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ABSTRACT

A study was performed to evaluate the effectiveness of
various sewage treatment facilities in the Hackensack Mead-
owlends District. The study dealt with overall plant effi-
ciencies based on percent removals of suspended solids and
Biochemical Oxygen Demand although other parameters were al-
so included.

Samples for this study were obtained from the inlet and
outlet channels of the individual plants. The parameters
studied were: Suspended Solids, Biochemical Oxygen Demand,
Totel Nitrogen, Litrate-Nitrite Compounds, Total Organic Car-
bon, Orthophosphate-P, Total Oxygen Demand and Fecal Coliform,
Results obtained were averaged so as to collectively repre-
sent wet and dry weather conditions.

The results indicate that most of the treatment plants
in the Hackensack Meadowlands District are out-dated and in-
sufficiently equipped to handle the complex constituents of
the municipal and industrial influents. Therefore, accord-
ing to the results, it is necessary to up-grade these plants
in order *to suvfficiently treat these discharges and meet
federal, state and local ordinances.,

A number of recommendations are offered with accompanying
modified flow diagrams illustrating an up-graded treatment

plant.

Alfonso A. Hernandez
Master of Science
Invironmental IEngineering
Graduate Program

October, 1977
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INTRODUCTION

No animal can thrive or even survive when it is too inti-
mately surrounded by its own bodily wastes. Among the lower
animals, some bury such wastes; others seek new surroundings
when thé old one becomes intolerable. hankind from its earl-
iest beginnings has followed the exawmples of the animal and
steadily improved on its method of waste disposal. Today we
destroy our wastes, not only for our own comfort and well be-
ing but also for the prevention of discomfort and injury to
our fellow man; not because the law demands 1t, but because
of our common sense of decency, which makes the law demands

it.

The greatest need of a modern city is its water supply.
Without it, city life would be virtually impossible. The next
most important need is for the removal of the waste materials
generated, particularly human excretions resulting from human
consumption. ‘“he city, after removal of the gererated wastes,
is not only concerned with the transmission of diseases
throurh the water supply, but also with the creation of nui-
sances arising from unsightly sitreams, odors, interferences
with recreational activities and other objectionable conse-
quences of waste treatment and disposal. In the case of a
disease of bacterial origin, the responsible organism is har-
bored in the intestines of & ca:rier or & person actually ill

with the disease. Depending upon the method of disposal of
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the excretion from these persons, the bacterial responsibdble
for typhoid fever, dysentery and cholera may find their way
into soil, water, food or milk and when ingested, may again
cause disease in another human. Also, these harmful organ-
isms may be introduced into sewage from clinics, nospitals,

and research laboratories through the waste sink route.

One mignt define sewage as the "spent water supply of a
community together with the human and household wastes which
are removed by water carriage, and supplemented, in some
cases, with street washings, surface runoffs, ground water

1 The liquid or water-

infiltration and/or industrial wastes."
carried wastes originating in residences, business buildings

and institutions are called Domestic Sewage. Those resulting

from the manufacturing processes employed in industrial es-

tablishments are kXnown as Industrial Wastes. In addition,

Surface Runoff is water which flows or falls upon the surface

of the ground and infiltrates into the sewer systems.

Althourh sewage is composed largely of water (99.9%), it
contains sufficient amounts of substances which are offensive
in character and behavior and, very often, dangerous to the
public health to make the economic and sanitary disposal of
sewage a problem of far-reaching importance. In appearance,
sewage resembles dirty, dish water or bath water to which has
been added floating matter, such as fecal solids, bits of pa-
per, matches, grease, vegetable debris and fruit skins. Phy-

“sically, sewage contains matter which is both in suspension
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and solution. Of the suspended matter, some will settle down
when the transporting power of the water is decreased by a
reduction of its velocity and some will remain in suspension,

even during periods of non-flow conditions.

Chemically, sewage contains substances of animal, vegeta-
ble and mineral origins. The animal and vegetable materials

are collectively known as Organic Matter and, in large part,

are offensive in character and behavior. They are made up of
complex cheumical substances which are readily broken down by
biochemical, and to a lesser degree, and chemical actions in-
to simpler chemical substances. Uncontrolled decémposition
of this organic matter, which makes up about 50% of the sew-
age solids, is accompanied by offensive odors and their nox-
ious conditions in the streams or otlier bodies of water into

which sewage may be discharged.

Biologicaliy, sewage contains vast numbers of living micro-
organisms, among which.the bacteria are dominant. One gallon
of sewage may contain as many as 20-250 billion bacteria. Most
of these‘bacteria are harmless to man and are largely engaged
in converting the complex organic wastes of sewage into sim=-
pler organic or mineral substances. Sewage, however, may con-
tain bacteria or other organisms that have come from sick peo=-
Vple. Some disease-producing (pathogenic) microorganisms are
commonly present and they are the ones that constitute the

real danger of sewage to the public health.
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The quality of our water today clearly reflects the effects
of our technological age. New chemicals in detergents, ferti-
lizers, insecticides and herbicides, to name a few, are find-
ing their way into water sources. With the use of such pro-
ducts promising to increase in the future, public health offi-
" cials must take a new look at the domestic water standards and

treatment methods of today.

In terms of the quality of sewage, it is important to know
the flowrate to a sewage treatment works facility, especially
at large and complex plants, btoth daily and hourly, for the
following reasons:

1. To indicate the presence of dnusual quantities of
surface and.ground water, industrial wastes and
potable water used.

2. Yo estimate flows 1n the future.

%, '1'o0 1ndicate the possible need of additional treat-
ment facilities.

4., 'l'o calculate operaflng data:

A. Scwage flow per capata daily.

B. Detention tame 1n tanks.

J. Total quantity of solids handled.

D. Sludge produced per million gallons of sewage.

k. Cost of:
1. Pumping sewerage per million foot-gallons.
2. 'l'reatment per million gallons.

F. Quantity ol sewage treated per uniu ol area

by trickling tilters, contact beds, sand til-
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ters, sedimentation tanks, etc..
.G. Hourly and daily organic load on:
1. The sewage plant and its parts.
2. 'The water receiving the effluent.
5. Indicating operating procedure:
A. DHNecessity of by-passing some of the effluent.
B. Quantity of chemicals for coagulating purposes.
Ce. Quéntity-of chlorine or hypochlorite of lime to
use.
D. Quantity of activated sludge to refurn to aera-
tion tank.
. Quantity of air to use for:
1. Grease removal.
2. Activated sludge process.
. Humber of sewage pumps and treatment units to

keep in service.

Any sewage treatment and disposal system should operate in
such a manner that no health hazards are created by the system
and, in addition, it should not cause a public nuisance. The
system should be of a type that is approved by the health de-
partment having jurisdiction and with adeguate capacity to ren-
der the incoiring sewage load harmless and inoffensive at all

times,

The Hackensack lieadowlands District is one of liew Jersey's

most valuable marshland areas. It has been cited by the New

Jersey Legislature as a "resource of incelculable oppurtunity."2
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Situated in the greater metropolitan area of New Jersey-New York,
it is one of the few areas in the United States that is an under-
developed estuary. Within the Hackensack Feadowlands lies the
Hackensack River drainage Ybasin which covers approximately half
the area of Bergen and hudson Counties in northeastern llew Jersey
and the southerly half of Rockland County in New York. Along

the river, at various points, treated and untreated liquid
wastes from municipal and industrial facilities are discharged
directly into it. These contaminants as well as contaminants
from other sources have deteriorated the gquality of the tidal
portion of the river to the extent that pollution imposes a ser-
ious environmental detriment to the future development of the

Hackensack leadowlands pDistrict.

