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“ THE BEGINNING”

Tom Anthony

Don Scott

OPERATOR TRAINING IN MISSISSIPPI

The Mississippi Department of Environmental Quality (MDEQ) has a proud history of providing effective training
opportunities for operators of wastewater treatment facilities. The agency’s training legacy began in 1969 when the
newly created Mississippi Air and Water Pollution Control Commission started the State’s first training program
solely for wastewater personnel. Prior to the implementation of this program, virtually the only training available to
wastewater operators was an annual week-long shortcourse held at Mississippi State University (MSU) in which
combined classes were conducted for both water and wastewater personnel. Instruction for these combined classes
were usually provided by the Mississippi State Department of Health and the Civil Engineering Department of MSU.

The initial program was funded with Federal money made available from the U.S. Department of the Interior and
was highlighted by the hiring of Don Scott and Tom Anthony as full-time training instructors. The program was
basically a six (6) month course which consisted of both classroom instruction and on-the-job training. Classroom
sessions were scheduled at community colleges with Mr. Scott, Mr. Anthony, and college staff members providing
the instruction. As a general rule, training in the northern areas of the State was conducted by Mr. Scott with Mr.
Anthony doing the same in the southern areas.

In the early 1970’s, the agency began using funds allocated by the State of Mississippi to provide training; and the
program, as it exists today, really began to develop. Through the efforts of Mr. Scott and Mr. Anthony, a series of
workshops covering a variety of topics were scheduled at various locations around the State. This coincided with the



annual shortcourse at MSU being separated into two (2) separate courses for water and wastewater personnel. For
the first time in Mississippi, a formal training program was designed and made available specifically for operators of
wastewater treatment facilities. Training topics included math, hydraulics, biological treatment, and laboratory
procedures. Instruction was largely provided by agency personnel and supplemented by volunteer instructors. Later,
the curriculum was expanded to provide more comprehensive coverage of wastewater-related topics; and in the early
1980’s, the annual MSU shortcourse was expanded to include a second companion course to be held annually on the
Mississippi Gulf Coast.

With the adoption of operator certification regulations in 1987, MDEQ’s role was somewhat changed to that of
enforcement in addition to providing training. Today the agency continues to sponsor two (2) week-long
shortcourses, numerous workshops, and on-site consultation to operators. In addition, many opportunities are now
available through other training vendors. It should be remembered that the training opportunities available to today’s
wastewater operators are the result of the groundwork laid by Don Scott and Tom Anthony almost thirty (30) years
ago. Because of their vision and efforts, the training opportunities available to operators in the State of Mississippi
are acknowledged and respected nationwide.



PREFACE

The first edition of this manual was prepared in 1984 for the Bureau of Pollution Control of the Mississippi
Department of Natural Resources. Compilation of the initial manual was a joint effort of certain personnel of the Bureau
of Pollution Control and the firm of Engineering Service of Jackson, Mississippi, who was under contract to said Bureau.
The principal author was W. Carroll Murphy, P.E. of Engineering Service whose primary tasks were development and
preparation of the manuscript. Editors and contributing authors were Donald R. Scott, Thomas Anthony, Jr., Donald R.
Cooley and Larry V. Murphree of the Bureau of Pollution Control.

In 1992, the Office of Pollution Control of the Mississippi Department of Environmental Quality contracted with
the firm of Engineering Service of Jackson, Mississippi, to make certain revisions to the first edition of the manual.
Under said contract, revisions were made to Chapters 3, 5, 7, 8, 12 and 13 of the manual. W. Carroll Murphy of
Engineering Service was the principal author of the revised manuscripts. Donald R. Scott was sub-contracted by
Engineering Service for the purpose of editing the revisions, compiling information and literature, and serving as a
contributing author.

The compilation of the revised (second) edition of the manual involved the efforts of several persons in the
employ of Engineering Service and the Office of Pollution Control. Special acknowledgment is due Phillip Bass, Larry
Murphree, Nick Gatian, and Russell Lyons of the OPC for their technical assistance and editorial suggestions. Their
availability throughout the compilation process is genuinely appreciated. Thanks are offered to Monica Motley of
Engineering Service for her competent word processing of the entire manuscript; and to Frank Phillips and Tim Parker
for their proofreading of same.

In 1996, Chapter 14, “Introduction to Wastewater Laboratory” was written and compiled by Phil Bass, Larry
Murphree, Nick Gatian and Rusty Lyons of MDEQ/OPC as an addition to the second edition of the manual.

In 1998, the Office of Pollution Control contracted with W. Carroll Murphy of Engineering Service to author
Chapter 15, “Facilities Management”. This addition, and associated exam questions, were successful in MDEQ’s efforts
to gain full reciprocity with the Association of Boards of Certification’s (ABC) highest level (Class IV) of certification.

The (4™) edition of the Mississippi Wastewater Facilities, Operations and Training Manual, completed in
2001, contains very few revisions in the text, but does include new photographs. It has also been re-formatted to make
it easier and less expensive to reproduce.

The latest (5™) edition (2007) contains revisions to Chapter 6, Advanced Treatment, authored by W. Carroll
Murphy , the original principal author of this manual. Chapter 15, Management, has also been updated to include
information on emergency management in accordance with the National Incident Management System (NIMS) and site
security measures.

A companion Study Guide consisting of quizzes for each chapter and practice math problems is available for
those preparing for the Mississippi Pollution Control Operator Certification examination. To obtain an order form, visit
the MDEQ website www.deq.state.ms.us or contact the regional Operator Trainer in your area.

The manual and study guide are also available on CD ROM. We hope to make any future changes and revisions
available on the MDEQ website.
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CHAPTER 1

INTRODUCTION AND USER GUIDE

1-1 PURPOSE OF MANUAL

The objective of wastewater collection and treatment is the removal of objectionable material contained
therein from the environment and, by so doing, to create pollution-free conditions in our water and air resources.
Accomplishing this objective will result in the prevention of nuisances and conditions which otherwise might be
harmful or injurious to public health.

Wastewater is produced by man - thus, the responsibility for its collection and treatment must be borne by
man. The treatment of wastewater is essentially an attempt by man to duplicate nature’s processes for decay of
organic matter under controlled conditions. There are numerous processes available for providing this treatment. This
manual has been prepared to assist operators and others involved with the collection and treatment of domestic
wastewater in gaining basic knowledge and information needed to efficiently and effectively achieve their objectives.

The manual is not intended to be a facility “Operation and Maintenance” manual. Instead, it is intended to
serve as a reference source and compilation of basic principles and information which can be incorporated into the
operational practices at a facility. Hopefully, it will provide guidance and instruction to those persons whose

livelihoods depend on understanding and applying sound principles of wastewater treatment facility operations.

1-2 SCOPE OF MANUAL
The manual is intended to provide basic information on a broad range of topics related to the collection and
treatment of domestic wastewater. The scope of topics includes the following:
1. Characteristics of Wastewater,
Treatment Processes,
Flow measurement,
Collection and Pumping Systems,
Records and Reports,
Safety,

Wastewater Laboratory, and

S A A R

Management

The physical, chemical, and biological characteristics of domestic wastewater (sewage) are addressed in
Chapter 2. Chapters 3 through 8 cover the various unit processes involved in wastewater treatment. These processes
include preliminary treatment methods, primary treatment methods, biological treatment processes, advanced
treatment processes, disinfection, and sludge treatment/disposal. The practice of measuring flows at a wastewater
treatment facility is addressed in Chapter 9. Chapters 10 and 11 cover wastewater collection (sewers) and pumping

systems respectively. Records and reports are the subject of Chapter 12; and Chapter 13 addresses safety in
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wastewater collection and treatment systems. An introduction to the wastewater laboratory is discussed in Chapter
14 and management issues are addressed in Chapter 15.

One area of concern which is noticeably, but necessarily, not addressed in the manual is equipment
maintenance. Such a topic, while vital to wastewater operations, is considered to be beyond the scope of the manual
because of the many and varied types of equipment available and the detail to which the manual would have to go
in order to effectively address the topic. Instead, the manual assumes the position that manufacturers’ literature

should be consulted for guidance in equipment maintenance.

1-3 REFERENCES
During the preparation of this manual, numerous references were consulted. Listed in the Appendix are
those references on which much of the technical material presented in this manual is based. Many of these references

were consulted for several topics while others may have served as support material for single topics.
1-4 GLOSSARY

A glossary of common wastewater terms was compiled during the preparation of the manual and is

presented in the Appendix.
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CHAPTER 2

WASTEWATER CHARACTERISTICS

2-1 TERMINOLOGY

Once a community’s water has been used for residential, commercial, industrial, and institutional needs, it
generally is discharged into a sewer system and is referred to as “wastewater”. In a municipal or community system,
wastewater generally originates from domestic and industrial uses. Domestic wastewater is usually called “sewage”
or “sanitary wastes” and is produced from such sources as restrooms, bathing, cooking, washing clothes,
dishwashers, drinking fountains, etc. Industrial wastewater is discharged from manufacturing plants after being used
in the manufacture of a product. The combination of a community’s industrial wastewater and domestic wastewater,
plus any groundwater infiltration or stormwater inflow which enters the sewer system is commonly called “municipal
wastewater.” In many smaller communities in which no industries are located, “municipal wastewater” is made up
only of domestic wastewater and infiltration/inflow.

In this manual, only the characteristics of domestic wastewater, or sewage, will be discussed. The
composition of industrial wastewater is highly variable and dependent on the specific manufacturing processes
involved and is therefore beyond the scope of this manual. Domestic wastewater, on the other hand, is generally more
consistent in its make-up due to the fact that it originates from human uses which vary little from community to

community.

2-2 PHYSICAL CHARACTERISTICS

a.  Temperature

The temperature of sewage is typically a few degrees higher than the water supply because of the addition
of warm water from residential and industrial uses. Specific temperatures vary depending on the geographic location
and characteristics of a community. In most cases, the temperature of sewage will vary from 10°C to 21°C (50°F to
70°F). A significant increase in the temperature of wastewater often indicates the presence of an industrial waste. Also
a significant decrease in temperature many times indicates the presence of groundwater and/or stormwater.

b.  Odor

Odors are generally of more concern to the public than any other wastewater characteristic. Most odors are
caused by gases which are produced when bacteria and other microorganisms utilize the organic matter in wastewater
as a food source. Odors normally can be categorized as either “fresh” or “septic”. Fresh sewage has a distinctive
musty odor which is slightly objectionable but not too offensive. Septic sewage on the other hand is normally very
offensive with a hydrogen sulfide (rotten egg) odor. Septic sewage is void of oxygen; and anaerobic microorganisms
produce the hydrogen sulfide while decomposing organic matter.

C. Color

The color of sewage varies depending on whether “fresh” or “septic” conditions exist. Fresh sewage is

usually gray. As bacteria begin to break down the organic matter in sewage, the dissolved oxygen content is soon
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reduced to zero. When this occurs, septic conditions are created and the color changes to black. Colors such as red,
green, yellow, etc. which might appear in wastewater normally indicate the presence of an industrial discharge.

d.  Solids Content

Because wastewater is comprised of water which has been used for many purposes, it naturally contains a
large quantity of solid matter. The term “solids” includes floating or suspended matter as well as solid matter which
has been dissolved. From the standpoint of the physical condition in which solids exist, there are two types of solid
matter in wastewater - suspended solids and dissolved solids. The sum of suspended and dissolved solids is referred
to as total solids.

Any solids content, whether suspended, dissolved or total, normally has a certain portion which contains
microorganisms or which can be used as food by microorganisms in biological treatment. This portion is organic and
is referred to as volatile solids. The non-volatile portion which is inorganic or inert is called fixed solids. Normally
the suspended solids in raw sewage are 60% to 80% volatile. Dissolved solids are typically 50% to 70% volatile.

Solids are typically measured in units of milligrams per liter (mg/1). Table 2-1 lists typical values of solids

concentrations normally found in raw sewage.

TABLE 2-1

TYPICAL SOLIDS CONTENT

OF
RAW SEWAGE
Concentration (mg/1)
Extremes

Parameter Normal Range Low High
Total Solids*

Total 500 to 750 300 1,000

Volatile 320 to 475 190 750

Fixed 180 to 275 110 400
Dissolved Solids*

Total 300 to 500 200 800

Volatile 180 to 300 120 500

Fixed 120 to 200 80 300
Suspended Solids*

Total 200 to 250 100 350

Volatile 140 to 175 70 250

Fixed 60 to 75 30 100

*NOTE: Total Solids = Total Dissolved Solids + Total Suspended Solids
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2-3 CHEMICAL CHARACTERISTICS

a. Organic Content

The pollution-causing component in sewage is organic matter. Organic matter is normally composed of a
combination of carbon, hydrogen, and oxygen. Other important elements such as nitrogen, sulfur, and phosphorus
may also be present. The main groups of organic substances found in wastewater are proteins, carbohydrates, fats and
oils. Proteins are the principal components of all animal organisms. Carbohydrates are widely distributed in nature
and include such common substances as sugars, starches, cellulose, and wood fiber. Fats and oils are compounds
comprised of alcohol or glycerol with fatty acids. They are contributed to wastewater from such sources as butter,
lard, margarine, and vegetable oils. Fats are also found in meats, seeds, nuts, and certain fruits. Petroleum products,
which contain primarily carbon and hydrogen, many times are contributed to sewers from shops, garages, and streets.

The organic content of a wastewater can be measured by several different laboratory tests. The most
common test is for 5-day biochemical oxygen demand (BODj), which is simply a measure of the amount of oxygen
utilized by microorganisms for the biochemical stabilization of organic matter during a 5-day period at a temperature
of 20°C. Other tests which can be used to evaluate organic content include volatile solids, total organic carbon (TOC),
chemical oxygen demand (COD), organic nitrogen, and oil/grease. Table 2-2 contains typical values of the organic

content of raw sewage as measured by the aforementioned analyses.

TABLE 2-2
TYPICAL ORGANIC CONTENT
OF
RAW SEWAGE

Concentration (mg/l)

Extremes
Parameter Normal Range Low High
5-Day Biochemical Oxygen
Demand (BOD) 200 to 250 100 400
Total Organic Carbon 150 to 175 80 300
(TOC)
Chemical Oxygen Demand 450 to 550 250 1,000
(COD)
Volatile Solids
Total 320 to 475 190 750
Dissolved 180 to 300 120 500
Suspended 140 to 175 70 250
Organic Nitrogen 15 to 20 5 40
Oil/Grease 80 to 120 50 150
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b. pH

The pH of wastewater is important because biological treatment is difficult to achieve if the pH is not within
an acceptable range. The pH of a substance is the concentration of hydrogen and hydroxyl ions and, as such, is a
measure of how acidic or alkaline that substance is. The pH scale ranges from 1 to 14 with 7 being neutral. Values
less than 7 are acidic and those greater than 7 are alkaline. The pH of a wastewater is influenced by the pH of the
natural water supply as well as the purposes for which the water is used before being discharged as wastewater.
Typically, the pH of raw sewage will be in the range of 6.5 to 8.5. When the pH of wastewater is less than 6 or greater
than 9, operational problems are often experienced at the treatment facility which treats the wastewater.

c. Nitrogen

The element nitrogen is an essential ingredient in the growth of living organisms. In raw sewage, nitrogen
normally exists as organic nitrogen and ammonia nitrogen. In most instances, the ratio will be about 60% ammonia
and 40% organic. Organic nitrogen is usually quickly converted to ammonia nitrogen by the bacterial action which
occurs in biological treatment processes. The sum of ammonia nitrogen and organic nitrogen is called total Kjeldahl
nitrogen (TKN). Forms of nitrogen such as nitrite and nitrate normally do not exist to any noticeable degree in

domestic wastewater. Table 2-3 contains typical concentrations of those forms of nitrogen usually found in raw

sewage.
TABLE 2-3
TYPICAL NITROGEN CONTENT
OF
RAW SEWAGE
Concentration (mg/l)
Extremes
Parameter Normal Range Low High
Total Kjeldahl Nitrogen 35to 45 20 85
(TKN)
Organic Nitrogen 15 to 20 5 40
Ammonia Nitrogen 20 to 25 15 45
Nitrate Nitrogen 0 0 Trace
Nitrite Nitrogen 0 0 Trace

2-5



d. Phosphorus

Phosphorus, like nitrogen, is essential to biological growth processes. Its presence in domestic wastewater
is typically in a concentration range of 6 to 10 mg/l. Occasionally, the content may range as low as 3 to 4 mg/l and
as high as 15 to 20 mg/1.

e. Gases

Raw sewage usually contains various amounts of such gases as nitrogen (N,), oxygen (O,), carbon dioxide
(CO,), hydrogen sulfide (H,S), ammonia (NH,), and methane (CH,). Nitrogen, oxygen, and carbon dioxide are
common atmospheric gases and are present due to exposure to air. Hydrogen sulfide, ammonia, and methane are
present as a result of bacterial decomposition of the organic matter in wastewater.

f. Other Constituents

Other significant chemical constituents which are found in raw sewage include chlorides, sulfur, heavy
metals, and toxic compounds. Chlorides originate from such sources as groundwater, household wastes, industrial
wastes, and the natural content in a community’s water. Chloride concentrations typically range from 40 to 60 mg/1
in domestic wastewater, not including the amount naturally present in the domestic water supply.

Trace amounts of sulfur will be present due primarily to the natural content in the domestic water supply.
Heavy metals and toxic compounds are frequently found in a community’s wastewater in small amounts, and
invariably can be found to originate from an industrial process. Examples of heavy metals which are frequently
present include nickel, lead, chromium, cadmium, zinc, copper, iron, and mercury. Common toxic substances which

are often discharged to sewers include phenols, acids, pesticides, and herbicides.

