛƴŜ ǎƭǳŘƎŜΣ ǿƘŀǘ ƘŀǇǇŜƴǎ ƛŦ ƛǘ ƛǎƴΩǘ ǊŜƳƻǾŜŘ ƻƴ ŀ ǘƛƳŜƭȅ ōŀǎƛǎΣ ǿƘŀǘ ǘƻ Řƻ ǿƛǘƘ ƛǘ 

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 than water.  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 forces to 
remove particles held in suspension. As the water becomes almost still in sedimentation 
basins, settleable solids will fall toward the bottom of the basin. 

 

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

 

¶ Turbidity < 1 NTU 95% of the time when source water turbidity < 10 NTU 
 

Why Optimization and Performance Goals  
The USEPA did a pilot study to assess Cryptosporidium removal through 

conventional sedimentation. (Dugan 2001) 
 

¶ Sedimentation removal under sub-optimal coagulation averaged 0.2 log Crypto 
removal. 

¶ Sedimentation removal under optimal coagulation averaged 1.3 log Crypto 
removal.  
 

As the velocity of the water is reduced, gravity takes over and allows the solids to 
settle to the bottom of the basin. 
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Factors Affecting Sedimentation  
¶ Particle size and distribution 

¶ Shape of particles 

¶ Density of particles 

¶ Temperature of the water (viscosity or density) 

¶ Electrical charge of the particles 

¶ Dissolved substances in the water 

¶ Flocculation characteristics of the suspended material 

¶ Environmental conditions (wind, precipitation, etc) 

Particle Diameter Representative 

Particle 

Time Required to Settle in 1 foot 

(.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 NONSETTLEABLE 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 

ǊŜƳƻǾŜŘ ōȅ ǎƛƳǇƭŜ ƎǊŀǾƛǘŀǘƛƻƴŀƭ ǎŜǘǘƭƛƴƎΦ ¢ƘŜ ŦƛƴŜǊ ǇŀǊǘƛŎƭŜǎ ŘƻƴΩǘ ǊŜŀŘƛƭȅ ǎŜǘǘƭŜ ƻǳǘ ŀƴŘ 
are the ones that require pre-treatment in order to produce larger, denser particles that 
are settleable. Particle shape will also influence settling. Smooth circular particles 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 time) required 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 particles have 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 clumping together which 
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 viability of 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 
temperature differences. Eddy currents caused by the flow of the water into and from the 
basin. 
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Sedimentation Basin Zones 
 
 
 
 
 
 
 
 
 
 
 

  
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 basin. Short 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 treatment process 
since it may result in shorter contact time, reaction time or settling time in comparison 
with the theoretical (calculated) or presumed detention times. Short circuiting can be 
greatly reduced by baffling which can also help counteract temperature variances. 

 

 
 

Circular basins are more prone to short circuiting than rectangular basins. 

Sludge Zone 

Inlet  
Zone 

Settling 
Zone 

Outlet  
Zone 



SURFACE WATER TREATMENT OPERATOR CERTIFICATION 

 

 

 

Page 86 

 

  

Settling  
The largest area of the sedimentation basin.  

¶ The calm water provides sufficient time for suspended particles to settle out.  

¶ The horizontal velocity should be < 3 ft/min., usually the slower the velocity, the 

better the settling.  
 

Types of Clarifiers  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sludge 
This area provides temporary storage of settled particles. The entire basin should 

be designed to minimize disturbances to the settled particles. This area needs to be 
cleaned frequently enough so ǘƘŜ ƘȅŘǊŀǳƭƛŎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ōŀǎƛƴ ŀǊŜƴΩǘ ƛƳǇŀŎǘŜŘ 
and the settled particulate or sludge ŘƻŜǎƴΩǘ ōŜŎƻƳŜ ǎŜǇǘƛŎΦ 
 
 
 

Outlet 
This area transitions the flow from the sedimentation basin to the next process. 
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This transition needs to be smooth and devoid of any buildup so the flow rate remains the 
same and currents are initiated.  

 

Launders and V-notch weirs  
¶ Collects water from the sedimentation basin 

¶ Controls uniformity of flow 

¶ If the outflow is high floc will carry over to the filters 
 

 
Tube Settlers 

Tube settlers are small inclined tubes situated in the sedimentation basin. These 
άǎŜǘǘƭŜǊǎέ ƛƴŎǊŜŀǎŜ ǘƘŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǾƻƭǳƳŜ ǎƻ ǘƘŜ ǇŀǊǘƛŎǳƭŀǘŜ ŎƻƭƭŜŎǘ ƻƴ ǘƘŀǘ 
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surface area and settle out completely later. These provide the polishing step of the 
sedimentation process. To date tube settlers are the most efficient way to improve the 
settling process. 
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The pretreatment process (coagulation/flocculation) determines the effectiveness 

of the sedimentation process. The settling characteristics of the suspended particles and 

the flow rate will dictate efficiency of the process. If your efforts with the sedimentation 

process fail to meet settled water turbidity goals (such as 1.0 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: 
 

¶ To prevent interference with the settling process (i. e. scouring), 

¶ To prevent the sludge from becoming septic or providing an environment for 
microorganisms that will cause taste and odor problems, and to prevent the 
reduction of basin size and thus basin detention time, and 

¶ Can change 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, etc.) while 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 basin your plant has the sludge will have to be removed 
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at one time or another. Since sludge is an accumulation of chemicals and contaminants 
and pollutants that we removed from the raw water. It is unlawful to put this sludge 
ANYWHERE without a permit. Most all sludge requires some treatment before its end 
usage or disposal. 

 

Clarifier with continuous sludge rakes  

 
Area and Volume 
¶ AREA ( a flat space or surface) 

¶ VOLUME (the size of a 3-dimensional object or region of space, quantity) 
 
Area is a two-dimensional 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 (ft²). If we need to determine the cross-sectional area of a circle to 
determine flow rate or 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).  

