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Foreword

This material was developed for a four-day training course to provide owners
and operators of small public wastewater systems a basic understanding of the
principles and practices involved with collecting, treating and disposing of
wastewater and wastewater sludge.

The course and text material are narrowly focused on communities with a
population of less than 3,300. However, we believe that an entry level through
level II operator at any treatment or collection facility of any size will find the
material helpful.

Developing an understanding of the concepts discussed in this text should
provide all of the necessary information needed to be successful with the
wastewater treatment or wastewater collection OIT or Level I examination.

Operator Responsibilities

The job of wastewater system operator is an important one and is looked upon
by EPA as a key to the health of the community. Therefore, it is assumed that
a wastewater system operator must know their job and will perform their
responsibilities in a way that indicates that knowledge. Failure to perform the
responsibilities of the plant operator can lead to the loss of an operator's
certification, or an even worse consequence.

Printing of this Manual

The production of this manual was funded by the Alaska Department of
Environmental Conservation and Arasmith Consulting Resources. Any agency
in the State of Alaska is given the right to reproduce and use this manual
within the State of Alaska for any legitimate purpose. Arasmith Consulting
Resources, Inc. holds the copyright to the manual and is given the right to
reproduce and distribute the manual in any location. A camera-ready original
may be obtained form the Alaska Department of Environmental conservation,
Facility Construction and Operation Division in Juneau, Alaska.
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Introduction to Wastewater Systems

What is in this Lesson?

The sources of wastewater

The categories of wastewater

N o e W=

treatment and disinfection

The reasons for treating wastewater

How waterborne disease is transmitted in a community (village)
The natural processes of treating wastewater
The hydrologic cycle and its impact on treating wastewater

The treatment process of preliminary treatment, primary treatment, secondary

The flow through a typical wastewater treatment plant

The main reason for having a wastewater collection system

10.  The responsibilities of the collection system worker

11.  The basic responsibilities of customers and managers in protecting community health

12.  The relationship between plant classification and certification level

13.  Special considerations for operating a wastewater utility in the arctic and subarctic

Key Words

e Aquifers

e Contamination

e Environment

e Forest canopy

e Hydrologic cycle

e Infiltration

e Lithosphere

e Percolation

e Pollution

¢ Primary Treatment
* Receiving Stream

e Secondary Treatment
e Transpiration

e Vector

e Contaminants

e Effluent

e Evaporates

e Graywater

e Hydrosphere

e Influent

e Microorganisms
* Permafrost

¢ Precipitation

¢ Receiving Water
* Runoff

* Sewage

e Topography

e Wastewater




Introduction to Small Wastewater Systems




Introduction to Wastewater

Introduction to Wastewater Systems

Introduction

What is Wastewater?

Sources of Wastewater

Three Categories

Industry

We use water to wash our hands, wash the dishes,
take a shower and flush the toilet. Water may also be
used to clean the streets and to process foods such as
fish. The water picks up material associated with its
use called contaminants!. The water then carries the
material away from houses and other buildings to a
treatment plant or receiving stream?. This used
water is called wastewater>.

The used water (wastewater) is placed into one of three
categories. The categories are based on the source of
the wastewater. The three categories are; domestic
wastewater, storm water and industrial wastewater.

P

Residential and Commercial

Sanitary Sewer

—

—_—

Wastewater
Treatment
Plant

Domestic Wastewater

Storm Water

nw ny
Storm Sewer

Domestic wastewater is the wastewater produced by
homes, businesses, schools, hospitals, clinics and other
typical buildings found in any town or village. Domestic
wastewater includes human waste and graywater?.

Storm water includes surface runoff? from streets, the
ground and roof drains.

1 Contaminant - (Kun-TAM-uh-NAY-nt) - Toxic material, bacteria, or other deleterious agents that make the water

unfit for its intended use.

2 Receiving Stream - A stream, river, lake or ocean into which treated or untreated wastewater is discharged.
3 Wastewater - The used water and solids from a community that flow to a treatment plant or receiving stream.

4 Graywater - Wastewater from kitchen sinks, showers and laundry, excluding human toilet wastes.
5 Runoff - Water that is the result of precipitation which is flowing over the earth’s surface to rivers, streams, lakes

and oceans.
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Industrial Wastewater

Impact of Wastewater

Introduction

Disease & Human Waste

Example of the quantity of
pathogenic organisms in one
drop of human waste

Disease and Graywater

Disposal in a Stream

Disposal on the Land

Industrial wastewater is water coming from common
industries such as fish hatcheries, fish processing,
mining, pulp mills and other similar sources.
Industrial wastewater contains contaminants other
than human waste.

The impact of using water to carry away contaminants
depends on the source and quantity of the wastewater
and how it is handled, collected, transported and
method of disposal.

For instance, human waste contains microorganisms®
that can cause disease. These microorganisms are
commonly called germs, but more technically should be
called pathogenic organisms”. One drop of wastewater
containing human waste can contain millions of these
disease-causing microorganisms.

<

Graywater can also carry these same disease-causing
microorganisms. However, their numbers are usually
less than wastewater containing human waste.

When domestic wastewater is disposed of in a stream
or river, the disease-causing microorganisms are
carried downstream and may be taken into the water
intake of another village or city or hauled home by
villagers using the stream for drinking water.

When domestic wastewater is disposed of on the land,
it can seep into the groundwater supply
contaminating it and thus causing disease. The waste
in the wastewater can also be tracked into the home
by children, adults or dogs that walk through the
wastewater and pick up the microorganisms on their
feet or clothing. Because this waste is exposed, it can
also be picked up by birds, flies, and other vectors and
deposited directly on humans, their food, or places
where it can contact humans.

6 Microorganisms - Minute organisms, either plant or animal, invisible or barely visible to the naked eye.
7 Pathogenic Organisms - Bacteria, virus and protozoa which can cause disease.

-4 -
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How Can This Be?

Storm Water and Disease

Industrial Waste

Summary

Most people would not deliberately walk through a
deposit of human waste. Children and dogs are less
concerned about where they walk and play.
Consequently, when waste is placed on the ground,
the liquid portion seeps into the ground leaving
behind small amounts of waste containing large
numbers of pathogenic organisms. Because the
microorganisms are so small, we walk on them
without even knowing that they are there.

Storm water runoff contributes to the disease problem
in a village or city in two ways. First, storm water may
transport wastewater and garbage that have been
deposited on the land into a receiving body of water.
This contributes to the pollution8 of the stream and
increases the possibility of disease being transported
to downstream users. Second, when ditches and
culverts overflow, wastewater and garbage that have
been deposited on the land can end up on walks and
roadways. From here it can be tracked into the home.

While the collection and treatment of industrial waste
is not a high priority in this text, the overall impact of
this waste material is of importance to the wastewater
operator. Industrial waste does not normally
contribute to an increase in disease in a community
because it contains materials other than human
waste. However, when these materials enter a stream,
they may contribute to the degradation9 of the
stream and its aquatic population.

Using water, contaminates the water, turning it into
wastewater. If not properly collected, treated and
disposed of, this wastewater can contribute to an
increase in disease in the community. In addition,
improperly treated waste that enters a receiving
stream, can adversely affect the water quality of the
stream impacting fisheries and can carry disease
downstream to people that use the stream for drinking
water.

8 pollution - (puh-LEW-shun) A condition created by the presence of harmful or objectionable material in water.

9 Degradation - (degg-rah-DAY-shun) - Water Quality - The reduction of the quality of the water. (Chemistry - The
conversion of a substance to a simpler compound. For example, the degradation of organic matter to carbon

dioxide and water.)

-6-
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The Spread of Disease

Introduction

Personal Hygiene
Symptoms

The Process

Honey Buckets
Handling

Spills

As was stated above, untreated wastewater can be a
major contributor to disease in rural villages such as
those in the Arctic and the Pacific Islands. The
question is, how does this happen? The following is a
brief overview of a few common ways that disease can
be transmitted in a rural village.

It is important to understand that even though a
person does not appear sick, they may still carry a
disease. Many people can carry disease and not show
any symptoms. However, carriers still pass disease-
causing organisms in their waste. Therefore, we must
assume that all human waste and graywater contain
disease-causing microorganisms.

We get disease-causing microorganisms on our hands
when we go to the restroom, change the baby’s
diapers or handle a honey bucket. Once our hands are
contaminated, we transfer the microorganisms into
our body. For instance, when we touch food, a
cigarette, our mouth or, in some cases, just our face,
and cause our own illness. The solution to this
problem is to wash our hands with soap and hot water
after each of these activities. However, in many
villages in the Arctic and subarctic, the lack of an
adequate supply of running water makes proper
personal hygiene more difficult.

When honey buckets are hauled by hand to a disposal
site they come in contact
with a persons clothes,
hands and gloves. The
clothing items are then

worn back into the home
where they come in

contact with children and
adults. Simply touching a
pair of gloves or pants

that are contaminated

can pass thousands of
microorganisms to an
unsuspecting individual.
Once on the hands, the
microorganisms can then

be transferred to food,
cigarettes or our mouths
infecting us with the disease.

Spills from honey buckets occur during transportation
and dumping at a collection site. Adults, children and
dogs walk through the spill and pick up the
microorganisms on their feet. These microorganisms

-7 -
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can be tracked directly into the home or deposited
where they are picked up on the feet of a second
person or dog. Once they are tracked into a home, it is
easy for children, who typically play on the floor, to
pick up the microorganisms on their hands and
transfer them to their mouth.

Disposal Pits and Sewage Lagoons

Disposal Sites

Spills

Typical disposal sequence - Each
time sewage is handled there is the
potential to pick up diseases.

In some villages, honey buckets are disposed of in
individual disposal sites. In other villages, honey
bucket contents and individual home waste holding
tanks are collected and hauled to a disposal site.
While both of these practices reduce some exposure to
disease, they can also be major contributors.

One of the major problems with these systems is
accidental spills. No matter how careful the handler is,
there will always be spills. The material that is spilled
can be washed downstream into another village's
water intake. In addition, the spill may be spread
about the community by humans, dogs, snowmobiles,
ATV’s, birds and flies. Once it has been spread, it is
very easy for the material to make it into a home on
the shoes of adults and children or feet of dogs. The

LAGOON
(Dumping Site)
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Humans

Dogs

followin 1s a brief description of how humans, dogs, and
vectors10 such as birds and flies can be major
contributors to the transportation of disease-causing
material.

As discussed above, humans are natural major
carriers of disease. We carry common disease-causing
germs inside of our body and deposit them in our
waste. We transport disease when our clothing comes
in contact with wastewater. Once on our clothing, it is
easy for it to be transported to our hands and then to
our mouth. We can cause disease in others by
tracking contamination!! into a home on our
clothing or shoes where it is picked up by others.

Dogs care little about where they walk. They can
easily walk through a disposal site or spill and pick up
germs on the bottom of their feet. As they travel
around the village, they can deposit these germs for

'._I'

A2

Cycle of disease as a
result of handling
human waste

10 vector - An agent who transmits pathogenic organisms from one organism to another. In a sewer this includes

birds, mice, rats, flies and other insects.

11 Contamination - (Kun-TAM-uh-NAY-shun) The introduction into water of toxic materials, bacteria, or other
deleterious agents that make the water unfit for its intended use.
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Flies

o)
A

Flies - Eating Habits

A Sing|e f|y m
g

can carry up to
6,500,000
disease
causing
organisms
from their
source to our
food

Birds

Sea gulls and crows can carry
microorganisms from the source to
drying meat and thus contaminate the
meat.

others to pick up or they can track them into the
house. As a dog licks its feet and then other parts of
its body, it can move the germs so that they may
easily be picked up on the hands of anyone petting the
dog or when the dog licks a child or adult,

Flies can be a major carrier of disease. They are born
and live in waste products. They feed on rotting
garbage and untreated or partially treated human
waste. In the process of feeding on the disease-ridden
material, they pick up the microorganisms on their
legs and body. One fly may carry up to 6,500,000
microorganisms on their legs and body. They also
carry disease-causing microorganisms in their
digestive track.

Flies travel a great distance to find food. They may
start their day by feeding on human waste and then
land on food, drying meat or land on the face of an
individual. In order for a fly to eat food such as your
cake, sandwich, or drying fish, they must spit some
saliva onto the material. The flies saliva turns the
material into a liquid that can then be eaten by the fly.
In placing their saliva on your food, they deposit
disease-causing microorganisms on the food. In
addition, they deposit germs in their fecal matter.

Birds such as crows and sea gulls delight in feeding
on garbage and untreated human waste. In doing so,
they ingest germs into their digestive tract and pick
them up on their feathers or feet. From this feast they
may travel to your drying meat where they deposit a
few of these germs, thus contaminating your meat. In

-10 -
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Summary

addition, bird droppings on walk ways contain germs
that are picked up on the feet of people and carried
into the house.

The key to preventing the spread of disease is to
minimize the possibility that humans, dogs, birds,
and flies can come in contact with human waste
and wastewater.

Other Water Quality Considerations

Water Quality

The Aquatic Environment

Microorganism Increase
(Due to increase in food supply)

Besides the health problems associated with
untreated or partially treated wastewater there are
other considerations that have to do with the
degradation of the quality of the receiving stream.

When waste is placed into a stream it becomes an
additional food source for the microorganisms in the
stream. This addition of food to the stream causes an
increase in the number of microorganisms. They
multiply in response to the added food supply. As they
consume this food, they also consume oxygen from
the stream. It is possible for the food supply to be so
great that the increased numbers of microorganisms
use more oxygen than the stream can supply,
reducing the oxygen content of the stream. The result
is a deterioration of the quality of the water and the
death of fish and other aquatic life.

Total Suspended Solids
(Particles stuck in gills
reduces breathing capacity)

Solids in the Stream

Some material that is deposited into a stream is
suspended in the water. This material is commonly
called solids. These solids can become lodged in the
gills of fish making it difficult for them to breathe.

-11 -
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Recreation

The Solution

What is the Solution?

Natural Treatment
Natures Way

Dilution

Past Practices

Concentration of Numbers

Hydrologic Cycle

Introduction

Along with the food and solids are the disease-causing
organisms that we have spent so much time
discussing. Besides the contamination of a
downstream users water supply, these same
organisms can pollute the beach and swimming area
near where the wastewater enters the stream and
further down stream. As a result, individuals using
this area can become infected with the diseases
carried by the wastewater.

The solution to human contamination within the
village or community is to reduce contact with human
waste. The solution to deterioration of water quality
and preventing contamination of a downstream users
water supply is proper treatment. Treatment can be
natural or manmade.

Nature has three ways of naturally dealing with waste.
One is the process of dilution!2. The second is the
movement of waste and the cleansing of water through
the hydrologic cycle!3 and the third is the biological
process of reducing the waste to harmless material.

In previous generations, the peoples of the Arctic and
subarctic were migratory. They were hunters and
gatherers. As such, they moved throughout the year to
find game and food that could be harvested. As a
result, they left a small amount of waste in each area
where they camped. The great volume of water and
expanse of the land mass diluted the impact of this
waste material. The material was then reduced by
natural degradation so that by the time people
revisited an area there was no sign of them having
previously been there.

Today almost all of the people of North America are
gathered together in small areas called villages,
communities or cities. This results in a high volume of
wastewater being concentrated in a small area.
Consequently, the natural treatment processes can no
longer clean the land or water adequately and they
become contaminated.

The hydrologic cycle is the key to maintaining our
supply of fresh water. The cycle is made up of four key
components.

12 Dilution - (Dih-LEW-shun) - The process of making weaker by adding water.

13 Hydrologic cycle - (HY-druh-LOJ-ik SY-kul) - Nature’s method of continuously recycling between the earth and
atmosphere the earth’s limited water supply, making it possible to use this water over and over again.

-12-
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e The atmosphere
e The lithospherel4 - the crust of the earth
e The hydrosphere ! - the water on the earth

e The sun - the energy source used to drive the
hydrologic cycle

Available Water Supply Recycled The amount of water available in the atmosphere,
lithosphere and hydrosphere remains constant. It was
formed during the creation of the earth. There will
never be any more or any less than there is today.
This water is continually recycled between the
lithosphere and the atmosphere by the action of
plants and the sun. In order to understand this
process, lets follow the cycle.

PRECIPITATION

// ~

\J

STORAGE
Ve

L =
-f-\\\\|I /
A..d\l 3

PERCOLATION \
T _———
\ EVAPORATION

Precipitation

TRANSPIRATION

) \\\

Iy | = \\L\

v

You can start the cycle anywhere because it is
continuous and has no beginning or ending. So lets
pick up a droplet of precipitationl6 and follow it
through the cycle. Precipitation in the form of rain,
snow, hail or sleet falls towards the earth.

14 Lithosphere - (LITH-o-sfer) - The solid crust of the earth. It consists of the thin, loose layer known as soil and the
mass of hard rock, several miles in thickness, upon which soil lies.

15 Hydrosphere - (HY-druh-sfer) - All of the water on the earth.

16 Precipitation - The process by which atmospheric moisture is discharged onto the earths crust. Precipitation
takes the form of rain, snow, hail and sleet.

-13 -
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Fall Toward Earth

Hits the Forest

Hits the Ground

Surface Water

Groundwater

Groundwater Movement

Back to the Atmosphere

As the precipitation falls toward the earth, it can pickup
contamination in the form of minerals and toxic
materials from industrial air pollution and natural
pollution such as dust from a volcanic eruption. On its
fall toward the earth, some of the precipitation
evaporates!” leaving behind contaminants.

Some of the precipitation hits the trees, brush and
grass. Some of the precipitation evaporates directly
from the leaves and grass.

Some water flows down the outside of the trees and
grass onto the ground, and some strikes the ground
directly. As water accumulates on the ground it
runs downhill. The water that runs down the hill is
called runoff.

This runoff water accumulates in lakes, streams,
muskeg ponds and rivers. Most rivers will eventually
empty into the ocean. This portion of the water supply
is called surface water. A large quantity of this water
will be evaporated back into the atmosphere.

Some of the water that is running along the earth’s
surface seeps into the soil where some
contaminants are filtered from the water. This
process is called infiltration!8. As the water
infiltrates the soil and moves downward some is
taken up by the roots of trees and other plants. The
water that is taken in by plants is given off into the
atmosphere through the leaves of the plants in a
process called transpiration19,

The water not taken up by plants continues to move
downward in a process called percolation20. As water
percolates downward, contaminants in the soil are
picked up or dissolved into the water. This water
continues to move downward until it collects in gravel
and sands called aquifers2! and is called
groundwater. There the water continues to slowly
move toward adjacent lakes, streams and the ocean
where it collects with the surface water and is
evaporated back into the atmosphere.

As you can see, all of the water is eventually
evaporated back into the atmosphere and forms water
vapor. This vapor is condensed by atmospheric
conditions and forms precipitation which falls to the
ground and the cycle continues, providing us with
clean fresh water.

17 Evaporate - (ee-VAP-o-rate) - The process of conversion of liquid water to water vapor.
18 Infiltration - (In-fil-TRAY-shun) - The initial movement of water from the earths surface into the soil.

19 Transpiration - (TRAN-spur-RAY-shun) - The process by which water vapor is lost to the atmosphere from living

plants.

20 percolation - (PUR-cuh-LAY-shun) - Movement of water into and through the ground.
21 Aquifer - (AK-wuh-fur) - A porous, water-bearing geologic formation.
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Biological Process

Food The third natural treatment process is called the
biological process. When wastewater enters a stream
or lake, the microorganisms in the receiving water22
eat material in the wastewater. In the process of
eating this material, they increase their numbers and
consume the oxygen that is dissolved in the water.

Oxygen In the natural process, the oxygen is replenished by
the water flowing downstream over rocks where it is
aerated. In addition, oxygen is added to the receiving
water by the action of the wind on the surface.

Overload When the quantity of oxygen used by the
microorganisms in the receiving water exceeds the
quantity of oxygen that is entering the water, the
quality of the water starts to deteriorate. The result is
an unfavorable condition which may cause the death
or reduction of aquatic life including fish.

Manmade Treatment

When natural treatment is not sufficient, we must turn
to manmade treatment systems in order to prevent
disease and protect the receiving waters. These systems
are commonly called sanitary facilities and are
composed of two general groups of components; the
collection system and the treatment plant.

The Collection System

Individual System The collection system may consist of individual
holding tanks that are pumped and hauled or more
conventional piped systems.
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22 Receiving Water - A stream, river, lake or ocean into which treated or untreated wastewater is discharged.
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Piped System

Lift Station

Manholes

Utilidors

Treatment Facilities

The Basics
Influent and Effluent

Wastewater Content

Physical Treatment

A piped system is composed of a network of pipes that
collect the wastewater and move it to the treatment
plant. Most piped systems work by gravity, that is,
they are sloped downhill from the house to the
treatment plant. When the topography23 does not
allow this type of system to be used, pressure and
vacuum collection systems can be utilized.

The topography of most communities do not allow a
collection system to work entirely by gravity. Pumping
stations called lift stations are often needed to pump
the wastewater over hills or to just lift it up and move
it along its way.

To allow access into the collection system for
maintenance, manholes are installed at specific
locations in the system.

In Arctic and subarctic climates, the presence of
permafrost24 and other ground conditions do not
allow the use of buried pipe systems. In some
locations, above or below ground utilidors, which are
heated enclosures, are required in order to prevent the
wastewater from freezing in the pipes.

A treatment plant utilizes a combination of physical,
biological and chemical processes in order to treat the
wastewater. The wastewater stream that enters a plant
is called the influent26, The flow out of the plant and
into a receiving stream is called the effluent26,

The material contained in domestic wastewater can
unscientifically be divided into five categories.

e Material that sinks

e Material that is dissolved in the water

e Material that floats

e Material that is suspended in the water

e Pathogenic microorganisms

Treatment processes designed to remove those
items that sink or float are generally physical
processes and are called preliminary treatment27
and primary treatment2S.

23 Topography - A description of the surface features of the land.
24 permafrost - (PER-ma-fra-st) - Soil, bedrock or other material that has remained below 0°C for two or more

years.

25 Influent - (IN-flew-unt) - Sewage, water, or other liquid, raw or partly treated, flowing into a treatment plant or part

thereof.

26 Effluent - (EF-lew-unt) - Sewage, water , or other liquid , partially or completely treated, or in its natural state, as
the case may be, flowing out of reservoir, basin, or treatment plant, or part thereof.

27 Preliminary Treatment -The process of grinding material that can clog equipment, removing rags with screens
and the removal of grit. Preliminary treatment is commonly a part of primary treatment.
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Biological Treatment Processes designed to convert the material that is
suspended into material that will either sink or float
are usually biological processes and are called
secondary treatment29.

Chemical Treatment While each of the processes removes some pathogenic
organisms, it is the disinfection process that is the
most effective in this action. This is normally a
chemical process.

Summary The treatment process does not destroy the material
that is in the wastewater, it only removes it from
the water. Material that is removed is called sludge,
it is not harmful and can be disposed of in landfills
or incinerated.
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Preliminary Treatment

First Process The first treatment process in most treatment plants
is preliminary treatment. This process is used to
remove rags and grit that could damage other
equipment in the plant.

Equipment The equipment used to do this are screens, grinding
devices and grit removal devices.

28 Primary Treatment -The first major (sometimes the only) treatment in a sewage treatment works. This process
takes place in a rectangular or circular tank and allows those substances in wastewater that readily settle or float
to be separated from the water being treated.

29Secondary Treatment - A wastewater treatment process used to convert dissolved or suspended materials into a
form more readily separated from the water being treated. Usually a biological treatment process.
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Primary Treatment

Second Process

Biological Treatment

Natural Treatment Expanded

Secondary Treatment

Package Plants

Activated Sludge Plant

Settling

Sludge Return

The second stage of the treatment process is called
primary treatment. This process is used to remove
those materials that either float or sink. The major
component in the primary treatment process is a
circular or rectangular basin called a clarifier. Not all
small plants have primary treatment.

The third stage of treatment is a biological treatment
unit. This process is an adaptation of the natural
biological treatment process found in streams. This
process uses microorganisms that occur naturally in
the wastewater to reduce the waste material to a
product that can be disposed of without causing harm
to people or the environment30,

This biological treatment process is called secondary
treatment and includes the use of lagoons, tundra
ponds and mechanical plants.

The mechanical plants that are used in small
communities are typically called package plants. This
is because in the smallest sizes they are sold as a
package. While there are various types of package
treatment plants, the most common uses a process
called activated sludge.

