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Printing and Saving Instructions

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

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

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

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

Hyperlink to the assignment
http://www.abctlc.com/downloads/PDF/WWTBUGSASS.pdf

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

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 Do not solely trust our list for it may be outdated.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

State Approval Listing URL...
http://www.abctlc.com/PDF/CEU%Z20State % 20Approvals.pdf

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

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Do not solely depend on TLC’s Approval list for it may be outdated.

All downloads are electronically tracked and monitored for security
purposes.

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

Precept-Based Training Course

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

Micro-learning or precept-based training doesn’t rely on the student to process a large
amount of information before breaking it down. Our method includes short modules with
clearly defined learning goals for each section. This method allows a student to hone in
on a particular skill, then given the opportunity to exhibit their knowledge in the final
assessment.
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Copyright Notice

1999-2022 Technical Learning College (TLC) No part of this work may be reproduced or
distributed in any form or by any means without TLC’s prior written approval. Permission
has been sought for all images and text where we believe copyright exists and where the
copyright holder is traceable and contactable. Other materials including text and artwork
are in the public domain or fair use (the state of belonging or being available to the public
as a whole, and therefore not subject to copyright.) Other uncredited work is public domain
information.

All material that is not credited or acknowledged or referenced in the rear of this course is
the copyright of Technical Learning College. All other unacknowledged references are in
the Water/ Wastewater Sampling and Water Chemistry Courses. Most unaccredited
photographs have been taken by TLC instructors or TLC students. All written, graphic,
photographic or other material is provided for educational information only. We will be
pleased to hear from any copyright holder and will make good on your work if any
unintentional copyright infringements were made as soon as these issues are brought to
the editor's attention. This educational training course and assignment is intended for
educational purposes only. Every possible effort was made to ensure that all information
provided in this course is accurate. Therefore, Technical Learning College accepts no
responsibility or liability whatsoever for the application or misuse of any information
included herein.

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

Information in this document is subject to change without notice. TLC is not liable for errors
or omissions appearing in this document.
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Technical Learning College’s Scope and Function

Welcome to the Program,

Technical Learning College (TLC) offers affordable continuing education for today’s
working professionals who need to maintain licenses or certifications. TLC holds several
different governmental agency approvals for granting of continuing education credit.

TLC’s delivery method of continuing education can include traditional types of classroom
lectures and distance-based courses or independent study. TLC’s distance based or
independent study courses are offered in a print - based distance educational format. We
will beat any other training competitor’s price for the same CEU material or classroom
training.

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

Students have direct contact with their instructor—primarily by e-mail or telephone. TLC’s
CEU courses may use such technologies as the World Wide Web, e-mail, CD-ROMs,
videotapes and hard copies. (See the course description.) Make sure you have access to
the necessary equipment before enrolling, i.e., printer, Microsoft Word and/or Adobe
Acrobat Reader. Some courses may require proctored closed-book exams depending
upon your state or employer requirements.

Flexible Learning

At TLC, there are no scheduled online sessions or passwords you need contend with, nor
are you required to participate in learning teams or groups designed for the "typical"
younger campus based student. You can work at your own pace, completing assignments
in time-frames that work best for you. TLC's method of flexible individualized instruction is
designed to provide each student the guidance and support needed for successful course
completion.

Course Structure

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

Classroom of One

TLC offers you the best of both worlds. You learn on your own terms, on your own time,
but you are never on your own. Once enrolled, you will be assigned a personal Student
Service Representative who works with you on an individualized basis throughout your
program of study. Course specific faculty members (S.M.E.) are assigned at the beginning
of each course providing the academic support you need to successfully complete each
course. Please call or email us for assistance.
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Satisfaction Guaranteed
We have many years of experience, dealing with thousands of students. We assure you,

our customer satisfaction is second to none. This is one reason we have taught more
than 20,000 students.

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

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

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

Wastewater Treatment Bugs CEU Training Course

This is a review of various and complex wastewater treatment methods, water quality,
sampling techniques, bug identification, disinfection, sludge disposal and related WWT
subjects. This course is general in nature and not state specific but will contain various
wastewater treatment microorganisms, including activated sludge methods and
wastewater quality procedures. You will not need any other materials for this course.

Intended Audience

Wastewater Treatment Operators; Pretreatment and Industrial Waste Inspectors. The
target audience for this course is the person interested in working in a wastewater
treatment or pretreatment/industrial wastewater facility and/or wishing to maintain CEUs
for certification license or to learn how to do the job safely and effectively, and/or to meet
education needs for promotion.

Prerequisites: None

Course Procedures for Registration and Support

All of TLC’s correspondence courses have complete registration and support services
offered. Delivery of services will include e-mail, web site, telephone, fax and mail support.
TLC provides immediate and prompt service.

When a student registers for a correspondence course, he or she is assigned a start date
and an end date. ltis the student's responsibility to note dates for assignments and keep
up with the course work. If a student falls behind, he or she must contact TLC and request
an end date extension in order to complete the course. It is the prerogative of TLC to
decide whether to grant the request. All students will be tracked by a unique number
assigned to the student.

Instructions for Written Assignments

The Wastewater Treatment Bugs CEU training distance learning course uses a fill-in-the-
blank style answer key. You can write your answers in the assignment or type out your
own answer key. TLC would prefer that you type out and e-mail final assignment to TLC,
but it is not required.

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

Security and Integrity

All students are required to do their own work. All lesson sheets and final exams are not
returned to the student to discourage and sharing of answers. Any fraud or deceit and the
student will result in forfeiture of all fees, and the appropriate agency will be notified.

Grading Criteria

TLC will offer the student either pass/fail or a standard letter grading assignment. If TLC
is not notified, you will only receive a pass/fail notice.
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Required Texts
The Wastewater Treatment Bugs CEU training course will not require any other materials.
This course comes complete. No other materials are needed.

Environmental Terms, Abbreviations, and Acronyms

TLC provides a glossary that defines, in non-technical language, commonly used
environmental terms appearing in publications and materials. It also explains
abbreviations and acronyms used throughout EPA and other agencies.

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

Recordkeeping and Reporting Practices

TLC will keep all student records for a minimum of five years. It is your responsibility to
give the completion certificate to the appropriate agencies. TLC will mail a copy to Indiana,
Pennsylvania, Texas, or any other state that requires a copy from the Training Provider.

ADA Compliance

TLC will make reasonable accommodations for persons with documented disabilities.
Students should notify TLC and their instructors of any special needs. Course content may
vary from this outline to meet the needs of this particular group. There is an alternative
assignment available.

Note to students: Keep a copy of everything you submit. That way if your work is lost
you can submit your copy for grading. If you do not receive your graded assignment or
quiz results within two or three weeks after submitting it, please contact your instructor.

We expect every student to produce his/her original, independent work. Any student
whose work indicates a violation of the Academic Misconduct Policy (cheating, plagiarism)
can expect penalties as specified in the Student Handbook, which is available through
Student Services; contact them at (928) 468-0665.

A student who registers for a Distance Learning course is assigned a "start date"” and an
"end date."” It is the student's responsibility to note due dates for assignments and to keep
up with the course work.

If a student falls behind, she or he must contact the instructor and request an extension of
her/his end date in order to complete the course. It is the prerogative of the instructor to
decide whether or not to grant the request. You will have 90 days from receipt of this
manual to complete it in order to receive your Continuing Education Units (CEUs) or
Professional Development Hours (PDHs). A score of 70% or better is necessary to pass
this course.

If you need any assistance, please email all concerns to info@tlch20.com.
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Educational Mission

The educational mission of TLC is:

To provide TLC students with comprehensive and ongoing training in the theory and skills
needed for the environmental education field,

To provide TLC students opportunities to apply and understand the theory and skills
needed for operator certification,

To provide opportunities for TLC students to learn and practice environmental educational
Skills with members of the community for the purpose of sharing diverse perspectives and
experience,

To provide a forum in which students can exchange experiences and ideas related to
environmental education,

To provide a forum for the collection and dissemination of current information related to
environmental education, and to maintain an environment that nurtures academic and
personal growth.

STRAGGLER FLOC

Small, light, and fluffy floc particles
with poor settling characteristics,
usually indicative of a younger

sludge and/or low MLSS levels.
Decrease the WAS to increase the
sludge age, decrease the F/M
ratio.

Course Objective

To provide a detailed understanding wastewater treatment microorganisms, activated
sludge, wastewater treatment sampling techniques and biological monitoring, bug
identification and microorganism control methods.
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Important Information about this Manual

This training manual has been prepared to educate employees in complex wastewater
treatment procedures, dealing with compliance and requirements for safely handling
hazardous and toxic materials. The scope of this topic is quite large. Employee health
and safety, as well as that of the public, depend upon careful application of safe treatment
procedures. The manner in which we deal with such hazards will affect the earth and its
inhabitants for many generations to come.

This manual will cover laws, regulations, required procedures and generally accepted
policies relating to wastewater treatment. It should be noted, however, that the regulation
of wastewater and other hazardous materials is an ongoing process and subject to change
over time. For this reason, a list of resources is provided to assist in obtaining the most
up-to-date information on various subjects.

This manual is not a guidance document for employees who are involved with pollution
control or wastewater treatment. It is not designed to meet the requirements of your
discharge permit, or the United States Environmental Protection Agency (EPA),
Department of Labor-Occupational Safety and Health Administration (OSHA) or state
environmental or health departments.

WEAR PROPER

READ THE SAFETY DATA PPE :
SHEET HANDLING CHEMICALS

SRR

This course will provide general educational awareness of wastewater treatment and
working with activated sludge. This document is not a detailed wastewater treatment
textbook or a comprehensive source book on occupational safety and health.

Technical Learning College makes no warranty, guarantee or representation as to the
absolute correctness or appropriateness of the information in this manual and assumes
no responsibility in connection with the implementation of this information. It cannot be
assumed that this manual contains all measures and concepts required for specific
conditions or circumstances. This document should be used for educational guidance and
is not considered a legal document.

Individuals who are responsible for the treatment of wastewater or the health and safety
of workers at wastewater sites should obtain and comply with the most recent federal,
state, and local regulations relevant to these sites and are urged to consult with OSHA,
the EPA and other appropriate federal, state, health and local agencies.
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http:.//www.abctlc.com/downloads/PDF/WWTGlossary.pdf

You must abide by your permit requirements and not deviate from them based on
information presented in this course.
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Topic Legend

This CEU course covers several educational topics/functions/purposes of conventional
wastewater treatment and/or activated sludge processes. The topics listed below are to
assist in determining which educational area is covered in a specific topic area:

AJS: Activated sludge is a suspended growth treatment process; this means the
microorganisms (bugs) are not attached to a surface. The activated sludge process can
be thought of as a mechanical modification to the pond treatment system. The activated
sludge process adds a recycle line that returns the biological solids that settle out in the
clarifier back to the front end of the process. The term “activated” was chosen because
of “active” means “live”’- meaning the biomass is used and recycled in the process. Return
activated sludge (RAS) line returns the biomass and identifies the process as “activated
sludge”.

CRAO: The regulatory and compliance component. May be a requirement of the NPDES
or discharge permit, compliance, non-compliance, process control and local limits. All of
the compliance and regulatory related tasks require A/S facilities to be sampled and
monitored throughout the process, including sampling dried sludge. This along with the
EPA information is to satisfy the regulatory portion of your operator training.

DISINFECTION: This area covers plant or effluent disinfection procedures. O&M training
for many operators.

M/O: The biological component. Microorganisms that are WWT or A/S specific. This is a
broad definition, but applies to any wastewater operation or specific process that grows
and utilizes microorganisms (recirculated RAS) to digest or eat “food”. This can apply to
lagoons, oxidation or devices that utilize some form of A/S. Also covers wastewater
microorganism laboratory identification, sampling and process control. Laboratory training
for many operators.

N&P: Nitrogen and phosphorus operations, understanding and removal of nutrients.

O&M: This area is for normal operation and/or maintenance of the plant. O&M training
for many operators.

SAFETY: This area describes operational/process safety procedures.

TECH/TECHNICAL: The mechanical or physical treatment process or specific
component. The WWT or A/S process including pretreatment processes/ applications/
engineering/ theories. Bar screens to Outfall, Fixed-film to Clarifiers. Blowers to Chemical
feeders. O&M training for many operators.

WQ: Having to do with water quality or pollutants. May be a requirement of your NPDES

or discharge permit. This along with the EPA information is to satisfy the regulatory portion
of your operator training.
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Course Focus
This course will examine both the activated sludge process and aerobic
microorganisms (RAS populations that can digest organic matter in wastewater).

Wastewater sampling is also part of your compliance, nhoncompliance, process
control, permit requirement and/or local limits sampling program. The EPA
information in this course is to satisfy the regulatory portion of your training
requirement.

You must abide by your permit requirements and not deviate from them based on
information presented in this course.
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Common Wastewater Acronyms and Terms

Acronyms and Abbreviations

AJ/E Contract: Architectural and Engineering Contracts
A/O: Pho-redox

AMSA: Association of Metropolitan Sewerage Agencies
AOB: Ammonia Oxidizing Bacteria

ASM: Activated Sludge Model

AT3: Aeration Tank 3

BABE: Bio-Augmentation Batch Enhanced

BAF: Biological Aerated Filter

BAR: Bio-Augmentation Regeneration/Reaeration
BCFS: Biological Chemical Phosphorus and Nitrogen Removal
bDON: Biodegradable Fraction of Dissolved Organic Nitrogen
BHRC: Ballasted High Rate Clarification Processes
BNR: Biological Nutrient Removal

BOD: Biochemical Oxygen Demand

BODS5: Biochemical Oxygen Demand (5-day)

BPR: Biological Phosphorus Removal

COD: Chemical Oxygen Demand

CSO: Combined Sewer Overflow

CWA: Clean Water Act

CWSREF: Clean Water State Revolving Fund

D&D: Drying and Dewatering Facility

DAF: Dissolved Air Flotation

DNR: Department of Natural Resources

DO: Dissolved Oxygen

DON: Dissolved Organic Nitrogen

E1: Estrone

E2:17 R-estradiol

EBPR: Enhanced Biological Phosphorus Removal
EDC: Endocrine Disrupting Chemicals

EDTA: Ethylene Diamine Tetraacetic Acid

EE2: 17a-ethynylestradiol

EPA: U.S. Environmental Protection Agency

EPA or USEPA: United States Environmental Protection Agency
FFS: Fixed-film Systems

FWPCA: Federal Water Pollution Control Act

FWS: Free Water Surface

GAO: Glycogen Accumulating Organism

GIS: Geographic Information System

HHWP: Household Hazardous Waste Collection Program
HRT: Hydraulic Retention Time

1&C: Instrumentation and Control System

I/1: Infiltration and Inflow

iDON: Inert Dissolved Organic Nitrogen

ISF: Intermittent Sand Filter

ISS: Inline Storage System

IWA: International Water Association

IWPP: Industrial Waste Pretreatment Program
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LIMS: Laboratory Information Management Systems
MAUREEN: Mainstream Autotrophic Recycle Enhanced N-removal
MBBR: Moving-Bed Biofilm Reactor

MBDT: Minority Business Development and Training
MBE: Minority Business Enterprise

MBR: Membrane Bioreactor

MGD: Million Gallons per Day

MLE: Modified Ludzack Ettinger

N: Nitrogen

NOAA: National Oceanic and Atmospheric Administration
NOB: Nitrite Oxidizing Bacteria

NPDES: National Pollutant Discharge Elimination System
NTT: Nitrogen Trading Tool

ORD: EPA Office of Research and Development

ORP: Oxidation Reduction Potential

OWM: EPA Office of Wastewater Management

P: Phosphorus

P2: Pollution Prevention Initiative

PAH: Polycyclic Aromatic Hydrocarbons

PAO: Phosphate Accumulating Organism

PHA: Polyhydroxyalkanoates

PHB: Poly-B-hydroxy-butyrate

PHV: Poly-hydroxy valerate

POTW: Publicly Owned Treatment Works

PPCPs: Pharmaceuticals and Personal Care Products
QA/QC: Quality Assurance and Quality Control

RAS: Return Activated Sludge

RBC: Rotating Biological Contactor

rbCOD: Readily Biodegradable Chemical Oxygen Demand
rDON: Recalcitrant Dissolved Organic Nitrogen

RO: Reverse Osmosis

RSF: Recirculating Sand Filters

SAV: Submerged Aquatic Vegetation

SBR: Sequencing Batch Reactors

SHARON: Single Reactor High-activity Ammonia Removal Over Nitrite
SND: Simultaneous Nitrification-Denitrification

SRT: Solids Retention Time

SSES: Sewer System Evaluation Survey

S$SO0: Sanitary Sewer Overflow

SWIS: Subsurface Wastewater Infiltration System

TAT: Technical Advisory Team

TDS: Total Dissolved Solids

TKN: Total Kjeldahl Nitrogen

TMDL.: Total Maximum Daily Loads

TN: Total Nitrogen

TP: Total Phosphorus

TSS: Total Suspended Solids

TUDP: Bio-P Model of the Delft University of Technology
USDA: U.S. Department of Agriculture

USGS: U.S. Geological Survey

VFA: Volatile Fatty Acids
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VSS: Volatile Suspended Solids

WAS: Waste Activated Sludge

WEF: Water Environment Federation

WERF: Water Environment Research Foundation
WPAP: Water Pollution Abatement Program
WQS: Water Quality Standard

WWTP: Wastewater Treatment Plant

Hyperlink to the Glossary and Appendix
http.//www.abctlc.com/downloads/PDF/WWTGlossary.pdf
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Key Terms
Amine: A functional group consisting of "-NH.."

Amino acid: A functional group consisting of a carbon with a carboxylic acid, "-COOH" and
an amine, "-NH.." These compounds are the building blocks for proteins.

Anabolism: Biosynthesis, the production of new cellular materials from other organic or
inorganic chemicals.

Anaerobes: A group of organisms that do not require molecular oxygen. These organisms,
as well as all known life forms, require oxygen. These organisms obtain their oxygen from
inorganic ions such as nitrate or sulfate or from protein.

Anaerobic process: A process that only occurs in the absence of molecular oxygen.

Anoxic process: A process that occurs only at very low levels of molecular oxygen or in the
absence of molecular oxygen.

Biochemical oxygen demand (BOD): The amount of oxygen required to oxidize any organic
matter present in a water during a specified period of time, usually 5 days. It is an indirect
measure of the amount of organic matter present in a water.

Carbonaceous biochemical oxygen demand (CBOD): The amount of oxygen required to
oxidize any carbon containing matter present in a water.

Chemical oxygen demand (COD): The amount of oxygen required to oxidize any organic
matter in the water using harsh chemical conditions.

Decomposers: Organisms that utilize energy from wastes or dead organisms. Decomposers
complete the cycle by returning nutrients to the soil or water and carbon dioxide to the air or
water.

Denitrification: The anoxic biological conversion of nitrate to nitrogen gas. It occurs naturally
in surface waters low in oxygen, and it can be engineered in wastewater treatment systems.

Deoxygenation: The consumption of oxygen by the different aquatic organisms as they
oxidize materials in the aquatic environment.

Facultative: A group of microorganisms that prefer or preferentially use molecular oxygen
when available, but are capable of using other pathways for energy and synthesis if molecular
oxygen is not available.

F/M Ratio: A method to control sludge wasting by maintaining a constant food-to-
microorganism (F:M or F/M) ratio. With this method, the operator will increase or decrease
the MLVSS to match an increase or decrease in the BOD entering the plant. Most plants will
operate best at a specific F/M ratio between 0.05 - 0.1. If the optimum F/M has been
determined from experience and can be maintained, a good effluent may be produced with
consistent plant operation. The F/M ratio is to be calculated at least weekly and related to
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the efficiency of treatment plant operation. An F/M ratio between 0.05 - 0.15 BOD/Ib MLSS
is usually considered acceptable for an extended aeration process.

Nitrification: The biological oxidation of ammonia and ammonium sequentially to nitrite and
then nitrate. It occurs naturally in surface waters, and can be engineered in wastewater
treatment systems. The purpose of nitrification in wastewater treatment systems is a
reduction in the oxygen demand resulting from the ammonia.

Nitrogen fixation: The conversion of atmospheric (or dissolved) nitrogen gas into nitrate by
microorganisms.

Nitrogenous oxygen demand (NOD): The amount of oxygen required to oxidize any
ammonia present in a water.

NPDES: The National Pollutant Discharge Elimination System. The discharge criteria and
permitting system established by the U.S. EPA as a result of the Clean Water Act and its
subsequent amendments or the permit required by each discharger as a result of the Clean
Water Act.

MCRT - Mean Cell Residence Time: A process control parameter where the average time
a given unit of cell mass stays in the activated sludge biological reactor. It is typically
calculated as the total mixed liquor suspended solids in the biological reactor divided by the
combination of solids in the effluent and solids wasted.

Mixed liquor suspended solids (MLSS): The total suspended solids concentration in the
activated sludge tank.

Mixed liquor volatile suspended solids (MLVSS): The volatile suspended solids
concentration in the activated sludge tank.

Organic compound: Any compound containing carbon except for the carbonates (carbon
dioxide, the carbonates and bicarbonates), the cyanides, and cyanates.

Organic nitrogen: Nitrogen contained as amines in organic compounds such as amino acids
and proteins.

Oxidative phosphorylation: The synthesis of the energy storage compound adenosine
triphosphate (ATP) from adenosine diphosphate (ADP) using a chemical substrate and
molecular oxygen.

Secondary treatment: In wastewater treatment, the conversion of the suspended, colloidal
and dissolved organics remaining after primary treatment into a microbial mass which is then
removed in a second sedimentation process. Secondary treatment includes both the
biological process and the associated sedimentation process.

Sludge: A mixture of solid waste material and water. Sludges result from the concentration
of contaminants in water and wastewater treatment processes. Typical wastewater sludges
contain from 0.5 to 10 percent solid matter.

Thiols: Organic compounds which contain the "-SH" functional group. Also called
mercaptans.
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Total dissolved solids: (TDS) Is the amount of dissolved matter in a water.

Total solids: (TS) Is the amount of organic and inorganic matter that is contained in a water.
Total suspended solids: (TSS) Is the amount of suspended (filterable) matter in a water.
Ultimate biochemical oxygen demand (BOD,): The total amount of oxygen required to
oxidize any organic matter present in a water, i.e. after an extended period, such as 20 or 30
days.

Virus: A submicroscopic genetic constituent that can alternate between two distinct phases.
As a virus particle, or virion, it is DNA or RNA enveloped in an organic capsule. As an
intracellular virus, it is viral DNA or RNA inserted into the host organisms DNA or RNA.

Volatile: A material that will vaporize easily.

Volatile solids (VS) is the amount of matter which volatilizes (or burns) when a water sample
is heated to 550°C. This is generally considered the organic component.

Hyperlink to the Glossary and Appendix
http.//www.abctlc.com/downloads/PDF/WWTGlossary.pdf
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Topic 1 — Wastewater Introduction

Section Focus: You will learn the basics of the Clean Water Act (CWA), the need for
wastewater treatment and common wastewater constituents. At the end of this section,
you will be able to describe the need for wastewater treatment and the composition of
wastewater. There is a post quiz at the end of this section to review your comprehension
and a final examination in the Assignment for your contact hours.

Scope/Background: Under the CWA, EPA has implemented pollution control programs

such as setting wastewater standards for industry. EPA has also developed national water
quality criteria recommendations for pollutants in surface waters.

FTYPES OF WASTEWATER

DOMESTIC : INDUSTRIAL
WASTEWATER || 2= [0 WASTEWATER
USED WATER WHICH HAS BEEN
DISCHARGED FROM WASTEWATER GENERATED
SR BY MEDIUM & LARGE SCALE
COMMERCIAL AREAS INDUSTRIES
|
VARY IN QUANTITY & QUALITY
n‘:{]ﬁ%ﬁ,ﬂ_ Eﬁg.”rgmésn FROM INDUSTRY TO INDUSTRY
AND PROCESS TO PROCESS
|
CONTAINS ORGANIC & CONTAINS ORGANIC & INORGANIC
INORGANIC SOLIDS & SOLIDS & MICROORGANISMS
MICROORGANISMS (Bacteria) (Bacteria)
|
COMPOESITION OF WASTE
WATER DEPENDS ON P;“;%Ei?ﬂgﬁ.r
SOURCE OF GENERATION

Technical

ol WASTEWATER TYPES

The diagram above shows the difference between domestic wastewater and
industrial wastewater. Not all communities have industrial waste and if they do, the
plant generally treats a high volume of flow.

Always follow your NPDES permit for proper sampling and laboratory
procedures.
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SUSPENDED SOLIDS
SETTLEABLE COLLODIAL IMPURITIES

[PRIORITY POLLUTANTS |

ORGANIC / INORGANIC ON BASIS OF THEIR
KNOWN CARCINOGENICITY /
ACUTE TOXICITY

BIODEGRADABLE ORGANIC '
COMPOUNDS

BOD (BIOCHEMICAL OXYGEN DEMAND)
COD (CHEMCIAL OXYGEN DEMAND)

ATechnical
4= Learning
& College

[REFRACTORY ORGANICS|
f = TOXICITY BIOTA (Plant Life) AND HUMANS
. : PATHOGENS
VIRUSES / BACTERIA/ PROTOZOANS

DISSOLVED ORGANICS

NUTRIENTS
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HEAVY METALS

TYPES OF WASTEWATER CONTAMINANTS

Above are the common wastewater contaminants that we must deal with correctly

to achieve our permit requirements.

Below, a pump from a lift station was that damaged by rocks and clogged with
flushable wipes. Whatever the label says, wipes are not completely flushable.
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Wastewater Treatment Overview

Wastewater treatment is the process of cleaning used water (sewage) so it can be
returned safely to our environment or reused. Wastewater treatment is the last line of
defense against water pollution. If you envision the water cycle as a whole, clean water
produced by wastewater treatment is the same water that eventually ends up back in our
lakes and rivers, where we get our drinking water.

Why Are Wastewater Treatment Plants Important?

Wastewater treatment plants are vital to our communities. They protect public health by
eliminating disease-causing bacteria from water. By preserving water quality, wastewater
treatment plants protect wildlife and make it possible for us to safely enjoy clean oceans,
lakes, streams and rivers.

FOCUS ON [MIGRATORY BIRD RULE
PROTECTING
NAVIGATION & WATER QUALITY
COMMERCE ACT
FEDERAL WATER
erloton | [
NAVIGABLE WATERS CONTROLACIL ACT
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LEGAL FRAMEWORK FOR U.S. WATER RESOURCE REGULATION |
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| WATER SCIENCE UNDERSTANDING|
T T T RECOGNITION OF
DEVELOPMENTS IN PREDICTION OF RECOGNITION OF WETLANDS AND
HYDROLOGY BASED ON FLOW USING UNIT SUSURFACE PROCESSES RIPARIAN ZONE
EMPIRICISM & QUALITATIVE HYDRGRAPH VARIABLE SOURCE AREAS
DESCRIPTIONS
RESEARCH ON ECO-HYDROLOGICAL
HORTONIAN OVERLAND ;g'?:v?r.ngs i"N%W CONTROLS ON WATER DISTRIBUTION,
FLOW, UNDERSTANDING HOW WATER ENTERS CONNECTIVITY & STREAMFLOW
THE SOURCES OF RUNOFF STHEANG
GENERATION STREAMFLOW
Technical
s CLEAN WATER ACT TIMELINE
In 1972

Only a third of the nation's waters were safe for fishing and swimming. Wetlands losses
were estimated at about 460,000 acres annually. Agricultural runoff resulted in the erosion
of 2.25 billion tons of soil and the deposit of large amounts of phosphorus and nitrogen
into many waters. Sewage treatment plants served only 85 million people.

Water Pollution Control Act

In 1972, Congress enacted the first comprehensive national clean water legislation in
response to growing public concern for serious and widespread water pollution. The Clean
Water Act is the primary federal law that protects our nation’s waters, including lakes,
rivers, aquifers, and coastal areas. Lake Erie was dying. The Potomac River was clogged
with blue-green algae blooms that were a nuisance and a threat to public health. Many of
the nation's rivers were little more than open sewers and sewage frequently washed up
on shore. Fish kills were a common sight. Wetlands were disappearing at a rapid rate.

Today, the quality of our waters has improved dramatically as a result of a cooperative

effort by federal, state, tribal and local governments to implement the pollution control
programs established in 1972 by the Clean Water Act.
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The Clean Water Act's primary objective was to restore and maintain the integrity of the
nation's waters. This objective translates into two fundamental national goals:

¢ eliminate the discharge of pollutants into the nation's waters, and
e achieve water quality levels that are fishable and swimmable.

The Clean Water Act focuses on improving the quality of the nation’s waters. It provides
a comprehensive framework of standards, technical tools and financial assistance to
address the many causes of pollution and poor water quality. This includes municipal and
industrial wastewater discharges, polluted runoff from urban and rural areas, and habitat
destruction.

For example, the Clean Water Act requires major industries to meet performance
standards to ensure pollution control; charges states, and tribes with setting specific water
quality criteria appropriate for their waters and developing pollution control programs to
meet them; provides funding to states and communities to help them meet their clean
water infrastructure needs; protects valuable wetlands and other aquatic habitats through
a permitting process that ensures development and other activities are conducted in an
environmentally sound manner. After 48 years, the act continues to provide a clear path
for clean water and a solid foundation for an effective national protection water program.

33 U.S.C. s/s 1251 et seq. (1977)

The Clean Water Act (CWA) is a 1977 amendment to the Federal Water Pollution Control
Act (PCA) of 1972, which set the basic structure for regulating discharges of pollutants to
waters of the United States. The law gave the EPA the authority to set effluent standards
on an industry basis (technology-based) and continued the requirements to set water
quality standards for all contaminants in surface waters. The CWA makes it unlawful for
any person to discharge any pollutant from a point source into navigable waters unless a
permit (NPDES) is obtained under the act.

The 1977 amendments focused on toxic pollutants. In 1987, the PCA was reauthorized
and again focused on toxic substances, authorized citizen suit provisions, and funded
sewage treatment plants (POTW's) under the Construction Grants Program. The CWA
provides for the delegation by the EPA of many permitting, administrative, and
enforcement aspects of the law to state governments. In states with the authority to
implement CWA programs, the EPA still retains oversight responsibilities.

Today

Two-thirds of the nation's waters are safe for fishing and swimming. The rate of annual
wetlands losses is now estimated at about 70,000-90,000 acres per year according to
recent studies. The amount of soil lost due to agricultural runoff has been cut by one billion
tons annually, and phosphorus and nitrogen levels in water sources are down. As of 2020,
modern wastewater treatment facilities serve 225 million people.

The Future

All Americans will enjoy clean water that is safe for fishing and swimming. We will achieve
a net gain of wetlands by preventing additional losses and restoring hundreds of
thousands of acres of wetlands. Soil erosion and runoff of phosphorus and nitrogen into
watersheds will be minimized, helping to sustain the nation's farming economy and aquatic
systems. The nation's waters will be free of effects of sewage discharges.
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Clean Water Act Secondary Treatment Standards
(40 CFR § 133.102)

The following paragraphs describe the minimum level of effluent quality
attainable/acceptable by secondary treatment in terms of the parameters - BOD5, SS and
pH. All requirements for each parameter shall be achieved except as provided for in §§
133.103 and 133.105.
(a) BODS.
(1) The 30-day average shall not exceed 30 mg/l.
(2) The 7-day average shall not exceed 45 mg/l.
(3) The 30-day average percent removal shall not be less than 85 percent.
(4) At the option of the NPDES permitting authority, in lieu of the parameter BOD5 and
the levels of the effluent quality specified in paragraphs (a)(1), (a)(2) and (a)(3), the
parameter CBOD5 may be substituted with the following levels of the CBODS5 effluent
quality provided:
(i) The 30-day average shall not exceed 25 mg/l.
(i) The 7-day average shall not exceed 40 mg/I.
(iii) The 30-day average percent removal shall not be less than 85 percent.

(b) SS. (1) The 30-day average shall not exceed 30 mg/l.
(2) The 7-day average shall not exceed 45 mg/l.
(3) The 30-day average percent removal shall not be less than 85 percent.

(c) pH. The effluent values for pH shall be maintained within the limits of 6.0 to 9.0 unless
the publicly owned treatment works demonstrates that: (1) Inorganic chemicals are not
added to the waste stream as part of the treatment process; and (2) contributions from
industrial sources do not cause the pH of the effluent to be less than 6.0 or greater than
9.0.

Terms used in this part are defined as follows:

(a) 7-day average. The arithmetic mean of pollutant parameter values for samples
collected in a period of 7 consecutive days.

(b) 30-day average. The arithmetic mean of pollutant parameter values of samples
collected in a period of 30 consecutive days.

(c) Act. The Clean Water Act (33 U.S.C. 1251 et seq., as amended).

(d) BOD. The five day measure of the pollutant parameter biochemical oxygen demand
(BOD).

(e) CBODS. The five day measure of the pollutant parameter carbonaceous biochemical
oxygen demand (CBODS).

(f) Effluent concentrations consistently achievable through proper operation and
maintenance. (1) For a given pollutant parameter, the 95th percentile value for the 30-day
average effluent quality achieved by a treatment works in a period of at least two years,
excluding values attributable to upsets, bypasses, operational errors, or other unusual
conditions, and (2) a 7-day average value equal to 1.5 times the value derived under
paragraph (f)(1) of this section.

WWTBUGS©1/15/2022 www.abctlc.com 31 Toll Free (866) 557-1746


http://www.abctlc.com

MUNINCIPAL / PUBLICLY OWNED (POTW)
SPECIFIC COMPONENTS

SECONDARY TREATMENT

EQUIVALENT TO SECONDARY

COMPONENTS OF ALL PERMITS

COVERPAGE |gm

i

INDUSTRY SPECIFIC
COMPONENTS

EFFLUENTLIMITATIONS

TECHNOLOGY BASED :I_
=

1

EFFLUENTLIMITATION GUIDELINES

BESTPROFESSIONAL JUDGEMENT

WATER QUALITY BASED @

PRETREATMENT
BIOSOLIDS
COMBINED SEWER OVERFLOWS

SANITARY SEWER OVERFLOWS

MONITORING AND REPORTING
REQUIREMENTS

SPECIAL CONDITIONS

ADDITIONAL MONITORINGAND  [/=
SPECIAL STUDIES

s

BESTMANAGEMENT PRACTICES |BMP
ANDPOLLUTION PREVENTION [, ® ‘

COMPLIANCE SCHEDULES

STANDARD CONDITIONS

NPDES PERMIT COMPONENTS

NPDES Permit Foreword
Once a wastewater plant is designed and built, state or federal agencies will determine
the type of permit required using the information illustrated above. You will need to

understand that this discharge permit is your legal standard for proper sampling, treatment

and discharging. You need to abide by your permit and not by the course information.
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Wastewater Treatment Process Introduction

During the early days of our nation’s history, people living in both the cities and the
countryside used cesspools and privies to dispose of domestic wastewater. Cities began
to install wastewater collection systems in the late nineteenth century because of an
increasing awareness of waterborne disease and the popularity of indoor plumbing and
flush toilets.

The use of sewage collection systems brought dramatic improvements to public health,
further encouraging the growth of metropolitan areas. In the year 2000, approximately 208
million people in the U.S. were served by centralized collection systems.
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Technical

=i DIAGRAM OF TYPICAL WASTEWATER TREATMENT

Physical, Biological or Chemical Wastewater Treatments
There are two wastewater treatment processes include chemical and/or physical and
biological wastewater treatment.

1. Physical waste treatment plants may use chemical reactions as well as physical
processes to treat wastewater. 2. Biological treatment systems are ideal for treating
wastewater from households and business premises. Biological waste treatment plants
use mostly bacteria to break down waste matter.
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Primary Treatment

As sewage enters a plant for treatment, it flows through a screen, which removes large
floating objects such as rags and sticks that might clog pipes or damage equipment. After
sewage has been screened, it passes into a grit chamber, where cinders, sand, and small
stones settle to the bottom. A grit chamber is particularly important in communities with
combined sewer systems where sand or gravel may wash into sewers along with storm
water. After screening is completed and grit has been removed, sewage still contains
organic and inorganic matter along with other suspended solids.

These solids are minute particles that can be removed from sewage in a sedimentation
tank. When the speed of the flow through one of these tanks is reduced, the suspended
solids will gradually sink to the bottom, where they form a mass of solids called raw primary
biosolids formerly sludge).

Biosolids are usually removed from tanks by pumping, after which it may be further treated
for use as a fertilizer, or disposed of in a land fill or incinerated. Over the years, primary
treatment alone has been unable to meet many communities’ demands for higher water
quality. To meet them, cities and industries normally treat to a secondary treatment level,
and in some cases, also use advanced treatment to remove nutrients and other
contaminants.

Secondary Treatment

The secondary stage of treatment removes about 85 percent of the organic matter in
sewage by making use of the bacteria in it. The principal secondary treatment techniques
used in secondary treatment are the trickling filter and the activated sludge process. After
effluent leaves the sedimentation tank in the primary stage it flows or is pumped to a facility
using one or the other of these processes. A trickling filter is simply a bed of stones from
three to six feet deep through which sewage passes.

More recently, interlocking pieces of corrugated plastic or other synthetic media have also
been used in trickling beds. Bacteria gather and multiply on these stones until they can
consume most of the organic matter. The cleaner water trickles out through pipes for
further treatment. From a trickling filter, the partially treated sewage flows to another
sedimentation tank to remove excess bacteria. The trend today is towards the use of the
activated sludge process instead of trickling filters.

The activated sludge process speeds up the work of the bacteria by bringing air and sludge
heavily laden with bacteria into close contact with sewage. After the sewage leaves the
settling tank in the primary stage, it is pumped into an aeration tank, where it is mixed with
air and sludge loaded with bacteria and allowed to remain for several hours. During this
time, the bacteria break down the organic matter into harmless by-products.

The sludge, now activated with additional billions of bacteria and other tiny organisms, can
be used again by returning it to the aeration tank for mixing with air and new sewage.
From the aeration tank, the partially treated sewage flows to another sedimentation tank
for removal of excess bacteria. To complete secondary treatment, effluent from the
sedimentation tank is usually disinfected with chlorine before being discharged into
receiving waters. Chlorine is fed into the water to kill pathogenic bacteria, and to reduce
odor.
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What Exactly is in Wastewater?