 
Volume is a three-dimensional 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 (ft³). 
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 OBJECT AREA (ft2) VOLUME (ft 3) 

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

 Circle .785 x D' 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 

  

 

This rectangle measures 25 feet wide and 45 feet long. To calculate the area of this 

rectangle we  multiply the width (25 feet) by the length (45 feet) and the product will be in 

square feet. (ft X ft) 

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

In the calculations of circles or cylinders we use .785 in place of pi (3.14) which was 

and still is used. The number.785 was derived from figuring the area occupied by a circle 

inside a square which is .785 of the square 
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To calculate the area of a circle the sum will be the area inside the perimeter of the 
circle. To accomplish this we multiply diameter in feet times the diameter in feet times 
.785 and the sum will be in square feet.  
 

 
The diameter of this circle is three feet. To obtain the area inside of this circle 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) 
 

 

 
In this rectangle we have added the third dimension or measurement (15 feet). The 

product of our calculation now will be in cubic feet (ft³) or feet times feet times feet. 
 

Volume = 45' (ft) X 25' (ft) X 15' (ft) = 16,875 ft³ (cubic feet) 
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 ²ŜΩƭƭ ǳǎŜ ǘƘŜ ǎŀƳŜ ǎƛȊŜ ŎƛǊŎƭŜ ǿŜ ǳǎŜŘ ǇǊŜǾƛƻǳǎƭȅΣ ōǳǘ ǘƘƛǎ ǘƛƳŜ ǿŜ ǿƛƭƭ ŀŘŘ ǘƘŜ 

third dimension or measurement to it to determine how much space is in the cylinder.  

 

 

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

{ƛƴŎŜ ǿŜ ŘƻƴΩǘ ŦǊŜǉǳŜƴǘƭȅ ǳǎŜ ŎǳōƛŎ ŦŜŜǘ ŀǎ ŀƴ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǾƻƭǳƳŜ ǊŜƭŀǘƛǾŜ ǘƻ 
water we will frequently convert cubic feet to gallons by multiplying cubic feet by 7.48 to 
convert to gallons.  
 

aŀƴȅ ǘƛƳŜǎ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜ ǳǎŜ ŀǊŜƴΩǘ ƛƴ ǿƘƻƭŜ ŦŜŜǘΦ Lƴ ǘƘŀt case we will 
need to convert inches to feet. To convert inches to feet just divide the inch measurement 
by twelve (12) which is obviously the amount of inches contained in a foot. 

 

¶ 2" (inches) ÷ 12" (inches) = 0.166 ft 

¶ пέ όƛƴŎƘŜǎύ ҏ мнϦ όƛƴŎƘŜǎύ Ґ лΦ33 ft  

¶ 6" (inches) ÷ 12" (inches) = 0.50 ft 

¶ 8" (inches) ÷ 12" (inches) = 0.66 ft 

¶ 10" (inches) ÷ 12" (inches) = 0.83 ft 

¶ 30" (inches) ÷ 12" (inches) = 2.5 ft 



SURFACE WATER TREATMENT OPERATOR CERTIFICATION 

 

 

 

Page 94 

 

  

Practice Problems 
1. What is the cross-sectional 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 from the 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 cubic feet and gallons? 
 
 
 
 

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? 



SURFACE WATER TREATMENT OPERATOR CERTIFICATION 

 

 

 

Page 95 

 

  

Answers to Practice Problems 

 
1. To determine the cross-sectional area of a 6 inch waterline 

Area = .785 X .5 ft X .5 ft = 0.196 ft² 

 

2. To determine the area of the shop 

Area = 14 ft X 22 ft = 308 ft² 

3. To determine the area of a 36 inch pipe  

Area = .785 X 3 ft (36 inches ÷ 12 inches) x 3 ft (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 ft³    6000 ft³ X 7.48 gallons = 44880 gallons 

 

5. To determine the volume of the temporary tank 

Volume = .785 X 20 ft X 20 ft X 60 ft = 18,840 ft³  18,840 ft³ X 7.48 gallons = 140,923.2 

gal.  
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Review Questions for Chapter 6 ɀ Sedimentation  
 

1. Most of the sludge should settle out in the _____ ____ of the sedimentation 

process. 

2. Name four factors which can influence the success of the sedimentation 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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Answers to Review Questions for Chapter 6 ɀ Sedimentation  

 
1. First third 

2. Any of these four will suffice, Particle size and distribution, shape of particles, 

density of particles, water temperature, dissolved substances, flocculation 

characteristics, environmental conditions, sedimentation basin hydraulic 

characteristics. 

3. Inlet, settling, sludge, outlet 

4. short circuiting 

5. circular 

6. tube settlers 
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Chapter  7: Alternative 
Treatment Process   

 
 
 
 
 
 
 

 

Chapter 7 Objectives 

 
1. Define upflow clarification in relation to solids contact units and explain how these 

type of units work. 
2.  Determine the degree of operator diligence required to successfully operate a 

solids contact unit as opposed to conventional treatment. 
3.  List the visible indicators that could signify the successful operation of an upflow 

clarifier or solids contact unit. 
4. Determine the advantages and/or disadvantages, if any, of upflow clarification in 

comparison with conventional treatment. 
5. Demonstrate the ability to calculate weir overflow rates and detention time, lbs. 

and concentration of chemical additions. 
6. Determine what the significant difference is between conventional treatment and 

the operation of Actiflo treatment processes. 
7. Explain the operation of a DAF unit as opposed to conventional treatment. 
8. Explain the operation of Pulsators and Super Pulsators and how they differ from 

conventional treatment in what way? 
9. 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 membranes 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, upflow clarifiers 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 in an 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 process of particulate removal.  

Process Control 
Flow Rate 

¶ The design flow rate needs to be converted to an overflow rate. For each overflow 

rate there is an optimum slurry level and density that needs to be maintained. 

¶ A rising overflow rate will increase the depth of the slurry without increasing its 

volume or density. 

¶ A decrease in the overflow rate will reduce the amount of slurry, without changing its 

volume. 

¶ 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 allows the operator to 

promptly make adjustments in the recirculation device and more stringently control 

the rate of flow changes. This method of operation will work only with gravity flow 

systems. Pressure systems are very difficult to control with changing flow rates. 

Turbidity Level  
¶ The operator must immediately recognize changes in the raw water turbidity and 

know exactly what to do when these changes occur in the clarifier so chemical dosages 

can be adjusted accordingly. Higher turbidity levels mean higher dosages will be 

necessary. 