After the preliminary and primary treatment
processes, the wastewater is placed into a rectangular
or circular basin, called an aeration basin. Here, air or
oxygen is added by a mechanical blower. The blowers
provide the air necessary for the microorganism to
convert the waste material into products that will
settle or float. (Most is converted into material that
will settle).

After mixing with air and allowing biological action to
take place, the contents of the aeration basin flows to
a circular or rectangular tank called a secondary
clarifier. Here the solids settle to the bottom and clear
liquid flows to the top and out of the clarifier.

Some of the solids, called activated sludge, that settles
in the secondary clarifier is returned to the aeration
basin to help maintain the population of
microorganisms. The majority of sludge is sent to a
second basin where it is mixed with air and further
biological action is allowed to take place. In this stage
of treatment, the waste material in the sludge is
stabilized, so that it can be disposed of on the land
without causing harm to humans or the environment.
This treatment stage is called digestion.

30 Environment - (in-VI-row-ment)-The surroundings, material and spiritual influences which affect the growth,

development and existence of a living being.
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Chemical Treatment

Chlorine

Lime

The clear water from the secondary clarifier is sent to
a rectangular basin called a chlorine contact chamber.
Chlorine is added to the flow as it enters the basin.
The basin allows for sufficient contact time for the
chlorine to drastically reduce the remaining number of
pathogenic microorganisms.

While not a part of the standard treatment plant
processes, lime is commonly placed on spilled raw
sewage3l., in sewage pit bunkers, pit toilets or
outhouses, and sewage dumps in order to reduce odor
and kill disease-causing microorganisms.

Treatment Considerations for Arctic and Subarctic

Vast Area

Sparsely Populated

Transportation Cost

Economic Base

Climate

The Arctic and subarctic of Alaska and Canada
provide unique challenges for the design, installation
and operation of sanitary facilities. This area is
composed of a vast frozen land that stretches for over
3000 miles from Davis Strait in the east to the Bering
Sea in the west. It extends approximately 1600 miles
from the northern part of Canada to the North Pole.

While there are a few large communities in this area,
Anchorage, Fairbanks and Yellowknife, the majority of
the communities have populations of less than 500. In
most cases a single community is only connected to
another by river or overland travel with a snow machine
or dog sled. Access to many communities is limited to
the short summer months. The others are fortunate
enough to be provided with routine (at least once a
week) plane flights with small single engine planes.

The remoteness and lack of standard transportation
routes that are taken for granted in most of the U.S.
creates an extremely high cost for transporting
equipment, spare parts and supplies. This single cost
alone can drive construction cost above what is
reasonable for the community.

Throughout the Arctic and subarctic, the standard life
style is that of hunters and gatherers. This
subsistence lifestyle, while providing a high quality of
life, provides no economic base. The lack of this base
makes payment for the collection and treatment of
wastewater difficult to nearly impossible for some
communities.

Long cold winters reduce the construction season to a
short three months in good years and less than two
months in bad years. These same climactic conditions
cause freezing problems with piped systems
increasing operating costs to two or three times what
they are in the continental U.S.

31 Sewage - Largely the water supply of a community after it has been contaminated by various uses.
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Geology

Planning

Water Use

Conclusion

Responsibilities

Introduction

The Individual
Hygiene

Honey Bucket

Most of the Arctic and subarctic is subject to
permafrost. Besides the frozen ground problem, there
is excessive settling and ground movement when the
top layer of the earth thaws during the summer
months. As a result, septic tanks and below ground
piped wastewater collection systems are often not
feasible. One alternative is to place the pipes above
ground in a heated utilidor. This increases
construction and operating costs and impacts the
aesthetics of the community.

Many of the communities in the Arctic and subarctic
were established without consideration for roads or
utilities. Individual lots and homes were located based
on survival and personal preference. Streets and
property lines do not follow straight paths. This
results in increased costs for providing water and
wastewater service in these communities.

In most of this area, water is not easily obtained. A
large number of the communities in this region have
centralized watering points. The individual brings
their bucket to the watering point to collect the needed
drinking water. A water supply of 14 to 20 gallons of
water per person per day is considered to be minimum
for adequate drinking, cooking, bathing and
laundering. The only way to consistently provide this
quantity of water is with a piped system. There are
additional costs for the construction and operation of
a wastewater collection and treatment system
adequate to handle this volume.

All of these factors make the design, construction and
operation of sanitary facilities in this region difficult
and more costly than in urban areas. Until such time
as necessary changes are made in water and
wastewater treatment systems, this region will
continue to bear the burden of their environment.

The responsibility for the reduction of disease and the
prevention of the deterioration of the environment is
shared among the individual, the community leaders,
the plant operator and the regulatory agencies. The
following is a brief overview of those responsibilities.

Each individual in a community has the responsibility
to practice good hygiene. This one act alone could
drastically reduce disease for the individual, their
family members and the community.

In communities that utilize honey buckets, there is an
additional responsibility for the individual. Each
individual is responsible for preventing spills. Should
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Disposal of Honey Buckets

Water Consumption

Cost of Service

Community

Business

Training & Equipment

Safety

a spill occur, the individual is responsible to see that
it is cleaned up and the area sanitized with chlorine or
lime.

The individual users of honey buckets are responsible
to see that their waste is disposed of in a proper
location and that this location is properly protected
from children, dogs and birds. The individual is also
responsible to see that the individual's disposal site is
properly treated with lime.

All water that is used must be disposed of in a safe
manner. This disposal costs the individual and the
community money. Therefore, each user of the system
is responsible to manage their water consumption.
Each person should use the water necessary for
cooking and personal hygiene. Water that is allowed to
run to prevent freezing is a wasteful practice.

Those who use a service are responsible to pay for
that service. This payment should be prompt. Only by
prompt and reliable payment of services can the
community afford to properly operate and maintain
the wastewater system.

The community is responsible for the management,
operation and maintenance of the wastewater system.

The wastewater utilities should be operated in a
compassionate, honest and business-like fashion.
That is, the utility income and expenses should be
separated from the other services provided by the
community. There should be clear, written rules,
regulations and policies that the customers can
understand and follow. Bills should be sent to each
customer on a regular, predictable manner. As a
business, the community is responsible to see that the
bill for services is collected from the customer.

The community is responsible for providing proper
and adequate equipment and adequate training for
the system operator, the clerk responsible for the
bookkeeping for the utility and the manager.

It is the responsibility of the community to provide the
operator with proper safety equipment, a safety
program and safe procedures for performing the work
necessary to operate and maintain the utility.
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Operator
Health of the Community

Regulatory Agencies

EPA

General Program

State Agency

Permits

Certification Program

The operator of the wastewater system is the
community's last link between health and disease.
Therefore, the operator is responsible to see that the
wastewater facilities are properly operated and
maintained. In order to do the job correctly, the
operator must be trained in many disciplines and
skills. A typical operator needs skills as a:

e Chemist - in order to perform required tests properly

e Microbiologist - in order to understand how to properly
make process control changes at a treatment plant

e Public relations expert - in order to effectively deal
with customers

e Mechanic - in order to perform required preventive
maintenance and make corrective repairs

¢ Troubleshooter - in order to solve problems that
commonly occur in these systems

There are numerous agencies responsible for the
various aspects of wastewater treatment and
disposal. The following is a brief review of the basic
functions of some of two typical agencies that impact
wastewater treatment.

The Federal Environmental Protection Agency was
charged by the U.S. Congress in 1972 to establish a
program that:

e Improves the nation's water quality
e Eliminates pollution

e Establishes a permit system to regulate wastewater
effluent.

Most states have a single agency with the
responsibility to issue permits for each wastewater
system in the State. These permits describe the type of
treatment and quality of the effluent that is required.

All wastewater systems that have more than a specific
minimum number of service connections, or that are
used or intended for use by minimum number of
persons per day, must be operated and supervised by
operator(s) certified under this program. A typical
wastewater certification program covers two
disciplines (collection and treatment) with five
certification levels (OIT, 1, 2, 3, 4) for each discipline.
The certification level required by an individual
operator is based on the type of discipline of the
system operated, the complexity of the system and the
number of people served.
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Intro to Wastewater Systems Worksheet

1. Wastewater is:

2. The three categories of wastewater are:
a.
b.

C.

3. The two main reasons for treating wastewater are:

a. Prevent the spread of

b. Protect users.

4. In order to reduce the probability of the spread of disease in a community it is best to:

5. Microorganisms that cause disease are called organisms.

6. Personal is one of the keys to reducing the probability of the spread of disease.

7. Describe how dogs, flies and birds contribute to the spread of disease.

8. Describe how untreated or partially treated wastewater impacts the aquatic environment?

9. The primary function of a wastewater collection system is to reduce with human
waste and thus reduce the of disease.
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10. There are three natural processes of treating wastewater. They are:
a.
b.

C.

11. Using the treatment plant shown below identify the four basic treatment processes.

12. The two reasons for the use of a wastewater treatment facility are:

a. Prevent the spread of

b. Reduce the impact on users

13. Describe one way an individual can prevent the spread of disease.
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14. The Arctic and subarctic environments require special considerations associated with wastewater
collection and treatment. In this lesson we discussed eight (8) special considerations. Identify four of
these.

a.

b
c.
d

15. Describe two items that are the responsibility of the community in conjunction with their wastewater
facilities.

a.
b.

16. List three of the five skill groups needed by a wastewater operator.
a.
b.

C.

17. What is the basic responsibility of the State in the management of the Statewide wastewater
treatment program?

18. The required level of operator certification is based on the of the community and
the of the wastewater system.
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Characteristics of Wastewater

What is in this Lesson?

The composition and characteristics of wastewater

Description of settleable solids, suspended solids, dissolved solids and total solids
The difference between organic and inorganic material found in wastewater
The difference between aerobic, anaerobic and facultative organisms

The three temperature ranges for microorganisms and their names

Typical waterborne diseases caused by bacteria and protozoa

The process that bacteria use to collect and process food

The impact that increased organics have on water quality of a receiving stream
The appearance and odor of septic and fresh sewage

The different flow characteristics of a wastewater system

The average flow per person in a wastewater system

The difference between aerobic and anaerobic decomposition

1.
2. pH and the components of its scale
3.
4.
5.
6.
7. The three shapes of bacteria
8.
9.
10.
11.
12.
13. The temperature DO relationship in water
14.
15. The common gases found in septic wastewater
16. The population equivalent for BOD
17.
18.

Key Words

e Absorption
e Aerobic

e Anaerobic

e Bacteria

e BOD

e Combined Sewer
¢ Disinfection
e Facultative
* Gases

e Inert
emg/L

¢ Organic

The importance DO has in wastewater treatment

e Adsorption

e Alkalinity

e Aquatic

¢ Biodegradable

e Colloidal solids

¢ Constituent

¢ Dissolved solids

¢ Fecal Coliform Bacteria
e Hydraulic Loading
¢ Inorganic

¢ Microorganisms

e Peak Flow
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e pH
® Protozoa

e Stabilization
e Total solids
e Virus

e Waterborne pathogens

e Photosynthesis

* Sanitary Sewer

e Suspended solids
e Turbidity

e Waterborne disease
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Characteristics of Wastewater

What is Wastewater?

Water and Wastewater

Sewage or Wastewater? In this lesson, and in fact this entire text, reference
will be made to wastewater and sewage. These terms
are interchangeable. However, the term wastewater is
a broad, descriptive term. Generally, it includes
liquids and water containing solids from homes,
businesses and industry and is considered to be a
more “modern” term.

From Water to Wastewater Wastewater is primarily water from the drinking water
system and from leaks in the collection system. This
water is used to carry waste from homes and
businesses into collection systems and ultimately to
wastewater treatment facilities or disposal.

Types of Wastewater If a collection system (called a sewer) is attached to
homes and businesses in the community, the sewer is
classified as a sanitary sewer! and the treatment
plant at the end of the pipe treats domestic sewage. If
the sewer system also collects storm runoff, as well as
domestic sewage, the sewage system is classified as a
combined sewer2 and the treatment plant receives
domestic sewage along with
storm water during storm
events.

Mostly Water On average, domestic
wastewater contains
99.9% water and 0.1%
solids3. These solids or
impurities are
sometimes called
constituents4. These
constituents and the
components of the water
are called the
characteristics of the wastewater.

99.9% Water 0.1% Solids

Drinking Water The characteristics of the wastewater are influenced
by the quality of the drinking water system, the
quantity of leakage into the collection system and the
material placed into the water by homes, businesses
and industry.

1 Sanitary Sewer - A sewer that carries water and water carried waste from residences, commercial buildings,
industrial plants, and institutions, together with minor quantities of ground, storm, and surface water that are not
admitted intentionally.

2 Combined Sewer - A sewer intended to receive both wastewater and storm or surface water.
3 Solids - As it pertains to wastewater - Suspended and dissolved material in wastewater.
4 Constituent - The parts of a whole. All of the components of wastewater other than H,0.
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Characteristics

Introduction

Three Categories

Physical
Chemical

Biological

Physical Characteristics

Introduction

Flow Considerations
Hydraulic Loading

Factors Affecting Flow

Flow Ranges

The characteristics of wastewater can be divided into
three categories

e Physical
e Chemical and
e Biological

The physical characteristics of wastewater include,
flow, color, odor, temperature, turbidity5 and
appearance.

The chemical characteristics include the solids,
gases® and chemical constituents found in the
wastewater.

Each drop of wastewater contains millions of
bacteria” as well as other microorganismsS. The
biological characteristics of wastewater include these
microorganisms, how they are impacted by the
physical and chemical changes of the wastewater and
how the microorganisms impact the wastewater.

Physical characteristics include flow, temperature,
color, odor, turbidity and appearance.

The flow into a wastewater treatment plant is called
the hydraulic loadingg. Each process unit in a
treatment plant is designed to provide the most
efficient treatment when the hydraulic loading is
within a specific range. This range is selected by the
design engineer.

The flow into a wastewater plant is determined by a
number of factors in the community. In Alaska the
type of water and wastewater system in the
community, the availability of potable water and the
wasting of water to prevent freezing are probably the
most significant factors.

Wastewater production in Alaska ranges from 4
gallons per person per day for individual haul systems
to over 100 gallons per person per day for

S Turbidity - A condition in wastewater caused by the presence of suspended matter, resulting in the scattering and

absorption of light rays.

Gases - Of neither definite volume nor shape, they completely fill any container in which they are placed.
Bacteria - Living organisms, microscopic in size, which consist of a single cell. Most bacteria utilize organic matter
for their food and produce waste products as the result of their life processes.
Microorganisms - Minute organisms, either plant or animal, invisible or barely visible to the naked eye.

9 Hydraulic loading - Refers to the flows (MGD or cu m/day) to a treatment plant or treatment process. Detention
times, surface loading and weir overflow rates are directly influenced by flows.
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conventional potable water and collection systems.
Communities with collection systems that allow
ground water to enter may have flows exceeding 300
gpcpd. The average wastewater flow in the U.S. is
considered to be 142 gpcpd.

Flow in Gallons per Capita per Day

0 4 10 50 100 142 200 300
High Flow
Average flow
Low flow
Average Flow Wastewater treatment plants are designed to handle

average flows. There is always some surface water
and groundwater that enters the collection system
through breaks in the lines and some water exits
through these same breaks. If the rain or snow melt
is heavy, flows to the plant will increase. If the
ground is tremendously dry, some decrease in flow
could result as sewage escapes from the collection
system into the ground.

Dry Weather and Wet Weather Flow Wastewater treatment plant discharge permits and
plant design identify wet and dry flow requirements.
The wet weather flow is called peak flow !0 Flows above
the peak flow could cause sewage to backup into the
collection system and thus constitute a violation of the
permit. This condition should be avoided.

Reporting Requirements In addition to flows at the plant and lift stations being
recorded and reported on monitoring reports, they are
important information for the operator. Process
control and system analysis require accurate flow
readings. Flow meters must be calibrated and
maintained to reflect accurate flow readings.
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10 peak Flow - The maximum design flow of a wastewater treatment plant.
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Color and Odor

Fresh sewage

Septic Sewage

Treating Septic Sewage

Temperature
Impact on Biological Activity

Decrease in Temperature

If domestic sewage is delivered to the wastewater plant
in a timely manner, the sewage will be gray in color
and have a musty but not offensive odor with
observable particles of paper, food, and “other” solids.
Sewage with this appearance and odor is called fresh
sewage.

If wastewater is allowed to become old it will become
anaerobic!! or septic, and the color and the odor will
change. Septic wastewater has a black color and a
smell resembling rotten eggs. Septic sewage is very
difficult for a biological treatment plant to treat.

Continuous flow of septic sewage from the collection
system is more difficult to treat than the septic
material delivered by a septic tank truck. While the
septic tank material is hard to treat, it is usually a
small percentage of the flow and thus the aerobic!2
bacteria at the plant can usually buffer its impact. If
the overall influent flow to the plant has become
septic, tremendous electrical energy is needed to
stimulate aerobic activity.

Temperature is very important to biological activity.
The lower the temperature, the slower the biological
activity. A rise in temperature increases biological
activity. In conventional wastewater systems, sewage
maintains an ambient temperature of about 55°F due
to biological activity. The temperature fluctuations
that naturally occur in the influent should be
documented daily. These changes can be used to
make operational changes in the plant. For instance,
as the temperature increases, biological activity
increases and thus more oxygen may be needed. In an
activated sludge plant, the increased demand for
oxygen could require turning on more blowers.

As temperature decreases, biological activity also
decreases. It is important to monitor temperature and
take the bacterial activity into account when
contemplating operational changes and
troubleshooting systems. In freezing conditions,
additional time is required for biological wastewater
treatment to take place. Larger treatment plant
biological basins and lagoons are required if freezing
conditions are prevalent. The larger basins allow the
bacteria more time to do their work given their slower
metabolic rate.

11 Anaerobic - A condition in which “free” or dissolved oxygen is not present in the aquatic environment.
12 perobic - A condition in which “free” or dissolved oxygen is present in the aquatic environment.
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Turbidity

Definition

Chemical Characteristics
Introduction

Solids

Introduction

Divisions of Solids

Organic Materials in Wastewater
Description

Turbidity in wastewater is caused by suspended
solids 13, usually particles of colloidal size. Turbidity
is defined as that property of wastewater that causes
light to be scattered or absorbed. High turbidity
wastewater appears cloudy, whereas low turbidity
wastewater often sparkles with clarity. Wastewater
with low turbidity can still have dissolved solids!4 ,
because most dissolved solids do not cause light to be
scattered or absorbed. The measurement of turbidity
can be a quick method of evaluating the quality of the
final effluent of a wastewater plant. Materials that
cause turbidity can provide a place for
microorganisms to hide and avoid disinfection!5.

The chemical characteristics of wastewater include
solids, gases and the chemical constituents of the
wastewater.

Even though the solids content of the wastewater is
only a small percentage (0.1%) of the total volume,
their objectionable characteristics are one of the
principle reasons for wastewater treatment. One of the
primary functions of a wastewater treatment plant is
to reduce and/or remove as many of these solids as
possible. Therefore, it is important that the operator
understand the nature of these solids.

All of the solids found in wastewater can be placed
into one of two general groups. The solids are either
organic 6 or non-organic. Non-organic solids are
called inorganic!7 solids.

Organic solids come from plants and animals and
contain oxygen and carbon. The principle organic
compounds found in wastewater are proteins,
carbohydrates and fats. Most organic solids are a food
source for microorganisms and are therefore said to be
biodegradable!8. If not removed by treatment, they
will decompose to produce objectionable odors and
other undesirable conditions. Their removal and
stabilization !9 is therefore one of the primary
objectives of wastewater treatment.

13 Suspended solids - The quantity of material deposited when a quantity of water, sewage or other liquid is filtered

through a glass fiber filter.

Dissolved Solids - The material in wastewater that will pass through a glass fiber filter and remain in an
evaporating dish after evaporation of the water.
Disinfection - The process used to control pathogenic organisms.
Organic - Chemical substances of animal or vegetable origin, made basically of carbon structure.
Inorganic - Chemical substances of mineral origin.
8 Biodegradable - (BUY-o-dee-GRAD-able) - Organic matter that can be easily broken down (decomposed) by

bacteria to more stable forms which will not create a nuisance or give off foul odors.

Stabilization - The process of converting a material to a form that resists change. Organic material is stabilized
by bacteria which converts the material to gases and other relatively inert substances. Stabilized organic material
generally will not give off obnoxious odors.
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Source of Organic Material

Inorganic materials in Wastewater
Description

Source of Inorganic Material

Organic material in wastewater includes any kitchen
waste washed down drains or into garbage disposals,
all sanitary connections including showers and toilets,
and laundry facilities including clothes and dish
washing. Basically, organic material includes any
animal or vegetable material in sewage. Organic solids
are a source of food for the bacteria in a wastewater
treatment plant. The bacteria decompose the organic
material in the wastewater so that the wastewater has
a minimum impact on the environment. Because most
wastewater treatment facilities are aerobic, it is
important for this organic material to arrive fresh to
the wastewater treatment plant. This allows the
bacteria to provide the most complete treatment.

By B paall

k- TN
ORGANIC: & %
plants,
animals,

once living
matter

INORGANIC:
rocks,

soil,
minerals,etc.

Inorganic solids are frequently called mineral
substances and include sand, gravel and silt, as well
as the minerals or metals present from the water
supply. Inorganic solids do not contain carbon and are
not derived from living material and are therefore
inert20 and cannot be decomposed.

The inorganic material in sewage includes plastic,
rubber, sand, grit, egg shells, etc. Specific inorganic
materials that cause wastewater plant problems
include disposable diapers, plastic food containers,
clothing, cans, bottles, soils, sand, plastic toys, plastic
bags, and many others. These materials are not
biodegradable, that is, they will not decay or burn.

20 |nert - A material that will not react with any other material.
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Impact on Treatment

Solids Groupings
Introduction

Settleable Solids

Floatable Solids

Suspended Solids

Inorganic materials will not breakdown in aerobic or
anaerobic wastewater treatment systems. Eventually
these materials must be removed from the treatment
system. Methods such as pre-screening and grinding
can be used to reduce the impact inorganics have on a
system. Either way, handling of these items become
inevitable once they arrive at the plant.

While all solids are either organic or inorganic, it is
common practice to describe the solids found in
wastewater in other categories based on test results.
These results are used to determine the efficiency of
the treatment process. The key point here is that the
solids found in wastewater are defined, not by their
size but by the test used to identify them. The
following is a brief description of the seven types of
solids found in wastewater. These seven are:

e Settleable solids

e Floatable solids

e Suspended solids

e Dissolved solids

e Colloidal solids

e Total solids

e Volatile solids

If the wastewater is allowed to sit quietly, as it does in a
sedimentation basin or clarifier, most of the suspended
solids will settle out and some solids will float. Solids
that will settle in one hour in a funnel shaped glass,
called an Imhoff cone, are called settleable solids.
Therefore, we can say that settleable solids are those
solids that are heavy enough to settle in a specified
period of time. The quantity of settleable solids in
wastewater is measured and reported as mL/L.

There is no test for floatable solids. However, materials
such as oils, grease, plastic and rubber goods will
float. Most floatable material is not easily
biodegradable by aerobic or anaerobic bacteria and is
commonly removed in the primary clarifier and sent to
the digester.

If a sample of wastewater is thoroughly mixed and
observed, it is typical to be able to see solids
suspended in the liquid. When this sample is poured
through a glass fiber filter, the material that is
captured on the filter is called suspended solids (also
called total suspended solids, TSS). Notice that if our
sample were raw sewage, the suspended solids would
include settleable and floatable solids. The quantity of
suspended solids (TSS) in wastewater is measured
and reported as mg/L21,

21 mg/L - Milligrams per liter. A unit of the concentration of a constituent in wastewater. It is 0.001g of the constituent in
1,000 mL of wastewater. mg/L has replaced the PPM (parts per million) in reporting results in wastewater.
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Suspended & Settleable

Dissolved Solids

Colloidal Solids

Total Solids

Volatile Solids

Summary

It is also important to note that the settleable solids
contain some suspended solids. That is, settleable
solids contain that portion of the suspended solids
that will settle in a prescribed period of time.