Domestic wastewater is typically composed of more than 99% water and only a small
portion of the 1% may include components that endanger public health or the environment.
Other materials make up only a small portion of wastewater, but can be present in large
enough quantities to endanger public health and the environment. Because practically
anything that can be flushed down a toilet, drain, or sewer can be found in wastewater,
even household sewage contains many potential pollutants. The wastewater components
that should be of most concern to homeowners and communities are those that have the
potential to cause disease or detrimental environmental effects.

Domestic Wastewater Quality Characteristics

Typical Composition of Untreated Domestic Wastewater -Table 1

PARAMETER UNIT® | CONCENTRATED | MODERATE | DILUTED | VERY
DILUTED
Biochemical oxygen | g O2/m?
demand (BOD)
Infinite BOD g O2/m?3 530 380 230 150
7-day BOD g O2/m?3 400 290 170 115
5-day BOD g O2/m?3 350 250 150 100
Dissolved BOD g O2/m? 140 100 60 40
Dissolved BOD g O2/m? 70 50 30 20
Very Easily Degradable
After 2 hours of g O2/m? 250 175 110 70
settling
Total nitrogen g N/m® 80 50 30 20
Ammonium g N/m?3 50 30 18 12
nitrogen’
Nitrite nitrogen g N/m3 0.1 0.1 0.1 0.1
Nitrate nitrogen g N/m3 0.5 0.5 0.5 0.5
Organic nitrogen g N/m3 30 20 12 8
Kjeldahl nitrogen? g N/m3 80 50 30 20
Total phosphorus g P/m? 14 10 6 4
Orthophosphate g P/m? 10 7 4 3
Polyphosphate g P/m? 0 0 0 0
Organic phosphate g P/m? 4 3 2 1
Legend
T NH3+NH4*

2 org-(N+NHs + NH4*)
3 g9/m3 = mg/L = ppm

Reference: Henze, Mogens, Paul Harremoes, Jes la Cour Jansen, and Eric Arvin, “Wastewater
Treatment, Biological and Chemical Processes.” Third Edition. Berlin. Springer-Verlag 2002.
Specially, the data is from Table 1.7, Typical organic matter in domestic wastewater (p. 28) and
Table 1.8 Typical content of nutrients in domestic wastewater (p. 29)
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Typical Composition of Untreated Domestic Wastewater -Table 2

CONTAMINANTS UNITS LOW MEDIUM HIGH
STRENGTH | STRENGTH | STRENGTH
Solids, total (TS) mg/L 390 720 1220
Dissolved, total (TDS) mg/L 270 500 860
Fixed mg/L 160 300 520
Volatile mg/L 110 200 340
Suspended solids, total (TSS) mg/L 120 210 400
Fixed mg/L 25 50 85
Volatile mg/L 95 160 315
Settleable solids mg/L 5 10 20
Biochemical Oxygen Demand
5-d, 20°C (BODs 20°C) mg/L 110 190 350
Total organic carbon mg/L 80 140 260
Chemical oxygen demand (COD) mg/L 250 430 800
Nitrogen (total as N) mg/L 20 40 70
Organic mg/L 8 15 25
Free ammonia mg/L 12 25 45
Nitrites mg/L 0 0 0
Nitrates mg/L 0 0 0
Phosphorus (total as P) mg/L 4 7 12
Organic mg/L 1 2 4
Inorganic mg/L 3 5 10
Chlorides mg/L 30 50 90
Sulfate mg/L 20 30 50
Oil and Grease mg/L 50 90 100
Volatile organic compounds mg/L <100 100-400 >400
(VOCs)
Total coliform No./100 106-108 107-10° 107-10"°
mL
Fecal Coliform No./1L 00 103-10° 104-108 105-108
m
Cryptosporidium oocysts No./1LOO 101 -10° 10-'-10" 10-1-102
m
Giardia lamblia cysts No./1LOO 10-'-10" 1071102 10-'-10°8
m

Source: Metcaff & Eddy. “Wastewater Engineering Treatment and Reuse. 4" ed. Boston.

McGraw —Hill, 2003 (p.186)
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Conventional Wastewater Treatment Processes

Physical or Primary Treatment

Physical processes were some of the earliest methods to remove solids from wastewater,
usually by passing wastewater through screens to remove debris and large solids. In
addition, solids that are heavier than water will settle out from wastewater by gravity.
Particles with entrapped air float to the top of water and can also be removed. These
physical processes are employed in many modern wastewater treatment facilities today.

Chemical
Chemicals can be used to create changes in pollutants that increase the removal of these
new forms by physical processes. Simple chemicals such as alum, lime or iron salts can
be added to wastewater to cause certain pollutants, such as phosphorus, to floc or bunch
together into large, heavier masses which can be removed faster through physical
processes.

Over the past 30 years, the chemical industry has developed synthetic inert chemicals
known as polymers to further improve the physical separation step in wastewater
treatment. Polymers are often used at the later stages of treatment to improve the settling
of excess microbiological growth or biosolids.

Biological or Secondary Treatment

In nature, bacteria in water consume organic
matter to grow and reproduce. Aerobic bacteria
near the water surface, where oxygen is present,
produce carbon dioxide as a by-product.
Anaerobic bacteria in or near the bottom
sediments, where there is little or no oxygen,
produce methane and smaller amounts of other
gases as a byproduct.

In the 1920s, scientists observed that these
natural processes could be contained and
accelerated in systems to remove organic material
from wastewater. Anaerobic Digester

With the addition of oxygen to wastewater, masses of microorganisms grew and rapidly
metabolized organic pollutants.

Any excess microbiological growth can be removed from the wastewater by physical
processes. Activated Sludge is a suspended growth process for removing organic matter
from sewage by supplying or saturating it with air and microorganisms that can break down
the organic matter. Advanced Treatment involves treatment levels beyond secondary
treatment.

The mass of bacteria in an aeration tank came to be called “mixed liquor”. Here, floating
bacteria stick to organic matter forming small clumps called “floc”. Floc is slightly denser
than water so once the mixed liquor flows into a tank not being agitated by the addition of
oxygen, it settles to the bottom. From here, some is returned to the head of the aeration
tank to maintain the bacterial population. This is called returned activated sludge (RAS).
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Excess is removed (or “wasted”) from the system. This is waste activated sludge (WAS).
Part of the job of a wastewater plant operator is to adjust the waste and return rates to
maintain the optimum ratio of bacteria to the fluctuating amount of organic matter arriving
as primary tank effluent. If there are too few bacteria, they won’t remove enough organics
to meet permit requirements. If there are too many, they will not have enough to eat, and
their removal efficiency will decline.

Organisms

Many different types of organisms live in wastewater and some are essential contributors
to treatment. A variety of bacteria, protozoa, and viruses work to break down certain
carbon-based (organic) pollutants in wastewater by consuming them. Through this
process, organisms turn wastes into carbon dioxide, water, and new cell growth.

Bacteria and other microorganisms are particularly plentiful in wastewater and accomplish
most of the treatment. Most wastewater treatment systems are designed to rely in large
part on biological processes. We will cover this area in greater detail later in the course.

Pathogens

Many disease-causing viruses, parasites, and bacteria also are present in wastewater and
enter from almost anywhere in the community. These pathogens often originate from
people and animals that are infected with or are carriers of a disease.

Graywater and blackwater from typical homes contain enough pathogens to pose a risk
to public health. Other likely sources in communities include hospitals, schools, farms, and
food processing plants.

Some illnesses from wastewater-related sources are relatively common. Gastroenteritis
can result from a variety of pathogens in wastewater, and cases of this illnesses caused
by the parasitic protozoa Giardia lambia and Cryptosporidium are not unusual in the U.S.

Other important wastewater-related diseases include hepatitis A, typhoid, polio, cholera,
and dysentery.

Outbreaks of these diseases can occur as a result of drinking water from wells polluted by
wastewater, eating contaminated fish, or recreational activities in polluted waters. Some
illnesses can be spread by animals and insects that come in contact with wastewater.

Even municipal drinking water sources are not completely immune to health risks from
wastewater pathogens. Drinking water treatment efforts can become overwhelmed when
water resources are heavily polluted by wastewater. For this reason, wastewater treatment
is as important to public health as drinking water treatment. We will cover this area in
greater detail later in the course.
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Introduction to Activated Sludge (A/S)

COMPRESSED
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SEWAGE —-

INLET : i i TREATED
AERATION TANK CLARIFIER WASER
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~afpm—— RECIRCULATION (RAS) l

EXTRACTED
SLUDGE
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SIMPLIFIED ACTIVIATED SLUDGE DIAGRAM

Quick introduction of some key biological information and we will return to this subject alter
in the book.

The Activated Sludge Process is an aerobic biological wastewater treatment process that
uses microorganisms, including bacteria, fungi, and protozoa, to speed up decomposition
of organic matter requiring oxygen for treatment. In activated sludge, microorganisms are
thoroughly mixed with wastewater (organics) under conditions that stimulate their growth
and waste materials are removed. As the microorganisms (bugs) grow and are mixed by
the agitation of the air, the bugs will clump (or flocculate) together to form a mass of
microbes called activated sludge.

When introduced into a clarifier, the microorganisms in the A/S process takes advantage of
aerobic microorganisms or populations that can digest organic matter in wastewater, and
clump together by flocculation and settled out. This action produces a liquid that is
relatively free from suspended solids and organic material, and flocculated particles that
will readily settle out and can be removed. We will cover all these details later in the
course manual.

Mixed Liquor

Atmospheric air or sometimes pure oxygen is bubbled through primary treated sewage (or
industrial wastewater) and combined with Return Activated Sludge (RAS) organisms to
develop a biological floc which reduces the organic content of the sewage. The
combination of raw sewage and biological mass is commonly known as Mixed Liquor.

In all activated sludge plants, once the wastewater has received sufficient treatment, the

mixed liquor is discharged or flows into settling tanks. The treated supernatant of clarified
water often undergoes further treatment before discharge.
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Return Activated Sludge

Most of the settled material, the sludge (RAS), is returned to the head of the aeration
system to re-seed the new sewage entering the tank. Mixed Liquor is a mixture of raw or
settled wastewater and activated sludge within an aeration tank.

Mixed Liquor Suspended Solids (MLSS) is the concentration of suspended solids in the
mixed liquor, usually expressed in milligrams per liter (mg/l).

The arrangement of a conventional activated sludge process for removing carbonaceous
pollution includes the following items:
o Aeration tank where air (or oxygen) is injected in the mixed liquor.
e Settling tank (usually referred to as "final clarifier" or "secondary settling tank") to
allow the biological flocs (the sludge blanket) to settle, thus separating the biological
sludge from the clear treated water.

Sometimes activated sludge is used to feed bugs to various tanks, BNR processes, fixed-
film filters, lagoons and oxidation ditches. There are times that A/S bugs will be
transported to another plant for maintenance or start-ups.

Nitrogenous matter or phosphate treatment involves additional steps where the mixed
liquor is left with no residual dissolved oxygen. Again, we will cover this subject later in the
course.

Sludge Volume Index (SVI) Introduction

Historically, the Sludge Volume Index (SVI) has been used most commonly as a measure
of sludge settleability. It is defined as the volume in milliliters occupied by 1 g of the
suspended solids or activated sludge following 30 minutes of unstirred settling of the
aeration basin MLSS. The test may be carried out in a 1 or 2 L settling column.

Sludge settleability is central to the health of the biological system. It is important to point
out that settleability is influenced by conditions in the activated sludge basin but manifests
itself in the clarifier. Poor settling sludge causes lower solids concentration requiring higher
RAS rates to maintain a given MLSS in the activated sludge basin. Consequently,
measuring sludge settleability is fundamental to the operation and control of the biological
system.

CATP TESTING MEASURES THE LIVING
BIOMASS WITHOUT INTERFERENCE
FROM DEAD BIOMASS AND
INERT SOLIDS

IMLVSS MEASURES THE LIVING BIOMASS,
DEAD BIOMASS, NON-DEGRADABLE
VOLATILE SUSPENDED SOLIDS AND
INERT ORGANICS

MLSS MEASURES LIVING BIOMASS,

DEAD BIOMASS, INERT ORGANICS
Mixed Liquor AND INERT INORGANICS

Suspended Solids

---------

b COMPARATIVE WASTEWATER TESTING
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Primary Wastewater Pollutant Effects

We will cover all these effects in detail later.

Effect of BOD
o Depletes dissolved oxygen from streams, lakes and oceans.
o May cause death of aerobic organisms (fish kills, etc.).
o Increases anaerobic properties of water.

Effect of TSS
o Increases turbidity
= Less light - reduced photosynthesis.
= Causes fish's gills to get plugged up.
o Increases silting
» Reduces lifetime of lakes.
»= Changes benthic (i.e., bottom) ecology.

Effects of Phosphorous and Nitrogen
o Increases algal photosynthesis (eutrophication)
= Increased plant life on surface.
= Reduces light in lower levels.
= Decreases P and N in lower levels

Additional Effects of Nitrogen
o Organic nitrogen and ammonia are converted to nitrates in water.
o Nitrates are converted to nitrites in digestive system.
o Nitrites are assimilated into blood stream where they are converted by
respired oxygen to nitrates.
o May cause suffocation (blue baby syndrome).

Effect of pH
o Organisms are very susceptible to acids and bases.
o Recommended to have near neutral conditions (6.5 - 8.5).

Effect of Pathogens
May infect:
o Humans
o Animals

Domestic waste overflow at a WWTP headworks. Sometimes headworks do
overflow, usually due to rags, grease and debris, or operator error. We do not like
to see this happening!
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Primary Wastewater Components and Constituents

Important Wastewater Characteristics

In addition to the many substances, (liquids, inorganics-solids, trash, contaminants) found
in wastewater, there are other characteristics system engineers and operators use to
evaluate wastewater. For example, the color, temperature, pH, odor, DO, Total Solids and
turbidity of wastewater give clues about the amount and type of pollutants present and
treatment necessary. We will examine these characteristics, which can affect public health
and the environment, as well as the design, cost, and effectiveness of treatment.

Essential Wastewater Treatment Terms

Aerobic (AIR-O-bick) — a condition in which free or dissolved oxygen is present in the
aquatic environment.

Aerobic Bacteria (Aerobes) — bacteria which will live and reproduce only in an
environment containing oxygen. Oxygen combined chemically, such as in water
molecules (H20), cannot be used for respiration by aerobes.

Anaerobic (AN-air O-bick) - a condition in which “free” or dissolved oxygen is not
present in the aquatic environment.

Anaerobic Bacteria (Anaerobes) — bacteria that thrive without the presence of oxygen.

Methane Fermenters — bacteria that break down the volatile acids to methane (CHs)
carbon dioxide (CO) and water (H20).

Saprophytic Bacteria — bacteria that break down complex solids to volatile acids.

Oxidation — the addition of oxygen to an element or compound, or removal of hydrogen
or an electron from an element or compound in a chemical reaction. The opposite of
reduction.

Reduction — the addition of hydrogen, removal of oxygen or addition of electrons to an
element or compound. Under anaerobic conditions in wastewater, elemental sulfur and/or
sulfur or compounds are reduced to H»S or sulfide ions.

Organic Matter

Organic materials are found everywhere in our environment. These materials are
composed of the carbon-based chemicals that are the building blocks of most living things.
Organic materials in wastewater originate from plants, animals, or synthetic organic
compounds, and enter wastewater in human wastes, paper products, detergents,
cosmetics, foods, and from agricultural, commercial, and industrial sources.

Organic compounds normally are some combination of carbon, hydrogen, oxygen,
nitrogen, and other elements. Many organics are proteins, carbohydrates, or fats and are
biodegradable, which means they can be consumed and broken down by organisms.
However, even biodegradable materials can cause pollution. In fact, too much organic
matter in wastewater can be devastating to receiving waters.
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Organic Waste Breakdown

Large amounts of biodegradable materials are dangerous to lakes, streams, and oceans,
because organisms use dissolved oxygen in the water to break down the wastes. This can
reduce or deplete the supply of oxygen in the water needed by aquatic life, resulting in
fish kills, odors, and overall degradation of water quality. This is called eutrophication.

The amount of oxygen organisms need to break down wastes in wastewater is referred to
as the biochemical oxygen demand (BOD) and is one of the measurements used to
assess overall wastewater strength. Some organic compounds are more stable than
others and cannot be quickly broken down by organisms, posing an additional challenge
for treatment. This is true of many synthetic organic compounds developed for agriculture
and industry.

In addition, certain synthetic organics are highly toxic. Pesticides and herbicides are toxic
to humans, fish, and aquatic plants and often are disposed of improperly in drains or
carried in stormwater. In receiving waters, they Kill or contaminate fish, making them unfit
to eat. They also can damage processes in treatment plants. Benzene and toluene are
two toxic organic compounds found in some solvents, pesticides, and other products. New
synthetic organic compounds are being developed all the time, which can complicate
treatment efforts.

Fats, Oil and Grease (FOG)

Fatty organic materials from animals, vegetables, and plastic and other components from
petroleum also are not quickly broken down by bacteria and can cause pollution in
receiving environments. When large amounts of FOG are discharged to receiving waters
from community systems, they increase BOD and they may float to the surface and
harden, causing aesthetically unpleasing conditions. They also can trap trash, plants, and
other materials, causing foul odors, attracting flies and mosquitoes and other disease
vectors. In some cases, too much oil and grease causes septic conditions in ponds and
lakes by preventing oxygen from the atmosphere from reaching the water.

FAT AND GREASE REMOVAL

In some larger plants, fat and grease
are removed by passing the sewage
through a relatively small tank where
skimmers collect the fat floating on the

surface. Air blowers in the base of the
tank may also be used to help recover
the fat as a froth. Many plants,
however, use primary clarifiers with
mechanical surface skimmers for fat
and grease removal.
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Wastewater onsite (septic) systems also can be harmed by too much fats, oil and grease,
which can clog onsite system drainfield pipes and soils, adding to the risk of system failure.
Excessive grease also adds to the septic tank’s scum layer, causing more frequent tank
pumping to be required. Both conditions can result in significant costs to homeowners.

Petroleum-based waste oils used for motors and industry are considered hazardous waste
and should be collected and disposed of separately from wastewater. They can be toxic
to treatment bacteria and often are flammable.

Volatile Fatty Acid

Volatile fatty acid (VFA) analysis forms an important means of assessing the effectiveness
of the digestion process within a wastewater treatment plant. This relatively new analytical
technique provides wastewater treatment plant operators with a much improved means of
being able to optimize the operation of the anaerobic digesters in the wastewater
treatment plants.

Inorganics

Inorganic minerals, metals, and compounds, such as sodium, potassium, calcium,
magnesium, cadmium, copper, lead, nickel, and zinc are common in wastewater from both
residential and nonresidential sources. Some of these are a natural aspect of drinking
water but others can originate from a variety of sources in the community including
industrial and commercial sources, stormwater, and inflow and infiltration from cracked
pipes and leaky manhole covers. Most inorganic substances are relatively stable, and
cannot be broken down easily by organisms in wastewater.

Large amounts of many inorganic substances can contaminate soil and water. Some are
toxic to animals and humans and may accumulate in the environment. For this reason,
extra treatment steps are often required to remove inorganic materials from industrial
wastewater sources. For example, heavy metals which are discharged with many types
of industrial wastewaters are difficult to remove by conventional treatment methods.

Although acute poisonings from heavy metals in drinking water are rare in the U.S,,
potential long-term health effects of ingesting small amounts of some inorganic
substances over an extended period of time are possible.

Nutrient Introduction (we will return to this subject in detail later.)

Wastewater often contains large amounts of the nutrients nitrogen and phosphorus in the
form of nitrate and phosphate, which promote plant growth. Organisms only require small
amounts of nutrients in biological treatment, so there normally is an excess available in
treated wastewater.

Excessive nutrients in receiving waters cause algae and other plants to grow quickly
depleting oxygen in the water. Water that is deprived of oxygen, fish and other aquatic life
die, emitting foul odors as they anaerobically decompose.

Nutrients from wastewater have also been linked to ocean "red tides" that poison fish and
cause illness in humans. Nitrogen in drinking water may contribute to miscarriages and is
the cause of a serious illness in infants called methemoglobinemia or "blue baby
syndrome."
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NUTRIENTS

Nutrients are components that a plant or animal uses to survive and grow.

Macronutrients provide the bulk energy an organism's metabolic system needs to
function while micronutrients provide the necessary cofactors for metabolism to
be carried out. Both types of nutrients are usually acquired from the environment,
although some can be manufactured by bacteria, fungus and plants.

Carbon, nitrogen, and phosphorus are essential to living organisms and are the chief
nutrients present in natural water. Large amounts of these nutrients are also present in
sewage, certain industrial wastes, and drainage from fertilized land.

Conventional secondary biological treatment processes do not remove the phosphorus
and nitrogen to any substantial extent. They may convert the organic forms of these
substances into a more simple mineral form, making them more usable by plant life.

An excess of nutrients, primarily phosphorus but occasionally nitrogen, causes nutrient
enrichment that results in excessive growth of algae. Uncontrolled algae growth blocks
out sunlight and chokes aquatic plants and animals by depleting dissolved oxygen in the
water at night.

Because nutrients are very essential to the process, we will cover this subject in several
different sections.

Gases

Certain gases in wastewater can cause odors, affect treatment, or are potentially
dangerous. Methane gas, for example, is a byproduct of anaerobic biological treatment
and is highly combustible. Special precautions need to be taken near septic tanks,
manholes, treatment plant headworks, and other areas where wastewater gases can be
created and collect.

ODORS

Odors emitted by sewage treatment are typically
an indication of an anaerobic or "septic"
condition. Early stages of processing will tend to
produce foul-smelling gases, with hydrogen
sulfide being most common in generating
complaints. Large process plants in urban areas
will often treat the odors with carbon reactors, a
contact media with bio-slimes, small doses of
chlorine, or circulating fluids to biologically
capture and metabolize the noxious gases.
Other methods of odor control exist, including
addition of iron salts, hydrogen peroxide,
calcium nitrate to manage hydrogen sulfide
levels.
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Solids Introduction

Wastewater contains nutrients of every type; phosphorus, nitrogen, sodium, potassium,
iron, calcium and compounds such as fats, carbohydrates (sugars) and proteins.
Microorganisms use these substances as a “food” source for energy, for the synthesis of
cell components to reproduce and to maintain life processes. Many types of
microorganisms can be found in the wastewater treatment system. However, the types of
organisms that will dominate will be the ones that are best suited to the “environment” or
conditions in the system.

Organic and/or Inorganic Materials

Solid materials in wastewater can consist of organic and/or inorganic materials and
organisms. The solids must be significantly reduced by treatment or an excessive amount
of BOD will be discharged to receiving waters. Solids are removed because they provide
places for microorganisms to escape disinfection. They also can clog soil absorption fields
in onsite systems.

The solids must be significantly reduced by treatment or they can increase BOD when
discharged to receiving waters and provide places for microorganisms to escape
disinfection. They also can clog soil absorption fields in onsite systems.

Settleable Solids

Certain substances, such as sand, grit, and denser than water organic and inorganic
materials settle out from the rest of the wastewater collection system or stream during the
primary treatment tanks. On the bottom of settling tanks and ponds, organic material
makes up a biologically active layer of sludge that aids in treatment. During normal plant
operation, only small amounts of settable solids are discharged.

Suspended Solids

Materials that resist settling may remain suspended in wastewater, especially if the
wastewater is moving. Suspended solids needs to be reduced to a low level to not interfere
with disinfection systems or lower the water quality of the receiving water. Suspended
solids in wastewater must be treated, or they will clog soil absorption systems or reduce
the effectiveness of disinfection systems.

Dissolved Solids

Small particles of certain wastewater materials can dissolve, like salt in water. Some
dissolved materials are consumed by microorganisms in wastewater. Others dissolved
solids, such as heavy metals, are difficult to remove by conventional treatment. Excessive
amounts of dissolved solids in wastewater can have adverse effects on the environment.
Total dissolved solids is a parameter used to determine water quality based on the total
substances that are fully dissolved within the water, rather than undissolved suspended
particles after the water sample is filtered, evaporated of water will reveal the TDS.

Total Suspended Solids (TSS)

Total suspended solids (TSS) is the dry weight of suspended particles that are not
dissolved, in a sample of water that can be trapped by a filter that is analyzed using a
filtration apparatus. It is a water quality parameter used to assess any type of water for
example, wastewater before or after treatment in a wastewater treatment plant. It is a
conventional pollutant in the U.S. Clean Water Act.
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Types of Solids in Wastewater

ACRONYM

COMMON TERM

EXPLANATION

TSS

Total Suspended Solids

Solids that cannot pass through a 1.2-
um filter.

TVSS

Total Volatile Suspended
Solids

Solids that cannot pass through a 1.2 -
um filter and are burned away when
placed in a furnace at 550° C.

TDS

Total Dissolved Solids

Solids that are small enough to pass
through a 1.2 - uym filter. The sample
must be dried completely before the
dissolved solids can be seen with the
naked eye.

TS

Total Solids

All of the solid material in a sample.
This includes both organic and
inorganic solids. TS =TSS + TDS

TVS

Total Volatile Solids

All of the solids in a sample that are
burned away when placed in a furnace
at 550° C
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Hydrogen Sulfide and Ammonia Sub-Section

Hydrogen sulfide and ammonia gases can be toxic and pose asphyxiation hazards.
Ammonia as a dissolved gas found in wastewater and is dangerous to fish. Both gases
have unpleasant odors, which can be a serious nuisance even in low concentrations.

Unless effectively contained or minimized by design and location, wastewater odors can
affect the mental well-being and quality of life of residents. Sewer related odors can lower
property values and affect the local economy. Note: Ammonia odors are virtually never
a problem in a WWTP. Ammonia stays dissolved in the water.

Hydrogen sulfide production in collection systems can cause a number of problems such
as corrosion of the pipes, manholes, and creation of hazardous atmospheres and foul
odors. Hydrogen sulfide or H2S problems are very common in the sewer collection and
wastewater system. There are many chemicals used to help or treat this problem. Here
are a few used in the treatment of hydrogen sulfide problems: Salts of zinc, lime, hydrogen
peroxide, chlorine and magnesium hydroxide.

AMMONIA

Ammonia is a compound of nitrogen and hydrogen with the formula NH; . The
simplest nitrogen hydride, ammonia, is a colorless gas with a characteristic
pungent smell. It is a common nitrogenous waste, particularly among aquatic
organisms, and it contributes significantly to the nutritional needs of terrestrial
organisms, nitrogen is a necessary growth material for plants. To much ammonia
is toxic for aquatic life.

HYDROGEN SULFIDE

Hydrogen sulfide is the compound with the chemical formula H,S. It is a colorless
gas with the characteristic foul odor of rotten eggs. It is very poisonous,
corrosive, and flammable. Hydrogen sulfide is often produced from the microbial
breakdown of organic matter in the absence of oxygen gas, such as in swamps
and sewers. This process is commonly known as anaerobic digestion and is
done by sulfate-reducing microorganisms.

Hydrogen sulfide conditions occur in the sewer system because of the lack of oxygen. The
best method of controlling hydrogen sulfide is to eliminate its habitat or growth area by
keeping sewers cleaner. This will speed the sewage flow and harbor fewer slime bacteria.

Here are some important statements regarding the reduction of hydrogen sulfide: salts of
zinc and iron may precipitate sulfides. Lime treatments can also kill bacteria that produce
hydrogen sulfide, but this creates a sludge disposal problem and chlorination is effective
at reducing the bacteria that produce hydrogen sulfide.
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Nutrient Introduction

Nutrients in quantities that exceed the affected waterbody’s ability to assimilate them
results in a condition called eutrophication or cultural enrichment. When an excess of
these nutrients over-stimulates the growth of water plants, the result causes unsightly
conditions, interferes with boating activities and drinking water treatment processes, and
causes unpleasant and disagreeable tastes and odors in drinking water. It may be linked
to harmful Algae Blooms (HABS) which are similar to the recently mentioned “red tides”
where the algae produces toxins dangerous to humans and animals.

Uncontrolled algae growth blocks out sunlight and chokes aquatic plants and animals by
depleting dissolved oxygen in the water at night. Oxygen is also depleted by the
decomposition of excessive amounts of dead algae and plants. The release of nutrients
in quantities that exceed the affected waterbody’s ability to assimilate them results in a
condition called eutrophication or cultural enrichment.

Influent wastewater contains the micronutrients nitrogen, potassium and phosphorus as
well as trace nutrients like iron and manganese.

Nitrogen is present in many compounds in wastewater influent including urea or urine,
organically bound nitrogen (proteins and other compounds), and ammonia.

Organically bound nitrogen can be soluble or particulate, whereas ammonia is only
present as soluble. Phosphorus is found in particulate or dissolved forms. Phosphorus is
present in proteins, urine and detergents. Much more information on this subject is in the
Nutrient section.

i i = [ [ i [ el

BOD (Biological Oxygen Demand

COD (Chemical Oxygen Demand
ORGANICS TOC (Total Organic Carbon)
Q&G (Qil and Grease)

TS (Total Solids)
SOLIDS TVS (Total Volatile Solids)
TSS (Total Suspended Solids)

PH (0 to 14 pH Scale)

PHYSICAL Temperature
urbidi
PROPERTIES e
NH (Nihonium)
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LAB TESTS
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Biological Components Sub-Section - Introduction

Biochemical Oxygen Demand or BOD Introduction
Wastewater is composed of a variety of inorganic and organic substances.

Organic substances refer to molecules that are based on carbon and include fecal matter
as well as detergents, soaps, fats, greases and food particles (especially where garbage
grinders are used). Most of these large organic molecules can be easily decomposed by
bacteria in a WWTP or homeowner’s septic system.

However, oxygen is required for this process of breaking large molecules into smaller
molecules and eventually into carbon dioxide and water. The amount of oxygen required
for this process is known as the biochemical oxygen demand or BOD.

The five-day BOD, or BODs lab test, is measured by the quantity of oxygen consumed by
microorganisms or bacteria under controlled conditions during a five-day period, and is
the most common measure of the amount of biodegradable organic material in, or strength
of, sewage.

We will cover this area in detail in several different areas of this course. We will cover this
area in about ten more pages and again in the Microorganism and Laboratory Sections.
Please make notes on this potentially challenging subject.

Biochemical Oxygen Demand

Biochemical Oxygen Demand (BOD or BODS) is an indirect measure of biodegradable
organic compounds in water, and is determined by measuring the dissolved oxygen
decrease in a controlled water sample over a five-day period.

During the five day incubation period, aerobic bacteria (oxygen-consuming) decompose
organic matter in the sample and consumes dissolved oxygen in proportion to the amount
of organic material that is present. A high BOD concentration of substance can be
biologically degraded, thus consuming oxygen in a natural environment this could possibly
result in low dissolved oxygen in the receiving water.

The BOD test was developed for samples dominated by oxygen-demanding pollutants like
sewage. While its merit as a pollution parameter continues to be debated, BOD has the
advantage of a long period of record and many comparative analyses on domestic
sewage.

Organic Carbon
Most organic carbon in water occurs as partly degraded plant and animal materials, some
of which are resistant to microbial degradation.

Organic carbon is important in the estuarine food web and is incorporated into the
ecosystem by photosynthesis of green plants, which are then consumed as carbohydrates
and other organic compounds by higher animals. In another process, formerly living tissue
containing carbon is decomposed as detritus by bacteria and other microbes.
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Chemical Reaction Introduction

There are thousands of chemical reactions involved in the metabolism of a bacterium.
The above diagram identifies major processes that are relevant to the biological treatment
of wastewater. These are Ingestion, Respiration, Growth and Reproduction.

CHEMICAL OXYGEN DEMAND (COD)

Oxidizable materials introduced into water will similarly initiate chemical reactions
to create what is measured in the laboratory as the chemical oxygen demand
(COD).

BIOCHEMICAL OXYGEN DEMAND (BOD)

Biochemical Oxygen Demand, also called Biological Oxygen Demand, is the
amount of dissolved oxygen needed by aerobic biological organisms to break
down organic material present in a given water sample at certain temperature
over a specific time period. The BOD value is most commonly expressed in
milligrams of oxygen consumed per liter of sample during 5 days of incubation
at 20°C. Itis often used as a measure of the degree of organic pollution in water.

Total Organic Carbon
(TOC) bears a direct relationship with biological and chemical oxygen demand; high levels
of TOC can result from human sources, the high oxygen demand being the main concern.

Clarification

Gravity separation in a clarifier is a process to reduce the concentration of suspended
matter in water. In the activated sludge treatment process, the removal of suspended
solids from wastewater is usually through clarification.

Return Activated Sludge

The settled activated sludge (biomass) that is collected in a secondary clarifier and
returned to the secondary treatment process to mix with incoming wastewater. This
returns a concentrated population of microorganisms back into the aeration basin.

Waste Activated Sludge
The excess activated sludge (biomass or cell mass) removed from the secondary
treatment process. For most treatment plants, this is a portion of the Return Activated
Sludge (RAS) flow stream.

Sludge Volume Index

A numerical expression of the settling characteristics of activated sludge in the final
clarifier. SVl is expressed as the ratio of the volume in milliliters of activated sludge settled
from a 1,000-mL sample in 30 minutes divided by the concentration of mixed liquor in
milligrams per liter multiplied by 1,000. A good settling sludge (textbook value) is 100, but
can commonly be between 80-150.
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BOD and COD Reduction

Wastewater treatment plants (POTWs) are designed to reduce the BOD and COD in the
effluent discharged to receiving or natural waters. The goal is to meet state and federal
discharge criteria and protect the environment. It has been said that wastewater treatment
plants are designed to function as "microbiology farms," where bacteria and other
microorganisms are fed oxygen and organic waste. Wastewater plant operators are
farmers striving to create optimum conditions for their crop of bacteria. Pretreatment
inspectors protect this bacteria crop.

Treatment of wastewater usually involves biological processes such as the activated
sludge system in the secondary stage after preliminary screening to remove coarse
particles and primary sedimentation that settles out suspended solids. These secondary
treatment steps are generally considered environmental biotechnologies that harness
natural self-purification processes contained in bioreactors for the biodegradation of
organic matter and bioconversion of soluble nutrients in the wastewater.

Application Specific Microbiology

Each wastewater stream is unique, and so too are the community of microorganisms that
process it. This "application-specific microbiology" is the preferred methodology in
wastewater treatment for effective biological nutrient removal. The right bugs are more
efficient in organics removal when provided the right growth environment.

Trickling filters efficiency is multiplied if microorganisms are allowed to grow as a layer of
biofilm on specifically designed support media. In activated sludge, the microorganisms
are suspended in air-mixed water slurry. In this way, optimized biological processing of a
waste stream can occur. To reduce the start-up phase for growing a mature biofilm one
can also purchase "application specific bacterial cultures" from microbiology vendors or
use the active bugs from a similar WWTP to seed the process.

Aeration is often used to oxygenate the wastewater flow at the influent channel.
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Pollutants - Oxygen-Demanding Substances

CONVENTIONAL POLLUTANTS

POTWs are designed to treat typical household wastes and biodegradable

commercial and biodegradable industrial wastes. The Clean Water Act defines
the contaminants from these sources as conventional pollutants. Conventional
pollutants include biological oxygen demand (BOD), total suspended solids
(TSS), fecal coliform, oil and grease, and pH.

Dissolved oxygen is a key element in water quality that is necessary to support aquatic
life. A demand is placed on the natural supply of dissolved oxygen by many pollutants in
wastewater. Oxygen-demanding substances are contributed by domestic sewage and
agricultural and industrial wastes of both plant and animal origin, such as those from food
processing, paper mills, tanning, and other manufacturing processes.

This is called biochemical oxygen demand, or BOD. The level of BOD is used to measure
how well a sewage treatment plant is working. If the effluent, the treated wastewater
produced by a treatment plant has a high content of organic pollutants or ammonia, it will
demand more oxygen from the water and leave the water with less oxygen to support fish
and other aquatic life. Organic matter and ammonia are “oxygen-demanding” substances.

These substances are usually destroyed or converted to other compounds by bacteria if
there is sufficient oxygen present in the water, but the dissolved oxygen needed to sustain
fish life is used up in this break-down process if the BOD is too high. Much more
information on this subject is in the Laborotory section.

Pathogens

The infectious microorganisms, or pathogens, may be carried into surface and
groundwater by sewage from cities and institutions, by certain kinds of industrial wastes,
such as tanning and meat packing plants, and by the contamination of storm runoff with
animal wastes from pets, livestock and wild animals, such as geese or deer. Disinfection
of wastewater and chlorination of drinking water supplies has reduced the occurrence of
waterborne diseases such as typhoid fever, cholera, and dysentery, which remain
problems in underdeveloped countries. Humans may come in contact with these
pathogens either by drinking contaminated water or through swimming, fishing, or other
contact activities. Modern disinfection techniques and sanitary surveys have greatly
reduced the danger of waterborne disease.

Inorganic and Synthetic Organic Chemicals

A vast array of chemicals is included in this category. Examples include detergents,
household cleaning aids, heavy metals, pharmaceuticals, synthetic organic pesticides and
herbicides, industrial chemicals, and the wastes from their manufacture. Many of these
substances are toxic to fish and aquatic life and many are harmful to humans. Some are
known to be highly poisonous at very low concentrations. Others can cause taste and odor
problems, and many are not effectively removed by conventional wastewater treatment.
Heavy metals are discharged with many types of industrial wastewaters, and are difficult
to remove by conventional wastewater treatment.
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TEMPERATURE AND GROWTH RATES

All  biological and chemical reactions are affected by temperature.
Microorganisms growth and reaction rates are slow at cold temperatures and

much faster at warmer temperatures. Most microorganisms do best under
moderate temperatures (10-25°C). Aeration basin temperatures should be
routinely measured and recorded. Although the temperature may not be easily
changed, the MLSS, DO, and RAS rates may be adjusted to partially compensate
and keep the bugs effective.

Thermal Effects

Heat reduces the capacity of water to retain oxygen. In some areas, water used for cooling
is discharged to surface waters at elevated temperatures from power plants and
industries.

Even discharges from wastewater treatment plants and storm water retention ponds
affected by summer heat can be released at temperatures above that of the receiving
water, and elevate the stream temperature. Unchecked discharges of waste heat can
seriously alter the ecology of a lake, a stream, or estuary.

Wastewater Temperature

The maximum temperature of the wastewater entering a biological reactor should be <
95°F (35°C). It is to be understood that many wastewater treatment systems cannot
maintain their wastewater at or below this temperature. Nonetheless, the literature seems
to be consistent in setting 95°F as the upper limit, beyond which the operation of the
biological system and solids settling in the clarifiers will begin to suffer.