2-4 BIOLOGICAL CHARACTERISTICS

Wastewater generally contains organisms from each of the three (3) principal classes of living organisms:
protista, plants, and animals. Protista includes such organisms as bacteria, algae, fungi, and protozoa. Plants
associated with wastewater include ferns, mosses, liverworts, and seed plants. Animals commonly associated with
wastewater are usually restricted to worms, rotifers, and crustaceans. The extent to which these various organisms
exist in wastewater depends largely on whether or not the wastewater is treated or untreated. In raw sewage, the
principal organisms present are bacteria. Bacterial counts in raw wastewater can be expected to range from
500,000/ml to 5,000,000/ml. Other organisms such as viruses, protozoa, and worms are often present, but their
concentrations are usually negligible.

The bacteria present in raw sewage are primarily those which can live with or without oxygen and which
require organic matter as a food source. Included in this group are disease producing bacteria called pathogens which
originate in human and/or animal wastes. Pathogens in wastewater can cause such diseases as typhoid, dysentery,
diarrhea, and cholera. Also, naturally present in wastewater are Fecal Coliform bacteria (E. Coli) which originate in
the intestinal tract of warm blooded animals. These bacteria are not harmful to humans, but their presence indicates
the possibility of pathogens. For this reason, the Fecal Coliform test is widely used, particularly on treated

wastewater, as a measure of pathogen-free conditions.
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2-5 SEWAGE QUANTITIES

The quantity of sewage contributed to a sewer system is influenced by the habits and practices of those who
use the system. Exclusive of industrial wastes, the average wastewater discharge from domestic sources in most
communities in Mississippi amounts to approximately 60 to 80 gallons per person per day. A higher figure of 100
gallons per day is commonly used for design purposes to allow for unknown conditions and groundwater infiltration.

The flows contributed from industrial users vary considerably depending on the type and size of industry.
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CHAPTER 3

PRELIMINARY TREATMENT

3-1 ROLE OF PRELIMINARY TREATMENT

As wastewater leaves a sewer system and is discharged into a treatment plant, the first treatment normally
provided is “preliminary” treatment or “pre-treatment” as it is often called. As the first step in the treatment of
sewage, adequate preliminary treatment is necessary if a high quality effluent is to be produced. The overall
performance of a plant is dependent on each component functioning properly as a complete system. If adequate
primary treatment is not provided, the performance of all treatment components which follow will be less efficient;
and the results will be an effluent of poorer quality. Except for lagoon systems, most sewage treatment facilities
contain some type of preliminary treatment.

Preliminary treatment is a necessary first step in a wastewater treatment plant. Its role is to remove
substances that would otherwise cause operational and/or maintenance problems with the major treatment processes
in a plant. Substances typically removed by preliminary treatment include coarse solids (rags, garbage, metal, sticks,
cans, plastic items, etc.,); sand and gravel; and oil and grease. Inadequate removal of such substances will usually
produce one or more of the following conditions:

Interference with biological treatment,
Reduction in settling efficiency in clarifiers,
Interference with disinfection,

Increased maintenance problems with pumps and chain drives, and

M

Increased housekeeping problems.
Because of the lack of mechanical and moving parts, most lagoon systems typically do not contain preliminary
treatment systems unless a specific need such as an industrial waste or an unusual wastewater characteristic requires
the removal of certain substances ahead of the lagoon.
Preliminary treatment methods vary depending on the type and size of treatment plant and the characteristics
of the wastewater being removed. Those methods commonly used in municipal wastewater treatment plants include:
1. Screening,
Comminution,
Grit Removal,
Oil and Grease Removal,
Pre-Aeration,
Flocculation,
Neutralization,

Chlorination, and

Rl A L e

Flow Equalization.
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Preliminary treatment facilities at a treatment plant may include any one or a combination of these methods. In
addition other methods are often utilized to pretreat industrial wastewaters prior to their discharge to a sanitary sewer

system.

3-2 SCREENING

Probably the most common preliminary treatment method utilized is a system of bar racks or screens. These
devices serve to protect plant equipment by removing coarse matter such as rags, garbage, metal, sticks, cans, plastic
items, etc. Removal of such substances prevents clogging of pipes, ports, weirs, orifices, nozzles, pumps, etc. and
interference with moving parts such as chains, sprockets, shafts, wheels, etc.

Screens are usually classified as either “coarse” or “fine” based on the size of openings provided. A “coarse”
bar screen consists of a rack of vertical or inclined steel bars spaced at equal intervals across a channel as shown in
Exhibit 3-1. Spacings between bars typically range from 1-inch to 6-inches, with 1 to 2 inches being a common range
for most municipal treatment plants. Bar screens with spacings larger than 2-inches are often inclined at an angle of
45° to 60°. Most systems are designed so that the velocity of flow as it enters the bar screen is in the range of 1 to 2
feet per second at average flow. Bar screens can be constructed for manual cleaning or installed with mechanical

cleaning devices. Exhibit 3-2 shows mechanically cleaned screens.

EXHIBIT 3-1
MANUALLY CLEANED BAR SCREEN
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EXHIBIT 3-2
MECHANICALLY-CLEANED SCREENS

“Fine” screens usually have openings in the range of 0.009-inch to 0.126-inch (approximately 1/100th to
1/8th inch). Instead of bars, fine screens are often constructed of drums or discs. Disc screens usually consist of a
vertical circular screening surface which rotates on a horizontal shaft. Drum screens are normally constructed to
rotate on a horizontal axis with the drum partially submerged. Exhibit 3-3 illustrates disc and drum screens.

The material retained on screens is normally referred to as “screenings.” This material must be removed
from the screens and regularly disposed of in a satisfactory manner. Failure to remove screenings regularly and
routinely can result in the following:

1. Velocity of flow through the screen will be reduced which will produce settling of solids in the
approach channel and create odors.

2. Debris (screenings) will be pushed through the screen and flow to the next process.

3. Nuisance conditions from odors and insects will increase.
Screenings can be removed manually with a handrake or mechanically depending on the type of equipment installed.
After removal from a screen, screenings are commonly placed in a closed container such as a trash can or similar
container and then regularly disposed of by burying under a minimum of 6-inches of soil or placing in a landfill.

Other disposal methods sometimes used include incineration and anaerobic digestion.
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The quantity of screenings collected by a screen is directly dependent on the size of the openings in the
screen. For example, for typical coarse bar screens, the quantity of screenings usually varies from about 3 to 5 cubic
feet per million gallons of sewage for 1-inch openings to about 1 to 2 cubic feet per million gallons for 2-inch
openings. Obviously, more screenings will be retained by smaller openings than larger openings.

The composition of screenings is highly variable. Practically everything imaginable has been found on bar
screens. Examples include commonly expected items such as cans, leaves, sticks, bricks, and rags as well as
unexpected items such as false teeth, silverware, books, and money. Fecal matter is not a common component in
screenings since it generally is contained in dissolved matter or fine solids. However, a large portion of screenings is
organic in content and will decompose and produce odors. Screenings removed by coarse screens usually weigh

about 60 pounds per cubic foot.

3-3 COMMINUTION

Comminutors or grinders are common devices located at sewage treatment plants. Their purpose is simply
to shred or grind solid material into very small pieces and by so doing to produce two benefits for treatment processes
which follow. First, shredding the large particles into small pieces prevents clogging of pumps, weirs, nozzles,
orifices, chain drives, etc. Secondly, reduction of the size of particles makes the particles, many of which are organic
in content, easier to treat. Shredded particles usually range in size from about Y4-inch to about ¥4-inch. Exhibit 3-4
shows a typical comminutor. Comminutors are usually installed in parallel with a bar rack so that solids can be
screened when the comminutor is out of service.

It is absolutely essential that comminutors be lubricated, adjusted and sharpened on a regular basis in strict
accordance with the manufacturer’s recommendations. Care should be routinely taken to remove any grit or debris
which might collect around a comminutor and reduce its cutting efficiency.

There are certain types of comminution devices which provide a combination of screening and cutting in a

single device. Exhibit 3-5 depicts such a device.

34 GRIT REMOVAL

Such material as sand, gravel, cinders, egg shells, bone chips, coffee grounds, etc. is generally referred to as
“grit.” Removal of this material from wastewater is highly desirable and usually results in the following benefits
being produced:

1. Moving mechanical parts such as pump impellers and chain drives are protected from abrasion and
wear.

2. Deposits of grit in pipelines, troughs, channels, hoppers, and tanks are reduced.

3. Frequency of cleaning tanks such as digesters, clarifiers, aeration basins, and chlorine contact basins
is reduced.

There are numerous types of grit removal systems in use at wastewater treatment plants. The particular type of
equipment installed is usually decided by the engineer who designs a plant. The two most common methods of grit

removal are as follows:

3-6



i

EXHIBIT 3-4
COMMINUTOR

5

COMBINATION SCREENING AND COMMINUTION

EXHIBIT 3

3-7



ALTERNATE
EFFLUENT

INFLUENT

WATER SPRAY FOR
CLEANING BUCKETS

ORGANIC
RETURN PIPE

AIR HEADER~, bl

WATER LEVEL

ADJUSTAIR

DIFF! USERS:

X
-l
\

o
[}

|

SCREW

AAAANAA BN OO

=

AN

ONVEYOR

C M g
WITH DRIVEL

4

B AR O

Aa e s g A A AOD
RASOREAA SO :

R0 Q0N
RENPEOL W STE XN

C

LONGITUDINAL SECTION

e

EXHIBIT 3-6
AERATED GRIT CHAMBER

SECTION CC

GRIT WASHING AND
GRIT DEWATERING SCREW
DRIVE

Source: FMC Corporation, Chicago, Illinois

3-8



Aerated Grit Chamber - This type system operates on a basis of utilizing air to create a spiral flow
pattern in a tank. The velocity of the spiral flow is adjusted by controlling the quantity of air entering
the tank. A velocity is maintained that will allow particles with a unit weight approximately equal to
that of sand (Specific Gravity = 2.65) to settle. The grit removed by the spiral flow can be removed
by various devices such as bucket assemblies, screw conveyors, or air lifts. Exhibit 3-6 shows the
details of a typical aerated grit chamber.

Non-Aerated Grit Chamber - This type system operates on the basis of maintaining flow velocity in
the range of 0.7 to 1.4 feet/second. An average velocity of 1.0 foot/second is usually the basis on
which most systems are designed. At this velocity, all settleable matter with a unit weight
approximately equal to that of sand (Specific Gravity = 2.65) will settle. At velocities significantly less
than 1.0 foot/second, much of the organic matter will settle in the grit chamber instead of passing to
the downstream biological treatment process. If the velocity is significantly greater than 1.0
foot/second, the “grit” will remain in suspension and not settle. The control of the velocity through the
chamber is critical. Velocity is commonly controlled by such devices as Sutro proportional weirs or a
Parshall flume located at the discharge end of the chamber. The actual chamber can be constructed in
various shapes including rectangular and circular troughs. Grit which settles in the bottom of the
chamber is normally removed manually or mechanically by either a bucket with chain drive or by
screw conveyors. One of the most common types of non-aerated grit chambers is the horizontal flow
channel illustrated in Exhibit 3-8.

AERATED GRIT CHAMBER

NON-ERATED HORIZONTAL FOW
GRIT CHAMBER

NON-AERATED CIRCULAR FLOW GRIT CHAMBER

EXHIBIT 3-7
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When practical, grit removal units are normally located ahead of screens, comminutors, and pumps.
However, many are sometimes located after influent pump stations at treatment plants because of the excessive depth
required for installation ahead of the pumps.

The quantity and composition of “grit” varies greatly and is affected by the type and physical condition of
the sewer system. Combined sewers which receive both sewage and storm water will naturally have large quantities
of grit from the storm water. Similarly, a sanitary sewer in poor condition which experiences serious
infiltration/inflow will receive larger quantities of grit than a system in good condition with minor I/T problems. The
actual quantity removed at treatment plants varies considerably, depending on the characteristics and location of the
sewers. The quantities may range from less than 1 cubic foot/million gallons of sewage to more than 15 cubic
feet/million gallons. Factors which influence the composition of grit include types of street surface and maintenance
frequency, size of area served, amount of storm water entering sewers, sewer grades, soil and groundwater
conditions, quantity and characteristics of industrial wastes, and extent of use of household grinders.

Once grit has been removed from wastewater, it must be collected and disposed of in a safe and satisfactory
manner to prevent odors and nuisance conditions. It is usually collected into a truck, trailer, or smaller container for
transporting to the place of disposal. Sanitary landfill disposal or on-site burial is desirable when permitted. Other
acceptable methods of disposal include lagooning and land spreading. Odors can be produced when lagooning or land

spreading is used unless the grit contains less than 2% to 3% organic matter. Exhibit 3-9 shows various facilities for

collecting grit for final disposal.

EXHIBIT 3-9

COLLECTION OF GRIT FOR FINAL DISPOSAL
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3-5 OIL & GREASE REMOVAL

Oil and grease in excessive amounts can coat microorganisms, thereby interfering with biological treatment
and creating nuisance conditions for operational personnel. It is generally estimated that 1 mg/1 of oil and grease is
equal to a 5-day BOD of 2 mg/l. Therefore, if the wastewater entering a treatment facility contains large amounts of
oil and grease, it is common to install removal facilities as preliminary treatment ahead of a biological process. Most
sewer ordinances require oil and grease concentrations to not exceed 100 mg/l. When values are expected to exceed
the requirements of a community’s sewer ordinance, oil and grease removal should be included as a part of
preliminary treatment.

Commonly used methods of oil and grease removal in municipal systems include:

1. Grease Traps - These devices consist of small skimming tanks located at or near the source of oil and
grease. Common sources include cafeterias, hospitals, and industries. In these systems, the oil and
grease is allowed to float to the top after a detention of about ten (10) to thirty (30) minutes. The flow
then leaves the trap from below the surface free of significant amounts of oil and grease.

2. Skimming Tanks - Skimming tanks operate on virtually the same principle as grease traps, which is
to provide conditions where the oil and grease will float to the surface. However, these units are larger
and usually located at the treatment plant. They are sized for typical detention times of one (1) to
fifteen (15) minutes. Skimming devices are installed to skim the collected oil and grease from the
surface. Flow, free of significant amounts of oil and grease, leaves the skimming tank from a deep
outlet protected by baffles.

3. Air Flotation - This method is a process of removing oil and grease by using finely diffused air to float
oil and grease particles to the surface. Once collected on the surface, the oil and grease is removed by
skimmers. This system is commonly used by industries or at treatment plants when larger quantities
of oil and grease are normal.

Oil and grease removed from grease traps can be disposed of by burying or placing in a sanitary landfill

when permitted. Oil and grease removed at treatment plants are typically placed in a digester.

3-6 PRE-AERATION
Occasionally a need will arise at a wastewater treatment facility in which it becomes necessary or desirable

to aerate the raw wastewater ahead of the major treatment process. This can be done at the treatment facility or within
the collection system. Such preliminary treatment is called “pre-aeration;” and it simply involves injecting air into
the influent at some point ahead of the major treatment processes. Usually, pre-aeration is provided to freshen septic
wastewater and thereby produce the following benefits:

1. Prevent septicity and odors,

2. Improve uniform distribution of suspended and floating solids, and

3. Improve treatability.

3-7 FLOCCULATION

Flocculation is a process in which certain chemicals called flocculants are added to wastewater to improve

its settling characteristics. The flocculants cause the settleable particles to join together to form “flocs” which are
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heavy enough to settle. Common chemicals used in flocculation processes include alum, lime, ferric chloride, and
polymers.

Flocculation is usually used as a preliminary treatment method at municipal treatment plants when one or
more of the following conditions exist:

1. Characteristics of wastewater is such that poor settling occurs in the primary and/or secondary
clarifiers.

2. A need exists to increase settleability ahead of biological treatment to remove solids in heavy
industrial wastes.

3. Aneed exists to simply improve the overall efficiency of a plant with a heavy organic load.
The chemicals must be injected into the wastewater in a well-mixed state so that the flocculation process will be

adequately distributed. Usually, a mixing device such as a chemical feed flash mixer, air jet, or paddle wheel is used.

3-8 NEUTRALIZATION

The pH of a wastewater can be a critical factor in the performance of a wastewater treatment facility.
Extreme pH values can seriously upset biological treatment processes. When the wastewater contains only sewage
and infiltration/inflow, the pH is typically in a reasonably neutral range and needs no preliminary adjustment prior to
treatment. However, if certain types of industrial wastes are present, the pH may need adjustment either at the source
of the industrial wastewater discharge or at the treatment plant. In most instances, the adjustment should occur at the
source of the waste discharge into the sewer system.

Neutralization is the addition of a chemical to adjust the pH of a wastewater to a reasonably neutral value.
A pH of 7.0 is exactly neutral - it is not too acidic or too alkaline. The basic purpose of neutralization is usually to
adjust the pH to as near 7.0 as is practical, or at least to within an acceptable range as allowed by a community’s
sewer use ordinance. Chemicals used to neutralize a wastewater depend on the direction of pH adjustment needed.
If the pH is low, an alkaline substance will be needed to raise the pH. Conversely, an acidic substance will need to

be added if the pH is high.