When our sample was poured through the glass fiber
filter, a portion of the solids were caught on the filter
(TSS) and a portion passed through the filter. The
portion that passes through the filter is called
dissolved solids. Approximately ninety percent (90%)
of these solids are truly dissolved in the wastewater.
The remaining ten percent (10%) are so small that
they are held in solution. These solids are called
colloidal solids22. The quantity of dissolved solids in
wastewater is measured and reported in mg/L.

Colloidal solids are suspended solids that are so
small they will not settle even if allowed to sit quietly
for days or weeks. They are not dissolved but even
though they are extremely tiny, they often make the
wastewater cloudy. In general, anything less than 1
micron (1/1000 of a millimeter) is considered a
colloidal particle. Fine silt, tiny particles of
vegetation, and small bacteria are examples of
colloidal particles. This is the only solid that has
been defined by size. In addition, there is no specific
test for colloidal solids. They are part of the dissolved
solids and are not tested independently.

If a portion of our original raw wastewater sample
were poured into a ceramic evaporating dish and the
water was allowed to evaporate, a residue would be
left behind. This residue is called total solids23. Total
solids contain the suspended (includes floatable and
settleable solids) and dissolved portions of the solids.
The quantity of total solids in wastewater is measured
and reported as mg/L.

Volatile solids are determined by igniting the above
samples at 550°C and weighing the ashes. This test
can determine inorganic components (inorganics do
not burn at 550°C) and the test is used to determine
microorganism densities.

Suspended solids are defined as those that can be
filtered out in the suspended solids laboratory test.
The material that passes through the filter is defined
as dissolved solids. These definitions are not
technically accurate from a chemical point of view
because some finely suspended material can actually
pass through the filter.

22 Colloidal - Any substance in a certain state of fine division in which the particles are less than one micron in

diameter.

23 Total Solids - The solids in water, sewage, or other liquids. They include the suspended solids (largely
removable by a filter) and filterable solids (those which pass through the filter).
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Solids and Treatment
Influent and Effluent

Preliminary & Primary Treatment

Secondary Treatment

Nutrients
Impact on Biological Activity

Dissolved Gases
What Gases?

One of the key measures of the efficiency of the
treatment process is to measure the reduction in total
suspended solids (TSS) through the plant. This is
accomplished by comparing the TSS in the influent to
the TSS in the effluent. The reduction in TSS is not
accomplished by a single treatment process. Each
process unit contributes to the overall reduction in the
following ways.

Settleable solids and floatable material are removed by
the preliminary and primary treatment processes. In
the removal of these solids, the TSS is also reduced.

After preliminary and primary treatment suspended
and dissolved solids remain. The bacteria in the
treatment process use the suspended and dissolved
solids for food. They convert these solids to water,
gases and settleable solids. While we measure the
reduction of TSS as the efficiency of the treatment
process, it is the dissolved solids that make up the
major portion of the food supply for the bacteria in the
secondary treatment process.

The proper nutrient balance for proper biological
activity is defined as the Carbon:Nitrogen:Phosphorus
ratio. This ratio requirement for wastewater treatment
is 100:5:1. For every 100 pounds of Carbon (BOD24)
entering the treatment plant, 5 pounds of nitrogen
(ammonia nitrogen + nitrate + nitrite) is required and
1 pound of phosphorus (as orthophosphate) is
required to be available to the bacteria. If these
minimum requirements are not met, the bacteria that
will survive will not perform as expected. In other
words, the nutrient deficient treatment plant will not
make a clear effluent or produce a sludge that will
settle or smell very good.

Oxygen, carbon dioxide, hydrogen sulfide, methane
and nitrogen are examples of gases that dissolve in
wastewater. With the exception of oxygen, all of these
gases are produced by the decomposition of organic
material. Not all gases dissolve to the same extent.
Some dissolve easily and others not as well. Oxygen
and carbon dioxide are two dissolved gases that are
important to wastewater operations.

24 BOD - Biochemical (BY-oh-KEM-ih-kul) Oxygen Demand - The quantity of oxygen required by microorganisms
when stabilizing decomposable organic matter under aerobic conditions and other test conditions.
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Dissolved Oxygen
The Impact of Dissolved Oxygen

Other Sewer Gases
Result of Biological Action

The Impact of Carbon Dioxide

Hydrogen Sulfide

Methane

Dissolved oxygen or D.O. is important to most
aquatic2 organisms and to secondary treatment
plants. It is of particular importance in streams and
lakes as an indicator of water quality. The amount of
oxygen that can be dissolved in the wastewater depends
upon the temperature. The higher the wastewater
temperature, the lower the saturation level; the lower
the water temperature, the higher the saturation level.
Various wastewater treatment processes rely on the
mechanical addition of oxygen into the wastewater to
stabilize the organic matter before it is discharged into
a stream or other water source.

As mentioned above, there is a multitude of gases
besides oxygen present in sewage. Most of these gases
are by products of the biological decomposition of
organics. While nothing can be done to stop the
production of most of these gases, an understanding
of their effect and possible hazards will help in the
overall operation of the sewer system.

The decomposition of organic material that contains
carbon results in the production of carbon dioxide
gas. Carbon dioxide is released into the wastewater by
microorganisms. In a sewage lagoon, a portion of the
carbon dioxide is consumed by algae and aquatic
plants. Carbon dioxide is only slightly soluble in
water. Most of the carbon dioxide reacts with the
water to form carbonic acid.

C02 + H2O &~ H2C03
(carbon dioxide) (water) (carbonic acid)

Carbonic acid acts to lower the pH26 of the wastewater.

The biological breakdown of organic material under
anaerobic conditions will produce hydrogen sulfide
(H9S). Hydrogen sulfide has a characteristic “rotten egg”
odor. Hydrogen sulfide is toxic to humans, very
explosive and produces sulfuric acid which is corrosive
to the collection system and treatment plant equipment
basins and piping. Hydrogen sulfide combined with
water, results in sulfuric acid which will corrode piping
and other metal and concrete structures.

Another wastewater gas that is the by-product of
anaerobic decomposition of organic material is
Methane (CH4). Methane, while dangerous is not
classified as toxic, but it can suffocate a person.
Methane is also explosive.

25 Aquatic - Pertaining to water.

26 pH - An expression of the intensity of the alkaline or acidic strength of a wastewater. Mathematically, pH is the
logarithm (base 10) of the reciprocal of the hydrogen ion concentration. pH may range from 0 to 14, where 0 is
the most acid, 14 most alkaline, and 7 neutral. Natural waters usually have a pH between 6.5 and 8.5.
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pH

Definition

pPH Scale

Impact on Biological Activity

Alkalinity

Definition

What causes Alkalinity

The term used to describe how acidic or basic the
wastewater is, is pH. More technically, pH is a
measure of the hydrogen ion (H*) concentration and is
measured with a meter or colorimeter. The pH scale
ranges from O to 14 with 7 being neutral.

Neutral

Acid T Basic 1|4

pH Scale

Low pH values are considered acidic and high pH
values are basic.

The pH of wastewater must be maintained as near
neutral (7) as possible because the bacteria that are
most beneficial to wastewater treatment like a pH
range of 6.8 - 7.2. Extreme pH variations in the
influent can become an extreme hardship for
wastewater plant operators. The bacteria in a
wastewater treatment plant will not tolerate pH
variations and other, less desirable microorganisms
such as certain fungus and filamentous bacteria will
take over the plant. These organisms have a negative
impact on wastewater treatment and thrive at low pH.

Alkalinity27 is a measure of water’s ability to
neutralize an acid. Alkalinity can also be defined as a
buffer; a chemical system that tends to stabilize and
prevent fluctuations in pH. It is usually beneficial to
have significant alkalinity in wastewater because it
would tend to prevent quick changes in pH. Quick
changes in pH interfere with the common secondary
treatment processes. Maintaining sufficient alkalinity
is a major key in the proper operation of an
anaerobic digester.

Alkalinity is the result of carbonate (CO3'2),
bicarbonate (HCO3'1) and hydroxide (OH’) ions in the
wastewater. Alkalinity should not be confused with
pH. Even wastewater with an acid pH can contain
alkalinity. Typical chemicals that can be used to
increase alkalinity are quick lime (calcium oxide,
CaO0), hydrated lime (calcium hydroxide, Ca(OH)y),
and soda ash (sodium carbonate, NagCOg).

27 Alkalinity - The buffering capacity of wastewater to retard the change in pH by an acid. Alkalinity is composed of

bicarbonates, carbonates and hydroxides.
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Heavy Metals

The Impact of Metals Wastewater often contains impurities such as lead,
copper, mercury, arsenic, etc. called heavy metals.
These metals generally come from the potable water
source and distribution system. Metals can be toxic to
some microorganisms and aquatic life. In excess
quantities, metals such as copper, can upset a
secondary treatment plant or harm fish and other
aquatic life in the receiving stream. Wastewater
treatment plants have a tendency to accumulate
metals in the sludge that is produced by the treatment
process. If the sludge is disposed of on land, these
metals can adversely impact vegetation and may enter
the groundwater supply. Some Alaska communities
that have aggressive potable water find high
concentrations of copper coming from the household
plumbing. These high concentrations have placed the
community in jeopardy of violating their discharge
permit and make it difficult for them to dispose of
their sludge.

BOD - Biochemical Oxygen Demand

Definition BOD or biochemical oxygen demand is a test used to
measure the ability of microorganisms to oxidize
organic material in the wastewater. The BOD of the
wastewater is a direct reflection of its organic
strength. The BOD test can be used to determine the
size of a treatment facility as well as estimate the
impact the effluent will have on the receiving stream.
At a treatment plant, the BOD of the waste stream is
referred to as the “food” for the microorganisms.

Uses of BOD Measurements The BOD test doesn’t directly measure wastewater
strength. The test measures the amount of oxygen
that is consumed by microorganisms while stabilizing
organic material. This oxygen consumption is
considered a direct reflection of the organic strength of
the wastewater. The amount of oxygen that can be
consumed by microorganisms is based on a number of
factors. Two of the most important are the amount of
food and the length of time that the organisms are
allowed to eat the food. Typical BOD measurements
determine the amount of oxygen used over a five day
period at 20°C.

Products of
respiration

Carbon Dioxide F°°d Particle Oxygen
s . Water CeII membrane

Stabilization of biodegradable -\ ® /—/ [ New Cells |

Energy used in

organic by bacteria. Food and Energy used in
Sllme Iayer reproduction

oxygen intake and by- respiration
'S . Adsorbed particle

products produced.

Storage of
absorbed organics
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Population Equivalent

What is a pound of BOD?

Plant Efficiency

Typical Removal

It has been determined that the average person
produces 0.2 pounds of BOD a day. The population
equivalent is an alternate method of expressing the
organic strength of the wastewater. Design engineers
divide the actual BOD by 0.2 to obtain a population
equivalent. This number is then used to determine the
appropriate treatment process and size.

1Person = 0.2Ibs. BOD/day

It is common practice to refer to BOD as a specific
mg/L concentration and as a certain number of
pounds. For instance, a plant operator might say that
the influent BOD averages 250 mg/L and a daily
organic load on the plant is 500 pounds. What does
this mean? A BOD of 250 mg/L indicates that in the
process of stabilizing organic material the
microorganisms will consume 250 milligrams of
dissolved oxygen for each liter of wastewater. The 500
pounds indicates that while consuming organic
material, the bacteria will consume 500 pounds of
oxygen in a 24 hour period.

The reduction of BOD throughout the treatment plant
is one of the overall goals of wastewater treatment and
pollution reduction. By measuring the influent BOD
and measuring the effluent BOD and using the
following calculation, the percent reduction through
treatment can be determined.

BOD, -BOD,,
BOD,

m

% Efficiency =

Most secondary treatment plants have specific percent
removal requirements with 85% being the average for
the country. It takes a properly operating treatment
plant to make these reduction requirements.
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Biological Characteristics

Impact of Microorganisms

Waterborne Diseases

Importance of Bacteria

Groups of Microorganisms

Bacteria
Most Common Microorganism

Size Range

All wastewater as it leaves a residence or commercial
establishment is teaming with bacteria, virus28,
protozoa29 and other microscopic organisms. These
organisms, primarily the bacteria, begin immediately
to consume the organic solids in the sewage. In
addition, these organisms could carry communicable
waterborne disease from the population that is served
by the sewer collection system. The wastewater also
carries large numbers of viruses that can cause
waterborne disease.

Wastewater system operators must also be concerned
about how to control microorganisms. They are a
major health concern because many of them cause the
spread of waterborne diseases30. Organisms that
cause disease by transmission through contaminated
water are called waterborne pathogensS!.

Biological wastewater treatment processes utilize
microorganisms, mostly bacteria, to consume the
organics and reduce the waste in the wastewater to
water, carbon dioxide and biological solids. Efficient
treatment depends on understanding the
requirements for optimal growth as well as recognizing
unfavorable biological conditions.

While all types of microorganisms have some effect on
wastewater or are affected by wastewater, bacteria,
protozoa and algae are the most significant to the
operator. The following discussion will provide an
overview of these organisms.

Bacteria are among the most common
microorganisms in wastewater. Bacteria are
primitive, single celled organisms with a variety of
shapes and nutritional needs.

Bacteria range in size from 0.5 - 2 microns in
diameter and about 1 - 10 microns long. A micron is a
metric unit of measurement equal to 1 millionth of a
meter or 1 thousandth of a millimeter. Another way to
visualize the size of bacteria is to consider that it
would take about 1000 bacteria laying side-by-side to
reach across the head of a straight pin.

28 virus - A submicroscopic organism which passes through filters which will strain out bacteria.
Protozoa - A small one-celled animal including, but not limited to, amoebae, ciliates, and flagellates.
Waterborne disease - A disease caused by organisms or toxic substances which are carried by wastewater. The
most common waterborne diseases are typhoid fever, Asiatic Cholera, Dysentery, and other intestinal

disturbances.

Waterborne Pathogens - Bacteria, virus and protozoa which cause disease and are carried by wastewater.
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Three Shapes

bacilli - rods

Oxygen Requirements
Introduction

Aerobic Bacteria

Anaerobic bacteria

There are three general groups of bacteria based on
their physical shapes. Rod shaped bacteria are called
bacilli. Spherical shaped bacteria are called cocci.
Spiral shaped bacteria make up the third group.

cocci - spheres Spiral

Many bacteria are aerobic. They require free or
dissolved oxygen. The bacteria responsible for most of
the biological treatment of wastewater are aerobic. A
few bacteria are anaerobic. They can only exist and
multiply in an environment that lacks dissolved
oxygen. Anaerobic bacteria are responsible for most of
the treatment that takes place in a septic tank. Some
bacteria which are normally aerobic can exist under
anaerobic conditions. These adaptable bacteria are
said to be facultative32. Facultative bacteria are
responsible for most of the treatment that takes place
in a sewage lagoon.

If dissolved oxygen (DO) is available, the type of
bacteria that will predominate will be the aerobic
variety. These bacteria utilize free oxygen for
metabolism and perform their duties in the most
efficient manner. As opposed to the other types of
bacteria listed in this section, an aerobic bacteria will
consume and reduce the greatest volume of organics,
thus reducing pollution faster with little odor.

If no free oxygen is available to the bacteria and food
is present, a type of bacteria known as anaerobic will
prevail. These bacteria, while still utilizing oxygen for
metabolizing the organics, get their oxygen by
breaking the chemical bonds that attach the oxygen to
other compounds. This chemically-bound oxygen is
harder to get to and it takes longer for the bacteria to
get air to do their work. As a result of this chemical
process, gases are given off as the oxygen molecule is
lifted from the compounds. In large volumes these
gases have terrific odors.

32 Facultative - In reference to microorganisms - those that can switch from an aerobic to anaerobic or from an

anaerobic to an aerobic environment.
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Anaerobic Digestion

Anaerobic Bacteria & Septic Tanks

Anaerobic Bacteria and Lagoons

Food Requirements

Intake of Food

Anaerobic bacteria are desirable and if managed
properly, result in sludge digestion which reduces
volume and odors. Anaerobic organisms should be left
to their anaerobic environment. These environments
include sealed tank digesters, septic tanks and the
bottom of a lagoon.

Anaerobic organisms are prevalent in septic tanks. If
septic material is allowed to be in open contact with
the air, terrific odors result. If septic material is
delivered to a wastewater treatment plant for disposal,
operators should plan on disposing one pound of
solids for each pound of septic waste brought into the
plant. No further digestion of the septic tank waste
will take place and no further reduction of volume will
take place in the plant. If wastewater in a collection
system is allowed to become septic on its way to the
treatment plant, the wastewater plant will expend
tremendous amounts of electricity to convert the
anaerobic environment into an aerobic environment.
This conversion must be done in order for treatment
to be effective.

The sludge layer at the bottom of a lagoon system is
maintained as an anaerobic sludge digestion process.
The sludge in a properly operated lagoon system
should be removed at least every 15-20 years to allow
enough room for ongoing sludge accumulation. The
surface of a lagoon system will often have bubbles
rising to the surface indicating the ongoing anaerobic
decomposition process.

Most bacteria require organic food to survive and
multiply. This food comes from plant and animal
material that gets in the wastewater. The bacteria
convert the food to energy and use the energy to move
around and make new cells. Some bacteria can use
inorganics (such as iron) as an energy source. These
bacteria can exist and multiply even where organic
food is not present.

Bacteria collect food as suspended organic material in
a slime layer that surrounds the bacteria. This
process is called adsorption33. The bacteria then
excretes an enzyme into the slime layer. The enzyme
breaks down the food and allows it to pass through
the semipermeable membrane wall of the bacteria
using a process called absorption34.

33 Adsorption - (add-SORP-shun) - The gathering of a gas, liquid, or dissolved substance on the surface or

interface zone of another substance.

34 Absorption - (Ab-SORP-shun) - Taking in or soaking up of one substance into the body of another by molecular
or chemical action (as tree roots absorb dissolved nutrients in the soil).
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Bacteria Metabolism Process

Temperature Requirements

Temperature Ranges

PH Requirements

Pathogenic Bacteria

ABSORBED PARTICLE
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Temperature affects the rate at which bacteria grow.
The warmer the environment, the faster the rate of
growth. Generally, for each increase of 10°C, the
growth rate doubles.

In order to function at maximum efficiency, bacteria
require a favorable temperature. They are very
susceptible to changes in temperature which affects
their growth and the amount of work they can do.
Bacteria that are helpful in a wastewater treatment
plant are placed into one of three temperature ranges.
These ranges coincide with the temperature that is
best for the growth and reproduction of the bacteria.
The ranges are:

Name Temperature Range
Psychrophilic below 68°F
Mesophilic 68°F to 113 °F
Thermophilic above 113 °F

pH affects bacteria growth. Most bacteria grow best at
a neutral pH. Extreme acidic or basic conditions will
inhibit growth. Other materials, such as metal ions
(copper, lead, silver, etc.) and some organics such as
pesticides and herbicides are more toxic at a specific
PH.

Bacteria are responsible for a number of the most
infamous epidemic diseases. If the water is not
properly treated and disinfected, the bacterial
pathogens responsible for these diseases enter
potential drinking water supplies through fecal
contamination and are ingested by humans. The table
below list a number of bacterial waterborne diseases.

Bacteria Disease
Salmonella typhi Typhoid Fever
Shigella spp. Gastroenteritis
Vibrio cholerae Cholera
Campylobacter spp. Gastroenteritis
Enteropathogenic E. coli Gastroenteritis
Leptospira spp. Leptospirosis
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Coliform Bacteria

Protozoa
Definition & Size

Significance

Groups of Protozoa - Amoeba

Amoeba

Ciliates

One particular group of bacteria is used by water
quality experts and wastewater plant operators to
determine the effectiveness of disinfection in a
wastewater system. This bacterial group is the fecal
coliform bacteria32. This is one of the subgroups of
coliform bacteria. These are chosen as an indicator
organism because they are less susceptible to
destruction by chlorine than most of the
pathogens. If the number of fecal coliforms are low,
then it is assumed that there are few pathogenic
bacteria present.

Protozoa are one celled animal-like organisms with a
fairly complex cellular structure. The protozoa are the
giants of the microbial world. They are many times
larger than bacteria. They range in size from 4
microns to 500 microns. The larger ones can almost
be seen with the naked eye.

Protozoa are predators that feed on bacteria. The
numbers of certain protozoa found in specific
treatment processes is a good indication of the
quality of the treatment. In addition, certain
protozoa are pathogenic.

Protozoa are placed into groups based on their method
of locomotion. The amoeba move about by a streaming
or gliding action. The shape of amoeba change as they
sort of ooze from place to place.

The ciliates are covered with short hair-like
projections called cilia that beat rapidly and propel the
ciliate through the wastewater. Most ciliates are free-
swimming although some are attached to floating
material or basin walls. Ciliates are the most
important protozoa in stream pollution reduction and
in wastewater treatment. Their presence in an
activated sludge plant in high numbers is usually an
indicator of good treatment.

35 Fecal Coliform Bacteria - The Fecal coliform group of bacteria is a bacterial indicator of contamination. This
group has as one of its primary habitats the intestinal tract of human beings. Coliforms also may be found in the
intestinal tract of other warm-blooded animals. Also called E. Coli or Escherichia Coli
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Stalked Ciliates

Flagellates

Food Requirements

Food Chain Position

Waterborne Disease

Algae

Description

The flagellates have one or more long whip-like
projections called flagella that propel the free-
swimming organisms. (Giardia lamblia is a
flagellated protozoa).

Protozoa use organics for food. In fact, bacteria are
one of their favorite prey. Protozoa are mostly aerobic
or facultative. pH, toxic materials, and temperature
affect their rate of growth in the same way as bacteria.

The protozoa is higher up the food chain than
bacteria. While the bacteria are the main contributors
to waste treatment, they become food for the protozoa.

Three protozoan waterborne diseases are listed in the
table below:

Protozoa Disease
Entamoeba histolytica Amoebic dysentery
Giardia lamblia (5 to 21 in size) Giardiasis

Cryptosporidia (4 to 6u in size) Cryptosporidosis

Algae is a form of aquatic plant. Although in mass
growths, algae mats are easily seen by the naked eye.
They exist as microscopic, single celled forms and also
as huge, multicellular forms, such as marine kelp.
They occur in fresh and polluted water, as well as in
salt water. Since they are plants, they are capable of
using energy from the sun in the process called
photosynthesis36. In fact, they only grow when there
is light (the daytime) and they grow better when there
is bright sunlight, as opposed to cloudy weather. They

36 Photosynthesis - (foto-SIN-the-sis) - A process in which organisms with the aid of chlorophyll (green plant
enzyme) convert carbon dioxide and inorganic substances to oxygen and additional plant material, utilizing

sunlight for energy.

- 48 -



Characteristics of Wastewater

Classification System

Algae and Waste Treatment

Higher Forms
The Food Chain

Rotifers

usually grow near the surface of the water because
light cannot penetrate very far through the water.

Algae are classified by their color (green, brown,
blue-green). The green algae contain green
chlorophyll and are found mostly in fresh water. This
form is the green road-side ditch algae, and are
found on clarifier and basin walls. Diatoms are
golden-brown, single-celled forms that have a hard
silica shell. Another organism, formally called blue-
green algae, are bluish-green in color and undergo
photosynthesis. They are now classified as a type of
bacteria called Cyanobacterium. The most serious
algae problems in receiving water are associated with
the growth of blue-green algae (bacteria).

Algae is one of the major treatment microorganisms in
a wastewater lagoon. They consume carbon dioxide
produced by bacteria and provide oxygen that is
needed by bacteria to stabilize the wastewater.
Without oxygen, anaerobic conditions would exist and
treatment would be severely limited.

As we progress up the food chain from bacteria
through protozoa we reach a group of organisms
that the microbiologists call higher forms. These
include simple multi-celled animals, crustaceans,
worms and larvae.

The rotifer is the simplest of the multicellular animals.
Its name comes from the apparent rotating motion of
two sets of cilia on its head. This motion draws in food

and moves the animal through the water. A well
operated activated sludge plant will contain a few
rotifers in each drop of fluid. Rotifers are strict
aerobes that feed on bacteria.
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The Effluent

Water Quality Requirements

Objective of Wastewater Treatment

The overall intent of wastewater treatment is to
minimize the pollution impact on any receiving
streams, oceans, or groundwater sources and protect
downstream users from waterborne disease. The BOD
test is used to measure the impact the plant effluent
will have on receiving streams. This is accomplished
by measuring the potential of the effluent to deplete
oxygen in the receiving water. Discharge permits allow
certain amounts of BOD and Suspended Solids to be
discharged to receiving streams. The assimilation
capacity or ability of the stream to accept the effluent
without damaging the water quality has been
determined. As a result, the organic load that can be
placed on the stream is distributed among dischargers
using the stream for disposal. It is important to
safeguard the health of any receiving body of water by
staying within permit limits at all times and planning
for future needs in a responsible manner.