Temperatures in Celsius and Fahrenheit Chart

Reference Point Degrees in Celsius | Degrees in Fahrenheit
Water Freeing Point Sea Level 0 32

Typical Winter Wastewater 10 50
Temperature

Room Temperature * 20 68

Body Temperature (Human) 37 98.6

Boiling Point of Water at Sea Level 100 212

Because of the importance of temperature, it will be discussed in other chapters of
this course.
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NPDES Permit Information

INTERFERENCE

Interference: a discharge from an industrial user that, alone or in conjunction with
other sources a) inhibits or disrupts a POTW plant, its treatment processes or
operations, or its sludge processes, use, or disposal, and b) therefore causes a
violation including increasing a violation's magnitude or duration of any permit or rule
that controls release of pollutants from the POTW.

Technical
Learning
College

PASS-THROUGH

Pass-through: a POTW has a violation of its limits caused by an industrial users
discharge that passes through the public facility without being adequately treated.
The pollutant limit violated must be a pollutant discharged by the industrial user, but
it's not necessary to demonstrate impact on the POTW operation.

Technical
Learning
College

Secondary Treatment Standards

SAMPLE | 30-Day Average, mg/L | 7 —-Day Average, mg/L | Minimum Percent Removal
BOD 5 30 45 85%
CBOD 5 25 40 85%
TSS 30 45 85%
pH Instantaneous 6.0 to 9.0 S.U.
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EXAMPLE OF FACT SHEET
DOCMENTING THE DETERMINATION OF THE MOST
STRINGENT DAILY MAXIMUM EFFLUENT LIMITS

Parameter Daily Monthly Daily Monthly Local Daily Monthly
PSES PSES CWF CWF Daily Final final
Limits Limit limit**
Cadmium 0.69 0.26 0.46 0.17 0.10 0.10 0.17
Chromium 0.10 0.10
(Hex)
Chromium 2,77 1.71 1.85 1.14 1.0 1.0 1.14
(Total)
Copper 3.38 2.07 2.26 1.38 5.0 2.26 1.38
Cyanide 6.0 0.65 * * 20 20 0.65*
Lead 0.69 0.04 0.46 0.29 0.10 0.10 0.29
Manganese 1.00 1.00 | -
Mercury 0.005 0.005 | -—-——--
Nickel 3.98 2.38 2.66 1.59 2.0 2.0 1.59
Silver 0.04 0.24 0.28 0.16 0.1 0.1 0.16
Zinc 2.61 1.48 1.74 0.99 5.0 1.74 0.99
TTO*** 213 | - 142 | - 1.0 1.0 | -

Note: All concentrations are in mg/L unless otherwise noted.

Key:

PSES = Pretreatment Standards for Existing Sources, metal finishing category (40 CFR Part

433.15 (a))

CWEF = Alternative metal - finishing standards after use of the combined wastestream formula.

Local Limits = Maximum pollutant concentrations established by the Control Authority

Final Limit = Final limits based on most stringent of local, state, and federal standards

*Cyanide limits must apply to the segregated cyanide wastestream of the cyanide destruct
treatment process

**The discharger required to comply with both the daily maximum and monthly average limits, if

applicable.

***The pollutants regulated by the categorical TTO limit and the local TTO limit are the same.
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Wastewater Treatment Introduction Section Post Quiz

This is not your final assignment. You can find the final assignment
online. Hyperlink to the Assignment

http://www.abctlc.com/downloads/PDF/WWTBUGSASS.pdf

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

1. Ammonia is an important component of the nitrogen cycle and because it is oxidized in
the environment by microorganisms (i.e., nitrification), it is a large source of available
nitrogen in the environment.

True or False

2. Ammonia is a nutrient that contains nitrogen and sulphur.
True or False

3. Un-ionized ammonia refers to all forms of ammonia in water with the exception of the
ammonium ion (NH4+). lonized ammonia refers to the ammonium ion.
True or False

4. Methane gas is a byproduct of aerobic biological treatment and is slightly combustible.
True or False

5. Carbon, ammonia, and copper are essential to living organisms and are the chief
nutrients present in natural water.
True or False

6. The best temperatures for wastewater treatment probably range from 77 to 95 degrees
Fahrenheit.
True or False

7. In general, biological treatment activity accelerates in cold temperatures and slows in
warm temperatures, but extreme hot or cold can stop treatment processes altogether.
True or False

8. The acidity or alkalinity of wastewater affects both treatment and the environment.
True or False
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9. Low pH indicates increasing acidity while a high pH indicates increasing alkalinity (a
pH of 7 is low). The pH of wastewater needs to remain between 4 and 5 to protect
organisms. True or False

10. Inorganic minerals, metals, and compounds, such as sodium, potassium, calcium,
magnesium, cadmium, copper, lead, nickel, and zinc are not common in wastewater.
True or False

11. Heavy metals which are discharged with many types of industrial wastewaters are
easy to remove by conventional treatment methods. True or False

12. Although acute poisonings from heavy metals in drinking water are rare - potential
long-term health effects of ingesting small amounts of some inorganic substances over an
extended period of time are possible. True or False

13. The solids must be significantly reduced by treatment or they can increase BOD when
discharged to receiving waters and provide places for microorganisms to escape
disinfection.

True or False

14. Sand, grit, and heavier organic and inorganic materials settle out from the rest of the
wastewater stream during the preliminary stages of treatment. True or False

15. Excessive amounts of dissolved solids in wastewater cannot have adverse effects on
the environment. True or False

Wastewater Treatment Introduction Answers
1. True, 2. False, 3. True, 4. False, 5. False, 6. True, 7. False, 8. True, 9. False, 10. False, 11.
False, 12. True, 13. True, 14. True, 15. False
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Topic 2 — Primary Wastewater Treatment Section

Section Focus: You will learn the basics of the primary wastewater treatment process.
At the end of this section, you will be able to describe primary wastewater treatment
process. There is a post quiz at the end of this section to review your comprehension and
a final examination in the Assignment for your contact hours.

Scope/Background: Wastewater is passed through several tanks and filters that
separate water from contaminants. Primary treatment of wastewater involves screening
of solid waste within the water. This is done after filtering out larger contaminants within
the water. The resulting sludge is then usually fed into a digester, in which further
processing takes place. This primary batch of sludge contains nearly 50% of the
suspended solids within raw wastewater.
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Primary Treatment Wastewater is a sedimentation process to remove suspended organic
solids from the sewage. Chemical are sometimes used to remove finely divided and
colloidal solids.

Objectives of Primary Treatment

The main objectives of primary treatment of wastewater are:

To reduce the strength of sewage to the extent 30% to 50%.
To remove settleable solids by 80% to 90%.

To reduce BOD by 30% to 35%.

To make the sewage fit for further treatment process.
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Technical

tiere INTRODUCTION OF WASTEWATER TREATMENT METHODS AND STEPS

Wastewater treatment systems are designed to foster an environment that suits certain
types of microorganisms. These microorganisms not only remove organic wastes from the
water, but they also “settle out” as solid material for easy removal and clearer water.

Wastewater treatment operators are required to maintain the right conditions in the
treatment system for the right type of microorganisms. While there are many different
microbes (viruses, bacteria and protozoans) used in sewage treatment, there are three
well-known microbes (anaerobic, aerobic, facultative) that play an instrumental role in
keeping sewage clean. Each of these types of bacteria help the treatment process in a
unique way to ensure there is little to no impact on the surrounding environment.
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Conventional Wastewater Treatment - Primary Overview

Introduction

Our country has a vast system of collection sewers, pumping stations, and treatment
plants. Sewers collect the wastewater from homes, businesses, and many industries, and
deliver it to plants for treatment. Most treatment plants were built to clean wastewater for
discharge into streams or other receiving waters, or for reuse. For some time, sewage was
dumped into waterways, a natural process of purification started. One of the most common
forms of pollution control in the United States is wastewater treatment.

The initial stage in the treatment of domestic sewage is known as primary treatment.
Heavier and coarse solids are removed from the wastewater during the primary stage of
treatment. In some treatment plants, primary and secondary stages may be combined into
one basic operation.

At many wastewater treatment facilities, influent passes through preliminary treatment
units before primary and secondary treatment begins.

Second, the volume of clean water in the stream diluted wastes. Bacteria and other small
organisms in the water consumed the sewage and other organic matter, turning it into new
bacterial cells, carbon dioxide and other products.

Today’s higher populations and greater volume of domestic and industrial wastewater
require that communities give nature a helping hand. The basic function of wastewater
treatment is to speed up the natural processes by which water is purified.

There are two basic stages in the treatment of wastes, primary (physical) and secondary
(biological). In the primary stage, solids are allowed to settle and removed from
wastewater. The secondary stage uses biological processes to further purify wastewater.
Sometimes, these stages are combined into one operation.

An activated sludge example of an aeration train or channel containing mixed
liquor (MLSS) in secondary treatment.
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WASTEWATER TREATMENT PROCESS

There are many different ways, systems, processes, methods to treat wastewater. In this
diagram, numbers 1,2, are normally considered primary treatment.

Sometime numbers 1,2 are considered pretreatment.
Box 3 is generally referred to as the activated sludge process and is secondary treatment.
Numbers 4 and 5 are considered secondary treatment methods. It is possible to modify

this process and add many different processes like various filters or BNR. We will try to
cover many of these related A/S processes in this course.

WWTBUGS©1/15/2022 www.abctlc.com 64 Toll Free (866) 557-1746


http://www.abctlc.com

Influent Flow

Whether a sewage collection system serves a single
home or an entire community, it must be able to handle
fluctuations in the quantity and quality of wastewater it
receives to ensure proper treatment is provided at all
times. Systems that are inadequately designed or
hydraulically overloaded may fail to provide treatment
and allow the release of pollutants to the environment.

To design systems that are both as safe and as cost-
effective as possible, engineers must estimate the
average and maximum (peak) amount of flows generated
by various sources. Because extreme fluctuations in flow
can occur during different times of the day and on
different days of the week, estimates are based on
observations of the minimum and maximum amounts of
water used on an hourly, daily, weekly, and seasonal
basis. The possibility of instantaneous peak flow events o
that result from many water-using appliances or fixtures e W R\
being used at once also is taken into account. Sanitary Sewer Overflow

The number, type, and efficiency of all water-using fixtures and appliances at the source
is factored into the sewage flow estimate from a source. The number and amount of water
normally used by faucets, toilets, and washing machines, and the number of possible
users or units will affect the amount of water used. The number of residents, bedrooms,
customers, students, patients, seats, or meals served will determine the sewage flow.

bl

Waterless urinals are reducing water use but are concentrating the wastestream.
Water conservation education is now taught at schools and this too is affecting our
flow dynamics and microrganisms (MO’s). Anything new always affects the bugs
and no one cares but us.
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According to studies, water use in many homes is lowest from about midnight to 5 a.m.,
averaging less than one gallon per person per hour, but then rises sharply in the morning
around 6 am to a little over 3 gallons per person per hour. During the day, water use drops
off moderately and rises again in the early evening hours.

Weekly peak flows may occur in some homes on weekends, especially when all adults
work during the week. In U.S. homes, average indoor water use is approximately 45
gallons per person per day, but may range from 35 to 60 gallons or more.

Peak flows at stores and other businesses typically occur during business hours and
during meal times at restaurants. Rental properties, resorts, and commercial
establishments in tourist areas may have extreme flow variations seasonally.

Estimating flow volumes for centralized treatment systems is a complicated task,
especially when designing a new treatment plant in a community where one has never
existed previously.

Engineers must allow for additional flows during wet weather due to inflow and infiltration
(I1&l) of extra water into sewers. Sewers are never perfectly water tight, particularly as
they age. Excess water can enter sewers through leaky manhole covers and cracked
pipes and pipe joints, diluting wastewater, which affects its overall characteristics. This
can increase flows to treatment plants sometimes by as much as three or four times the
original design load or dry weather load.

Infiltration or unwanted, unknown sewage flows are dangerous to maintaining a healthy
bug culture, and decreases detention times. There are many times that some interference
or industrial waste including high heat will disrupt or destroy your bugs. Because of these
unwanted flows, operators may need to start from scratch to build a healthy bug
population. Expect this to happen for these events are common. Special treatment
processes may need to come online to assist during these times.

We have seen operators transport RAS from thousands of miles away to re-start a sick
A/S tank. This can take three to ten days using hundreds or even thousands of gallons of
RAS.

Grout is used to seal joints and prevent infiltration (1&l) into manholes or exfiltration out
of the pipe.
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Conventional A/'S WWTP Plant Overview Diagram
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The following is a description of each numbered section in the illustration above.

Wastewater treatment plants are constantly pushed to meet higher standards of water
quality. Careful consideration needs to be made when designing pretreatment for an A/S
facility.

Traditional activated sludge process headworks (pretreatment) includes bar screens, grit
removal and possibly a pre-sedimentation basin. Newly designed systems may include
chemicals to enhance precipitation of nutrients or to decrease issues with hydrogen
sulfide. We will examine these processes in detail.

Plant Influent

Raw sewage enters the treatment facility through the municipal sewer system. Raw
wastewater enters the treatment facility at the beginning of the treatment plant, referred to
as the "headworks" of the plant. The wastewater is being pumped to the wastewater
treatment facility using pumps.

lllustration box 1 — 3
1. Preliminary Treatment: Removes large objects and heavy material from the
wastewater to help prevent clogging of pipes and damaging the treatment
equipment. The removed material during preliminary treatment is typically hauled
to a landfill for disposal.

2. Coarse Bar Screen: Metal bars collect large debris such as rags, wood, plastics,
and etc.

3. Grit Removal: The wastewater flows through a channel, allowing dense, inorganic
material to settle on the bottom. Scrapers, hoppers and clam buckets remove the
collected grits. The removed material during preliminary treatment is typically
hauled to a landfill for disposal.
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lllustration box 4
Primary Settling: The wastewater flows into large settling tanks that allow suspended
solids and organic material to sink to the bottom of this tank.

Phosphorous Removal: Partially treated wastewater is drawn from the top of the settling
tanks and in some treatment facilities, chemicals are added to remove phosphorous.

lllustration box 5-6

Aeration Basins: Large aeration basins or tanks mix the partially treated wastewater with
oxygen to support bacteria that devour organic waste. The bacteria levels are managed
to provide the most efficient removal process.

Return Activated Sludge (RAS) brings sludge back to the aeration process for further
treatment while Waste Activated Sludge (WAS) removes the excess or older sludge.

lllustration box 7

Final Settling: The clarified wastewater is drawn from the top of the aeration tanks or
secondary clarifiers through spillways. By this point, the water is getting clearer. Polymers
may be added to concentrate any remaining material. Once again, suspended particles
settle to the bottom to be removed by scrapers to hoppers and returned to the aeration
tank.

lHlustration box 8-9
Disinfection: The cleanest water is drawn from the surface and disinfected with chlorine
or ultra-violet light to kill bacteria.

De-chlorination: The treated water is de-chlorinated. The treated water is tested to
ensure it meets the EPA standards and is sent to the permitted receiving water source.
Before the treated water is discharged to the receiving stream, it must be sampled and
chlorine-free. The effluent samples are then analyzed in a laboratory (Local Limits). An
automatic sampler will automatically take samples at designated times. The samples are
kept refrigerated in the sampler until they can be analyzed in the lab.

lllustration box 10

Sludge Digestion: Sludge from the settling tanks is drawn from the bottom of the tanks
and pumped to the primary settling tank or digester. This sludge may have a high water
content, but it also contains oxygen and bacteria that improves the efficiency of the
treatment process. A gravity belt thickener or centrifuge are ways to reduce the amount
of water in the biosolids before further treatment. Volume reduction is occurring from the
loss of water.

Digestion: Thickening of the biosolids improves digester operation and reduces the cost
of sludge digestion. Aerobic sludge digestion produces a sludge that has a higher water
content.

Sludge disposal: This box also needs sampling of the sludge for local limits and process
control. Sludge disposal can be preceded by further thickening. Digested sludge can be
used as fertilizer, disposed at a landfilled or incinerated. The nation of China is using
sludge with other polymers to make furniture, clothing and building materials.
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Sampling Influent and Industrial Waste Introduction

A Pretreatment Inspector outside of a Commercial Industrial User.

A quick word about industrial waste....

Industrial Waste

Industrial waste can be a killer of wastewater bugs. In the photograph, the Inspector or
Sampler is shaking the sample to make sure that the sample is mixed-up before pouring
off a smaller sample into the smaller sample bottles on the ground. Often, these
Inspectors or Samplers will work in pairs. These professionals need to get used to having
wastewater and/or industrial waste/odors all over your clothes. However, there are
spiders, grease, confined spaces, irate customers, interesting odors and dangerous
hydrogen sulfide gas. Over all, this is a great job, a secure and well-paying job.

Temperature — Critical and Legal Parameter

These Inspectors will check the temperature of the wastewater to ensure it will not kill the
bugs or treatment process. The best temperatures for wastewater treatment range from
77 to 95 degrees Fahrenheit.

In general, biological treatment activity accelerates in warm temperatures and slows in
cool temperatures, but extreme hot or cold can stop treatment processes altogether.
Therefore, some systems are less effective during cold weather and some have special
designs to be effective in very cold climates.

Wastewater temperature also affects receiving waters. Hot water, for example, which is a
byproduct of many manufacturing processes, can be a pollutant. When discharged in large
quantities, it can raise the temperature of receiving streams locally and disrupt the natural
balance of aquatic life.
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pH- Critical and Legal Parameter

The pH is also tested by Inspectors because proper pH is critical for the treatment process
and a low or high pH will damage the collection system. The acidity or alkalinity of
wastewater affects both treatment and the environment. Low pH indicates increasing
acidity while a high pH indicates increasing alkalinity (a pH of 7 is neutral). The pH of
wastewater needs to remain between 6 and 9 to protect treatment bugs (organisms). Acids
and other substances that alter pH can inactivate treatment processes when they enter
wastewater from industrial or commercial sources.

Suspension

Supernatant

Solution

Precipitate

Precipitation and Solution Definitions
This information is critical for taking wastewater samples. We will cover this in detail later
in the course.

A solution is a complete mixture of ingredients such that no portion differentiates. Good
examples of a solution are soft drinks, beer and milk.

Precipitation is the formation of a solid in a solution or inside another solid during a
chemical reaction or by diffusion in a solid. When the reaction occurs in a liquid, the solid
formed is called the precipitate. Without sufficient force of gravity (settling) to bring the
solid particles together, the precipitate remains in suspension.

After sedimentation, especially when using a centrifuge to press it into a compact mass,
the precipitate may be referred to as a pellet. The precipitate-free liquid remaining above
the solid is called the supernate or supernatant.

Preliminary Wastewater Treatment
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Preliminary treatment is a purely physical stage consisting of Coarse Screening, Raw
Influent Pumping, Screening, Grit Removal, and Selector Tanks in the A/S BNR process
or for filamentous bacteria control.

The raw wastewater enters from the collection system into the Coarse Screening process.
After the wastewater has been screened, it may flow
into a grit chamber where sand, grit, cinders, and small
stones settle to the bottom. Removing the grit and
gravel that washes off streets or land during storms is
very important, especially in cities with combined
sewer systems.

Large amounts of grit and sand entering a treatment .
plant can cause serious operating problems, such as R e “'“'“"ﬂ
excessive wear of pumps and other equipment, ;) ‘
clogging of aeration devices, or taking up capacity in “mmm""
tanks that is needed for treatment.

Collected Grit

In some plants, another finer screen is placed after the grit chamber to remove any
additional material that might damage equipment or interfere with later processes. The

grit and screenings removed by these processes must be periodically collected and
trucked to a landfill for disposal or be incinerated.

Fine’Screening

The Coarse Screening consists of a basket shaped bar screen that coIIects larger debris
(several inches in diameter) prior to the Raw Influent
Pumping. This debris is removed and placed into a
dumpster for disposal into the landfill.

The wastewater then passes into the Raw Influent
Pumping process that consists of submersible
centrifugal pumps. These influent pumps operate under
a principal termed prerotation, which allows them to vary
their pump rate hydraulically without the use of complex
and expensive electronics.

Manual and Mechanical Bar Screens

The flow then passes into the Static Fine Screening process which consists of two
stationary (or static) screens which remove finer debris not captured by the coarse
screens. This screened debris is then dewatered and collected in hoppers for disposal into
a landfill.

The wastewater then passes into the Grit Removal process which consists of two vortex
grit separators which produce a whirlpool action to force the finest debris to the outside
perimeter for subsequent collection. This debris is then collected in hoppers, dewatered,
and disposed into a landfill. The screened and de-gritted wastewater then enters into
Primary Sedimentation. Credit to the USEPA

Most A/S processes have some type of grit and trash removal system. Even the most
primitive wastewater system needs to remove all inorganics from the system. Otherwise,
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we would simply have a hole in the ground that we dump sewage into, but that did not
work out because we threw all types of inorganics in this hole, disrupting the natural
biological work. We will cover grit later in the Aeration and Secondary Sections.

Credit to the USEPA for this text.

H, CHANNEL1(H,)

Technical
Learning
College

(Upstream Level)

CHANNEL 1 (Hy)
(Downstream Level

Hp

(Ha/Hp)

SUBMERGED FLOW SELECTION USES
BOTH INPUT CHANNELS PER
APPLICATION. THE SUBMERGED FLOW
USES THE MEAUSUREMENT OF BOTH

AN UPSTREAM LEVEL (Ha) AND A
DOWNSTREAM LEVEL (Hp) TO DETERMINE
THE ACTUAL FLOW RATE IN THE FLUME.
THIS IS REFERRED AS SUBMERGENCE

SUBMERGED FLOW IN PARSHALL FLUMES

Parshall Flumes measure the flow of the wastewater entering the plant. The diagram
above and below shows how sonic heads measure the height of the flow in an open

channel.

access and clean the flume.
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—— College

WWTBUGS©1/15/2022

SUPERCRITICAL
FLOW

1
| |
| (Fry<1)

HYDRAULIC

JUMP

HYDRAULIC JUMP

www.abctlc.com 72

In case of debris clogging the inlet of the flume, the operator needs easy to

WHEN THE FROUDE NUMBER
CROSSES FROM Fr >1 (shallow,
fast) TO Fr <1 (deep,slow), THE
FLOW AT THE TRANSITION HAS
TO SUDDENLY CHANGE FROM
ONE FLOW DEPTH TO THE
OTHER. THIS FORMS A "JUMP"
BETWEEN ONE AND THE OTHER.
THE TWO REGIONS ARE
SEPARATED BY A
CONTINUOUSLY

COLLAPSING WALL WHICH IS
REFERRED TO AS A
HYDRAULIC JUMP
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Headworks Sub-Section

Headworks Introduction

Wastewater treatment plants are constantly pushed to meet higher standards of water
quality. Careful consideration needs to be made when designing pretreatment for a facility.
Traditional activated sludge process headworks (pretreatment) includes bar screens, grit
removal and possibly a pre-sedimentation basin. Newly designed systems may include
chemicals to enhance precipitation of nutrients or to decrease issues with hydrogen
sulfide. We will examine these processes in detail.

In the facilities where sewage enters a plant for treatment is often referred to as the
“Headworks”. The influent flows through a screen, which removes large floating objects
such as rags and sticks that might clog pipes or damage equipment.

All of these devices or similar processes are found at most A/S facilities.

CONTINUOUS DRIVE
CHAIN SCRAPER <) AUTOMATIC
© CLEANING DEVICE
RAKING 7
s @, SCREENING
/ TROUGH

The bar rack consist of parallel bars, rods, or wires (coarse screen) or perforated pipe (fine screen).

Flow passes through screens and large solids are trapped on the bars for removal.

Screens may he coarse (0.25-6 inch openings) o fine(less than 0.25 inch size openings).

The bar screen / bar rack may be manually cleaned or mechanically cleaned (Performed frequently
enough to prevent buildup of solids and reduce flow into the plant).

PRELIMINARY TREATMENT - BAR SCREEN- BAR RACK

Most wastewater facilities are designed to screen out large solids and debris using several
types of screening devices.
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Mechanical Bar Screens: Operators should pick up trash that has blown off the
automatic rakes.

Grinder Pump: installed after the bar screens. The debris is sent to the landfill.

Debris Removal: An operator pulled wipes from the headworks that should not
be flushed and clearly clogs equipment.
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Grit Chamber

A grit chamber is particularly important in communities with combined sewer systems
where sand or gravel may wash into sewers along with stormwater. After screening is
completed and grit has been removed, sewage still contains organic and inorganic matter
along with other suspended solids.

Much of these suspended solids are minute particles that can be removed from sewage
in a sedimentation tank. When the speed of the flow through one of these tanks is reduced,
much of the suspended solids will gradually sink to the bottom, where they form a mass
of solids called raw primary biosolids formerly called raw sludge.

There are many different mechanisms to remove grit. We will return to this subject later.

Left, Strainer Screen, Right, Floating debris in an influent wetwell

GRIT

Grit consists of sand, gravel, cinders, and other heavy materials. It also includes
organic matter such as eggshells, bone chips, seeds, and coffee grounds.
Pretreatment may include a sand or grit channel or chamber, where the velocity
of the incoming sewage is adjusted to allow the settlement of sand and grit.

GRIT REMOVAL

Grit removal is necessary to:

* reduce formation of heavy deposits in aeration tanks, aerobic digesters,
pipelines, channels, and conduits;
reduce the frequency of digester cleaning caused by excessive accumulations
of grit; and
protect moving mechanical equipment from abrasion and accompanying
abnormal wear. The removal of grit is essential for equipment with closely
machined metal surfaces such as commutators, fine screens, centrifuges, heat
exchangers, and high pressure diaphragm pumps.
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<= GRIT PARTICLES =p

GRIT REMOVAL

GRIT REMOVAL CHAMBERS

Grit chambers come in 3 types: horizontal grit chambers, aerated grit
chambers and vortex grit chambers. Vortex type grit chambers include
mechanically induced vortex, hydraulically induced vortex, and multi-tray vortex
separators. Traditionally, grit removal systems have been designed to remove
clean inorganic particles that are greater than 0.210 mm, so much grit passes
through the grit removal flows under normal conditions. During periods of high
flow deposited grit is re suspended and the quantity of grit reaching the treatment
plant increases substantially.

REMOVES GRIT (EGG SHELLS, SAND & HEAVY SOLID MATERIALS)
THAT TEND TO SETTLE IN BENDS, CORNERS, WHICH REDUCE THE
FLOW CAPACITY AND CAUSES CLOGGING IN PIPES & CHANNELS

GRIT CHAMBERS ARE PROVIDED TO:

PROTECT MOVING MECHANICAL EQUIPMENT FROM ABRASION

REDUCE FORMATION OF HEAVY DEPOSITS IN CHANNELS,

PIPELINES AND CONDUITS
USED TO REDUCE THE FREQUENCY OF DIGESTER CLEANING
CAUSED FROM EXCESSIVE ACCUMULATION OF GRIT

GRIT REMOVAL PROCESSES USE VELOCITY / GRAVITY, AERATION I

OR CENTRIFUGAL FORCE TO SEPARATE SOLIDS FROM
THE WASTEWATER PROCESS

MOST COMMON METHOD OF GRIT DISPOSAL IS TRANSPORTING
TO A LANDFILL. GRIT CAN ALSO BE INCINERATED WITH SOLIDS

WASTEWATER PRETREATMENT PROCESS

ATechnical

= e (GRIT CHAMBER)
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Photo Journal #1

~ FLIRG y -

Caked grease (scum) stuck on a primary clarifier weir. Scum is normally scraped
off and not sent to the downstream aeration tank.

Floating scum in an influent chamber. This debris should be removed and sent
to a landfill.
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This circular clarifier has been dewatered with a portable pump
Maintenance on a circular clarifier should be performed annually.

Scum Box located on a circular clarifier.
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Flow Measurement

Flow measurement is crucial for the design and success of the treatment process. There
are different devices used such as weirs and magnetic flow meters. In the headworks, the
most common used is the Parshall flume as pictured below.

e e

Sonic head (level) detection in the flume is used for flow measurement. Flow rates can
be and used for flow weighted composite samples. Another application using sonic head
level detection are weir boxes. Often referred to as a splitter box as illustrated below.
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Example of a Sludge Press.
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Primary Clairifer Box 4- See lllustration Chart

PRIMARY TREATMENT

Primary treatment consists of temporarily holding the
sewage in a quiescent basin where heavy solids can
settle to the bottom while oil, grease and lighter solids
float to the surface. The settled and floating materials

are removed and the remaining Iliquid may be
discharged or subjected to secondary treatment.
Technical

Learning

— College

Most wastewater treatment facilities were designed with a primary and secondary clarifier.
These two devices are excellent at settling the sludge through detention time. Primary
clarifier sludge is usually denser than secondary sludge. The effluent from a secondary
clarifier is clearer than primary effluent and the primary will generally have grease and grit
build up if not removed by pretreatment.

The method in which solids are removed will depend upon the shape of the clarifier. In a
rectangular clarifier, the solids settle to the bottom of a clarifier and scraped to one end or
to the middle. In circular clarifiers, the floor is sloped and the raking mechanism scrapes
the solids to the center. In either design, a sump pump removes the solids.

The sludge handling and sludge disposal system vary from plant to plant and can include
sludge digestion, vacuum filtration, incineration, land disposal, lagoons and burial.

‘-q,‘

—

The photograph the left is a rectangular basin and on the right is a circular clarifier. The
rectangular basin has chains and flights to scrap sludge and a circular basins use a slowly
rotating raking mechanism.
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Clarifier Operation

Primary treatment is done by delivering the wastewater into big tanks for the solid matter
to settle at the bottom of the tanks. The sludge, the solid waste that settles at the bottom
of the tanks, is removed by large scrappers and is slowly pushed to the center of the
cylindrical tanks. The sludge is periodically pumped out of the tanks for further treatment.

The remaining clarified water is then ready for secondary treatment. After the initial lift of
raw sewage from the headworks, most WWTP’s are designed so that water can flow by
gravity from one process to the next.

CLARIFICATION

A process to reduce the
concentration of suspended
matter in water. In the activated

sludge treatment process, the
removal of suspended solids
from wastewater is usually
through gravity separation in a
clarifier.

WWTBUGS©1/15/2022 www.abctlc.com 82 Toll Free (866) 557-1746


http://www.abctlc.com

Clarification Process Sub-Section - Secondary Clarification

CLARIFICATION PROCESS

Clarification reduces the concentration
of suspended matter in water. In the
activated sludge treatment process , the

removal of suspended solids from
wastewater is usually through gravity
separation in a clarifier. Primary and
secondary clarifiers are very similar in
design and can be circular or
rectangular.

Any activated sludge (A/S) plant requires a means to separate the water from the bug
population. Many plants will have a second clarification process or filtration system for
emergency, maintenance or demand issue. Many of these processes are not A/S
processes per say, but again, anytime you cultivate a bug population for eating of
wastewater food, this action is generally considered A/S.

The Secondary Clarification process generally consists of four rectangular tanks that
provide quiescent (or calm) conditions that allow the larger aggregates of solids and
microorganisms to settle out for collection. The clear overflow (or upper layer) is collected
at the end of the tank and passed onto the Tertiary process for additional treatment if
available.

The maijority of microorganism-rich underflow (or lower layer) is re-circulated to Aeration
Tanks as Return Sludge to help sustain the microorganism population in the Oxidation
Ditches process. However, if all the underflow was returned the plant would soon become
overloaded with solids. To keep the food/microorganism ratio in a healthy balance,
therefore, a small portion of this mixture termed Waste Activated Sludge (WAS) is
removed from the system for disposal. The WAS is transported into the Solids Handing
process for disposal.

Rectangular Secondary Clarifier
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A settling tank used to remove suspended solids by gravity settling. Commonly referred
to as sedimentation or settling basins, they are usually equipped with a motor driven chain
and flight or rake mechanism to collect settled sludge and move it to a final removal point.

Because microorganisms are continually produced, a way must be provided for wasting
some of the generated biological solids produced. This is generally done from the round
or rectangular shaped clarifiers.

— Effluent flow

Slow Skimmers =t

Influent flow

¢ Slow scrapers

Sludge Disposal Port

RECTANGULAR CLARIFIER- SIDE CROSS SECTION

Let’s look at the components of a rectangular clarifier. Most are designed with scrapers
on the bottom to move the settled activated sludge to one or more hoppers at the influent
end of the tank. It could have a screw conveyor or a traveling bridge used to collect and
move the sludge along in the end hopper.

The most common is a chain and flight collector. Most designs will have baffles to prevent
short-circuiting and scum from entering the effluent. The activated sludge is removed from
the hopper(s) and returned by a sludge pump to the aeration tank or wasted.

Summary

The screening process along with grit removal enhances the operation of a primary
clarifier, as seen above, by removing settable solids and non-settable such as oil and
grease. This process involves the separation of macrobiotic solid matter from the
wastewater.
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Clarifier - Constant Rate Versus Constant Percentage Return
There are several ways for returning sludge to the aeration tank:

1. At a rate modified to anticipate organic and hydraulic loading.
2. At a constant rate, independent of the secondary influent flow rate.
3. At a constant percentage of the varying secondary influent flow.

Variations or blends of these RAS strategies may work best at different plants. Clarifier
size and hydraulics may limit the range of practical return adjustments. Regardless of
calculated values, return rates should not be reduced to the level where slowly moving,
thick clarifier sludge will plug the sludge withdrawal pipes.

Variable Rate Control

Low return rates during the night can be increased in the early morning to approach the
higher return rates during the day before, rather than after, the increased wastewater flows
actually reach the plant. This oxygenates the bacteria and gets the bugs ready to rapidly
assimilate the incoming food. Increasing the return sludge flow after the flow increase
may also cause a hydraulic overload condition, resulting in a carryover of solids into the
clarifiers (washout).

Constant Rate Control

Returning activated sludge at a constant flow rate that is independent of the secondary
influent wastewater flow rate results in a continuously varying MLSS concentration that
will be at a minimum during peak secondary influent flows and a maximum during
minimum secondary influent flows.

The aeration tank and the secondary clarifier must be looked at as a system where the
MLSS are stored in the aeration tank during minimum wastewater flow and then
transferred to the clarifier as the wastewater flow and then transferred to the clarifier as
the wastewater flows initially increase.

The clarifier acts as a storage reservoir for the MLSS during periods of high flow. The
clarifier has a constantly changing depth of sludge blanket as the MLSS moves from the
aeration tank to the clarifier and vice versa. This can work so long as the sludge blanket
does not become too deep or some of the sludge begins to rise.

Constant Percentage Control

Another approach is to pace the return flow at a fixed percentage of the influent
wastewater flow rate (Q), at a constant ratio or rate (R) R/Q. This may be done
automatically with instruments, or manually with frequent adjustments. This approach
keeps the MLSS and sludge blanket depths more constant throughout high and low flow
periods and also tends to maintain a more constant F/M and MCRT. It has the
disadvantage of creating more variable constant and detention times.

Settleability

The settleability test can be used to estimate the desirable sludge return rate. This method
uses the sludge volume in a 2-L settleometer at the end of a 30-minute settling period to
represent the underflow and the supernatant volume to represent the overflow.
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Primary Clarifier or Dissolved Air Floatation Thickener (DAFT)

Another type of sludge removal process is a dissolved air floatation thickener. Dissolved
air floatation thickeners work by adding compressed air to the bottom of a tank and utilizing
the bubble curtain to lift or float solids. The DAFT is capable of achieving similar
percentage removals for BODs and TSS as primary clarifiers. Dissolved air flotation
thickeners are more common in industrial treatment facilities than at WWTPs.

DAFT Operation

Primary and secondary sludges are combined into a homogeneous mixture and thickened
in to dissolved air flotation tanks. The DAFT tanks are severed by an equipment gallery
which houses mechanical support systems. Mixed sludge is skimmed off and distributed
to the DAFTs by overflow weirs.

As the sludge enters the DAFT center column it contacts air bubbles less than 100 pm in
diameter released from a pressurized recycled effluent stream. The resulting air/solids
aggregate floats the entrained solids to the surface of the tank. Concentrated float is
skimmed from the DAFT water surface and pumped to the digestion process. The DAFT
system removes about 90 percent of the water in the waste activated sludge, increasing
the float concentration to approximately 5 percent solids.

The thickener’s liquid effluent (subnatant) flows out of the tank via a submerged orifice
collection system. This feature, coupled with a level controlled modulating valve, allows
the liquid level within the thickener to be adjusted. By varying the liquid level, the float
depth and concentration can be optimized before skimming into the collection troughs. A
portion of the subnatant is recycled through the pressurization system.

Types of Solids in Wastewater

ACRONYM COMMON TERM EXPLANATION
TSS Total Suspended Solids Solids that cannot pass through a 1.2-
pum filter.
TVSS Total Volatile Suspended Solids that cannot pass through a 1.2 -
Solids um filter and are burned away when

placed in a furnace at 550° C.

TDS Total Dissolved Solids Solids that are small enough to pass
through a 1.2 - ym filter. The sample
must be dried completely before the
dissolved solids can be seen with the
naked eye.

TS Total Solids All of the solid material in a sample.
This includes both organic and
inorganic solids. TS =TSS + TDS

TVS Total Volatile Solids All of the solids in a sample that are
burned away when placed in a furnace
at 550° C
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Photo Journal #2

Bottom, scum armature skimmer on a secondary clarifier.
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A rectangular clarifier used in the secondary settling process. Operation changes should
be employed if a dark brown foam develops on the aeration basin, primary option is to
increase the wasting rate.

Pin floc being carried over the secondary clarifier weir due to a process upset. Ideally,
the secondary effluent will be very clear. Excessive algae growth will create several
different problems.
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Clairifer Problems and Solutions

BULKING SLUDGE

A phenomenon that occurs in activated sludge plants whereby the sludge
occupies excessive volumes and will not concentrate readily. This condition
refers to a decrease in the ability of the sludge to settle and consequent loss
over the settling tank weir. Bulking in activated sludge aeration tanks is caused
mainly by excess suspended solids (SS) content and/or filamentous bacteria.

Sludge bulking in the final settling tank of an activated sludge plant may be
caused by:

Fats, Oils, and Grease

Low Dissolved Oxygen

Low F/M Ratio

Nutrient Deficiency

Septicity (Organic Acids and Sulfide)

PIN FLOC

Very fine floc particles with poor settling characteristics, usually indicative of an old
sludge (high MLSS levels).