Water Temperature  
¶ Changes in water temperature causes changes in water density which influences 

particle settling rates. 

¶ In extremely cold water, the operator might consider using polymers, activated silica, 

calcium carbonate 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 

ŘƻŜǎƴΩǘ ǿŀǊǊŀƴǘ ǎŜǊƛƻǳǎ ŎƻƴŎŜǊƴ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ Ƴajor portion of the sludge blanket 

stays in the settling zone and overall turbidity meets your objectives. 

General 
¶ Dramatic changes in flow rates and temperature make the process very difficult to 

control. 

¶ If the slurry rises to the weirs and is carried over to 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 rates but too high of a recirculation rate may also cause the slurry to flow 

over into the filters. 

¶ Ample care should be taken when changing flow rates during a (cold water) 

temperature change. 

Operational Fundamentals  
The operator of a solids contact unit controls the performance of the unit by 

adjusting three variables:  1) 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 added, 0.45 mg/L of bicarbonate 

alkalinity is required to complete 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 soda, or soda 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 the best floc and the 

lowest turbidity within a five minute settling period after stopping the jar stirrers. The jar 

test stirrer speed and stirring time should as closely as possible approximate the 

conditions of the recirculating reaction zone of the clarifier. 

Recirculation of Slurry  
     The recirculation rate is established by the speed of the impeller, 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 zone by controlling 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 it to settle.  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.   
 
                                      V/V% =  (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 solids by volume 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 will allow an operator to determine the 
optimum percentage of solids to maintain. 
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Sludge Control  
The sludge accumulates on the bottom of the clarifier in the settling zone. The 

sludge is removed 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 90 ς 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 too high then 

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

overloaded.  

Comparison with Conventional Rectangular Basins  
Advantages 

Solid contact units provide better performance in turbidity removal and softening, 

under ideal operating conditions; chemical requirements are generally higher for turbidity 

removal and lower for softening processes. Since the entire process is in one basin, capital 

and maintenance costs are usually lower than in conventional treatment. If taste and odor 

issues are present, activated carbon can be added to the sludge blanket to provide 

effective treatment. During algal blooms when coagulants fail to react properly because 

of changes in pH, alkalinity, carbonate, and dissolved oxygen, treatment is more easily 

controlled. The operator can increase the amount of slurry available during favorable 

treatment conditions and remove it during periods when the coagulation process is not 

functioning well. 

Disadvantages 

Extremely unstable during rapid changes in flow rate, turbidity level, and 

temperature. Solids  contact units require a higher level of operator knowledge, skill, and 

diligence. Solids contact units are more susceptible to short-circuiting 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 sludge blanket 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 soon with enough 

recirculation and will not return to the reaction zone. The absence of solids in the reaction 

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, coupled with proper 

chemical dosage and a sufficient percentage of solids for recycling.  

Lƴ ƻǊŘŜǊ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ Ǿƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ŜŦŦƻǊǘǎ ǿƛǘƘ ŀ ǎƻƭƛŘǎ ŎƻƴǘŀŎǘ ƻǊ 

upflow clarifier the need exists to be able to calculate the weir overflow rate. 

 

 
Top View of 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. What is the 

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) 

aǳǊǇƘȅΩǎ ǎŜŘƛƳŜƴǘŀǘƛƻƴ basin measures 18 feet by 45 feet and the water depth in the 

basin is 8 feet and they treat 1.2 aD5Φ ²Ƙŀǘ ƛǎ aǳǊǇƘȅΩǎ ŘŜǘŜƴǘƛƻƴ ǘƛƳŜ ƛƴ ƘƻǳǊǎΚ 

    DT = Volume (gallons) ÷ Flow (gpm) 

    5¢ Ґ όмуΩ · прΩ · уΩ · тΦпу Ǝŀƭƭƻƴǎύ ÷ (1.2 MG X 694.5 gpm) 

    DT = 48470.4 gallons ÷ 833.4 gpm 

    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) ÷ (15 ft X 20 ft) 

     SOR = 545 gpm ÷ 300 ft² 

     SOR = 1.82 gpm/ft² 

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 in ppm 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 pounds 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 lbs. of lime in order to treat a flow of 4167 gpm. What is 

CƭŜƳƛƴƎǎǿƻƻŘΩǎ ŘƻǎŀƎŜ ƛƴ ǇǇƳΚ 

     ppm = Lbs. of chemical                                    

            8.34 X MG 

     ppm =        800 lbs.                                           

     8.34 X (4167 ÷ 694.5 gpm) 

     ppm =   800 lbs.                                              

              8.34 X 6 MG 

     ppm =   800 lbs.                                                    

          50.05 

     ppm = 16 
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Practice Problems 

1. Henderson treats 2.75 MGD and its clarifier has a radius of 35 feet. What is the 

weir overflow rate? 

 

 

 

 

2. Evansboro has a sedimentation basin that measures 16 feet wide by 40 feet long 

and the water ŘŜǇǘƘ ƛǎ мл ŦŜŜǘ ŀƴŘ ǘƘŜȅ ǘǊŜŀǘ сΦн aD5Φ ²Ƙŀǘ ƛǎ 9ǾŀƴǎōƻǊƻΩǎ 

detention time? 

 

 

 

 

3. Pudducat rectangular weir measures 20 feet wide and 40 feet long. The plant 

treats 9,000,000 gallons per day. What is the surface overflow rate? 

 

 

 

 

4. Prestonsville uses 2.2 ppm of bentonite clay as a weighing agent to treat a flow of 8 

MGD. The desired dosage is 3.5 ppm. How many additional lbs. per hour of 

bentonite clay will be needed?   