3-9 CHLORINATION

Chlorination is a process normally associated with effluent disinfection following biological treatment.
However, occasionally a need arises for chlorination ahead of the major treatment process in a plant. The use of
chlorine in this manner is often referred to as “pre-chlorination.” It is usually used to help control oil and grease,
odors, corrosion, or slime growths. The point of application varies with the purpose of the chlorination, but it
generally involves the injection of a chlorine solution into the wastewater just as in effluent disinfection. Pre-
chlorination must be carried out very carefully by experienced personnel because excessive dosages can destroy the

microorganisms so vital to a biological treatment process.
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3-10  FLOW EQUALIZATION

Shock hydraulic loads caused by sudden and severe variations in flow can upset biological treatment
processes and reduce treatment efficiencies. In systems which experience severe inflow problems, the flow through
a plant may exceed average daily flow by several times during heavy rainfalls. To offset the effect of extreme flows,
“flow equalization” can be used to dampen or “smooth out” peak flows.

Flow equalization is usually achieved at the head of a plant by using a storage tank, basin, or pond to receive
the larger volumes of flow. The stored flow is then released to the main treatment processes gradually so that a more
constant rate of flow is achieved. By equalizing the flow in this manner, hydraulic overloading is prevented and a

more efficient treatment process is produced.

3-11 SEWER USE ORDINANCE

Although it can not be technically classified as a “preliminary treatment” method, a properly written and
strictly enforced sewer use ordinance can do much in the “preliminary” stages of wastewater collection and treatment
to assure that a treatment facility can perform in an efficient manner. It does this by restricting the quantity and quality
of substances placed in a sewer system. A strictly enforced sewer ordinance can eliminate the need for certain
preliminary treatment facilities at a community’s treatment plant simply by preventing certain substances from being
placed in the sewer or by limiting the quantity and/or concentration of that substance. A sewer ordinance is
particularly effective in controlling industrial wastes that are discharged to a community sewer system.

Examples of substances prohibited from being placed in a sanitary sewer system by a typical municipal
sewer ordinance are as follows:

1. Any liquid or vapor having a temperature higher than 150°F (65°C).

2. Any water or wastes containing fats, wax, grease, or oils, whether emulsified or not, in excess of one
hundred (100) mg/1 or containing substances which may solidify or become viscous at temperatures
between 32°F and 150°F (0 and 65°C).

3. Any waters or wastes containing strong acid, iron pickling wastes, or concentrated plating solutions
whether neutralized or not.

4. Any waters or wastes containing iron, chromium, copper, zinc, and similar objectionable or toxic
substances; or wastes exerting an excessive chlorine requirement, to such degree that any such
material received in the composite sewage at the sewage treatment works exceeds the limits
established for such materials.

5. Any waters or wastes containing phenols or other taste-or odor-producing substances, in such
concentrations exceeding limits which may be established as necessary, after treatment of the
composite sewage, to meet the requirements of the State, Federal, or other public agencies of
jurisdiction for such discharge to the receiving waters.

6. Any radioactive wastes or isotopes of such half-life or concentration as may exceed limits established
in compliance with applicable State or Federal regulations.

7. Any waters or wastes having a pH in excess of 9.0 or less than 5.5.
8. Any waters or wastes having a BOD in excess of 350 mg/1.
9. Any waters or wastes having a suspended solids content in excess of 400 mg/l.

10. Any waters or wastes having a total Kjeldahl nitrogen content in excess of 50 mg/l.
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11. Materials which exert or cause:

a. Unusual concentrations of inert suspended solids (such as, but not limited to, Fullers earth, lime
slurries, and lime residues) or of dissolved solids (such as, but not limited to, sodium chloride
and sodium sulfate).

b.  Excessive discoloration (such as, but not limited to, dye wastes and vegetable tanning
solutions).

c.  Unusual BOD, chemical oxygen demand, or chlorine requirements in such quantities as to
constitute a significant load on the sewage treatment works.

12. Waters or wastes containing substances which are not amenable to treatment or reduction by the
sewage treatment process employed, or are amendable to treatment only to such degree that the
sewage treatment plant effluent cannot meet the requirements of other agencies having jurisdiction
over discharge to the receiving waters.

Most ordinances establish fines and/or imprisonment for failure to comply with its requirements. An
ordinance is only as good as its enforcement. Model sewer use ordinances are available from the Office of Pollution

Control and from municipal attorneys and consulting engineers.

3-12  INDUSTRIAL WASTEWATER

In addition to the previously mentioned preliminary treatment methods commonly used at municipal
wastewater treatment facilities, there are numerous other methods utilized for “pre-treatment” of industrial
wastewaters. Preliminary treatment of industrial wastewater typically takes place at the industry prior to discharge to
the municipal or publicly-owned sewer system. The objective of such preliminary treatment is usually to produce an
effluent whose characteristics comply with the requirements of a sewer use ordinance and/or effluent limitations set
forth in a NPDES permit issued to the industry. The numerous methods utilized in the pre-treatment of industrial
wastewater vary widely depending upon the type of industry. While such methods are beyond the scope of this
manual, it is important that persons with operational responsibilities at wastewater treatment facilities be aware of
the basic regulatory requirements which govern the preliminary treatment of industrial wastewaters discharged into
their systems.

In the State of Mississippi, the Office of Pollution Control (Department of Environmental Quality) regulates
the preliminary treatment of industrial wastewaters. NPDES permits similar to those issued to publicly-owned
treatment facilities are issued to industries which are classified as “significant industrial users” according to
regulations of the U. S. Environmental Protection Agency. Said regulations, copies of which can be obtained from
the Office of Pollution Control, currently define a significant industrial user of a publicly-owned sewerage system as
either of the following:

1. All industrial users subject to the U.S. Environmental Protection Agency’s Categorical Pretreatment
Standards under 40 CFR 403.6 and 40 CFR, Chapter I, Sub-Chapter N; or

2. Any industrial user that discharges an average of 25,000 gallons per day or more of process
wastewater to a publicly-owned treatment facility (exclusive of sanitary, non-contact cooling and
boiler blowdown wastewater); contributes a process wastestream which makes up five percent (5%)
or more of the average dry weather hydraulic capacity or organic capacity of a publicly-owned
treatment facility; or is designated by the Office of Pollution Control as having reasonable potential
for adversely affecting the operation of a publicly-owned treatment facility or for violating any pre-
treatment standard or requirement.
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In addition to pre-treatment requirements which are set forth in permits issued to significant industrial users,

there are certain standards which apply to all industries that discharge wastewater to a publicly-owned treatment

facility, including industries who are not required to have a pre-treatment permit. Such standards prohibit the

discharge of the following to a publicly-owned treatment facility:

1.

8.

Pollutants which create a fire or explosion hazard including, but not limited to, wastestreams with a
closed cup flashpoint of less than 140 degrees Fahrenheit or 60 degrees Centigrade;

Pollutants which will cause corrosive structural damage, but in no case discharges with pH lower than
5.0, unless the treatment facility is specifically designed to accommodate such discharges;

Solid or viscous pollutants in amounts which will cause obstruction to flow and interference with the
performance of the treatment facility;

Any pollutant, including oxygen demand substances, released in a discharge at a flow rate and/or
concentration which will interfere with the treatment facility’s performance;

Heat in amounts which will inhibit biological activity in the treatment facility, but in no case heat in
such quantities that the temperature at the treatment facility exceeds 40 degrees Centigrade (104
degrees Fahrenheit) unless the Office of Pollution Control, upon request of the treatment facility,
approves alternate temperature limits;

Petroleum oil, nonbiodegradable cutting oil, or products of mineral oil origin in amounts that will
cause interference with or pass through the treatment facility;

Pollutants which result in the presence of toxic gases, vapors, or fumes within the treatment facility
in a quantity that may cause acute worker health and safety problems; and

Any trucked or hauled pollutants, except at discharge points designated by the treatment facility.

It is important for anyone who is responsible for the operation of a wastewater treatment facility to be aware

of any industrial wastewater discharges to the facility and the pre-treatment standards which the industry may be

required to meet. Pre-treatment of industrial wastewater should be considered a vital component of the overall

process of a wastewater treatment facility like any other preliminary treatment method. The performance of industrial

pre-treatment systems should be monitored and expectations for effective operation should be no less than those for

a system-wide treatment facility.
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CHAPTER 4

PRIMARY TREATMENT

4-1 PURPOSE OF PRIMARY TREATMENT

The purpose of “primary” treatment is to remove settleable and floatable matter from wastewater. This
purpose is generally achieved in a facility known as a primary “clarifier” or settling tank. Two processes occur in a
primary clarifier - sedimentation and skimming. Sedimentation is simply the process of settleable matter settling by
gravity to the bottom of the clarifier. Skimming is the process of removing floating grease, scum and similar matter
from the surface of the wastewater.

In the first half of this century, it was not uncommon to see sewage treatment plants which consisted only
of primary treatment facilities. In recent years, however, primary treatment has been declared inadequate as the sole
means of treatment and is now utilized as a component process ahead of certain secondary treatment processes.
Primary clarifiers are normally located after preliminary treatment and ahead of the major secondary process.
Trickling filters virtually always have primary clarifiers ahead of them, whereas other secondary processes such as
activated sludge and aerated lagoons seldom require primary treatment. Primary clarifiers ahead of aeration tanks in
activated sludge plants are not uncommon, but their existence is optional depending on cost considerations and the
characteristics of the wastewater being treated.

As stated, the purpose of primary treatment is to remove settleable and floating matter from wastewater.
Removal of this matter benefits the secondary treatment processes which follow a primary clarifier and results in a
higher quality effluent. Specific benefits which are produced by having a primary clarifier ahead of a secondary
treatment process include the following:

1. The organic load on the secondary process is reduced. A primary clarifier which is properly designed,
operated, and maintained will usually remove 25% to 40% of the BOD; and 50% to 65% of the
suspended solids in typical raw sewage.

2. Operational and housekeeping problems are reduced with trickling filters because of the removal of
solids that otherwise could clog filters and distribution systems and thereby create ponding and
excessive sloughing.

3. In activated sludge systems, primary clarifiers also serve to reduce the amount of energy required for
mixing and treatment in the aeration basin by removing much of the solids from the raw wastewater.

4. Housekeeping and maintenance problems are reduced in such facilities as final clarifiers and chlorine
contact tanks because large amounts of the heavier solids and floating matter have been removed in
the primary units.

4-2 SEDIMENTATION

The major process which occurs in a primary clarifier is sedimentation or settling. This process results in
the removal of settleable solids from the wastewater entering a primary clarifier. As long as wastewater is flowing
through sewers or being pumped through force mains, it should be moving at a velocity high enough to keep solids

in suspension. Sedimentation is achieved in a clarifier because the tank is large enough to create quiescent, or very



still, conditions where the flow-through velocity is extremely low. Under such conditions, the settleable solids will
settle by gravity to the bottom of the clarifier.

The solids which settle in a primary clarifier are both organic and inorganic in content. The solids which
settle are usually referred to as “settleable solids.” The settleable solids which are collected in a primary clarifier
usually are comprised of the natural contents of wastewater which range from the organic matter in sewage to the
grit contributed by infiltration/inflow. These primary settleable solids differ considerably from those collected in a
secondary clarifier which are mainly comprised of materials which have been converted to settleable solids by
biological or chemical processes.

The following are factors which influence the settling of solids in a clarifier:

1. Sewage Characteristics - A strong or more concentrated wastewater will settle more readily than a
weak wastewater. Also, fresh wastewater will settle more readily than septic wastewater because the
biological decomposition which takes place under septic conditions reduces the size of solids and
releases gases which tend to make solids float.

2. Weight of Solids - Solids with a higher unit weight will settle more rapidly than lighter solids. Weights
of solids are usually expressed in terms of their “Specific Gravity” which compares the weight to that
of water (62.4 pounds/cubic foot or 8.34 pounds/gallon). A specific gravity of 2.65 means that the
substance is 2.65 times heavier than water.

3. Size and Shape of Solids - Solids with a large surface area in relation to their weight settle very slowly.
Irregular-shaped particles settle more slowly than regular-shaped particles.

4. Detention Time - Detention time is important because the settling efficiency depends on the velocity
of flow through the clarifier. As the detention time increases, the velocity is reduced and the amount
of solids which settle increases.

5. Inlet and Outlet Structures - The inlet should be baffled properly so that the entrance velocity is
reduced and the flow uniformly distributed. The outlet structures should be baffled ahead of the
overflow weirs to prevent solids and scum from leaving the clarifier.

6. Temperature - Warm weather will increase the biological activity within a sewer and thereby increase
the possibility of septic wastewater being received at the treatment plant. Also, fresh wastewater in
warm weather settles more readily than in cold weather due to the viscosity of the water. Settling in a
water temperature of 80°F will occur at approximately a 50% faster rate than when the temperature is
50°F.

7. Chemicals - When needed, chemicals can be used to improve settling in a clarifier. This process is
called flocculation (See Chapter 3, Preliminary Treatment) and utilizes such chemicals as alum, ferric
chloride, and polymers to cause the solids to coagulate and form “flocs” which are heavier and thus
settle faster.

4-3 SKIMMING

Under the quiescent conditions produced in a clarifier, a significant amount of grease-like materials will
float to the surface where it can be skimmed off and removed. This process of removing floating matter is commonly
called “skimming” and is a basic part of primary clarifiers. Skimming is normally achieved by slowly moving
mechanical arms which literally skim the water surface and rake the floating matter into a trough or by air-suction

devices which cause the surface contents to be vacuumed into a removal pipe.
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Examples of floating materials which collect on the water surface in a clarifier and are removed by
skimming include fats, waxes, soaps, mineral oils, petroleum products, etc. In addition, certain lightweight plastic

particles often remain afloat and are removed by skimming devices.

4-4 CLARIFIERS

a.  Types

Primary clarifiers are normally constructed as circular or rectangular tanks. Tanks are constructed of either
reinforced concrete or steel. Exhibit 4-1 shows cross-sectional views of typical circular and rectangular clarifiers.

Circular clarifiers consist of a round tank with a concave type sloped bottom. The floor is shaped toward a
hopper or sump in the center of the floor where the settled solids (sludge) are collected for removal. The settled
sludge is collected by rotating scraper arms which rake the sludge from the floor to the hopper or sump. At the surface
a skimming device is usually installed to remove floating matter from the water surface. Influent to the clarifier is
usually baffled by a stilling well or similar device. Effluent normally leaves the clarifier over a series of small v-notch
weirs spaced continuously around the perimeter of the tank at the water surface. A baffle is usually spaced a few
inches inside the weirs to prevent floating and suspended matter from flowing over the weirs. Diameters of circular
clarifiers usually range from 20 feet to 100 feet. Sidewall depths typically range from about 7 feet to 12 feet.

A circular clarifier can have various configurations with regard to the way in which influent enters the tank
and effluent leaves the tank. Influent usually enters a clarifier either in the center (center-feed) of the tank or around
the perimeter (rim-feed). Similarly, the effluent weirs are usually placed around the outer perimeter (rim-take off) or
in a circle near the center (center-take off) of the tank. Exhibit 4-3 shows typical circular clarifier configurations.

Rectangular clarifiers are usually constructed so that the length of the tank is equal to or less than three times
the width. The floor of the tank is typically sloped toward one end to a sump or hopper where the settled sludge is
collected. Settled sludge is usually raked into the collection hopper by traveling flights or rakes driven by a chain
drive. Influent and effluent baffles are normally provided. The clarified effluent usually leaves the tank over a series
of v-notch weirs and troughs spaced at regular intervals. Lengths of rectangular clarifiers usually range from about
30 feet to as much as 300 feet. Widths vary from about 10 feet to 80 feet. Depths normally are in the range of 8 feet
to 10 feet.

b.  Sludge Removal

Removal of settled sludge from primary clarifiers, both circular and rectangular, can be achieved by
numerous means. Regardless of the means, the objective is to simply remove the collected sludge from the hopper
or sump and transport it to a digester for treatment. Removal of the settled sludge is usually achieved by one of the
following means:

1. Gravity flow,

2. Sludge pumps, or

3. Air lifts.
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Settled sludge collected in a primary clarifier contains a significant amount of organic matter and, for this
reason, needs to be subjected to further handling and treatment. The normal procedure is to remove the settled
primary sludge and place it in a digester where it will undergo biological stabilization. After digestion, the sludge is
typically routed to such facilities as drying beds and lagoons.

The frequency at which sludge should be removed from a primary clarifier depends on the concentration of
the sludge. Settled primary sludge will generally have a suspended solids concentration in the range of 40,000 mg/1
to 80,000 mg/l (4% to 8% solids). It is desirable to remove the primary sludge with as high a concentration as
practical without interfering with the clarifier’s operation. However, care should be taken to remove the sludge often
enough to prevent it from becoming septic and thus causing gas bubbles and solids to rise to the surface. The
objective in such practice is to keep the quantity of solids at a maximum and the quantity of water to a minimum to
help digester performance.

¢.  Scum Removal

Floating material such as oils, grease, wax, soaps, etc. that collect on the surface of a primary clarifier must
be removed. These floating materials are usually removed from the water surface by various skimming methods
which include:

1. Rotating Mechanical Skimmer - A rotating arm simply sweeps or rakes the floating matter from the

surface into a trough or pit.

2. Suction Air Lifts - A suction pipe is positioned at the water surface and vacuums the floating matter
into the pipe.

3. Water Spray - A light surface spray pushes or directs the floating matter to a trough or pit.

4. Manual Skimming - Light blades, rakes, or nets are used to manually remove floating matter.
The floating matter which is removed are called skimmings and must be properly disposed of in such a way to
prevent problems with other plant components. The most desirable method is to place the skimmings in a digester
along with the primary sludge where biological activity can stabilize the material. Other methods sometimes used
include landfill disposal and on-site burial.
d.  Design Factors
There are certain factors which influence the operational efficiency of a primary clarifier that must be
considered during design. These include:
1. Weir Overflow Rate (WOR) - This factor is defined as the volume of flow over one linear foot of weir

per day. Mathematically, this value can be computed as follows:

WOR = Flow (Gallons/Day)
Total Length of Weirs (Ft.)