Technical
Learning
College

SLUDGE FERMENTATION

An anaerobic medium containing sludge supernatant fluid and glucose was

used for enumeration of bacteria from the sludge fermentation.
Technical
Learning
College

SLUDGE BLANKET

The sludge blanket is the layer of solids on the bottom of the clarifier.

Technical
Learning
College
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STRAGGLER FLOC

Small, light, and fluffy floc particles
with poor settling characteristics,
usually indicative of a younger
sludge and/or low MLSS levels.
Decrease the WAS to increase the
sludge age, decrease the F/M
ratio.

OLD SLUDGE

Old sludge consists of sludge in which the sludge age is too high to be most
effective in a particular activated sludge process. Dark brown foam and a greasy
or scummy appearance on the aeration tank is an indicator of old sludge. Settling
in the clarifier is rapid, but pin floe can be present in the effluent and the effluent
is hazy. Old sludge is often associated with a low F/M ratio. To correct for old
sludge, it is necessary to increase wasting rates and return less sludge to the
aeration basin. This will reduce the amount of solids under aeration, increase
the F/M ratio and decrease the sludge age.

We will cover filmentous bacteria later in the Activated Sludge Chapter.

Hyperlink to the Glossary and Appendix
http.//www.abctlc.com/downloads/PDF/WWTGlossary.pdf
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Scum Removal Sub-Section

Scum removal equipment is highly desirable on secondary clarifiers. Skimmers are usually of the
type that rotates automatically. Flights and chains move the settled sludge to the hopper in the
clarifier for return and they also remove the scum from the surface of the clarifier. The flights are
usually wood or other nonmetallic flights mounted on parallel chains that pull them.

The drive motor shaft is connected through a gear reducer to a shaft that turns the drive chain. The
drive chain turns the drive sprockets and the head shafts. The shafts can be located overhead or
below the water level

Some clarifiers may not have scum removal equipment so the configuration of the shaft may vary.
As the flights travel across the bottom of the clarifier, wearing shoes are used to protect the flights.
The shoes are usually metal or nylon and travel across a metal track.

To prevent damage due to overloads, a shear pin is used. The shear pin holds the gear solidly on
the shaft so that no slippage occurs. Remember, the gear moves the drive chain. If a heavy load
is put on the sludge collector system, the shear pin should break. This means the gear would
simply slide around the shaft and movement of the drive chain would stop.

Clarifier Drive Motor
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Scum Removal Equipment

In some circular or square tanks, rotating scrapers are used. The most common mechanism in a
circular clarifier has a center pier or column. The major mechanical parts of the clarifier are the
drive unit; the sludge collector mechanism; and the scum removal system. There is also some
related equipment that we will consider briefly. Let's look at the drive unit first. There are three
main parts to the drive unit; the motor (or gear motor); the gear reducer; and the turntable.

The motor is connected to a gear reduction unit which is commonly connected to additional gearing.
The drive cage is rotated around a center column by the motor and gear reduction unit. Although
the drive motor runs at about 1800 rpm, the gear reducer lowers the output speed so that the sludge
collector mechanism goes through one revolution every 20 to 30 minutes. Usually, the motors used
on clarifier mechanisms are totally enclosed, fan cooled motors, suitable for outside operation.

The horsepower of the motor is dependent on the size of the clarifier. The motor drives the chain
and sprocket which drives the worm gear. The worm gear drives the gear that is mounted on a
shaft that drives the turntable. The motor shaft speed is often reduced by a series of gear reducers
or electronically regulated.

Sludge Collector and the Scum Removal System Mechanism
The main parts of the unit are: the rake arm; the scraper blades; the adjustable squeegees; the
surface skimmer; the scum baffles; and the scum box.

The surface skimmer rotates at the same speed as the collector mechanism and is usually
supported by the collector rake arm. The scum baffle prevents scum from flowing over the effluent
weir. The surface skimmer collects the scum and deposits it in the scum box.

The stilling well or influent baffle projects above the liquid and directs the influent downwards to
assist in settling suspected solids and reduce short circuiting. An effluent weir goes around the
circumference of the tank and allows clarified liquid to flow evenly from the tank. The effluent
launder collects the tank overflow and takes it to a low point in the launder where a pipe is used to
take the effluent to the chlorine contact basin or next treatment.

Some clarifiers may have a scum trough heater. The scum removal system rotates around the
clarifier at a very slow rate. In subfreezing temperatures, the scum box and pipe could freeze. This
problem can be overcome by using immersion heaters, or putting infrared lamps over the scum
box. Some clarifiers are covered, which can also serve to protect the scum from freezing or for odor
control.

N

Typical scum removal equipment on the weir. Another important part of the secondary
clarifier is the effluent weir, launder and pipe.
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Wastewater Treatment Plant Problems

B

Retrofitting Older Treatment Technology

Most of our wastewater treatment plants in the United States were constructed more than two to four
decades ago. Many of these treatment facilities need to be upgraded to improve capacity and
treatment efficiency. This may consist of adding an A/S facility or an entire facility retrofitting.

The upgraded treatment processes that can best fit the existing technologies at Publicly Owned
Treatment Works (POTWSs) are selected based upon wastewater discharge (NPDES) permit
requirements and their cost-effectiveness to achieve water quality objectives and protect public
health. Such upgrades are often opportunities to employ emerging technologies or established
technologies in newer and better ways.

Some of the areas of current and future interest are as follows:
v Innovative wastewater collection system designs that provide real-time condition
assessment data for asset management decision-making.
v' Determination of the long-term performance and life-cycle cost effectiveness of emerging
system rehabilitation techniques, including new and existing materials.
v" Advanced sewer system designs that minimize energy consumption and greenhouse gas
emissions.

Credit to the USEPA
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Struvite (MAP) Magnesium, Ammonia and Phosphate Problem

Struvite deposits inside a digester pipe.

Struvite is magnesium ammonium phosphate. Struvite is a corrosion problem in wastewater
treatment, particularly after anaerobic digesters release ammonium and phosphate from waste
material. Struvite forms a scale on lines and belts, in centrifuges and pumps, clog system pipes
and other equipment including the anaerobic digester itself.

MAP is found in channels, pipes and diffusers causing restrictions and friction, slowing the flow,
even restricting sampling ports. Some operators refer to MAP as encrustation and its removal is a
full-time maintenance issue.

MAP forms when there is a mole-to-mole-to-mole ratio (1:1:1) of magnesium, ammonia and
phosphate in the wastewater. The magnesium is found in soil, seawater and in some groundwater.
Magnesium is the ingredient in least supply in an anaerobic digester.

The ammonia is from the urea in wastewater. Phosphate is found through food, soaps and
detergents. With these elements in place, struvite is more likely to form in a high pH environment.
Higher conductivity, lower temperatures, and higher concentrations of magnesium, ammonia and
phosphate promote the creation of struvite.

Recovery of phosphorus from wastestreams as struvite and recycling those nutrients into
agriculture as fertilizer appears to be a good solution, particularly in agricultural manure processing
and municipal wastewater treatment plants.

Credit to the USEPA
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Photo Journal #3

N

The results of not having grit removal. Filling part of an oxidation ditch aeration
tank.

A buildup of grease balls in an oxidation ditch.
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This clarifier is used to thicken sludge prior to the digester. This is not a digester but looks
like one: Notice the light on the top for Operators to look inside.

B

These two above ground circular tanks are massive anaerobic digesters.
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Plant Key Design and Operational Issues Credit EPA

Temperature

In general, as temperature of the wastewater increases, the rate of nitrification and denitrification
increases. For the typical range of liquid temperatures between 10 and 25° C, the nitrification rate
will approximately double for every 8 to 10° C increase in temperature (WEF and ASCE, 2006).
Rapid decreases in temperature without acclimation time will cause even slower nitrification rates
than predicted strictly by the temperature change. Denitrification rates will also increase with
increasing temperature, although not at the same magnitude as nitrification rates.

TEMPERATURE AND GROWTH RATES

All  biological and chemical reactions are affected by temperature.
Microorganisms growth and reaction rates are slow at cold temperatures and

much faster at warmer temperatures. Most microorganisms do best under
moderate temperatures (10-25°C). Aeration basin temperatures should be
routinely measured and recorded. Although the temperature may not be easily
changed, the MLSS, DO, and RAS rates may be adjusted to partially compensate
and keep the bugs effective.

Dissolved Oxygen

Nitrifying bacteria are also more sensitive to DO levels as compared to aerobic heterotrophic
bacteria, with growth rates starting to decline when DO drops below 3 to 4 mg/L, and significant
reduction below 2 mg/L. The nitrification rate at a DO concentration of 0.50 mg/L is only about 60
percent of that at a 2.0 mg/L DO concentration.

Studies have shown that the amount of oxygen available to nitrifying bacteria can be limited by floc
size, requiring higher bulk DO concentrations under higher organic loading conditions (Stenstrom
and Song, 1991).

At DO concentrations less than 0.5 mg/L, the effect is greater for Nitrobacter than for Nitrosomonas.
This can result in higher NO»>-N (nitrite) in the effluent and have a negative impact on chlorine

disinfection as 1 g of NO2-N consumes 5 g chlorine for oxidation. DO must normally be less than
0.2 to 0.5 mg/L, otherwise there will be inhibition of the denitrification process.

DISSOLVED OXYGEN

Dissolved oxygen refers to the level of free, non-compound oxygen present in water

or other liquids. It is an important parameter in assessing water quality because of its
influence on the organisms living within a body of water.

Technical
Learning
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Nitrification and Denitrification

pH and Alkalinity

Nitrification generally operates well within a pH range of 6.8 to 8.0 (WEF and ASCE, 2006). At
lower pH values the nitrification rate is much slower and at pH values near 6.0 the nitrification rate
may only be about 20 percent of that with a pH of 7.0 (Tchobanoglous et al., 2003).

Alkalinity is consumed during the nitrification process but partially replenished (up to 62.5 percent)
during the denitrification process. Depending on the influent wastewater alkalinity, there may be a
sufficient alkalinity reduction due to nitrification to decrease to unacceptable levels. Addition of
chemicals such as lime, sodium hydroxide, or soda ash can be used to replace the alkalinity
consumed by nitrification to maintain acceptable pH levels.

Carbon Sources for Denitrification

Denitrifying bacteria need a readily available carbon food source, such as soluble BOD, to
ultimately convert nitrate to nitrogen gas. WWTPs that meet very low total nitrogen limits typically
use a secondary anoxic zone in which supplemental carbon is added. Supplemental sources can
be “internal” such as primary effluent, fermented wastewater or sludge, or “external” sources such
as purchased chemicals.

Methanol is currently the most common external carbon source used in denitrification
because of it low cost. It has several drawbacks, however, namely:

« It is highly flammable and implicated in some storage tank explosions and fires (Dolan, 2007);

however, with proper design and operation problems can be minimized.

* It is not the most efficient source for most treatment configurations.

+ Costs have begun to fluctuate widely (deBarbadillo et al., 2008).

* Availability is a problem in some areas (Neethling et al. 2008).

* Reported low growth rates under cold temperatures (Dold et al. 2008).

Other sources of carbon include ethanol, acetic acid, corn syrup, molasses, glucose, glycerol, and
industrial waste products. The WEF Nutrient Challenge Research Plan (2007) identified research
on alternative carbon sources as priority for operators, owners, and engineers of wastewater
systems. In December of 2007, the 2nd External Carbon Workshop was held in Washington, DC
to discuss the state of the technology and research needs. WEREF is also currently formulating a
standard protocol for evaluation of external carbon alternatives.

Nitrification Inhibition from Toxic Chemicals

Nitrifying bacteria are very sensitive to heavy metals and other inorganic compounds in wastewater.
The Local Limits Development Guidance Manual (USEPA 2004) has been the main source of
information on inhibitory effects for a variety of wastewater treatment processes including
nitrification. Appendix G of the 2004 version provides a summary table with the reported range of
nitrification inhibition threshold levels for a number of metals, non-metal inorganics, and organic
compounds. Actual inhibitory effects are site-specific and depend on many factors including the
nature of biodegradable organic material, microorganism speciation, acclimation effects,
temperature, and water quality conditions.

Wet Weather Events

Wet weather events can increase inflow and infiltration into the collection system and subsequently
increase the hydraulic load to the wastewater treatment plant. This can in turn reduce the SRT
leading to reduced performance of nitrification process units.
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In addition, wet weather flows have different characteristics than typical wastewater influent flow
and can be less favorable for nitrification and denitrification. Conditions that are less favorable for
nitrification include decreased alkalinity and sudden temperature drops. Lower biodegradable COD
concentrations and increased DO make wet weather flows less amenable to denitrification.

Flow equalization basins can be used to handle wet weather events; however, this requires
available space and capital investment. USEPA (2008a) identifies a number of innovative storage
and treatment technologies used to manage influent flows during wet weather events.

Guidance for Selecting Process Modifications

Nitrogen removal requires first that a biological nitrification process be present or that the facility
be modified to accomplish nitrification. Considerably more volume is needed for activated sludge
nitrification compared to designs for BOD removal only. If there is insufficient space to
accommodate the increased volume, suspended growth or hybrid process options that require less
space such as the MBR process or IFAS systems with suspended media in the activated sludge
process should be considered. Another option is to use a fixed film nitrification process after the
suspended growth process clarification step. This could be a BAF or a plastic media trickling filter.
However, if nitrogen removal is required, an exogenous carbon source is needed, which has higher
operating costs than using the influent BOD for denitrification.

Nitrification systems need sufficient oxygen transfer for ammonia oxidation in addition to BOD
removal. Such systems should consider the impact to diurnal loadings and ammonia addition in
recycle streams. The influent TN concentration may have daily peak values that are 1.5 to 2.0 times
the daily average loading.

Higher peak loadings require longer SRTs to assure that sufficient nitrifying bacteria are present to
remove ammonia at a greater rate, while maintaining a low effluent ammonia concentration. Often
anaerobic digester sludge dewatering operations occur during the day and produce return recycle
streams high in ammonia concentration (500-1000 mg/L) at times that coincide with the high
influent diurnal ammonia loads. Recycle equalization or treatment helps to provide a more stable
nitrification system and lower effluent NH3-N concentrations.

In many cases, it is advantageous to incorporate a denitrification pre-anoxic step with nitrification
(MLE process) due to the many benefits and improved operational stability.

The advantages include:
1) less aeration energy as the nitrate produced can be used for BOD removal,

2) the production of alkalinity to offset the alkalinity used by nitrification, which in some cases
eliminates the need to purchase alkalinity, and

3) a more stable, better settling activated sludge process as the anoxic-aerobic processes favor
good settling floc-forming bacteria over flamentous growth.

The effluent nitrogen goals greatly affect the process design choices and system operation. For an
effluent goal of 10 mg/L TN, an MLE process is often sufficient for activated sludge treatment with
secondary clarifiers or membrane separation. However, with water conservation leading to more
concentrated wastewater, these processes alone may not be sufficient due to the fact that they are
limited to 80-85% removal of the influent TN.
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For TN effluent goals of 3 to 5 mg/L or lower, some form of post anoxic treatment is generally
needed. One option is to convert an MLE process to a Bardenpho process by adding another
anoxic aerobic set of tanks. Although the endogenous respiration rate of the bacteria can be used
to consume nitrate in the post anoxic tanks, it is often necessary to add an exogenous carbon
source. Other alternatives to using exogenous carbon sources include denitrification filters instead
of adding more activated sludge tank volume, step feed with carbon addition in the last pass, and
IFAS processes.

Denitrification processes require sufficient carbon to drive the nitrate/nitrite reduction reactions.
Characterization of the influent wastewater with regard to its organic strength and soluble fraction
and the TN and ammonia concentrations is needed to fully understand a system’s carbon needs.
In addition, design and operating methods that eliminate or minimize DO feeding to anoxic zones
can reduce the amount of exogenous carbon needed and provide a more stable operation. Low
DO zones prior to downstream anoxic tanks or for withdrawal of recycle to preanoxic zones should
be considered.

Impacts on Sludge Production and Handling

It has been documented by both research and full scale experiments that BOD removal by activated
sludge using nitrate as the electron acceptor instead of DO will result in a 20% or more reduction
in waste activated sludge (WAS) production for the same operating conditions. Full-scale
investigations near Melbourne, Australia achieved as high as a 40% reduction in WAS, and
implementation of nitrogen removal at the York River, VA, plant resulted in a reduction of more than
50% in WAS production. The impact this will have on total sludge production by a treatment plant
will depend upon how much waste sludge is produced by other treatment units such as primary
clarifiers and chemical treatment with precipitating chemicals.

Additionally, implementation of nitrogen removal at conventional activated sludge plants can
improve the thickening characteristics due to decreasing the amounts of filamentous bacteria in the
activated sludge. If an external carbon source is added to improve the rate of denitrification, there
will be an increase in WAS production compared to when no external carbon source is added.

If an external carbon source is used to supplement denitrification, it is likely that the small increase
in solids production will be offset by endogenous respiration due to longer SRTs. Solids produced
from nitrogen removal processes generally thicken and dewater well and show no negative impact
on any solids processing system.
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Processed Wastewater Solids Handling Sub-Section

Processed wastewater solids (“sewage sludge”) that meet rigorous standards allowing
safe reuse for beneficial purposes. Currently, more than half of the activated sludge
biosolids produced by municipal wastewater treatment systems are applied to land as a
soil conditioner or fertilizer and the remaining solids are incinerated or landfilled. Even the
solids need to be analyzed as part of your compliance, noncompliance or local limits
requirements. We will return to this subject later in the course.

BIOSOLIDS

Biosolids are nutrient-rich organic materials resulting from the treatment of domestic
sewage in a treatment facility. When treated and processed, these residuals can be
recycled and applied as fertilizer. Compliance with pretreatment requirements is
important to ensure that biosolids produced at the POTW have pollutant
concentrations low enough to allow the beneficial use of this material. Biosolids
recycling is the process of beneficially using treated residuals from wastewater
treatment to promote the growth of agricultural crops, fertilize gardens and parks and
reclaim mining sites.

Technical
Learning
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Large solids handling facility

Anaerobic Digestion

Primary sludge is the sludge that is taken from the bottom of the settling tank. The amount
and rate of the raw sludge being pumped is determined by the depth of the sludge.
Operators have to be mindful not to remove water from the tank, diluting the sludge.

Of all biological waste treatment methods, aerobic digestion is the most widespread
process used throughout the world (more than 95%). Nature gives - takes and does
everything in-between. Nowhere is this better exemplified than the biological solution it
offers to mankind's waste problems. An illustration of nature's work is its influence on the
constant cycle of biological waste treatment. Microorganisms, like all living things, require
food for growth.
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Biological sewage treatment consists of many different microorganisms, mostly bacteria.
These bugs carry out a stepwise, continuous, sequential attack on the organic compounds
found in wastewater and upon which the microbes feed.

Aerobic digestion of waste is the natural biological degradation and purification process in
which bacteria that thrive in oxygen-rich environments break down and digest the waste.

During this oxidation process, pollutants are broken down into carbon dioxide (CO3), water
(H20), nitrates, sulfates and biomass (microorganisms). By optimizing the oxygen supply
with aerators, the process can be significantly accelerated.

Primary Clarifier
Head Works —

Aeration Tank Secondary Clarifier

(/- ™ — o
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> 1-3 »| 4 1 > 5.6 _ 2
| ’ | 8-9
l Primary
Sludge Retumn Activated Sludge (RAS)

Waste Activated Sludge (WAS)

10 Stabilized Sludge

Digester Sludge Disposal
Aerobic or
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Ocean Dumping
Either raw or stabilized, ocean dumping of these solids is no longer allowed. Even cruise
ships will not dump in to the ocean and they are legally permitted to do so.

Biosolids Stabilization

Prior to utilization or disposal, biosolids are stabilized to control odors and reduce the
number of disease-causing organisms. Sewage solids, or sludge, when separated from
the wastewater, still contain around 98 percent water. They are usually thickened and may
be dewatered to reduce the volume to be transported for final processing, disposal, or
beneficial use.
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Dewatering Processes

Dewatering processes include drying beds, belt filter presses, plate and frame presses,
and centrifuges. To improve dewatering effectiveness, the solids can be pretreated with
chemicals such as lime, ferric chloride, or polymers to produce larger particles which are
easier to remove.

Centrifuge Filter Press

Anaerobic Digestion

Digestion is a form of stabilization where the volatile material in the wastewater solids can
decompose naturally and the potential for odor production is reduced. Digestion without
air in an enclosed tank (anaerobic solids digestion) has the added benefit of producing
methane gas which can be recovered and used as a source of energy. Stabilization of
solids may also be accomplished by composting, heat treatments, drying or the addition
of lime or other alkaline materials. After stabilization, the biosolids can be safely spread
on land.

Land Application

In many areas, biosolids are marketed to farmers as fertilizer. Federal regulation (40 CFR
Part 503) defines minimum requirements for such land application practices, including
contaminant limits, field management practices, treatment requirements, monitoring,
recordkeeping, and reporting requirements.

Properly treated and applied biosolids are a good source of organic matter for improving
soil structure and help supply nitrogen, phosphorus, and micronutrients that are required
by plants.

Biosolids have also been used successfully for many years as a soil conditioner and
fertilizer, and for restoring and re-vegetating areas with poor soils due to construction
activities, strip mining or other practices. Under this biosolids management approach,
treated solids in semi liquid or dewatered form are transported to the soil treatment areas.
The slurry or dewatered biosolids, containing nutrients and stabilized organic matter, is
spread over the land to give nature a hand in returning grass, trees, and flowers to barren
land.

Restoration of the countryside also helps control the flow of acid drainage from mines that

endangers fish and other aquatic life and contaminates the water with acid, salts, and
excessive quantities of metals.
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Beneficial Use Products from Biosolids

Heat dried biosolids pellets have been produced and used extensively as a fertilizer
product for lawn care, turf production, citrus groves, and vegetable production for many
years. Composting of biosolids is also a well-established approach to solids management
that has been adopted by a number of communities. The composted peat-like product has
shown particular promise for use in the production of soil additives for re-vegetation of
topsoil depleted areas, and as a potting soil amendment.

Effective pretreatment of industrial wastes prevents excessive levels of unwanted
constituents, such as heavy metals (i.e. cadmium, mercury, and lead) and persistent
organic compounds from contaminating the residuals of wastewater treatment and limiting
the potential for beneficial use.

Effective stabilization of wastewater residuals and their conversion to biosolid products
can be costly. Some cities have produced fertilizers from biosolids which are sold to help
pay part of the cost of treating wastewater. Some municipalities use composted, heat
dried, or lime stabilized biosolid products on parks and other public areas.

Incineration

Incineration consists of burning the dried solids to reduce the organic residuals to an ash
that can be disposed of or reused. Incinerators often include heat recovery features.
Undigested sludge solids have significant fuel value as a result of their high organic
content. However, the water content must be greatly reduced by dewatering or drying to
take advantage of the fuel potential of the biosolids.

For this reason, pressure filtration dewatering equipment is used to obtain biosolids which
are sufficiently dry to burn without continual reliance on auxiliary fuels. In some cities,

biosolids are mixed with refuse or refuse derived fuel prior to burning. Generally, waste
heat is recovered to provide the greatest amount of energy efficiency.

Credit to the USEPA for this text.
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Process Control for Secondary Clarifiers Credit EPA

COAGULATION FLOCCULATION

COAGULANT CHEMICAL ADDED HERE
(Aluminum Sulfate / Ferric Chloride)

.| sLow
| mixing

RAPID MIXING

EFFLUENT
CLARIFICATION (CLARIFIED)

SLUDGE FOR DISPOSAL

BASIC DIAGRAM OF CHEMICAL COAGULATION PROCESS IN WASTEWATER

Secondary clarifier performance has a significant effect on plant effluent water quality;
aeration basin mixed liquor suspended solids (MLSS) concentration and performance; and
efficiency of plant solids handling facilities. Key secondary clarifier effluent quality
monitoring and control parameters for secondary clarifiers are TSS, BOD, ammonia, total
nitrogen and total phosphorus concentrations. When compared to primary effluent water
quality, secondary system removal efficiencies can be determined.

Four Key Process Variables

Besides effluent water quality, four key process variables need to be monitored for efficient
and cost effective clarifier solids control:

(1) the amount of solids retained in the secondary clarifiers, which is determined based
on the concentration of the return activated sludge (RAS) and the waste activated sludge
(WAS) removed from the clarifiers, and on the clarifier sludge blanket depth/volume

(2) the amount of solids in the aeration basins, which is determined by measuring the
MLSS concentration and the aeration tank volume.

(3) the activated sludge settleability
(4) the plant influent flow and waste load, significant fluctuations of which may result in

the transfer of large amounts of solids to the clarifiers from the aeration basins, thus
causing solids carryover with the secondary clarifier effluent.
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Progress Goals for Secondary Clarifiers include
¢ Maintaining the sludge blanket below 2 ft (0.7 m).
¢ Preventing denitrification in the clarifier blanket (floating sludge).
e Preventing settled sludge from becoming septic, and
o Keeping the RAS flowrates as low as possible while still meeting the other goals.
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Primary Wastewater Treatment Section Post Quiz

1. Wastewater treatment plants are designed to reduce the in the
effluent discharged to natural waters, the goal is to meet state and federal discharge
criteria and protect the environment.

2. Treatment of wastewater usually involves biological processes such as the activated
sludge system in the secondary stage after preliminary screening to remove coarse
particles and primary sedimentation that settles out

3. The secondary treatment steps are generally considered environmental
biotechnologies that harness processes contained in
bioreactors for the biodegradation of organic matter and bioconversion of soluble nutrients
in the wastewater.

4. The initial stage in the treatment of domestic wastewater is known as

5. are removed from the wastewater in the primary stage of treatment. In
some treatment plants, primary and secondary stages may be combined into one basic
operation.

6. There are 2 primary treatment processes in the treatment of wastes, primary (physical)
and

7. In the primary stage, solids are allowed to settle and removed from wastewater. The
secondary stage uses to further purify wastewater. Sometimes, these
stages are combined into one operation.

8. Primary treatment is done by sending or pouring the wastewater into big tanks for the
to settle on the bottom of the tanks.

9. Any activated sludge (A/S) plant requires a means to separate the water from the bug
population.
True False

10. The Secondary Clarification process generally consists of four rectangular tanks that
provide that allow the larger aggregates of solids and
microorganisms to settle out for collection.

11. The best temperatures for wastewater treatment probably range from
degrees Fahrenheit.
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12. In general, accelerates in warm temperatures and slows in cool
temperatures, but extreme hot or cold can stop treatment processes altogether.

13. also affects receiving waters.

14. Hot water, a byproduct of many manufacturing processes, cannot be a pollutant.
True False

15. The acidity or alkalinity of wastewater affects both treatment and the environment.
True False

16. indicates increasing acidity while a high pH indicates
increasing alkalinity (a pH of 7 is neutral).

Primary Wastewater Treatment Section Post Quiz Answers

1. BOD and COD, 2. Suspended solids, 3. Natural self-purification, 4. Primary treatment, 5.
Coarse solids, 6. Secondary (biological), 7. Biological processes, 8. Solid matter, 9. True, 10.
Quiescent (or calm) conditions, 11. 77 to 95, 12. Biological treatment activity, 13. Wastewater
temperature, 14. False, 15. True, 16. Low pH
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Topic 3 — Alternative Secondary Treatment Section

Section Focus: You will learn the basics of the alternative secondary wastewater
treatment process and related subjects. At the end of this section, you will be able to
describe the process for wastewater to achieve a certain degree of effluent quality by using
a sewage treatment plant with physical phase separation to remove settleable solids and
a biological process to remove dissolved and suspended organic compounds. There is a
post quiz at the end of this section to review your comprehension and a final examination
in the Assignment for your contact hours.

Scope/Background: The United States Environmental Protection Agency (EPA) defined
secondary treatment based on the performance observed at late 20th-century bioreactors
treating typical United States municipal sewage. Secondary treated sewage is expected
to produce effluent with a monthly average of less than 30 mg/l BOD and less than 30 mg/I
suspended solids.

Weekly averages may be up to 50 percent higher. A sewage treatment plant providing
both primary and secondary treatment is expected to remove at least 85 percent of the
BOD and suspended solids from domestic sewage. The EPA regulations describe
stabilization ponds as providing treatment equivalent to secondary treatment removing 65
percent of the BOD and suspended solids from incoming sewage, thus discharging
approximately 50 percent higher effluent waste concentrations than modern bioreactors.

Secondary wastewater treatment processes remove waste organic (once living,
biological) material from wastewater, typically using a biological treatment process.

The water quality parameter, biochemical oxygen demand (BOD), is a measure of the

amount of oxygen needed to oxidize organic matter in a water sample. It is thus an indirect
measure of the pollution of water by waste organic matter.
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Secondary Treatment Definition

The secondary treatment can be defined as “treatment of wastewater by a process
involving biological treatment with a secondary sedimentation”. In other words, the
secondary treatment is a biological process.

The settled wastewater is introduced into a specially designed bioreactor where under
aerobic or anaerobic conditions the organic matter is utilized by microorganisms such as
bacteria (aerobically or anaerobically), algae, and fungi (aerobically). The bioreactor
affords appropriate bioenvironmental conditions for the microorganisms to reproduce and
use the dissolved organic matter as energy for themselves. Almost all modern WWTPs
employ aerobic processes for secondary treatment.

If oxygen and food, in the form of settled wastewater, are supplied to the microorganisms
in the right conditions and ratios, the biological oxidation process of dissolved organic
matter will be maintained. The biological process is mostly carried out by bacteria that
form the basic trophic level (the level of an organism is the position it occupies in a food
chain) of the food chain inside the bioreactor. The bioconversion of dissolved organic
matter into thick bacterial biomass can fundamentally purify the wastewater. Itis essential
to separate the microbial biomass from the treated wastewater through sedimentation.
This secondary sedimentation is similar to primary sedimentation except that the sludge
contains bacterial cells rather than fecal solids.

The biological removal of organic matter from settled wastewater is conducted by
microorganisms, mainly by heterotrophic bacteria but also occasionally fungi. The
microorganisms are able to decompose the organic matter through two different biological
processes: biological oxidation and biosynthesis. The biological oxidation forms some
end-products, such as minerals, that remain in the solution and are discharged with the
effluent.

Wastewater Discharge Permits

Wastewater discharge permits limit the amount of pollutants that can be discharged into
the environment. Maximum discharge limits are established for total suspended solids
(TSS), biochemical oxygen demand (BOD) and E. coli. The purpose of these limits is to
accomplish the following objectives:

1. Limit the amount of available organic matter that is discharged to the receiving water
to avoid overstimulating the growth of microorganisms in the environment.

2. Limit the amount of dissolved oxygen that the discharged organic matter will deplete in
the environment as it is biodegraded by naturally occurring bacteria.

3. Disinfect the wastewater discharge to protect human health by reducing the number of
pathogens in the water.
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Biological Aspect and Terminology Credit EPA

These are the most used terms in biological treatment processes:
DO: Dissolved Oxygen (mg L")
BOD: Biochemical Oxygen Demand (mg L)
BODs: BOD (mg L"), incubation at 15°C for 5 days
COD: Chemical Oxygen Demand (mg L")
CBOD: Carbonaceous BOD (mg L")
NBOD: Nitrogenous (mg L")
SOD: Sediment Oxygen Demand (mg L")
TBOD: Total BOD (mg L")

More on Secondary Treatment

By the time wastewater has reached the secondary treatment process, nearly all of the
larger particles that are capable of settling on their own have already been removed from
the stream by screening, grit removal, and/or primary clarification. The particles that
remain are very light and will not settle quickly on their own.

Some colloidal materials smaller than 1000 ym can take 2 years or long to settle. For
treatment to continue, the size of the remaining particles must be increased so that they
can be efficiently removed. This process can be done chemically or biologically.

Secondary Treatment Standard

The secondary treatment standard requires minimum percentage removals for BODs and
TSS, resulting in effluent concentrations between 10 and 30 mg/L. Occasionally,a WWTP
might have difficulty meeting 85% removal because their influent BODs and TSS
concentrations have been diluted by inflow and infiltration.

Secondary Treatment Ammonia (NHs), Nitrate (NO3) and Phosphorus (P) Removal
Secondary treatment processes can also remove ammonia, nitrate and phosphorus even
though, technically speaking any treatment that goes beyond the secondary treatment
standards is considered tertiary treatment.

Attached or Suspended Growth Systems

Most secondary treatment processes involve biological treatment (bugs) —others as
attached or suspended growth systems. Biological treatment processes rely on a mixed
population of microorganisms, oxygen and trace amount of nutrients to treat wastewater.
The microorganisms consume organic material in the wastewater to sustain themselves
and reproduce. We will cover this process in greater and more detail later in several
different formats.

Secondary Treatment Results

Secondary treatment of wastewater makes use of oxidation to further purify wastewater.
Secondary treatment removes 85 to 95 percent of BOD and TSS and minor portions of
nitrogen, phosphorus, and heavy metals.

WWTBUGS©1/15/2022 www.abctlc.com 111 Toll Free (866) 557-1746


http://www.abctlc.com

Tertiary Treatment Introduction

Tertiary treatment is the next wastewater treatment process after secondary treatment.
Tertiary treatment is costly when compared to primary and secondary treatment methods.
This treatment is sometimes called as the final or advanced treatment and consists of
removing the organic load left after secondary treatment for removal of nutrients from
sewage and particularly to kill the pathogenic bacteria. The effluents from secondary
sewage treatment plants contain both nitrogen (N) and phosphorus (P). N and P two of
the nutrients for all life and are also primary ingredients in all fertilizers.

When excess amounts of N and P are discharged, plant growth in the receiving waters
may be accelerated which results in eutrophication in the water body receiving such waste.
Algae growth may be over stimulated causing blooms that are toxic to fish life as well as
aesthetically unpleasing.

Secondary treated effluent also contains some remaining suspended, dissolved, and
colloidal materials that may be required to be removed for stipulated reuse or disposal of
the treated effluent.

The purpose of tertiary treatment is to provide a final treatment stage to raise the effluent
quality before it is discharged to the receiving environment such as sea, river, lake, ground,
etc., or to raise the treated water quality to such a level to make it suitable for intended
reuse.

This step removes different types of pollutants such as organic matter, SS, nutrients,
pathogens, and heavy metals that secondary treatment is not able to remove.

Wastewater effluent becomes even cleaner in tertiary treatment process through the use
of stronger and more advanced treatment systems. It includes sedimentation,
coagulations, membrane processes, filtration, ion exchange, activated carbon adsorption,
electrodialysis, nitrification and denitrification are all tertiary treatment methods.

REMOVAL CAPABILITIES I
TRA SUSPENDED SOLID PARTICLES

KIIII-Q / S'-:'-IEC:\NM STRIPPING DISSOLVED AMMMONIA

VOLATILE ORGANIC COMPOUNDS (VOC's)

DISSOLVED ORGANICS, TO INCLUDE VOC's
ADSORPTION COLOURING ODORIFEROUS COMPOUNDS
BIOLOGICAL PROCESSES NITROGENOUS & PHOSPHOROUS COMPOUNDS
MEMBRANE SEPARATION PROCESS SUCH AS DISSOLVED ORGANICS AND INORGANICS
MICROFILTRATION, ULTRA FILTRATION,
NANOFILTRATION & REVERSE OSMOSIS (RO)
ION-EXCHANGE PROCESS DISSOLVED ANIONS AND CATIONS
PRECIPITATION HEAVY METAL IONS AND OTHER IONIC SUBSTANCES
OXIDATION - REDUCTION ORGANICS & SOME INORGANIC S
DISINFECTION MICRO - ORGANISMS TO INCLUDE VIRUS

Technical

re=mins TERTIARY METHODS AND THEIR EFFECTIVENESS IN TREATMENT
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Secondary Treatment Boxes 5 — 6 See lllustration chart

Pollutants that are dissolved or are very fine and remain suspended in the wastewater are
not removed effectively by gravity settling. When the wastewater enters a sedimentation
tank, it slows down and the suspended solids gradually sink to the bottom. This mass of
solids is called primary sludge.

Various methods have been devised to remove solids, with mechanical equipment to
remove the settled solids. Some plants remove solids continuously while others do so at
intervals.

Secondary Treatment

After the wastewater has been through primary treatment processes, it flows into the next
stage of treatment called secondary. Secondary treatment processes can remove up to
90 percent of the organic matter in wastewater by using biological treatment processes.
The two most common conventional methods used to achieve secondary treatment are
attached growth processes and suspended growth processes.

This section will discuss various types of secondary treatments that are alternative to
conventional activated sludge treatment. Most of these alternative treatments are
employed in smaller WWTPs.

The Secondary Treatment stage consists of a biological process such as Ponds,
Oxidation Ditches and the physical process, Secondary Clarification. The preliminary
treatment stage removed as much debris and solids as possible using physical processes,
however, very fine solids are still present that cannot be removed physically by screening.

Most oxidization ditches do not have primary sedimentation processes. Oxidization
ditches can be used for denitrification.
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Oxidation ditch baffles slowing down the flow.

The wastewater enters from preliminary treatment into the oxidation ditches process which
is a biological process consisting of large oval shaped basins which are capable of
removing these finer solids.

This is accomplished by maintaining a population of microorganisms within the oxidation
basins which consume the very fine (organic) solids and also adhere to the solids
themselves.

By consuming and adhering to these finer solids they form larger and heavier aggregates
that can by physically separated. This takes place in the secondary clarifier.

Normally, the oxidation ditch process is not considered part of the A/S system. It does

harbor a population of bugs and they are re-circulated to the oxidation ditch from the
secondary clarifier, like in the activated sludge process.

DISSOLVED OXYGEN

Dissolved oxygen refers to the level of free, non-compound oxygen present in water

or other liquids. It is an important parameter in assessing water quality because of its
influence on the organisms living within a body of water.

Technical
Learning
College

More on DO in the Laboratory Procedures (Process Control) section.
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Ponds and Lagoons Sub-Section

The activated sludge process can be thought of as a mechanical modification and
accelerated version of the pond treatment system. The activated sludge process adds a
recycle line that returns the biological solids that settle out in the clarifier back to the front
end of the process.
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SECONDARY FACULATIVE LAGOON #1

The primary difference between ponds and lagoons is the depth. Ponds are generally
shallow, typically 3 to 5 feet, and they are often used in small communities to treat
domestic waste. The primary method that ponds work is stabilizing the waste is by allowing
the heavy solids settle to the bottom where they are decomposed by bacteria. The pond’s
clarity is dependent by the number of ponds detention time, temperature, and waste load.
We refer to the pond configuration as in series (in a row) or parallel (side-by-side).