 

 

 

 

5. The new operator used 600 lbs. of polymer to treat Flatfoots flow of 1.8 MGD. 

What is the dosage 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 35 ft radius) X 3.14 

   WOR = 1910 gpm ÷ 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 = 11.11 min 

 

 3) SOR = Flow (gpm) ÷ Area (ft²) 

    SOR = (9,000,000 ÷ 1440 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/ft² 
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4) Lbs. = ppm X 8.34 X MG 

    Lbs. = (3.5 ppm wanted ς 2.2 ppm already applied) X 8.34 X 8 MGD 

    Lbs. = 1.3 ppm X 8.34 X 8 MGD 

    Lbs. = 86.74 lbs/day 

   Lbs. = 86.74 lbs ÷ 24 hours 

    Lbs. = 3.6 lbs./hr 

 

 5) ppm =    lbs. of chemical  

8.34 X MG 

    ppm =   600 lbs. 

           8.34 X 1.8 MG 

    ppm =   600 lbs.                  

           15 

    ppm = 40   
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Actiflo  
 

Polymer

Sludge

Hydrocyclone

Micro-Sand

Micro-Sand and Sludge
to Hydrocyclone

Clarified
Water

Tube Clarifier
with Scraper

Maturation

Coagulation

Injection
Raw
Water

Coagulant

 

 

Actiflo is a treatment system that combines micro-sand 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 micro-sand and polymers are 

mixed in the water. (1 minute*) 

3. The water then enters the maturation zone where it is more gently mixed with a 

longer retention time which allows the floc to get larger and settle faster. (4 

minutes*) 

4. Next, the water enters the settling tank where the micro-sand 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 micro-sand 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 takes from 10 to 20 minutes) * all times are 

approximate 

 

 



SURFACE WATER TREATMENT OPERATOR CERTIFICATION 

 

 

 

Page 113 

 

  

 

 

Actiflo as well as Clari-DAF, Trident Micro-CƭƻŎΣ LƴŦƛƭŎƻΩǎ tǳƭǎŀǘƻǊΣ ŀƴŘ wŜȅƴƻƭŘǎ 

Filter Group treatment processes can be brought in on a flat bed truck, plumbed and 

wired and begin treating water. 

 

CLARI-DAF by Leopold 
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Raw Water Inlet  

Coagulated water from an in-llne rapid mixer enters a flow distribution channel 

prior to the flocculation zone. 

Flocculation zone 

Coagulated water is equally split to each unit, with traditional 2-stage tapered 

energy flocculation with variable frequency mixers. The retention time employed in this 

stage is generally between eight and ten minutes. 

Air ς 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 recycling 8 ς 12 % of the clarified or 

filtered water to a pressurized saturator vessel (70-90 psi). The recycle stream is the 

depressurized through a series of release submerged and span the entire transition zone 

that then create micro-bubbles which disperse zone. 

Flotation Zone 

The principle behind the flotation process is the micro-bubbles 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 the water. 

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. Subsequently, 

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. 



SURFACE WATER TREATMENT OPERATOR CERTIFICATION 

 

 

 

Page 115 

 

  

 

 

 

Vacuum machine  

Vacuum chamber  
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Pulsators and Super Pulsators  
Operation 

1. Coagulated water 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 concentrators 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 collected 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 sludge blanket that combines flocculation, clarification  

(settling), and sludge collection into one compact system.  
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Trident Microfloc  

 

 
Operation  

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

process, sludge recirculation enhances 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 media. 

 

3. !ŦǘŜǊ ǘƘŜ ŎƭŀǊƛŦƛŎŀǘƛƻƴ ǇǊƻŎŜǎǎΣ ǘƘŜ ǿŀǘŜǊ Ŧƭƻǿǎ ǘƘǊƻǳƎƘ ŀ олέ ŘŜŜǇ ƳƛȄŜŘ ƳŜŘƛŀ 

(typically anthracite, sand and garnet) which becomes progressively finer from 

top to bottom 
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Roberts Filter Group - Pacer 
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Potentially Beneficial Characteristics: 

¶ Small footprint 

¶ Pre-fabricated units 

¶ Automated operation 

¶ Frequently less expensive than conventional treatment facilities 

¶ Some offer as much as 7 log removal of Cryptosporidium  

 
Membrane Filtration  

A membrane, or more succinctly described, a semi-permeable membrane is a thin 
piece of material capable of separating substances. Membrane processes have become 
more attractive for potable water treatment in recent years for many reasons. Some users 
like the fact that membranesΩ size exclusion technology show great promise for meeting 
current as well as future regulations, including natural organic matter (NOM), which can 
impart color, tastes, odors and in combination with chlorine can cause disinfection by-
products. Others enjoy the fully automated controls that can eliminate guesswork by the 
operator. The first membranes used in potable water were pressure-driven, with vacuum-
driven membranes being used more and more frequently. 
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As the above illustration points out, sand filtration will effectively remove particles 

above the size of 100 microns. Some 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 are, by size of 
particulate exclusion from largest to smallest, microfiltration, ultrafiltration, 
nanofiltration, reverse osmosis. 

  Another factor in determining the proper membrane for the correct application is 
the flux rate. In membrane applications, flux rate is pretty much synonymous with flow 
rate. There is a maximum amount of water that can pass over or through a membrane 
ǘƘŀǘ ǿƛƭƭ Ǿƛŀōƭȅ ŀƭƭƻǿ ǘƘŜ ǿŀǘŜǊ ǘƻ ōŜ άŦƛƭǘŜǊŜŘέ ǎƻ ǘƘŀǘ ǎƛȊŜ-exclusion processes work the 
way we want. 
 

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

Surface Water Treatment Compliance Technology 
Unit Technologies Removal: Log Giardia and Log 

Virus 
Raw Water, Pretreatment and 

Other Water Quality Issues 

Microfiltration 
(MF) 

Very effective Giardia, > 5-6 
log; Partial removal of viruses 
(disinfect for virus credit) 

High-quality influent or 
pretreatment required. Same note 
regarding TOC 



SURFACE WATER TREATMENT OPERATOR CERTIFICATION 

 

 

 

Page 122 

 

  

Ultrafiltration (UF) Very effective Giardia, > 5-6 
log; Partial removal of viruses 
(disinfect for virus credit) 

High-quality influent 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 high-quality influent or 
pretreatment required 

Reverse Osmosis 
(RO) 

Very effective absolute 
barrier (cysts and viruses) 

May require conventional or other 
pretreatment for surface water to 
protect membrane surfaces, such as 
may include turbidity or Fe/Mn 
removal, stabilization to prevent 
scaling, reduction of dissolved solids 
or hardness and pH adjustment 
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Most municipal membrane applications use micro or ultrafiltration membranes while 

many bottled water industrial applications seem to be reverse osmosis. Nanofiltration 
seems to be used more for process water. 