The objective of wastewater treatment is to reduce
pollution and protect public health by containing and
stabilizing raw sewage. Pollution prevention and
public health concerns are a worthy objective.
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Characteristics of Wastewater Worksheet

1. Typical domestic wastewater is % water and % solids.

2. The impurities in wastewater are called or

3. Peak flow will normally occur during (a) dry weather or (b) wet weather.

4. In Alaska, wastewater flows will range from to gpcpd.

5. The size of a treatment plant is based on flow.

6. The average hydraulic load contributed by each person in a community in the U.S. is
gpcpd.

7. Fresh sewage is in color and has a odor.

8. Septic sewage is in color and has a odor.

9. Turbidity is the property of wastewater that causes light to be or

10. Solids that can be captured on a filter are called solids and solids that pass
through a filter are called solids.

11. A solid that is less than 1u in size is called a

12. Compounds that are derived from material that was once alive are called compounds.
13. Compounds that are derived from minerals are called compounds.
14. When a gas is mixed in wastewater it is called a gas.

15. A gas with a rotten egg odor is

16. The pH range is from to . The acid portion of the range is from to

-51-



Introduction to Small Wastewater Systems

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

What is alkalinity?

The problem with most metals that are found in wastewater is.....

BOD is a measure of the amount of consumed by microorganisms.

The population equivalent is pounds of BOD per person.

The process of food attaching to a bacteria is called

, and the process of this food

passing through the wall of the bacteria is called

A high organic load on a receiving stream can cause a drop in its

Waterborne pathogens cause

The three common shapes of bacteria are:
a.
b.

C.

Bacteria that utilize dissolved oxygen are called

Bacteria that can live with or without dissolved oxygen are called

Three waterborne diseases caused by bacteria are:
a.
b.

C.

bacteria.

The bacteria used in wastewater as an indicator of disinfection efficiency is the

bacteria.

Rank the following bacteria by temperature range. Give a one (1) to the bacteria that prefers the

highest temperature.

Mesophilic

Psychrophilic

Thermophilic
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30. Algae are forms of plants.

31. The three major groups of microorganisms found in wastewater that cause disease are:
a.
b.

C.
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Collection Systems

What is in this Lesson?

1.
2
3.
4

© ® N o O

10.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28.
29.
30.
31.
32.

The basic function of a wastewater collection system
The cause of odors in sanitary sewers
The characteristics of a gravity flow sewer

The difference between a sanitary sewer manhole cover and a storm sewer manhole
cover

Those items that impact the flow capacity of a sewer line

The minimum design velocity in a sewer and why this velocity is important
The components of an above ground utilidor system used for a piped sewer
The difference between combined sewers, sanitary sewers and storm sewers
The normal location of manholes

The process and components of a pressure sewer line

The various types of sewer lines

The components of an individual honey bucket system

The components of a manhole

The components of a pipe

The components of a storm sewer

The components of a typical haul system

The major components of a gravity piped collection system

The various types of manholes and their components

The impact of freezing on various types of piping material

Which portion of the collection system is the responsibility of the property owner
The major components of a vacuum collection system

Conditions that would be detected using smoke testing

How to identify and control exfiltration

How to identify and control infiltration

The method used to identify the connection to a sanitary sewer

The problems associated with cracks in the lid ring of a manhole

The process and function of CCTV inspection

The process and use of dye tests

The process of lamping a pipeline

The process of smoke testing

The purpose of performing a manhole inspection

The reasons for inspecting a collection system
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33.
34.
35.
36.
37.
38.
39.

40.
41].
42.
43.
44.
45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.

What conditions can be identified by lamping a pipeline

Common sources of inflow

The basic equipment used to inspect the interior of the collection system piping
The frequency of manhole inspection

Three things that the dye test can be used to identify

Types of typical lift stations

The deciding factors used to determine the frequency that water should be pumped
from a wet well

The components of a lift station

How mechanical cleaning methods differ from hydraulic cleaning methods
Common collection system cleaning methods

The conditions that would allow roots to enter a collection system

The material that may be removed in cleaning a sewer line

The principle of hydraulic cleaning

The problems associated with using hydraulic sewer cleaning equipment
The process of cleaning a sewer line with a ball

The reasons for controlling hydrogen sulfide in a sewer

Chemicals which can be used to control hydrogen sulfide

Common methods used to prevent the spread of disease when a bucket or haul system
is used

The function of the various components of a vacuum collection system
The health concerns associated with an individual bucket system

The most common health concerns associated with haul systems

The most common operational problems with haul systems

The problems associated with operating a collection system in an Arctic environment
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Key Words
e AC
¢ Blockage
¢ Building sewer
e Cesspool
e Circumventional
e Combined sewer
e Confined space
e DCIP
e Dry well lift station
e Exfiltration
e Force main
e HVC
e Inflow
e Lift Station
* Main Sewer
e Package lift stations
e Pit toilets
¢ Privies
e Sanitary sewer
e Staff Gauge
e Storm sewer
e Suction Lift
® Vector

e Weirs

e Arctic pipe

e Branch sewer

e CCTV

e Check valve

e Cleanout

e Concentric manhole cone
¢ Cross-connection

¢ Debris

e Eccentric manhole cone
e Flume

e HDPE

e Infiltration

e Lateral Sewer

¢ Longitudinal

e Manhole

e Permafrost

e Plug valve

e PVC

e Seal Water

e Stoppage

e Suction Head

e Surcharge

e Vitrified Clay Pipe

o Wet well lift station
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Collection Systems

Functions of a Collection System

What is a Collection System?

Why Have a Collection System?

A collection system is composed of a means of
collecting and transporting human waste, storm water
and industrial waste from its source to a treatment
facility, receiving body of water or a disposal site.

When we eliminate or reduce contact with human
waste we reduce the frequency of disease. By
transporting the waste away from its source, we also
improve the appearance of the neighborhood and
community. Therefore, we build and operate
wastewater collection systems for two reasons:

¢ Prevent disease and

e Improve the appearance of the community
(aesthetics)

Brief History of Collection Systems

Oldest

16th - 19th Centuries

Pump & Piping

Collection systems are the oldest component of the
various wastewater facilities. The early collection
systems were underground piped systems that
operated by gravity. The oldest wastewater collection
system was built in India around 3750 B.C. The oldest
collection system still in use is the arched sewer built
in Rome around the first century. This arched sewer
was used to carry waste from the Roman Forum to the
Tiber River.

The earliest drainage systems built in modern times
were constructed in the 16th and 17th centuries to
carry storm runoff to prevent local flooding. At the time
of their construction, most of the human waste was
disposed of in individual privies! and cesspoolsZ.
Household waste (graywater) was thrown onto the street
and collected in the drainage system. This process
created deplorable conditions and was a major
contributor to widespread disease in Europe, England
and the eastern U.S. Even so, cities such as London
and Philadelphia prohibited the discharge of household
waste into the drainage system as late as 1850.

With the development of piping materials and the
steam engine for pumping came the development of
the indoor toilet. These developments led to the
installation of piped collection systems and the
banning of pit toilets3 and cesspools in large cities.

1 Privies - Another name for a pit toilet.

2 Cesspool - A lined or partially lined excavation or pit for dumping raw household wastewater for natural

decomposition and percolation into the soil.

3 Pit Toilet - A toilet constructed by digging a pit in the ground and placing a small building over the pit. Also called

an out house.
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Understanding of Disease Once the relationship between disease and waste
disposal was understood, changes were needed. One
of these changes was to connect the house sewer to
the storm drainage system. While this reduced the
spread of disease in the local community, it polluted
the receiving water and increased the spread of
disease among downstream users.

Current Thinking Once it was determined that one of the major causes
of the destruction of receiving streams was domestic
waste, the construction of sewage treatment plants
was started. With this, came the separation of
domestic waste from the drainage system.

Types of Collection Systems

Basis of Classification The standard method of classifying the various types of
collection systems is based on an assumption that all
collection systems use buried pipes. While this
assumption fits most of the U.S. and Canada, it does
not fit the conditions found in the Arctic and subarctic
of Alaska and Canada. A separate classification system
for these areas will be discussed later in this lesson.

Three Types
There are three basic types of collection systems;
e Sanitary sewers*
e Storm sewers®
e Combined sewers®

Sanitary Sewers A sanitary sewer is a collection system designed to
transport domestic wastewater, commercial
wastewater and industrial wastewater. Domestic
wastewater is the flow from homes. Commercial
wastewater is the flow from businesses, hospitals,
hotels, clinics and similar facilities in a community.
Industrial wastewater is the flow from facilities that
manufacture or process products or food.

Storm Sewer Storm sewers (also called storm drains) collect water
from house roof drains, street runoff and surface
runoff. All of these sources may be referred to as
surface runoff. The storm sewer collection system
includes ditches, culverts, catch basins, manholes,
and lines. The storm drain system gathers surface
water from the community and transports it to a
receiving stream.

4 Sanitary Sewer - A sewer that carries water and water carried waste from residences, commercial buildings,
industrial plants, and institutions, together with minor quantities of ground, storm, and surface water that are not
admitted intentionally.

S Storm Sewer - A sewer that carries storm water and surface water, street wash and other wash waters, or
drainage, but excludes domestic wastewater and industrial wastes.

6 combined sewer - A sewer intended to receive both wastewater and storm or surface water.
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Combined Sewers Combined collection systems are those that collect
and transport domestic waste as well as surface runoff
in the same pipe system. While combined sewers are
not built today, they are common in many older cities.
Because these collection systems can be a major
source of pollution, as well as hydraulically overload
the treatment plant, communities are spending large
sums of money to separate the domestic wastewater

from the surface runoff.

[ SANITARY SEWER SERVICE LINE |

Combined Sewer
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Classification of Systems in Alaska

VSW and PHS

Level A- Honey Bucket System

Description

Disadvantages

Advantages

The Village Safe Water (VSW) and US Public Health
Service (PHS) have developed a system of classification
for collection and treatment systems in Alaska. These
systems are identified by the letters A through E. The
systems are classified by level of complication and
potential for contact with human waste.

Level A systems are
those with pit toilets,
privies or honey
buckets. Disposal is
in a pit bunker, on
frozen rivers, in the
ocean, on the tidal
plane, in tundra
ponds or lagoons.
Disposal is provided
by the individual
home owner.

This system
presents the highest
potential for contact
with human waste
and therefore the
highest probability for the spread of disease.

There is no community organization needed with
level A systems and as such they are the least
expensive to operate.

Level B- Honey Bucket - Centralized Collection

Description

Level B systems are those who utilize honey buckets
which are dumped in central containers which are
then hauled to a dump site by the community. Central
metal bins or tanks are placed at strategic locations
throughout the community. Individuals dump their
honey buckets into the bins. The bins are hauled by
ATV, truck or snow machine to a central dump site
such as a lagoon or tundra pond.
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Disadvantages

Advantages

Level C - Haul System

Description

Disadvantage
Advantage

Level D - Septic Tanks

Description

Disadvantages

Like the Level A systems, this system provides a high
potential for contact with human waste and thus a high
probability of illness. The major disadvantage is the
increased cost for the operation of the haul system.

The community advantage to the Level B system is
that the waste is commonly hauled out of the central
area of the village, reducing the contact with humans.

Level C systems use flush toilets and individual
wastewater holding tanks. These tanks hold several
hundred gallons and can be located inside or outside
of the home. The contents of the tank are collected
using a vacuum or pressure system on a truck. The
contents are then disposed of at a sewage lagoon or
tundra pond.

The major disadvantages are the increase in individual
water consumption to operate the flush toilet and the
increased cost for the operator and haul truck.

The major advantage of this system is the contact with
human waste is nearly eliminated. Only the operator
of the haul truck contacts the waste.

Level D systems are those with flush toilets and
individual septic tanks and leach fields. Unfortunately
these have limited application in Alaska due to poor
soil conditions and permafrost”.

The disadvantages include increased water
consumption to operate the flush toilet and increased
cost for pumping and maintaining the septic tank.

7 Permafrost - (PER-ma-fra-st) - Soil, bedrock or other material that has remained below 0°C for two or more years.
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Advantages

Level E - Piped system

Description

Disadvantages

Advantages

The major advantage to this system is the near
elimination of contact with human waste and thus
a reduction in the potential for disease. When soils
are suitable, this system is less expensive than
Level C systems.

Level E systems are the most complicated and include
flush toilets and piped collection systems.

The major disadvantages include high water
consumption to operate the flush toilets, high
capital cost for construction, and high cost of
operation and maintenance.

The major advantage of these systems is the near
elimination of contact with human waste.
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Summary

Common Systems

Arctic & sub-Arctic Considerations

Collection Components -

Introduction

Level A Systems

Components

Disposal

Operation

While level C, D and E systems are the most desirable
in terms of reducing contact with human waste and a
reduction in the potential for disease, they are the
most costly to operate and maintain. Due to
limitations in geology, climate and economics, less
than one-half of the village systems in Alaska use level
C, D or E systems.

In the introduction lesson of this text we discussed
eight considerations that impact the cost and
feasibility of constructing, operating and maintaining
waste-water systems in Arctic and subArctic
conditions. Those considerations are:

* Vastness of the area

e Sparse population

e Transportation cost

e Lack of an economic base

e Climate

e Geology

e Lack of previous planning

¢ Increase in water consumption

For more details see Lesson 1 of this text.

Levels A - D

The following discussion is a brief overview of the
components that are found in Level A through D
wastewater systems. While this lesson focuses on
collection systems, we will discuss collection and
disposal associated with levels A through D systems.
This is provided because of the close connection
between collection and disposal in these systems.

The level A system is composed of individual honey
buckets and disposal site. The honey bucket is
commonly a five gallon plastic bucket with a plastic
bag liner, a toilet seat and a lid.

Disposal is done by the individual at a common dump
site or individual bunkers. Most bunkers are made by
digging a hole in the ground and then lining it with
plywood. A lid with access holes are provided at the
top. When the pit is full, the plywood is removed and
the bunker filled in with soil from a second bunker.

While it is difficult to do in cold climates, the honey
bucket should be disinfected with a chlorine solution
or lime after each use.
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Level B Systems

Components

Transportation

Operation

This system utilizes the same honey bucket system
described above. The major difference is the
distribution of centralized steel containers with lids
placed throughout the community to collect individual
homeowner's honey buckets. These containers are
placed on a wooden platform.

When the container is full, a community employee
uses one of several methods to haul the container to a
dump site. One of the methods is to use a portable set
of wheels designed for the container and a truck or
ATV to haul the container to the dump site. In the
winter the container may be placed on a sled and
hauled with an ATV or snow machine.

LAGOON
(Dumping Site)

The containers must be cleaned and disinfected with a
chlorine solution or lime in the spring and again in
the fall just before freeze up. Any spills must be
treated with lime. A discussion on the use of lime for
disinfection is found in the lesson on disinfection. Any
damage to the container must be repaired as soon as
possible. The wheel bearings on the trailer wheels
should be replaced at least once each year.
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Level C Systems

Internal Components

Tank

Haul System

Operation - Filling the Tank

Operation - Emptying the Tank

Level C systems utilize standard household plumbing
including standard “P” traps and vents. The fixtures
are low water use devices. The toilets may be the
newer low water use type or pump toilets.

A holding tank of several hundred gallons is placed
inside or outside of the home. This tank must be
insulated to prevent freezing. In some cases, the tank
may need to be heated.

HOLDING TANK I

HAUL TANK I

B—p

The most common haul system includes a truck or
trailer mounted tank and an air pumping system. The
pumping system is designed to use a vacuum when
filling the haul tank and pressure when emptying. The
pumping system is operated by a small internal
combustion engine.

In order to fill the haul tank, a hose is connected
between the haul tank and the house tank. The air
pump is started and set to provide a low vacuum. The
inlet valve on the haul tank and outlet valve on the
house tank are opened. Atmospheric pressure flows
down the house vent into the house tank where it
forces the fluid in the haul tank. Once the house tank
is empty, the valves are closed, the pump is shut
down and the hose disconnected.

To empty the tank, a hose is connected from the haul
tank to the disposal site. The engine is started and the
4-way valve is rotated to provide pressure on the tank.
When sufficient pressure is obtained, the discharge
valve is opened and the tank is dumped.
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FROM HOUSE
SEPTIC TANK

WASTE DISCHARGE
TO LAGOON

Maintenance If weather permits, the tank should be flushed with
clean water after each use in order to clean the valves
and prevent deterioration of the haul tank. The tank
and valves should be inspected once a year and
disinfected with a chlorine solution or lime. The air
pump should be rebuilt once every three years along
with the 4-way valve.
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LEVEL D SYSTEMS

Components - House Standard household plumbing fixtures are used in
level D systems, including piping and a vent system.
It is best if all fixtures use low water use nozzles.
The toilets can be standard low water devices or
pump toilets.

Septic Tanks The operation and maintenance of septic tanks is

discussed in the lesson on treatment.
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Collection System Components - Level E

Types of Systems

Gravity System
Piping

Building Sewer
Description

Vent

Maintenance

Level E systems include three types of piped collection
systems. They are:

e Gravity systems
¢ Pressure systems
e Vacuum systems

Each of these systems will be discussed individually.

The gravity system starts at the individual building
with the building sewerS. This system is composed of
the standard household piping system and extends to
2 to 10 feet from the building. Four inch plastic or
cast iron pipe is commonly used for the building
Sewer.

The building vent provides two functions:

e Allows gases that are formed in the collection system
to exit into the atmosphere and not into the house.

e Allows air to enter the collection system thus helping
to maintain constant flow.

The maintenance of the building sewer is the
responsibility of the home owner.

BUILDING
SEWER

8 Building sewer - A gravity, pressure or vacuum flow pipeline connecting a building wastewater collection system
to a lateral or branch sewer. The building sewer may begin at the outside of the building’s foundation wall or some
distance (such as 2 to 10 feet) from the wall, depending on local sewer ordinances.
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Clean-Out A properly installed building sewer has a clean-out
placed just outside of the building. This allows access
to remove a blockage? in the line between the
building and the street, should one occur.

Service Connection

Description A service connection is the connection between the
building sewer and the lateral (the line in the street).
Service connections are typically made of four or six
inch plastic, AC10 or vitrified clay pipell.

Arctic Connections In Arctic conditions, the collection system lines are
not always buried underground. Therefore, special
household connections are used. These connections
provide easy access for maintenance. They are
designed to prevent freezing and to flex in order to
prevent breakage during frost heave.

WOOD BOX WITH
REMOVABLE LID

SCREWED ON WITH
FILLED WITH POLYSTYRENE WOOD SCREWS
OR FIBERGLASS INSULATION

L] L

PLUG p=p} | TO BUILDING SEWER

1

BUIILDING FLOOR

L O

Connections Services are connected to lateral, branch or main
sewers with tees, wyes or a saddle. Tees and wyes are
fittings that can be installed when the branch sewer is
being constructed. A saddle is a means of connecting
to the sewer after the line has been installed.

9 Blockage - When a collection system becomes plugged and the flow backs up, it is said to have a blockage.

10 AC - Asbestos Cement - A piping material made from Portland cement, long fiber asbestos and silica sand. The
pipe is formed on a spinning anvil and cured in an autoclave. Also referred to as AC pipe and Transite™.
Vitrified Clay Pipe - A piping material made from clay and shale. The mixture is extruded through a die to form a
pipe section. Each section is allowed to dry and then fired in a kiln.

11
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Laterals

Description

Connections

Lateral sewers!2 collect sewage from one or more
individual buildings and connect to a branch

sewer!3. Lateral sewers are located in the street or in
easements. A lateral is also called a side sewer. Lateral
sewers are typically made of six inch or larger piping.
In order to allow easy access for connections, the
lateral sewer is typically laid down the center of the
street. In Arctic conditions, where above ground
utilidors are used, the branch sewer may run along
the back of the houses.

Lateral sewers connect to branch sewers. The
connection between the two is at a manhole 4.

12 L ateral Sewer - A sewer that discharges into a branch or other sewer and has no other common sewer tributary

to it. Sometimes called a side sewer.

Branch Sewer - A sewer that receives wastewater from a relatively small area and discharges into a main sewer

serving more than one branch sewer area.

Manhole - An opening in a sewer provided for the purpose of permitting workers or equipment to enter or leave a

sewer.
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Branch Sewers
Description

Connection

Main Sewer
Description

Trunk Sewers
Description

Interceptor Sewer
Description

Force Main
Description

Piping Material
Six Materials

Branch sewers are located in the street. They are
usually constructed of a six inch or larger pipe and
connect two or more lateral sewers. In order to allow
easy access for connections, the branch sewer is
typically laid down the center of the street. In Arctic
conditions, where above ground utilidors are used, the
branch sewer may run along the back of the houses.

Branch sewers flow into main sewers!5. The
connection between the two is at a manhole.

A main sewer carries wastewater from two or more
branch sewers. Main sewers connect into trunk sewers.
Main sewers are commonly six inches and larger.

Trunk sewers connect two or more main sewers to the
wastewater treatment plant or disposal site.

An interceptor sewer is one that has been installed in
a system to connect (intercept) one or more lines that
use to flow directly into the ocean or a stream. The
interceptor sewer flows to the treatment plant.

Most of the flow in a standard collection system is the
result of gravity. However, the line leading away from
a lift station16 is under pressure and is called a

force mainl’. Force mains connect to manholes and
are made of 4 inch or larger DCIP, HDPE or PVC pipe.

The piping used for laterals, branch sewers, main
sewers and interceptor sewers is made of one of six
materials. These materials are:

e Vitrified clay (VCP)

e Concrete (CP)

e Ductile Cast Iron (DCIP18)

e Asbestos Cement (AC)

e Polyvinyl Chloride (PVC19)

e High Density Polyethylene (HDPEZ0)

15 Main Sewer - A sewer line that receives wastewater from many tributary branches and sewer lines and serves as

an outlet for a large territory.

16 Lift Station - A wastewater pumping station that lifts the wastewater to a higher elevation. Also called a pump

station.

17 Force main - A pipe that conveys wastewater under pressure from the discharge side of a pump to a point of

gravity flow downstream (usually a manhole).

18 DCIP - Ductile Cast Iron Pipe - Ductile pipe is made by injecting magnesium into the cast iron during the molding
process. The magnesium alters the shape of the carbon structure of the cast iron. This gives the pipe superior
beam strength. It will resist high impacts and is more corrosion resistant than gray cast iron.

19 pyvc - Polyvinyl Chloride - A piping material used to make plastic pipe. The manufacturing process uses an
extruding mold to form a continuous pipe that is cut into the desired lengths.

0 HDPE - High Density Polyethylene pipe - HDPE is manufactured using a heat extrusion process and polyethylene

resins.
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Joints

While several types of joints have been developed over
the years, the most common joint used is the bell and
spigot joint with a rubber ring. The rubber ring forms

the seal between the bell and spigot. Special solvent

weld fittings may be used with PVC. The HDPE pipe is

typically connected using a heat fuse weld process.

e

Bell

Spigot

HDPE - Heat Fused Joint

HRACL

Vitrified Clay - Bell & Spigot Joint

The following is a chart of the common piping
materials and their features.

Identification on
Type of Construction Common| Common ) i
i [ Joints Advantage | Disadvantage
Pipe Drawings lengths | Size range g
Vitrified Clay | VC or VCP 2"&5' | 3"-40" | Bell & Spigot| Resistantto Easily
corrosion broken
Concrete CP 3 4" -100" | Bell & Spigot Cost, resistant Subjec't to
abrasion corrosion
DUC'[Iile Cast DI or DCIP 18' & 20" 3" _ 54" Bell & Splgot Not eaS”y Welght
ron broken
Asbestos AC or ACP 13 3"_3@6" | Rubberring Cost Easily
Cement coupling broken
Polyvinyl . W o i Light weight :
Chloride PVC 20 4" - 24 Belll & Splglgt SR, Eas;:yd
solvent we corrosion crushe
. . Won’tbreak | Cost - special
ngh DenS|ty HDPE 20'& 40' | 3/4" - 16" Heat fuse when frozen equipment &
Polyethylene Resistantto | training to make
corrosion connections
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Flow Considerations The design engineer considers line size, slope and
material type so that the velocity in the line is
maintained at 2 feet per second or greater. When the
velocity falls below this point, solids are deposited
along the bottom of the pipe. This leads to the
development of hydrogen sulfide which will then be
converted to sulfuric acid and destroy the top of the
pipe, manhole steps and pumps.