LAGOONS

Lagoons are pond-like bodies of water or basins designed to receive, hold, and treat

wastewater for a predetermined periods of time. In the lagoon, wastewater is treated
through a combination of physical, biological, and chemical processes.

Technical
Learning
College
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Dissolved nutrients, such as nitrogen and phosphorus are used by green algae which are
microscopic plants floating and living in the water. The algae use carbon dioxide (CO3)
and bicarbonate to build body protoplasm. These algae also need nitrogen and
phosphorus in their metabolism, much as land plants do. Like land plants, they release
oxygen and some carbon dioxide as waste products.

The most often used ponds in domestic wastewater treatment are the stabilization pond
and facultative lagoon.

The stabilization pond is designed to be aerobic throughout its depth and the facultative
lagoon will be anaerobic at the bottom and aerobic at the top. Stabilization ponds provide
secondary biological treatment and are the most commonly used wastewater pond.
Stabilization ponds must be preceded by some form of primary treatment to reduce the
solids entering the pond.

Aerobic Process
In the aerobic process, the reactions occurring can be summarized as:

Cells + organic load + oxygen — more cells + CO2 + H20

In fisheries, the need for addition of nutrients (the most common being nitrogen and
phosphorus) seldom appears, but an adequate level of oxygen is essential for aquatic life.

The most common aerobic processes are: activated sludge systems, lagoons, trickling
filters and rotating disk contactors. These aerobic processes are described, together with
the devices used for aeration.

The rotor used above is for increase oxygen and mixing in an oxidation ditch.
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FACULTATIVE LAGOON #2
Respiration in ponds and lagoons recycles organic carbon arising from photosynthesis
back to inorganic carbon. Prior to this transformation, the organic carbon is potentially
available to support secondary production. Ponds rarely are part of the A/S system, but
can be a back-up for overflow conditions.
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THREE CELL LAGOON
WASTEWATER TREATMENT SYSTEM

Lagoon systems consist of aerated cells, followed by a non-aerated polishing cell and a
final chlorine contact chamber. Often flowed by a non-aerated cell for sludge settling.
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Aeration
Aeration is a long, but effective process that entails mixing wastewater with air to enhance

the growth of aerobic microorganisms. Ponds may be continuously aerated for up to 30
hours at a time to ensure results.

Water surface

Compressed Air
—t—

\

Arrows indicate flow of mixed and aerated water.

Oxidation Ponds

Oxidation ponds are typically used in warmer locations. In addition, this method utilizes
natural bodies of water like lagoons. Wastewater is allowed to pass through this body for
a period of time and is then retained for two to three weeks.
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Raw Water Screening

Raw wastewater may or may not be screened and de-gritted before being directed into
the pond treatment system. Ponds in many pond systems may be operated in series or
in parallel.

Microorganisms in the first set of ponds treat the incoming effluent. If the previous ponds
are aerated and mixed the following ponds may be for settling or polishing. This pond
provides a quiet zone where the biological solids generated in the first two ponds can
settle.

Ponds generally do not have a secondary clarifier; the settling or polishing pond fulfils the
clarifier purpose.

Series or Parallel Pond Systems

Modern pond treatment typically consists of three or more separate ponds or cells that are
interconnected with piping and valves so that any one pond can be taken out of service
for cleaning and maintenance while the other remain in service. During normal operating
conditions, all ponds will be in service.

Pond Lining

Ponds may be lined with a synthetic liner or simply have compacted clay bottoms and
sides. Ponds may be equipped with baffle curtains to prevent short-circuiting and floating
aerators and ever solar power with special sensors including solar power to add oxygen.
Many ponds rely only on wind and algae to supply oxygen instead of mechanical aeration.

WWTBUGS©1/15/2022 www.abctlc.com 119 Toll Free (866) 557-1746


http://www.abctlc.com

02
(During daylight hours)

AEROBIC
- ZONE .

g } ~= —_
© <, N, FACULTATIVE
T ZONE

ANAEROBIC -
ZONE_ -
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Lagoon Systems

Lagoon systems are shallow basins that hold the wastewater for several months to allow
for the natural degradation of sewage. These systems take advantage of natural aeration
and microorganisms in the wastewater to renovate sewage.

Lagoons in series. Some will argue that lagoons are not part an A/S process, but
according the EPA, if you maintain suspended bugs for a process, it an A/S process.
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Lagoon Microorganisms

If you feed bugs or maintain bugs to degrade waste, this can be considered a type of A/S.
Before we look at the bugs themselves, let us look at the bugs’ eating habits. Have you
ever met a person who was a picky eater?

Some people will put their noses up at some foods and others will seemingly eat anything.
Predators typically eat from a narrow set of prey, while omnivores and scavengers eat
from a broader food selection. Here are some of the types of helpful wastewater
organisms:

» Swimming and gliding ciliates engulf bacteria or other prey.

» Stalked ciliates attach to the biomass and vortex suspended bacteria into their
gullets, while crawlers break bacteria loose from the floc surface.

» Predators feed mostly on stalked and swimming ciliates. The omnivores, such as
most rotifers, eat whatever is readily available, while the worms feed on the floc or
prey on larger organisms.

Microorganisms are directly affected by their treatment environment. Changes in food,
dissolved oxygen, temperature, pH, total dissolved solids, sludge age, presence of toxins,
and other factors create a dynamic environment for the treatment organisms.

Food (organic loading) regulates microorganism numbers, diversity, and species when
other factors are not limiting. The relative abundance and occurrence of organisms at
different loadings can reveal why some organisms are present in large numbers while
others are absent.

The aerobic bacteria in ponds are similar to those found in other treatment processes such
as in activated sludge. Three functional groups occur: freely dispersed, single bacteria;
floc-forming bacteria; and filamentous bacteria. All function to oxidize organic carbon
(BOD) to produce CO; and new bacteria (new sludge).

Some bacterial species that degrade wastes grow as single
bacteria dispersed in the wastewater. Although these readily
oxidize BOD, they do not settle and can leave the system in
the effluent as solids (TSS). These tend to grow in lagoons
at high organic loading and low oxygen conditions.

More important are the floc-forming bacteria, those that
grow in a large aggregate (floc) due to exocellular polymer
production (the glycocalyx). This growth form is important
as these flocs degrade BOD and settle at the end of the process, producing a low TSS
effluent. Their floc can also help entrain the single bacteria.

A number of filamentous bacteria occur in lagoons, usually at specific growth environments.
These generally do not cause any operational problems in lagoons, in contrast to activated
sludge where filamentous bulking and poor sludge settling is a common problem. Most
heterotrophic bacteria have a wide range of environmental tolerance and can function
effectively for BOD removal over a wide range in pH and temperature.

WWTBUGS©1/15/2022 www.abctlc.com 121 Toll Free (866) 557-1746


http://www.abctlc.com

Aerobic BOD removal generally proceeds well from pH 6.5 to 9.0 and at temperatures
from 3-4°C to 35°C (37.4 -39.2° F to 95°F. In the Autothermal Thermophilic Aerobic
Digestion (ATAD) process (mesophilic bacteria are replaced by thermophilic bacteria at
temperatures above 35°C up to about 70°C (158°F).

BOD removal generally declines rapidly below 3-4°C and ceases at 1-2°C.

A very specialized group of bacteria occurs to some extent in lagoons (and other
wastewater treatment systems) that can oxidize ammonia via nitrite to nitrate. These
nitrifying bacteria are strict aerobes and require a redox potential of at least +200 m V (Holt
et al., 1994).

AMOEBAE FREE SWIMMING CILIATE ROTIFER

STALKED CILATES WORM

POND & A/S TREATMENT INDICATOR MICROORGANISMS
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Mixed or Suspended Lagoons

Aerated lagoons are basins, normally excavated in earth and operated without solids
recycling into the system. This is the major difference with respect to activated sludge
systems.

Two types are the most common: the completely mixed lagoon (also called completely
suspended) in which the concentration of solids and dissolved oxygen are maintained
fairly uniform and neither the incoming solids nor the biomass of microorganisms settle,
and the facultative (aerobic-anaerobic or partially suspended) lagoons. In the facultative
lagoons. Mixing is reduced, causing accumulation of solids in the bottom that undergo
anaerobic decomposition, while the upper portions are maintained aerobic. The main
operational difference between these lagoons is the power input, which is in the order of
2.5-6 Watts per cubic meter (W/m?3) for aerobic lagoons while the requirements for
facultative lagoons are of 0.8-1 W/m3.

Being open to the atmosphere, the lagoons are exposed to low temperatures which can
cause reduced biological activity and eventually the formation of ice. This can be partially
alleviated by increasing the depth of the basin. Mixed lagoons require a secondary
sedimentation unit, which in some cases can be a pond basin excavated in earth, or
conventional settling tanks can be used.
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Diagram of facultative aerated lagoon.

If excavated basins are used for settling, care should be taken to provide a residence time
long enough for the solids to settle, and there should be provision for periodically removing
the accumulation of sludge.

Disadvantages of settling ponds include a very high possibility of offensive odor

development due to the decomposition of the settled sludge, and algae might develop in
the upper layers contributing to an increased content of suspended solids in the effluent.
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Odors can be minimized by using minimum depths of up to 6 feet (2m), while algae
production is reduced with a liquid retention time of less than two days. The solids will also
accumulate, all along the aeration basins in the facultative lagoons and even in comers,
or between aeration units in the completely mixed lagoon.

These accumulated solids will, on the whole, decompose in the bottom, but since there is
always a non-biodegradable fraction, a permanent deposit will build up. Therefore,
periodic removal of these accumulated solids becomes necessary. We will cover this in
much more detail in a few more pages.

SUBMERGED DIFFUSED AERATION LAGOON

Submerged diffused air is essentially a form of a diffuser grid inside a lagoon.
There are two main types of submerged diffused aeration systems for lagoon
applications: floating lateral and submerged lateral. Both these systems utilize
fine or medium bubble diffusers to provide aeration and mixing to the process
water. The diffusers can be suspended slightly above the lagoon floor or may rest
on the bottom. A flexible airline or weighted air hose supplies air to the diffuser
unit from the air lateral (either floating or submerged).

SUSPENSION MIXED LAGOON

Suspension mixed lagoons are flow-through activated sludge systems where the
effluent has the same composition as the mixed liquor in the lagoon. Typically, the
sludge will have a residence time or sludge age of 1 to 5 days. This means that
the chemical oxygen demand (COD) removed is relatively little and the effluent
is therefore unacceptable for discharge into receiving waters. The primary
objective of the lagoon is therefore to act as a biologically assisted flocculator
which converts the soluble biodegradable organics in the influent to a biomass
which is able to settle as a sludge. In any lagoon with mixing, an additional cell
must follow it to allow for clarification of the water before discharge.
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Algae Introduction

Algae are aerobic organisms that are photosynthetic and grow with simple inorganic
compounds COz, NHs, NOs, and PO4 using light as an energy source. (**Note that algae
produce oxygen during the daylight hours and consume oxygen at night.)

Algae are desirable in lagoons as they generate oxygen needed by bacteria for waste
stabilization. Three major groups occur in lagoons, based on their chlorophyll type: brown
algae (diatoms), green algae, and red algae.

The predominant algal species at any given time is dependent on growth conditions,
particularly temperature, organic loading, oxygen status, nutrient availability, and
predation pressures.

A fourth type of algae common in lagoons is the cyano-bacteria, or blue-green bacteria.
These organisms grow much as the true algae, with the exception that most species can
fix atmospheric nitrogen. Blue-green bacteria often bloom in lagoons and some species
produce odorous and toxic by-products.

Blue-Green Bacteria

Blue-green bacteria may be favored by poor growth conditions including high temperature,
low light, low nutrient availability (many fix nitrogen) and high predation pressure. Common
blue-green bacteria in waste treatment systems include Aphanothece, Microcystis,
Oscillatoria and Anabaena.

Algae can bloom in lagoons at any time of the year (even under the ice); however, a
succession of algae types occurs over the season. There is also a shift in the algal species
present in a lagoon through the season, caused by temperature and rotifer and Daphnia
predation.

Diatoms usually predominate in the wintertime at temperatures <60°F. In the early spring,
when predation is low and lagoon temperatures increase above 60°F, green algae such
as Chlorella, Chlamydomonas, and Euglena often predominate in waste treatment
lagoons.

The predominant green algae change to species with spikes or horns such as
Scenesdesmus, Micractinium, and Ankistrodesmus later in the season when Rotifers and
Daphnia are active (these species survive predation better).

Most algae grow best in warmer temperatures, longer detention time, and when inorganic
minerals needed for growth are in excess.

Alkalinity (inorganic carbon) is the only nutrient likely to be limiting for algal growth in
lagoons.

Substantial sludge accumulation in a lagoon may become soluble upon warming in the
spring, releasing nutrients and causing an algal bloom. Sludge release of nutrients is a
major cause of high algal growth in a lagoon, requiring sludge removal from the lagoon for
correction.
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GREEN ALGAE

THEIR CELLS HAVE NUCLEI AND PIGMENT IS DISTINCT.
THEY ARE MOST COMMON ALGAE IN PONDS AND CAN BE MULTICELLULAR

BLUE-GREEN ALGAE

ITS CELLS LACK NUCLEI AND ITS PIGMENT IS SCATTERED.
BLUE-GREEN ALGAE ARE ACTUALLY NOT ALGAE, BUT BACTERIA
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DINOFLAGELLATES

THEY HAVE FLAGELLA AND CAN SWIM IN OPEN WATERS
THEY ARE MICROSCOPIC AND SINGLE-CELLED

EUGLENOIDS DIATOMS
THEY LOOK LIKE TWO SHELLS THAT FIT TOGETHER.
THEY ARE GREEN OR BROWN AND SWIM WITH THEIR FLAGELLUM. THEY ARE MICROSCOPIC AND SINGLE CELLED
EASY TO SPOT BECAUSE OF THEIR RED EYE. THEY ARE MICROSCOPIC AND SINGLE CELLED
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Treatment Lagoon - pH and Alkalinity

The pH at a treatment lagoon is determined by the various chemical species of alkalinity
that are present. The main species present are carbon dioxide (CO,, bicarbonate ion
(HCOs3), and carbonate ion (CO.®). Alkalinity and pH can affect which species will be
present. High amounts of CO; yield a low lagoon pH, while high amounts of CO_8 yield a
high lagoon pH.

Bacterial respiration releases CO, which subsequently dissolves in water to yield carbonic
acid (H2CO3). This rapidly dissociates to bicarbonate ion, increasing the lagoon alkalinity.
Bacterial oxidation of BOD thus causes a decrease in lagoon pH due to CO; release.
Algal growth in lagoons has the opposite effect on lagoon pH, raising the pH due to algal
use for growth of inorganic carbon (CO2 and HCO3). Algal growth reduces the lagoon
alkalinity which may cause the pH to increase if the lagoon alkalinity (pH buffer capacity)
is low.

Algae can grow to such an extent in lagoons (a bloom) that they consume all of the CO;
and HCOs3 present for photosynthesis, leaving only carbonate (CO2?) as the pH buffering
species. This causes the pH of the lagoon to become alkaline. pH values of 9.5 or greater
are common in lagoons during algal blooms, which can lead to lagoon effluent pH
violations (in most states this is pH = 9). It should be noted that an increase in the lagoon
pH caused by algal growth can be beneficial. Natural disinfection of pathogens is
enhanced at higher pH.

Phosphorus removal by natural chemical precipitation is greatly enhanced at pH values
greater than pH = 8.5. In addition, ammonia stripping to the atmosphere is enhanced at
higher pH values (NHjs is strippable, not NHa+).

Protozoans and Microinvertebrates Life

Many higher life forms (animals) develop in lagoons. These
include protozoans and microinvertebrates such as rotifers,
daphnia, annelids, chironomids (midge larvae), and mosquito
larvae. These organisms are often termed zooplankton, and play
a role in waste purification by feeding on bacteria and algae and
promoting flocculation and settling of particulate material.

Protozoans are the most common higher life forms in lagoons, with
about 250 species identified in lagoons to date (Curds, 1992).
Rotifers and daphnia are particularly important in controlling algal
overgrowth and these often "bloom" when algal concentrations are
high. These microinvertebrates are relatively slow growing and
generally only occur in systems with a detention time of >10 days.

Mosquitoes grow in wastewater lagoons where shoreline vegetation is not removed,
possibly causing a nuisance and public health problem. Culex tarsalis, mosquito, the
vector of Western Equine Encephalitis in the western U.S., grows well in wastewater
lagoons (USEPA, 1983). The requirement for a minimum lagoon bank slope and removal
of shoreline vegetation by most regulatory agencies is based on the public health need to
reduce mosquito vectors.
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Suspended Film Systems- Sub-Section

Suspended film systems stir and suspend microorganisms in wastewater. As the
microorganisms absorb organic matter and nutrients from the wastewater, they grow in
size and number. Trickling filters and RBCs are fixed-film processes.

After the microorganisms have been suspended in the wastewater for several hours, they
are settled out as sludge. Some of the sludge is pumped back into the incoming
wastewater to provide "seed" microorganisms. The remainder is wasted and sent on to a
sludge treatment process.

Activated sludge, extended aeration, oxidation ditch, and sequential batch reactor
systems are all examples of suspended growth or film systems.

These processes use the same microorganisms as pond systems and activated sludge to
treat wastewater, but the microorganisms grow attached to a surface. Fixed-film
processes are also referred to as attached growth processes.

Fixed Film Systems

Fixed film systems grow microorganisms on substrates such as rocks, sand or plastic. The
wastewater is spread over the substrate, allowing the wastewater to flow past the film of
microorganisms fixed to the substrate.

As organic matter and nutrients are absorbed from the wastewater, the film of
microorganisms grows and thickens. Trickling filters, rotating biological contactors, and
sand filters are examples of fixed film systems.

Empty RBC
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Biofilm

Support media provides a surface for the microorganisms to attach and grow. These
microorganisms gradually form a slime layer called a biofilm. A thin layer of wastewater
flowing over the biofilm either intermittently or continuously wets the surface of the biofilm
and brings food and nutrients to the microorganisms and carries away any waste products.

Excess or dead biomass, which sloughs off the media surface is carried away by the
wastewater flowing over the biofilm and through the void spaces of the support media.
Sloughed biomass is removed from the trickling filter or RBC effluent by gravity settling in
a clarifier.

Soluble Organic Matter

The microorganisms that grow in biofilms convert soluble organic matter into biomass
solids. Both trickling filters and RBCs can remove carbonaceous matter measured as
biochemical oxygen demand (BOD) as well as ammonia, nitrite and nitrate. These biofilms
typically do not remove phosphorus beyond assimilative uptake.

Biofiltration

This method of secondary treatment of wastewater employs sand filters, contact filters, or
trickling filters to ensure that additional sediment is removed from wastewater. Of the three
filters, trickling filters are typically the most effective for small-batch wastewater treatment.

Bioaccumulation

Bioaccumulation is a gradual increase of a pollutant within an organism. The pollutant is
taken up faster than it can be processed and eliminated. Bioaugmentation can
concentrate pollutants further through the food chain.
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Rotating Biological Contactor (RBC) Sub-Section

The rotating biological contactor (RBC) is a fixed film biological secondary treatment
device. The basic process is similar to that occurring in the trickling filter. In an RBC, the,
media, consisting of a series of circular disks mounted side by side on a common shaft, is
rotated through the wastewater flow.

INFLUENT map

PRIMARY SECONDARY
SETTLING SETTLING
TANK TANK

SOLIDS DISPOSAL

ROTATING BIOLOGICAL CONTACTORS

ROTATING LEAVES OF PLASTIC MEDIA

s HOUSING
COVER

INFLUENT miige-[= m»- EFFLUENT
PRIMARY SLUDGE By e HUMUS
DRAN-OFF "™ S - ] SLUDGE

RBC- INTEGRAL TYPE

RBC’s with integral units treat unsettled sewage and has the capability of providing
primary and secondary settling in the unit.
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Rotating biological contactors is a remediation technology used in the secondary
treatment of wastewater. This technology involves allowing wastewater to come in contact
with an attached biological medium in order to facilitate the removal of contaminants.

In its simplest form, a rotating biological contactor consists of a
series of discs or media blocks mounted on a shaft which is
driven, so the media rotates at right angles to the flow of
sewage. The discs or media blocks are normally made of
plastic (polythene, PVC, expanded polystyrene) and are
contained in a trough or tank so that about 40% of their area is
immersed.

The biological growth that becomes attached to the media
assimilates the organic materials in the wastewater. Aeration is
provided by the rotating action, which exposes the media to the
air after contacting them with the wastewater. The degree of
wastewater treatment is related to the amount of media surface
area and the quality and volume of the inflowing wastewater.

Rotating biological contactors can be supplied as part of an integral package plant to treat
sewage from various communities. Integral units are provided in sizes of up to a 500-
population equivalent. A smaller version is also available for small private installations.

Each plant is designed to meet the specific requirements of the site and the effluent quality

required.

Rotating biological contactor

Drive Shaft

Influent Effluent

Direction of flow
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Advantages
v" Short contact periods are required because of the large active surface.
v Capable of handling a wide range of flows.
v Sloughed biomass generally has good settling characteristics and can easily be
separated from the waste stream.

v' Operating costs are low, as little skill is required in plant operation.
v" Retention times are short.
v' Low power requirements.
v Low sludge production and excellent process control.
Problems

White biomass over most of a RBC disc, which can be usually resolved by increasing
the age of the sludge.

RBC Principles

The principles of the rotating biological contactor originated in the early 1900's but its
application to sewage treatment did not occur until the 1960's when the present system
was developed. The process employed relies on the well-established principle of biological
oxidation using naturally occurring organisms.

Primary Settlement Zone

Incoming flows of raw sewage enter the RBC primary settlement zone, which is designed
to have a buffering capacity of balancing flows. Settled solids are retained in the tank's
lower region while the partially clarified liquor passes forward to the biozone where it
makes contact with the slowly rotating disks.

Installation of Rotating Biological Contactors

Rotating biological contactors are available in sizes from 45 inches (1100mm) diameter
up to 150 inches (3800mm) in diameter. The media packs that form the rotors are
manufactured from vacuum formed black polyethylene sheets supported on the central
shaft with a galvanized steel framework. The central shaft is manufactured from mild steel
tube, protected internally against corrosion and fitted with end stub shafts, which are
supported on split bearings.

2
'l{{lll.’- '3

Gearbox and Drive mechanism
Rotation is provided by a shaft mounted gearbox and motor fitted at one end.
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Biozone
The rotor assembly is suspended within the biozone with 40% of the diameter submerged
in the liquor at any one time. The disks slowly rotate and the continuous alternate exposure
to air and sewage results in a growth of organisms known as biomass which adheres to
the disks.

These organisms occur naturally in the sewage and carry out the purification process by
feeding off the impurities present in the sewage. As they have a short life cycle, these
organisms are continually shearing off the rotating disks and pass from the biozone to the
final zone.

The biozone is fitted with a series of baffles between each bank of media to prevent short
circuiting and to ensure maximum performance.

-._-rﬂ?'i‘ e

RBCs at Culbokie, Scotland Water.

Final Settlement Zone

The biomass passes from the biozone into the final settlement zone where it settles to
form humus sludge. This is then regularly pumped out using either an airlift system or
submersible pumps and returned to the primary zone.

The clarified liquid decants from the top of the tank as effluent that can be
discharged, further clarification, and/or disinfection.
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Trickling Filter Description (From EPA Fact Sheet 832-F-00-014)

Rotating Distribution Arm
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Filter Media
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TRICKLING FILTER DIAGRAM #1

Trickling filters (TFs) are used to remove organic matter from wastewater. The TF is an
aerobic treatment system that utilizes microorganisms attached to a medium to remove
organic matter from wastewater. This type of system is common to a number of
technologies such as rotating biological contactors and packed bed reactors (biotowers).
These systems are known as attached-growth processes. In contrast, systems in which
microorganisms are sustained in a liquid are known as suspended-growth processes.

TF Applicability

TFs enable organic material in the wastewater to be adsorbed by a population of
microorganisms (aerobic, anaerobic, and facultative bacteria; fungi; algae; and protozoa)
attached to the medium as a biological film or slime layer (approximately 0.1 to 0.2 mm
thick).

As the wastewater flows over the medium, microorganisms already in the water gradually
attach themselves to the rock, slag, or plastic surface and form a film. The organic material
is then degraded by the aerobic microorganisms in the outer part of the slime layer.

As the layer thickens through microbial growth, oxygen cannot penetrate the medium face,
and anaerobic organisms develop. As the biological film continues to grow, the
microorganisms near the surface lose their ability to cling to the medium, and a portion of
the slime layer falls off the filter. This process is known as sloughing. The sloughed solids
are picked up by the underdrain system and transported to a clarifier for removal from the
wastewater.
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Design Criteria

A TF consists of permeable medium made of a bed of rock, slag, or plastic over which
wastewater is distributed to trickle. Rock or slag beds can be up to 60.96 meters (200 feet)
in diameter and 0.9-2.4 meters (3 to 8 feet) deep with rock size varying from 2.5-10.2 cm
(1 to 4 inches). Most rock media provide approximately 149 m?/m3 (15 sq. ft/cu ft) of
surface area and less than 40 percent void space.

The design of a TF system for wastewater also includes a distribution system. Rotary
hydraulic distribution is usually standard for this process, but fixed nozzle distributors are
also being used in square or rectangular reactors. Overall, fixed nozzle distributors are
being limited to small facilities and package plants. Recently some distributors have been
equipped with motorized units to control their speed. Distributors can be set up to be
mechanically driven at all times or during stalled conditions.

Biotowers

Packed plastic filters (bio-towers), on the other hand, are smaller in diameter (6 to 12
meters (20 to 40 feet)) and range in depth from 4.3 to 12.2 meters (14 to 40 feet). These
filters look more like towers, with the media in various configurations (e.g., vertical flow,
cross flow, or various random packings). Research has shown that cross-flow media may
offer better flow distribution than other media, especially at low organic loads.

Plastic Medium

When comparing vertical media with the 60-degree cross-flow media, the vertical media
provide a nearly equal distribution of wastewater minimizing potential plugging at higher
organic loads better than cross flow media. The plastic medium also required additional
provisions, including ultraviolet protective additives on the top layer of the plastic medium
filter, and increased plastic wall thickness for medium packs that are installed in the lower
section of the filter where loads increase.

Underdrain System

In addition, a TF has an underdrain system that collects the filtrate and solids, and also
serves as a source of air for the microorganisms on the filter. The treated wastewater and
solids are piped to a settling tank where the solids are separated. Usually, part of the liquid
from the settling chamber is recirculated to improve wetting and flushing of the filter
medium, optimizing the process and increasing the removal rate.

It is essential that sufficient air be available for the successful operation of the TF. It has
been found that to supply air to the system, natural draft and wind forces are usually
sufficient if large enough ventilation ports are provided at the bottom of the filter and the
medium has enough void area. The following four basic categories of filter design are
based on the organic loading of the trickling filter.

Rock Medium
With a rock medium, the filters tend not to be hydraulically limited and have application
limits ranging from 0.01 to 0.04 liters per square meter-second (0.02 to 0.06 gal/sq. ft/min).

The sloughed solids from a low-rate filter are generally well digested and as a result, these
filters yield less solids than higher rate filters. Secondary quality effluent is readily
achievable if the low-rate trickling filter design incorporates filter media with bioflocculation
capabilities or good secondary clarification.
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Low-Rate Filters

Low-rate filters are commonly used for loadings of less than 40 kilograms five day
biochemical oxygen demand (BODs)/100 meters cubed per day (25 Ib BODs/1000cu
ft/day). These systems have fewer problems than other filters with regards to filter flies,
odors, and medium plugging because of the lower loading rate. Low-rate filters with a
rock medium range in depth from 0.9 to 2.4 meters (3-8 ft.). Most low-rate filters are
circular with rotary distributors, but some filters currently in use are rectangular.
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TRICKLING FILTER DIAGRAM #2

Trickling filters are equipped with dosing syphons or recirculation pumps to provide a
continuous wetting rate for short intervals between rest periods. A minimum wetting rate
of 0.4 liters per square meter-second (0.7 gal/sq. ft/min) is maintained to prevent the high
rate plastic filter medium (biofilm) from drying out.
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Intermediate-Rate Filters

Intermediate rate filters can be loaded up to 64 kg BODs/100 m 3-d (40 Ib BODs/1000cu
ft/day). In order to ensure good distribution and thorough blending of the filter and
secondary effluent, the system should recirculate the trickling filter effluent. The biological
solids that slough from an intermediate trickling filter are not as well digested as those
using a low-rate filter.

High-Rate Filters

High-rate filters are generally loaded at the maximum organic loading capabilities of the
filter and receive total BODs loading ranging from 64 to 160 kg BODs/100 m3-d (40 to 100
Ib. BODs/1000cu ft/day). Achieving a secondary quality effluent is less likely for a high-
rate filter without a second stage process. As a result, high-rate filters are often used with
combined processes.

Roughing Filters

Roughing filters are designed to allow a significant amount of soluble BOD to bleed
through the trickling filter. Filters of this type generally have a design load ranging from
160-480 kg BODs/100 m 3-d (100 to 300 Ib. BODs/1000cu ft/day).

Performance of TFs

Recent efforts have been made to combine fixed film reactors with suspended growth
processes to efficiently remove organic materials from wastewater. For example, the
combination of a trickling filter with an activated-sludge process has allowed for the
elimination of shock loads to the more sensitive activated sludge while providing a highly
polished effluent that could not be achieved by a trickling filter alone. Table 1 shows the
BODs removal rates for the four filter types discussed.
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BIOLOGICAL FILM
TREATED WATER

BIOFILM TRICKLING FILTER

TABLE 1 BODs Removal Rates for Various Filter Types

Filter Type BODs Removal (%)
Low Rate 80-90
Intermediate Rate 50-70
High Rate 65 - 85
Roughing Filter 40 - 65

Source: Environmental Engineers Handbook, 1997.
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Although the TF process is generally reliable, there is still potential for operational
problems. Some of the common problems are attributed to increased growth of biofilm,
improper design, changing wastewater characteristics, or equipment failure.

Operation and Maintenance

Disagreeable Odors from Filter

Potential Cause: Excessive organic load causing anaerobic decomposition in filter.
Remedy: Reduce loading; increase BOD removal in primary settling tanks; enhance
aerobic conditions in treatment units by adding chemical oxidants, pre-aerating, recycling
plant effluent, or increasing air to aerated grit chambers; scrub off gases; use plastic media
instead of rock.

Potential Cause: Inadequate ventilation.

Remedy: Increase hydraulic loading to wash out excess biological growth; remove debris
from filter effluent channels, underdrains, and the top of filter media; unclog vent pipes;
reduce hydraulic loading if underdrains are flooded; install fans to induce draft through
filter; check for filter plugging resulting from breakdown of the medium or the media
support.

Ponding on Filter Media

Potential Cause: Excessive biological growth or foreign matter in or on the filter, broken
media spoort.

Remedy: Remove debris. Reduce organic loading; increase hydraulic loading to increase
sloughing; use high-pressure stream of water to flush filter surface; maintain 1 to 2 mg/L
residual chlorine on the filter for several hours; flood filter for 24 hours; shut down filter to
dry out media; replace media if necessary.

A TF consists of permeable medium made of a bed of rock (As seen above), slag,
or plastic over which wastewater is distributed through the armature to trickle.
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Fixed-film trickling filters. The left filter discoloration is due to sloughing. The photo
below is the actual material off that filter.
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Aeration Sub-Section

Oxygen Requirements

Oxygen requirements in suspended growth systems generally depend on BOD loading,
degree of treatment, and level of suspended solids concentration to be maintained in the
aeration tank mixed liquor. Aeration equipment is designed to supply sufficient oxygen to
maintain a minimum dissolved oxygen concentration of 2 milligrams per liter (mg/l) at
average design load and 1.0 mg/l at peak design loads throughout the mixed liquor. In
the absence of experimentally determined values, the design oxygen requirements for all
activated sludge processes is generally 1.1 Ibs. oxygen per Ib. peak BOD5 applied to the
aeration tanks. In the extended aeration process, the value is 2.35. Aeration equipment
shall be of sufficient size and arrangement to maintain velocities greater than 0.5 foot per
second at all points in the aeration tank.

The oxygen requirements for an activated sludge system can be estimated using the
following relationship:

O, =(a) (BOD) + b (MLVSS)
O2 = pounds of oxygen required per day
BODs = pounds of BOD removed per day (5-day BOD)*

MLVSS = pounds of mixed liquor volatile suspended solids contained in the aeration
basin

a= amount of oxygen required for BOD synthesis. "a" will range from 0.5 to 0.75 pound
of oxygen per pound of BOD removed

b= amount of oxygen required for endogenous respiration or decay. "b" will range from
0.05 to 0.20 pound of oxygen per pound of MLVSS

*BOD removal shall be calculated as influent BODs minus soluble effluent BODs.

For preliminary planning before process design is initiated, a rough estimate can be
obtained by using 1.0 to 1.2 pounds of oxygen per pound of BOD removed (assuming no
nitrification).

The supply of oxygen to the activated sludge basin represents the largest single energy
consumer in an activated sludge facility (50 to 90%). Oxygen transfer devices are used
to not only supply oxygen to the process, but also to mix the aerobic compartments of the
basin. Typically, there are two types of aeration devices: diffused-aeration systems and
mechanical-aeration systems.

There are several designs and applications for aerators:
o Diffused Aerators

e Mechanical Surface Aerators
e Submerged Turbine Aerators
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Air is necessary at process number 5-6.

FINE BUBBLE AERATION DIFFUSER

A device through which air is pumped and divided into very small bubbles that
are used to introduce and dissolve oxygen into the liquid. Fine bubble diffusers
are normally disks or tubes that use membranes or ceramic materials to create
the bubbles and gentle mixing action. Fine bubble diffused aeration utilizes full
floor coverage in order to be effective and energy efficient.

COARSE BUBBLE AERATION DIFFUSER

A device through which air is pumped and divided into large bubbles that are
transferred and dissolved into the liquid. Coarse bubble diffusers normally
discharge air at a high rate and are installed to induce a spiral or cross roll
mixing pattern. Coarse bubble diffusers are typically installed where a non-
clogging application is required.
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The two most common types of aeration systems are subsurface diffusion and mechanical
aeration. Both air systems have been around for many decades.

Originally, opened tubes or perforated pipes were used at the bottom of aeration tanks.
But since then a more efficient process was desired. In the diffused air system,
compressed air is introduced near the bottom of the tank. The definition for diffused
aeration:

“the injection of a gas, air or oxygen, below a liquid surface.”

Diffused Aeration

Diffused action defined as the injection of it or air or oxygen below the water level. The air
or oxygen is supplied by low-pressure blowers with pressures typically up to 210 kPa
absolute (30 psia) or 105 kPa gauge (15 psig). Jet aerators, which combined gas injection
with mechanical pumping or mixing, are also included in this category

Oxygen Supply

The aerated systems as described need an oxygen supply. Depending on the
characteristics of the process, different designs may be used. The oxygen can be supplied
to the activated sludge by either diffused aeration, by turbine agitation, by static aerators,
or by surface coarse or large bubble diffusers. The last two are also used in lagoon
systems.

Diffused aeration systems are also divided into fine bubble, medium and coarse or large
bubble diffusers. Fine bubble diffusers are built of porous materials (grains of pure silica
or aluminum oxide are bonded ceramically or by resins) which provide very small bubbles
of high surface area that favor the oxygen transfer from the air to the wastewater.

Medium bubble diffusers are perforated pipes or tubes wrapped with plastic or woven

fabric. The coarse or large bubble diffusers can be orifice devices of various types, some
of which are designed to be non-clogging.

Water surface

Compressed Air
é

Arrows indicate flow of water
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Coarse or Large Bubble Diffusers

With the small or fine bubble diffusers, it is important to use air free of particles that would
otherwise clog them. Although somewhat less efficient for oxygen transfer, the coarse
bubble diffusers are sometimes preferred because the presence of particles in the air is
not a critical problem, and also for their lower cost and maintenance requirements. The
diffusers are placed along air manifolds, close to the bottom of the aeration tanks.

Static Aerators

The static aerators are vertical tubes placed at the bottom of the aeration tank, with
packing material along its length. The compressed air is supplied from the bottom of the
tubes, forcing a mixture of air and water through the packing, where most of the oxygen
transfer to the wastewater takes place. They have been used mainly in aerated lagoons.

Jet Aeration
Jet aeration systems combine aeration with mechanical pumping. These systems may be
arranged with two headers running the full length of a basin, or have a central hub
arrangement.

A blower is typically used to provide pressurized air to the upper header while MLSS is
simultaneously pumped through the bottom header.

Submersible pumps are typically used, but some installations to external pumps in the
case of circular system the airline enters at the top of the hub. Nozzle assemblies, also
called jets, are spaced evenly along the liquid header.

Each jet assembly contains two nozzles nested one within the other. The air header is
connected to the liquid header by air transfer ducts. As MLSS is pumped through the
header and exits through the inner nozzle, it mixes with the incoming air in the outer
nozzle. The intense mixing and high degree of turbulence help to produce air bubbles that
are similar in size to those produced by fine-bubble aeration systems.

The above photo shows pipes and enclosed blowers as part of the aeration
system. These areas are generally underground or in large buildings.
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Photo Journal #4

Porous air diffusers in an aeration tank.
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A up-close view of non-porous diffuser heads. Notice that some of the heads
that are missing in the bottom photograph.
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Blowers Sub-Section

In the diffused aeration system, blowers are used to aerate and circulate the tank’s
contents by the air-lift effect. The air filter on the blower removes dirt from the air, and
helps prevent diffuser clogging. The power source to drive the blower is usually an electric
motors. In remote locations, gas or diesel engines can be used as well. In some states,
solar energy is available to provide the power for mixers but no so much for blowers.

As illustrated in the photograph below, the rotation of the motor shaft is transferred to the
blower shaft by means of a flexible coupling or through drive belts. The blowers that we
will refer to are centrifugal blowers.

The centrifugal blower works like a centrifugal pump or a fan. Rotating impellers or fans
cause movement of the air through the blowers. An intake side takes in the air and the
discharge side the forces the air out. The number of impellers will determine if it is a multi-
stage or single-stage blower. The photographs below illustrate the major components of
a centrifugal blower.

Centrifugal Blower

A lobe blower utilizes positive displacement; it also
has an intake and a discharge side. The lobes turn
in opposite directions in the casing. As they turn,
the air is drawn in through the blower inlet and is
trapped.