The membrane filtration spectrum 
ranges from reverse osmosis (RO), 
which allows the finest degree of 
separation, through nanofiltration, 
ultrafiltration, and finally 
microfiltration, which seperates 
submicron particles from dissolved 
material. 
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Membrane Filtration Comparison  
 

Unit 
Technologies 

 
Complexity: Ease of 

Operation (Operator Skill 
Level) 

 

 
Secondary Waste 

Generation 

 
Other Limitations/ 

Drawbacks 

Microfiltration 
(MF) 

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

Low-volume 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: 5ς20% by 
volume. Waste may 
include sand, silt, 
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 ς 20% by 
volume 

Disinfection required 
under regulation, 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., 25 ς 
50%. May be toxic 
to some species  

Bypassing of water 
cannot be practiced at 
risk of increasing 
microbial 
concentrations in 
finished water. Post ς 
disinfection required 
under regulation, is 
recommended as a 
safety measure and 
for residual 
maintenance 
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Initially, membranes used pumps to forcefully push water through the tiny 

openings or pores in the filters. The openings, in some cases, are so small that only water 

can pass through the pores in the membrane (reverse osmosis). 

 Even though the above illustration leaves something to be desired, the plain circles 

and ovals represent the openings in the semi-permeable membrane. Water molecules, 

the smiley faces, represent water molecules and would freely pass through the openings 

in the membrane. The jagged ovals represent chemical contaminants that could not fit 

through the openings. The stars represent viruses, which are too large to fit through the 

openings. The arrowed rectangles represent bacteria, and they are much too large to fit 

through the openings in the membrane. 
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Vacuum-driven membranes are becoming more 
widely used for potable water treatment. Most of 
these vacuum-driven membranes pull the water 
through 2,тлл ƻǊ ǎƻ ǘƘƛƴ ƳŜƳōǊŀƴŜ άǎǘǊŀƴŘǎέ ǇŜǊ 
bundle that separate the water from the 
contaminants. These bundles are arranged in racks 
and submerged in the raw water. Every 10 seconds 
or so, the water in the membrane tanks is aerated 
to scrub the membranes. Every 15 minutes, the 
vacuum pressure is reversed to back pulse clean 
water through the membranes pores to purge dirt 
from the membrane surface. These types of 
membranes come in single header (attached at the 
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 pictured 
below.  
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Review Questions for Chapter 7 ɀ 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 temperatures and 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?  Identify what DAF means. 

6. Which type of non-conventional 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 filter. 

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 pretreatment needed by a membrance filtration system. 

10. Name the two types of membrane filtration most frequently used in municipal 

drinking water applications.  
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Answers to Review Questions for Chapter 7 ɀ Alternative Treatment 
Processes 

 
1. upflow clarifier units 

2. Actiflo 

3. changing flow rates, turbidity levels, temperatures 

4. Sludge control 

5. Dissolved Air Flotation 

6. Roberts Filter Group 

7. Reverse Osmosis 

8. size exclusion 

9. require substantial pretreatment 

10. microfiltration and ultrafiltration 
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Chapter 8: Filtration  
Chapter 8 Objectives 

 
1. Explain how pressure filters differ from conventional sand filtration. 
2. Determine how the filtration process works and explain sieving, adsorption and 

straining. 
3. Are there different types of filters and if so, how are they different? 
4. Determine how uniformity coefficients, effective size, specific gravity, and hardness 

impact filter media  
5. Determine which should be at the top of the filter ς the smallest media or the 

largest media and where most of the particulate is hopefully stored. 
6. Decide whether tƘŜ ǎǘŀǘŜƳŜƴǘΤ άCƛƭǘǊŀǘƛƻƴΩǎ Ƨƻō ƛǎ ǘƻ ǊŜƳƻǾŜ ǇŀǘƘƻƎŜƴǎ ŀƴŘ 
ǇŀǊǘƛŎǳƭŀǘŜǎΦέ ƛǎ ŀ ǾŀƭƛŘ ƻƴŜΦ 

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 process reaches 
saturation. 

9. Describe what factors could interfere with filtration. 
10. 9ȄǇƭŀƛƴ ǿƘȅ ǎƭƻǿ ǎŀƴŘ ŦƛƭǘǊŀǘƛƻƴ ƛǎƴΩǘ ǾƛŀōƭŜ ŦƻǊ ƳŜŘƛǳƳ ǘƻ ƘƛƎƘ ǾƻƭǳƳŜ ŦŀŎƛƭƛǘƛŜǎΦ 
11. Define a schmutzdecke. 
12. Decide whether or not the dissolved oxygen content of the treated water could 

have a profound impact on filtration rates, maximum filtration rates for all types of 
filters 

13. Calculate flow in ft³/sec and gpm, velocity, and filtration/backwash rate and 
backwash expansion rates. 

14. 5ŜŦƛƴŜ ōŀŎƪǿŀǎƘΣ ǘǳǊōƛŘƛǘȅ ǎǇƛƪŜǎΣ άƛŘŜŀƭέ ŦƛƭǘŜǊ ǊǳƴǎΣ and how to determine the 
ŜŦŦƛŎŀŎȅ ƻŦ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ƛƴŘƛǾƛŘǳŀƭ ŦƛƭǘŜǊ ǊǳƴǎΦ  

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 optimization of the filtration process. 
17. Decipher what significance backwash expansion rates have on viable filtration. 
18. 5ŜŦƛƴŜ ŀ άŦƛƭǘŜǊ ǇǊƻŦƛƭŜέ ŀƴŘ ŘŜǘŜǊƳƛƴŜ ǿƘŀǘ ǾŀƭǳŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ōŜ ƎŀǊƴŜǊŜŘ 

from such an endeavor. 
19. Explain what a floc retention analysis or core samples can illuminate. 
20. Determine the alternatives to replacing filter media. 
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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 treatment process 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 include: 
 

¶ Particulate fraction ς debris and microbes that are easily removed 

¶ Colloidal fraction ς very fine clays and microbes that will pass through a 0.45  

micron filter but are NOT in true solution. 