A primary clarifier should be designed to have a weir overflow rate in the range of 10,000 to 15,000
gallons per day per foot.
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Surface Loading Rate (SLR) - The surface loading rate is a hydraulic loading factor expressed in terms
of flow per surface area. This factor is also referred to as the “surface settling rate” or “surface
overflow rate.” Mathematically, the surface loading rate is computed as follows:

SLR = Flow (Gallons/Day) .
Surface Area of Clarifier (Sq. Ft.)

Typical values of surface loading rates for primary clarifiers are 600 to 1.000 gallons per day per
square foot.

(5]

Detention Time (DT) - Detention time is the theoretical time wastewater is held in a clarifier based on
the flow and volume of the tank. Mathematically, it is determined as follows:

DT = Volume (Gallons)  x 24 Hours/Day
Flow (Gallons/Day)

Most primary clarifiers are sized to have detention times in the range of 1/2to 2/4 hours at average flow.

(o Performance Efficiency

The efficiency of a primary clarifier is generally determined in terms of the percentage of 5-day biochemical oxygen
demand and suspended solids removed. The percent removal is based on the clarifier’s influent and effluent values as
follows:

% Removal = _Influent - Effluent  x 100
Influent

Typical removals in a properly designed and operated primary clarifier are 25% to 40% of 5-day BOD and 50% to
65% of suspended solids.

4-5 COMMON OPERATIONAL PROBLEMS

The operation of a primary clarifier demands that regular attention be given to the equipment and facilities.
A summary of the basic factors which must receive regular attention include:

1. Weirs and Baffles - All effluent weirs must be kept clean and level. Unlevel and/or unclean weirs will
produce short-circuiting of flow and reduce efficiency. Baffles should be kept clean and adjusted as needed.

2. Scum Removal - Insufficient skimming will result in a carry-over of floating material in the effluent. The
skimming mechanism must be strictly maintained in accordance with the manufacturer’s recommendations
and should be examined and adjusted as needed. Skimmings should be pumped to the plant’s digester
regularly.

3. Sludge Collection - The sludge collection mechanisms should be maintained strictly in accordance with the
manufacturer’s instructions. It should be periodically examined for wear and tear. The collection mechanism
can be operated continuously or intermittently as needed.

Even with proper operational attention, there are certain problems which will normally occur with primary clarifiers.

Table 4-1 contains a list of common problems along with indicators and suggested corrective measures.

4-6 LABORATORY CONTROLS

As is the case with any major component of a wastewater treatment plant, it is necessary to utilize laboratory

test results to establish, evaluate, and adjust the operation of a primary clarifier. Proper laboratory testing begins with
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representative samples collected at the proper location and at an adequate frequency. The actual laboratory analyses
conducted on the samples should be confined to those which will reflect the function and performance of the primary
clarifier.

Laboratory tests which are commonly conducted for the proper operation of primary clarifiers include:

1. Dissolved Oxygen - Dissolved oxygen should be determined to check for septicity of the clarifier
effluent. Effluents that are completely void of oxygen are considered septic and cause unpleasant
odors. If such conditions prevail, pre-aeration of the clarifier influent may be considered.

2. Settleable and Suspended Solids - Settleable and suspended solids are used to measure the
effectiveness of the primary clarifier as well as to estimate the quantity of sludge to be removed from
the clarifier.

3. Total and Volatile Solids - The results of the total and volatile solids, when combined with the
suspended solids results, provide valuable information on the type, concentration, and quantity of
solids handled by a clarifier. The quantity of volatile solids removed by a primary clarifier gives a
measure of the loading on a digester in which the settled sludge is placed.

4. 5-Day Biochemical Oxygen Demand (BOD,) - BOD; tests provide an excellent measure of the
strength and quantity of the organic loading applied to the secondary treatment process which follows
a primary clarifier.

5. pH - The pH value of the influent or effluent from a primary clarifier will serve as an indicator of
whether any wastes of unusual characteristics, such as an industrial waste, have been placed in the
system.

Table 4-2 lists typical laboratory results along with common sampling locations for primary clarifiers.

TABLE 4-1

COMMON OPERATING PROBLEMS

WITH
PRIMARY CLARIFIERS*
A. Problem FLOATING, GASEOUS, OR SEPTIC SLUDGE IN TANKS
Indicators 1.  Floating material in tank deadspots or in scum troughs.

2. Odors of hydrogen sulfide origin.

Monitoring, Analysis 1. Run total solids tests on raw sludge being pumped from primary sedimentation tanks
and/or Inspection with sample being taken at beginning and end of pumping cycle.

2. Dewater tanks and check sludge collector mechanism (flights, chains and scrapers) for
wear and tear.

3. Observe conditions of tanks prior to chemical treatment of tank influent.

Corrective Measures 1. If total solids or raw sludge analyzed at end of pumping cycle is over 2%, increase
duration of pumping cycle, preferably with a timer.

2. If sludge collector mechanism shows signs of wear during inspection, repair or
replace.



Problem

Indicators

Monitoring, Analysis
and/or Inspection

Corrective Measures

Problem

Indicators

Monitoring Analysis,
and/or Inspection

3. Certain chemicals, such as alum, used in chemical treatment, cause floating sludge if
this chemical is recirculated to the primary sedimentation tanks. Change operating
procedures or chemicals used.

LOW SETTLEABLE SOLIDS REMOVAL EFFICIENCY

1. Floating and gaseous sludges in tanks.

2. Percent settleable solids removal below 95%.

1. Run settleable solids test (Imhoff Cone) during times of day where there are
appreciable changes in plant.

2. Check raw sludge removal pumping cycles and duration of pumping period.

3. Run total solids test on raw sludge removed from tanks both at beginning and end of
pumping cycle.

4. Dismantle and/or inspect raw sludge pumps and sludge collection mechanism for wear
and tear.

5. Check tank inlets with relation to the tank outlets. If baffles have been installed on the
inlets, dewater the tanks and check their condition.

6. Calculate theoretical detention time, weir overflow rates, and surface loading rates and
compare all data with design criteria.

7. Try a dye test to estimate flow-through time. Check for density stratification due to
significant temperature or density difference top to bottom.

1. If efficiency or removal drops during peak or increased plant flows, the hydraulic
capacity of tanks has probably been exceeded. Refer problem to consulting engineer.

2. Repair all worn raw sludge pump parts and sludge collector mechanism.

3. Damaged or missing inlet baffles could cause tank short circuiting whereby increased
velocities from one end of the tank to the outlet end cause settleable matter to remain
in suspension. Replace or repair baffles.

ERRATIC OPERATION OF SLUDGE COLLECTION MECHANISM

1. Frequent replacement of broken shear pins on chain driven collector mechanisms.

2. Frequent torque switch activated alarms on concentrically driven clarifier equipment.

3. Visible slippage or “stuttering” of clarifier sludge collection mechanisms.

1. Check all drives for gear wear.

2. Dewater tank and check chains and sprockets for wear and see that chains have not
come off sprockets.

3. Check to see that rags and debris have not entwined themselves around sludge
collector mechanism.

4. Check dewatered tanks for excessive bottom deposits of sand, rocks and other
inorganic material.

5. Sound bottom for excessive accumulation of sludge.
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Corrective Measures

Problem

Indicators

Monitoring, Analysis
and/or Inspection

Corrective Measures

Problem

Indicators

Monitoring, Analysis
and/or Inspection

Corrective Measures

Repair all worn sludge collector equipment and drives.

If rags are a problem, make provisions for removal of all rags and debris as part of the
pretreatment process.

If sand and rock deposits on the tank bottom are a problem, provide adequate screening
and grit removal as a part of the pretreatment process.

If sludge accumulation is a problem, increase frequency of pumping raw sludge from
tanks.

TANK CONTENTS TURN SEPTIC

Tank contents are a dark color.

Hydrogen sulfide odors emitted from tanks.

Run total and dissolved sulfide tests on both tank influent and contents.
Run D.O. Test.

Check pH of tank influent.

Check quantity and total solids of all inflows into tank from other plant processes such
as digesters supernatant, thickener, overflows, centrifuge concentrates, etc.

If tank influent contains high dissolved and total sulfides, influent is septic. Pre-
chlorinate influent or correct problem at source.

If tank influent pH is below 6 or above 8, toxic waste possibly is being discharged into
plant and must be corrected at the source.

If discharges from other plant processes contain excessive total solids and exceed 5%
of the daily tank inflow, the sedimentation tank is being overloaded. If possible, reduce
rate of process flows to sedimentation tanks or pretreat flows by aerating or
chlorinating them. If possible divert or find other means of disposal for supernatant or
centrates.

LOW SCUM (GREASE) REMOVAL

Ju—

Visible grease particles being discharged in plant effluent.
Excessive water in scum pits.

Run grease test (composite) on plant influent and effluent and calculate efficiency of
grease removal equipment and compare with plant design criteria.

Observe if wooden flights making a return travel on tank surface carry grease particles
adhered to them under scum troughs at the discharge end of the tanks.

Determine, with a pole, the depth of floating scum and water in scum pits.
Check capacity of scum pits.

If possible, lower return wooden flight to below water surface so grease particles do
not adhere to them.

Install water sprays to direct grease particles on tank surface into scum troughs. Water
spray should not break surface tension on water surface.
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3. If scum removal is done manually and intermittently, continuous removal equipment
should be installed.

4. Excessive water in scum pits should first be removed by pumping from bottom of pit
to plant headworks and then the concentrated scum can be pumped to a digester or an

incinerator.

5.  Efficiency of scum removal in plants receiving a high grease loading can be increased
by the addition of flotation or evacuator equipment.

6. Since grease particles normally in suspension tend to agglomerate into larger particles
after being dosed with chlorine, chlorine contact tanks should be provided with grease

removal equipment.

7.  Pump scum pits down on a regular basis so as not to cause scum overflow back into
the clarifier.

8.  Clean and replace all worn wiper blades.

*Source: Procedural Manual for Evaluating the Performance of Wastewater Treatment Plants, EPA

TABLE 4-2

TYPICAL LABORATORY RESULTS FOR PRIMARY CLARIFIERS

SAMPLING RANGE OF TYPICAL
TEST LOCATION TEST RESULTS
Dissolved Oxygen Effluent 0 to 2 mg/l
Settleable Solids Influent 5to 15 ml/l
Effluent 0.5 to 4 ml/l
Total Suspended Solids Influent 100 to 350 mg/1
Effluent 40 to 150 mg/1
Sludge 4% to 8% solids
Total Solids Influent 300 to 1,000 mg/1
Effluent 250 to 800 mg/1
Volatile Suspended Solids Influent 70 to 250 mg/1
Effluent 30 to 120 mg/1
Sludge 3% to 6% solids
5-Day Biochemical Oxygen Demand Influent 100 to 400 mg/1
Effluent 70 to 270 mg/1
pH Influent 6.5t0 8.0
Effluent 6.5t0 8.0
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CHAPTER 5

BIOLOGICAL TREATMENT

5-1 BASIC CONCEPTS AND TERMINOLOGY

Biological treatment methods are those in which the removal of pollutants is brought about by the biological
activity of microorganisms. Pollutants are those substances which contaminate or “pollute” the environment. In
domestic wastewater, the primary pollutant is organic matter. The basic objective of biological wastewater treatment
methods is to reduce the organic content to a level which can be discharged to the environment without harmful
effects. Generally, at least 85% of the organic matter in typical domestic wastewater can be removed by biological
treatment. With certain biological methods, removals in excess of 95% can be routinely achieved.

Bacteria are the principle microorganisms which are responsible for providing the “treatment” in biological
systems. The natural life processes of the bacteria are such that, much like humans, they need food, water, and oxygen
in order to survive. Organic matter serves as a food source for bacteria. It, along with water and the bacteria
themselves, are naturally and abundantly present in normal domestic wastewater. The only ingredient not present in
adequate supply in wastewater is oxygen. This missing ingredient is supplied at the biological treatment facility,
thereby making available to the bacteria all the substances necessary for their life cycle. Thus, the role of the
treatment facility is simply to provide an environment which will allow the natural biological processes of the
bacteria to take place.

With all the necessities available in adequate supply, bacteria consume the organic matter and convert it into
gases such as carbon dioxide (CO,) and ammonia (NH,) and into biological cell tissue. This biological process of
converting the organic matter into gases and cell tissue is often referred to as “oxidation” or “stabilization” of the
organic matter. The conversion is a two-part process. The process called “respiration” results in the production of
gases and the process of “synthesis” yields the cell tissue. Approximately 70% of the organic matter (expressed as
BOD) is typically consumed by the bacteria for respiration and about 30% is consumed for synthesis. Removal of
the gases is achieved by escapement to the atmosphere. The cell tissue, because it has sufficient weight, can be
removed by simple gravitational settling in a clarifier. Cell tissue forms what is called “sludge” in an activated sludge
process and “humus” or “sloughings” in a trickling filter process.

In discussing biological treatment systems, there are numerous terms which are commonly used and with
which an operator of such a system should be familiar. These include the following:

1. Aerobic Processes - Biological treatment processes that occur in the presence of free oxygen.
2. Anaerobic Processes - Biological treatment processes that occur in the absence of free oxygen.

3. Facultative Processes - Biological treatment processes that occur with or without the presence of free
oxygen; the organisms are indifferent to the presence of free oxygen.

4. 5-Day Biochemical Oxygen Demand (BOD) - The amount of dissolved oxygen required by
microorganisms (primarily bacteria) while stabilizing organic matter under aerobic conditions during
a 5-day period.
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Stabilization - The biological process by which organic matter is converted to cell tissue and various
gaseous end products.

Nitrification - The biological process whereby ammonia nitrogen (NH,/NH,*) is converted to nitrate
nitrogen (NO,-).

Dentrification - The biological process whereby nitrate nitrogen (NO;) is converted to nitrogen gas
(Ny).

Suspended Growth Processes - Biological treatment processes in which the microorganisms
responsible for stabilizing organic matter are maintained in suspension within the liquid; the activated
sludge process is an example.

Attached Growth Processes - Biological treatment processes in which the microorganisms responsible
for stabilizing organic matter are attached to some inert medium; a trickling filter is an example.

There are numerous biological processes utilized in the treatment of wastewater. The most common are

identified in Table 5-1. Detailed discussions of activated sludge, trickling filter, and lagoon systems are presented

hereinafter in this chapter. Anaerobic and aerobic digestion are discussed in Chapter 8. Two-stage biological

nitrification and 3-sludge systems are addressed in Chapter 6.

IL.

III.

Iv.

TABLE 5-1

MAJOR BIOLOGICAL WASTEWATER TREATMENT PROCESSES

TYPE
Aerobic Processes

A. Suspended Growth

B. Attached Growth

Anaerobic Processes

Facultative Processes

Combined Aerobic &
Anaerobic

COMMON NAME

Activated Sludge
Conventional
Complete-Mix
Contact Stabilization
Extended Aeration
Oxidation Ditch
Two-Stage Bio Nitrification
Sequencing Batch Reactors

Aerobic Digestion

Trickling Filter

Rotating Biological Contactors

Anaerobic Digestion

Anaerobic Lagoon

Conventional Lagoon

Aerated Lagoon

3-Sludge System

USE

BOD Removal

BOD Removal

BOD Removal

BOD Removal/Nitrification
BOD Removal/Nitrification
BOD Removal/Nitrification
BOD Removal/Nitrification
Sludge Stabilization

BOD Removal

BOD Removal/Nitrification
Sludge Stabilization

BOD Removal

BOD Removal

BOD Removal

BOD Removal/Nitrification &
Denitrification
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5-2 MICROORGANISMS IN BIOLOGICAL TREATMENT

The basic role of microorganisms in the biological treatment of wastewater is to convert organic matter into
various gases and cell tissue. Because the cell tissue is slightly heavier than water, it can thence be removed from the
wastewater by gravity settling. Unless the cell tissue produced by the microorganisms is removed, complete treatment
(removal of organics) will not be achieved because the cell tissue itself is organic. Without removal of cell tissue, the
only “treatment” that would be achieved is the conversion of a portion of the organic matter to the various gaseous
end-products. It is microorganisms which actually provide “biological treatment” by converting the pollutant
(organics) into forms which can be easily removed; i.e. gases which escape to the atmosphere and cell tissue which
will be heavy enough to settle.

There are a variety of microorganisms which are normally associated with biological treatment systems,
although “bacteria” are the principal workers in actually stabilizing organic matter. Microorganisms can be classified
in a number of ways, beginning with the basic group of living organisms to which they belong. For years it was
customary to group all living organisms into the two basic kingdoms of plants and animals. However, in recent years
the practice has been to group microorganisms into three (3) kingdoms; plant, animal, and protista. Plants and
animals are typically characterized as multi-cell organisms whereas protists can be either single-cell or multi-cell.
Some of the microorganisms typically associated with biological treatment of wastewater are classified into the three

(3) kingdoms in Table 5-2.