Currently, most wastewater heing discharged into the Hacken-
sack Meadowlands District is treated by primary and secondary
treatment processes. “nis thesis attempts to assess the extent
to which this treatment is effective by sampling influent and
effluent streams of the major sewage treatment plants located
within or discharging into the lackensack lieadowlands District
and conducting laboratory analyses for various water quality
parameters. The deviation of this sampling and analysis covers

a period beginning in June, 1976 and ending in April, 1977.

1. Manual of Wastewater Operations, The Texas Water Utilities

Association, 1972

2. Feasibility Report vater Pollution Control Systems - In Con-
nection with the Developument of the lLackensack Meadowlands,
Hudson and Lergen Counties, state of k.J. Hackensack leadow=-

lands Development Commission, Jokmn J. kasner & Co., Inc.,

Consulting kngineers, 1971



Supply

Water is used for many purposes in our modern civilization,
among them are drinking, cooking, bathing, washing clothes
and dishes, air conditioning, general household cleaning,
the manufacturing of many products (e.g., paper, steel and
synthetic rubber), irrigation and consumption by domestic
animals and poultry. The average daily water use in a typ-
ical American community is about 200 gallons per person.3
This is broken down into 75 gallons for domestic use, 75
gallons for industrial use, 30 gallons for commercial use,
10 gallons for public use (i.e., firefighting, street clean-
ing and park maintenance), and 10 gallons lost by waste and

evaporation.

The primary sources of this water, which is replenished
by rainfall, are underground waters, rivers and streams,
lakes and reservoirs. salthouygh the total-quantity of water
available on the earth is %40 million cubic miles, or
375,790 million billion gallons, only 9.5 million cubie
miles, or 10,500 million billion gallons, is fresh water.4
The remaining 97.2% of the water is the oceans. Because
of the high salt content of ocean water, practically all
potable water comes from thé freshwater resource. Although -
freshwater is preSent in many locations, 75% is not avail-

able for use because it is frozen in the polar ice. An-

other 14% is in the ground at depths of 2,500 feet or great-
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er, and can therefore be tapped only with difficulty. HNear
to the surface is groundwatér, which comprises about 11% of
the available freshwater supply. ILakes comprise about 0.3%0%,
soill moisture near the surface 0.60%, rivers 0.03% and water

jeterd

vapor in the atmosphere 0.03%%.

The earth's water supply is involved in a never-ending
cycle of evaporation and transpiration, condensation and pre-
cipitation which is called the water cycle. The ligquid water
on or beneath the surface of the earth evaporates (and trans-
pires from plants) to become water vapor in the atmosphere.
The water vapor condenses to form clouds and, when the pro-
per meteorological conditions prevail, precipitates in the
form of rain, snow and ice. The water is thus continuously

replenishing the available ox the earth.

Transmission and Distribution

The transmission and distribution of water is an inte-
gral part of any water-supply system. The movement of the
water from its source to the consumer can usually be divided
into two segments. The first involves transporting the water
from its source to a control collection point where, if nec-
essary, it can be treated. This transportation usually is
done in an aqueduct, which can be a channel, pipeline, or
tunnel with the water either exposed to the atmosphere or
under pressure. The second segment involves the distribution
of the water from the collection point to the locations where

it is consumed.



Aqueducts

The transport of water at atmosphere pressure is done in
channels, which can be opened or covered. Where the land
profile hinders the use of channels, pipelines can be used
since they can operate under pressure. Pipes can be placed
above or under the ground. %unnels are used principally
for mountain and river crossings. The location of an aque=-
duct is fixed by the source of supply and the area to be
served. Ltowever, the route between these two points depends
on engineering and economic considerations, and the best

route may not be the most direct.

Distribution Systems

The distribution system can vary in complexity from the
simplest distribution of water inside a home to the complex
distribution systems of the largest cities. The latter sys-
tem will contain pipelines, pumping stations, fire hydrants,
valves, reservoirs, service pipes to consumers and meters.
It must satisfy the water requirement for a combination of
domestic, commercial, industrizl and firefighting purposes.
Some cities have separate sygtems for domestic use and fire
protection. Domestic water gshould never be connected to any
less pure source, such as a fire protection line, since this

could lead to pollution of the drinking-water supplye.

Water Pollution

Water pollution may be defined as a change in the chemical
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or physical condition or fhe biologival content of the water
in a water supply that prevents or limits further use of the
water or impairs man' aesthetic enjoyment of the water.5
Deriving aethestic enjoymeny from water by looking at it is,
practically, the only human use of the water that allows it-
to be returned to the stream, lake, river or other source

of supply unchanged in quantity and quality. All other uses
change the water's physical condition - for example, by heat-
ing or adding materials that can be called pollutants. Pol-
lutants are of two general classes: 1). Materials that
change with time and water contact and 2). DMNaterials that
persist in water unchanged in form. The organic materiais

of sewage and many industrial wastes, sucn as pulp and paper
waste, represent the first class., lost inorganic salts, such
as sodium sulfate, used as a dye in the textile industry, and
inert organic materials, such as pesticides, represent the
second. Often water that is safe to drink contains barely
measureable amounts of pollutants that change its clarity,

or produce odors, unpleasant tastes, films or foams tha

rmake it unattractive for drinking or for recreational uses

such as swimming, fishing or boating.

Until his rivers and lakes became so unclean that he
could no longer drink their waters or swim in them, modern
man took for granted the availabvility of the vital resource,
water. Until his neirhbors in communities downstream or
further alonsshore began to complain that they could no lon-

ger use the water, he dumped his wastewater into rivers and
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and lakes with little or no treatment to purify it. However,
in the second half of the 20th century, man had begun to re-

gain the strong respect his forefathers had for water.

In the religious rituvals of man's primitive ancestors,
water was considered a sacred and vital substance and penal-
ties were imposed for those who would abuse it. The Romans,
who were excellent hydraulic engineers and who built plumb-
ing and sewer systems for their cities, continued to regard
water as a holy substance. Yhey dedicated important springs
and wells to various dieties and severely punished anyone
who used those water sources without authorization or who
fouled them. Yor many centuries certain waters were consid-
ered to have special healing powers and people travelled
great distances to spas and watcring places where healing

waters were available.