¶ Dissolved fraction ς natural organic matter (NOM), reduced organics, among other 

entities that are in true solution and will pass through filters 

 
EFFECTIVE PRETREATMENT IS IMPERATIVE FOR THE SUCCESSFUL REMOVAL OF 

COLLOIDAL AND DISSOLVED FRACTIONS 
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Filtration Performance Goals  
¶ Turbidity : < 0.10 NTU 95% of the time 

¶ Maximum turbidity < 0.30 NTU 

¶ Post backwash turbidity 

¶ With filter ς to ς waste return to service < 0.10 NTU 

¶ Without filter ς to ς waste < 0.30 NTU and return to < 0.10 within 15 minutes 

¶  

Types of Filters 
¶ Gravity Filters ς the primary type of filters used by surface water treatment plants 

¶ Slow Sand 

¶ Rapid Sand 

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

 
CHARACTERISTIC 

 
SLOW ς SAND FILTERS 

 
RAPID - SAND FILTERS 

 
HIGH - RATE FILTERS 

Filtration Rate 0.05 gpm/ft² 2 gpm/ft² 3 ς 8 gpm/ft² * 

Media 
Distribution 

Unstratified  Stratified ς fine to 
coarse 

Stratified ς fine to 
coarse 

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

Loss of Head 0.2 feet initially to 4 
feet final 

1 foot initially to 8 or 
9 feet final 

1 foot initially to 8 or 
9 feet final 

Amount of 
Backwash Water 
Used 

Backwash Not Used 2 ς 4% of filtered 
water 

6% of filtered water 
*5 gpm/ft² in Ky 
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Slow Sand 

¶ Cannot be backwashed 

¶ The majority of the particulates are removed in the top few inches of sand 

¶ The sand layer has to be physically removed when the filter becomes clogged 

¶ Low filtration rates (as low as 0.1 gpm/ft²) dictate large filter area be used for 
larger quantities of water.  

Dual Media 

¶ Filtration rate of 2gpm/ft² of filter 

¶ Majority of the particulate stored in top layers of filter 
Mixed Media  

¶ Filtration rate of 3 -5 gpm/ft² of filter 

¶ Usually made up of sand, anthracite and garnet 

¶ Majority of the particulate stored in top layer of filter.                                             

¶ Pressure Filters ς used primarily for groundwater or higher quality water sources 

¶ Granular Media ς greensand, sand, anthracite, etc. 

¶ Membrane ς micro, ultra, nano, and reverse osmosis. 
 

 
Particulate removal by filtration is dependent upon: 

¶ Source water quality 

¶ Physical and chemical characteristics of the suspended particulates 

¶ The effectiveness of your pretreatment (coagulation, flocculation, and 
sedimentation) 

¶ The type, condition and operational control of the filter being used. 
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Removal Mechanisms of Filters 
¶ sedimentation on filter media 

¶ adsorption 

¶ biological action 

¶ absorption 

¶ straining 
 

 
Adsorption is the binding of molecules or particles to a surface and must be 

distinguished from absorption which 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 odor and color 
tend to bind strongly.  

 
 

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 to keep these particles in storage until backwash can 
properly dislodge and remove them; or, before other forces allow particles to penetrate 
the filter.  Particles are temporarily stored in a filter bed primarily by these two means: 
Á Straining  

o The large particles are too large to fit through the porous volume between 
the filter media grains. 

Á Adsorption, Sticking, or Attachment 
o The smaller particles come into contact with, and stick to, previously 

stored particles 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. 

 
This distinction between particle storage and removal is an 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. Also, the smaller particles will not be 
ŎŀǇǘǳǊŜŘ ŀƴŘ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ŦƛƭǘŜǊ ǳƴǘƛƭ ǘƘŜ ŦƛƭǘŜǊ Ƙŀǎ ōŜŜƴ άǎŜŀǎƻƴŜŘέΦ  ά{ŜŀǎƻƴƛƴƎέ ƛǎ 
where the media grains have settled back into place after backwashing and where larger 
floc has settled on the media to provide a greater surface 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  

Á Good hydraulic characteristics (permeable) 
Á Inert, does not react with substances present in the water 
Á Hard and durable 
Á Free of Impurities 
Á Insoluble in water 

 
Filter media are classified according to their effective size, uniformity coefficient, 

hardness, and specific gravity. 
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Effective Size ς Two factors are important when selecting filter media 
 

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

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

 
Á If limiting headloss is a problem and turbidity breakthrough rarely occurs, then a 

larger filter should be considered. 
 

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

Á If both breakthrough 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 uniform 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 minerals to be scratched by another harder 
object and categorized by a scale called the Mohs hardness number. A minimum of Mohs 
hardness of 2.5 ς 3 is frequently specified for anthracite coal. The hardness of filter grains 
is important as it pertains to the durability of the media over extended periods of time. 
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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 process, water is applied to the filter in order to maintain a 

constant depth or 4 ς 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 constant 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 continues and the 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 
ƘŜŀŘƭƻǎǎ ŎŀƴΩǘ ōŜ ŎƻƳǇŜƴǎŀǘŜŘ ŦƻǊ ŀƴŘ the filtration rate drops precipitously. The major 
issue with rate of flow controllers (ROF) is its need for regular maintenance. If the valve is 
malfunctioning, issues including damage to the filter bed and water quality degradation 
could take place impacting the filtration rate of the filter. 
 