Arctic Pipe

Description Arctic pipe2! is a general name given to piping
material that is made of three components; an inside
pipe called a carrier, several inches of high density
polyurethane or polystyrene insulation that protects
the carrier and an outside protective layer. The most
common carriers are made of PVC or HDPE. The
outside cover can be made from a variety of materials.
The two most common are polyvinyl chloride butyl
rubber and 16 gauge corrugated steel or aluminum.

The polyvinyl chloride butyl rubber coating is
commonly used in underground installations and the
corrugated steel is the most commonly used in above
ground installations.

METAL JACKET

[ CARRIER - PVC or HDPE |

Arctic Pipe

[HIGH DENSITY POLYURETHANE |

Heat Trace Arctic pipe can be purchased with a built in heat trace
tape designed to prevent freezing in extreme
conditions. This tape can be installed in the field or at
the factory. The tape is placed against the carrier and
electrical connections need to be made at each joint.

HIGH LIMIT
TEMPERATURE

Arctic Pipe
With Heat Trace

CONTROLLING
SENSOR

INSULATION

Arctic Pipe - PVC or HDPE pipe, called the carrier, coated with several inches of high density polyurethane or
polystyrene insulation. The outside of the insulation is covered with polyvinyl chloride butyl rubber or 16 gauge
corrugated steel or aluminum.

21
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Size

Joints

Fittings and Special Devices

Introduction

Cleanouts

Flush Branch

Flush Branch may also be used as a

cleanout.

The Arctic pipe industry makes insulated pipe from all
of the popular piping materials and in the normal size
ranges. In Alaska’s rural communities, the most
common carriers are 160 psi, 2 inch through 6 inch
HDPE. Insulation thickness varies from 1 to 3 inches
depending on the expected temperature around the
pipe. The exterior material varies from a 20 mil
laminated polyvinyl chloride butyl rubber coating to
16 gauge steel or aluminum.

The joints for the HDPE carrier are made of HDPE and
are connected with a heat fused weld. The joints for
the polybutyl cover are made by installing insulation
over the carrier, wrapping the insulation with the tape
and covering the tape with an epoxy. Joints for the
corrugated cover are made by using a two piece cover
that is placed around the joint and bolted together.

Along with the piping, the collection system is
composed of various special fittings and manholes.
Each of these devices has some specific function.

Cleanouts2? are installed at buildings and on dead
end lines in place of manholes. They allow access for
inspection and line cleaning.

Flush branch connections are found in older sewers.
They were used as access points to flush the line.

22 Cleanout - A point of access to a wastewater collection system for insertion of tools, rods or snakes to effect

pipeline cleaning.
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Tap A sewer tap is a means of connecting to an existing

sewer line. A hole saw is used to make a hole in the
sewer line. The saddle is a pliable device that is placed

over the hole and held in place by clamps making a
watertight joint.

Modern
Sewer Saddle

Older style

Sewer Saddle ©

(D

Courtesy - Romac Industries, Inc.

Calder Coupling Calder couplings are flexible couplings that use a

rubber like liner and two clamps to connect two pipes
together. They are commonly used in repair of broken
pipes or connecting two pipes of different sizes.

Inverted Siphon An inverted siphon is a section of sewer line that is

used to carry wastewater under a depression, such as
a stream, storm sewer or large water line.
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Fittings

Tee

Manholes
Types

.

Standard Manhole
Concentric cone

Drop Manholes

Function

Location

Fittings are rarely used on any sewer lines other than
service connections and building sewers. There are
five common fittings used. They are:

e Tee's

e Wye's

* 90° bend, also called a 1/4 bend

¢ 45° bend also called a 1/8 bend

e 22 1/2° bend also called a 1/16 bend.

ﬂ ([ A =

90° 45° 221/2°

There are three types of manholes used in Alaska: the
standard manhole, drop manholes and special Arctic
manbholes.

Standard Manhole Drop Manhole
Eccentric cone Concentric cone

Drop manholes allow the connection of a lateral that
is at a much higher elevation than the main. The drop
can be placed outside or inside the manhole. When
plugged the outside drops are more difficult to clean.

Manholes are installed in a collection system in order
to provide access for line maintenance and inspection.

Manbholes are located at each change in direction of
the sewer line, major changes in grade (slope of the
line) and at connections between laterals and branch
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Standard and Drop Manhole Components

Base

Flow Channel

Barrel Sections

Top Section

Lid Ring

Lid

Rings

Steps

sewers, branch and main sewers and main and trunk
sewers. Manholes are also located every 400 feet on
lines less than 15” in diameter and every 500 feet on
lines 18” and larger.

Standard and drop manholes are commonly made of
concrete. A concrete bottom or base is poured in the
bottom of an excavation.

Formed in the base is a “U” shaped channel called
the flow channel. The flow channel is also called the
invert. This channel improves the hydraulics
through the system and prevents the buildup of
solids in the manhole.

Placed on top of the base are precast concrete barrel
(also called risers) sections. These sections are
commonly three feet tall. The joints between each
section are sealed with grout to prevent groundwater
from entering the manhole.

Placed on top of the barrels is a top section also called
a cone. This top section is made of concrete and is
either an eccentric23 or concentric24 cone. In order
to prevent groundwater from entering the manhole,
the top section is grouted to the riser section.

At the top of the manhole is a lid ring made of cast
iron. This ring is used to hold the manhole cover. The
ring is grouted to the cone with a flexible material
called mastic.

Standard manhole lids or covers are made of cast iron
and are either 22 or 24 inches in diameter. Lids may
or may not have vent holes.

When the level of a street is raised, it is necessary to
raise the manhole cover. This is accomplished by
removing the lid ring and installing a concrete riser
ring and then reinstalling the lid ring. These riser
rings are manufactured in 2”, 3” and 4” heights.

Many manholes are installed with steps built into the
sides of the cone and riser sections. These steps may
be made of steel, galvanized steel or stainless steel.
While these steps provide easy access into the
manhole, they are also a safety hazard. The presence
of hydrogen sulfide in the sewer can rapidly
deteriorate the steps. They most often rust close to the
concrete and thus the damage is not easily seen until
it is too late. With older collection systems, it is a
common practice to remove these steps and use a
portable ladder for safe easy entry.

23 Eccentric Manhole Cone - A cone that tapers non-uniformly from the barrel to the manhole ring. One side is

usually vertical.

24 concentric Manhole Cone - A cone that tapers uniformly from the barrel to the manhole cover ring.
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Bench In order to have a location to install flow measuring
equipment, a concrete bench is often installed in large
manholes.(The bench is not shown on any of the
drawings in this text.)

Inserts In areas such as southeast Alaska that receive high
quantities of rain a plastic device called an insert can
be placed in the manhole lid ring. This device reduces
the amount of water that flows into the manhole
through the lid while allowing gases to escape through
valves in the sides or bottom of the insert.

CONCENTRIC
TOP SECTION
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Arctic Manhole Components
Why?

Base

Riser - Exterior

Riser - Interior

Precast concrete manholes that were described above
are very expensive to ship to remote locations because
of their weight. Built on-site manholes using
corrugated steel culvert have proven adequate and
less expensive.

The base of the manhole is poured concrete with a
flow channel as described above. The concrete may be
placed on piling or on a bed of gravel covered by
insulation. The insulation reduces heat loss down
through the concrete. Arctic pipe is cast into the base
and forms the inlet and outlet of the flow channel.

The riser section is made of corrugated steel 3.5 to 4
feet in diameter. The length can be cut on the job site.
The exterior of the manhole is covered with three
inches of Styrofoam or urethane insulation and triple
wrapped with polyethylene. The polyethylene wrap
reduces damage as a result of frost heaving.

A galvanized steel angle iron ring is bolted near the
bottom of the riser to hold the frost lid. A frost lid
made of 3/4” plywood covered with 2 inches of
insulation is placed on this ring. This lid helps hold
the heat in the water and reduces freezing.

MANHOLE COVER I
S

4 3 WRAPS OF 6 mil. POLYETHYLENE FILM I

CORRUGATED METAL PIPE I

} SEWER PIPE

---------------------------- | SEWERPIPE

v,: o o 22 o0 so

o * 09 ° e,

O 2% 0] CONCRETE f%esiiiss o oS00y
6 %e%0 %o% o'ged 0 %0002 200 05 0 9009
o' e o e®% 0 ¥ o % 0% 0%0 ° @

Top - Traffic Conditions

Lid - Traffic

Top & Lid- Nontraffic

When the manhole is placed in a street, the top is
made of precast concrete with the manhole lid ring
cast in place. The top is then placed at least six inches
under the street level.

In traffic conditions, the manhole lid is a standard 22
inch or 24 inch cast iron lid.

In nontraffic conditions, the top and lid may be one or
two pieces made of galvanized sheet metal with two to
three inches of insulation placed on the inside.
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Utilidors

Functions

Materials

Wood Utilidors

Above Ground Plywood Utilidor

Arctic Pipe Utilidors

Heating Utilidors

Utilidors are used in some Arctic locations to house
and protect water distribution and sewer collection
systems. The utilidor also provides access for
maintenance to piping, valves and fire hydrants.

There are three types of utilidors: those made with
concrete, those made with wood and those made with
Arctic pipe. The concrete utilidors are usually installed
underground, such as in Fairbanks. Concrete
utilidors are not very common because of their cost.
They usually serve a large variety of utilities such as
water, sewer, electricity, phone, TV cable and
commercial heat.

Wood utilidors are more popular than concrete but
still not very common. The cost of construction is their
major disadvantage. There are two types of wooden
utilidors; those constructed of plywood and insulated
on the inside with high density polyurethane or
polystyrene and those made of laminated planks and
insulated on the outside (such as in Barrow). Wood
utilidors can be installed above or below ground. One
of the major problems with below ground utilidors is
flooding from a water or sewer line failure or leakage
from the outside during spring and summer months.

112 Gauge steel top |
Y

] ]

16 Gauge steel

4 inch Polyurethane I

HDPE Vacuum sewer
@@ |
A \

| HDPE Water | ™~ Copper heat trace pipe |

I

A

‘ Wood beam and supports as required I

One of the most common utilidor systems is that
made with Arctic pipe. Standard Arctic pipe made with
PVC or HDPE carrier, and 16 gauge corrugated steel
coating is used. The sewer line is laid inside of the
carrier. The carrier may also contain, water lines and
heating lines or heat trace tape. Arctic pipe utilidors
may be installed above or below ground.

Utilidors are commonly heated with a hot water or a
heated propylene glycol loop from a low pressure
boiler and heat exchanger, from a forced air heating
system, or from self regulating heat trace tapes.
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Service Connections Service connections from the utilidor to the customer
are made using Arctic pipe containing all of the
services. The Arctic pipe is sealed to the utilidor.

Lift Stations

Introduction In this portion of the lesson we provide only a brief
overview of lift stations. A discussion of the various types
and their components is found later in this lesson.

Function A lift station contains a tank, pumps and electrical

controls. The pump is used to move wastewater from
its present location to a higher elevation so that
gravity can be used to move it further along its way.

VVVV

X2

R s

RRRR ==
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N

Why Installed? Lift stations are installed when:

e The topography of the land does not allow gravity
flow from the individual connections to the
treatment plant.

e In order to maintain a gravity flow to the plant, the
line must be buried excessively deep.

Flow Description With a lift station, wastewater flows into a tank where
it is pumped out. The wastewater exits the lift station
through the force main where it is pumped to a
manhole. From the manhole it flows by gravity to the
treatment facility or to another lift station.
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Pressure System
Types

Individual Home Pumping

Basic Components

Controls

Piping

Pumping Process

Air Relief Valves

ﬁ BUILDING GRAVITY
% SEWAGE PIPING

PUMP-GRINDER

There are several types of pressure systems. Our
discussion here will include two types:

e Individual home pumping systems and

e Central pumping systems

The individual home pumping system starts with a
tank and pump at each home. The pump is a grinder
type that shreds any solid material before it enters
the pump.

The system is equipped with some type of control
system, usually a float switch, that turns the pump on
and off and sends an alarm should the water level in
the tank exceed a predetermined safety level.

A check valve?29 is installed on the inlet to the tank to
prevent wastewater from backing up into the house. A
check valve is installed on the discharge of the pump
to prevent sewage from the collection system from
flowing into the tank.

The individual house pump, pumps the wastewater
into a pressure main which flows to the treatment
plant or to a secondary lift station. With this type of
system nearly all of the collection system piping is
under pressure.

To prevent an accumulation of air in the lines, which
can stop flow, special air relief valves are installed at
high points in the pressure line.

PRESSURE SEWER

| AIR RELIEF VALVE @
/—/ "
-7

« OVERFLOW LEVEL SENSOR |
ON-OFF SENSOR|

25 Check Valve - A special valve with a disc, flap or ball designed in a way so that it opens in the direction of normal
flow and is forced shut when flows attempt to go in the reverse or opposite direction of normal flows.
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Advantages

Disadvantages

Central Pumping

Vacuum System
When Used?

Basic Components

Vacuum Pump System

Discharge Pump

Lines

A pressure system offers the following advantages:

e The main lines are smaller (2 inch is normal) thus
reducing capital construction cost.

e Overall construction costs are less than gravity and
vacuum systems.

e The major O & M costs are shifted from the
community to the homeowner.

e The water use can be reduced if low water use toilets
are used. Because the homeowner is paying all
pumping costs, it is fairly easy to convince them to
reduce water consumption.

The pressure system provides the following
disadvantages.

* The electrical cost for pumping is passed on to the
customer increasing their overall electrical bill.

* The repair and maintenance of the pumping system
is the responsibility of the homeowner. The
homeowner may choose not to provide the proper
maintenance thereby creating a health hazard.

e When an in-ground tank is used, it is subject to
damage by frost heaving.

With this system, wastewater flows from the individual
homes to a small lift station by gravity. One lift station
only handles a few homes. Wastewater is pumped
from the lift stations directly to the treatment plant.

Vacuum systems are used when soil conditions or
topography do not allow the use of gravity systems.
Two communities using vacuum systems in Alaska
are Noorvik and Emmonak.

The heart of the vacuum system is a vacuum pump
and vacuum storage tank. These are located at or near
the treatment facility. The tank is used to hold solids
and maintain the vacuum. A second tank may be
installed to provide extra vacuum storage capacity.

The wastewater is pumped from the storage tank to
the treatment facility by a special end-suction
centrifugal pump. This pump must be designed to
operate with a high vacuum on its suction side.

Each individual home is connected directly to the
system by small lines, usually 2.5". These individual
lines connect into larger branch and main lines. A ball
valve is placed every 200 feet in the branch, main and
trunk lines to allow for maintenance.
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VACUUM LINE

t Vacuum sewer system
SEWAGE IN
Fixtures Special vacuum toilets are required by this system.

While other fixtures can be standard, they must be
equipped with a special graywater valve.

How the Toilet Works

Control Valve The flow of water out of the vacuum toilet is controlled
by a small pinch valve. When the toilet is flushed, the
valve is opened by vacuum. This allows the
wastewater to flow into the system. While this is
happening, 1 to 2 quarts of water flow into the toilet
as a rinse. The water continues to flow after the valve
is closed in order to maintain a small amount in the
toilet to provide a seal, preventing sewer gases from
entering the house.

| FLUSHING MECHANISM |

~4

VACUUM MAIN I

DISCHARGE VALVE |
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How the Graywater Valve Works

Components

Upstream Pressure

Graywater Valve

The graywater valve is much more complicated than
the toilet valve. This valve is composed of a vacuum

operated piston, a three-way valve, check valve and

pneumatic timer.

When a fixture is used, water flows up against the
back of the valve and begins to fill the drain line below
the fixture. As this water level rises it is sensed by a
pneumatic timer valve. When adequate pressure is
reached, the pneumatic timer trips sending a signal to
the pneumatic piston that moves the three-way valve.

v

B

e

3-WAY VALVE K
|

U \\
\ PNEUMATIC

PISTON

PNEUMATIC
TIMER

Vacuum Collection
<=

System

<= ( Flow from fixture

Apply Vacuum

Timer

When the three-way valve rotates, it allows vacuum
to be piped from the downstream side of the
graywater valve, through the three-way valve to the
top of the graywater valve. This causes the graywater
valve to lift its piston allowing water to flow into the
vacuum source.

The pneumatic timer holds the graywater valve
open for a set period of time then it is closed. If
upon closing adequate pressure is still available on
the upstream side of the graywater valve, the
process is repeated.
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Advantages & Disadvantages
Advantages

Disadvantages

Storm Sewers

Function
Components

Components - Rural Communities

Rural Storm Water System

The basic advantage to this system is the low water
use. Noorvik uses approximately 17 gpcpd. The
normal water consumption is 142 gpcpd in the U.S.

The cost of maintenance of this system increases as it
ages. The basic toilet and graywater valves were
originally designed for occasional use on boats and
trains. The frequent use that they receive in a home
causes them to deteriorate more rapidly than normal.
Because maintenance of the valve is costly and the
responsibility of the individual homeowner, it is often
neglected. This causes high vacuum leaks which
increase electrical cost and reduce the effectiveness of
the system.

Storm sewers are constructed in communities to
prevent localized flooding and damage to roadways.

A storm sewer system may consist of ditches, culverts,
catch basins, manholes and piping.

In rural areas, the storm sewer mainly consists of
ditches and culverts under roadways. The main task
of the operator is to prevent plugging of the culverts
and keep the ditches clean.

\
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Components - Urban

Urban Storm Water System

In small and large communities with paved roads the
storm sewer system will include catch basins and
curb inlets as well as piping. The difference between a
catch basin and a curb inlet is the space in the catch
basin to collect gravel and grit. These catch basins
and curb inlets need to be cleaned once each year.

L —

Curb Inlet

L—

Catch Basin
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Lift Stations
Types

GROUND LEVEL

While there are a number of different styles of lift
stations they all can be divided into two types; wet
well26 and dry well stations27. The primary
difference between the two is the number of tanks.
The wet well station has one tank and the dry well
station has two tanks. Besides identifying a lift station
as wet well or dry well, we often describe it in terms of
suction conditions and/or pump type. The following
provides a description of various types of lift stations
in these various categories.

GROUND LEVEL

Wet Well Lift Station

Suction Conditions
Suction Lift

Q)

The most common
lift station is the
suction lift28
station. A suction
lift condition exists
anytime the eye of
the pump impeller
is above the water it MABASABASABASSABA NSNS
is pumping from.
This condition
occurs in the wet
well lift station
shown above.

26 Wwet Well Lift Station - A lift station in which there is a single tank. Pumps can be installed in a wet well lift station in

either a suction lift or suction head condition.

27 Dry Well Lift Station - A lift station composed of two tanks. One tank contains the wastewater and the second tank
contains the pumps. Dry well lift stations are used so that the pumps may be dry and in a suction head condition.
28 suction Lift - A pumping condition where the eye of the impeller of the pump is above the surface of the water from

which the pump is pumping.
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Suction Head - Submersible

Suction Head - Dry Well

Components
Tanks

Screens

Piping System
Piping

Valves

A suction head?9
condition occurs
anytime the eye of
the impeller is below
the level of the water
it is pumping from.
This condition
occurs when a
submersible pump
is used in a wet well
lift station and in
dry well lift stations. This suction condition is also
called flooded suction.

The primary reason for building dry well stations is so
the pumps can be installed in a suction head condition.
This assures that the pump will maintain prime.

The tank that holds the wastewater is called the wet
well. If the lift station is a dry well station, the tank
that holds the wastewater is called the wet well and
the tank that holds the pumps is called the dry well.
These tanks are commonly made of concrete. With
package lift stations30 the dry well is commonly
made of steel.

While not always present, screens and screen boxes
are sometimes installed on the inlet of the station.
These screens are used to collect large solid material
that may flow into the station. By collecting this
material the pumps are protected from damage.
However, the screen boxes can become stuck in
position if not cleaned regularly (weekly). In addition,
the material that is collected from the screen must be
properly disposed of in a landfill or incinerator.

In most cases, all of the piping in a lift station is
standard schedule 40 steel. To provide the best
hydraulic conditions, a suction bell should be
installed on the inlet of the suction piping. Piping in a
lift station is commonly connected with flanged,
screwed or welded fittings.

The three common isolation valves used in a lift station
are the gate valve, knife gate and the plug valve30,

29 Suction Head - A pumping condition where the eye of the impeller of the pump is below the surface of the water

from which the pump is pumping.

30 Package Lift Station - A lift station built by a supplier and delivered as a single item to the site. Installation requires
digging a hole and connecting the piping and wiring.

31 Plug Valve - A valve consisting of a body and tapered movable closure which is held in place by force from the
bonnet. The closure contains an oblong opening that when open provides full flow with little or no restriction.

Opening or closing the valve requires 1/4 turn.

-91 -



Introduction to Small Wastewater Systems

Gate Valves

Major Components The lower portion of the gate valve, called the body,
houses the connections and the seat that the movable
closure comes against. The closure is moved up and
down by an operating stem. The closure, when in an
open position is stored in the bonnet of the valve. The
bonnet also holds the stuffing box. The stuffing box
contains the packing or “O” ring which controls the
leakage around the stem.

OPERATOR

PACKING

BONNET GLAND

MOVABLE
CLOSURE

Gate Valve - 2" Operating nut

Movable Closure Types The common movable closures are single disc, double
disc and resilient seat.

Valve Operator The device used to turn the stem is called a valve
operator. Common operators are two-inch square nuts
and hand wheels.

Knife Gate

Major Components The lower portion of the gate valve, called the body,
houses the connection and the seat
that the movable closure comes up
against. The closure is moved up and
down by raising and lowering the
operating stem. The closure, when
open is stored in the bonnet and
outside of the valve. A rubber like seal
is placed next to the closure to
prevent leakage. The closure is moved
by rotating a handle on top of the
yoke. This style of gate valve is called
an OS&Y (outside stem & yoke) valve.

Closure The closure is a single sheet of metal,
usually stainless steel. When closed,
the valve is not completely watertight.
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Plug Valve

Components

Operation

Seals

Swing Check

Components & Operation

The plug valve used in lift stations utilizes a cast iron
body and cast iron closure.

The movable closure of the plug valve has a
rectangular hole through which water will pass. A 1/4
turn moves the valve from open to closed.

Older plug valves control leakage between the movable
closure and the valve body by the close tolerance
between the two components. These close tolerances
make it difficult to open and close the valve. Frequent
lubrication is required to prevent the valve from
freezing in one position. Newer valves use Teflon™ or
O-ring seals. These valves are much easier to operate.

-

To prevent the sewage from flowing back from the
force main into the lift station a check valve is placed
on the discharge side of the pump. The most common
check valve used is the swing check. The swing check
has a simple design with a cast iron body and bonnet,
a brass seat ring and a movable disc. Flow forces the
valve open and when the flow is reversed, the flow
closes the valve. Swing checks are prone to plugging
by rags and are a constant source of maintenance.

BODY |

BODY
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Ball Check

Components & Operation

Another type of check valve used in sewage lift
stations is the ball check. The ball check has a simple
design with a cast iron body and bonnet, a guide and
a movable resilient ball. Flow pushes the ball up out
of the flow path and thus opens the valve. When the
flow is reversed, the ball drops down into the valve
body and is forced against a seat that is machined
into the body, thus preventing a reversal of flow.

ami| ami|

Ball Check - Open

Pump Types

Details in Pump Lesson

Most Common

Close Coupled

Ball Check - Closed

The details of the various types of pumps used in
wastewater lift stations can be found in the lesson on
pumping systems. A preview of the basic pump types
is provided below.

Close coupled and frame mounted end-suction
centrifugal pumps are the most common pumps used
in lift stations. In their most popular form they are
usually found in dry well lift stations.