The lobes keep turning, opening the blower
discharge, and forcing the trapped air through the
outlet. Usually, an electric motor drives the blower
with belt pulleys or flexible couplings. A lobe blower
is a positive displacement pump and is capable of
producing a relatively high-pressure air.

Lobe Blower
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Before we continue let’s review what you just read about the blowers and motors.

1. What are two ways that the motor and the blowers can be attached?

2. When using flexible couplings, what are some maintenance concerns to
consider?

Blowers may be provided with additional equipment. For example, safeguards can be
installed to protect equipment and operators. Temperature sensors for bearing housing,
and vibration sensors protect the unit by shutting it down if limits are exceeded.
Condensation drains should be provided on the bottom of blowers to drain off any
accumulated moisture.

The compressed air from the blowers moves into a system of pipes and valves. The
amount of air supplied from the blower is controlled by regulating valves mounted on the
intake and/or discharge side of the blower. Usually butterfly valves are used either have
manually operated or use automation.

Blowers usually discharge to a common manifold, so check valves are installed at the
discharge of each blower. The intake and discharge pipes are called the air mains. They
are connected by a flexible connection to allow for vibration and heat expansion in the
piping. There is a pressure relief valve on the discharge manifold to protect the blower
from excessive back pressure overload. When this occurs the operator will be awakened
on the midnight shift. Pressure gauges are used in several areas on the discharge side of
the blowers.

On the intake side, where air is supplied, is some type of filtering to remove dirt particles
that could clog the diffusers. It also protects the blowers from excessive wear. Replaceable
filter units are the simplest for operations. Bag house dust collectors are bulky and
expensive, though maintenance may be less. In some cases, electrostatic precipitators
may be an advantage, in areas of poor air quality. Most systems have utilized pressure
drop measuring to indicate when it is time to replace or clean the units.

The above photograph shows air being unevenly distributed in an aeration tank.
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Diffuser Layouts

There are many different design layouts and patterns of diffuser placement. Systems that
allow longer and more complete contact between the air and the liquid are preferred. We
will focus on fine bubble (porous) diffusers and coarse bubble (nonporous).

Coarse bubble diffusion devices, or large-hole diffusers, produce larger bubbles than
porous plates, porous tubes, or synthetic socks. The larger bubbles provide less surface
area for air-liquid contact and will result in less oxygen transfer efficiency than that
obtained with fine bubble diffusers.

Mechanical Aeration

There are several main types of
mechanical aeration devices. The
floating and fixed bridge aerators are
quite common. Some use a blade to
agitate the tank’s surface and disperse
air bubbles into the aeration liquor.
Others circulate the mixed liquor by an
updraft or downdraft pump or turbine.
This action produces surface and
subsurface turbulence, while diffusing air
through the mixed liquor.

Surface Aerators/Mixers Above

Floating Mixers

For the motor on this fixed bridge, aeration motor speeds are usually in the 1,800
rom range. This speed is reduced to the 30 to 70 rpm range with gear reducers.
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Most vertical motors for mixers are mounted on a gear reduction
unit as seen in the photograph on the right. The impeller drive
shaft can be enclosed in a housing connected directly to the gear
box. There is a bearing at the bottom of the shaft that steadies
and aligns this shaft. This bearing needs lubrication; always
check your manufactures recommendations.

Some plants use an oxidation ditch in which rotating brushes,
blades, or disks are rotated partially submerged in the mixed
liquor. The turbulence produced traps the air bubbles and keeps
the mixed liquor in motion.

Other systems use both compressed air and a mechanical device to trap the bubbles. In
one such system, submerged turbine aeration, air is injected below a rotating turbine blade
that shears and disperses the air. Submerged turbine applications have also used a draft
tube operating in a downdraft-pumping mode.

Jet Aeration

Aerators provide oxygen transfer by mixing pressurized air and water within a nozzle and
then discharging the mixture into the aeration tank. The velocity of the discharged liquid
and the rising air plume provide the necessary mixing action.

Perforated tube with plastic mesh wrapping

FINE BUBBLE AERATION

Compressed \
N \
Air

FINE BUBBLE DIFFUSERS
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Advanced Treatment Methods Sub-Section Credit EPA

SECONDARY TREATMENT TERTIARY TREATMENT

ENHANCED BIOLOGICAL
REMOVAL (INCLUDING MBR & ADVANCED
BIOFILM SUPPORTED AND FILTRATION

GRANULAR SLUDGE SYSTEMS)
I ABSORPTIVE

CONSTRUCTED WETLANDS

EFFLUENT

ALGAE-BACTERIAL MEDIA
EE!TMT?EE HYBRID SYSTEM DISCHARGE
SEWAGE ALGAL BIOFILM
SUSPENDED GROWTH J
PHOTO-BIOREACTOR CHEMICAL

DOSING

BIOLOGICAL FILTER

[ON EXCHANGE

CONVENTIONAL ACTIVATED
SLUDGE

IMMOBILIZED ALGAE
PACKAGE PLANTS (e.g. RBC) SYSTEMS

TERTIARY TREATMENT CONTAMINANT REMOVAL DIAGRAM

In advanced wastewater treatment, treatment methods are dependent upon the
characteristics of effluent to be obtained after secondary treatment to satisfy further use
or disposal of treated wastewater. The diagram above list different methods depending on
the removal of BOD, TSS and minor portions of nitrogen, phosphorus, and heavy metals
achieved during secondary treatment.

Tertiary Treatment Purpose

Tertiary treatment methods, considered as Advanced Treatment as seen above in chart,
use different methods to achieve targeted removal for water quality. Another way to
classify advanced wastewater treatment methods is to differentiate on the basis of desired
treatment goals.

Advanced wastewater treatment is used for:

1. Additional organic and suspended solids removal

2. Removal of nitrogenous oxygen demand (NOD)

3. Nutrient removal

4. Removal of toxic materials

Different advanced methods are used to satisfy any of the several specific goals, which
include the removal of:
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1. Suspended Solids
2.BOD

3. Plant nutrients

4. Dissolved solids
5. Toxic substances

These methods may be introduced at any stage of the total treatment process or may be
used for complete removal of pollutants after secondary treatment.

SUSPENDED SOLID PARTICLES
EIIIE-I;RQ-ITIEOIANM STRIPPING DISSOLVED AMMMONIA

VOLATILE ORGANIC COMPOUNDS (VOC's)

DISSOLVED ORGANICS, TO INCLUDE VOC's
ADSORPTION COLOURING ODORIFEROUS COMPOUNDS
BIOLOGICAL PROCESSES NITROGENOUS & PHOSPHOROUS COMPOUNDS
MEMBRANE SEPARATION PROCESS SUCH AS DISSOLVED ORGANICS AND INORGANICS

MICROFILTRATION, ULTRA FILTRATION,
NANOFILTRATION & REVERSE OSMOSIS (RO)

ION-EXCHANGE PROCESS DISSOLVED ANIONS AND CATIONS
PRECIPITATION HEAVY METAL IONS AND OTHER IONIC SUBSTANCES
OXIDATION - REDUCTION ORGANICS & SOME INORGANICS

DISINFECTION MICRO - ORGANISMS TO INCLUDE VIRUS

Technical

re=ming TERTIARY METHODS AND THEIR EFFECTIVENESS IN TREATMENT

Advanced Methods of Wastewater Treatment

As our country and the demand for clean water and permit regulation have grown, it has
become more important to produce the best or cleanest wastewater effluents, yet some
contaminants are more difficult to remove than others are.

All WWTPs must provide a minimum of secondary treatment of wastewater. WWTP treatment
levels beyond secondary treatment are called advanced treatment or tertiary treatment.
Advanced treatment technologies are now extensions of conventional secondary biological
treatment to further stabilize oxygen-demanding substances.

Advanced treatment may include physical-chemical separation techniques such as
adsorption, flocculation/precipitation, membranes for advanced filtration, ion exchange, and
reverse osmosis.
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TERTIARY FILTRATION DISINFECTION (e.g. chlorination)
(e.g. depth filtration)
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Technical
Learning

e TERTIARY TREATMENT (Filtration / Disinfection)

The diagram above is a simple form of tertiary treatment that requires disinfection to kill
harmful waterborne diseases. This stage is similar to the one used by drinking water
treatment plants, which clean raw water for drinking purposes.

The tertiary treatment stage has the ability to complete the removal of up to 99 percent of
the impurities from the raw wastewater. This produces effluent water that is close to
drinking water quality. Unfortunately, this process tends to be a bit expensive, as it requires
special equipment, well trained and highly skilled equipment operators, chemicals, and a
greater energy supply.

Types of Conventional Wastewater Filters

New environmental wastewater treatment standards are more stringent and require lower
levels of BOD, TSS and ammonia. Because of these standards, the following are a few of
the tertiary filtration systems.

Conventional Down-Flow Filters

These filters consist of fixed-media beds typically up to 3 feet (1 M) in depth and are similar
to filters used to treat drinking water. Media can be single media, dual media, or multi
media. Single media is typically sand or anthracite.

Dual media combines anthracite and sand. Multi-media filters include a layer of garnet or
limonite. Flow in these filters is by gravity from the top down. Most of the removal occurs
in the top few inches of the media. The filter must be taken off-line periodically to backwash
the filter to prevent clogging and too high of a pressure loss.
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Deep-Bed Down-Flow Filters

These filters are similar to conventional down-flow filters but have deeper beds and a
larger media size. This gives the advantage of longer run times between backwashes. The
size of the media is limited in part by the ability to backwash the filter. Because these filters
are more difficult to backwash, air scour is necessary to fully clean the filter bed.

Continuous Backwashing Upflow Sand Filters

During operation of the continuous backwashing upflow filter, water is introduced through
risers at the bottom of a deep sand bed. Water flows upward through the sand bed and
over an overflow weir. Sand and trapped solids flow downward through the filter and are
drawn into the suction of an airlift pipe in the center of the filter. As the sand travels up the
airlift pipe, energy from the air scours the particles and separates the sand from filtered
solids. At the top of the airlift pipe, the clean sand settles back onto the top of the filter and
the solids are carried away into a reject line.

These filters have the advantage of having no moving parts other than the air compressor
and requiring less energy and maintenance than traditionally backwashed filters. They are
sometimes referred to by the trade name Dynasand.

Pulsed Bed Filters

Pulsed bed filters are shallow filters with an unstratified fine sand media. An air pulse
disturbs the media and allows penetration of solids into media bed, allowing the entire filter
bed to be used for removal of solids. The pulse is designed to expand the filter operation
and reduce the number of backwash cycles, although the filter must still be periodically
backwashed to remove the solids.

Traveling-Bridge Filters

Traveling-bridge filters consist of long shallow beds of granular media. Wastewater is
applied to the top of the media and flows downward. Each cell is individually backwashed
by a traveling-bridge while the other cells continue to operate. The bridge uses filtered
water to backwash the filters and includes surface wash to breakup matted solids or
clumps of solids.

Fuzzy Filters

The fuzzy filter uses a proprietary synthetic filter media that is highly porous. Water flows
not only around the media but also through it, allowing much higher filtration rates. The
media is held in place by a metal plate and flow is from the bottom of the bed upwards.
The filter is backwashed by raising the plate and introducing a horizontal air stream from
alternating sides causing the media to roll back and forth. The effluent is returned to the
plant.

Discfilters

Discfilters are a series of parallel mounted disks used to support a cloth filter media. Water
enters a central tube and flows out between the two layers of cloth in each disk. The disks
rotate and are normally 60 to 70 percent submerged. The portion above the water is
backwashed using spray nozzles.
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Cloth Media Disk Filters

The cloth media disk filter is similar to the discfilter listed above. In this case the water
flows from the outside of the partially submerged cloth disks and into a center pipe. Disks
continue to rotate during backwash and water is sucked into the disc using suction heads.

Membranes

Membrane systems use a pressure head to drive water through a permeable membrane.
Membrane filters are typically classified by their pore size which in turn determines the
size of the particles they exclude. Microfiltration, ultrafiltration, nandfiltration, and reverse
osmosis (RO) remove increasingly smaller particles.

Microfiltration and ultrafiltration remove 3 to 6 logs of bacteria, 95 percent or more BOD,
along with most particles (WEF, 2006). Nanofiltration removes nearly all particles including
some viruses. RO removes all particles including viruses as well as most large dissolved
constituents. The energy cost for applying the pressure head and the need to replace
membranes make membrane filtration a more expensive technology. It can achieve very
low concentrations of nutrients and other contaminants, however, and is common in water
re-use projects.

Membranes can be configured a number of ways including hollow fiber, spiral wound,
plate and frame, cartridge, or in pressure vessels. Membranes can foul from organics,
biological activity, or metals in the wastewater. Typically, the water must be pre-treated
before using these membranes. Pretreatment could be conventional filters, cartridge
filters, or larger membrane filters. Disinfection may also be required to prevent biological
fouling.

Blue PROTM Process

The Blue PROTM process uses a continuous backwashing filter that is designed to
remove phosphorus. Filters can be run in series for even greater removal. The filter media
(sand) is coated with a hydrous ferric oxide coating, which enhances phosphorus removal
through adsorption. A ferric salt is added prior to the filter to aid in coagulation and to
replace the ferric coating which is abraded from the sand. Water flows up through the filter
while the sand travels down. An airlift tube at the bottom of the filter carries the sand
upward. Turbulence from the compressed air knocks accumulated iron and phosphorus
along with any solids off the particle as it travels upward. The iron, phosphorus, and
particles are wasted, while the clean sand is deposited on the top of the bed. The filters
can be run biologically active to achieve denitrification.

The Blu-CAT process combines the Blu-Pro process with addition of advanced oxidants.
Early pilot tests show that this process is capable of removing other emerging
contaminants along with phosphorus and microorganisms (USEPA, 2008a).

Pressure Filters

Pressure filters are similar to conventional media filters except they are contained in
closed containers and are filtered under pressure. The increased pressure creates a
greater head loss and allows for longer times between backwashes.

Design and Operating Principles

Filtration is mainly affected by the concentration and size distribution of particles entering
the filter. Turbidity is often used as a surrogate for particle concentration. The
concentration of particles will affect run-time in filters and will also affect the required
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surface area to achieve the desired filtration. The size distribution of the particles and its
relevance to pore size of the granular or membrane filters will affect the removal
mechanisms. Filtration rate is also an important design parameter. Too fast of a filtration
rate can cause floc to break up and pass through the filter.

The optimal filtration rate depends on floc strength, which in turn depends on the biological
treatment processes prior to filtration (e.g., Higher SRTs lead to weaker flocs).

The filtration rate, along with the loading rate will determine the area of the filter required.
The higher the loading rate, the more frequent backwashes will be required and the
greater the head loss across the filters. Typical filtration rates are 15-50 feet (5 to 15
meters) of flow per hour for gravity filters and up to 65-70 feet (20 meters) per hour for
pressure filters (WEF and ASCE, 1998). Equipment filtration is based on surface area
loading.

Addition of polymers or other coagulant aids can greatly aid filtration. Typical doses for
filter influent are 0.05 to 0.15 mg/L of organic polyelectrolyte (WEF and ASCE, 1998),
although jar tests are conducted to determine the proper dose. Too low a dose can allow
uncoagulated particles through the filter and too high a dose can lead to mudballs and
filter clogging.

There are several ways the flow rate can be controlled in filters. Constant-rate fixed head
filtration maintains a constant flow through the filter. This will lead to an increased head
above the filter as the filter run progresses. In constant-rate variable head filtration the rate
is kept the same and the filter is backwashed when the head reaches a certain value. In
variable-rate filtration, the rate of filtration decreases throughout the filter run until it
reaches a minimum value and is backwashed. Variable-rate filtration is less common than
constant-rate filtration.

Proper backwashing is also important to filter operation. Without proper backwashing
there can be breakthrough of particles and turbidity. Lack of a proper backwash can also
lead to accumulation of materials on the surface of the filter that can form mudballs and
cracks, which can allow solids to pass through the filter. A surface wash or air scour may
also be helpful to prevent accumulation of mudballs or grease. Surface wash or air scour
is also helpful for traveling bridge filters. Without surface wash traveling bridge filters are
limited to an influent TSS concentration of 40 to 50 mg/L (WEF and ASCE, 1998).

If membrane filters are used, fouling can be an important consideration. Cellulose acetate
membranes can be damaged by biological activity. Disinfection is often used to prevent
biological fouling of the membranes. Some membrane materials such as polyacramides,
however, can be damaged by chlorine. This can be avoided by using an alternative
disinfectant, a different membrane material, or by de-chlorination.

Lowering the pH can help to prevent mineral fouling of nanofiltration or reverse osmosis
membranes. Besides pre-treatment, chemical cleaning of the membranes may also be
required periodically. Monitoring of effluent quality and pressure differential can be
important to help identify membrane fouling or failure.

Ongoing Research and Emerging Technologies

The use of membranes as tertiary filtration is an area that has recently expanded.
Research continues on various membrane configurations along with topics such as pre-
treatment, membrane cleaning, and removal of emerging contaminants.

WWTBUGS©1/15/2022 www.abctlc.com 156 Toll Free (866) 557-1746


http://www.abctlc.com

Fuzzy filters are also an innovative technology that is beginning to be established in the
wastewater community with several full scale projects.

Other research has focused on enhancements to existing technology. For example, the
Blue-Pro system combines continuous backwashing filters, a well-known technology, with
a hydrous ferric oxide coating and ferric salt addition to remove phosphorus by adsorption
as well as filtration.

Mathematical Modeling

The Need for Models

WWTPs are complex systems that depend on numerous biological, chemical, and
physical processes to achieve effluent goals. Because of the complex behavior of the
processes and the variability in wastewater characteristics, biological populations, and
plant design, it is not always possible to predict how changing any one variable will affect
the effluent quality.

Plant designs that work for one influent wastewater and climate may not perform well in
different conditions. Pilot scale or full scale trials can help to determine the effect of various
parameters, but costs and time to cover all possibilities may be prohibitive. Therefore,
models fill an important need by enabling simulation of a process and estimating the
impact that changing parameters will have on the treatment effectiveness.

Models can be used for a number of purposes including the design of new WWTPs, the
design of retrofits or upgrades to existing plants, determining how changes in operations
may affect effluent concentrations of permitted contaminants, determining how plants will
respond to changes in influent quality or flow, and for training operators. Not all models
can achieve all of these purposes, so models should be selected with the desired use in
mind. There is some disagreement in the literature in the use of the term model.

Some references use the term to refer to sets of mathematical equations that characterize
a process, other references use model to refer to the computer program used to solve
these equations. This section will use the former and will use the term “simulator” to
describe the computer program.

As you have previously read, depending on the design and operation of the
process, activated sludge has several interrelated components:

1. Single aeration tank or multiple aeration tanks designed for completely mixed or
plug flow.

2. An aeration source to provide adequate oxygen and mixing: sources can be
compressed air, mechanical aeration, or pure oxygen.

3. A clarifier to separate the biological solids (activated sludge) from the treated
wastewater.

4. A means of collecting the biological solids in the clarifier and recycling most of
them (return activated sludge, RAS) to the aeration tank.

5. A means of removing or wasting excess biological solids (waste activated sludge,
WAS) from the system.
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Oxidation Ditch Sub-Section Credit EPA

Effluent

WAS

Influent

Outflow Weir’

Oxidation Ditch

Many times in plants that have advanced treatment methods, we as operators will send
RAS to the oxidation ditch or lagoon to eat the raw food in the system.

An oxidation ditch is a modified activated sludge biological treatment process that utilizes
long solids retention times (SRTs) to remove biodegradable organics. Oxidation ditches
are typically complete mix systems, but they can be modified to approach plug flow
conditions.

An oxidation ditch is a modified activated sludge biological treatment process that utilizes
long solids retention times (SRTs) to remove biodegradable organics. Oxidation ditches
are typically complete mix systems, but they can be modified to approach plug flow
conditions. (Note: as conditions approach plug flow, diffused air must be used to provide
enough mixing. The system will also no longer operate as an oxidation ditch). Flow to the
oxidation ditch is aerated and mixed with RAS from a secondary clarifier.

Typical oxidation ditch treatment systems consist of a single or multichannel configuration
within a ring, oval, or horseshoe-shaped basin. As a result, oxidation ditches are called
“racetrack type” reactors. Horizontally or vertically mounted aerators provide circulation,
oxygen transfer, and aeration in the ditch.

Preliminary treatment, such as bar screens and grit removal, normally precedes the
oxidation ditch. Primary settling prior to an oxidation ditch is sometimes practiced, but is
not typical in this design. Tertiary filters may be required after clarification, depending on
the effluent requirements. Disinfection is required and re-aeration may be necessary prior
to final discharge.
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Advantages
The main advantage of the oxidation ditch is the ability to achieve removal performance
objectives with low operational requirements and low operation and maintenance costs.

Some specific advantages of oxidation ditches include:

v" An added measure of reliability and performance over other biological processes
owing to a constant water level and continuous discharge that lowers the weir
overflow rate and eliminates the periodic effluent surge common to other
biological processes, such as SBRs.

v Long hydraulic retention time and complete mixing minimize the impact of a
shock load or hydraulic surge.

v" Produces less sludge than other biological treatment processes owing to
extended biological activity during the activated sludge process.

v Energy efficient operations result in reduced energy costs compared with other
biological treatment processes.

Disadvantages
v Effluent suspended solids concentrations are relatively high compared to other
modifications of the activated sludge process.
v" Requires a larger land area than other activated sludge treatment options. This
can prove costly, limiting the feasibility of oxidation ditches in urban, suburban, or
other areas where land acquisition costs are relatively high.

Surface aerators, such as brush rotors, disc aerators, draft tube aerators, or fine bubble
diffusers are used to circulate the mixed liquor. Solids are maintained in suspension as
the mixed liquor circulates around the ditch.

The mixing process entrains oxygen into the mixed liquor to foster microbial growth and
the motive velocity ensures contact of microorganisms with the incoming wastewater.

The aeration initially increases the dissolved oxygen (DO) concentration but the DO
decreases due to biomass uptake as the mixed liquor travels through the ditch.

Oxidation ditch effluent is usually settled in a separate secondary clarifier. An anaerobic
tank may be added prior to the ditch to enhance biological phosphorus removal. If design
SRTs are selected for nitrification, a high degree of nitrification will occur.

An oxidation ditch may also be operated to achieve partial denitrification. One of the most

common design modifications for enhanced nitrogen removal is known as the Modified
Ludzack-Ettinger (MLE) process.
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Understanding the Reactor

Some oxidation ditches add an anoxic tank upstream of the ditch along with mixed liquor
recirculation from the aerobic zone to the tank to achieve higher levels of denitrification.
In the aerobic basin, autotrophic bacteria (nitrifiers) convert ammonia-nitrogen to nitrite-
nitrogen and then to nitrate-nitrogen. In the anoxic zone, heterotrophic bacteria convert
nitrate-nitrogen to nitrogen gas that is released to the atmosphere. Some mixed liquor
from the aerobic basin is recirculated to the anoxic zone to provide a mixed liquor with a
high- concentration of nitrate-nitrogen to the anoxic zone.

Manufacturers have developed modifications to the oxidation ditch design to remove
nutrients in conditions cycled or phased between the anoxic and aerobic zones. While the
mechanics of operation differ by manufacturer, the process typically consists of two
separate aeration basins, the first anoxic and the second aerobic.

Raw wastewater and return activated sludge (RAS), both with low dissolved oxygen (DO),
are introduced into the first reactor that operates under anoxic conditions.

Mixed liquor (MLSS) then flows into the second reactor operating under aerobic
conditions. The process is then reversed and the second reactor begins to operate under
anoxic conditions.

The oxidation ditch process is a fully demonstrated secondary wastewater treatment
technology, applicable in most situations where activated sludge treatment (conventional
or extended aeration) is appropriate.

Oxidation ditches are applicable in plants that require nitrification because the basins can
be sized using an appropriate SRT to achieve nitrification at the mixed liquor minimum
temperature. This technology is very effective in small installations, small communities,
and isolated institutions, because it requires less land than conventional treatment plants.
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Alternative Secondary Treatment Section Post Quiz

1. Many bacterial species that degrade wastes grow as single bacteria dispersed in the
wastewater. They do not settle and hence often leave the system in the effluent as solids
(TSS).

True False

2. Most bacteria have a wide range in environmental tolerance and can
function effectively in BOD removal over a wide range in pH and temperature.

3. In the Autothermal Thermophilic Aerobic Digestion (ATAD) process (mesophilic bacteria
are replaced by thermophilic bacteria at temperatures above 3-4°C to 60-70°C (158°F).
True False

4. There are several oxidation ditch designs that can remove

5. Mixed lagoons require a secondary sedimentation unit, which in some cases can be a
pond basin excavated in earth, or conventional settling tanks can be used.
True False

6. Oxidation ditches are typically , but they can be modified to approach
plug flow conditions.

7. The rotating biological contactor (RBC) is a fixed film biological secondary treatment
device. The basic process is similar to that occurring in the

8. Anaerobic methane formation involves two different groups of aerobic bacteria that
function together to convert organic materials to methane via a three-step process.
True False

9. Nitrifying bacteria are more sensitive to DO levels as compared to
aerobic , with growth rates starting to decline below 3 to 4 mg/L
with significant reduction below 2 mg/L.

10. Wet weather events can increase inflow and infiltration into the collection system and
subsequently increase the hydraulic load to the wastewater treatment plant. This can in
turn reduce the to reduced performance of nitrification process
units.
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11. Land application of can supplement and may reduce fertilizer use.
Land application results in the storage of carbon in the soil, thereby minimizing
greenhouse gas (GHG) emissions to the atmosphere.

12. The concentration of phosphorus in the sludge typically increases as the SRT
increases, although the impact is very small over the SRT range of

Intermediate-Rate Filters
13. Intermediate rate filters can be loaded up to kg BODs/100 m 3-d (40 Ib
BODs/1000cu ft/day).

High-Rate Filters

14. High-rate filters are generally loaded at the maximum organic loading capabilities of
the filter and receive total BODs loading ranging from to kg
BODs/100 m3-d (40 to 100 Ib. BODs/1000cu ft/day).

Roughing Filters
15. Filters of this type generally have a design load ranging from - kg
BODs/100 m 3-d (100 to 300 Ib. BODs/1000cu ft/day).

Alternative Secondary Treatment Section Post Quiz Answers

1. True 2. Heterotrophic, 3. False, 4. Phosphorus, 5. True, 6. Complete mix systems, 7.
Trickling filter, 8. False, 9. Heterotrophic bacteria, 10. SRT leading, 11. Municipal biosolids, 12.
4 to 30 days, 13. 64, 14. 64 to 160, 15. 160-480
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Topic 4 - Activated Sludge Process Section

Section Focus: You will learn the basics of the activated sludge process. At the end of
this section, you will be able to describe the activated sludge process and various
treatment methods. There is a post quiz at the end of this section to review your
comprehension and a final examination in the Assignment for your contact hours.

Scope/Background: Activated sludge (A/S) is a term used both to refer to a widely utilized
wastewater treatment process, and to the solid compounds, which result from that
process.

The activated sludge technique is one of the most commonly used methods for handling
human waste in municipal settings around the world, and it can also be employed in the
treatment of industrial wastewater. The goal is to remove as much solid organic material
from the wastewater as possible, to facilitate further stages in the water treatment.
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The activated sludge process is a process for treating sewage and industrial
wastewaters using air and a biological floc composed of bacteria and protozoa.
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Activated Sludge Technical Process Description
See references for section credit #1 and #15.

Wastewater aeration is the process of adding air into wastewater to allow aerobic bio-degradation
of the pollutant components. Itis an integral part of most biological wastewater treatment systems.
Unlike chemical treatment which uses chemicals to react and stabilize contaminants in the
wastewater stream, biological treatment uses microorganisms that occur naturally in wastewater
to degrade wastewater contaminants.

a) This process is comprised of aeration tank followed by secondary clarifier. In the aeration tank
organic load will be degraded by cultivated microbial cultures.

b) Constant MLSS (Mixed Liquor Suspended Solids) will be maintained in the aeration tank by
recycling the activated sludge trapped by the secondary clarifier.

¢) Recycling of the bio-sludge is usually done by non-clog, centrifugal, semi-open type continuous
duty sludge recirculation pumps. Oxygen is supplied to the aeration tank by air from an air blower.
Aeration tank diffusers are provided for an even distribution of air. Nutrients in the form of sewage
is dosed at aeration tank for growth of bacteria

Since this is a biological process, understanding some basic biology will be needed. Some terms
that will be used in this discussion and definitions follow:

Aerobic Organisms that must have D.O.

Anaerobic Organisms that need no D.O. or nitrate (NO3) oxygen

Autotrophic Organisms, which are able to use inorganic compounds as a food source
Facultative Organisms that can exist with or without D.O.

Heterotrophic Organisms, which consume organics in the wastewater

The activated sludge (A/S) process relies on the cultivation of a population of millions of
microorganisms of many different types, mostly aerobic and facultative heterotrophic bacteria
suspended in the wastewater, as it passes through a reactor (aeration tank).

Bioflocculation Introduction

The activated sludge process and other biological treatment processes excel at converting
smaller particles and soluble, biodegradable organic material into larger heavier particles through
bioflocculation. In the activated sludge basin, the incoming wastewater is fed to a complex mixture
of bacteria and other microorganisms known as MLSS. The organic material in the influent
wastewater becomes the bugs’ food. We will cover this section in a few pages.

As the bacteria consume the available food, they form large colonies called floc that under the
right conditions grows large enough and dense enough that they can be separated from the
treated wastewater by gravity. The flocs are kept suspended in the activated sludge process
with either mixers, aeration or a combination of mechanical mixing and aeration.

Non-biodegradable solids in the raw water also become part of the floc particles through
bioflocculation. Individual floc particles have a life cycle of initial formation and growth. As the
floc particles age, the more difficult it becomes for the bacteria at the center to rid themselves of
waste products and gain access to nutrient and oxygen. Eventually, the larger floc will break into
smaller flocs and the cycle will begin anew.
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Activated Sludge Section - lllustrative Boxes 5-7
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Aeration Basins - Box 5-6

Large aeration basins or tanks mix the partially treated wastewater with oxygen to support
bacteria that devour organic waste. The bacteria levels are managed to provide the most
efficient removal process. Return Activated Sludge (RAS) brings sludge back to the

aeration process for further treatment while Waste Activated Sludge (WAS) removes the
excess or older sludge.
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Basic A/S Process Overview
Reference- Credit to US EPA #4 & #19

Primary Clarification - Purpose and Function Box 4

Before the time the wastewater reaches the secondary treatment process, many of the larger
particles have been removed from the wastewater by screening, grit removal and/or primary
clarification.

Regardless of whether or not a WWTP has primary clarifiers, many of the particles that remain in
the wastewater when it reaches the activated sludge process won't settle quickly on their own.
For treatment to continue, the size and density of the remaining particles must be increased so
that they can be efficiently removed.

RETURN ACTIVATED SLUDGE

EXCESS
SLUDGE
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[ TANK

EFFLUENT

AERATION TANK
EXCESS
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[(b. Oxygen Demand & Supply)]

Technical

Atz DIAGRAM OF CONVENTIONAL ACTIVATED SLUDGE PROCESS

A basic activated sludge process consists of several interrelated components:
* An aeration tank where the biological reactions occur
* An aeration source that provides oxygen and mixing
* A tank, known as the clarifier, where the solids settle and are separated from treated
wastewater
» A means of collecting the solids either to return them to the aeration tank, (return activated
sludge [RAS]), or to remove them from the process (waste activated sludge [WAS]).

Aerobic bacteria thrive as they travel through the aeration tank. They multiply rapidly with

sufficient food and oxygen. By the time the waste reaches the end of the tank (between four to
eight hours), the bacteria has used most of the organic matter to produce new cells.
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RAS and WAS

Most of the settled floc is called Return Activated Sludge (RAS) and is returned to maintain the
desired MLSS value. Settled activated sludge is collected in the secondary clarifier or the
membrane basin and returned to the aeration basin to mix with incoming raw or primary settled
wastewater.

Measuring the solids concentration of RAS helps to keep the return volume adjusted to keep the
solids level in the aeration basin within the control parameters.

Excess sludge which eventually accumulates beyond what is needed is defined as Surplus or
Waste Activated Sludge (SAS/WAS). This is removed from the treatment process to keep the
ratio of biomass to food supplied (sewage or wastewater) in balance. Typical Range: 2,000 to
5,000 mg/I for the MLSS.

Final Clarifier Operation

The process involves oxygen or air being introduced into a mixture of screened, and primary
treated wastewater combined with organisms to develop a biological floc that reduces the organic
content of the sewage.

Return activated sludge (RAS) comes from the final clarifiers. The final clarifier is to separate the

activated sludge, the biological floc, from the treated water. The floc settles to form sludge that
will be returned to the process or wasted to sludge conditioning or processing units.

Internal Mixed Liquor Recycle (IMLR) - Introduction

Internal Mixed Liquor Recycle (IMLR) is when the MLSS is being moved around within the
activated sludge basin. It does no go through the clarifiers and is completely separate from RAS.

Internal Mixed Liquor Recycle Line

|
Final settling tank or m
f Secondary Clarifier
Aeration tank

. ~WAS
) Return Activated Sludge 1 \

Technical
Learning
College INTERNAL MIXED LIQUOR RECYCLE DIAGRAM
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Activated Sludge Operational Process Steps

1.

10.

Combines influent wastewater with a mixture of bugs and O, - Oxidizing the
organic solids.

Promotes coagulation and flocculation and convert dissolved, colloid and
suspended solids into settleable solids. In practice, the following operations are
carried out in an activated sludge process.

The wastewater is given treatment in the primary sedimentation tank. The
detention time is kept as short as 1-1/2 hours.

The settled sewage form the primary sedimentation tank is mixed with the required
quantity of activated-sludge in the aeration tank. The mixture of activated sludge
and wastewater in the aeration tank is called ‘mixed liquor or mixed liquor
suspended solids MLSS.

The Mixed Liquor Suspended Solids is aerated for 6-8 hours in the aeration tank,
called the hydraulic detention time according to the degree of purification. About
24 feet 3(8m3 of air is provided from each yard® (m® of wastewater treated. The
volumes of sludge returned to the aeration basin is typically 20 to 60% of waste
water flow.

The aerated Mixed Liquor Suspended Solids resulting in the formation of flock
particles, ranging in size from 50 to 200 pm which is then removed in the secondary
sedimentation tank by gravity settling, leaving a relatively clear liquid as the treated
effluent. Typically greater than 99% of suspended solids can be removed in the
clarification step.

Most of the settled sludge is returned to the aeration tank (and is called return
sludge) to maintain the high population of microbes that permits rapid breakdown
of the organic compounds. Because more activated sludge is produced than is
desirable in the process, some of the return sludge is diverted or wasted to the
sludge handling system for treatment and disposal.

Waste activated sludge may be removed directly from the activated sludge basin,
the RAS line or through a dedicated WAS line.

The amount of MLSS removed each day determines the sludge age of the system.
Sludge age is an important parameter for the A/S process control.

Portions of the A/S processes may be aerobic, anoxic and/or anaerobic. The
presence or absence of oxygen, nitrite and nitrate helps determine the types of
microbial activity.
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Activated Sludge Control Factors and Calculations
Credit to Reference #1 State of Michigan, pages 10-12

Control Factors Overview
Proper operation of an activated sludge plant will require knowledge of biological and physical
factors that influence the efficiency of the process. These factors include:

* organic and hydraulic loading on the aeration tank

« dissolved oxygen in the aeration tank

* biosolids wasting rate

* return activated sludge rate

« clarifier loading

* solids settling and compaction characteristics

Organic Loading

Organic loading refers to the number of pounds per day of BOD entering the process. In most
activated sludge plants this is based on the primary effluent, but in plants without primary clarifiers
it would be based on the plant influent flow. Pounds per day of BOD loading may be easily
calculated using the Pounds Formula.

Multiplying the flow rate in million gallons per day by the weight of a gallon of water (8.34
Lbs./Gallon) and times the concentration in milligrams per liter of BOD in the flow yields the
number of pounds per day of BOD in that flow.

It may be advantageous to calculate the organic loading as a five-day or seven-day moving
average. This helps to average out day to day loading fluctuations, allowing more consistent
control of the operation. A seven day moving average would be calculated by averaging the
pounds of BOD for a particular day with values for the six days previous.

Quantity of Microorganisms

The concentration of mixed liquor (MLSS) is determined by suspended solids analysis of the
suspension in the aeration tank. Since this suspension includes biological mass as well as
inorganic material present in the wastewater, the amount of biological mass is estimated by
determining the organic content of the MLSS.

Mixed Liquor Volatile Suspended Solids (MLVSS) is determined by igniting a sample of the dried
MLSS in a muffle furnace at 550°C. The material that burns at that temperature is considered to
be organic, and therefore estimates the biological mass. The material that remains (non-volatile,
or fixed) estimates the inorganic fraction of the MLSS. So in process control calculations where
all of the solids must be considered, MLSS is used in the calculation. In calculations where just
the active biological population should be considered, MLVSS is used.

The quantity of microorganisms available for treatment is also calculated using the pounds
formula. Since the microorganisms are in the aeration tank, pounds of microorganisms are
calculated by multiplying the volume of the aeration tank(s) in millions of gallons times the weight
of a gallon of water (8.34 Ib/gal) times the MLVSS concentration in milligrams per liter.

Food to Microorganism Ratio

Food to Microorganism Ratio (F:M) is one of the primary controls used in activated sludge plants.
This helps the operator to maintain a balance between the quantity of food available, with the
quantity of microorganisms in the aeration tanks.
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Since the food available to the microorganisms is represented by the BOD of the wastewater, the
F:M ratio is calculated by dividing the number of pounds of BOD entering the secondary treatment
system by the number of pounds of MLVSS in the aeration tanks.

While best treatment may not occur at the same F:M ratio in different plants, the range for
Conventional activated sludge plants is often given as 0.25 to 0.45. Activated sludge plants that
operate in the Extended Aeration mode typically operate with F:M in the 0.05 to 0.15 range.

Since the operator usually has no control over the number of pounds of BOD entering the
wastewater treatment plant, F:M is adjusted by adjusting the number of pounds of MLVSS in the
secondary system. If more and if less biomass is needed (lowering MLVSS) the wasting rate must
be increased until the necessary pounds of biomass is achieved.