Prom the time of the Industrial Revolution, the uses of
water multiplied in number as more goods were manufactured.,
Societies, such as the United States, which were expanding
quickly and which had plentiful resources, used water and
other resources freely, without regard for future svpply.
Water nay be said to be a renewable resource, since it re-
turns to the land as rain after it has been purified by e-
vaporation from the sea. This resource, unfortunately, is
no longer plentiful enough to meet the needs of growing pop=-
ulations with technology that continuously finds new uses

for water. The U.5. demand for water climbed from 200 bhil-
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lion gallonsAin 1954 to 350 billion gallons per day in 1970
and is expected to reach about 1,000 billion gallons in

2000.6

The U.S. Geological Survey predicts that water resources
in the U.S. will be sufficient to meet the U.S. demands over
the next 50 years only if all possible sources are used -
including surface water, ground water, desalinated water and

1

treated wastewater. There already exists many communities
whose only available water is polluted. These are new com-
munities that have been built on rivers and lakes that re-
ceive sewage from other communities and from industrial -

plants; they rely on wastewater treatment plants to make the

polluted water safe to usc.

Sources of Pollution

Cormunities

An obvious source of water pollution and one that has
traditionally received attention is municipal sewage. MNu-
nicipal water fequirements are usually estimated on the ba-
sis of the daily average use of the 200 gallons of water per
person. This amount represents not only the water used by
each person for drinking, cooking, personal hygiene and
flushing away person wastes, but also the water used for
sprinkling lawns, fighting fires, cleaning streets and other
been used, a

mitrm ";
ARA AL b

-

same amount enters the sewers as wastewater. Since each
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person adds about half a péund of fecal waste matter to

the water each day, the first concern of municipalities in
treating wastewater at sewace disopsal plants is to elimin-
ate the water's content of pathogens, either by natural pro-
cesses or by chemical treatment. =tacteria and viruses car-
ried in fecal wastes can cause intestinal diseases such as
typhoid, cholera and dysentery, as well as polio and hepa-

titis, if water carrying them is consumed.

Entering sewers in dissolved form are the soaps, synthe-
tic detergents, bleaches and other chemicals used by the
housewife. Irom homes also come various disposal paper
products, including toilet tissue and baby diapers. !liomes
with garbage disposal units in their kitchen sinks add
ground-up vegetables and animal matter to the sewage. From
the streets come the water that runs off from rainstorms
as well as meltwater from snow and ice. The latter often
contains sand and calcium chloride that is used to melt snow

and ice in orxder to clear the streets for traffic.

According to 1970 data from the U.S. Dept. of Housing
and Urban Developuent, the sewage of 10 million people in
1,400 U.S. communities is discharged raw and untreated into
the nation's rivers and lakes, Among these communities are
many large cities, for example, lhemphis, Tenn. and the bor-

8 The sewage of an addi-

ough .of Manhattan in kew York City.
tional 85 million people served by sewers receives only pri-

mary treatment before it is discharged into the waterways.
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Furthermore, thousands of industrial plants in the U.S. dig-
charge their wastewaters into municipal Facilities not equip-
ped to deal with the complex chemical composition of the

wastes.,.
Industry

In technologilcally advanced societies the greatest user
of water and the greatest source of wastes added to water
is industry. Well over half the water consumed in the U.S.
is used in more than %500,0C0 factories, and the amount of
wastes from these factories discharge into streams is three
times the amount discharged by all of the people served by
sewers in the U.S.9 Water performs many industrial func-
tions, serving as a raw matecrial, heating and cooling var-
ious processes, transporting, sorting and washing materials.
Water also carries wastes frowm all stages of the industrial
process = from production of the raw materials, through pre-

paration of intermediate structural vaterials to the manufact-

uring and packaging of the finished product.

Becauge it is cheaper to tihrow away may of the residues
and waste materials of these various stages than to recycle
and reuse them, a vast and complex variety of organic and

inorganic materials is discharged with industrial wastewaters,

Although the majority of industrial wastes entering nat-
ural waters are not toxic or letnal to Zuman beings, their

increasing abundance has affected the ecological balance of
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many of the world's waterways and lakes.

Thermal Pollution

The bigeest single use of water is in the production of
electricity where water is used primarily to cocl and con-
dense steam that‘is carried away from the turbines in steam
electric power generating plants. The temperature of the

water is raised an average of 7% (1BQF) and the heated water

is subsequently discharged into streams and lakes.
Agriculture

The second largest use of water is for irrigation in ag-
riculture. The water that drains from irrigated lands is
highly concentrated in dissolved soil solids and salts.

Water from these and naturally irrigated farmlands also car-
ries the residuals of all the chemicals used to enhance ag-
riculture. These chemicals include insecticides such as DDT,
fungicides sprayed on orchards and crops; herbicides, common-
ly known as weed xillers and other pesticides. They also
contain organic and inorganic fertilizers, such as nitrogen,

pnosphorus, potassium and other plant nutrients,

In addition to these éhemicals a large amount of fecal
and other organic wastes aré dumped into streams wherever
beef or dairy cattle, hogs or poultry are raised under mod-
ern methods, that is, where the animals are concentrated by
the thousands in lots where they are fed. The meat packing,

tanning, food procecsing and canning industries associated
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with agriculture also produce much organic waste.
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Clean waters are clear, colorless, odorless and tasteléss;
they contain a variety of fish, plents and animals. Polluted
waters are nurky, foul-sielling, undrinkable, and very often
teeming with life - no fish,Abut a vast number of bacteria
and_algae. Neture's own sysiem of purification of water,
aeration of running water and settling out of the particles

it contains, has been overlonaded by man's pollution with dire

results.,

Pirst, organic materials in wastewaters are decomposed
by the enzymes of bacteria that digest the organic debris.
These bacteria are aerobic, which means that they require
oxygen for survival. This results in an oxygen depletion
in any given stream. They utilize the oxygen in the water
and give off carbon dioxide as they digest the organic mat-
Qrials. The carbon dioxide and water the two common end
products of decomposition, but a variety of other products
may @lso be formed. Ior example, bacteria may convert ni-
trogen in nitrogen-containing weastes into ammonia (NHB)
which is subsequently converted to nitrate (NO%), which can
then combine with potassium, sodium or othcr elements to

form nitrate salts.

Whether the orcanic material is fecal matter, vegetable
or animal wastes from food-processing plants, or paper fi-
bers and the residue of wood pulp from pulp and paper mills,

the process of decomposition is essentially the same. The
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amount of oxygen dissolved in the receiving waters varies
according to temperature and according to the water's sali-
nity end the pressure. A%t 20°C (68°F), freshwater, if it

is agitated vigorously so that it is in contact with the

air, can contain 9.2 milligrams of oxygen insolution in one
litsr of water; however, tunis capacity decrecases if the water
is warmer and increases 1if i% is colder. On the average, the
decomposition of the organic material contained in 300 milli-
liters of municipal waste of typical composition reguires a-
bout 67 milligrams of oxygen in 5 days at 20°C. This average

value is called the 2iochermicgal Oxygen Demand (30D) of the

astewater and is useful in calculating how much oxygen is
required for a given volume gf discharge of wastewater. The
30D of wastewaters from tanning, meat-packing and sugar-re-
fining factories is mnuch higher than that of municipal waste-
water.