One of the
common package a0
lift stations
(Smith and DISCHARGE
Loveless) uses a
vertically
mounted close

coupled end-
suction
centrifugal D
purnp. Prime 1§ MOTOR J conroL
provided to this | PANEL
style of pump by

FRESH AR -

BLOWER “ GATE VALVE |

.
CHECK VALVE
SUCTION PUMP

ﬁ °_— DEHUMIDIFIER

SUMP PUMP
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Frame Mounted - Drive Line

Vertical Shaft

an electric vacuum pump. This type of lift station
places the pump and motor within easy reach of the
operator. However, the vacuum pump used for prime
and the suction lift conditions require considerable
maintenance.

One special style of the frame mounted pump is one
where the motor is placed one or more floors above the
pump and connected to the pump with a drive line. If
the station floods, the motor and electrical control
panel is protected.

| I
GROUND LEVEL N -
I q
~
N
il
[BEARING
[Li N
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CHECK VALVE
~
I GATE VALVE
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]
Another special /
type of frame H e —

mounted pump is
the vertical shaft
pump. This pump
has a long shaft
in the frame (4 to
10 feet) that -
allows the motor
to be mounted
above the wet
well. This 5
provides easy
access as well as ™
prevents the ALINAAS
motor from A
flooding. Several TUBE %)
of these pumps
are installed in PUMP
the lift stations of
the ARCO facility at Prudhoe.

GATE VALVE
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Self Priming

Submersible

\

Number of Pumps

Level Controls

Introduction

Function

Pumping Frequency

SUBMERSIBLE
PUMP

One of the most common end-suction centrifugal
pumps used in a suction lift condition is the self
priming pump. While causing considerable
maintenance problems, the pump and motor are
placed in an easy access position. An example of this
type of station is the wet well station shown at the
start of this lesson.

A style of lift station that is gaining popularity is the wet
well station with a submersible, close coupled, end-
suction centrifugal pump. This type of station usually
gives the least number of maintenance problems.
However, removal of the pump and motor requires a
chain hoist or similar device. Entrance into the wet well
for repairs is not necessary. The pump is maintained in
proper position by sliding up and down guide rails.

GATE
VALVE

XXX

Most lift stations have at least two pumps. One is in a
lead position and one in a lag position. When the
water level rises in the wet well the first pump (lead)
comes on. If the level continues to rise as a result of
high flow or a failure of the first pump the second (lag)
pump comes on.

The details of the electrical controls are found in the
lesson on pumping systems. There are four common
control systems used in lift stations. They are the float
system, bubbler tube, pressure transducer and the
electrode system.

The control system is used to turn the lead and lag
pumps on as well as send an alarm should the station
overfill with water. This overfill condition is called a
high water alarm.

The water level between the off and lead pump level
controls, along with system flow, determines the
frequency that the station operates. The station must
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Floats
Bubbler
O
Bubbler
System
v
)

pump frequently enough to prevent the raw sewage
from going septic in the wet well. In most cases this is
at least 2 to 3 times in a 24-hour period.

The most common float system is composed of four
floats. One float each for the lead pump, lag pump,
pump off and high water alarm. Each float contains a
glass vial of mercury with a pair of electrodes. When the
float is laid sideways due to the rising liquid level, the
mercury runs across the electrodes making an electrical
connection and sending a signal to the controls.

MERCURY SWITCH

ALARM O
LEAD O

PVC CASING

JJ

The bubbler system works similar to the float system.
In this system there is a small air compressor and
four pressure-sensitive switches each with a vial of
mercury similar to the float switches. Air is pumped
through a header and a plastic or metal tube in the
wet well. As the water level in the wet well rises, the
pressure in the header is increased. The pressure
switches are set to turn the pumps on, off and send a
high water alarm based on water level in the wet well
and the resulting pressure in the header. (The
relationship between water level and pressure is

GROUND LEVEL
OFF LEAD LAG ALARM

Sump Pump
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Pressure Transducer

Pressure Transducer

System
Electrodes
Electrode
System

discussed in the math sections and in the hydraulics
section of the pumping system lesson.)

A pressure transducer is a device that will provide a
varying electrical output based on pressure. This
device is placed in a water tight housing. A flexible
diaphragm is fastened to the bottom of the housing.
The transducer is secured to the flexible diaphragm.
As the water level in the wet well rises the signal from
the transducer changes. This signal is sent to an
electrical control panel and used to turn pumps on
and off. The major advantage to this type of control
system is that the electrical components are kept dry
and the level used to turn pumps on and off can be
varied easily from the control panel.

Pressure
Transducer

—

[ Flexible
diaphragm

|

With the electrode system there are five electrodes: a
reference, pumps off, lead pump on, lag pump on and

GROUND LEVEL

REFERENCE]
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H-O-A Switch

Hour Meter

Status Lights

Amperage & Voltage

Auxiliary Equipment

Introduction

Air Blower

Ladder

Dehumidifier

Heater

high water alarm electrode. As the water level rises, an
electrical connection is made between the reference
electrode and each of the level electrodes.

Most control panels have one H-O-A (Hand, Off, Auto)
switch for each pump. Placing this switch in the hand
position allows you to run the pumps any time. When
placed in the auto position the pumps are controlled
by the wet well level.

An hour meter is installed on most control panels and
provides information on the number of hours the
pump has operated. This information can be used in a
maintenance management system to determine when
it is time to perform specific maintenance.

It is common to provide on-off and alarm lights on the
control panel. These are used by the operator to
determine pump status.

In recent years it has been a common practice to
install analog or digital amperage and voltage meters
in the control panel. This allows the operator to make
these readings without opening the control panel.
Thus reducing a major safety hazard. These readings
are used to help evaluate the operating condition of
the pumps and motors.

Auxiliary equipment are the items that help the
operator in the performance of normal operation and
maintenance tasks but do not directly impact the
pump performance.

With dry well stations, a mechanical blower is
installed and wired so that it comes on each time
the hatch is opened. This is a safety feature, it
draws fresh air into the dry well, which is a
confined space32.

Dry well stations require a ladder so that the operator
can check station operation and provide maintenance
to the pumps and motors.

Dry well stations are commonly equipped with
dehumidifiers. These reduce the moisture content in
the dry well and thus reduce corrosion of the
equipment, including the electrical controls.

Most control panels are equipped with a strip heater.
This is used to reduce the moisture content in the panel
and prevent deterioration of the electrical controls.

32 confined Space - A space that is large enough and so configured that an employee can bodily enter and perform
assigned work, has limited or restricted means for entry and exit, and is NOT designed for continuous employee

occupancy.
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Sump Pump

Vacuum Pumps

Rails & Come-a-long

A sump pump is another common feature of a dry well
lift station. This pump is used to remove water from
condensation, small leaks and the seal water33 used
to flush and lubricate the pump packing or
mechanical seals.

Some suction lift wet well stations are equipped with
an electric vacuum primer to prime the pump. The
system is composed of the vacuum pump, a flexible
hose that is connected to a glass or plastic dome and
an electrode. The dome and electrode are connected
to the volute case. When there is a demand for the
pump to come on, the vacuum pump will start. As a
vacuum is developed, water will be pushed up the
suction pipe by atmospheric pressure. When the
volute case is filled, the electrode will make contact
with the water, turning on the pump and shutting off
the vacuum pump.

With wet well lift stations using submersible pumps, a
way must be made to remove and install the pumps
without entering the wet well. (This is a permit
required confined space). To facilitate this process,
rails made of galvanized pipe and a come-a-long are
installed. The rails are used to guide the pump into
proper position.

Come-a-long

33 geal Water - Water applied to the stuffing box in order to lubricate and flush the packing.
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Operation and Maintenance

Introduction
Routine Activities

Safety

Typical Problems
I&I

Inflow Defined

Manhole Lid Vents

Infiltration Defined

In order to assure the proper operation of a collection
system and pervent the plugging of lines the system
must be routinely inspected and cleaned. This process
includes inspecting and cleaning lift stations,
manholes and lines.

Manholes and lift station dry wells and wet wells are
confined spaces. Special entry procedures must be
followed when entering a confined space. A discussion of
the proper procedure is found in the lesson on Safety.

The major and most common collection system
problem is inflow34 and infiltration32 (1 & I). 1 &I
results in increased flow through the lines, increasing
pumping cost and reduces the effectiveness of
treatment. If the I & I is greater than the flow capacity
of the lines, water may back up in the lines and exit
through manhole vents, flood basements or flood lift
stations. When raw wastewater exits onto the ground,
it represents a health hazard. When flow backs up in
a line, the line is said to be surcharged36.

Inflow is defined as surface water entering the
collection system. This can occur from roof drains or
floor drains connected to the collection system. These
connections are considered to be illegal connections.
Surface water can also enter the collection system
through the vent holes in manhole lids.

Water can be prevented from entering manhole vents
by plugging the vents, using manhole covers with no
vents or installing a manhole cover seal that prevents
water from entering the manhole. Sealing the vents or
using manholes with no vents or special manhole
covers with vents prevents the escape of gases. This
increases the atmospheric hazard in the collection
system and increases the possibility of an explosion in
the collection system.

Infiltration is the result of groundwater entering the
collection system through broken pipes, bad joints or
failed seals on manhole risers or rings.

34 Inflow - The water discharged into a sewer system and service connections from such sources as, but not limited
to, roof drains, cellar drains, yard and area drains, foundation drains, cooling water discharges, drains from
springs, and swamps, and around manhole covers or through holes in the covers, cross-connections from storm
and combined sewer systems, catch basins, storm waters, surface runoff, street wash waters or drainage.

35 Infiltration - (In-fil-TRAY-shun) - The water entering a sewer system, including service connections, from the
ground, through such means as, but not limited to, defective pipes, pipe joints, connections or manhole walls.

36 Surcharge - Sewers are surcharged when the surface of the wastewater in manholes is above the top of the
sewer pipe. The sewer is then placed under pressure rather than being at atmospheric pressure. This condition
contributes to exfiltration and the backup of sewage into individual homes.
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Exfiltration

Deposits

Hydrogen Sulfide and Pipe

Stages of corrosion from
hydrogen sulfide

Roots

Service Connections

The movement of water from a collection system pipe
or manhole into the ground is called exfiltration37.
The major concern with exfiltration is the potential to
contaminate the groundwater or surface water supply.

When the flow in a line is below two foot per second (2
fps) solids can be deposited on the bottom of the pipe.
These solids include organic material that becomes
food for the microorganisms that are in the
wastewater. The result is a drop in DO and the
material in the bottom of the pipe becomes septic. This
represents two problems. One is septic material is
more difficult for the treatment plant to treat then
aerobic material. The second problem is the production
of hydrogen sulfide.

Hydrogen sulfide gas (H9S) causes two problems. One
is the creation of unfavorable atmospheric conditions
in the collection system. A level of hydrogen sulfide
above 10 ppm is considered toxic. The second problem
with hydrogen sulfide is corrosion. Hydrogen sulfide
combines with water to form sulfuric acid. This acid
deteriorates concrete, AC and cast iron pipe as well as
manhole steps, pumps and pump station piping.

In areas with long growing seasons the roots of trees
and other plants enter the pipe at bad joints and
through cracks in the pipe. Once the roots find a
water source, they begin to multiply and grow. This
growth can become so great that it plugs the line.

Improperly installed service connections fall into two
categories. Those that damage the pipe or are not
watertight and those where the service line protrudes
into the branch sewer line. This latter problem is
called a protruding service. Cracks or poor seals allow
infiltration and exfiltration. The protruding tap
contributes to the plugging of the line and makes

37 Exfiltration - (EX-fill-TRAY-shun) - Liquid waste and liquid carried waste which unintentionally leaks out of a

sewer pipe system and into the environment.
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Grease

Safety considerations

Introduction

Atmosphere

Engulfment

Falls

Disease

using a TV camera for inspection difficult or in some
cases impossible.

Grease enters the collection system from restaurants
and homes. When proper grease traps are installed
in restaurants, grease is not a serious problem.
When there are no grease traps or they are not
maintained, excessive amounts of grease enter the
collection system. Grease can reduce the flow
velocity in the line causing the wastewater to go
septic. The grease can also be a major contributor to
blockages. Excessive grease in the wet well of a lift
station can foul the level control system preventing
the pumps from operating properly.

There are four common problems associated with
entry into manholes and lift stations. They are:

e Atmosphere
e Engulfment
e Falls

e Disease

There are four common atmospheric problems in
manholes and lift stations; oxygen, hydrogen sulfide,
methane and other explosive gases.

e Normal oxygen level in the atmosphere is
approximately 21%. When the oxygen level is below
19.5% it is considered a hazardous atmosphere.
When the oxygen level is above 23% the atmosphere
is said to be enriched and is also not safe for entry.

e When the hydrogen sulfide level is above 10 ppm the
space should not be entered.

e When the hydrogen sulfide level is above 0.5% an
explosive condition exists and the space should not
be entered.

e The presence of other explosive vapors such as
gasoline represent an explosive condition.

When entering into a manhole downstream of a lift
station, the operator could become engulfed with
water if the lift station is discharging.

Most manholes are shallow. However, when a manhole
or lift station is deeper than 5 feet, a ladder or other
fall protection equipment should be used.

When working in wastewater, the operator is exposed
to bloodborne pathogens, the most dangerous of
which is hepatitis. To prevent contracting hepatitis,
the operator should practice good personal hygiene.
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Arctic Considerations

Introduction

Remoteness

Transportation

Climate

Ground Conditions

Inspection of Manholes

Nine Conditions
Joints

Cracks

Flow Conditions
Roots

Flow Channel

The Arctic and subarctic offer special considerations
for the operation and maintenance of collection
systems. These conditions are explained in the
Introduction of this text. Below is a brief review of the
points that impact O & M the most.

The remoteness of most of the rural villages and
communities makes it difficult to obtain O & M
information, share information with other operators or
obtain help from the various agencies. This
remoteness means that the operator usually has to
determine how to do things on his/her own.

The cost of transportation and the delay between
vendors and the community makes it difficult to
obtain needed repair parts and materials and
drastically increases the cost of acquiring materials.
The transportation costs also are a deterrent to
obtaining training and observing how others do the
same task.

The long cold winters make normal construction
nearly impossible. The climate limits the months that
routine maintenance can be done to the busiest time
of the year. This places an extra burden on the
operator to make all needed repairs in a very short
period of time. If parts are not available, this condition
coupled with the transportation problems may make
routine maintenance nearly impossible.

Arctic conditions cause the development of permafrost
and frost heave. Permafrost can cause the freezing of
the lines. Frost heave can damage pipe, pipe joints,
manholes and lift stations.

Manholes should be inspected at least once every
three years. Under normal conditions there are nine
conditions that should be checked.

The joints between the base and risers, between each
riser, between the riser and the cone and between the
cone and the lid ring should be checked for leakage.

Inspect for cracks in the barrel (risers).

Observe the flow conditions, depth and appearance. High
levels of clear water are an indication of I & I problems.
Black color is an indication of septic conditions.

Roots entering through the cracks will, as they
grow, increase the size of the cracks and thus
increase infiltration.

The flow channel should be smooth and clean. A
buildup of material in the flow channel will contribute
to plugging and create septic conditions. A rough flow
channel can cause sewage to be thrown up onto the
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Steps

Lid and Lid Ring

Appearance

Listen

Inspection of Lines

Reasons

Types of Inspection

Lamping

In the following
drawings, safety
equipment and traffic
control requirements
have been removed in
order to provide a clear
view of the basic
equipment and
procedure.

slope of the manhole base during high flows. This
sewage can then become septic and contribute to
deterioration of the manhole.

The steps should be inspected for corrosion. Corrosion
is most likely to occur next to the wall of the barrel of
the manhole.

Inspect the lid for proper fit and the lid ring for cracks.
Improper fitting lids can fly off when run over by a
vehicle. Cracks in the lid ring can cause the lid to not
fit properly and allow surface water to enter the
collection system.

Look for grease, gravel and other debris38 in the flow
channel and on the slope of the base. This can
contribute to a slowing of the flow. Thus, causing
septic conditions. Gravel in the flow channel of the
manhole is an indication of a broken pipe.

Listen to the flow. One of the common line breakages
occurs just outside of the manhole. A broken pipe can
usually be identified by the sound of cascading water.

Lines are inspected to determine their condition in
order to prevent or control I & I problems, septic
conditions, exfiltration and blockages.

There are five common methods used to evaluate the
conditions of the collection system lines. They are:

e Lamping

e Dye test

e Smoke testing

e Closed circuit TV

e Flow test

Lamping is an older method used to identify

blockages, major damage and the straightness of large
lines. The process requires three people, two entrants

WORKER WITH
STRONG LIGHT

38 pebris - (de-BREE) - Any material in wastewater found floating, suspended or moving along the bottom of a sewer.
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Dye Testing

Smoke Testing

Most Common

and an attendant. One worker enters a manhole and
shines a high-powered light through a section of line.
A second entrant enters another manhole and using a
mirror observes the condition of the line.

Dye testing can be used to verify a service connection,
locate roof drain connections, find connections to
storm drains and find illegal floor connections. A
highly visible non-toxic dye is mixed with water and
flushed down the toilet or poured down the suspected
connection. The operator observes the downstream
manhole for the appearance of the dye. In some cases
this process can be used to identify exfiltration.

One of the most common collection system testing
tools is the smoke test. Smoke testing is used to
identify:

e Breaks in the line

e Prove that a building is connected to the system
¢ Locate surface water inflow sources

e Find lost manholes

e Identify illegal connections

¢ Find connections to the storm sewer

e Identify crushed lines next to manholes or building
foundations.
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Process

Observations - Good News

Observations - Bad News

Closed Circuit Television

Function

Contracted Out

Basic Process

The test is conducted by first isolating a section of line
that includes three manholes. Sawdust bags or traffic
cones are used to block the upstream and
downstream manholes. A squirrel cage blower
operated by a gas engine is used to blow non-toxic
smoke into the center manhole and at the same time
increase the pressure in the line. The escaping of
smoke can be observed by the operator.

What is expected is:

* Smoke exiting out of the vents of those facilities that
are connected to the system.

* Smoke exiting out of the vents in manhole lids.
What is not expected is:

* Smoke exiting out of the street or ground. This is an
indication of a broken line, an uncapped service
connection or a buried manhole.

e Smoke exiting out of floor drains or roof drains. This
shows an illegal connection.

While closed circuit TV (CCTV3Y) is the most
expensive method of inspecting a sewer line, it is the
most effective. This method can be used to:

e Verify service connection locations
e Identify & document infiltration and exfiltration
e Identify bad or damaged pipe joints

e Evaluate the condition of the pipe and identify
deteriorated pipe

e Determine if there are low points (bellies) in the pipe
where solids may be deposited and turn septic

e Identify and document circumventional40 and
longitudinal?! breaks

Because the CCTV equipment is expensive and
evaluation of the data complicated, most small
utilities rely on specialty contractors to provide this
service.

CCTV is accomplished by pulling a high quality
camera through the line, with the flow of wastewater,
and recording the findings on video tape and on
paper. Using these findings, a report is produced on
the conditions of the system. Lines as small as two
inches in diameter can be inspected using CCTV.

39 CCTV - Closed Circuit Television - used to inspect the interior of pipelines.
40 circumventional - A break in a line that travels around the circumference of the pipe. The break does not have

to travel the complete circumference.

41 Longitudinal - Cracks or breaks that run the direction of the length of the pipe.
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Flow Testing
Purpose

Process

CCTV - Line Inspection

Flow testing is used to develop a historical record of

flows through key manholes in the system. This data
is used to determine the general location of I & I and
document changes in flow conditions.

There are at
least four
types of flow
measuring
devices used
in wastewater
collection
systems.

e Those that
measure the
level of
water
behind a
primary
measuring
device such
as a weir42
or flume43.

42 Weir - A vertical obstruction, such as a wall, or plate, placed in an open channel and calibrated in order that a
depth of flow over the weir (head) can easily be measured and converted into flow in cfs, gpm or MGD.
Flume - An open conduit of wood, masonry, metal, or plastic with a defined constriction that allows the measurement
of head. The height of the head can be directly converted to flow based on the shape and size of the flume.
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Depth Measurements

When to Measure
What is Done With the Information?

Mechanical Cleaning

Introduction

Power Rodders

* Those that measure the depth in the flow channel
and use that information to determine flow.

e Those that use a magnetic collar placed in the pipe
and determine velocity and depth electronically.

e Those that measure velocity. This reading is used in
conjunction with previous measurements to
determine flow.

The most popular devices are those that measure the
depth of water (head). This can be accomplished
physically by installing a staff gauge*4 in the flow
channel, using a sonic device that sends and receives
a signal similar to radar to an electronic recorder or
those that use some type of float mechanism
connected to a recorder. Most of these devices are
used in conjunction with some type of primary
measuring device such as a weir or flume.

Flow measurements should be taken during low flows
and high flow conditions. High flow conditions would
exist at break-up, during a heavy rain or at high tide.

The flow data once collected, can be used by the
design engineer to identify which portions of the system
need further study to determine the sources of I & I.

The methods used to clean collection system lines can
be divided into two groups; mechanical cleaning
devices and hydraulic cleaning devices. The first group
we will discuss are the four types of mechanical
cleaning devices:

e Power Rodders

e Hand Rodders

e Snakes

e Bucket Machines

Power rodders have been widely used in collection
system maintenance for several years. They are
efficient in the removal of:

o Stoppages45

* Roots

e Grease

e Heavy deposits in the bottom of the line

The power rodder consists of an internal combustion
engine, steel rod gear head for rotating the rod and a
spool mounted on the end of the rod. This rod may be
sectional or continuous. The rod is rotated and pushed
mechanically through one section of pipe at a time. A

44 staff Gauge - A vertical graduated scale placed on a wood or metal plate, used to determine the height of fluid

above a specified point.

45 Stoppage - Another name for a blockage. When a sewer system or sewer becomes plugged and the flow backs

up, it is said to have a stoppage.
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wide variety of special tools have been developed to
allow the rodder to perform specific tasks.

The rodder must be kept clean and inspected after
each use. If a rod is damaged it should be removed
from service. Breaking a rod during use is
extremely dangerous.

Hand Rodders A hand rodder uses the same type of rod and tools as
the power rodder. The rotation and pushing action is

provided by the operator. A special tool is used to turn
and push the rod.

Snake A snake is a poor mans rodder. Rather than a rod a
corrugated steel tube is used. This tube has a small
tool on the end. The snake is rotated and pushed by
hand or by a small gas powered engine. This tool is

fairly effective in removing stoppages in small lines (up
to six inches).

-110 -



Collection Systems

Bucket Machine

Description A bucket machine is an older method of cleaning
heavy material such as sand from a collection system
line. There are two common tools used with this
system, the porcupine and the bucket.

Process A bucket machine is composed of two mechanical
units that pull a bucket or porcupine back and forth
through a line. The biggest problem is connecting a
cable between two manholes when there is a lot of
material in the line. Once the cable is installed it is
connected between two machines, one located at
each manhole.

e When the problem is grease or normal buildup a
porcupine is pulled back and forth through the pipe.

e When the problem is a heavy deposit of material like
sand, a bucket is used. The bucket is drug through
the line bringing with it the material. The bucket is
either removed and returned to the starting point or
dumped and pulled back through the line to the
starting point.

Hydraulic Cleaning

Introduction The second group of cleaning devices or techniques is
the hydraulic cleaning methods. There are five
hydraulic cleaning methods:

e Flushing

e Sewer balls

e Kites and bags
e Scooters

e High velocity cleaners (HVC46)

46 Hve - High Velocity Cleaner - A machine designed to remove grease and debris from the interior of sewer lines
with jets of high velocity water.
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Flushing

Introduction

Use

Process

Although flushing may be the least effective method of
cleaning, it is the most used and the easiest. If this
method is used with the correct frequency and applied
properly, it can be used to maintain a line that has
been recently cleaned by other means.

Flushing is used to remove small deposits of material,
small blockages and in some cases grease from a
collection system line.

The process starts by placing some type of debris
collecting device, such as several tire chains
suspended from a rope, in the outlet of the
downstream manhole.

Prevent Cross Connection

Flooding

A large volume of water is then dumped in the
upstream manhole. The high velocity of the water,
coupled with the volume of water will flush debris to
the downstream manhole where it must be removed.

One of the major considerations when using a flushing
system is to protect the drinking water system from a
cross connection4d with the wastewater. This is best
accomplished by using an air gap at the manhole. The
air gap must be twice the diameter of the discharge pipe
above the rim of the manhole.

A second consideration is the flooding of basements. If
the water level in the manhole is allowed to reach too
high a level, basements connected to the downstream
line may be flooded.