TABLE 5-2

CLASSIFICATION OF COMMON WASTEWATER MICROORGANISMS BY KINGDOM

KINGDOM REPRESENTATIVE MEMBERS
Animal Rotifers
Crustaceans
Plant Mosses
Ferns
Seed Plants
Protista Algae
Protozoa
Fungi
Slime Molds
Bacteria

Another way in which microorganisms are classified is in accordance with their sources of energy and
carbon. It is necessary that organisms have a source of energy and carbon for the synthesis of new cell tissue. The

two most common sources of carbon are carbon dioxide (CO,) and organic matter. Organisms which obtain their
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carbon from carbon dioxide (CO,) are called “autotrophic”, whereas those that utilize organic matter are called

“heterotrophic’

’. Autotrophic organisms obtain their energy from sunlight through the process of photosynthesis or

from an inorganic oxidation-reduction reaction. Energy for heterotrophic organisms is supplied by the oxidation of

organic matter.

The classification of microorganisms by sources of energy and carbon is summarized in Table 5-3.

TABLE 5-3

CLASSIFICATION OF MICROORGANISMS BY ENERGY/CARBON SOURCES

CLASSIFICATION ENERGY SOURCE CARBON SOURCES
Autotrophic
Photosynthetic Sunlight Carbon Dioxide (CO,)
Chemosynthetic Inorganic Oxidation - Reduction
Reaction Carbon Dioxide (CO,)
Heterotrophic Organic Oxidation - Reduction
Reaction Organic Matter

Another way of classifying organisms, which is important in biological treatment, is according to their

ability to use oxygen (O,). Organisms which can exist only when oxygen is available are called “aerobic”; whereas

those which exist only in the absence of oxygen are called “anaerobic”. Organisms which have the ability to exist

with or without oxygen are called “facultative”.

Certain microorganisms are of more significance in biological treatment than others. Bacteria are the most

important because of their primary role in stabilizing organic matter. However, other microorganisms also have

significant roles. Those microorganisms regarded as being important to biological treatment because of their roles

therein are generally described as follows:

1.

Bacteria - Bacteria are the principal workers in biological treatment processes because they reduce the
amount of organic matter, which is the major pollutant in domestic wastewater. These microorganisms
achieve reduction of organics by converting it to new cell tissue and gases. Bacteria are single-cell
protists which are naturally present whenever moisture and a food source are available. They can be
either autotrophic or heterotrophic. Heterotrophic bacteria are the most prominent microorganisms in
biological treatment of wastewater because of their need for organic matter as a source of carbon.
Bacteria can be aerobic, anaerobic, or facultative.

Algae - Algae exist as both single-cell and multi-cell protists. They are autotrophic and their major
role is the production of oxygen in environments such as lagoon systems. Said oxygen production is
achieved in the presence of sunlight through the process of photosynthesis. The photosynthetic
process is one by which algal cells containing a green pigment known as chlorophyll transform radiant
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energy from sunlight into chemical energy. The process produces oxygen (O,) from water molecules
(H,O) and converts carbon dioxide (CO,) to new algae cells. At night in the absence of sunlight,
instead of producing oxygen, algae consume it through the process of respiration. Algae have a
significant influence on the pH of lagoon contents because of their use of carbon dioxide. During the
daylight hours, algae consume carbon dioxide for photosynthesis which results in the pH being raised.
At night during respiration, carbon dioxide is produced which results in the pH being lowered. The
pH in a lagoon will increase as the amount of algae therein increases because the consumption of
carbon dioxide increases.

3. Protozoa - Most protozoa are single-cell, aerobic, and heterotrophic protists. They are usually larger
than bacteria and serve in the role of effluent polishers by consuming bacteria and undissolved organic
matter.

4. Rotifers - Rotifers are aerobic, heterotrophic, multi-cell animals. Its name “rotifer” is derived from the
fact that it has two sets of rotating cilia on its head which are used in capturing food and for movement.
Rotifers tend to live only in relatively pollution-free environments; and their presence in an effluent
usually indicates a highly efficient aerobic process. Thus, their role is basically one of being an
indicator of water quality. If they are present in a receiving stream, it is usually an indication of
efficient treatment and good water quality.

5. Crustaceans - Crustaceans are aerobic, heterotrophic, multi-cell animals. They have a hard shell body.
They are a common food source for fish and are normally found in natural waters. Their presence
within a biological treatment process is rare. However, their presence in a receiving stream indicates
that conditions are relatively unpolluted and that any effluent being discharged thereto is low in
organic content and high in oxygen content. Thus, their role, like rotifers, is one of serving as an
indicator of a pollution-free environment.

6. Fungi - Fungi are multi-cell heterotrophic protists whose major role is the treatment of certain
industrial wastewaters. Most fungi are strictly aerobic. They have the ability to survive under
conditions of low pH and low nitrogen content, which contributes to their prominence in the biological
treatment of industrial wastes.

7. Viruses - A virus is the smallest biological structure capable of reproducing itself. An electron
microscope is needed to see viruses. They are known to infect man with various diseases. Their
significance in biological treatment is generally confined to the need for their destruction via a
disinfection process.

The existence or non-existence of the aforementioned microorganisms within a biological wastewater
treatment process or in waters which receive a treated effluent is important. Regular microscopic examination of
effluents, receiving waters, and wastestreams within a process is strongly encouraged. Compilation of data from such
examinations can reveal much about the quality of effluent being produced, about the environmental quality of the
receiving stream, and about existing or potential operational problems within a process. A microscope and routine
examination of process and receiving waters should be an integral part of operational procedures for any biological

wastewater treatment process.

5-3 CONVENTIONAL (UN-AERATED) LAGOONS
a. Process Description

The term “lagoon” usually refers to an un-aerated relatively shallow body of water contained in an earthen
basin of controlled shape designed for the purpose of treating wastewater. The terms ‘“oxidation pond” and

“stabilization pond” are also sometimes used to refer to a conventional un-aerated lagoon. Conventional lagoons are
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constructed both as single-cell and multi-cell facilities. Multi-cell lagoons usually contain two or three cells. The

typical characteristics of conventional lagoons in Mississippi are shown in Table 5-4.

TABLE 5-4
TYPICAL CHARACTERISTICS
OF
CONVENTIONAL (UN-AERATED) LAGOONS

PARAMETER TYPICAL VALUE/CONDITION
Primary Oxygen Source Algal Photosynthesis
BODS Loading 30 to 50 Lbs/Day/Acre
Water Depth 4 to 6 Feet

Detention Time 40 or more Days
BODS Removal 75 to 85%

TSS Removal 50 to 60%

Levee Freeboard Minimum of 2 Feet
Levee Width @ Top Minimum of 10 Feet
Levee Side Slopes Maximum of 3H:1V
Disinfection of Effluent May Be Required
Separate Effluent Settling Basin Not Required

The use of lagoons is a very popular method of wastewater treatment, especially in smaller communities,
because of their relatively low construction and operation/maintenance costs. However, there is less process “control”
available with a lagoon system. This generally means that the quality of effluents produced by lagoons is not as high
as that produced by activated sludge or trickling filters.

The processes which occur in a conventional lagoon are illustrated in Exhibit 5-1. As can be seen from the
illustration, two (2) processes actually occur. One of these is the physical process of settling. Unlike activated sludge
or trickling filter systems which have primary and/or secondary clarifiers, lagoons typically do not have separate
settling facilities. The settleable matter in the raw waste plus any settleable matter produced by biological activity
within the lagoon settle out in the lagoon itself. The settled matter collects on the lagoon bottom and forms a sludge
layer which remains in place for the life of the lagoon.

The second process which occurs is the biological stabilization of organic matter; which is the same basic
process that takes place in activated sludge or trickling filter systems. The major microorganisms involved in this
biological process are bacteria and algae. Stabilization is primarily accomplished by aerobic bacteria which consume
the organic matter in the raw wastewater and convert it to carbon dioxide (CO,) and various other end-products.

Algae, through the process of photosynthesis, produce oxygen (O,) which the bacteria also need to survive and
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thereby stabilize the organic matter. The bacteria in turn produce carbon dioxide (CO,) and other end-products such
as ammonia (NH,) and phosphate (PO,) which the algae consume to support their life cycles. Thus, a dependency

develops between the algae and bacteria.
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The process of algal photosynthesis is a phenomenon in which chlorophyll converts sunlight into energy for
growth. The bacterial oxidation (stabilization) of organic matter yields carbon dioxide (CO,) and nutrients such as
ammonia (NH;) and phosphate (PO,) which, in turn, are consumed by the algae. In the presence of sunlight,
photosynthesis provides the necessary energy for the algae to convert the carbon dioxide (CO,) and nutrients (NH,
and PO,) into additional algae cells and to produce oxygen (O,). The algae cell material is organic and thus it can be
expected that the effluent from a lagoon will contain a significant amount of organic matter due to the presence of
the algae. However, the organic matter represented by the algae is significantly different from that in the raw
wastewater. The organics contained in raw wastewater are highly putrescible and hazardous to public health, whereas
those in algae cells are stable and have no pathogenic significance.

During daylight hours when the sunlight is present, the algae produce a large amount of oxygen (O,) as a
result of photosynthetic activity. While they are producing oxygen (O,) they are also consuming carbon dioxide
(CO,). At night in the absence of sunlight, photosynthesis ceases; but there is typically an excess of oxygen (O,)
available for the bacteria from the day’s photosynthetic activity. Also, during the absence of sunlight and
photosynthetic activity, the algae actually reverse their role and consume oxygen (O,) through the process of
respiration. In any event, the net result of a lagoon process is biological activity which results in the organic and
nitrogenous matter in raw wastewater being converted into algae cells.

A typical conventional lagoon is generally classified as a facultative process. As can be seen from Exhibit
5-1, the bottom sludge layer is anaerobic and the upper zone is aerobic. Anaerobic decomposition of settled solids
occurs in the sludge layer and results in the production of gases such as methane (CH,), carbon dioxide (CO,) and
ammonia (NH,). The upper reaches of the lagoon contents are aerobic. The combination of both aerobic and
anaerobic conditions makes it possible for facultative bacteria to survive and implement the stabilization processes.

Most conventional lagoons are constructed of regular shapes. Rectangular shapes are the most common with
length to width ratios less than 4. Circular and irregular shapes have also been used. The major components in a
typical lagoon in Mississippi include the following:

1. Inlet Pipe - The raw wastewater is usually discharged out in the center portion of a lagoon away from
the immediate proximity of any sides or corners. The discharge is usually near the bottom. A concrete
splash pad is usually placed under the end of the discharge pipe. Cast iron and ductile iron are the most
commonly used materials for inlet pipes.

2. Outlet Structure - The effluent from a lagoon usually is discharged through an outlet structure located
on one side of the lagoon. The outlet structure should include an adjustable weir or a series of valved
outlets which will allow the water level in the lagoon to be adjusted. Also, some type of effluent
skimming device should be provided.

3. Lagoon Levees - A lagoon should be diked with a continuous levee to prevent surface run-off from
entering the lagoon and to protect against floodwaters. To prevent erosion, which is a common
problem in many lagoons, the levees are often protected with a concrete apron or rip rap.

Exhibit 5-2 shows a conventional lagoon in use in a Mississippi community.
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EXHIBIT 5-2

CONVENTIONAL FACULTATIVE LAGOON

b. Process Controls & Performance Indicators

A conventional lagoon is somewhat limited in operational controls. It has been said that “mother nature” is
the chief operator of a lagoon in reference to the dependency on sunlight and algal photosynthesis. This is not to say,
however, that the operator of a lagoon is without any controls or parameters to evaluate performance.

While “control” devices are somewhat limited, there are several parameters which can be used to assess a
lagoon’s performance and assist an operator in responding to certain situations. These include the following:

1. BOD Loading - The BOD loading is defined as the organic load, expressed in terms of BODy, applied
per unit of lagoon water surface area. Mathematically, it is usually expressed in units of pounds of
BOD; per day per acre (Lbs/Day/Acre) and can be computed as follows:

BOD Loading Rate =  BOD, Applied (Lbs/Day)
Water Surface Area (Acres)

Typical values will normally be in the range of 30 to 50 Lbs/Day/Acre for most conventional
facultative lagoons. The BOD loading is also referred to as “organic loading” or “surface loading”. A
lagoon which has an excessive BOD loading will usually experience odors or other operational
problems.
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Water Depth - Most conventional lagoons will have water depths in the range of 4 to 6 feet and will
have an outlet structure which can be adjusted to vary the water depth within this range. It is often
advantageous to vary the water depth seasonally. A higher water depth can be maintained during the
summer months and a lower depth can be maintained during winter months to enhance photosynthetic
action. During periods of heavier rainfall, if a sewer system experiences significant infiltration/inflow
that will ultimately be discharged to the lagoon, it may be advisable to operate the lagoon at maximum
depth in order to provide ample detention time. Also, raising and lowering water depth will assist in
controlling weed growth and burrowing animals along a lagoon’s dikes.

Detention Time - The desirable detention time in a typical conventional lagoon is usually greater than
40 days based on average daily design flow. It can be computed as follows:

Detention Time (Days) = _Volume of Lagoon (MG)
Flow to Lagoon (MGD)

The detention time can be adjusted by varying the water depth in the lagoon. Lowering the depth will
decrease the detention; whereas raising it will result in a greater detention time.

Wind Action - The wind creates surface mixing in lagoons. This mixing can remove oxygen from the
water when the lagoon is supersaturated with oxygen or it can add oxygen when the content is less
than supersaturated. Observation of prevailing winds can often be correlated to dissolved oxygen
content in a lagoon which is important in achieving sufficient BOD, removal. It is for these and other
reasons that dikes and levees should be kept free of trees, bushes, etc. which could block the wind.

Temperature - Temperature is important to a lagoon’s performance for two reasons. First, the water in
a lagoon will hold more oxygen (O,) per unit volume at a cold temperature than it will at a warmer
temperature. Secondly, biological activity decreases with a reduction in temperature. For example, a
10-degree drop in temperature can reduce bacterial activity by fifty percent (50%).

The most desirable conditions are when it is warm with ample sunlight and a moderate breeze. Such
conditions produce the greatest bacterial activity and hence the highest BOD, removal. During the
winter months when the weather is colder and the daylight hours are shorter, bacterial and algal
activity is reduced.

Sunlight - Sunlight is vital to the efficient operation of a lagoon. Without it, algal photosynthesis
would not take place and the oxygen (O,) content would drop. The amount of available sunlight is a
significant factor in determining how well a lagoon operates and the area and depth needed for proper
operation. The depth of sunlight penetration determines the extent to which the lagoon contents
participate in oxygen (O,) production. The thickness or density of the algae in a lagoon affects the
sunlight penetration. As a general rule, with a good algae growth, the sunlight penetration and hence
oxygen (O,) production will be limited to the upper 2 to 3 feet.

Nutrients - In addition to organic matter and oxygen (O,), the bacteria in a lagoon need a sufficient
supply of nutrients to grow and multiply. Nitrogen in the form of ammonia (NH,) and phosphorus in
the form of phosphate (PO,) are the main nutrients needed. Domestic wastewater normally will have
sufficient quantities of each, but occasional monitoring of the influent and lagoon contents is
considered good practice.

pH - The pH of a lagoon indicates whether its contents are acidic or alkaline. An alkaline environment
produces the best results. Regular monitoring of pH can help detect the presence of toxic materials or
other substances which might upset a lagoon. The color of the water in a lagoon is usually related to
pH and can be used to forecast potential problems. Generally, the greener the color, the higher the pH
will be. A yellowish-green tint usually indicates a falling pH.

The pH normally will vary throughout the day depending on the algal activity. Because algae are most
active during the daylight hours (photosynthesis), the carbon dioxide (CO,) level is at its lowest,
thereby increasing the pH. Conversely, just the opposite is true during the night when carbon dioxide
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(CO,) is being produced by algal respiration. Hence, the lowest pH normally can be expected during
the early morning and the highest during the late afternoon.

9. Dissolved Oxygen - It is vital that sufficient dissolved oxygen be available for the bacteria in a lagoon.
Otherwise, the biological treatment processes will not take place and the lagoon will not accomplish
its intended purpose. During the warm months of the year when algal activity is at its highest, it is not
uncommon for the dissolved oxygen content to reach the saturation point. It is good practice to
monitor dissolved oxygen in a lagoon to establish what is normal for that lagoon and thereby be able
to notice any drastic changes or gradual trends which may be indicative of potential problems.

10. Flow - Flow is a very important parameter in monitoring the performance of a lagoon. In most
instances, effluent flow from a lagoon is measured at the outlet structure by means of a weir. Regular
flow monitoring is needed for several reasons which include:

a.  Itis required for NPDES permit compliance.
b.  Accurate flow data is needed to calculate BOD loadings.

c.  Records compiled from regular flow monitoring will serve as a basis for evaluating the amount
of infiltration/inflow which occurs. Over a reasonable period of time, an operator can estimate
the amount of infiltration/inflow which is contributed by certain amounts of rainfall.

d.  Effluent quality and performance can be related to flow if accurate flow records are maintained.
This will allow the operator to evaluate the effects of high and low flows on effluent quality.