If the receiving waters are shallow, rapid-flowing and
vigorously mixed, oxygen Ifrom the atmosphere replaces the
depleted dissolved oxyren and the carbon dioxide is driven
out into the atmosphere, éo that the eifects of the decompo-
sition of orgenic pollutants are temporary. 1f, on the other
hend, the receiving waters are slurgish, poorly mixed or
sealed from the atmosphere, the depletion of oxygen and ﬁhe
increase of carbon dioxicde in the water will become evident
and various chanses will occur. At gome point in the oxygen
depletion, fish and otier oxygen requiring or;janisms begin

to die and their decaying flesh is added to the total organ-



19.

ic loading requiring decomposition. Although more fish die
from poisoning by industrial and agricultural pollutants,
many have died because of oxygen depletion. Fish, like
other animals, take in oxygen and give off carbon dioxide;
hence, their rate drops if the water in which they swim

has been depleted of oxygen and contains high concentrations

of dissolved carbon dioxide.

Adding to the workload of the aerobic bacteria and put-
ting further demands on the dissolved oxygen supply are the
man-made biodegradable materigls. Organic matter, such as
human excrement, is naturally biodepradable, but many man-
made disposable substances such as deterrents and throwaway
paper products have had their composition altered by manu-
facturers to incorporate this feature. The first synthetic
detergents, marketed in the 1950's, were not biodegradable.
This fact was broucht to tie nublic's attention when huge
clouds of sudsy foam from thesgse detergents began to pile up
at wunicipal sewage plants, and after being contaminated
with germs from tine sewage, clogged up the works at some of

these treatment facilities. This problem was solved by mak-

ing the products biodegradable. Tris solution, unfortunately,

has had the disadvantage of acding to the receiving waters!

BOD and, thcrefore, hastenins the oxygen depletion process.
’ . p D

Second, *the formation of sasces such as ammonia which re-
b4 5
sults fromm the microbhial decomposition of proteins and hu-

man and animal excreta. This gaseous compound, or related



compounds, 1s produced both when oxygen is present and when
it i1s not. In the presence of oxygen, ammonia 1s oxidigzed -
by bacteria to form nitrites and nitrates. If there is no
oxygen present, the ammonia pe¢rsists. If oxygen depletion
occurs after the nitrateé and nitrites have been formed,
these products will be reduced to nitrogen gas, as often
happens when water alrecady carryinz nitrate receive addi=’

tional organic material in pogled or impounded areas.

Anaerobic bacteria, which gre lLacteria that grow in the
absence of dissolved oxygzen, live in sludges on the bottom
of such pools and can use the oxygen present in sulfates to
yield hydrogen sulfide gas, the same gas that gives rotten
eggs their characteristic bad odor. When there is not enough
oxygen available in compounds, other anaerobic bacteria teoke
over. Various types of bacteria ferment the organic matter,
producing carvon dioxide gas, hydrogen gas and methane gas,
the gas also known as mersh gaes. Although not unnecessarily
unhealthy, such bubbling, gaseous anaerobic polls are repul-

sive to the senses.

Third, in certain areas a process that takes nature tens
of thousands of years to accomplish is being speeded to com=-

pletion in very shorter periods of time by man's pollution.

This process is called Zutrophication, and it involves the

: p LUTIron. ’

gradual increase of plent life in a lake until the lake turns
into a marsh, which fills with rud and dead plant debris and,

finally, becomes solid land. Thais process has occured, with
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man's help, in just a few years in small ponds and lakes,
and is believed to be occuring in Lake Erie, where it will

take longer because of the lake’s great size.

Lutrophication is hastened when plant growth is stimulated
by the nitrogen and phosphorus contained in fertilizers dis-
solved in agricultural wastevaters, in detergents and clean-
ing compounds and in other waste products. A lake receiving
such wastes becomes more fertile and as i1ts plants increase
in number they take up more gpace that would normally be
used by fish. ‘hen the algae and other plants die, they
fall to the bottom and must pe decompoced byaerobic bacteria,
thus the dissclved oxygen 1s used up and the fish die. The
lake becomes choked eith flowuting and attached algae, water
bweeds and other plants, and small animals that graze on these
plants. bBlue-green algae gives the water the appearance of
pea soup and gives its a btad odor and fishy taste and, in

addition, covers rocks with a gelatinous slime.

Fourth, is the accumulation oi toxic organic chemicals.
The poisonous nature and persistence of chemicals used as
pesticides are advantages in the control of mosguitoes and
af insects, weeds ond other pests tnat destroy crops. They
have proven to be dangerous with ecological disadvantages,
however, as residucs of the chemicals have accumulated in
various organisms and Leen’cycled throuzh the biological
food chain, The pesticides unique chemical structures are

not subject to the normal processes of chemical and biologi-
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cal degradation. Consequently, when plants or organisms are
eaten by predators, tne poisonous substances accumulate in
the predators' bodies, reaching concentrated levels. ZFin-
ally, they are subsequently passed onto organisms higher in
the food chain as the larger predators devour the flesh of
the smaller ones. This process has taken place both on the
land and in the water. ‘‘he substances become dissolved in
rainwater and absorbed on soil particles, then they are
washed into the ground, ulitinmately finding their way to the
streams that drain the farmlonds. Once in the water they
begin to accumulate in the bodies of fish and smaller aqua-
tic organisms. Althouzh some of these organisms have devel-
oped a tolerance to tihese poisons, there have been instances
of massive dying off of certain species apparentlybecause of
the agricultural poisons. wven if the chremicals are not con-
ce~trated enouch in dosage to be letral, they may cause death
or other harmful eifects highier in the food chain. Tor ex-
ample, gulls have died after eating many fish containing
‘high concentrations of DDT, and a number of species of other
fish-eating birds, including the bald eagle and the pelican,
are faced with extinction because of impaired reproduction.
The pesticides they counsume ¢ause them to form egg shells
that are so thin and fragile that their eggs are easily

crushed and, therefore, destroyved before they can be hatched.

Fifth, is the effects of the toxic metals mercury, arsen-
ic., cadmium and lead which are also cumulative. Received
9

in repeated small doses, any of these can eventually have



the same effect as a single massive dose. Inorganic mercury
contained in industrial wastewaters settles into the mud at
the bottom of rivers and laxes. Anaerobic bacteria there
convert the mercury into poisonous forms, such as methyl
mercury (CHB)ZHg, winich can bause severe damage to the nerves
and brains of animals, including human beings, as well as
genetic mutations. Methyl mercury is volatile and it bub-
bles up from the mud and into the water where it enters and
becomes concentrated in the bodies of fish. Although the
fish do not die, people eatingzg mercury-contaminated fish

may be poisoned or killed, as wecre the 137 Japanese from 1953

10

to 1970. The victims were inhabitants of certain areas

of Japan where the diet consists largely of fish from mer-
cury-contaninated waters. Another substance that is well-
k¥nown as apoilson and that entefs streams in solution is ar-
gsenic. Arsenic is found in smell but measurable amounts in
so-called "enzyme" soalking compounds and phosphate detergents
and in dyes used to wake coliored faclial ana toilet tissue.
Lead wnich is used in manufzcturing metal products, storage
batteries, dyes, paints, glass, gasoline, insecticides and

caduium, used mainly in storage batteries also enter streams

with industrial wastewaters.