47 Cross connection - Any physical arrangement whereby a public water supply is connected, directly or indirectly,
with a non-potable or unapproved water supply or system.
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Sewer Ball

Introduction

Equipment

Process
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One of the most effective sewer line cleaning methods
is the sewer ball. This method can be used on small
and large diameter lines with a high level of
effectiveness. Some large communities use this system
as their primary means of cleaning lines.

The equipment needed is fairly simple, it includes:

e A special ball with grooves and a swivel connection
¢ A rope or cable winch with a built in brake

e Water

e Some means of collecting the material that is
washed to the downstream manhole. One common
tool is several sections of tire chain connected to a
rope. These chains are placed in the outlet of the
downstream manhole.

The ball is placed in the downstream line of the
upstream manhole. Water is allowed to build up
behind the ball. The forward motion of the ball is
controlled by the winch and brake.

When there is sufficient water pressure behind the
ball it moves forward with a rotating motion. Debris is
washed ahead of the ball by the high velocity of the
water traveling around the ball.

If the forward motion should slow, the winch brake is
used to hold back on the ball or the winch is used to
pull the ball backward slightly. This causes the ball
to elongate and water to flow past it washing the
material that has stacked up in front of the ball
down the line.
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Considerations As with the flushing, there are two special
considerations. Prevention of a cross connection
between the drinking water system and the
wastewater and prevention of flooding of
downstream basements.

Kites & Bags

Kites and bags are older technologies that are used to
clean large lines. Both devices are made of a fabric.
The operation of the devices is similar to the sewer
ball process. The major difference between the two
devices is the use of a nozzle built into the kite.
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Scooter

Old Technology The sewer scooter is the Model “A” of the sewer
cleaning business. While effective with large and small
lines this device is seldom used today.

\!

NN R A ———

YN
R
—3

N

"l
)

/:,
,,—?.-

HVC

Most Effective The high velocity cleaner (HVC) can be the most
effective cleaning device available. However, it is also
the most costly and requires the highest level of
technical expertise to properly operate. Of all of the
methods available the HVC is the most effective in
clearing a blockage.

Equipment A HVC is composed of special equipment. This
equipment might include:

e A truck or trailer with a tank of water, usually 1,000
gallons. Connected to the tank is a high pressure
piston pump. Pumps used for this purpose will
produce 2000 to 3000 psi at a flow of 30 to 60 gpm.

¢ An electric or hydraulic reel with several hundred
feet of flexible “rubber” hose connected to the pump.

* A special nozzle has been designed for these devices.
The most common nozzles are composed of several
nozzle openings. These openings direct the flow of
water backwards.

¢ A down rigger pulley assembly is used in the
manhole to protect the hose and a debris trap is
installed in the downstream manhole.
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Special Small System HVC

Fire Hose & Nozzle
Should Not be Used

Summary

Cleaning Direction

Safety Concerns

An Anchorage company has produced a small trailer
mounted HVC system that can be used for thawing
and clearing frozen or blocked sewer mainlines up to
eight inches in diameter. This unit utilizes a gas
engine which drives a 2800 psi 4.5 gpm piston pump.
In addition, an oil fired boiler is included to heat water
for thawing frozen lines.

A common method used by some small communities
to clean a sewer line is a fire hose and a special
rotating nozzle. When a fire hose is connected to a fire
hydrant in order to obtain adequate water a cross-
connection has been made. This process represents a
significant health risk and should never be done.

Flushing, balls, kites, bags, scooters and the HVC all
clean the line by hydraulic action. The direction of
cleaning is from upstream to downstream. That is, the
cleaning is always done in the direction of the flow.

With the exception of the HVC, all of the other devices
require entry into a manhole to install the device and
remove the material from the downstream manhole.
The HVC requires entry into the downstream manhole
to remove the material cleaned from the line. The
exception to this is the use of one of the new vacuum
or high velocity air removal trucks. This piece of
equipment allows the operator to “suck” the material
out of the manhole with a device that is very much
like a large vacuum cleaner.
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Chemical Cleaning

Special Consideration

Uses of Chemicals
Root Control

Aquatic Herbicides

Effectivness

Safety and Health Concerns

There are various chemicals that can be used by
operators to help with the operation and maintenance
of the collection system. These include, chlorine,
masking agents to cover odor, hydrogen peroxide,
degreasers, copper sulfite and herbicides. However,
before purchasing and using any of these chemicals
the following should be considered:

e What impact will the chemical have on the
effectiveness of the treatment plant and receiving
body?

e Will another method work just as effectively?

e What are the safety considerations in transporting
and handling the chemical?

e What is the cost of the chemical and the cost of
safety equipment needed to handle the chemical?

e [s any special training required?

e How effective has the chemical been under similar
circumstances?

e How long after you use the chemical should it be
before you see the effects?

e How will temperature impact the performance of the
chemical?

The most common chemical treatment for root control
is the use of aquatic herbicides. Some of the root
control chemicals are also classified as pesticides.
These chemicals are typically applied as a foam using
a special attachment to a high velocity cleaner of
commercially by specially designed application
devices.

The chemicals kill roots that extend into the sewer
and stunt the growth of additional roots for 12 to 36
months.

Before selecting a chemical for root control, verify that
it is registered with the state environmental agency
and with the US EPA. While there is little evidence of
damage to the sewage treatment process by these
chemicals, it is critical to notify the treatment plant
operator of the intent to use these chemicals. The
MSDS should be consulted to determine the
appropriate personal protective equipment needed for
handling and using these chemicals.
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Grease Control

The Problem

Cause of the Problem

Solutions - Lines

Solutions - Lift Station

Odors
Hydrogen Sulfide

Production Process

Best Control Method

Chemicals

Grease buildup in lines can contribute to a stoppage.
Grease buildup in lift station wet wells interferes with
the operation of the level controls.

There are three sources of grease in a collection
system, they are:

e Small amounts that are dumped down the sink in
homes.

e Restaurants where grease traps are not installed or
not maintained. This is the major source.

e Jllegal dumping of oil by an auto repair shop or
service station.

The most effective means of solving the restaurant
grease problem is to implement and enforce a grease
trap ordinance. However, if there is still a buildup of
grease, the sewer ball or HVC can be very effective.

Grease buildup in a lift station wet well may be
removed by physically breaking up the grease with a
stick and fire hose and then using the pumps to
remove the material. Recently there have been several
commercial products that have proven very effective in
cleaning lift station wet wells.

The most common odor problem associated with
collection systems is hydrogen sulfide. Customers do
not appreciate the “rotten egg” odor that it produces.

Hydrogen sulfide is produced by anaerobic bacteria
that live in the slime buildup on the interior of the
pipe and in low spots in the line where wastewater
becomes anaerobic. In addition to the odor problem,
hydrogen sulfide when mixed with water will produce
sulfuric acid that can damage concrete pipes and
metal manhole steps.

The best method to control hydrogen sulfide is
frequent and effective line cleaning.

The following common chemicals can also be used for
odor control:

e Chlorine - added upstream of the problem, usually
at a lift station.

e Hydrogen peroxide - added upstream of the problem,
usually at a lift station.

e Air - A blower can be placed in a lift station and
used to aerate the wet well in order to discourage
anaerobic activity.

* Masking Agents - Chemical masking agents that
smell like vanilla, apples, oranges or other pleasant
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Consideration - Chlorine

Frozen Lines

Avoiding Frozen Lines

odors, are sometimes used to mask odors. While
these can have some positive public relations impact
they do not solve the problem and frequently create
an obnoxious odor when mixed with the sewage.

The handling and use of gas chlorine presents a wide
variety of safety problems. Gas chlorine is classified as
a poison and an inhalation hazard. As such, there are
special requirements for storage, handling and
transportation. The result of these concerns makes
the use of calcium or sodium hypochlorites more
desirable than chlorine gas.

Frozen sewer lines are not common as most are
installed below the frost level. In addition, wastewater
collection systems in the Arctic and subarctic are
specially designed for cold weather (heat tape, Arctic
pipe, Arctic manhole, insulated and heated utilidors,
etc.) freezeups will occasionally occur. The potential
for freezing problems can be minimized by:

e Preventing blockages by pressure cleaning or
flushing lines prior to winter.

e Checking each Arctic manhole to be sure that frost
lids are properly positioned.

Thawing Buried Lines

Normal Occurrence

Even if well maintained, system freezups occur. What
can you do if the system freezes?
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High Velocity Cleaner

Thawing Procedure

Steam and Arc Welders

Lift Station Inspection

Inspection
Why Inspect?

Conditions

Inspection Frequency

The most effective means of thawing frozen lines is with
the high velocity cleaner. One of the most effective HVC
units is the small unit described in the HVC section of
this text. This unit allows the use of high pressure hot
or cold water. If the line is PVC or HDPE then high
pressure hot or cold water can be used.

Thaw the line by starting at the last downstream
manhole that is clear and work the nozzle upstream
into the frozen section of the line.

Steam should only be used on PVC and HDPE if the
temperature can be reduced to below 230°F. Arc
welders only work on metal pipes but should be
avoided because of the possibility of causing a house
fire, and other hazards.

Lift stations are inspected in order to assure that they
are operating properly and to identify and correct
potential problems before they occur.

A typical inspection would include the following:
¢ Look for a buildup of grease in the wet well

e Observe the appearance of the piping. Check for
leaks and deterioration.

e Check for leaks at valve stems.

e Check the quantity of leakage at the stuffing box of
pumps with packing. When a mechanical seal is
being used there should be no leakage from the
stuffing box.

e Check for odors in the wet well. This is a good way to
determine if the sewage is going septic or if there has
been an accidental or illegal dump of fuel into the
collection system.

The frequency of visitation to a station is based on the
condition of the station and the problems that a
station failure would cause. In general each station
should be visited at least three times a week. A typical
routine would be three visits a week, Monday,
Wednesday and Friday. If the station is in poor
condition or can cause a major health or public
relations problem if it fails, daily visits are advised.
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Operational Considerations
Clean Wet Well

Screens

Data Collection
Why Collect Data?

What Data is Collected?

Once a year the wet well should be cleaned. This
requires dewatering the wet well, removing the
buildup of solids and washing down the walls.

If there is a bar screen or a screen basket in the wet
well it should be cleaned at least two to three times
each week. The material collected on the screen
should be placed in a plastic bag, treated with lime
and disposed of at the landfill. In freezing conditions it
may be desirable to allow the material to freeze before
it is transported to the landfill.

The primary data that is collected at a lift station is
associated with the pumping system. This data is
collected in order to evaluate the conditions of the
pumps. From an evaluation of the data it is possible to
reduce failures, assist with troubleshooting, and
reduce the overall maintenance cost.

In order to evaluate the performance of a pump the
following data should be collected.

Data Frequency
Observe status lights Each visit
Power consumption Weekly
Hour meters Record on each

visit or at least
once a week

If seal water has a filter, clean Weekly

Amperage and voltage At least
quarterly. Each
visit when panel
mounted meters
are used

Check the position of H-O-A switch ~ Each visit

Change lead/lag pumps Weekly or
Monthly
(assumes no
alternator in

circuit)
Test status of light bulbs Quarterly
Test pump discharge pressure Twice a year

Measure pump flow
by doing draw down test on wet well Twice a year
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Frequency of Line O & M

Overview

Lines

Manholes

The following is a brief listing of the frequency of
performing routine maintenance procedures on
collection system lines and manholes:

Clean at least every 3 years minimum, once a year is
best.

Flow testing - twice a year during wet and dry flows.

Other testing - based on data gathered from flow tests
and from observations.

Once every 3 years is minimum, once a year is best.
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Collection Systems Worksheet

1.

10.

The two functions of a collection system are to prevent and improve the
of the community.

Describe the three types of collection systems.

a. Sanitary sewers

b. Storm sewers

c. Combined sewers

What is the most common health problem associated with honey bucket systems? What causes this
problem?

What are the two most common operational problems with haul systems?
a.
b.

What is the most common health concern associated with the haul system? How can this problem
be dealt with effectively?

There are at least eight (8) special considerations for operation and maintenance of collection
systems in the Arctic. Name four.

a.

b
C.
d

The building sewer usually extends feet to feet from the building.

A sewer collects sewage from one or more laterals.

A main sewer connects into a sewer at a

The pressurized line leading away from a lift station is called a main.
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11. Identify the components indicated below.

12. The velocity in a collection system should not drop below feet per second. Why?

13. The interior pipe in an Arctic pipe is called the

14. The two most common methods of heating a utilidor are:
a.
b.
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15. Identify the items shown below.

a.

b
c
d.
e
f

16. List the three common types of manholes used in
Alaska.

a. A
b.

C.

0

17. Identify the manhole components shown to the ‘
right. \HH

a.

b
c
d.
e
f

@

18. What is the function of a lift station?
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19. Manholes are located at every in direction, change in and
at . On straight runs of
lines less than 15 inches in diameter manholes are located every feet.

20. Identify the Arctic manhole components shown below.

a.

b
c
d.
e

21. Identify the items indicated on the drawing
below.

o

=
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22. Identify the items indicated on the drawing below. (vacuum system)

-~ ® o 0o T p

23. Using the drawing below, identify the various types of sewers

a. f.
b g.
C. h.
d i.
e j-
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24. Of all of the piping materials which one (s) are not severely damaged by freezing?

25. On the drawing of the pipe below, identify the bell and the spigot.

=
B
L =

26. Using the drawing below, identify the components indicated. (storm sewer)

A

D)

i
i
A

-~ ® o 0o T p

\)}E

))\)
~

@
\Y,
—~—)

1

27. When the eye of the impeller of a pump is placed below the water it is pumping from, the pump is
said to be in a suction condition.

28. What is the major physical difference between a wet well and a dry well lift station.
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29. Using the drawing of the lift station below, identify the major components .
a. e.
f.

b
c. g.
d

)

GROUND LEVEL

|
774 7 7 7 7 7 7 7

30. The most common pump used in a lift station is the

31. There are four common level control systems used in lift stations. They are:

a.

b
c.
d

32. Which of the following are confined spaces?
a. Wet well of a lift station
b. Dry well of a lift station

c. Manhole

-129 -



Introduction to Small Wastewater Systems

33.

34.

35.

36.

37.

38.

39.

40.

Define the following words.

a. Inflow

b. Infiltration

c. Exfiltration

The connection of a roof drain to the collection system is an example of:
a. Inflow

b. Infiltration
The flow of water into a collection system through the holes in a manhole cover is an example of:
a. Inflow

b. Infiltration

Why is exfiltration a concern?

The gas that mixes with water to form an acid that can damage concrete pipes and manhole
ladders is:

What condition(s) would have to exist to allow roots to enter a collection system?

Why is the buildup of grease in a collection system a problem?

What problem is caused by excessive grease in a lift station?
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41.

42.

43.

44,

45,

46.

47.

48.

There are four common safety problems associated with entering and working in manholes and lift
station wet wells. They are:

a.
b
c.
d
Any time the oxygen level in a manhole is below % entry should not be attempted.
A manhole should not be entered when the hydrogen sulfide level is above ppm.

Why should manholes be inspected routinely?

There were eight conditions identified that should be checked when inspecting a manhole. List four
of these.

a.

b
c.
d

Lamping is used to identify two conditions, they are:
a.
b.

There are two simple methods of confirming a connection to a collection system. They are:
a.
b.

When smoke testing, which of the following items would indicate that the system is in good
condition and all connections are proper.

a. Smoke from manhole lid vents
b. Smoke from roof drains

¢. Smoke from floor drains

d. Smoke from roof vents

e. Smoke from along side of a manhole
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49. CCTV is used for a variety of uses. List three basic functions:
a.
b.

C.

50. What is the function of flow testing?

51. What are the four mechanical cleaning devices?

a.

b
c.
d

52. List the five most common hydraulic cleaning methods.

a.

b
c
d.
e

53. When using a hydraulic cleaning method, what is used to do the cleaning?

54. What is one of the major customer concerns when using a hydraulic cleaning method?

55. What are two collection system conditions that can be controlled with chemicals?

56. Hydrogen sulfide should be controlled in a collection system because its presence can cause
deterioration to ,itis to operators entering the system and it
causes a relations problem.
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57. Identify the testing and cleaning methods shown below.

a.

e.
b f.
c. g.
d h.

58. What is the best method for controlling hydrogen sulfide production?

59. What are two chemicals that can be used to control hydrogen sulfide?
a.
b.
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60.

61.

62.

63.

64.

65.

How can you determine the frequency of inspection of a lift station?

Lines should be cleaned every

Manholes should be inspected every

Prior to winter the collection system operator should the lines and check the
in the Arctic manholes to minimize the potential for freezing.

The is one of the most effective tools for clearing a frozen line.

When attempting to clear a frozen blockage in a collection system line you should work,
U upstream or 1 downstream into the frozen section.
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Wastewater Treatment Techniques
What is in this Lesson?
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The type of material that makes up grit

Typical grit disposal processes

The mechanical components used in preliminary treatment and their function
The average velocity through a grit chamber

The processes that may be included in preliminary treatment

The material that would normally be removed by screens

The functions of preliminary treatment

The reason for removal of grit

The concentration of primary sludge

The treatment process provided by a primary clarifier

Those items that would affect settling in a primary clarifier

The sludge and liquid flow through a primary clarifier

The normal detention time of primary clarifier

The removal percentages in a primary clarifier for BOD, TSS, SS and bacteria
The two functions of a primary clarifier

Typical problems in the inlet channel of a primary clarifier

The various zones of a clarifier

The components of a clarifier

The function of baffles in a basin

The routine operational duties associated with a septic tank system

The components of a septic tank system

The treatment process provided by a septic tank

The aerobic treatment process as provided by secondary treatment

The removal percentages for TSS, SS and BOD provided by secondary treatment
The typical detention times in the various biological treatment processes
How a trickling filter works

The air and water flow through a trickling filter

The components of the film found on the media in a trickling filter

The function of a trickling filter and the type of process

The components of a trickling filter

Basic trickling filter problems

The depth of rocks in a trickling filter

The one operational control change that an operator can make in a trickling filter plant
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34. Media, other than rocks, that can be used in a trickling filter

35.  Two reasons for recirculation in a trickling filter
36.  The treatment process used in an RBC
37.  The function and components of an RBC

38.  The components of an RBC system

39. How activated sludge is developed

40. How solids concentration is controlled in an activated sludge plant
41.  How the sludge blanket level is controlled in an activated sludge plant
42. A description of the activated sludge process

43. The appearance of MLSS in a properly operated activated sludge plant

44.  The basic process used in each of the process units in a typical activated sludge facility

45.  The biological process used in activated sludge

46. The biological response of microorganisms to high and low volumes of food

47.  The characteristics of normal settling activated sludge

48. The difference between a typical activated sludge plant and what is commonly called a

package plant

49. The difference between conventional treatment, extended air and contact stabilization
activated sludge plants

50.  The flow of mixed liquor, air and return sludge through an activated sludge plant

51.  The food chain and function of basic components of the chain in an activated sludge
process

52.  The function of aerators in an activated sludge facility

53.  The function of the return sludge in the activated sludge process

54.  The impact of adjusting MLSS on the return sludge
55.  The impact of high flow on an activated sludge facility

56. The impact of plugged diffusers in an aeration tank on mixing

57.  The settling response of activated sludge under various conditions

58.  The components of an activated sludge plant

59. The components of an oxidation ditch

60. The components of a package plant and describe the hydraulic flow path through the
plant

61. The cause of low DO in an aeration basin

62. The DO range in an aeration basin

63. The three process control changes that an operator can make in an activated sludge
plant

64. The type of biological process used in activated sludge treatment

65.  The sources of organic loading

66. Common package plant problems

67. The treatment process provided in a secondary clarifier

-136 -



Wastewater Treatment Systems

68.
69.
70.
71.
72.

73.
74.
75.
76.

77.
78.
79.
80.

The cause of rising sludge by a secondary clarifier

The normal detention time in a secondary clarifier

The difference of an aerobic, anaerobic and facultative waste pond
The natural aeration process of lagoons

The problems associated with operating a lagoon that is frozen for several months of the
year

The treatment process that takes place in a stabilization pond
The mechanical equipment used to aerate lagoons
The difference in depth between an aerobic, anaerobic and facultative pond

The changes in the oxygen content and the various zones of a lagoon between winter
and summer

The components of a stabilization pond
Why accurate flow measurements are needed at a WWTP
The process used by weirs and flumes to measure flow

Various types of weirs and flumes used to measure flow in a wastewater treatment
plant
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Wastewater Treatment Techniques

Introduction

From Collection System to Treatment After the wastewater has traveled through the
collection system, the process of removing the
organics!, inorganics?, and as many pathogenic
organisms? as possible begins.

Function of Treatment This lesson will cover the physical and biological
treatment processes used to stabilize wastewater to
produce an effluent? that can be discharged
harmlessly into the environment.

Solids Treatment A subsequent lesson will deal with the solids® that are
produced as the wastewater treatment process is
accomplished. Solids that are removed from the
wastewater are called sludge® and require further
treatment to reduce the risk from pathogens.

Treatment System A treatment plant may be composed of a combination
of the following stages; preliminary treatment?,
primary treatment8, secondary treatment® and
tertiary treatment !0,

Selection of Stages The selection of which stages belong in a specific
treatment plant is determined by the design engineer.
This selection is based on the effluent requirements
that are established by state and federal regulations.
These requirements are listed in a permit that is
issued by either the state or the federal EPA. The state
permit is called a wastewater discharge permit. The
federal EPA permit is called a NPDES (National
Pollution Discharge Elimination System). Each state
has made an agreement with EPA on who is to issue
permits for each type and size of treatment plant.

1 Organic - Chemical substances of animal or vegetable origin, made basically of carbon structure.
2 Inorganic - Chemical substances of mineral origin.
3 Pathogenic Organisms - Bacteria, virus and protozoa which can cause disease.

4 Effluent - Sewage, water , or other liquid , partially or completely treated, or in its natural state, as the case may

be, flowing out of reservoir, basin, or treatment plant, or part thereof.

5 Solids - As it pertains to wastewater - Suspended and dissolved material in wastewater.

6 Sludge - The accumulated settled solids deposited from sewage or industrial wastes, raw or treated, in tanks or

basins, and containing more or less water to form a semi-liquid mass.

7 Preliminary treatment - The process of grinding material that can clog equipment, removing rags with screens

and the removal of grit. Preliminary treatment is commonly a part of primary treatment.

8 Primary treatment - The first major (sometimes the only) treatment in a sewage treatment works. This process
takes place in a rectangular or circular tank and allows those substances in wastewater that readily settle or float
to be separated from the water being treated.

9 Secondary treatment - A wastewater treatment process used to convert dissolved or suspended materials into a
form more readily separated from the water being treated. Usually a biological treatment process.

10 Tertiary treatment - Any process of water renovation that upgrades treated wastewater to meet specific reuse
requirements. May include general cleanup of water or removal or specific parts of wastes insufficiently removed
by conventional treatment processes. Typical processes include chemical treatment and pressure filtration.
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Preliminary Treatment

First Stage The first stage of a wastewater treatment plant is
called preliminary treatment and may include
screening, grinding, grit removalll and pre-aeration.
Preliminary treatment is beneficial as it makes the
sewage homogeneous, removes large untreatable
material, and reduces the inorganic solids in the flow.

The Headworks At the treatment plant, the area that contains the
equipment to carry out the preliminary treatment is
called the headworks. There are many different styles
of headworks. Below are examples of just two
common headworks configurations. Bar screens,
grinders, grit removal equipment and flow devices
are all pieces of equipment that can be found in the
headworks of the plant.

Headworks #1 The headworks below contains a bar screen,
comminutor!2 and grit channel. There is a by-pass
built around the comminutor. By changing the
position of the stop log, flow is diverted to the second
bar screen allowing maintenance to be performed on
the comminutor.

BYPASS MANUALLY-
CLEANED BAR RACK - —
COMMINUTOR

ROCK AND
METAL TRAP

Headworks #2 In the headworks below, a parshall flume has been
added in order to measure the flow through the
facility. There is no by-pass around the grinder.

BAR SCREEN

11 Grit Removal - Accomplished by providing an enlarged channel or chamber which causes the flow velocity to be
reduced and allows the heavier grit to settle to the bottom of the channel where it can be removed.