The use of the above-cited parameters as meaningful tools in operating a lagoon is dependent on the
individual operator. In essence, all of the parameters, except for the BOD loading and water depth, serve only as
“indicators” rather than actual “controls”. It is the judgement and action of the operator in responding to these
indicators that can make a difference in the performance of a lagoon.

c. Methods of Upgrading

Effluent limits for such parameters as biochemical oxygen demand, ammonia nitrogen, and suspended
solids have steadily become more stringent in recent years. This increased stringency has led to the need for many
conventional lagoon systems to be upgraded in order to enhance treatment capability and thereby produce effluents
of higher quality. Upgrading methods utilized in Mississippi include the addition of components within a lagoon,
modification of effluent discharge practices, and addition of separate physical or biological treatment components.
The more common methods utilized to upgrade an existing lagoon system and/or to include with a new lagoon system
to meet more stringent effluent requirements can be described as follows:

1. Baffles - The addition of flow baffling to a lagoon cell can enhance performance by minimizing
hydraulic short-circuiting and thereby maximizing detention time. Installation of baffles in a lagoon
cell has the effect of converting the cell into a multi-cell facility in which organic loading is
continuously being decreased as the flow travels in a well defined pattern from inlet to outlet. This
decrease in loading through the lagoon tends to reduce algal growth because fewer nutrients are
available as the flow makes its way through the lagoon. In addition, there is some additional organic
reduction achieved because of the bacterial growths which become attached to the baffles.

Probably the most common type of baffling used in lagoons are plastic curtains which have flotation
devices at the water surface and anchoring at the bottom.

2. Hydrograph-Controlled Release (HCR) - In hydrograph-controlled release systems, lagoon effluent is
discharged only when the flow in the receiving stream is sufficiently high to assimilate the wasteload.
This method of intermittent discharge requires that the lagoon system have sufficient storage to retain
all flow until such time that the flow in the receiving stream is high enough to receive effluent
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discharge. Typically, storage of least 90 to 120 days is required. Streamflow and hydrologic data must
be compiled to develop sufficient hydrographic information on a stream before this system can be
used. Where a HCR system can be used, it offers two (2) advantages. First, because effluent discharge
is normally made at high flows in the receiving stream, the assimilative capacity of the stream will be
more efficiently utilized. Secondly, during long periods of no discharge, the receiving stream will
assume a higher natural water quality than normally exists with a continuous lagoon discharge.

Sand Filtration - Routing a lagoon effluent through sand filters is very effective in improving
suspended solids removal. Said process is basically a physical process whose major function is algae
removal. Bacterial action does occur within the sand media which can result in additional reduction
of biochemical oxygen demand and ammonia nitrogen from that achieved by a lagoon alone.
However, the bacterial activity within the sand media is not controllable in the same sense as that
associated with conventional biological processes (activated sludge, trickling filters, etc.); and thus,
the major benefit derived from sand filters is the removal of suspended matter, particularly algae.

Sand filters are usually constructed utilizing 24 to 36 inches of sand over a gravel base that contains
a perforated pipe underdrain. Filter sand typically has an effective size in the range of 0.20 to 0.30
millimeters with less than one percent (1%) being 0.10 millimeter.

The application of lagoon effluent onto sand filters may be continuous or intermittent with hydraulic
loadings ranging from 5.0 to 10.0 gallons per day per square foot. Maintenance is required whereby a
filter will need to be removed from service, allowed to dry, and thence scarified or raked to break up
algal/solids build-up on the surface. Such maintenance typically should be achieved whenever
ponding occurs, when treatment efficiency begins to drop, or at least every three (3) months. After a
few years of service, it may be necessary to remove and replace the top few inches of sand. Exhibit
5-3 shows sand filters in operation.

Overland Flow Systems - In an overland flow system, lagoon effluent is applied to land area by a
network of sprinklers. The area is generally a graded and sloped field covered with grass or other
vegetation. Soil types in overland flow systems are normally not very pervious which results in little
percolation. As the lagoon effluent flows over the field, it is filtered and stabilized when it passes over
the soil surface and through the vegetative cover. The fields are usually graded at uniform slopes of
2% to 8% (2 feet/100 feet to 8 feet/100 feet). The run-off which remains after evaporation and
vegetative consumption is typically collected via a drainage system and thence disinfected prior to
final discharge. Exhibit 5-4 shows overland flow systems in operation.

Spray Irrigation - Spray irrigation systems are designed and operated in much the same way as
overland flow systems. The primary difference is that spray irrigation systems usually do not have a
discharge into a stream. Instead, they are provided with sufficient land application area to prevent
discharge through percolation and evaporation. Usually, multiple application fields are provided to
assure adequate field rotation and prevent run-off. Hay or other agricultural crops and golf courses are
often ideal applications for spray irrigation.

Constructed Wetlands - Wetlands have been described as being a transition zone between a terrestrial
and an aquatic environment. They consist of areas that are periodically inundated by surface or ground
water at a frequency and duration sufficient to maintain saturated conditions and promote the growth
of water-tolerant plants such as cattails, bulrushes, hyacinths, duck weed, and reeds. Effluent from a
lagoon system can be further treated by a wetlands environment through physical sedimentation,
filtration, and bacterial activity.

Even though naturally-existing wetlands are sometimes utilized, it is far more common to utilize man-
made (constructed) wetlands because of hydraulic controls which can be designed into the systems.
Constructed wetlands generally are shallow bodies of slow-moving water (lagoon effluent) in which
dense growths of specified vegetation are maintained. They are usually constructed as long narrow
trenches or channels as either free water surface systems or as subsurface flow systems with water
flowing laterally through sand or gravel. The aquatic plants in a wetlands system provide very little
actual treatment of the lagoon effluent. Instead, their primary function is to support various
components of the aquatic environment that contribute to the treatment processes. Roots and stems
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SAND FILTERS FOLLOWING LAGOONS



EXHIBIT 5-4

OVERLAND FLOW SPRAY FIELDS

5-15



below the water surface provide surfaces on which bacteria grow and stabilize organic matter in the
lagoon effluent. In addition to providing surfaces for bacterial growth, roots and stems in the water
serve as a media for filtration and adsorption of solids. Stems and leaves at or above the water surface
reduce the intensity of sunlight, thereby reducing and/or preventing the growth of algae. They also
reduce the transfer of gases between the atmosphere and water and assist in the transfer of gases to
and from submerged parts of plants. Organic reduction is also achieved in the bottom layers of
wetlands which contain humus deposits. Exhibit 5-5 shows constructed wetlands in operation.

d. Laboratory Controls

Laboratory analyses of collected samples are essential for the proper evaluation and control of the
performance of any wastewater treatment facility. Laboratory tests are used to determine process efficiency; evaluate
performance; analyze waste strength and characteristics; and trace, identify, and evaluate operational problems. The
first step in compiling good laboratory test results is the collection of good samples. It is important that a sample be
as representative as possible of the conditions which it is intended to reflect. Sampling locations in a lagoon are
typically confined to the influent and effluent and occasionally to the lagoon itself. Two (2) types of samples can be
collected. One is a “grab” sample which consist of a single portion taken at a given time. Grab Samples are usually
used to measure such parameters as temperature, pH, and dissolved oxygen. The other type of sample is a
“composite” sample and consists of portions taken at known times and then combined into a single sample.
Composite samples are preferred for such analyses of BOD; and total suspended solids.

The most common laboratory analyses and field tests needed for the proper operation and control of a
lagoon include the following:

1. 5-Day Biochemical Oxygen Demand (BOD,) - The BOD; analysis is typically conducted on the
influent and effluent and the results used to determine removal efficiency. Also, the influent results are
used to determine the BOD loading on a lagoon.

2. Total Suspended Solids (TSS) - The TSS analysis is typically conducted on the influent and effluent
and the results used to determine removal efficiently.

3. Dissolved Oxygen (DO) - The dissolved oxygen content of a lagoon and its effluent should be
monitored and correlated with BOD removal results.

4. pH - The pH of the influent, effluent, and lagoon contents should be monitored and correlated with
BOD removal results.

5. Temperature - The temperature of the atmosphere and the lagoon contents should be monitored and
correlated with BOD removal results.

6. Microscopic Examination - Microscopic examination of a lagoon contents and the receiving stream
are often utilized to evaluate the various kinds of microorganisms which are present. Such
examination is frequently helpful in identifying the type(s) of algae present in a lagoon.

7. Nutrient Content - When the need arises, it sometimes is necessary to evaluate the nutrient content in
a lagoon. This usually involves conducting analyses for ammonia, nitrates, and phosphates.

e. Common Operational Problems

Inherent with any wastewater treatment process are various operating problems which can produce
undesirable situations ranging from nuisance conditions to violation of Federal and State pollution control
requirements. It is inevitable that a lagoon system will experience operational problems, and it is this inevitability

which justifies the need for competent and qualified operating personnel.
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Before an operational problem can be solved, it must first be identified. Once it has been identified, further
investigation of a problem can range from a simple visual observation to detailed and precise laboratory analyses.
Some of the common operational problems, along with their causes and cures, that are typically experienced

with conventional lagoons are presented in Table 5-6.

5-4 AERATED LAGOONS
a. Process Description
An aerated lagoon is a relatively deep body of water contained in an earthen basin of controlled shape which
is equipped with a mechanical source of oxygen and is designed for the purpose of treating wastewater. Aerated
lagoons in Mississippi differ from conventional lagoons in the following ways:
1. The depth is considerably greater; 8 to 12 feet as compared to 4 to 6 feet in a conventional lagoon.
2. A mechanical oxygen source such as a floating aerator is provided.
3. A separate effluent settling basin sized for one (1) to two (2) days detention is required.
4. Chlorination of the final effluent is required.
5. Detention time is usually twelve (12) to eighteen (18) days.
The characteristics of a typical aerated lagoon in Mississippi are shown in Table 5-5.
Just as in a conventional lagoon, the processes of settling and biological stabilization of organic matter occur
in an aerated lagoon. The settleable matter in the raw wastewater settles in the aerated lagoon. Any settleable matter
produced by the biological activity in the lagoon has an opportunity to also settle in the lagoon and in the separate

settling basin which typically follows the aerated cell.

TABLE 5-5
TYPICAL CHARACTERISTICS
OF
AERATED LAGOONS

PARAMETER_ TYPICAL VALUE/CONDITION
Primary Oxygen Source Mechanical Aerators
BOD Loading 250 to 600 Lbs/Day/Acre
Water Depth 8 to 12 Feet*
Detention Time 12 to 18 Days*
Aerator Sizes 8 to 10 HP/Million Gallons
BOD, Removal 8510 95%
TSS Removal 75 to 85%
Levee Freeboard Minimum of 2 Feet
Levee Width @ Top Minimum of 10 Feet
Levee Side Slopes Maximum of 3H:1V
Disinfection of Effluent Required
Separate Effluent Settling Basin Required

*NOTE: Conventional lagoons that have been upgraded with the addition of aerators may not comply with these
values.

5-18



*Kouade A10jern3ar
Jo 1eaoxdde yum [iypue| 03 pa[ney Jo [eung AQq Jo pasodsip
PUR PSWWLYS 9 PINOYS WNOS JUTUTRWAI AUy

‘syurs A[rensn
wnos uayolrg ‘suopeuIoy wnds dn yeaiq 03 sjeoq
J030w 10 J3f 197eM ® 303 03 dund o[qerrod e ‘sayer asn

“wnos asned osye
T T[T\ JUSNFUT UT IO pue JseaId
Jo syunowre YSIH ‘uomnoe puim
puE UONLINOIIO J00J “deyIns
9y 03 3uneory a3pn[s YPIm
‘T JI0AO0 SuruIny ST Wojoq puod ‘Y

JYSIuUNSs NPT [[IM SRl

uneory 9[qeazrs ‘os[y ‘seoymbsowr 10f sjods

Surpaaiq djeurwur(e 03 pue swarqoid 10po juasard
0] SUONJEULIOJ WINOS [ONUOD 0} ATeSS0U ST |

wnog

*030 ‘Gurdden a1y
se yons ‘[eaowar Jo spoyjawr parordde 10§ JO01JJO UOTSSTUIUIOD
wes [e00] YIm Noayo ‘systsiod werqord Jp

"S;jeaMm [eIOARS 19A0 ATyuanbaiy sayour §-9 [0Ad] 2y}

Furromor pue Surster £q pagenodsip 2q Aew Aoy, “Afeerdwod
[ouuny 2y} uopueqe Aew 1 ‘AQJUSIOIINS PAIIMO] JI pue

premdn [ouun) Ay} PUAXS [[IM I PISIEI ST [QAJ] Iajem

Y} J1 ‘Jouun) pagowqns Aqented e 105o1d sjen{sny

‘seare juooelpe pue spuod woiy

Z ‘spuod 03 Juadelpe
seare ur uonerndod
YSIH "srewrue joerne

o1p 2y} Suruayeam snyy doy

QY 10 Uo 03 AewI pue IYUNJ Moxmng [[im Aoy}
‘PaSTEI ST [QAQ] J2JeM ) JT SOIP OJUI S[ouun)
paSiowqns Afenred 31p emnnu pue sjerysnur

Se [ons sjuapoy ‘SSIp 0} op Loy aSewep Ay

WOIJ PadI 1Inq pue s[rened se yons Ajddns pooy ssoway ‘| ey} SuOnIpuod Jueqg Yy JO 9sneoaq PA[[ONU0d 3q Isnwr sfewtue Jurmormg ‘| s[ewmuy Jurmormng
‘puod woIy paamonp daowar A[resrsAyd uayy
‘Je0q & yIm preoq e ysnd I0 sayeI asn ‘paams[onp [ONU0d O L
“(saprorqioy
J1qeidecoe yym pekerds 2q ued Jnq SAOWIRI 03 JMNITFIP 2q
s Aoy) dexdir ay) ur pajrels 308 spoam JJ :uonne)) dexduraspny ‘9
*spoam Jo sdo) aaoqe 03 yidop Iojem aseaIou] ‘G
*(Sunok are speam uaym paure}qo
QI S)NSAI J59q “tr0330q puod UT $I[OY ABI[ [[IM $)00I Jo sdwmno
931eT) "SOSII I sk spaam Ay [[nd [[1m 901 SUNEO[} Y} pue [9AJ]
IOJeM Q) ASTEI ‘TOAQ] I9JeM MO] B Je 9ZO3IJ 0) JBJINS ) MOV
‘Teas puod ur syed[ sasned uonenauad 100y ‘puod
“JouInq sed Y ur uaSAxo oy} Suronpar sny) UOIOL PUIM
M UINg Udy) ‘Spaam 9s0dxXa 0] [9AJ] Iojem IOMOTT °¢ syuoaa1d pue uonensuad jysiuns sdojs paomyong
‘seare [[0s oY) ur do[oAap s10po pue ‘saojmbsowr
“IOMOW Jeq SPIIS & YIIM SPaom MOJN T ‘yadop 1a1eM JUSIOT) J0J QWOY 901U & e Pue J99[[0 UBd Wnds Jey)
-Jnsur ‘QourUIUIB os uonoe aaem dois ‘swajqord JunmoIr-1Ioys
“YIMOIZ mau JT puey Aq speam [nd ‘T ‘UOTLINOIIO 100J Y asneo ‘sTewtue SuIMoLmq 10§ pooy apraoid spaop T SPIOM TR
SOIpUS Y SSMED) S[qeqoId SUOTICAISSqO/ST0TeSIpu] WSTqo1d

*SNOODV'T NI SWHTOUd TYNOILLV J4dO NOIWINOD

9-6 QIqeL

5-19



*(eSexyoed ) UO SUOTIOAIIP UO PAsLq PIsh U ALY

ueqsIng pue Aeqy ‘UOTYIUI) 9pronoasul pasoidde ym Aeidg -z

ersnquien) yym puod J00)g

SSSPIIN SUI[ONU0,) J0J UONI[0S

*(1/8wr T Jo soSesop ur Jeqy Pue UOTYIUS] ‘P[eN Ie pasn uaq
QAeY Jey) dWOoS) “s[edruayd pasoidde 10y sferorjjo Aroyerngar
QJBIS UM JO2Y)) "MI0SAI JSe] B st SpIXeATe] Pim Aeidg

*(yst o3nbsopy) ersnquien) yim puod 3001

‘wnods woxj 2215 puod doayy

Jno Jumyojey woij saomnbsowr juasard
0] JUeq UO UOT)OR QABM MO[[E pPue spaam jo 1ea[o puod doay] *|

OO,y OJMDSOTA 10F UODN[0S

*Q0oUBURJUTEW
PUE UOTE[NOID 100d "V

‘191em puod ur
juosaxd s109suT 10 SBAIR] puB Bare Ul Juasaxd s1oasul | s1098U]

‘uoseds 3urzeid yuow-9

© IOAO SYjuOW g J0J eare puod yoed ozelr) :9q PInom wa)sAs
puod-¢ e ur Surzeid uone)ol 10§ MNPayYds [dwexa uy ‘sasserd
Jo saroads renprarpur Surkonsop juaaaid o)  Jurzeid uoneor,,
0moRIq T[99 93IRYISIP A} 03 A[[eroadsd “ULIOJI[0J [8OAJ ASBAIOUT
KBJA 'Pasn U29q dALY $)E0S SE Yons ‘S[ewue [[eWs SWoS

Spoom I0J uIZewIS ‘A
Qeg[e snojuawre[ty 103 aeyns ddoy A1

spaom popuadsns I0J [eyl-Opug OYIQ  ‘TII

SPooM JUISIOWD PUL SMO[[IM IOJ XIATIS Mo 'TI

s[rened 10y uodere@ moq 1

1aTe pasn aIe Jey) SepIdIqIey Jwios Jo sopdurexg
*9[qepeI3apoIq 9 S[eoTuIayd Jey) A1mbal s19Y10 [[v “a8esn
[eSTUIAYO MO[[E JOU OP SAJBIS WO "SANHOYINE [IIM OO