=

Mnally, metals such as iron and manganese undergo chan-

ges in receiving watcrs due to oxidation by chemical process-

es, asg when rust forms on iron compounds, or by biological

processcs, as when certain bucteria oxidize iron. Soluble
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forms of these metals exist in various types of wastewaters.
For example, dissolved metals are found in wastewater that
leaches from, or percolatez through the ground from, mines,
scrap metal and ore dumps, and from some natural swamps.
When salts of these metals are oxidized in water they become
less soluble and form clouded precipitates, or solid parti-
cles that begin to settle out of solution. Therefore, the
water becomes cloudy and colored. The wastewaters that
drain from iron mines or scrap iron dumps, for exumple, are
colored red or orange-brown because of the presence of the

precipitate rust.

Inorganic pollutants such as sodium chloride, sodium sul-
fate and calcium chloride, which are salts formed by the
neutralization of acid or allwline industrial wastes, are

not biologically transformable or chemically reactive.
Although trey undergo no change, they can alter the quality
of receiving weters 1if thefe is not enough fresh water avail-
able to dilute their concentrotion. M"iard" waters, which

are high in mineral content, are undesirable for many uses

because the minerals can build up deposits in pipes and boil-

ers in which they are used.

Cther inorganic materials, such as zinc and copper, be-
come absorbed on perticles of silt and mud at the bottom of
the receiving stream and then may be transported with these
fine particles by the flowins water. Their toxic effects

are much pgreater in acidic than in neutral or alkaline waters.
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Thus, zinc and copper have occured at concentrations lethal
to aquatic organicsms in tThe aclfdic watzrs draining from
coal mines. Just as these metsals become toxic in the pre-
sence of acid, various pollutants may interact to produce

a toxic effect although tine same substances acting sepa-

rately micht not be particularly toxic. Hhis is true of

copper in the prescnce of cadmium.
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THI POLLUTICH O BSTUARIE

Istuaries have been called places where rivers meet the

. R}

sea. A typical estuary is the drowned mouth and lower

"

channel reach of a river that empties to the sea. The

&}

channel is cut below sea level and is invaded by the sea.
Chesapeake Bay, in the eastern United Stutes, is one of
the world's greatest estucrieg. During the Ice Age, so
nmuch water was stored as ice on the continents that sea

level at times was several hundred feet lower than at pre-

sent.

Both tidal action and gravitational forces send seawater
up into estuvaries, where it mixes with fresh water. The
mixing pattern may be complex or simple, depending on tidal
ranse, depth of the estuary, and rate of dischurge of the
river. iach estuary reguires individual study. Lstuaries,
in general, are bveing filled by alluvial sediment (soil de-
posited by water) and organic accumulations. KFilling has
been in progress for thousunds of years and in parts of

Chesapeake Bay as wmuch as 100 feet thick.

liot all coastal embayments are estuaries. The Carolina
sounds such as Pamlico are enclosed by offshore bars formed
by marine wave and current action. Puyet Sound is a fjord
gouged out by glacial action. oome embayments have been
formed bty downwarping of the earth's crust. learly all

embayments, howvere, have been affected by the rise of sea
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sea level during the last 15,000 years, and rivers that

enter the sounds in general have true estuaries.

[5

The ecology of estuaries ig extremely complex and their
biotas are very varied and versavile. They are hichly
susceptivle to changes in strecses and have prominent roles
in the water cycle and in the disposition of the dissolved

and entrained solids in the rivers that enter them.

Currently, there is increased pressure on local authori-
ties to prevent the fouling of fresh water, and much atten-
tion is being paid to finding otner outlets for effluent
discharges. In the past, it has been mistakenly believed
that estuaries can be freely polluted and effluents dis-
charred into them without hindrance. This is no longer
so, and legislative ‘acts have been passed so as to protect

1

and preserve the lives of tie present estuaries.

It is of the most impo:tance that we asce in at the
start the guality of the Water required for the various
purposes to which the estuary may be devoted. It is un-
likely that all possible uses of estuarine water will be
identical throuchout the length of the estuary. There is
a considerable lack of information on what constitutes tox-
ic levels in an estucry. .stuaries are all tidal, so that
discharzes ebb and flow. The saline concentration is con-
stantly varying also. “he water in an estuary will seldom

be cnanged at each tidal change and it is even possible
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for toxic materials to be concentrated rather than dispersed

by tidal action.

It often hapvens that pollution travels up and down with
the tide like a piston. Nodern planning tends to locate
industries near the cbast so that effluent discharges are
made into the sea or adjacent estuaries. The changes of
water in an estuary modify discharges, but these changes
are not as clear as in fresh waters; for the composition
is continually changing by reason of the fluctuation of
the salinity. Nor is much known about the dispersal of
effluents in tidal waters ard their eventual removal to
the sea. It may well be that an estuary may be able to
tolerate a certain amount of pollution without any diverse

effects.

Investigation of the dexree of pollution of an estuary
is not easy. 4 plan of sampling has to be desigrned which
takes into account the mixing of the erfluent with the di-
luting water at &ll stages of the tidel cycle and along
various places on the estuary. Depending on the results
of the sampling will determine whether the estuary is cap-
able of purging itself of the effluent or whether controls
are needed on the concentration and disposal methods of

the effluent.
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SEWAGE

Sewage is defined as the liguid waste of a community.
It corsists of wuste from toilets, sirks, baths, lavator-
ies and other plumbing feutures in residences, institutions
and business builldings; certain wastes from varying types
of manufrcturing or industrisl plants and, in many, commu-
nities, the run-off from the streets and other surfaces
that resgults from storms or street-flushing operations.,
In gereral, sewage 1s egzentially water thaet carries a
small percentaze of solid meterial in solution, in suspen-

sion or floating on the surface.

Sewage may be classified according to its source, as

follows: that from regidences, insitutlions and business

buildings is called Domestic sewagse (also known as Sani-
tary Sewage or louse Sewarc); that resulting from manufact-

uring or industrial processes 1s known as Industrial Wastes

[on

or “rade Waste; and that frow run-off during and immediately

called Storm Water or Ctorm Sewage. In

[€n}

following storms 1

addition, a certain amount ol sewage results from cleaning

trne streets.

Ordinary fresh domestic sewage is rray in color, having
somewhat the odor and appearance of soapy dish water., It
is somewrat turbid and will contein floating matter which
can easily be seen with the naked eye. This floating mat-

ter can be distinguished ag netches, bits of paper, soap
b £ iy ’ ad |
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feces, rags, garbage, olly patches and numerous other mat-
erials. "The liquid portion o the sewage will contain
materials in solution and millions of bacteria and other

microscopic organisms.

Stale or septic sewage is gometimes black and with vary-
ing intensities of disarreeable odorss The floating mat-
erials are more difficult to distinguish and their appear-

ance nay be changed from their origiral form.

The quality of seware per capita varies within wide
ranges. 1In cities with separste sewers the amount of sew-
age produced would equal tne amount of water consumed.
This is not necessarily true as the amount of sewage may
vary from 70 to 120% of the water consumption. Wwhere
lerge amounts of water are used for irrization and sprink-
ling, it is ovvious that it will not reach the sewers,
while, on the other hand, many cities have industrial
plants which derive their water from sources other than
the city supply and discharrze their wastes into the city's

sewers.