A couple of things that must be remembered regarding making operational changes:
1) biological systems react slowly to these types of control changes; give the system time to
adapt to a change before making another adjustment, and
2) consistency is often the key to successful operation; use a moving average to calculate
pounds of BOD, and make few adjustments; only when necessary.

F:M is most useful as an operational tool when the operator sets a target F:M, and based on the
average BOD loading calculates the pounds of MLVSS needed to achieve that F:M. Divide the
pounds of BOD by the target F:M to calculate the pounds of MLVSS needed. The concentration
of MLVSS in the aeration tank can then be calculated by dividing the pounds of MLVSS by the
aeration tank volume in million gallons and by 8.34 Ibs/gallon.

Cell Residence Time

Cell Residence Time (CRT), also known as Sludge Age (SA) or Solids Retention Time (SRT),
may be defined as the average length of time in days that an organism remains in the secondary
treatment system.

Log phase: Stationary phase: Death or
exponential plateau in number decline phase:
increase of living bacterial exponential

in number cells; rate of cell decrease in

of living division and death number of
bacterial roughly equal living bacterial

cells l cells

@ Lag phase:

no increase in
number of living
/ bacterial cells

Time

Logarithm of living bacterial cells

Y

The graph above illustrates the growth phases in a biological system and how the growth rate of
microorganisms’ changes with increased CRT.
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When a food supply is introduced into a biological treatment plant that is in start-up, there is an
abundance of food but very few organisms. The organisms are said to be in Lag Phase as they
begin to acclimate to the waste, producing the needed enzymes, and the population begins to
increase. Once the organisms have acclimated, the growth rate increases rapidly in the Log
Growth Phase. At this point the food supply is not a limiting factor as BOD is converted to
biological mass, producing large amounts of sludge.

In the Declining Growth Phase the population has grown to the point that the available food
supply begins to limit the production of new cells and organisms begin to compete for food. As
the population ages (CRT 5 days or greater), larger and more complex organisms which are able
to compete for the remaining food are more numerous, and predatory organisms begin to feed on
smaller ones as a food chain develops.

In the Endogenous Phase the food supply has been depleted and as the age of the population
increases (CRT is now up to >15 days), the organism growth rate continues to decline. Food
which the organisms have stored is metabolized and the organisms feed on one another in
Endogenous Respiration. Although the concentration of organisms is large, sludge production
is lower.

Sludge Cultivation — RAS and WAS

Active biological material produced by activated sludge plants is called activated sludge. Excess
sludge is either called "return activated sludge" or "waste activated sludge" and is removed from
the treatment process to keep the ratio of biomass to food supplied in the wastewater in balance.
WAS is usually mixed with primary sludge from the primary clarifiers and undergoes further sludge
treatment for example by anaerobic digestion. Thickening, dewatering, composting and land
application are possible following treatments.

Biomass or MLSS

In the activated sludge basin, incoming wastewater is fed to a complex mixture of bacteria and
other microorganisms that forms a bug community referred to as biomass or Mixed Liquor
Suspended Solids (MLSS).

CATP TESTING MEASURES THE LIVING
BIOMASS WITHOUT INTERFERENCE
FROM DEAD BIOMASS AND
INERT SOLIDS

MLVSS MEASURES THE LIVING BIOMASS,

DEAD BIOMASS, NON-DEGRADABLE

VOLATILE SUSPENDED SOLIDS AND
INERT ORGANICS

C ATP M L S S MLSS MEASURES LIVING BIOMASS,
DEAD BIOMASS, INERT ORGANICS

Cellular Adenosine Mixed Liquor Volatile Mixed Liquor AND INERT INORGANICS

Triphosphate Suspended Solids Suspended Solids

COMPARATIVE WASTEWATER TESTING OF
ACTIVATED SLUDGE CONTENT DIAGRAM
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This diagram is not conclusive. There are many various methods and processes
that are interchangable. Another problems is the lingo. Some operators call
processes by different names in different areas. We will try to call methods and
processes by the EPA’s terminology.
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Process Control - Introduction

Common process control methods for wasting sludge from activated sludge
process.

Credit Introduction to Activated Sludge Study Guide - December 2010 Edition Page 11 of
28 Printed on 12/11/12

A. Constant MLSS (Mixed Liquor Suspended Solids)

Provided the influent loadings are constant, the operator maintains a relatively constant
solids inventory (MLSS level) in the aeration basins for a desired level of treatment. The
range of MLSS is typically between 1000-4000 mg/L.

B. Food To Microorganism Ratio (F/M Ratio)

For microbiological health and effective treatment, the microorganisms (mixed liquor
suspended solids) under aeration should be maintained at a certain level for the amount
of food (influent BOD) coming into the plant. This is known as the food to microorganism
ratio. For conventional activated sludge, the F/M ratio is usually between 0.2-0.5. For
extended aeration systems, such as package plants and oxidation ditches, the F/M ratio
should be between 0.03-0.10.

C. Sludge Age

Activated sludge is recycled back through the aeration basins by returning settled sludge
in the final clarifiers and thus remains in the activated sludge system for a number of days.
For effective treatment, a certain sludge age is desired for the type of activated sludge
system. For conventional activated sludge, a sludge age of 3-10 days is typical. For
extended aeration activated sludge, older sludge ages of 15-30 days are common. F/M
ratio and sludge age are inversely related (1 divided by the sludge age approximates the
F/M ratio). The older the sludge, the lower the F/M ratio; conversely, the younger the
sludge, the higher the F/M ratio. All three process control methods are regulated by
wasting sludge. It is the key to controlling the activated sludge process. The operator
should monitor MLSS, F/M ratio and sludge age to waste accordingly and thus ensure
optimal operations and process stability.

Common Practice

For most activated sludge processes, the MLSS will be conveyed to a separate secondary
clarifier and allowed to settle. In a sequencing batch reactor (SBR) type activated sludge
process, treatment and clarification takes place in the same basin. For the separation
step to be efficient, the floc particles grown in the activated sludge basin must be large
and dense. Process control is all about producing an MLSS that flocculates, settles,
compacts, and produces a final effluent that meets discharge permit limits for organics,
solids, ammonia and other parameters.

Treated clarified water flows out through the top of the clarifier while the MLSS settles to
the bottom to form a sludge layer called the blanket. Most of the settled MLSS is returned
to the aeration tanks as activated sludge (RAS). Excess sludge is removed from the
process as waste activated sludge (WAS).

In the third step of treatment, Flocculation and Separation, the microorganisms stick

together to form large particles that will settle out of the purified wastewater in the
secondary clarifier. Flocculation occurs when mixing allows the organisms to contact one
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another, but does not cause conditions so turbulent that the flocculated material is torn
apart. Settleability and compaction of the floc particles depends on the density, size and
shape of the particles as well as the efficiency of the clarifier. Settleability is affected by
the abundance of filamentous bacteria, those that form strings as they grow rather than
forming floc.

An excessive growth rate of these bacteria may cause a bulking condition in which the
mixed liquor does not compact well, taking up much more volume in the clarifier. This
condition may be caused by many factors, among which are improper D.O. environment
and nutrient imbalance, and may result in solids loss in the clarifier effluent.

Chemical Flocculation

Chemical, non-biological A/S-type flocculation involves the addition of chemicals that
cause the solid particles to coagulate or stick together so they settle rapidly. Once the
chemicals are added, the solids can be forced to settle more rapidly through gentle
mixing. This type of flocculation is diagrammed below.
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ADHESION AND ADSORPTION

Technical

s FLOCCULATION PROCESS

Activated sludge flocs are a flocculated mass of microorganisms, extracellular polymeric
substances (EPS) and adsorbed organic and inorganic material. The structure of the floc
is very heterogeneous and flocs with very different properties and morphologies may
occur, depending on the conditions in the activated sludge treatment plant and wastewater
composition. Present thinking suggest that cations, such as calcium, create cationic
bridges with EPS excreted by the bacteria and thereby hold the various floc constituents
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together. However, due to the complex and heterogeneous nature of activated sludge, the
mechanisms have neither been thoroughly investigated nor successfully quantified.

A better understanding and description of the biological flocculation process is necessary
in order to establish more efficient operational strategies. The main aim of this study was
to get a comprehensive and unique insight into the floc properties of activated sludge and
to assess the relative impact of chemical and physical parameters.

A variety of sludges from full scale treatment plants with different settling properties were
characterized. The interrelationships between floc parameters such as composition of
EPS, surface properties and floc structure, and their effect on the flocculation and
separation properties were assessed. The results indicate that the EPS, both in terms of
quantity and quality, are very important for the floc properties of the activated sludge.
However, presence of filaments may alter the physical properties of the flocs considerably.

The EPS showed positive correlations to sludge volume index (SVI) if only sludges with
low or moderate numbers of filaments were included. The surface properties were more
affected by the composition of the EPS than by the number of filaments.

The EPS showed positive correlation to negative surface charge and a negative
correlation to relative hydrophobicity and flocculation ability. The negative correlation
between flocculation ability and amount of EPS was surprising. The shear sensitivity,
measured as degree of erosion of flocs when subjected to shear, was more affected by
floc size and number of flaments than amount of EPS.

Bioflocculation

The action of some bacteria and algae causing the clumping together of fine, dispersed
organic particles, resulting in faster and more complete settling of the organic solids in
wastewater. Flocculation, especially bioflocculation, is an attractive low-cost separation
technology. Various new bioflocculation strategies have been claimed to generate major
advances in cost-efficient harvesting. Here, we review the recent advances in
bioflocculation based on algal-bacterial, algal-fungal, or algal—algal interactions within the
framework of microalgae biomass harvesting for biofuel production.

A/S process utilizes bioflocculation. Non-biogradable solids in the raw wastewater also
can become part of the floc particles through bioflocculation or are swept out in the effluent
if the floc particles do not settle. The floc contains fibers, bacteria, inert material, and more
complex microorganisms. Individual floc particles have a life cycle of initial formation and
growth.

As the floc particles age, they accumulate dead bacteria and other inert material and
increase in size. Collisions between smaller flocs yield larger flocs. The larger the floc
particles gets, the more difficult it becomes for the bacteria at the center to rid themselves
of waste products and gain access to nutrients and oxygen. Eventually, the floc will break
down into smaller flocs and the cycle will begin again.

WWTBUGS©1/15/2022 www.abctlc.com 177 Toll Free (866) 557-1746


http://www.abctlc.com

o AAEROBK AEROBICZONE SECONDARY
il g | CLARRER

|
_. .Q.A_ V-‘ .@.. i _ s O EFFLUENT
BARSCREEN oo o
<« RETURN SLUDGE

S —
3

|
[

TN N

EXCESSIVE  DEWATERED
SLUDGE SLUDGE

BASIC WASTE

Toll Free (866) 557-1746

178

www.abctlc.com

WWTBUGS©1/15/2022


http://www.abctlc.com

Factors Affecting Biological Activity
Credit #1 State of Michigan

Effect of Temperature on Activated Sludge

As is true of any biological system, the activity and efficiency of the biomass in an activated
sludge facility is dependent to a fairly large extent on the temperature of the wastewater.
It has been demonstrated that each 10 degree C drop in water temperature in the aeration
tank reduces biomass activity by about 50%. This means that as the water temperature
drops, organism growth rate slows down. BOD removal will occur more slowly, and the
system will require a longer recovery after upset.

Wastewater temperature is usually more stable in cities using ground water as the drinking
water supply. Influent sewage in these cities usually stays pretty consistently in the 50-55
degree F range. Facilities in cities that use lake or river water as the drinking water source
may experience a wider range of wastewater temperatures. Often the biggest changes in
wastewater temperature occur following a rapid snow melt and after rainfall. Biological
activity increases to a maximum at a temperature of about 100 degrees F. Increased
temperature beyond that point would be expected to result in a sudden die-off of the
biomass.

Effect of pH on Activated Sludge

Biological activity in an activated sludge plant is best in a pH range of about 6.5 to 8.5.
Growth may occur outside of that range, but at a reduced rate, and may result in the
filamentous bacteria, especially at low pH values. Oxygen uptake is thought to be optimum
between pH 7.0 and 7.4. Generally pH values below 7 are more detrimental than those
above 7. Sudden changes and frequent fluctuations in pH are most damaging.

Although pH may be controlled at the wastewater treatment plant by acid or base addition
before the aeration tanks, this is expensive, and not practical at most municipal facilities
and large industrial plants. The best means of controlling influent pH is to control the
source of acids and bases discharged into the collection system.

Toxicity in Activated Sludge Facilities

A wide range of organic and inorganic compounds are known to be toxic to activated
sludge biomass. Many of the heavy metals such as cadmium, chrome, nickel, and lead
are toxic above about 1 mg/L. Silver, and arsenic, and mercury are toxic at concentrations
much less than 1 mg/L. Cyanide, herbicides, and pesticides are toxic to this biological
system as they are to any other.

Toxicity often first becomes apparent as a rise in D.O. concentration in the aeration tank.
As organisms become impaired or destroyed by the toxic material, the rate of oxygen
uptake decreases, so the D.O. concentration in the aeration tank increases. This may be
followed by deflocculation, where floc particles are no longer able to maintain their
structure and come apart to leave a very turbid effluent. Settleability in the secondary
clarifier is often impaired, and if the facility has been nitrifying a sudden increase in effluent
ammonia will usually occur as the nitrifying organisms are killed. Higher effluent BOD may
occur, as heterotrophic bacteria and other organisms are impaired or killed.

Organisms may acclimate to some extent to low concentrations of a toxic material, so long
as the concentration is fairly consistent. Activated sludge plants have been known to
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remove significant amounts of heavy metals from wastewater flows after acclimation.
Sudden increases or long periods of time between dosages will produce toxic effects.

A problem which may result from the removal of toxic materials (especially metals) by the
biomass is that this material often concentrates in the sludge wasted from the secondary
system. This in turn causes problems for the facility that intends to dispose of this sludge
on agricultural land. The best solution to this problem is to control toxic materials at their
source, not allowing them into the collection system.

Oxygen Uptake Rate (OUR)

The rate at which the biomass uses oxygen in the metabolism of pollutants in wastewater
is dependent on several factors. The amount and age of the biomass, water temperature,
amount of food available, and the health of the biomass all affect how quickly wastes are
metabolized, and therefore how quickly oxygen is used. Determination of the OUR may
be used by the operator as a control tool, especially in monitoring the system for toxic
materials in the wastewater.

A lower than normal OUR in a system that has plenty of food and microorganisms is
usually an indication that the biomass has been impacted by toxicity; a higher than normal
OUR may indicate an organic overload. A high OUR that returns to normal within a short
time may indicate a shock or slug load.

While OUR must be determined on a fresh sample from the aeration tank, sample
collection point will be an important consideration. Samples should be collected at the
head of the tank where return sludge mixes with influent wastewater.

OUR should be at its highest at this point in the aeration tank and will give a good indication
of metabolism under high food conditions; probably the best sampling point to monitor for
toxicity. Samples collected near the discharge end of the aeration tank should indicate
that metabolism is nearly complete before passing to the secondary clarifier.

A high OUR at the discharge end of the aeration tank may be an indication of inadequate
detention time in the aeration tank or of an organic overload. It would be wise for the
operator to collect samples at both ends of the aeration tank and at the midpoint to have
an overall indication of how metabolism progresses through the tank.

The OUR test is simple and quickly performed with equipment already on hand in the
WWTP laboratory. Equipment needed includes a D.O. meter with BOD bottle probe and
a timer. OUR simply measures the amount of oxygen used up in a BOD bottle over a 10
minute time period, with the results reported as milligrams per liter of oxygen used per
hour.

The test can be modified to eliminate the variable due to the amount of biomass in the
sample by dividing the OUR by the grams per liter of MLSS. In this case the result is
reported as the Specific Oxygen Uptake Rate (SOUR), in units of milligrams oxygen used
per hour per gram MLSS. SOUR may also be referred to as the Respiration Rate (RR).
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Microscopic Examination of Activated Sludge — Introduction
References- Credit #1, #6, & #9

Microscopic examination of the MLSS can be a significant aid in the evaluation of the activated
sludge process. Although the heterotrophic and autotrophic bacteria which are mainly responsible
for purifying the wastewater are too small to be easily observed, the presence of several other
microorganisms within the sludge floc may give an indication of treatment conditions and
efficiency. The most important of these indicator microorganisms are the protozoa and the rotifers.
These higher life forms also play an important role in clarifying the wastewater, consuming
bacteria and small particulates, and improving biomass settleability.

A predominance of ciliates and rotifers in the MLSS is a sign of good sludge quality. Treatment
under these conditions, with proper RAS, WAS and aeration rates, can be expected to produce a
high quality effluent. Inversely, a predominance of filamentous organisms and a limited number
of ciliates is characteristic of a poor quality activated sludge. This condition is commonly
associated with a sludge that settles poorly. The sludge floc is usually light and fluffy because it
has a low density. There are many other organisms such as nematodes (worms) and waterborne
insect larvae which may be found; however, these typically do not significantly affect the quality
of treatment.

The microorganisms which are important to the operator are the protozoa and rotifers. As
discussed previously, the protozoa eat the bacteria and help to provide a clear effluent. Basically,
the operator should be concerned with three groups of protozoa, each of which have significance
in the treatment of wastewater.

These groups include the following:
1) Amoeboids

2) Flagellates

3) Ciliates

Amoeboids

The cell membranes of Amoeboids are extremely flexible; and the mobility of these organisms is
created by the movement of protoplasm within the cell. Food matter is ingested by absorption
through the cell membrane. Amoeboids may predominate in the MLSS floc during start-up periods
of the activated sludge process or when the process is recovering from an upset condition.

Flagellates

These organisms are characterized by the tail (Flagella) which extends from their round or
elliptical cell configuration. Their mobility is created by a whipping motion of the tail, which allows
them to move with somewhat of a corkscrew motion. Flagellate predominance may be associated
with a light-dispersed MLSS floc, a low population of bacteria, and a high organic load (BOD). As
a more dense sludge floc develops, the flagellate predominance will decrease with an increase
of bacteria. When the flagellates no longer are able to successfully compete for the available food
supply, their population decreases to the point of insignificance.

Ciliates

These organisms are characterized by the rotating hair-like membrane (cilia) which cover all or
part of their cell membrane. Their mobility is created by the movement of the cilia, and the cilia
around the gullet are utilized for the intake of food. Ciliates may predominate during the period of
fair to good settling of the activated sludge.
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They are considerably larger than flagellates and for the purposes of microscopic examination
may be classified into two basic groups, which are the free swimming and the stalked ciliates.

Free Swimming Ciliates

Free swimming ciliates are usually apparent when there are a large number of bacteria in the
activated sludge. These organisms feed or graze on the bacteria and clarify the effluent.
Therefore, their presence is generally indicative of a treatment process that is approaching an
optimum degree of treatment. A relative predominance of flagellates indicates decreased
treatment efficiency and the MCRT of the system should be increased to maintain a relative
predominance of free swimmers, stalked ciliates and higher forms of organisms such as rotifers.

Stalked Ciliates

These organisms are frequently present when the free swimmers are unable to compete for the
available food. A relative predominance of these organisms along with rotifers will indicate a
stable and efficiently operating process.

Rotifers

Although large in comparison with most other activated sludge organisms, rotifers are a group of
the smallest multi-cellular microorganisms. They are strictly aerobic, existing only where dissolved
oxygen is plentiful.

Rotifers may attach to floc particles by use of a forked tail or may swim freely in the wastewater,
grazing on bacteria, algae, protozoa, and small particulate matter in the waste. At their anterior
end they possess cilia which are rotated to gather food as well as to propel the organism through
the water. Rotifers are more abundant at higher cell residence times and are an indication of a
high level of treatment.

MLSS Evaluation by Microscopic Examination
Observation of microorganism activity and predominance in the activated sludge can provide
guidance in making process control adjustments.

The Worksheet for Microscopic Examination for Activated Sludge can assist the operator in
deciding whether to increase or decrease the MCRT based on the relative predominance of the
organisms found in the MLSS. The decline of ciliates and rotifers is frequently indicative of a
poorly settling sludge.

These observations may make it possible to detect a change in organic loading or cell residence
time before an upset occurs. These changes can be correlated with observations of the settling
characteristics of the MLSS in the 30-minute settling test, and by calculation of the F/M. If the
other tests confirm these observations, adjustments to the MLSS should be made to alleviate the
problem.

In summary, relative predominance of ciliates and rotifers are an indication of process stability.
This predominance is associated with the efficiency of treatment under various loading conditions.
An increase or decrease in the predominance of these organisms may be indicative of process
upset before there is a major effect on process performance.
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Mixed Liquor and Microorganisms - Introduction
References- Credit #1, #6, & #9

Mixed liquor suspended solids (MLSS) in healthy sludge is a brown floc, largely composed
of saprotrophic bacteria. It has an important protozoan flora component mainly composed
of amoebae, Spirotrichs, Peritrichs including Vorticellids and a range of other filter-feeding
species. Other important organisms include motile and sedentary Rotifers.

In poorly managed activated sludge, a range of mucilaginous filamentous bacteria can
develop including Sphaerotilus natans that produces a sludge that is difficult to settle. This
can result in the sludge blanket decanting over the weirs in the settlement tank severely
deteriorate and contaminate the final effluent quality.

In all activated sludge plants, once the wastewater has received sufficient treatment, the
mixed liquor is delivered to the secondary into settling tanks. The treated supernatant
may then undergo further treatment before discharge. Part of the settled sludge material
is returned to the head of the aeration system to re-seed the new wastewater entering the
tank. This fraction of the floc is called return activated sludge (RAS).

MLVSS

Mixed liquor volatile suspended solids. MVLSS is generally defined as the microbiological
suspension in the aeration tank of an activated-sludge biological wastewater treatment
plant.
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Why Measure MLSS

If the MLSS content is too low the process is prone to bulking and the too “young”
treatment becomes overloaded. This can cause the dissolved oxygen content to drop with
the effect that organic matters are not fully degraded and biological 'die off'. Conversely,
if the MLSS content is too high the process is not working efficiently, and is likely to be
wasting energy whilst not treating the influent effectively. This old sludge may not form
effective floc and settle too fast and heavy. The typical control band is 1,500 to 4,000 mg/I
MLSS. We will cover this in greater detail in the Laboratory Chapter.
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The lighter blown color in the above diagram represents the clear supernatant,
the darker brown color represents settled sludge.

SSV30 and SSV60

Activated sludge process control calculations may include determination of the thirty and
sixty minute settled sludge volume (SSV30 and SSV60), sludge volume index (SVI) and
pounds of waste activated sludge removed from the process. The sample jars shown are
1,000 milliliters. 2,000 milliliters jars are better.

Nitrification is a microbial process by which ammonia is sequentially oxidized to nitrite
and then to nitrate. The nitrification process is accomplished primarily by two groups of
autotrophic nitrifying bacteria that can build organic molecules by using energy obtained
from inorganic sources—in this case, ammonia or nitrite.

Denitrification is the process by which nitrates are reduced to gaseous nitrogen by
facultative anaerobes. Facultative anaerobes, such as fungi, can flourish in anoxic
conditions because they break down oxygen containing compounds to obtain oxygen.

Nitrite (NO2) and nitrate (NOs) are oxygen-containing compounds.
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Factors that Influence the Flow Rates of Return Activated Sludge
Credit to State of Wisconsin #2 and #3

30 - Minute Settling Test

A sample of mixed liquor is taken as it exits the aeration tank. It is mixed, and then allowed
to settle for 30 minutes in a 1000 mL beaker or cylinder. This test shows the sludge settling
characteristics and the clarity of the water on top of the sludge. It reflects the performance
of the secondary clarifier and can be used to help diagnose clarifier settling problems.

Bulking

An activated sludge that does not settle well and may overflow the weirs of the final
clarifiers resulting in excess suspended solids in the effluent. It is usually caused by
filamentous organisms, and often associated with low DO.

Clarifier Sludge Blanket

Solids settle and concentrate in the final clarifiers forming a sludge blanket. The sludge
blanket can increase or decrease depending on the detention time and RAS flow rate. The
proper RAS flow rate allows for a desired sludge blanket.

Constant MLSS (Mixed Liquor Suspended Solids)
Provided the influent loadings are constant, the operator maintains a relatively constant
solids inventory (MLSS level) in the aeration basins for a desired level of treatment. The
range of MLSS is typically between 1,500-4000 mg/L.

Denitrification

When RAS flow rates are too low, thick sludge blankets in the final clarifier can result. The
operator will often see gas bubbles from nitrogen gas and rising/floating sludge clumps on
the clarifier surface.

Extended Aeration Activated Sludge Plants

For extended aeration activated sludge plants the range of sludge age is between about
15 and 30 days. Generally, during the winter months, higher sludge ages are required to
maintain a sufficient biological mass. In the summer time, biological activity increases and
lower sludge ages normally produce a higher quality effluent. Thus, the sludge age should
be adjusted at least twice a year to accommodate seasonal variations. The operator must
realize, however, that the optimum sludge age may not fall in the common ranges given
here. This is due to the fact that the waste characteristics, process design, flexibility in
operation, and process control equipment are different for all facilities. The operator, by
trial and error and slow adjustments can find the optimum sludge age for that particular
plant and specific conditions.

A low sludge age tends to produce a light, fluffy, buoyant type of sludge particle commonly
referred to as straggler floc, which settles slowly in a final clarifier. This will be witnessed
in a clarifier when these buoyant, fluffy sludge particles are being pulled over the weirs
even though the effluent may be otherwise crystal clear.

A high sludge age or too many solids in the system tends to produce a darker, more
granular type of sludge particle, commonly called pin floc, which settles too fast in a final
clarifier. Pin floc is observed as many fine tiny floc particles coming over the final clarifier
weirs, leaving a more turbid effluent.
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Filaments
Filamentous organisms are a group of thread-like organisms that, when in excess, can
impair the settling of activated sludge and create a bulking condition in the final clarifier.

Final Clarifier Solids Loading Rate (SLR)

The rate at which the activated sludge is returned from the final clarifiers to the aeration
basins, along with the influent flow, effects the flow of solids into the clarifiers. Aeration
basin mixed liquor suspended solids must have sufficient time to settle and be returned or
wasted in the activated sludge system. Clarifiers are designed for certain solids loading
rates that should not be exceeded.

The solids loading rate (SLR) is the quantity of solids that can be removed by a secondary
clarifier per square foot of surface area. An increase above the design SLR will likely result
in an increase in solids leaving the clarifier. For secondary clarifiers that follow an activated
sludge system the solids loading rate should fall in the range of 12 to 30 pounds of solids
per day per square foot of clarifier surface area. Depending on the textbook you reference,
you will see a somewhat different range for the SLR.

Food —To- Microorganism Ratio (F/M Ratio)

For microbiological health and effective treatment, the microorganisms (mixed liquor
suspended solids) under aeration should be maintained at a certain level for the amount
of food (influent BOD) coming into the plant. This is known as the food to microorganism
ratio. For conventional activated sludge, the F/M ratio is usually between 0.2-0.5. For
extended aeration systems, such as package plants and oxidation ditches, the F/M ratio
should be between 0.03-0.10.

Hydraulic Load
Hydraulic load is the flow entering the plant, measured in million gallons per day (MGD).

Oxidation Ditch

An oxidation ditch is a modified activated sludge biological treatment process that utilizes
long solids retention times (SRTs) to remove biodegradable organics. Oxidation ditches
are typically complete mix systems, but they can be modified to approach plug flow
conditions. (Note: as conditions approach plug flow, diffused air must be used to provide
enough mixing. The system will also no longer operate as an oxidation ditch). Typical
oxidation ditch treatment systems consist of a single or multichannel configuration within
a ring, oval, or horseshoe-shaped basin.

Because of their oval shape, oxidation ditches are called “racetrack type” reactors.
Horizontally or vertically mounted aerators provide circulation, oxygen transfer, and
aeration in the ditch.

Preliminary treatment, such as bar screens and grit removal, normally precedes the
oxidation ditch. Primary settling prior to an oxidation ditch is sometimes practiced, but is
not typical in this design.

Tertiary filters may be required after clarification, depending on the effluent requirements.

Disinfection is required and reaeration may be necessary prior to final discharge. Flow to
the oxidation ditch is aerated and mixed with return sludge from a secondary clarifier.
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Pin Floc
Very fine floc particles with poor settling characteristics, usually indicative of an old
sludge (high MLSS levels).

PIN FLOC

These small flocs, pin floc,
consist only of floc-forming
bacteria without a filament

backbone and usually 3

are <50um in diameter. Pin
floc occurs most commonly at
starvation conditions, very
low F/M and long sludge age.

RAS Line

The A/S basin and secondary clarifier are connected by the RAS line. This connection
typically runs from the bottom of the secondary clarifiers to the front of the A/S basins.
The purpose of the RAS line is to take the settled, active, biological solids (MLSS) from
the bottom of the clarifier and return them to the treatment process. The RAS flow may
be between 25 and 125% of the influent flow to the WWTP.

Clarifiers rely on differences in density to separate particles from the surrounding
wastewater. Particles that are more dense than water are pulled by gravity to the bottom
of the clarifier. Particles that are less dense than water float to the top of the clarifier.

Gravity is not the only force influencing the movement of particles. Drag is created by the
particles as they move through the water. They rub against the water which creates friction
between the water molecules and the particles. Drag slows the particles down. Currents
in the clarifier push particles in different directions. Clarifiers are designed to minimize
short-circuiting currents. Another reason, these devices are so expensive.

RAS Concentration

Varying the RAS flow rate will affect the concentration and detention time of clarified solids.
Adjusting the RAS pumping rate allows the return of more or less concentrated solids
while also increasing or decreasing the depth of the sludge blanket. RAS flow rates can
be paced off influent flow rates.

Short-Circuiting
Short-circuiting is an uneven flow distribution in a wastewater tank. Density currents occur
in some parts of a tank and the wastewater travel time (detention time) is less than in other
parts of the tank.
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Slime Bulking

Nutrient deficiency causes stressful conditions for bacteria. Nutrient deficient bacteria are
unable to produce proper cell walls and as reaction to stress will produce excess amounts
of a slimy, fat (lipid) layer instead of a normal cell wall. Excess organic acids can also
cause stress on bacteria and can increase slime bulking. Slime bulking affects sludge
settling.

Sludge Age

Sludge age in the activated sludge process is the measure of the mean length of time a
particle of suspended solids has been undergoing aeration. This time is expressed in days
and is calculated using the pounds of Mixed Liquor Suspended Solids (MLSS) in the
aeration basin and the pounds of Total Suspended Solids TSS) in the influent.

Separating the Suspended Solids (SS)
As the mixed liquor, leaves the aeration tank, it goes to a clarifier to separate the
suspended solids (SS) from the treated wastewater.

The concentrated biological solids are then recycled back to the aeration tank, as returned
activated sludge (RAS), to maintain a concentrated population of bugs (the team players)
to treat the wastewater.

Young and Old Sludge

Young sludge is indicated by excessive white, billowy foam and low MLSS concentration
and high food to microorganism ratios.

OLD SLUDGE

Old sludge consists of sludge in which the sludge age is too high to be most
effective in a particular activated sludge process. Dark brown foam and a greasy
or scummy appearance is an indicator of old sludge. Settling in the clarifier is

rapid, but pin floe can be present in the effluent and the effluent is hazy. Old
sludge is often associated with a low F/M ratio. To correct for old sludge, it is
necessary to increase wasting rates and return less sludge to the aeration basin.
This will reduce the amount of solids under aeration, increase the F/M ratio, and
decrease the sludge age. Wasting rate changes should be gradual.

An overabundance of dark brown and greasy foam is an indicator of old sludge, which
also has a high MLSS concentration and low food to microorganism ratios. The common
range for sludge age for a conventional activated sludge plant is between 3 and 15 days.

Straggler Floc
Small, light, and fluffy floc particles with poor settling characteristics, usually indicative of
a younger sludge and/or low MLSS levels.

Washout

Washout is the loss of biomass from the final clarifiers due to high flow or too thick of a
sludge blanket

WWTBUGS©1/15/2022 www.abctlc.com 188 Toll Free (866) 557-1746


http://www.abctlc.com

Return Activated Sludge/Waste Activated Sludge Concentrations

Obtaining accurate estimates of the RAs and WAS concentrations can be difficult because
sampling location are not representative, pumps may operate intermittently, grab samples
don’t necessarily reflect changing conditions: composite sampling may change the solids
characteristics, and the RAS flow to influent flow ration may be changing.

Fortunately, if the influent and RAS flows are both known, it impossible to calculate the
RAS concentration from the MLSS concentrations. RAS compaction and concentration
will be limited by the MLSS characteristics. Always verify calculation results by comparing
them to the settling and compaction behavior of the MLSS in the settleability test.

Calculation Method

The maximum RAS concentration achievable by the clarifier can be estimated from the
settleometer test results. A detailed procedure for conducting a settleometer test is
presented later. For the test, a sample of MLSS is collected from the end of the activated
sludge basin and is allowed to settle for 30 minutes.

The settleometer mimics how the MLSS settles in the clarifier. A blanket should form in
the bottom of the settleometer. After 30 minutes, the volume of the settled sludge is
recorded.

If the MLSS is allowed to remain in the clarifier for 30 minutes, then it should compact to
the same degree as the MLSS in the settleometer.

If the MLSS concentration is known, then the settled sludge concentration (SSC) is easily
using the following formula:

SSCj3p =|Initial Setteometer Volume, mL|X MLSS mg/L
SSVs

Where:
SSCasp = Settle sludge concentration after 30 minutes and
SSV3p = Settled sludge volume after 30 minutes
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RAS/WAS Sampling Locations

Ideally, samples should be collected from well-mixed locations that are representative of
the system as a whole. Splitter boxes, joiner boxes, flumes, and pump discharges all
make excellent sampling locations for determining solids concentrations because they are
well mixed.

Waste Activated Sludge Removal

To maintain a stable treatment process, MLSS must be removed on a regular schedule.
Mixed liquor suspended solids can be removed from the bottom of the clarifier, from the
RAS line, or directly from the activated sludge basin. In the figure below, WAS line is
pulling MLSS from the bottom from the secondary clarifiers, which is the most common
configuration.

Clarifier 1 Clarifier 2 Clarifier 3
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The advantage of pulling MLSS from the bottom of the clarifier or RAS line instead of the
activated sludge basin is that the RAS will have a higher concentration in milligrams per
liter. This reduces the total volume that must be removed and processed.
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Return Activated Sludge Calculation Sub-Section Credit to US EPA

The RAS rate may be calculated using a mass balance approach around the secondary
clarifier.

_ Final settling tank or m
r Bioreactor Secondary Clarifier

MLSS
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Technical
Learning
College SLUDGE CALCULATION DIAGRAMAND FORMULA

This approach is centered on the thought that in a secondary clarifier the pounds of solids
drawn from the clarifier (RAS) must be equal to the pounds of material entering the clarifier
(MLSS).

Without detailing all of the algebra involved, using the pounds formula to express pounds
of material going into the clarifier, setting that equal to the pounds of material drawn from
the clarifier, and solving for the RAS flow rate (Rq) yields the formula:

Rg= QXMLSS RAS SS — MLSS
Return Flow Rate = (Q x MLVSS) + (VSS —MLVSS)

In the formula, Rq is the calculated Return Sludge flow rate, Q is the influent flow rate,
RAS SS is the RAS suspended solids concentration in milligrams per liter, and MLSS is
the Mixed Liquor suspended solids concentration in milligrams per liter.

Note that the flow units for Rg will match the units used for influent flow Q; if Q is given in
MGD, Rq will be in MGD. If the operator needs to calculate Rq in terms of percent of
influent flow, just use 100 % for Q.

Rq, % = (100 % X MLSS) + (RAS - MLSS)

Also, note that total suspended solids rather than volatile solids are used in the RAS
formula for both RAS and MLSS. This makes sense, since we are concerned with the
total amount of sludge in the clarifier rather than just with the biological mass. Keep in
mind while using the RAS formula that while this calculation may provide a good starting
point or a check for the RAS rate, the most practical means of controlling the RAS rate is
by actual sludge blanket measurement.
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RAS metering and control is another area in which the operator needs to be vigilant when
a new facility is being designed, or an existing plant expanded.

The additional capital costs associated with meters and valves is usually money well spent
when the operational difficulties existing at some facilities without these aids is considered.

Secondary
Clarifier #1

Secondary
Clarifier #2

Diagram #1

What are the chances of controlling sludge blankets?
Consider RAS control in the schematics above. In diagram #1, the RAS lines from the
two clarifiers are tied into a common pipe to the RAS pump.

If there is no provision for controlling flow or metering flow from either of the clarifiers;
sludge blankets would be very difficult to control. The feed from the clarifiers would easily
become unbalanced.

The rule of thumb is never allow the sludge blanket to reach more than 25 percent of the
clarifier sidewall. By allowing a deeper sludge blanket, the operator may encounter
troubles with blanket washout due to excess flows (heavy rain event) or denitrification
(sludge too long in the clarifier).
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Secondary Secondary
Clarhar£1 Clarifier #2

Meter

Diagram #2

If we divide the meter reading in half, will we get the flow rate for each clarifier?

In diagram #2, each clarifier has its own RAS flow control valve and pump. The two pumps
discharge into a common pipe where the flow is metered. This is a better situation,
allowing the operator to vary the amount of RAS from each clarifier, but since the meter
only measures the total flow from the two clarifiers, it will be very difficult to balance the
RAS flow.

Even with equally sized pumps and with the control valves set the same, the RAS pumped
from the two clarifiers will not be the same, since the hydraulic head pumped against will
be different for each pump.

Pumps can vary in pumping rates as they age or due to differences in their supply and
discharge piping. Installing a meter on the pipe from each clarifier rather than on the
combined flow would provide better control, but adjusting the flow from one clarifier would
still affect the flow from the other.
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Diagram # 3 represents the best approach. RAS from each clarifier flows through a control
valve and flow meter to a wet well, where a set of pumps draws from the wet well. This
arrangement allows the operator to make adjustments to the RAS flow from each clarifier
as needed. If the common RAS flow goes to separate aeration tanks, then separate control
valves and meters for each tank should also be part of the system.

Biomass Settleability
The three steps of biological wastewater treatment are: Transfer, Conversion, and
Flocculation and Separation.