0] 9Ins 9 :QJON 'STEOTUIAYD [0NU0S paam pasoxdde ym Aexdg

IMO0I3 J[qeIrsopun

12dwos no,, pue [10s Ay} Surpuiq £q spaam [[e} Ino

QATIp puE POS POOST © WILIOY [[IM Jery) SSeId € JO9[as 0} J[qeIrsap
ST J] "QIOYMIS]Q SISSLIZ QATIEU JIOYS PUE 2IOYS ) UO SISSLIT
aN[q puE NS JO AINIXTUL B YIIM SAYIP MOS

‘poyIow 159q Y} ST SUIMOW JTPOLIDJ

"Q0ULURIUIRW 100 V

‘puod 2y} uo uoNde puIm NPT Aewr OsTY ouereadde

ApySisun ue syuasaxd pue I 2y} Jo Suruayeam

asned ued ‘srewrue 10j saoefd Sunsou opraoid uone)
-039A 19110 pue sAAM ‘Ysniq ‘YImois paam Y3ty | uoneRdaA Ig

EIDEEN]

asne)) 9[qeqoig

SUOTIEATSSQ()/SI0edTpU] W01

+(S9NURU0D) 9-G J[quL

5-20



*SUOTIIPUOD IUJEaM

Juanyyge puod jo uonemoror A[ddy ‘¢ pue jusunjean yenbaopeur ‘PAISPISUOD 2q Os[e p[noys eare jun 1d Surpeoy
‘(uorsuedxo BaIR AOIAISS) dO4d 2A1s$9%2 pue ‘O'[ ‘Hd mo[ Suimoys s3sa)
qqissod j1 ‘uonerado oqrered aspny ‘g UOTIONINSUOD MU ‘UOTIRI} Qe ‘10[09 AeI3 10 USAIS MO[[QA © ‘SIOPO QAISUIJJO Aq
-Tgur ‘ud1sap Jood ‘sajsem Pa10910p 9q Ued swR[qoxd SUIPLo[IeA() (dlsem ) JO
-o1qrssod J1 1531 31 397 pue [[90 oy} ssedAg ‘| [ersnpur ‘SunmnoIr-Ioys juaunean )o[dwodur ur SINSAI Yorym SurpeofionQ ‘| peorRAQ desio
*JT QAOWIAI PUE 2JINOS [ELYSNPUT 0) NP ST PEOJIAO JI QUM "9
-yentu wnipos A[ddy  °g
*SI0M peay Y} O} JuSN[Io
Teury uinjar o) dund ojqeirod e Sursn £q UONEINOIIOAI PPY  “{
*(Jeoq 1030w € JO uonerado Aqrep
JO/pue SISSNIJIP ‘sIojeIoe doeJins) uoneise rejuswd[ddns ppy ¢ (‘syjuowr wirem
Sunmp [/8w '¢ moroq doip
‘uonerado [orrered jou pnoys "Q’( Swnie)
03 3ur03 £q (s)[100 Arewrrd 0y Surpeo| oruesio onpay ‘g S9)sem [eLnsnpur orxo} 10 JURIOIIJR $SI[ SAW0I3q JUSWILAL ],
Surpeo] qOd ¢s10p0 Jueseadun Jo asned Y} puet SUOHIPUOD
‘puod 2y} jo Judo1ad (Ot uey) Y31y ‘QuIr) uonudlep MO[ orqoxoeue Surpuaduur a[qrssod JO SATIRIIPUT
1918318 SULIOA0D JI PIOMYONP SB ONS SPIdm JA0WY '] ‘uonenauad Jy31y 100 ST 'O’ UI PUan pIeMuMOp Panunuod ‘Mo[y I UQZAX() POAJOSSIJ MO
‘saisem Temsnpul yISuans-y3my 1o ondes deuruig ‘S
‘onjeI § 0} T & UO JR[NIIISY
{UOTIRIIUAOUOD SPI[OS Y} INQLISIP 0) pue USAX0 [euonippe
ap1aoid 0} yuenyur puod oy 03 Juanfyye puod 9JeMomody ‘4
‘sysodop wonoq uoodey Surqisip Juaaxd 0} uaye) 9q prnoys
areos ¢(porad snoIopo JO YISUS] [£J0) 0ONPAI [[IM Inq sporrad
JI0Y[S 10J 9SI0M 9Qq 0) SIOpOo asned Aewr puod oy} SULLMS :910N)
sdjoy osye Je0q IojoW © Ul eaIe uoode] oY) 1oao0 sdin A[req
‘uagAxo pue Jurxmwu 9p1aoid 0) uoneISE PISNIJIP IO ‘SI0JeIdE
Pages ‘s1ojeroe 3uneorj se yons uonerde Arejuowd(ddns reisuy ¢
*Je0q J0jow & JO ayem Ay ur A[ddy ‘1s1s19d SIOPO JI 1911
Kep 12d spunod (g uayy ‘Aep s1Jy 103 210 1od SeNIU WNIPOS
spunod QT 9sn IQ "sAep SuIpaaooNs UO dJel J0J INJEIN]
23§ ‘suoqesd uormu 1od drentu wnipos spunod ooz Ajdde :djex “JoW 97 10 SA)SeM [eLnsnpul
uonedrddy ‘uaSAX0 2onponur 0} proe-oIdIA I0 WoIqI ‘uonenoir puod rood
*9Jen)Tu WNIUOWUE IO WNIPOS st Yyons sjeorayd A[ddy g ‘1oyjeam Apnojo Jo sporrad
orqrssod J1 3uo[ ‘3urpeoIaA0 JO NS AP
‘Gurpeoy 2onpar 03 s[[eo Arewrad 03 Surpadg [orered s ] AqreIouad are s10po YL 'V -o1iqnd 2y} 03 ouesIuU [eIUAS B I8 SIOPO ‘| SI0PO
SoIpawioy asne)) 9[qeqoig SUOTIEATSq()/SI0JBIIPU] W01

+(S9NURUOD) 9-G J[quL

5-21



*S3IeyOSIP OTX0) JUAAIJ

"[OAQ] USISOP QAOQE JI SOJINOS [BLIISNPUT 0) AP SPLOJ AONPAY
"SUOIIEO0] JO[INO PUE J[UI MU PPY

*197eM ) 2Je[nd1ror 03 sdund drqelrod asn)

*901n0s e
QJEUTWI[S PUL UONENIUL WIISAS UOHII[0O 10F oY)

‘spunodwod 9rx0)
9[qrssod pue speoy
JIMmeIpAY 10 oruedio
Y31y guowaserd
3opIN0 pue joqur J00d
‘ST UONUAAP LMoY

‘aeg[e peap Q[qISIA ‘sjuawarmbar
jiurad Kouage Axojendar 1oyio 10 SHAIN
JO UONE[OTA UT AIe Jey) SUONenuaduod qOg YstH T

Juenpy ur qOd Y3H

*OIX0) JOU QI8 [IAJ] ST} MO[q IO Je saesop
¢Ayrenb juan(gze oaoxdwr 03 93IBYISIP JUSNIWLINUI I0J PAsn ST[AD
[eury ur pasn uaeq sey [/Sw (g Jo seSesop wnje ‘sased wos Uy

*100uI3ud 3un[nsuod € Jo
SIOTAISS AU} PUL UONBOYIPOW 1Mbal [[1m Inq pasn aq os[e Aew
SIONIJ YOOI PaSIowqns pue SISIJ PULs JUSNTULISIUT JO SN YT,

-9[qrssod J1 ‘sawras ur spuod Srdnnur aspy

Juowraduelre Surjjyeq pood
© JO 9sn Aq 90BJINS ) MO[q WO JUIN[FIS JJO MBI

-oege jo
uone[ndod rernonred
JIOA®RJ Jey) SUOTIPUOD

amjeraduwe) 03 IoyILI M

*OAOUIAI 0 JNOLJIP d1e Ay}
[Tewrs AIoA OsTe aIe pue J[IIOW dIe Je3[e P
-o[3urs Auew asneodq oede 0] anp AIe JUAN[JJO
puod e ur Juasaxd sprjos papuadsns 2y} JO ISOIN °T

Juengy
ur Qe3[y $se0xyg

*90INOS JE JLI0D
pue J1p Jes[e Jo sIsned [euIAX I0 J1X0) J[qIssod 103 JooT

‘Surpeoy1eso 03 anp pue
Juastsiad stuaqoad J1 yuswdmbe uoneroe Arejuoworddns [reisug

*Sunmoiro yoys 2[qrssod 10§ oY)
Juanyyge puod Jo uonenaIrodr Addy
9qqrssod J1 ‘uonerado yorrered asn

-o1qrssod J1 “)sa1 31 39] pue [0 a3 ssedAg

*oed[e oy} uo SuIpesy

‘eruyde(q se yons ‘syewrue 10y3ry
IO IoyJeom IsIoApE Jo sporrad
3uo[ ‘Surpeo[1oa0 Aq pasned
UQ)JO JSOUI ST STY} {JJO 9Ip Sed[e
u13 2y} se ‘0" ur doip e £q
pamorroy st Hd Suisearoop v Y

‘ydess e uo jord pue Aep yoeo

o dwes Hd aInseawr ‘uoouIdje e[ ur Jurpear

159U31Y pue sHIuns je Surpeal Jsomof Yum Aep ay)

moy3noxy) Area T[4 "' pue Hd yog '8 01 0’8

noqe Aqerayaid ‘oprs aurfey[e 2u) uo q p[noys
Hd ¢sad£) oedye 103 JuswuoIAuL 3 sjonuod Hd 1

Hd Sursearseq

uawdinba uonerse Areyusworddns reIsuy

*3unmoird uoys [qrssod je Joo

R4

(Ju0D) peo[AQ omuesIo

EIDEEN]

asne)) 9[qeqoig

SUOTIEATSSQ()/SI0edTpU]

WA[QOIJ

+(S9NURU0D) 9-G J[quL

N

5-2



"LL6T 1030V ‘TT0-LL-6/0Sy VA 'S'() ‘SPUOJ UOHLZI[IQR}S 10§ [PNURIN SUOHEIAAQ,, 19010

‘s10j0W PI[00d 13em dn Inid
Aewr e3[e se pajood ITe 9q P[NOYS SIOJOUI JB0q JOJOW IS0y

pue dund 9[qeirod e 10 je0q I0j0W1 £q SWoo[q [eSe dn yearg ‘7
‘suofred uorrux 1od spunod ¢ 0) 9jejns
12d009 JO Junowre Ay} ONPAI [/SW ()G MO[q ST ATuIee JI N ‘Qouereq juarnnu Jood
I0/pue SUIPLO[I9A0
‘[199 ur suoyred uorpru 1od ajeyns x2dood Jo spunod juaujean) jerdwosur 'JJ0 Q1p Qede
01 Adde /8w g 2a0qe ST Ayupeye (2101 P J 1 JO uoneoIpur UL uaym dooaap s10po [noj  (f/3w | uey) ss9f)
-areyns 1oddoo Jo uornnjos e jo suoneordde ¢ Alddy | st oed[e usaIs-onig v Ua3AXO0 PAAJOSSIP pue (¢'9 ueyy ssof) Hd moT '] Qe3[y usaIn-on[g
*$98IRYOSIP OIX0) JO SIOINOS JALUNWI[ ‘9
*9jenIu WNIpos
Surppe Aq paureiqo 2q ueod djoy Arerodwo) soseo awos uf ‘¢
‘Jurxnu pue uegAxo
ap1aoad 0} (sdwnd 91qelrod asn-Areroduwrd)) UONLINIIINAI PPY  H
*3unNINOIIO 110YS SJBUTWI[S 0} SIOINO pue sjo[ul dduey) ‘¢
*3uIpRO[IaAD *SUOT)IPUOD JIQOIABUE JLOTPUT
Asnonupuod st puod 1 uonjere fejuaweddns ppy ‘g Qoejans proed pue 10[00 AeI3 10 UARIF-YSIMO[[RA
*$a3T1eYOSIp puE ©LI9)ORq Snojuswe[Ty Jo douasard ay) ‘s10po
ua)sisIod Jou oIe pue Jeak Yors oun) o1x0} 10 uonerado jueses[dun ¢spuod 93IeYOSIP SNONUTUOS UT JUIN[IFO
Urela © Je ISTXd suontpuod J1 (nyday ‘orqrssod J1 ‘peoy 100d ‘BUNIMOIO QU UI Wnos pue sprjos pepuadsns ‘qog YsSy
opIATp 0} uonerado [a[ered 0} soLIes € woly auey) | 110ys ‘SUIPLO[IRAQ 'V ur 3unnsar drqoroeue paurny jey) puod aaneIndey | SUOTIPUO)) J1qOIRUY
"SWON0q Ie[NIAL UT [[L] 9
‘SPadM N0 UBI[D) °C
*s3ouT o[dnnuu Surpnyour ‘SUOTIEIO] JO[INO/IS[UT MU PIACI]  “{ ‘Hd pue "O"'q mof &
wonoq £Q pazLIo)oRIRYO AT SLAIER ASAY) SJUSPIAD AWO0IAq
‘Surxmur 2A0xdwI 0) UOTIRINOIIOAI PPY  °€ Ie[n3ouy 10 YIMoI3 UOTIB[NOIIO POOS SUTATOAI JOU Ak Jey) Sedre Ay}
paam ‘puod jo adeys “U0T1IBI0] Yora 10J S3UIpELal oY) SUIpIodal 1oy
‘uonnqrusIp 0} anp 2q ose Aewr £3unmoIo-1I0ys 2Jedrpur Aewr Judrad 9oz 03
aoxdwr 0) uonedo] I9[UI punote Surjyeq [eIsuy ‘g £SUOTIBOO] JO[INO puE Juadrad QT Jo seouarayip ‘puod ) Jo uerd e uo
19UT JO JuswadueLIe Sunou pue puod oy Jo syred snoLeA WoIj sanfea
‘puim Surqreaard Jo uonodxmp ur J 100d 10 $991) 0} Sunyooyd £q punoj Hd mo[ pue suonipuod d1qoIdeue
puod woxy Aeme 3199 00S SB[ Je YIM0I3 pue saan In) ‘| anp uonoe puIM I00d 'V ‘puod a2y Jo syred ur ‘O’ Mo ‘swepqoid 10p0 T Sunmor)-uoys
SoIpawioy asne)) 9[qeqoig SUOTIEATSq()/SI0JBIIPU] W01

+(S9NURUOD) 9-G J[quL

5-23



Biological stabilization of organic matter in an aerated lagoon is achieved by bacteria just as occurs in a
conventional lagoon except that the process is not dependent on algal photosynthesis for an oxygen source. Instead
of depending on algae for the production of oxygen, a floating aerator or other aeration device provides oxygen. The
aeration devices are usually sized to provide sufficient mixing to disperse oxygen throughout the lagoon. Such
mixing generally will require 8 to 10 horsepower per million gallons of water and does not result in complete
suspension of solids as exists in the aeration tank of an activated sludge system. Only dispersion of oxygen is
achieved in a properly designed aerated lagoon. Some oxygen production due to algal photosynthesis occurs in an
aerated lagoon; but the primary source of oxygen is the aeration equipment.

Because of the aeration equipment, an aerated lagoon will have a continuous and more consistent oxygen
source, which results in a higher quality effluent. The aeration equipment provides more “control” of the process than
exists with a conventional lagoon. Timing devices are often provided with the aeration equipment so that the operator
can adjust the “run time” and subsequent oxygen production as needed to maintain the desired effluent quality.

An aerated lagoon is considered to be a facultative process. Just as in a conventional lagoon, the bottom
sludge layer in an aerated lagoon is anaerobic and the upper zone is aerobic. Anaerobic decomposition of settled
solids occurs in the bottom sludge layer and results in the production of gases such as methane (CH,), carbon dioxide
(CO,), and ammonia (NH,). The upper reaches are aerobic. The combination of both aerobic and anaerobic
conditions make it possible for facultative bacteria to survive and implement the stabilization of organic matter.

Most aerated lagoons are constructed of rectangular shapes with length to width ratios of less than 2. The
major components in an aerated lagoon in Mississippi include the following:

1. Inlet Pipe - The raw wastewater is usually discharged out in the center portion of the lagoon away
from the immediate proximity of any sides or corners. Discharge is usually about mid-depth or deeper.
Cast iron and ductile iron pipe are the most common materials for inlet pipes.

2. Aeration Equipment - Floating high-speed electric-powered mechanical aerators are the most
commonly used aeration equipment. These devices are usually sized to provide 8 to 10 horsepower
per million gallons of lagoon volume. They normally are moored with cables and are located over a
concrete pad which serves to prevent scouring of the lagoon bottom. Control devices are usually
located on or near the lagoon levee for easy access by the operator.

3. Effluent Settling Basin - A small settling basin sized for approximately one (1) to two (2) days
detention usually follows an aerated lagoon. This basin allows any settleable matter which has been
produced by the processes in the aerated lagoon to settle out prior to discharge.

4. Disinfection Facilities - Effluent disinfection is required in aerated lagoons. This is typically achieved
with a separate chlorination facility or ultraviolet system (Refer to Chapter 7).

5. Outlet Structure - The effluent from an aerated lagoon is usually discharged through an outlet structure
located on one side of the lagoon or settling basin. This structure typically includes a skimming device
and a flow-measuring weir.

6. Lagoon Levees - Aerated lagoons should be diked with continuous levees which prevent surface run-
off from entering the lagoon and protect it from floodwaters.

Exhibit 5-6 depicts aerated lagoons presently in operation in Mississippi.
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b.

Process Controls & Performance Indicators

An aerated lagoon generally offers more operational controls than a conventional lagoon, but it is still

significantly less controlled than an activated sludge or trickling filter process. The parameters which are most

commonly used to control and evaluate the performance of an aerated lagoon include the following:

1.