The "strength" of a sewage also depends upon the habits
of the population, and as in cities the people are of fair-
ly regular habits the variation of strength is also fair-
ly regular. The strongest secware often occurs about 10

a.m. for cities and the weakest sewage between 3-6 a.m..

The time during which the sewage remains in the sewer
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depends on the area and contour of the district to be
sewered, and, in particular, on the velocity of flow in
the sewer. Variations of flow occur unually, seasonally,

daily and hourly.

Annual veriations may be caused by increases or de-
creasces of rainfall; this aifects the rise and fall of =
subsoil water in the ground in which the sewers are laid.

re other factors. In

m

Yopulation and industrial chunzes
some cases, the effect of auvtumn and winter rainfall is
not felt in the scwers until the following spring. Ideal-

1y, 21l sewers should be water-itignt, but the joints of

5

stone ware pipes, etc., ovisig to contraction and. expansion
caused by seasonal variatiorns of temperature, permit the

1 1

formation of hair-line cracks throush which the subsoil

or pround waber gains entrence.

Seasonal variations may be caused by seasonal changes,
for instance, holiday resorts during the summer have in-
creaszd sewase, by the seasonal distribution of rainfall,
varying croundwater leakare at verious times of the year

and ossibly, sezsonal Industries.
y Wy

Daily variations depend on inflow of industrial wastes,
the sewage flow being usually least on sundays, iHourly
verictiions depend on the natits of the populetion served
by the gystem; as previously mentioned, the flow is usual=-

1v least in early mornings and rises at about 10 a.m..
Y &
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If the early morning flow is high it is quite possible
that a considerable volume of groundwater is entering the

Sewers.

Pollution Contrel and Treatment

There are three basic metiods of getting rid of waste-
water. The first is the ocldest and most economical - the
dumpine of wastewaters into abundantly flowing streams
where they will be diluted by freshwater, a2erated and as-
similated by natural processes. Obviously, this method

ic no longer adeguate; i{ it were, there would be no pro-

blem of water pollution.

The second methrod, imitating many of the natural pro-

cesses of the first, is the treatment of wastewaters phy
sically, biologically and cherically, primarily to remove
or reduce their content of splids and organic materials.

Such treatments are mainly uped in municipal sewage plants,
which rarely are equipped to treat the complex wastes of

industry or agricultural products.

Tre third method, abattins pollution at its source by
modifying processes to reduce wastes, for example, by re-
cycling materials in manufacturing or by using natural
predators instead of chemical pesticides, 1s a popular
concent. Because of its sreat cost to the individual pol-

luter, it will bve difficult to put into effect unless it
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is subsidized by society at large and, as in the second..

method, money for which cores from local and national taxes.

In choosing among the alternative solutions to the pro-
blem of pollution and decicing who shall pay for it, two
of the probvlen's basic cuuses snould be kept in mind - the
more pconle, tne more pollution and the nigher the standard
of living, the rmore pollutiom. If the inhabitants of mod-
ern technological societies want all the conveniences of
modern life, they wust either te willing to pay the high
costs of preventing or abétimg pollution or face the con-
sequences of ruination of Tie natural environment. Al-
thoush the concerred citizen may point to industry as the
villain and ask why industry 1is slow to pay for the clean-
up of pollution, he snould remember that he himself is one
of the consumers for whom indusiry producec goods and ser-
vices. ind, ultimately, he ywill nave to pay for clean

water, either in hicher taxes or in higher prices for con-

sunmcr goods.

ieed for Treatment of beware

nrm—

Sewepe 1s both dangerous to health and a potential nui-
sance. It is objectional in appearance because it consists
of dirty water in which float% paper, feces, etc., The or=-
ranic moterial decomposes gulckly, especially in warm wea-

ther, with the production of disurcreeable odors. I1If raw
b i g H

or untreated scware, is discrarged into a stream, objection-
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able deposits may be formed on the bed, decomposing solids
nay strand along the barks and ~rease or sozp contained in
trhe sewase may rise to the surface of the stream and form
gcum. Unless the proportion os sewage to water is very
small, fish may be killed end the stream may be spoiled
for any recreational use. wwven 1f the amount of sewape

is small to cause a nuisance, the bacteria in the sewage
will prevent the use of the gtream as a source of drinking
wvater or as a watering source for cows. Although water
that is contaminated by-sewége does not ordirarily harm
animals that drirk it, and 2ilk cannot become infected

as a result of the drinking of contaminated water by cows,
disease—beaiing bacteria may ve carried on the bodies of

-

N

m, and these bacteria

o

cows that wade in a contaminated

¢

rocess of milking.

e}

re
may reach the nilk supply during the

Sewage may contain the bacteria that cause the diseases
previously discussed. These vacteria, which are of the
class bacilli, are dischargec in the feces or urine of a
sick person with the disease and thus reach the sewers.,

It is also possible for the Bbacilli to be discharged by
carriers, or persons who have had the disease earlier and
have recovered from it but still discharge the organisms
eitrer continually or from time to time. Therefore, sew-
.age is always dangerous because 1t macy also contain the
causative orgenisms of several other diceases. If food

or drinkings water is contaminated by sewage the disease
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organism may be swallowed by many people. Contamination

of drinking water has beecn regsponsible for many outbreaks

of typhoid fever in the vast,

However, proper sewage treatment serves to reduce, sig-
nificantly, the number of disecase producing organisms wnich
miznt otherwise ve introduced into our waters. In this re-
spect, adeguete effluent disiniection represents a final

barrier in aivte,pting to exclude pathocenic orpanisms from



SEWAGE TREATMOET METHODS

The entire process of getting rid of sewage is called

Sewage Hisposal, whereas Zeware Treatment is the term em-

ployed to denote tne stens and processes by which sewage
is transformed into a liguid that, under the conditions

prevailing in the locelity, will meet the demands of sani-

tation, health and decency. The term Sewage Purification
is sometimes used instead of sewage treatment. sBut, as
sewage 1s very rarely purified completely, the word puri-

fication is incorrect.

There are two main objectlives to be accomplished by
the treztment of sewage. The first is the elimination of
disease-producing bvacteria to such an extent as may be de-
manded by local health conditions; the second is the stabil-
ization of the sewage without producing nuisance or odor,
or endangering health, <o accomplish these objectives,
much or nearly all of the organic matter must be taken out
or rendered harmless by decomposition and oxidation, and
the water, wiich makes up suchh a larze part of the volume
of sewage, must be restored %o a desgree of purity deter-

ined by the local conditions.

Sewage treatment may be said to be carried out in two
steps: primary and 'secondary processes., <The primary pro-
cess 1s the most common scwage treatment and is simply the

removal ol floating objects and suspended particles. Float-
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or screens placed in the path

U)

ing debris is caught on racl
of Tlow of the discharced wastewater. Then sand and other
coarse inorganic particles settle in grit chambers, which
have inclined floors to trap tre grit, or are causght on
screens. Jrease nay be skimmed oif the top by various

plates, bars, buffles or other devices. The sewage is al-

lowed to stand for a time in sedimentation or seltling ba-
sins so that fine particles will settle to the bottom.
¥locculent particles, which &re loose and floating, are

-«

sometimes induced to settle by adding chemical coagulents
that cause heavier clusters of particles, or flocs, to form.
The material that settles on the bottom of the basin is

called Sludge; together with other solids collected during

treatment it must be disposed of. vludge, which is 70%
organic in compogition, may be sent through a tank called
a digester, where anerobic bvacteria digest it and produce

a liquid and the guses methene and carbon dioxide as well
as mineralized solids. If there is no digester, the solids

may ve buried or dumped as lancfill, burned (this produces

air pollution), or dried and used as humus or fertilizer.