Variable Declining Rate Controller 

¢ƘŜ ŦƛƭǘǊŀǘƛƻƴ ǊŀǘŜ ƛǎƴΩǘ ƪŜǇǘ Ŏƻƴǎǘŀƴǘ ǿƛǘƘ ǘƘƛǎ ǘȅǇŜ ƻŦ ŎƻƴǘǊƻƭƭŜǊΦ ¢ƘŜ ŦƛƭǘǊŀǘƛƻƴ ǊŀǘŜ 
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 and thŜ Ǉƭŀƴǘ ŎŀǇŀŎƛǘȅ ŘƻŜǎƴΩǘ 
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 water to each 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 automatically controlled. These require 
ǘƘŜ ƭŜŀǎǘ ƻǇŜǊŀǘƻǊ ǎƪƛƭƭ ōǳǘ ŀ ƭƻǘ ƻŦ ŀǎǎǳƳǇǘƛƻƴǎ ǘƘŀǘ ŜŀŎƘ ŦƛƭǘŜǊΩǎ ŎƻƴŘƛǘƛƻƴ ƛǎ ǘƘŜ ǎŀƳŜ ŀǘ 
the time of each preset backwash. 
 

Underdrains  
¦ƴŘŜǊŘǊŀƛƴ ƛǎǎǳŜǎ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ƻǾŜǊƭƻƻƪŜŘ ŀƴŘ ǎƻƳŜǘƛƳŜǎ ǎǳŦŦŜǊ ŦǊƻƳ ǘƘŜ άƻǳǘ 

of sigƘǘΣ ƻǳǘ ƻŦ ƳƛƴŘέ ǎȅƴŘǊƻƳŜ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŘƛŦŦƛŎǳƭǘȅ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ǘǊȅƛƴƎ ǘƻ ǎŜŜ 
them. 
Consider all of the duties that these devices are supposed to repeatedly successfully 
accomplish. 

 
Á Uniform flow distribution through the filters 
Á Uniform air flow distribution for air scouring 
Á Uniform flow distribution for backwashing  
Á Minimize media migration 
Á Support filter media 
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There are a number of different underdrain systems and I am in no way endorsing 
any of them but rather attempting to display some different types. 

 
Wheeler Underdrains 
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Teepee Underdrains 
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Perforated Tubing  
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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. 
 

 
 

Some problems can arise which can adversely affect the success of your efforts 
 in filtration and backwash. 
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If the underdrain system is never scrutinized, media migration can occur with 
uneven media depths and flow rates that will affect filtration and backwashing . 

 

 
 

 
Interfering Substances  

Dependent 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  
Á Many species of algae produce objectionable tastes and odors. 
Á A profuse growth of algae interferes with the chemical treatment of raw water by 

changing the pH and hardness levels. 
Á Some algae act as inhibitors to coagulation. 
Á Algae can clog filters. 

 
Dissolved oxygen 
Á DO can cause a significant resistance to flow through the filter. 
Á Dissolved oxygen can permeate the filters and fill up the available space which can 

lead to air binding of the filters. 
 

Other Interferences 
Á Surface clogging and cracking caused by an overload of solids at the 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 agglomeration 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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Filtration rates are determined by dividing the total flow (gpm) by the total filter 
area (ft²). This calculation can be used to determine the velocity 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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!ǎ ǇŀǊǘƛŎƭŜǎ ŀǊŜ ǎǘƻǊŜŘ ƛƴ ŀ ŦƛƭǘŜǊ ōŜŘΣ ά!έ ό!wEA) becomes smaller in value. 
 
!ǎ ά!έ ōŜŎƻƳŜǎ ǎƳŀƭƭŜǊΣ ά±έ ό±9[h/L¢¸ύ ōŜŎƻƳŜǎ ƭŀǊƎŜǊΦ 
 
!ƴŘΣ ƛŦ ά±έ ōŜŎƻƳŜǎ ǘƻƻ ƭŀǊƎŜΧΧΧΧΦ {¢ht ¢I9 CL[¢9w w¦b.  
 
Examples: 
 
Spriggs Treatment Plant treats water at a rate of 1.8 ft³/sec through 80 ft² of filters. What 
is the velocity of the water 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 = 1.8 ft³/sec ÷ 80 ft²   V = 0.0225 fps 
 
V = Q ÷ A V = (1400 gpm ÷ 448.8 gpm) ÷ (6 ft X 6 ft X 4 filters) 
    V = 3.12 ft³/sec ÷ 144 ft² 
    V = 0.021 fps 

 
Filtration and Backwash Rates  

 
 

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 (ft²) 
   Filtration Rate = 1200 gpm ÷ 800 ft² 
   Filtration Rate = 1.5 gpm/ft² filter 

FILTRATION RATE = Flow (gpm) ÷ Surface Area (ft2) 
 
BACKWASH RATE = Flow (gpm) ÷ Surface Area (ft2) 
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An alternative formula for determining filtration rates is as follows: 
 

 
 
Example: 
After observing the filters you have measured a 6.4 inch fall in the last minute. What is 
the filtration rate? 
 
   Filtration Rate = 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 (ft²) 
   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 become more 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.

FILTRATION RATE = every 1.6 inches/minute of rise or fall is equivalent to 1 gpm/ft2 
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headloss development in 

conventional filters
rate of flow control valve
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Filter runs should be terminated whenever: 
 

¶ Effluent turbidity (or particle count) exceeds pre-determined standards 

¶ Headloss exceeds a pre-determined level (usually 6 ς 10 feet of head) 

¶ A pre-determined filtrate volume is reached 
 
Keep track of unit filter run volumes (UFRVs) and production efficiencies 
 
Terminate filter runs @ 

¶ 10,000 gal/ft² for conventional filtration 

¶ 5,000 gal/ft² for direct filtration 
 
% Production Efficiency = UFRV ς UBWV 
        UFRV  
 
*Where UBWV = unit backwash volume, gal/ft² 
 

THE GOAL SHOULD BE TO MAXIMIZE PRODUCTION EFFICIENCY  
WHILE CONTINUALLY MEETING SELF ς IMPOSED WATER QUALITY STANDARDS THAT 

EXCEED REGULATORY IMPOSED LEVELS. 
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Backwash 

 

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

Once a filter run has been terminated (due to pre-determined standards), it is 
taken out of service for cleaning.  Backwashing is the process of reversing the flow of 
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 step ς by ς step instructions 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 length 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 backwash rates 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 
backwash parameters are developed over time through experience and analysis. 
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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 at least 45 psi, 
V A properly installed reduced pressure zone assembly backflow prevention 

assembly to prevent backsiphonage if connected to the treated water system, 
V A rate of 2.0 gpm/ft² of filter with fixed nozzles or 0.5 gpm/ft² with revolving arms.