Dissolved Oxygen - It is vital that sufficient oxygen be available for the bacterial stabilization of
organic matter. The purpose of the aeration equipment in an aerated lagoon is to supply the needed
oxygen. In most instances, the operator of an aerated lagoon should be provided with some means of
controlling the “run-time” of the aeration system so that he can provide the amount of oxygen needed.
Many aerators are automatically controlled by timing devices.

There are several methods of monitoring the dissolved oxygen content in an aerated lagoon as a means
of determining how much mechanical aeration is needed. These include:

a.  Minimum Dissolved Oxygen - As a general rule, at least 3 mg/1 of dissolved oxygen should be
maintained. In monitoring the dissolved oxygen, care should be taken to take readings at various
depths in the lagoon.

b.  BOD Removal - As a general rule, it is good practice to supply 1.5 times as much oxygen as the
desired BOD, removal. Most floating aerators can supply approximately 2 pounds of oxygen
per horsepower per hour (Lbs/HP/Hour). By computing the influent BOD; loading (Lbs/Day)
and then applying the desired percent removal, the operator can determine the “Lbs/Day” of
oxygen required. Thence, knowing the horsepower and capacity of the aeration equipment, the
operator can estimate the amount of “run-time” for the aeration equipment as follows:

O, Req. (Lbs/Day) = BOD Loading(Lbs/Day) x % Removal x 1.5

Run Time (Hrs./day) = O, Required (Lbs.Day)
Aerator(s) HP x Aeration Capacity (Lbs. O,/HP/Hr.)

c.  Effluent Quality - The operator can monitor the quality of the effluent required by the lagoon’s
permit and maintain whatever dissolved oxygen level is needed to maintain the desired effluent
quality.

BOD Loading - The pounds per day of BOD; applied to an aerated lagoon is the major parameter that
determines the amount of oxygen which the aeration equipment is required to supply. The surface
loading on an aerated lagoon can vary significantly depending on its depth, but generally will range
from 250 to 600 Lbs/Day/Acre.

Detention Time - The desirable detention time in a typical aerated lagoon is usually in the range of
twelve (12) to eighteen (18) days based on average daily design flow. Detention time can be computed
by dividing the volume of the lagoon by the flow to the lagoon.

Detention Time (Days) = _Volume of Lagoon (MG)
Flow to Lagoon (MGD)

Most aerated lagoons in Mississippi are designed to operate at a specified detention time to achieve a
desired BOD removal. As a general rule, a detention time of 12 days will theoretically yield 85%
BOD, removal and 18 days will yield 90% BOD, removal.
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4. Temperature - Temperature is important to the performance of an aerated lagoon for two reasons. First,
the water in a lagoon will hold more oxygen (O,) per unit volume at a cold temperature than it will at
a warmer temperature. Secondly, biological activity decreases with temperature. For example, a 10
degree drop in temperature can reduce bacterial activity by fifty percent (50%).

5. Nutrients - In addition to organic matter and oxygen (O,), the bacteria in a lagoon need a sufficient
supply of nutrients to survive. Nitrogen in the form of ammonia (NH,) and phosphorus in the form of
phosphate (PO,) are the main nutrients needed. Domestic wastewater normally will have sufficient
quantities of each, but occasional monitoring of the influent and lagoon contents is considered good
practice.

6. Flow - Flow is a very important parameter in monitoring the performance of an aerated lagoon. In
most instances, effluent flow is measured at the outlet structure by means of a weir. Regular flow
monitoring is needed for several reasons which include:

a.  Itis required for NPDES permit compliance.
b.  Accurate flow data is needed to calculate BOD loadings.

c.  Records compiled from regular flow monitoring will serve as a basis for evaluating the amount
of infiltration/inflow which occurs. Over a reasonable period of time, an operator can estimate
the amount of infiltration/inflow which is contributed by certain amounts of rainfall.

d.  Effluent quality and performance can be related to flow if accurate flow records are maintained.
This will allow the operator to evaluate the effects of high and low flows on effluent quality and
may even serve as a basis for adjustments in the “run time” of aerators.

The use of the above-cited parameters as meaningful tools in operating an aerated lagoon is dependent on
the individual operator. In essence, all of the parameters, except for adjustment of the dissolved oxygen content, serve
more as “indicators” rather than “controls”. It is the judgment and action of the operator in responding to these
indicators that can make a difference in the performance of an aerated lagoon.

c. Laboratory Controls

Laboratory analyses of collected samples are essential for the proper evaluation and control of the
performance of any wastewater treatment facility. Laboratory tests are used to determine process efficiency; evaluate
performance; analyze waste strength and characteristics; and trace, identify, and evaluate operational problems.

The first step in compiling good laboratory test results is the collection of good samples. It is important that
a sample be as representative as possible of the conditions which it is intended to reflect. Sampling locations in an
aerated lagoon are typically confined to the influent and effluent and occasionally to the lagoon itself. Two (2) types
of samples can be collected. One is a “grab” sample which consists of a single portion taken at a given time. Grab
samples are usually used to measure such parameters as temperature, pH, and dissolved oxygen. The other type of
sample is a “composite’” sample and consists of portions taken at specific intervals and then combined into a single
sample. Composite samples are preferred for such analyses as BOD, and total suspended solids.

The most common laboratory analyses and field tests needed for the proper operation and control of an
aerated lagoon include the following:

1. 5-day Biochemical Oxygen Demand (BOD,) - The BOD; analysis is typically conducted on the
influent and effluent and the results used to determine removal efficiency. Also, the influent results are
used to determine the BOD loading on a lagoon.

2. Total Suspended Solids (TSS) - The TSS analysis is typically conducted on the influent and effluent
and the results used to determine removal efficiency.
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3. Dissolved Oxygen (DO) - The dissolved oxygen content of the lagoon and its effluent should be
monitored and correlated with BOD removal results.

4. pH - The pH of the influent, effluent, and lagoon contents should be monitored and correlated with
BOD removal results.

5. Temperature - The temperature of the atmosphere and the lagoon contents should be monitored and
correlated with BOD removal results.

6. Microscopic Examination - Microscopic examination of the lagoon contents and the receiving stream
are often utilized to evaluate the various kinds of microorganisms which are present. Such
examination is frequently helpful in identifying the type(s) of algae present in an aerated lagoon.

7. Nutrient Content - When the need arises, it sometimes is necessary to evaluate the nutrient content in
an aerated lagoon. This usually involves conducting analyses for ammonia, nitrates, and phosphates.

d. Common Operational Problems

Inherent with any wastewater treatment process are various operating problems which can produce
undesirable situations ranging from nuisance conditions to violation of Federal and State pollution control
requirements. It is inevitable that an aerated lagoon will experience operational problems, and it is this inevitability
which justifies the need for competent and qualified operating personnel.

Before an operational problem can be solved, it must first be identified. Once it has been identified, further
investigation can be made as needed to define specific causes and decide upon corrective measures. Investigation of
a problem can range from a simple visual observation to detailed and precise laboratory analyses.

Except for the additional problems associated with maintaining aeration equipment, the problems
commonly experienced with aerated lagoons are virtually the same as those encountered with conventional lagoons
which have been presented previously in Table 5-5. Aeration Equipment should be maintained in strict conformance

with the manufacturer’s recommendations.

5-5 ANAEROBIC LAGOONS

An anaerobic lagoon is designed to treat wastes with high biochemical oxygen demands such as those from
slaughterhouses or meat/poultry processing plants. As the name implies, an “anaerobic” lagoon is one in which
dissolved oxygen is not present. Anaerobic bacteria degrade the organic matter and produce such gases as methane
(CH,) and hydrogen sulfide (H,S). The degradation process takes place in two (2) anaerobic processes. The first
involves the conversion of organic matter into acids and ammonia by “acid forming” bacteria. The second process
involves the conversion of the acids and ammonia into gases such as methane (CH,) by a group of bacteria called
“gas formers”. The gas forming bacteria are sensitive to pH and temperature and consequently, the anaerobic lagoon
process as a whole is dependent on and sensitive to these parameters.

Anaerobic lagoons are typically ten (10) to fifteen (15) feet deep and are characterized by a thick scum layer
or surface crust. Frequently, anaerobic lagoons are used as a “roughing” stage of treatment preceding an aerobic or
facultative process such as activated sludge or a trickling filter. In such installations, the anaerobic lagoon reduces
the high-strength waste to a level comparable to domestic strength wastewater.

Table 5-7 lists the typical characteristics of anaerobic lagoons.
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TABLE 5-7

TYPICAL CHARACTERISTICS

OF

ANAEROBIC LAGOONS
PARAMETER TYPICAL VALUE/CONDITION
BOD Loading 15 to 20 Lbs/Day/1000 CF
Depth 10 to 15 Feet
Detention Time Minimum of 4 Days
BOD,; Removal 75 to 85%
Desired Operating Temperature Minimum of 75°F
Thickness of Scum Layer 2 to 6 Feet

Levee Freeboard
Levee Width @ Top
Levee Side Slopes
Treatment of Effluent

Minimum of 2 Feet
Minimum of 10 Feet
Maximum of 3H:1V
Conventional Biological
Treatment Required

EXHIBIT 5-6A

ANAEROBIC LAGOONS
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5-6 TRICKILING FILTERS
a. Process Description

The trickling filter process was first used in this country in 1908. It continues to be a widely-used biological
treatment process because it is relatively inexpensive to operate and it offers a reliable degree of treatment. The
process gets its name from the fact that the wastewater “trickles” down and through a bed of rock or other material
which resembles a “filter” in appearance. However, the term “filter” is, in reality, inaccurate because the treatment
provided is achieved by biological activities rather than a filter process.

The process utilizes a bed of inert media on which a biological slime growth develops. Wastewater is applied
at the surface of the media and it “trickles” over and through the voids of the media. Conversion of organic matter
into various gases and cell tissue occurs when the wastewater is absorbed into the slime growth. At the same time
that the wastewater is absorbed into the growth, dissolved oxygen made available by the “trickling” or splashing
action is also absorbed into the slime growth. The slime growth typically includes a wide variety of microorganisms
which include algae, bacteria, fungi, and protozoa. In addition, higher life forms such as worms, snails, and insect

larvae are commonly found. The vast majority of the “biological treatment” is achieved by bacteria.

ALTERNMATE RECIRCULATION
r-------. r---------------—---ql

+
|
|
g |

RAW
PRIMARY SECONDARY EFFLUENT

CLARIFIER TRICKLUING FILTER CLARIFIER

SLUOGE SLUDGE

EXHIBIT 5-7
TYPICAL TRICKLING FILTER PROCESS

Source: “Process Control Manual for Aerobic Biological Wastewater Treatment Facilities” U.S. EPA, 430/9-77-066,
March 1977
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TRICKLING FILTERS
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As the wastewater trickles downward through the media and is absorbed into the slime growth, the biological activity
results in new cell tissue being produced which in turn causes the slime growth to increase in size. The size and
weight of the slime growth eventually increases to the point that the hydraulic action of the wastewater trickling over
it will cause portions of the growth to slough off the media. These pieces of slime growth which slough off the media
represent the cell tissue to which organic matter has been converted. They are commonly called “sloughings” or
“filter humus”. The sloughings pass through the media with the wastewater and are collected at the bottom of the
filter and transferred to a clarifier. In the clarifier, the sloughings will settle out because of their weight, leaving a
clear effluent at the surface which is low in organic content and suspended matter.

As with activated sludge, the trickling filter process provides an environment which allows the biological
processes of respiration and synthesis to be controlled. In providing such control, there are four (4) basic components
in a typical trickling filter process. These components, which are illustrated in Exhibit 5-7, are as follows:

1. Primary Clarifier - It is necessary that a primary clarifier be provided ahead of a trickling filter to
remove large suspended matter that might otherwise fill the media voids and clog the filter.

2. Trickling Filter - The filter is the major component in the process and is the source of biological
treatment. Exhibit 5-8 shows two (2) trickling filters in operation at Mississippi facilities. The clarified
wastewater from the primary clarifier is distributed over the media and trickles downward through the
media where it is absorbed into the slime growth attached to the media. The hydraulic action of the
wastewater causes pieces of the slime growth to slough off and fall to the bottom of the filter. The
sloughings contain the new cell tissue to which the organic matter has been converted.

3. Secondary Clarifier - The wastewater and sloughings which pass through the filter are transferred to
a secondary (final) clarifier. The quiescent (still) conditions in the clarifier allow the sloughings to
separate from the treated wastewater by settling. Exhibit 5-9 shows a secondary clarifier in use at
trickling filter facility in Mississippi.

4. Recirculation - It is common practice in most trickling filter processes to recirculate the treated
wastewater back through the filter before it is finally discharged. Such practice improves treatment
efficiency and aids in overall operation. As discussed hereinafter, there are numerous methods of
recirculation.

EXHIBIT 5-9

SECONDARY CLARIFIER AT TRICKLING FILTER FACILITY
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The basic operational objective in a trickling filter process is to maintain a healthy slime growth on the filter
media by controlling the hydraulic and organic loads applied to the filter. If the organic and hydraulic loads are
maintained at levels which produce a healthy slime growth, the result of the biological activity will be sloughings
that can be removed in a clarifier. In the discussion which follows, there are several parameters presented which can
be used as operational tools to maintain the desired conditions.

b. Process Controls & Performance Indicators

The trickling filter process will provide reliable and efficient treatment if proper operation is provided. As
a general rule, the operation of a trickling filter process is somewhat less than that required for most activated sludge
processes. However, a trickling filter process is equally dependent on qualified operational personnel and procedures
if it is to achieve its desired level of treatment. With proper operation, it will provide a consistently high level of
treatment. When improperly operated, a trickling filter process can be a continuous source of complicated problems,
nuisances, and frustrations. The process is not intended to function efficiently by itself. Instead, the process is based
on the need to “control” the natural biological processes of the microorganisms in the slime growth. Such control is
provided only through proper operation.

In the operation of a trickling filter process, there are certain parameters which can and should be used to
help control the process and to evaluate its performance. These parameters include the following:

1. Recirculation - Recirculation of the wastewater back through the trickling filter is used to improve
performance and minimize operational problems. The quantity of wastewater recirculated varies with
the loading characteristics of each particular filter, but typically will range from 0.5 to 4.0 times the
raw incoming flow. In evaluating recirculated flows, it is common practice to use a “recirculation
ratio” which is defined as the ratio of the recirculated flow to the raw wastewater flow. Mathematically
the recirculation ratio (R/Q) is computed as follows:

R/Q =__ Recirculated Flow
Raw Wastewater Flow
where both the recirculated flow and the raw flow are expressed in the same units.

The wastewater recirculated can be either the trickling filter effluent or the final clarifier effluent, or
both. The wastewater is typically recirculated either back to the primary clarifier influent or back to
the filter influent as illustrated in Exhibit 5-10.

The ways in which recirculation improves the performance of a trickling filter process include the

follows:

a.  Helps maintain slime growths throughout the media,

b.  Aids in reducing septic conditions in the lower zones of the media and in the clarifier,
c.  Dilutes high strength or toxic wastes,

d.  Minimizes the effects of hydraulic and organic shock load,

€. Improves distribution of wastewater over the media,

f. Prevents slime growth from drying out during periods of low flow, and

g.  Minimizes odors, ponding, and filter flies by increasing hydraulic loading to enhance sloughing
and reduction of slime thickness.

While the benefits of recirculation easily justify its use, there are certain adverse effects of its use that
are possible with which an operator should be aware. These include the following:
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EXHIBIT 5-10
RECIRCULATION SCHEMES IN TRICKLING FILTER PROCESSES

Source: “Process Control Manual for Aerobic Biological Wastewater Treatment Facilities,” U.S. EPA, 430/9-77/006,
March 1977
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a.  Wastewater temperature is reduced which in turn reduces the rate of biological activity (this
effect is usually not significant except in very cold climates),

b.  Excessive recirculation rate can decrease detention time in clarifiers and result in inadequate
settling,

Recirculation is generally achieved by pumping which increases operational costs, and

d.  Excessive recirculation may decrease organic removal efficiency of biological activities in the
trickling filter.

2. Sludge Removal - Trickling filter sludge (settled sloughings) generally requires some degree of
thickening before being placed in a digester. The most common method of thickening is to return
sludge from the secondary clarifier to the primary clarifier for resettling with the raw wastewater. The
sludge removed from the primary clarifier is usually sufficiently thickened and can be placed in a
digester.

Sludge withdrawal from the secondary clarifier may be either continuous or on an intermittent basis.
However, it is important that the sludge be withdrawn at such a frequency to prevent it from becoming
septic. The sludge withdrawal should be increased during periods of heavy sloughings because there
is more sludge being produced.

The sludge produced in a trickling filter system is usually a dark brown humus material which has
little or no odor under aerobic conditions. The solids content of trickling filter sludge varies with
organic and hydraulic loading conditions, but typically will be less than 2% (20,000 mg/1).

3. Organic Loading - The organic loading is defined as the amount of organic matter, expressed in terms
of BOD;, applied per unit volume of filter media. Mathematically, it is expressed in units of “pounds
per day per 1,000 cubic feet” (Lbs/Day/1,000 CF) and computed by dividing the BOD, load applied
to the filter by the volume of the filter media as follows:

Organic Loading = BOD, Applied to Filter (Lbs/Day)
Volume of Filter Media (1,000 CF)

It is common practice to compute organic loading based on the BOD, of the raw wastewater applied
to the filter (primary clarifier effluent) and to exclude the BODj of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>