The secondary process or treatment is basically biolo-
gical. OSince primeary treatment does not remove organic
aterial, secondary treatment utilizes aerobic bacteria
to decompose the suspended and dissolved orzanic matter.
The main object is to put the wastewater in contact with
as meny bacteria as possible while keeping it aerated so

o<

that the bacteria have an adecuate supply of dissolved oxy=-



gen. 7This may be done in several ways. first, the waste-
water may be filtered tirouzh beds of sands, crushed rock,
stones or shapes made of ceranic or plastics, with the
same effect as would be achieved by allowing it to flow
over several miles of a stream's bottom. DLacteria form

a slime on the surfaces of thg filter fragments and decom=
pose the organic matter in thg wastewater as 1t trickles
through, thus reducing by more than 90% the biochemical

oxyren demand (3CD).

Second, in the,so-calledvactivatednsludge systems up
to 98% BOD reduction is accomplisned by aerating the waste-
water in a tank while vigorously mixing it with hichly con-
centratedbacterial floc, thus speeding up the natural bio-
logical mechanisms. 2snothoer method of secondary treatment
is to allow the wastewater to stand for a long time in ox-
idation ponds or lagoons, shallow structures where algae
consume carbon dioxide and produce the oxygen needed for
decomposition. Such ponds reguire sunsiine and certaln

temperature conditions and reduce the I0D by only 40-70%.

The particular method of sewage treatment to be adopted
will devend almost entirely on local conditions. It may
consist merely of dilution, or the discharge of the sewage
into a stream or large body of water., where there is a
larse body of water, dilution may be used as a complete

treatment of raw sewage or as a metnod of disposal for the

efiluent from treated sewape. Where suiliclent dilution
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for the raw sewage 1s not available, some other method of

treatment is necessary.

The need for sewagse treatment is not confined to muni-
cipalities. Institutions, cgamps, hotels and even resi-
dences produce sewage wnich must or should be disposed

of safely.

In general, the same processes can be employed for
treating insitutional sewage as are used for municipali-
ties, but details will differ. 7The smallcr a plant is,
the less operating attention it is likely to get. Less
money will be available for constrution and less automa-.
tic equinment can be installed. Also, in a very small
plant the is the liklihooa of being great daily and hour-
ly variations in sewage volume and sewage characteristics.
In actuwal practice, simpler methods of treatment will be

employed and the basis of design will e more liberal.
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TRIMARY TREATILID OPERATIONS
Screenings

Screenings were among the first modern devices used to
remove harmful material from wastewaters. There remain a
few places where screening is the only treatment that wastes
undergo before being discharged into the receiving waters.
In such instances, the volume of water for dilution is us-
ually large. Most screening devices in sewage treatment

e

plants are used to rewmove materials which would damage e-
guipment, interfere with fhe satisfactory operation of a
process or equlipment, or cause objectionalbe shoreline con-
ditions. uxamples of screening devices include bar screens
ahead of sewage pumps, meters, grit chambers, and/or sedi-
mentation tanks, fine screens used in place of sedimenta-
tion tanks preceeding secondary treatment; and woven wire

media screens preceeding trickling filters or following

sedimentation to remove floating material.

Where the raw sewage must Le pumped, screens usually are
found at the inlet to the waw sewage wet well. When pump-
is not required, but mcchanically cleaned grit chambers are
used, screens usually prececde them. kany types of materi-
als have been used as gcreens in sewase treatment plants
including slotted or periorwted plates, equally spaced
bars and woven wire., Screcening devices are usually class-

ified as fine screens or Coarse sScrecns.
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Bar Screens. Coarse Hacks.

Coarse racks are used chiefly to remove sigable objects
in large plants that would ugually injure mechanisms used

for cleaning conventional bey screens. Yney are also used

9]

{

as protective devices ahead pf fine screcens and comminutors.
In the very larre plunts, hand-clecaned cage-type units that
can be lifted from the chunnel are frequently employed.

They are often uvsed in dunlicate so thaf one uvnit may be
kept in service while the otuner 1s cleaned. alternately,
mechenically-cleancd trash screens such as those employed
for protecting water intakes z2re used. Hand-cleaned coarse

racks or screens are also used in the medium to large plent

rance.

Jlear openings between bers on coarse racks are general-

ly % inches where the racX is mechanically cleaned, but nay

N
[

e

sending on plont size and the tyoe

vary from 3-6 inches,
of unit which follows. In larre plants where the screen
channel is relaiively deep, the rack is generally verticezl,
or at a very slight angle. In the smeller ploants, where
the racks are hand cleancd, they mey repose at an angle of
30-60° from tie vertical. icre the [latter surface is pre-

ferable as it facilitates the hand cleanin

.

Ca

3 T ta - “
Standard Par Scroens.

Standard bar screens are used for the same purpose as

are coarse racxs. he chilel differcnce 1s the opening he-
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tween bars. In the case of bar screens, the clear openings
will vary between -2 inches, the most common being one
inch. YTecause of this.comparatively narrow opening, bar
screens are generally mechanically cleaned to prevent high

ezd loss due to screening accurulations.

r screen slopes viry from 10-45° from the vert ical,
with BOO beings the niost common engle, There are, however,
screens witn curved bars (foxming a 900 arc) to confornm

with the circuler path of tihe rotating cleaning mechanism.

The screen channel should ve desisred so that the velocity

£

of flow throush the screcen should not exceed 2%4-% ft/sec.
at averaze desipgn flow and sihould not fall welow 1.0 ft/secc,
at minimum flow. “hnis practice also applies to coarse

Screens.

m

Diswv
X

e s, e

2ol of Screenines

Screoninss from bar screens may be disposed of by: 1)
srinding and retuvraing to the raw sewaze, 2) incineration,
%) direstion azd 4) burial, Where grindins is ewmploved,
two types of grinding deviceg are used: the cutter punmp
and the "hammer mill" type shrecdder. In both types, con-
veying liquid must te vrovided. Raw sewage is highly sat-

isfactory in both larre and small plants.

Special incinerators are offered for sewage screenings.
In general, such units have been found satisfactory for

mediun and large plants, vtut not for small plants. al-
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though attempts have been mede to incinerate screenings

& A [

along with sludge in conventional sludge incinerators;

difficulties hove been cxperienced in such cases unless

the screcnincs are first ground. Phis also applies to di-
z 2 hadis

gestion of the screcnings citler alone or mixed with raw

sludge.

.

Screening burial is a satisfactory method of disposal,
especially in small plants, 28 long as the land is avail-~
able and precautions are tahen to orovide suitadble disin-
fection and ezrtih cover such as that employed in the land-

fill disposal system.