  
As with filtration, backwash rates (velocity) should 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 the 20 ς 35% range 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 rates should be changed dependent 
upon changing conditions, such as temperature, in a manner that will achieve the same 
bed expansion with each wash cycle. 
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Backwash Scouring Action 

 
Determining Backwash Filter Bed Expansion  
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Determining  filter bed expan sion 

{ (38 inches ς 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 mudballs.  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 will help 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 particle 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 backwash, they 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 the rewash cycle.  Again, production efficiency is lost 
due to the longer filter ς to ς waste periods required. 
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For treatment facilities with filter ς to- waste (rewash) capabilities, the rewash should be 
long enough to allow the initial turbidity spike to pass.  Ideally, backwash should continue 
until the effluent turbidity is < 0.1 NTU.  If the filter is in good condition and the settled 
ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƛǎ ƎƻƻŘΣ ǘƘƛǎ ǎƘƻǳƭŘ ƻŎŎǳǊ ǿƛǘƘƛƴ ŀ ŦŜǿ ƳƛƴǳǘŜǎΦ  LŦ ƛǘ ŘƻŜǎƴΩǘΣ ǊŜ-evaluate the 
pretreatment processes as well.  
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Impact of Backwash Recovery Spikes on 
Filter Performance (cont.)

Smooth valve opening upon return to service 

(46.5 billion particles passed through filter)

Valve fluctuation upon return to service 

(222.1 billion particles passed through filter)

Source:  Region of Ottawa-Carleton Water Division
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Determining Filter Bed Expansion with a SECCHI DISC 

 



SURFACE WATER TREATMENT OPERATOR CERTIFICATION 

 

 

 

Page 159 

 

  

! Ȱ490)#!,ȱ Backwash Cycle 
¶ Lower the level of settled water below troughs 

¶ Observe the filter bed for cracks, mounds or holes 

¶ Begin the surface wash (and/or air scour) 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 high-rate 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 pre-determined level, 
GRADUALLY reduce the backwash rate to allow the different media grades to 
properly re-stratify. 

¶ Observe the filter bed for vortexing, mounding, or media migration.   

¶ Rewash (filter ς to ς waste) until the turbidity spike has been observed and filtrate 
meets pre ς determined standards (0.1 NTU). 

¶ The rewash cycle (turbidity spike) will be significantly minimized and filter 
ǇŜǊŦƻǊƳŀƴŎŜ ƳŀȄƛƳƛȊŜŘ ƛŦ ǘƘŜ ŦƛƭǘŜǊ Ŏŀƴ ōŜ ƪŜǇǘ άƻŦŦ ς ƭƛƴŜέ ƻǊΣ ƻǳǘ ƻŦ ǳǎŜ ƻǊ 
service, until the next filter wash when it will be recycled back 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 ς to ς waste until preset standards for turbidity and/or particle counts are 
met:  The goal is to obtain satisfactory filtered water quality rather than terminating the 
filter ς to ς waste process according to a set time period.  The length of time for filter ς to 
ς waste is site specific and  varies with source water quality and the success of 
pretreatment efforts.  Generally, filter ς to ς waste until the initial turbidity spike falls to 
0.1 NTU. 
 
 Requirements: Filter ς to ςwaste piping must be adequate enough to handle the 
 design flow thus assuring a smooth transition (minimizing changes in water 
 velocities through the filter bed) between the effluent and filter ς to ς waste valves 
 when switching from one to the other.  Turbidimeters or particle counters must be 
 capable of measuring rewash so that water quality can be continuously monitored 
 during the filter ς to ς 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 must be 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 Cl2 residuals. 
 
A slow, gradual start:  Start the filter at a slow rate and gradually increase flow over a 
period of time (20 ς 30 minutes) using multiple rate increases while limiting the 
magnitude of each change. 
 Requirements:  You must have rate of flow control valves that are capable of 
supporting  gradual increases in multiple steps.   
 
Chemical conditioning 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 to verify 
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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 must be monitored.  
Timing is important because coagulated water will remain in the underdrain 
and effluent 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 influent:  A choice must be made between an initial slug 
dose at startup or a low continuous dose.  Monitoring of the effluent is 
necessary for residual Al+ or Fe+ when metallic salts are used.  Effluent pH 
monitoring is necessary if the settled water alkalinity is low.  This procedure 
may not be effective at temperatures below 41º 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 turbidity profiles 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 constant the same bed expansion rate and wash duration with every 
wash while adjusting backwash flow rates relative to changing water temperatures 
throughout the year. 

 

Floc Retention Analysis or Filter Coring  
A floc retention analysis accomplished by coring the filter, can tell the operator 

exactly what is going on in the filter(s).  If problems are discovered, an observation box 
inserted into the filter media to obtain a layer by layer view of the media can be very 
beneficial.  The floc retention analysis can tell 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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Filter -Media Depth Profile

36ò total

0 - 2ò

2 - 6ò

6 - 12ò

12 - 18ò

24 - 30ò

30 - 36ò

Anthracite - 24ò

Sand - 12ò

18 - 24ò
Anthracite / Sand

~ 21 - �����´

 
 
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 be obtained about your filters.  
 
General equipment needed include: 
S two 2 ft X 3 ft section of ¾ inch plywood 
S a 6 foot level 
S 25 foot tape measure 
S flashlight 
S 30 feet of heavy string or light cord 
S duct tape 
S stopwatch 
S permanent marker(s) 
S wire cutters 

 
Laboratory equipment necessary for sampling and monitors: 
S one wide-mouth plastic liter bottle 
S large metal washers or 1 ½ inch cap (for weighted one-liter sample bottle) 
S 25 ς 35 125 mL bottles for backwash turbidity samples 
S benchtop turbidimeter 
S 10-16 1,000 mL bottles for floc retention analyses 
S two 500 mL Erlenmeyer flasks with rubber stoppers 
S one 500 mL graduated cylinder 
S 1-gallon ziplock bags to collect filter media samples for effective size and 

uniformity coefficient 
S spoon 
S four 100 mL glass or plastic beakers 
S labels 
































































































































































































































































































