12 Comminutor - A device to reduce the size of the solid chunks in wastewater by shredding (comminuting). The
shredding action is like many scissors cutting or chopping to shreds all the large influent solids material.
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Screening

Function of Screens The first stage in most preliminary treatment is
screening. Screens are used to remove large objects
such as sticks and rags which may damage or plug
pumps and piping, or which are aesthetically
undesirable in the effluent. Two types of screens are
used in preliminary treatment; coarse screens and
fine screens.

Course Screens Coarse screens (commonly called a trash rack or bar
screen), are made of vertical steel bars spaced from
3/4 to 6 inches apart. The screens are usually
installed at an angle, up to 15°, to facilitate manual
cleaning. In larger plants the screens can be
mechanically cleaned.

Fine Screens Fine screens, sometimes called microscreens!3 can
be used to serve two purposes. They can be used to
remove rags and sticks just as bar screens and they
can be used to remove smaller solids that would

ROTATING
MICROSCREEN

SCRAPER

normally be removed by the primary clarifier. In this
later case they may be installed in a small plant as a
substitute for the primary clarifier. One common fine
screen is the rotating microscreen. With this device a
fine screen drum is placed into a tank. Raw sewage
flows into the tank and through the rotating drum. A
scraper is used to remove the solids that collect on the
screen. The sewage flows through the drum and on to
the next treatment process. The screenings are placed
into a container or dump truck for later disposal.

13 Microscreen - A device with a fabric straining media with openings usually between 20 and 60 microns. The
fabric is wrapped around the outside of a rotating drum. Wastewater enters the open end of the drum and flows
out through the rotating screen cloth. At the highest point of the drum the collected solids are backwashed by
high pressure water jets into a trough located within the drum.
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Screening Operations
Maintenance Requirements

Results of Poor Maintenance

Screening Disposal
Burial or Incineration

Lime Application

During dry weather periods, coarse trash racks should
be cleaned daily. During storm periods, they should
be cleaned two to five times per day to maintain a free
flow of sewage through the process.

Failure to clean the screens can result in one or more
of the following:

1. The wastewater stream may go septicl? upstream
of the screening process.

2. Blocking of the screens could cause a surcharge !>
of sewers upstream of the screens.

3. Once the screens have been cleared a shock load16
could upset the hydraulics of the plant.

Disposal of screenings may be by burial, incineration,
or digestionl7. Burying and incinerating are the
usual methods of disposal because they are the most
economical methods. It is common for small plants to
dispose of the screenings from a bar screen by burial
at the plant site or at the landfill. The screenings
should be kept covered and removed to disposal at
least twice a week. Fine screenings from small plants
are usually disposed of at the landfill or a dedicated
disposal area. Disposal by burying or placement in the
landfill should only be done with the approval of DEC.

When burying screenings, odors may be prevented
by mixing the screenings with an equal volume of
“milk of Lime” (see solids handling or disinfection for
more information on milk of lime). An earth cover of
one to two feet will usually give the best results for
bacterial activity.

14 Septic - This condition is produced by anaerobic bacteria. If severe, the wastewater turns black, gives off foul
odors, contains little or no dissolved oxygen and creates a heavy oxygen demand.

15 Surcharge - Sewers are surcharged when the surface of the wastewater in manholes is above the top of the
sewer pipe. The sewer is then placed under pressure rather than being at atmospheric pressure. This condition
contributes to exfiltration and the backup of sewage into individual homes.

16 Shock load - The arrival at a plant of a waste which is toxic to organisms in sufficient quantity or strength to
cause operating problems. Possible problems include odors and sloughing off of the growth or slime on the
trickling filter media. Organic or hydraulic overloads also can cause a shock load.

17 Digestion - The biological decomposition of organic matter in sludge, resulting in partial gasification, liquefaction,

and mineralization.
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Grinding

Devices and Function

Grinder Location

The next stage of preliminary treatment is usually
grinding. Comminutors, barminutors!8, and
macerator are names used by different manufacturers
to identify shredding or grinding devices. These pieces
of equipment are used to shred and grind large
material into pieces small enough to pass through the
screens of the grinding unit. Shredders should be
installed with a by-pass equipped with a bar screen to
facilitate removal of settled material and allow
inspection of the equipment components such as the
cutting edges.

Comminutor

Grinding devices are normally operated
continuously and are usually located ahead of the
grit removal units.

18 Barminutor - (bar-mi-NEW-ter) A bar screen of standard design fitted with an electrically- operated shredding
device that sweeps vertically up and down the screen cutting up material retained on the screen.
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Grit Removal
What is Grit?

Quantity of Grit

Reason for Grit Removal

Location of Grit Removal Devices

Grit Channels

Grit19 such as egg shells, sand, stones and gravel
finds its way into a sewer system and is carried by the
sewage to the treatment plant.

In an average community, 3 to 8 cubic feet of grit can
be collected per million gallons of sewage. The grit
must be removed before it is carried into the primary
clarifier or aeration basin20,

The grit removal device can reduce unnecessary
maintenance more than any other unit. If the grit
removal equipment is malfunctioning, the result will
be plugged lines, worn pump impellers, and grit
accumulation in the sedimentation basins and other
treatment tanks, reducing their efficiency.

Grit removal units are installed after screening
equipment and prior to the primary clarifier. There are
many different grit removal devices available. With
small treatment plants the most common devices are:

* Grit channels
e Aerated grit chambers
e Centrifugal Separators

Grit particles will settle faster than organic solids
because they are heavier. Grit channels are designed
to maintain a velocity of 1 foot per second at design
flow. At this velocity, 0.2 mm size sand and all heavier
particles will settle to the bottom of the channel. This
velocity is sufficient to keep the organic matter in
suspension. Grit channels are usually rectangular and
velocity control is achieved by installing a proportional
weir2! at the effluent end of the channel.

PROPORTIONAL WEIR

GRIT CHAMBER I

19 Grit - The heavy mineral material present in wastewater, such as sand, eggshells, gravel, and cinders.
20 Aeration Basin - A basin where raw or settled wastewater is mixed with return sludge and aerated. The same as

aeration bay, aerator, or reactor.

21 Weir - A vertical obstruction, such as a wall, or plate, placed in an open channel and calibrated in order that. 1) a
depth of flow over the weir (head) can easily be measured and converted into flow in cfs, gpm or MGD, 2) velocity

through the channel can be controlled.
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Aerated Grit Chamber

Centrifugal Separators

Aerated grit chambers use air to reduce the specific
gravity of the wastewater and thus allow the heavier
grit to settle and separate from the water and the
lighter material. Wastewater flows into the aerated grit
chamber and the heavier particles settle to the bottom
as the sewage rolls in spiral motion from entrance to
exit. The lighter organic particles eventually roll out of
the tank. The grit at the bottom of the tank is directed
to a grit hopper where it is removed by buckets or air
liftt pumps.

GRIT HOPPER AND
COLLECTOR MECHANISM

Centrifugal separators, also called cyclones, use
centrifugal force to separate grit from the wastewater.
The wastewater is introduced tangentially into a
cylindrical conical housing. The heavier, larger particles
of grit are thrown by centrifugal force to the outside
wall and collected for disposal in the underflow. The
wastewater leaves the center of the housing as overflow.

| WASTEWATER OVERFLOW |

GRIT DISCHARGE
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Grit Disposal

Pre-aeration
Location and Reasons

The disposal of grit is usually done by burial at a
landfill site. Larger facilities use a grit washer to
remove the majority of the organic material that may
be accumulated with the grit. At small plants this
unwashed grit should be stored in covered containers
and removed to the disposal site daily.

While seldom used in small treatment plants, pre-
aeration may be provided by aeration basins either
preceding or following screening and grit removal. In
general, pre-aeration tanks are designed for detention
times of 5 to 15 minutes for one or more of the
following purposes:

1. To remove gases from the sewage, especially
hydrogen sulfide, which create odor problems and
increase the chlorine demand.

2. To promote flotation of excessive grease, which
then can be removed from the raw sewage at an
early stage in treatment. Aeration22 increases the
amount of skimmings or grease because the rising
air bubbles attach themselves to heavier-than-
water particles causing buoyancy. This buoyancy
holds the grease particles in the surface flow.

3. To aid in the coagulation of the colloids in the raw
sewage resulting in a higher removal of suspended
solids by primary settling.

22 Aeration - The process of adding air. In wastewater treatment, air is added to freshen wastewater and to keep
solids in suspension. With mixtures of wastewater and activated sludge, adding air provides mixing and oxygen
for the microorganisms treating the wastewater.
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Primary Treatment

Function and Names

Primary Treatment Plants

Sedimentation
Theory of Settling

Tank Zones

d =

INLET ZONE

SETTLING ZONE

Following preliminary treatment, sewage flows into
rectangular or circular basins where the wastewater
flow is slowed further to allow the removal of those
solids that will either float or settle out of suspension
in a short period of time. This process is called
sedimentation or clarification. The device used to
provide this function is called a primary clarifier or
primary sedimentation basin. Many small treatment
plants are designed without a primary clarifier or may
be designed with a microscreen instead of a primary
clarifier. This portion of the treatment plant, primary
clarifier or microscreen is called primary treatment.

The primary treatment portion of the treatment plant
should not be confused with primary treatment plants.
A primary treatment plant usually includes preliminary
and primary treatment. In addition a community septic
tank is classified as primary treatment.

The theory of settling is best described by looking at a
rectangular tank. According to the theory, the
wastewater enters one end of the tank and forms a
prism across the tank. It then flows from one end of
the tank to the other, coming back together at the far
end and exiting the tank.

In the theory of settling, the tank is divided into four
zones; the inlet zone, settling zone, effluent zone and

sludge zone.
)=

EFFLUENT ZONE

SLUDGE

Removal of Solids

Clarifier Zones

Liquid travels from the inlet to the outlet of the
clarifier at a steady velocity. This velocity is dependent
on the size of the clarifier and the rate of flow. As the
liquid flows through the basin, solids settle to the
bottom. If a solids particle is large enough to fall to the
bottom of the basin in the length of time it takes the
fluid to flow through the basin, then it will be
removed. Most clarifier designs assume that the
removal will be accomplished through the settling
zone, the influent and effluent zones are turbulent,
thus preventing settling in these zones.
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Rectangular Clarifiers
Types of Clarifiers

Wastewater Flow

Sludge Flow Path

Scum Removal

There are two common types of primary clarifiers used
in wastewater treatment, rectangular and circular.
While the rectangular clarifier is seldom used in small
treatment plants, a discussion is provided here
because its description makes it easier to understand
the function of the circular clarifier.

In a rectangular clarifier, raw wastewater enters
through a series of ports near the surface along one
end of the tank. A short baffle23 dissipates the
influent velocity directing the flow downward. Water
moves through at a very slow rate and discharges
from the opposite end by flowing over a sawtooth
metal plate called the effluent weir and into a trough.

Settled solids are scraped to a sludge hopper at the
inlet end by wooden flights24 that are attached to
endless chains riding on sprocket wheels. These flights
extend completely across the width of the clarifier.
Sludge of 5% to 7% solids is withdrawn periodically
from the sludge hopper and sent to the digester.

Besides being used to remove sludge, the flights are
also used to push floating matter to a cylindrical tube
with a slit along the top which is placed in front of the
effluent weir. This tube is called a skimmer. The
material that it collects is called scum?23. The
skimmer is manually or mechanically rotated, to allow
scum collected on the surface to flow through the slot
into the tube that slopes toward a scum pit. From the
scum pit it is piped to the digester.

SCUM SKIMMER I EFFLUENT WEIRS
]

INFLUENT BAFFLE I

)

SCUM BAFFLE

| COLLECTOR CHAIN AND FLIGHTS |

| | | /

3

= SLUDGE HOPPER |

| SLUDGE WITHDRAWAL PIPE |

23 Baffle - A flat board or plate, deflector, guide or similar device constructed or placed in flowing water, wastewater,
or slurry systems to cause more uniform flow velocities, to absorb energy, and to divert, guide, or agitate liquids.

24 Flights - Scraper boards, made from redwood or other rot-resistant woods or plastic, used to collect and move
settled sludge or floating scum.

25 Scum - A mass of sewage matter which floats on the surface of sewage.
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Circular Clarifiers
Wastewater Flow Path

Sludge Flow Path

Scum Collection

Mechanical Drive

Raw wastewater enters through ports in the top of a
central vertical pipe. The forward velocity is dissipated
against a influent baffle that also directs the flow
down and outward radially to an effluent weir which is
mounted along the outside wall of the tank.

Solids settle to the bottom of the clarifier and form
sludge. A slow rotating collector arm plows settled
solids to the sludge drawoff hopper at the center of the
clarifier.

Floating solids migrating toward the outer edge of the
tank are prevented from going out the effluent by a
baffle in front of the weir. A skimmer attached to the
arm collects scum from the surface and drops it into a
scum box that drains outside the tank wall.

The sludge scraper and skimmer are rotated by a
single gear head and small electric motor placed in the
center of the tank.

MM
0

EFFLUENT WEIR
Primary Clarifier

ER
\ \--

EFFLUENT I

|

INFLUENT BAFFLE

{ CONCRETE TANK I
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Primary Clarifier Design Criteria
Criteria

SSR
Definition of SSR

Typical Ranges for SSR

SSR and Effectiveness

Weir overflow
Description

Typical Ranges

Criteria for sizing settling basins include overflow
rates26 (called surface settling rates - SSR), tank
depth at the sidewall, weir overflow rates (WOR) and
detention time27. From an operational standpoint,
the surface settling rate, weir overflow rate and the
detention time are the most important.

Surface settling rate (SSR) is defined as the average
daily overflow divided by the surface area of the tank,
expressed in terms of gallons per day per square foot
(gpd/ ft2). Area is calculated by using inside tank
dimensions, disregarding the central stilling well or
inboard weir troughs. The quantity of overflow from
the primary clarifier is equal to the wastewater
influent, since the volume of sludge withdrawn from
the tank bottom is negligible.

Overflow rates for primary clarifiers fall in a range
between 400 and 800 gpd/ft2, with 600 being a
common design value. At these hydraulic loadings28,
a 30 to 40 percent BOD29 removal in settling raw
domestic wastewater is possible.

Effectiveness of sedimentation depends largely on the
character of the wastewater. With SSRs of less than
600 gpd/ft2, the settled solids tend to thicken
properly in the bottom of the tank and are removed
by the slow moving collector arms or flights. Rates in
excess of 800 gpd ft2 may create turbulence in the
tank that inhibits the solids from settling and
forming compact sludge that can be removed by the
collector devices.

Weir loading or weir overflow rate (WOR) is the
hydraulic flow over an effluent weir. Weir overflow rate
is determined by dividing the daily flow through the
clarifier by the lineal feet of weir.

For primary clarifiers, weir loadings are not to exceed
10,000 gpd/lin-ft for plants of 1 MGD or smaller and
preferably not more than 20,000 gpd/ft for design flow
above 1 MGD. These values limit the water velocity
approaching the effluent weir to minimize carry over of
suspended solids.

26 Overflow rate - One of the guidelines for the design of settling tanks and clarifiers in treatment plants. Overflow
rate in gpd/ft2 equals flow in gallons/day divided by surface area in square feet.

27 Detention time - The time required to fill a tank at a given flow or the theoretical time required for a given flow of

wastewater to pass through a tank.

28 Hydraulic loading - Refers to the flows (MGD or cu m/day) to a treatment plant or treatment process. Detention
times, surface loading and weir overflow rates are directly influenced by flows.

29 BOD - Biochemical Oxygen Demand - The quantity of oxygen required by microorganisms when stabilizing
decomposable organic matter under aerobic conditions at 20° C.
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Detention Time
Definition

Typical Ranges

Operational Considerations
Sidestreams

Rising Sludge

Slime Buildup

Summary
Design Parameters

Removal Efficiencies

Detention time is computed by dividing the water
volume of the clarifier by the influent flow expressed
in hours. Numerically, it is the time that would be
required to fill the tank at a uniform rate equivalent to
the designed average daily flow.

Detention time is generally not a specified criterion for
sizing primary clarifiers, since it is already defined by
overflow rate and depth of the clarifier. For example,
an overflow rate of 600 gpd/ft2 and a depth of 7 feet,
yields a detention time of 2.1 hours. Typical ranges for
detention time are from 90 to 150 minutes.

The supernatant from digesters, filtrate from belt
presses, centrate from centrifuges and water from
floor drains are often piped back to the headworks of
the plant. These flow streams are called
sidestreams30 and can contain significant BOD and
TSS. These sidestreams can cause several problems
with the operation of the primary clarifier and
secondary treatment system.

If the clarifier sludge becomes too old, the clarification
process can be upset. This could occur if the sludge is
allowed to stay in the clarifier too long. In addition, a
high volume sidestream can increase the effective age of
the sludge in the clarifier (the sidestream contains old
material). Storing sludge in a clarifier too long can also
upset clarification. Microorganisms decomposing the
waste organics, produce gas that makes the solids more
buoyant, thus expanding the sludge blanket3! and
reducing the solids concentration. Detrimental
biological activity is characterized by foul odors, floating
sludge, and a darkening of the wastewater color.

The one major operational problem with primary
clarifiers is the buildup of algae and organic slime in
the inlet channel and on the weirs and in effluent
troughs. This should be removed daily with a hose
and long handled brush.

Hydraulic loading- Average - gpd/ ft2- 400 to 800
Hydraulic loading - Peak flow - gpd/ft2 - 1,200 - 2,500
Detention Time - Minutes - 90 - 150

WOR - gpd/ft - 10,000 to 20,000

TSS 40% to 60%

BOD 30% to 40%

Settleable Solids 90% to 95%

Solids Concentration 5% to 7%

30 Sidestream - Wastewater flows that develop from other storage or treatment facilities. This wastewater may or
may not need additional treatment. For instance the water from a belt press that is piped back to the front of the

plant is called a sidestream.

31 Sludge blanket - That portion of the clarifier containing sludge.
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Claigesters
Combination

Flow

Scraper and Rake Arms

Supernatant Control

Gas and Sludge

GAS VENT

GAS DOME

| EFFLUENT WEIR

EFFLUENT

A claigester is a primary treatment device that
combines a primary clarifier and an unheated
anaerobic digester in a single tank. This type of
primary treatment is popular and effective in
tropical climates.

Sewage flows into the center well of the clarifier and
settles to the bottom where the rake arms move it to a
center hopper. The sludge drops through the center
hopper into the digester. Primary effluent exits over
the clarifier weirs and into the effluent channel.

The clarifier scraper arms, the scum arm, and the
digester rake arms are rotated by an electric motor and
gear drive located on the catwalk at the center of the
clarigester. In the digester, the upper rake arm prevents
the formation of a sludge cake and the lower arm moves
sludge to the center hopper in the floor for draw off.

As the sludge is stabilized in the digester, supernatant
is formed. The supernatant is drawn off the top of the
digester and into the scum pit through a telescoping
valve. The hydraulic head difference between the
liquid level in the clarifier and the opening in the
telescoping valve, coupled with the size of the opening
in the valve, controls the rate of supernatant draw off.
The supernatant is returned to the center well of the
clarifier using a pump. The amount of supernatant
drawn from the digester controls the depth of the
sludge blanket in the clarifier.

Gas formed in the digester is collected and vented
through the gas dome. The line leading to the gas
dome doubles as a sludge circulation device, helping
to maintain circulation of sludge in the digester.

TELESCOPING
VALVE

| CENTER HOPPER

SLUDGE
CIRCULATION

CLARIFIER
EL SCUM PITI
DIGESTER SLUDGE DRAW OFF |
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On-Site Treatment Systems

Introduction Approximately 18 million housing units, or 25% of all
housing units in the United States dispose of their
wastewater using on-site or community on-site
treatment systems. These systems may include a
variety of components and configurations, the most
common being the septic tank/soil absorption system
that is discussed here.

Primary Treatment The septic tank is classified as a primary treatment
system. It removes those solids that will float or sink
and provides some degree of anaerobic digestion of
the solids.

Subsurface Soil Absorption Traditionally, subsurface soil absorption has been
used almost exclusively for the disposal of septic tank
effluent. This process has the ability to meet the
public health and environmental criteria without the
necessity for complex design or high cost. A properly
designed, constructed, and maintained subsurface
absorption system performs reliably over a long period
of time with little attention. This is because of the
large natural capacity of the soil to assimilate the
wastewater pollutants.

Soil Problems Unfortunately, some areas do not have soils suited
for conventional subsurface soil absorption fields. If
soil absorption cannot be utilized, an alternative
effluent disposal method or more costly treatment
may be required.

Community Septic Tanks In very small communities, community septic tanks
are often used to treat an entire community’s
wastewater. A variety of tank effluent disposal options
are used including stream and ocean outfalls.

—

LC'OVERED OPENINGS

\/

BAFFLE WALL

Advantages of Septic Tanks One of the major advantages of the septic tank is that
is has no moving parts and, therefore, needs very little
routine maintenance. A well-designed and maintained
concrete, fiberglass, or plastic tank should last for 50
years. Because of corrosion problems, steel tanks can
be expected to last 10 years or less.
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Septic Tank Description
General Description

INSPECTION AND
CLEANING PORTS

Septic tanks are buried, watertight receptacles
designed and constructed to receive wastewater from a
home, rural school, or commercial establishment.
Septic tanks separate solids from the liquid, provide
limited digestion of organic matter, store solids, and
allow the clarified liquid to discharge for further
treatment and disposal.

DRAIN TILE OR PERFORATED PIPE

SETTLED SOLIDS

Solids Decomposition

Liquid Flow Path

Effluent Disposal

Operation & Maintenance
Control Factors

Inspection Frequency

Where to Measure

[ SEEPAGE OF WASTEWATER |

ABSORPTION (PERCOLATION) FIELD

Settleable solids and partially anaerobically
decomposed sludge settle to the bottom of the tank
and accumulate. A scum of lightweight material
(including fats and grease) rise to the top.

The partially clarified liquid is allowed to flow through
an outlet structure just below the floating scum layer.
Proper use of baffles, tees, and ells protect against
scum outflow.

Clarified liquid can be disposed of to soil absorption
systems, soil mounds, lagoons, ocean outfalls or other
disposal systems.

Factors affecting septic tank performance include
geometry, hydraulic loading, inlet and outlet
arrangements, number of compartments,
temperature, and operation and maintenance
practices. If a tank is hydraulically overloaded,
retention time may become too short and solids may
not settle or float properly.

Tanks should be inspected at least every 2 years to
determine the rates of scum and sludge
accumulation. If inspection programs are not carried
out, a pump-out frequency of once every 3 to 5 years
is reasonable. Once the characteristic sludge
accumulation rate is known, inspection frequency
can be adjusted accordingly.

Actual inspection of sludge and scum accumulations
is the only way to determine definitely when a given
tank needs to be pumped. When a tank is inspected,
the depth of sludge and scum should be measured in
the vicinity of the outlet baffle.
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Determining Scum Depth

Determining Sludge Depth

When to Clean

Results of Not Pumping Solids

Special Considerations

Scum can be measured with a stick to which a
weighted flap has been hinged, or with any device that
can be used to feel the bottom of the scum mat. The
stick is forced though the mat, the hinged flap falls in
a horizontal position, and the stick is raised until
resistance from the bottom of the scum is felt. With
the same tools, the distance to the bottom of the
outlet device can be determined.

Sludge depth can be determined by using a long stick
wrapped with a rough white towel. The device is slowly
lowered to the bottom of the tank, just behind the
outlet device, thus avoiding interference with the
scum layer. Upon removal the depth of the sludge can
be easily identified on the towel.

The tank should be cleaned whenever (1) the bottom
of the scum layer is within 3 inches of the bottom of
the outlet device; or (2) the sludge level is within 8
inches of the bottom of the outlet device. The
efficiency of suspended solids removal may start to
decrease before these conditions are reached.

One cause of septic tank problems involve a failure to
pump out the sludge when required. As the sludge
depth increases, the effective liquid volume and
detention time decrease. This increases the liquid
velocity through the tank. As a result solids are
scoured from the tank bottom and carried out the
effluent. The only way to prevent this is by periodic
pumping of the tank.

Following is a list of considerations pertaining to
septic tank operation and maintenance:

A septic tank is a permit required confined space.
Because of the possible lack of oxygen and the
presence of toxic and explosive gases, entry is very
dangerous. Follow confined space and manhole
removal procedures when entering the tank. Entry
should be avoided if at all possib<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>