Even though the first two steps may take place effectively, without the ability to separate
the biomass from the wastewater the process will not function. The organisms must
combine into properly sized particles that have sufficient density to allow them to sink to
the floor of the secondary clarifier. The biomass must compact well enough that the sludge
blanket does not occupy an excessive amount of space in the clarifier or solids may be
lost in the effluent.
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Waste Activated Sludge (WAS) Calculations Credit to US EPA

Waste activated sludge is excess sludge that is intentionally removed from the process.
For every 1 kg (2.2 Ibs) of BOD that is added to the activated sludge basin, the bacteria
feeding on it will produce about 0.6 kg of new bacteria (Metcalf and Eddy Inc./AECOM
2014). This is also equivalent to about 0.4 kg of new bacteria for every 1 kg of chemical
oxygen demand (COD).

Yield

The Yield will vary somewhat depending upon the type of organic material available and
whether oxygen, nitrite, or nitrate is being used by the bacteria. In addition, inert material
is being added to the activated sludge basins every day by the influent wastewater. If
these solids aren’t being removed from the treatment system periodically, the MLSS
concentrations will gradually increase.

Regular MLSS Removal

To maintain a stable treatment process, MLSS must be removed on a regular schedule.
The MLSS is usually removed from the bottom of the clarifier or from the activated sludge
basin. The MLSS removed is renamed as WAS. Some clarifiers have separate pipelines
for RAS and WAS. In other cases, WAS is pumped out of the RAS pipeline.

Wasting Rates

Cell Residence Time (CRT) is defined earlier in this section as the average length of time
in days that an organism remains in the secondary treatment system. The operator
determines the operating CRT for the facility and maintains it through wasting the
appropriate amount of excess biomass (Waste Activated Sludge, WAS) from the
secondary system. In other words, the amount of biomass (MLSS) in the secondary
system is controlled and maintained through solids wasting.

In nearly all activated sludge plants, wasting is accomplished by directing a portion of the
return sludge to the solids handing facility. Wasting return sludge rather than mixed liquor
minimizes the volume of water that must be processed by the sludge thickening/
dewatering equipment.

While it may be best to waste these solids continuously to achieve maximum system
stability, this is often not possible due to plumbing and time constraints. If intermittent
wasting is practiced, it is usually best to waste over as long a time period as practical, and
when the loading on the secondary system is at the low point of the day.

Drastic changes should not be made in wasting rates from one day to the next; allow the
biological system time to acclimate to a change before another change is made.
Consistency is a key element in successful activated sludge plant operation.

Many activated sludge plants were originally designed to waste secondary solids into the

primary clarifiers. The reasoning was that as the less dense biological solids co-settle
with the heavier primary solids the combined sludge density would be increased.
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The problem which often results from this arrangement is that much of the biological solids
do not settle in the primary clarifier and end up back in the aeration tank, increasing CRT
and often causing operational problems. A more efficient operation will result if the WAS
is wasted directly to a solids handling process and not allowed to return to the treatment
system. It is crucial that adequate solids concentrating equipment and solids storage
capability are part of an activated sludge plant.

Secondary sludge wasting is one of the most important controls available to the operator
because it controls the most important aspect of treatment, biomass population.
Unfortunately, control of wasting is limited in some facilities by poor design.

Inability to return sludge and waste at the same time, WAS piping being too large or too
small, and inadequate or non-existent WAS flow metering capability add to the level of
difficulty in operating some plants. Again, it is very important that system design include
adequate WAS control and metering equipment.

A good WAS control situation is one that allows the operator to set a totalizer which
determines the maximum number of gallons wasted in a particular day and also allows the
operator to control and monitor the WAS flow rate.

In determining an appropriate WAS rate, we need to return to the CRT relationship:

CRT (days) = Lbs of MLVSS in aerators
Lbs/day WAS VSS

Environmental Conditions

Waste activated sludge flow, along with environmental conditions such as water
temperature and accessibility to BOD, nutrients, and oxygen, influences the influences the
process biology and level of treatment achieved. Slower growing microorganisms,
including the nitrification bacteria and some bacteria and some filaments, can only remain
in the treatment process if the MLSS is held long enough for them to reproduce.

Sludge Settling

Waste activated sludge determines how long the MLSS stays in the system and, therefore,
helps to determine which type of microorganisms will be present. The presence or
absence of filaments will influence how fast the sludge settles in the clarifier. Waste
activated sludge also determines the MLSS concentration. Higher wasting rates leave
fewer solids in the system. Sludge age calculations and the relationships between sludge
age and other operational parameters will be covered soon.

In summary, the WAS...
o Determines the sludge age.
Controls mass of total solids in the activated sludge basins.
Influences sludge quality/settlebility.
Influences growth rate of microorganisms.
Influences the types of microorganisms that have the opportunity to proliferate,
and...
e Influences effluent quality.
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Mixing
Credit to US EPA #4, #35, & #10

In the activated sludge process, mixing is important for maintaining the MLSS in
suspension. In most functions, the aerators serve as both oxygen-transfer devices and
mixers. With the exception of the effluent end of plug flow basins, oxygen requirements
normally control aerator design and operation. In other words, more air is needed by the
bugs than is needed to keep the MLSS in suspension. However, at the effluent end of
plug flow basins and in some low-loaded, completely mixed systems, mixing may be the
controlling factor, especially during low flow conditions.

In most cases, the aeration system is used for mixing in these situations: however, use of
low-speed, submerged propeller, horizontal mixing devices (such as banana blade mixers)
to move mixed liquor horizontally along the basin is another option.

Return Activated Sludge Systems

The RAS system pumps the settled sludge, thickened in the clarifier, from the clarifier back
to the activated sludge basin. Most RAS pumping stations use centrifugal pumps for this
application. For intermediate-sized facilities, the pumps are often connected directly to
the sludge withdrawal pipes. In larger facilities, a wet well may be provided. In this case,
sludge is transferred from the clarifier to the wet well (typically by gravity) and then RAS
is pumped from the wet well back to the front of the activated sludge basins. Screw pumps
are also used in many WWTPS.

Waste Activated Sludge Systems

All activated sludge processes must have a WAS system to remove excess MLSS from
the system. Waste sludge may be wasted from the clarifier under flow (sludge blanket) or
directly from the activated sludge basins. Most WAS pumping stations use centrifugal
pumps, but diaphragm pumps, plunger pumps, and progressing cavity pumps are also
used. The other non-centrifugal pumps are positive displacement, and more easily flow-
modulated. The RAs and WAS pumping systems may include some type of flow
measuring device such as a magnetic flow meter.

Recirculation Pumping

Activated sludge systems that must remove ammonia, nitrite and nitrate often contain
internal mixed liquor recycle (IMLR) pumps. These pumps cycle nitrite and nitrate-rich
MLSS from the end of aerated zones back to anoxic zones. Mixed liquor recycling is
typically accomplished by low-head, submersible non-clogging pumps, or non-clogging
vertical turbine pumps. Constant-speed pumps are typically used because it is not
essential that recycles flows match of follow influent flows. Recycle pumps are typically
large enough to pump between 50 and 400% of the WWTP’s rated flow capacity.

Process Variables of A/S Basins

A/S is extremely flexible and can be manipulated to meet a variety of process goals.
Operators can influence MLSS microbiology, settleability, and final effluent quality by
adjusting five process variables; the number of basins and clarifiers in services, the
quantity of WAS removed from the system each day, the RAS, the availability of oxygen,
and, in some systems, influent flows. These five process variables give the operators an
immense amount of control over sludge settleability, the level of treatment achieved, and
final effluent quality.
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Other factors that can affect activated sludge performance include temperature, pH,
alkalinity, and the characteristics of the influent wastewater.

Internal Mixed Liquor Recycle Line
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Monitoring of Sludge Settleability

While watching the sludge blanket, the activated sludge solids inventory, and the plant
influent flow variations can provide a general understanding of the clarifier performance,
it is also very advantageous to track changes in activated sludge settleability.

As mentioned previously, primary and secondary sludge blanket depth and settleability do
not fluctuate significantly under steady state influent flow and load conditions. A sudden
increase in sludge blanket depth in the secondary clarifiers at typical influent flows and
loads and properly operating sludge withdrawal pumps usually indicates deterioration of
sludge settleability. There a few widely-used parameters and procedures for determining
activated sludge settleability.

Sludge settleability is central to the health of the biological system. Settleability is
influenced by conditions in the activated sludge basin but manifests itself in the clarifier.
Poor settling sludge causes lower solids concentration, requiring higher RAS rates to
maintain a given MLSS in the activated sludge basin. Consequently, measuring sludge
settleability is fundamental to the operation and control of the biological system.

Historically, the Sludge Volume Index (SVI) has been used most commonly as a measure
of sludge settleability. It is defined as the volume in milliliters occupied by 1 g of the

suspended solids following 30 min. of unstirred settling of the aeration basin MLSS. The
test may be carried outin a 1 or 2 L settling column. It is expressed as follows:

SVI (mL/g SS) = V30 ¢ (1,000 mg/g)/(X-Vt)

Where, V30 = Sludge volume after 30 min. of settling, mL; X = Mixed liquor concentration
before the test, mg/L; Vt = Volume of settling column, L.
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Hydraulic Detention Time

Hydraulic detention time is also referred to as the HDT or simply detention time (DT). You
may also see this as Hydraulic Retention Time (HRT).

Hydraulic detention time (HDT) also known as hydraulic retention time (HRT) is a measure
of the average length of time that a compound (in this case wastewater) remains in a
treatment tank or unit.

Simply stated, if you started to fill a tank with wastewater the detention time is the average
amount of a time that a drop of that water will remain in the treatment tank before the tank
fills and that drop of water flows out of it. This is important because as wastewater passes
through a treatment tank it must stay in the tank for the necessary period of time in order
to be adequately treated.

For example, in most aeration treatment systems, 4 to 8 hours of detention time is
necessary in order for the microorganisms in the aeration system to absorb, adsorb and
remove the contaminants (bacteria food) in the wastewater.

The HDT can be
1) the time required to fill a vessel,
2) the time required to empty a vessel, or
3) the average amount of time that water remains in a vessel.

Operators have limited control over the HDT, but opportunities may exist for placing
additional basins and clarifiers into service or removing them from service.

The formula for DT is...

L

day

Volume. gal x24
Detention Time. hr =

gal
Flow oy
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Return Activated Sludge — Clarifier Control Variable
Reference - State of Michigan #1

Return activated sludge is perhaps a clarifier process control variable rather than an
activated sludge basin control variable. It is included in this section to keep the
descriptions of RAS and WAS together and, hopefully, minimize confusion surrounding
the function of each of these important process control variables.

Return activated sludge, along with the influent flow, pushes MLSS from the activated
sludge basin into the secondary clarifier.

The mass of MLSS (kilograms or pounds) entering the secondary clarifier is the Solids
Loading Rate (SLR).

The SLR is expressed as pounds of solids per square foot of clarifier surface.

The SLR may be calculated according to the following formula:

( MG mg Ib
- MLSS —=x8.34 —
|2+ day J,EX L gal

SLR=> .
S4, fi2

Q is the influent flow rate in units of million gallons (MG) per day
QR is the return activated sludge flow rate in units of million gallons per day (MGD)

SA is the surface area of the secondary clarifiers (be sure to account for all of the
clarifiers in service)

MLSS is the mixed liquor suspended solids concentration
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Desired Finished Effluent
Credit to US EPA #10, #11, & #18

Activated Sludge facilities are designed based upon the characteristics and quantity of the
wastewater being treated and the desired finished effluent quality.

The following chart on the next page lists the quality of the influent for seven types of A/S
biological treatment and what to expect for removal of BOD based on retention time. The
secondary treatment stage involves adding seed sludge to the wastewater to ensure that
is broken down further.

Air is first pumped into huge aeration tanks which mix the wastewater with the seed sludge
which is basically small amount of sludge, which fuels the growth of bacteria that uses
oxygen and the growth of other small microorganisms that consume the remaining organic
matter.

This process leads to the production of large particles that settle down at the bottom of
the huge tanks. The wastewater passes through the large tanks for a period of 3-6 hours.

Wastewater comprises of a mix of solids, dissolved matter, particulates, microorganisms,
nutrients, heavy metals and micro-pollutants. This complex mix undergoes treatment at
wastewater treatment facilities before it is released into the environment as wastewater
effluent. Per federal guidelines laid out in the Clean Water Act, state and county water
divisions set the physical, chemical and biological limitations on components of this
wastewater discharge.

Since the effluents can either be released into the environment or reclaimed for other
purposes (potable or non-potable), certain parameters are used to test the quality of the
wastewater effluent.

Total Suspended Solids (TSS)

Wastewater particles that are larger than 2 microns in size are categorized under TSS. It
is the most widely used method to determine water quality. TSS is the measurement of
the total quantity of solid material per volume of water (in milligrams of solids per liter of
water (mg/L)) and is determined by weighing the heat dried residue of a filtered water
sample.

However, TSS measurement has a few drawbacks. Particles that are water soluble or that
are smaller than 2 microns easily escape detection in this method. Also, the mechanism
for measuring TSS is time consuming, requires precision and is prone to human error.

Turbidity

Water turbidity is determined by measuring the scattering of visible light as it passes
through a water column, where more particles result in more scattering of light. Using the
Nephelometric method, scattered light is measured by a photodetector placed at a 90-
degree angle from the illumination source. Turbidity is reported via the Nephelometric
Turbidity Unit (NTU).
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Plant Design Parameters

The A/S treatment process may be designed and operated to remove CBOD, to convert
ammonia to nitrite and nitrate, to remove nitrogen compounds and/or remove phosphorus.
A/S operating modes are distinguished by the sludge’s age, volumetric loading rate, F/M,
and flow pattern. There are many different types of activated sludge system flow designs

and classification types
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= primary effluent biochemical oxygen demand (BOD) concentration, So, mg/L (g/m3
for S.1.)

primary effluent suspended solids conc., Xo, mg/L (g/m?3 for S.I.)

aeration tank volume, V, ft3 (m3 for S.1.)

aeration tank MLSS (suspended solids conc.), X, mg/L (g/m?3 for S.I.)

secondary effluent flow rate, Qe, MGD, (m®/day for S.I.)

secondary effluent suspended solids conc., Xe, mg/L (g/m? for S.1.)

secondary effluent biochemical oxygen demand (BOD) concentration, Se, mg/L
(g/m3 for S.1.)

» waste activated sludge flow rate, Qw, MGD (m3/day for S.I.)

= waste activated sludge biochemical oxygen demand (BOD) conc., Sw, mg/L (g/m?
for S.1.)

waste activated sludge suspended solids conc., Xw mg/L (g/m?3 for S.I.)

recycle activated sludge flow rate, Qr, MGD (m®/day for S.1.)

Food to Microorganism ratio, F:M, Ib BOD/day/Ib MLVSS (kg BOD/day/kg MLVSS)
Hydraulic retention time, HRT, hours (hours for S.1.)

Sludge retention time (also called sludge age), SRT, days (days for S.I.)
Volumetric loading, VL, Ib BOD/day/1000 ft* (kg BOD/day/m3 for S.1.)

% volatile solids in the aeration tank mixed liquor suspended solids, %Vol.
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Volumetric Loading Rate

The volumetric loading rate is the mass of BODs added per volume of activated sludge
basin perday. The volumetric loading rate is similar to the organic loading rate calculation
for trickling filters. The F/M is the mass of BODs added to the activated sludge basin each
day divided by the mass of MLVSS in the basin. The flow pattern is how the water
moves through the process.

Secondary
Treatment

— Treated effluent

Cell recycle

Solids disposal

v

Conventional Activated Sludge Systems

Conventional A/S systems provide BODs removal efficiencies of 85 to 95% and typically
carry MLSS concentrations varying from 1,500 to 3000 mg/L. At conventional loading
rates, some ammonia removal may occur.

Low-Rate Systems

Low-rate systems are normally used for low flows and are distinguished by high oxygen
requirements and low sludge production rates. These systems are considered to be more
stable than conventional systems and require less operational attention.

Typically, BOD removal efficiencies range from 75 to 95% and nitrification is complete.
However, these systems usually suffer from higher effluent suspended solids
concentrations because of poor flocculation (pinpoint floc) and clarifier denitrification.

High-Rate System

High rate systems are often used as pretreatment processes in staged biological treatment
systems and are likewise used where only CBOD removal is required. These are
characterized by low oxygen demand and somewhat higher than normal sludge
production compared to conventional facilities.

The process produces BOD removal efficiencies over a wide range, from less than 50%
to as high as 95% depending on loading rates and waste characteristics.
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Typical Process Loading Ranges for the Activated Sludge Process Chart
Volumetric loading,

Loading Sludge Age, days Kg BODs/m3 F/M, kg/kged
Range (Ib BOD/1000 cu ft.) (Ib/d/lb)
High rate 1t03 1.60t0 16.0 0.5t01.5

(100 to 1000)

Conventional 5t0 15 0.32 to 0.64 0.2t00.5
(20 to 40)

Low Rate 20 to 30 0.16 to 0.40 0.05t0 0.15
(10 to 25)

Expected A/S Performance Criteria

With typical municipal wastewater, a well-designed and operated activated sludge system
should achieve a CBOD effluent quality of 5 to 15 mg/L. Effluent suspended solids should
also typically be less than 15 mg/L.

The secondary treatment standards set forth by the US EPA require all mechanical
treatment facilities, like activated sludge, to meet effluent BOD and TSS limits of 30 mg/L
or less as a 30-day average. Additionally, mechanical treatment facilities are required to
remove a minimum of 85% of all influent BOD and TSS. To achieve consistent BOD and
TSS concentrations less than 5 mg/L, some type of tertiary treatment may be required.

Design Criteria for Secondary Clarifiers Chart
(GLUMRB, 2014; Metcalf and Eddy, Inc. / AECOM, 2014; WEF, 1998)

Parameter Average Daily Flow Peak Hourly Flow
Solids loading rate, 100 to 150 240
Kg/m?d (Ib/d/sq. ft.)
(20 to 30) (48)
Surface overflow rate, 16.3 10 28.6 40.8 t0 65.0
m3/m?d (gpd/sq ft)
(400 to 700) (1000 to 1600)
Weir overflow rate, N/A 125 (10,000)?
m3/med (gpd/ft)
375 (30,000)°

a For facilities smaller than 3.79 ML/d (1 mgd).
b For facilities larger than 3.79 ML/d (1 mgd).
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More on A/S Performance Criteria
Credit Reference Wisconsin #3

Activated sludge processes may be engineered to remove ammonia, nitrite, nitrate, and
phosphorus to extremely low concentrations. Ammonia-nitrogen is often undetectable
(below 1 mg/L) in the final effluent of some types of activated sludge processes. Nitrite-
Nitrogen concentrations are typically below 0.25 mg/L.

Nitrite-Nitrogen

The chemical formula for this compound is NO2-. It is formed in an intermediate step when
ammonia is oxidized to nitrates. All of these types of nitrogen can be converted from one
form to another. Fresh, cold influent is usually high in organic nitrogen, lower in ammonia,
with only traces of nitrates and nitrites. Stale, warm influent will have high concentrations
of ammonia and low concentrations of organic nitrogen. As mentioned above, ammonia
present in the influent can be converted to nitrite and nitrate-nitrogen in the treatment
process through nitrification

Nitrate-nitrogen concentrations below 10 mg/L are easily achieved without the addition of
chemicals. Biological phosphorus removal can reduce effluent phosphorus
concentrations below 1 mg/L.

Basin Configurations

Basin configuration deals primarily with the hydraulic characteristics of the process.
Continuous flow systems are often categorized as "ideal plug flow" or "Ideal complete
mixed systems, although most operate in a less than perfect low regime somewhere
between the two

Ideal Complete Mix

Ideal completely mixed flow implies that the composition of the mixed liquor is the same
throughout the basin volume. The influent wastewater immediately and completely mixes
with the basin contents so that the concentration of a given component is the same as the
effluent concentration.

As a result, the DO, soluble BOD, nitrogen species, pH, temperature, and other
characteristics are identical throughout the basin. Completely mixed flow is difficult to
achieve, although the use of square or round basins with Intense mixing can get very
close.

The advantage of the complete-mix process include the dilution of shock loads (e.g., high
loads or toxic chemicals, and its relative simplicity compared to other configurations.
Shock loads can lead to anaerobic conditions or biomass toxicity. There are several
disadvantages to completely mixed basins.

First, they are often plagued by filamentous bulking problems. This can be overcome in
part by using selectors, which provide short-term conditioning of the RAS and influent
wastewater ahead of the activated sludge basin.

Theoretically, complete-mix processes also suffer because the removal efficiency of the
wastewater constituents is lower than in plug flow systems.
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Complete mix plants require longer basin detention times and/or the use of basins in series
to achieve comparable effluent quality. These systems are often used for low-rate
applications or for treating industrial or industrial-municipal wastewater where large
variations in load are anticipated.

Qo, So, Xo .
Final settling tank or /| Effluent
Influent :
:> Aeration Tank @ \Secondary Clarifier :::

F V, X Qe, Se, Xe
Air >

Technical ACTIVATED SLUDGE FLOW DIAGRAM AND PARAMETERS

Return Activated Sludge 1 \

Qr, Sw, Xw

F

WAS Qw, Sw, Xw

Learning
College
Legend
= primary effluent biochemical oxygen demand (BOD) concentration, So, mg/L (g/m?
for S.1.)

primary effluent suspended solids conc., Xo, mg/L (g/m?3 for S.I.)

aeration tank volume, V, ft2 (m3 for S.I.)

aeration tank MLSS (suspended solids conc.), X, mg/L (g/m? for S.I.)

secondary effluent flow rate, Qe, MGD, (m®/day for S.1.)

secondary effluent suspended solids conc., Xe, mg/L (g/m3 for S.1.)

secondary effluent biochemical oxygen demand (BOD) concentration, Se, mg/L
(g/m? for S.1.)

= waste activated sludge flow rate, Qw, MGD (m3/day for S.I.)

= waste activated sludge biochemical oxygen demand (BOD) conc., Sw, mg/L (g/m?3
for S.1.)

waste activated sludge suspended solids conc., Xw mg/L (g/m? for S.1.)

recycle activated sludge flow rate, Qr, MGD (m?®/day for S.I.)

Food to Microorganism ratio, F:M, Ib BOD/day/Ib MLVSS (kg BOD/day/kg MLVSS)
Hydraulic retention time, HRT, hours (hours for S.1.)

Sludge retention time (also called sludge age), SRT, days (days for S.I.)
Volumetric loading, VL, Ib BOD/day/1000 ft3 (kg BOD/day/m3 for S.1.)

% volatile solids in the aeration tank mixed liquor suspended solids, %Vol.
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Sludge Removal Systems Credit to US EPA

Operational removal of sludge is vital to process performance. There are two basic types
of sludge removal systems, namely plows and hydraulic suction. Plows are used for all
types of sludge encountered in wastewater treatment, whereas hydraulic suction is
primarily limited to A/S secondary clarifiers.

Hydraulic Section Sludge Removal

For activated sludge systems that remove ammonia, denitrification in the clarifier blanket
can cause solids to float and effluent quality to degrade. Hydraulic suction sludge removal
systems can remove sludge more rapidly than plow-type systems. Hydraulic suction
mechanisms lift solids from across the entire tank radius. There are two fundamentally
different types of hydraulic suction removal. The first commonly called an organ pipe or
riser pipe has a separate collector pipe for each suction inlet opening.

V-Shaped Plows

V-shaped plows direct the sludge to the multiple riser pipes. The other type has a single
or double arm extending across the full radius of the tank. The arm is tubular and has a
number of opening along its length. It is commonly referred to as a manifold design, but is
also known as a "header”, “tubular”, or “Tow-Bro”, in recognition of Townsend and Brower,
who developed it. Both types of hydraulic suction removal work by using pumps or
adjustable valves to create a difference in water level (hydraulic head) between the sludge
blanket and the location where the sludge is discharged. Large hydraulic head differences

result in faster sludge removal.

Depth and Floor Slope
Performance data has shown that deeper secondary clarifiers worked better in activated
sludge systems than shallower clarifiers.

Deeper clarifiers had lower effluent suspended solids concentrations and were more
resistant to upsets from peak hydraulic loads. In a 1984 survey (Tekippe, 1984), many of
the largest engineering firms were designing and building secondary clarifiers with depths
of 4 to 5 m (13 to 16 ft Depths of up to 6 m (20 ft) have been used (Metcalf and Eddy,
Inc./AECOM, 2014).

The floors of both primary and secondary clarifiers typically slope toward the sludge
collection hopper. Unlike primary clarifiers where the floor slope can vary considerably
from one facility to the next, most secondary clarifiers with plot or spiral sludge collection
mechanisms have a constant floor slope of 1 to 12. In other words, a clarifier that is 36 ft
(12 m) across from the outer wall of the clarifier to the center would have a drop of 3 ft
(1m) across that distance.

For hydraulic suction clarifiers, a 1 to 12 slope may also be used. However, because it is
not necessary to move the sludge across the floor, relatively flat floors are acceptable.
Tow-bro clarifier use a completely flat bottom. Often, a bottom slope of 1 or 2% is provided
to make it easier to drain and clean the tank.
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There are various options for treating sludge including stabilization, thickening,
dewatering, drying, and incineration. The costs for treating sludge and removing sludge
from wastewater are roughly the same. Typically a polymer chemical is used for the
volume reduction process known as dewatering. Polymers are slippery chemicals, which
means that there is always a risk of slipping or falling due to spills and leaks. Polymers
can also be environmental stress crack agents.

Dewatering decreases sludge liquid volume as much as 90 percent. Digested sludge is
put through large centrifuges that work in the same fashion as a washing machine spin
cycle. The spinning centrifuge produces a force that separates the majority of the water
from the sludge solid, creating a biosolid substance.
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Review of Quality Process Goals
Credit USEPA #4

As previously noted, the activated sludge process can be used to remove carbonaceous
BOD and also ammonia (nitrification). We can separate the wastewater oxygen demand
separated into two categories: carbonaceous and nitrogenous.

Carbonaceous BOD Removal

The carbonaceous biochemical oxygen demand should be expressed as a function of the
number of days that the demand will be measured; 3-day, 5-day (most common), 7-day,
and 20-day time periods are commonly used. To obtain only carbonaceous oxygen
demand, it may be necessary to inhibit nitrification by adding chemicals.

The rate and extent of BODs (5-day BOD) removal in primary treated (settled) or untreated
wastewater depends on the relative quantities of soluble, colloidal, and suspended BOD:s.
Soluble BODs content is approximately 20 to 40% of the total. These proportions may
vary, particularly in warmer climates where long collection system residence times and the
higher wastewater temperatures may result in a higher proportion of soluble BODs. This
is caused by the bacterial degradation of a portion of the colloidal and settleable fractions
during transport in the collection system.

With typical municipal wastewater, a well-designed activated sludge process should
achieve a carbonaceous, soluble BOD5 effluent quality of 5 mg/L or less. Similarly, with
clarifiers designed to maximize solids removal at peak flows and adequate process
control, the average SS in the effluent should not exceed 15 mg/L.

On a practical basis, an effluent with 20/20 mg/L BODs and SS should be attained,
assuming proper operation. Potential capabilities of the process are 10/15 mg/L BODs
and SS. To consistently achieve values lower than 10/15 mg/L, some type of tertiary
treatment is required.

Nitrification

Of the total oxygen demand exerted by the wastewater, there is often a sizeable fraction
associated with the oxidation of ammonia to nitrate. The autotrophic bacteria
Nitrosomonas and Nitrobacter are responsible for this two-state conversion. Being
autotrophic, these nitrifying organisms must reduce oxidized carbon compounds in the
wastewater, such as CO; and its related ionic species, for cell growth. As a result, this
characteristic markedly affects the ability of the nitrifying organisms to compete in a mixed
culture.

The nitrifying bacteria obtain their energy by oxidizing ammonia nitrogen to nitrite nitrogen
and then to nitrate nitrogen. Because very little energy is obtained from these oxidation
reactions, and because energy is needed to change CO, to cellular carbon, the population
of nitrifiers in activated sludge is relatively small. When compared to the normal bacteria
in activated sludge, the nitrifying bacteria also have a slower reproduction rate.

Nitrifying organisms are present to some extent in all domestic wastewaters. However,
some wastewaters are not nitrified in existing plants because they are designed for the
higher growth rate of bacteria responsible for carbonaceous removal. As the Mean Cell
Residence Time (MCRT) is increased, nitrification generally takes place.
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The longer MCRT prevents nitrifying organisms from being lost from the system when
carbonaceous wasting occurs or, more accurately, the longer MCRT permits the build-up
of an adequate population of nitrifiers.

Because of the longer MCRT required for nitrification, some systems are designed to
achieve nitrification in the second stage of a two-stage activated sludge system. The
oxygen demand for complete nitrification is high. For most domestic wastewaters, it will
increase the oxygen supply and power requirements by 30 to 40% because complete
nitrification requires from 4.3 to 4.6 Ib. of oxygen for each Ib. of ammonia nitrogen (4.3 to
4.6 mg/mg) converted into nitrate, and wastewaters generally contain 10 to 30 mg/L of
reduced nitrogen as ammonia and urea. Nitrification systems generally are not operated
at intermediate (40 to 80%) removals; stable operation is achieved when essentially
complete nitrification (greater than 90%) occurs.

Minimum acceptable dissolved oxygen (DO) concentrations of 2 to 3 mg/L for nitrification
have been reported, and nitrification appears to be inhibited when the oxygen
concentration is lower than 1 mg/L.

Optimum growth of nitrifying bacteria has been observed in the pH range of 8 to 9 although
other ranges have been reported. A substantial reduction in nitrification activity usually
occurs at pH levels below 7, although nitrification can occur at low pH.

While nitrification occurs over a wide temperature range, temperature reduction results in
a slower reaction rate. The temperature effect is made less severe by increasing the
MCRT. During the conversion of ammonia to nitrate, mineral acidity is produced. If
insufficient alkalinity is present, the system’s pH will drop and nitrification may be inhibited.

Bacteria Highlights Credit USEPA #6

A change in the numbers or predominance of microorganisms in activated sludge is
usually gradual. The time required for a complete shift from one species to another is
normally in: 2 to 3 MCRT's. Endogenous respiration of microorganisms in an extended
aeration plant will complete the oxidation process of an organic material.

The bug Nocardia causes frothing. Saprophytic type bacteria produces the most acid in
an anaerobic digester. The best location for microscopic examination of activated sludge
in a conventional system is at the effluent end of the aeration system. The examination
can reveal a predominant number of rotifers and nematodes; this condition may indicate
that the F/M ratio is too low, but this would be normal in an extended aeration process.

A large amount of long filamentous bacteria will prevent good settling. The liquid above
this mass is called the supernatant.

Food to microorganism ratio. A measure of food provided to bacteria in an aeration
tank.

E = Food = BOD, lbs/Day = Flow, MGD x BOD, mg/L x 8.34 Ibs/gal
M Microorganism MLVSS, Ibs Volume, MG x MLVSS, mg/L x 8.34 Ibs/gal

or = BOD, kg/day
MLVSS, kg
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Various A/S Designs (Alphabetical Order)

The Bardenpho Process Credit USEPA #7

¢ Anaerobic _ Aerobic gud Anoxic y Aerobic

Technical Return Activated Sludge
Learning WAS
College MODIFIED FIVE -STAGE BARDENPHO PROCESS

The Bardenpho process was named after its inventor, Dr. James Barnard. His process
may be configures with four or five stages. The major difference process is that the
Bardenpho process includes an anaerobic zone. Most of the treatment facilities that utilize
this process have required supplemental chemical addition (metal salts and/or carbon) to
meet the effluent phosphorus limits of less than 1.0 mg/L as P.

BNR occurs in various reactors with anaerobic, anoxic, or aerobic environments to reduce
the TN and TP. These reactors can be arranged in various sequences to provide the
necessary biological reactions for BNR. Many Florida AWT plants use the modified, or
five-stage, Bardenpho process, which consists of the sequence of anaerobic, first anoxic,
aerobic, second anoxic, and reaeration zones with an internal recycle from the aerobic to
first anoxic zone.

Anaerobic zones provide an environment free of oxygen and oxidized nitrogen to
encourage the growth of phosphorus accumulating organisms (PAOs) for enhanced
biological phosphorus removal (EBPR). Under anaerobic conditions, the PAOs take up
volatile fatty acids (VFAs) — primarily acetic and propionic acids — and release phosphorus,
which is then taken up in subsequent aeration zones and removed from the system in the
waste activated sludge (WAS). Performance of the anaerobic zone can be affected by
insufficient VFAs, recycle of dissolved oxygen (DO) within the return activated sludge
(RAS), recycle of excessive phosphorus from sludge handling, and the presence of
glycogen accumulating organisms (GAOs) in the mixed liquor.

The first anoxic zone functions as the main denitrification zone. The RAS and internal
recycle streams bring nitrate from the aerobic zone into contact with the influent
biochemical oxygen demand (BOD). Heterotrophic bacteria convert the nitrate to nitrogen
gas while using chemical oxygen to consume a portion of the influent BOD in the process.
Some PAOs are also capable of denitrification. Problems with the first anoxic zone of the
biological treatment process can stem from insufficient anoxic volume, poor mixing,
insufficient carbon, insufficient nitrate recycle, and excessive DO within the recycle stream
or surface entrainment. While not a direct cause of insufficient nitrate reduction, a single
complete-mix first anoxic reactor will provide less nitrate removal than a series of
complete-mix reactors. This creates a complete mix-plug flow hybrid.
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Basins-in-Series

The basins-in-series configuration is described as two or more completely mixed basins
operating in a series configuration. It can be approximated with baffles or by folding basins.
This configuration, with three or more basins-in-series, attempts to simulate a plug flow
condition that has a kinetic advantage over mixed-flow systems, as mentioned previously.
This configuration also seems to mitigate filamentous bulking.
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Learning SEQUENCING BATCH REACTOR DIAGRAM

College

3. Settle—Clarification

Batch Operation

Sequencing batch reactors are a type of activated sludge system uses a fill-and-draw.
They usually are used in systems to treat wastewater in small batches. Both treatment
and clarification are in the same tank. At the end of treatment cycle, the MLSS is allowed
to settle and treated water is decanted off the top of the basin.

Sludge is wasted from the settled sludge blanket. Batch systems behave like ideal plug

flow systems with respect to biological process performance: the reaction time for batch
systems is interchangeable with the space-time for the plug flow basin.
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Complete Mix Activated Sludge Process
Credit # Tennessee Activated Sludge Chapter 7

The complete mix activated sludge process employs a completely mixed flow regime. In
a rectangular tank, complete mixing is achieved by distributing the sewage and the return
sludge uniformly along one side of the tank and withdrawing the aerated sewage,
uniformly along the opposite side. In case of circular or square tank, complete mixing is
achieved by mechanical aerator with adequate mixing capacity installed at the center of
the tank.

MECHANICAL AERATORS

G

SECONDARY

CLARIFIER EFFLUENT

‘RETURN ACTIVATED SLUDGE

WASTE ACTIVATED SLUDGE

Technical

e COMPLETE MIX PLANT DIAGRAM

In a complete mix activated sludge process, the mixed liquor is similar throughout the
aeration tank. The operating characteristics in terms of solids, oxygen uptake rate (OUR),
MLSS, and soluble BODs concentration are identical throughout the tank.

Because the entire tank contents are the same quality as the tank effluent, there is a very
low level of food available at any time to a large mass of microorganisms. This is the
major reason why the complete mix PROCESS can handle surges in the organic loading
without producing a change in effluent quality. The type of air supply used could be either
diffused air or a mechanical aerator.

The complete mix process may be resistant to shock loads but is susceptible to
filamentous growths.
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Contact Stabilization Activated Sludge Process
Credit # Tennessee Activated Sludge Chapter 7

Contact stabilization activated sludge is both a process and a specific tank configuration.
The contact stabilization encompasses a short-term contact tank, secondary clarifier, and
a sludge stabilization tank with about six times the detention time used in the contact tank.

Contact stabilization is best for smaller flows in which the MCRT desired is quite long.

Therefore, aerating return sludge can reduce tank requirements by as much as 30 to 40%
versus that required in an extended aeration system. The volumes for the contact and
stabilization tanks are often equal in size because the RAS is more concentrated than the
mixed liquor.
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Al CONTACT STABILIZATION PLANT DIAGRAM

What does this all mean?

If equipped with similar flow piping options, these plants can be operated either in parallel
as an extended aeration facility or as a contact stabilization unit. This flexibility makes
them suitable for future expansion to conventional activated sludge, without increasing the
aeration tank, by merely adding more clarification capacity.
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Extended Aeration Activated Sludge Process Credit to US EPA
Credit # Tennessee Activated Sludge Chapter 7

The extended aeration process uses the same flow scheme as the complete mix or plug
flow processes but retains the wastewater in the aeration tank for 18 hours or more.

This process operates at a high MCRT (low F/M), resulting in a condition where there is
not enough food in the system to support all of the microorganisms present. The
microorganisms therefore compete very actively for the remaining food and even use their
own cell structure for food.

This highly competitive situation results in a highly treated effluent with low sludge
production. Many extended aeration systems do not have primary clarifiers and they are
package plants used by small communities.

The main disadvantages of this system are the large oxygen requirements per unit of
waste entering the plant and the large tank volume needed to hold the mixed liquor for the
extended period.

Flocculating Center Feed Well

In many facility designs, the MLSS arrives at the secondary clarifier without being fully
flocculated. The floc can be broken up to some degree by the higher flow velocities found
in the pipelines connecting the activated sludge basin to the clarifier. This broken floc may
not settle well and result in pieces of floc that are not large enough in the clarifier, causing
an increase in the effluent suspended solids. To address this problem, many secondary
clarifiers contain a flocculation zone. The goal is to provide an area of gentle mixing within
the clarifier to help re-flocculate the MLSS and improve settleability.

The flocculation zone may be created by increasing the size of the center feed well or by
adding an outer flocculator center well that surrounds the smaller influent center well. The
center feed well helps to slow down the influent flow. The flocculation well keeps the MI.SS
together for flocculation. Some flocculation wells include mechanical flocculators.

Hybrid Flows

In practice, we rarely see a true plug flow or complete mix reactor. We often have hydraulic
patterns that are somewhere in between the two ideal regimes. For example, a long
rectangular basin with aeration (either surface of diffusers) often has significant dispersion
and back mixing although we have a lag before an influent tracer appears at the effluent,
it appears well before time = volume/flow.

What makes hybrid systems interesting is as you increase the number of cells or individual
areas modeled by continuous stirred-tank reactor (CSTR) flows (occurs near a surface
aerator), the overall tracer response appears closer to the plug flow ideal where the tracer
reaches the effluent near the design residence time. The hybrid flow is used often because