Comminuting Screens

Comminuting screens are devices for screening solids in
the sewage flow and cutting the screened solids without re-
moving them from the flow. Yhere are several types of de-
vices for accomplishing tiils purpose. In one, the screen-
ing unit consists of & revolving vertically-slatted drum

mounted in @ specially-desisned chamnuel. In another, the

}..J

screen consists of sericircular horizontal bars set in a
horizontal crannel., In a tnird type, a special flat hori-

zontal bar screen is used.

The advantage of comminuting screens is that they take
the place of conventional bar screens equipped with separ-
ate grinders aznd accomplish the grinding operation below

the sewage surfuce, eliminating fly and odor nuisances.
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A disadvantage is that they are subject to hish wear from
& J
grit; and, hence, they are most freguently located in the

3
v

svstem following grix

Q
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¥

cihambers. This often causes ope
ting troubles with grit-removal mechanisms. .in added dis-
advantage witih certain types is that a special channel

construction is regquired.
Fine Screens
e rstn —

Fine screens currently in use in a sewvage treatment
nlant are of the disc and drum types. Loth use, as a
screening medium, a periorated vnlate wilith round or slotted

rforatlions are usually

O
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1/16 - 5/4 inches across.. I[n the disk type, a round flat
disc rotates on a sliirntly irnclined axis. Sewage flows
through the lower scction arnd retained solids are removed
by rotating brusnes ws they are carricd above the sewasge

level on tue inclined disc.

In one druw tyve, a horizontal cylindrical drum rotates
transversely to the flow. Sewage pasces tnrough the screen
and Ilows out at rignt ansles to tne next stage of treat-
ment. In one variation, rotating brushes are mounted on
top of the screen for the rgrovel of retuined solids. In
another, tie screening drum rotutes rapidly, producing a
cascueding action thot causes the retained solids to drop
into a pit wiere they are removed by a bucket elevator

with perforated buckets.

In anoth-r drum tywne, the drum rotates parallel to the
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flow into the interior at one erd and out throuzh the
screen at rirht ansles. olids retained on the inside
drun surface wre removed by gprayers and conveyed out by

means of a screen conveyor.

N

he size of the screen openings and the

0~

Depending on t
character of the seware, fine screens are capable of re-
moving rrom 5-%5% of tre susjpended solids. Hormally,

however, the removals will Le in the ranpge of 20-25%.

Y L - et
Cther vcreen Lvones
=5 PES

Other tynes of screens legs widely used at present in
tne sewage treatment field are the vibrating screen for
fone screenineg, the tengentially-fed curved screen for
intermediate gize screenings and the so-called micro-sitrain-

er Tor very finc screeunings.

A veriety of types of vibrating units are offered. All
use a flat or slizlitly inclined screening deck of 20-200 |
mesh metal cloth. The screen is vitrated either by mechan-
ical or electrical means. The vibrativg causes the liguid
to pess throusi the screen wnd conveys tlhe retained solids

to tne point of discharged

he tangentially-fed curved screcen consists of a serices

»

)

of snaced wedre-wire bars set perpendicular to the line

of flow and arranrsea in a secries of cshort ciords that ap-

o]

proximate a 6C° arc of w« circle. Iaw seware 1s fed tangen-
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tially at the uopper end and retained screening discharge
is at the lower end of the sereen. This type of screen
requires a hish head and dilschorpges relatively wet screen-

inrg, It is, however, of reiatively siwple construction,

is self-clewrning and has no moving parts.

fhe sdcro-sirveiner ig a revolving drum-type screen with
a special woven-wire cloiln havin: openinrs as small as 20
microns. Scwage thus flows throuch the screen and out

-
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risht ensles. lletained solids are

M3

removed by watcr sprays into dischurge trouchs. This

2

type of screen, bpecause of its fine mesh surface, is cap-

avle of uce Tor effivent polisiinms. It muy also be used

for treatins stromwater overilow.

Grit nemoval

In a literal sense, the tern "grit™ may be construed to

identify snall coarse perticles of sand, gravel or other

[

minute pieces of minercl motter. urit removal devices

are used in order to rewove these materials from sewace
wirere they could czuze uncure wear on vunps, sludge dispos-
svotems, etc., clog wnderflow lines, and segregate in
cettling and sludre dijestion tanks, tius reducing their
eficcetive capacity. Strictly speaking, prit also includes
gsome fast-settling orranics, but there are non-putrescible
solids such e¢s coffee pgrounds, pulverized e, snells,

sceds and similar material which are not of mineral origin.



In the past, grit charbers have been employed almost
exclusively in scware plants recelvings wastes from combin-
ed sewers. As the trend foward increased mecranization of
seyare treatment plonts has continued, greater considera-

tion hies been given to ecuipment protection, with the re-

sult that it Iis now comron practice to provide grit cham-

vers for plants serving sunitary &s well as comuoined sewers.,

Grit collectors nay bve rectongular, square or circular

in chepe. Rectansulury unils are the most comton. It is.

[©]

t desig

ns of such units mnin-

]

important that inlet znd outl

imize inlet turbvulence, hish bettom wzcour, and flow velo-
city changes with varying fiows., uch disturbing factors

may bte lessened by the vse ol proper approach channels to

even out the flow - and tre use or vroportiosnal flow devices

=+

o1

such as the Sutro or retiger welir or the Jurshall flure.

A rectanrular cutlet welr cay be uscd to control velocity

jor

if the vottom sidecs of the collection tunk are sloped in-
warcly. This design hog Llie advantage ol reguiring a nar-

row grit removing mechanisn.

0

In larce plents, esvecielly those treatiny sewage from
combined systems, 1t is desiradle to install multiple units
so that tiie number of units in service may e varied depend-
ing on flow veriwutions and grit load. 1n square tanks,
crester care wust be excercised in distributing the feed

to aveoid short-circuiting witn local nipgh velocities. This

may be accomplisued by the use of a series of directioral
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flow fins.

Relatively deep circulcr tanks with steep sloping botitoms
have been used in small plants. Such units are fed through
the center via a decp feed well and overflow at the peri-

phery.

There are many varied mecnanisms for removing settled
grit from collection tanks. Armong those used widely in
the rectanpular tarnks are the chair-zounted flight, buck-
et, screw and reclprocaling rake conveyors. In square
"

tankxs, rotating wechanicms wili outwerd raxing blades

re most comuonly emnloyed. Corner fills are used in such

o

tenks so a8 to avoid tie use ol troublesowme extension arms
n these devices. In some desiyms, the conveying rechanism
carries the grit up to a remp at the inlet to a suitable
point of digscrarge. dn otncrs, the grit is raked to a
sump where 1t is picked up vy pumvs, bucket elevators or
sloping deck screw or ralke nechainsm. One such device is

r+

& Link-Belt Straigntline Crit Collector and Washer (Fig.1).

1 3,
Grit Vashers

Where a clecn prit is recuvired, for instance, one low
in putrescible solids, washing of the ¢rit to remove rela-
tively slow-gettling orsanic matter is essential. iodern

dey grit chonbers, esnecially those mecnanically eguipped,

provide for such was! :ddns,  UWhis may be accomplished by

mechanical, hydrauvlic (air or water) or cyclonic means.



Fig. 1.
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The oldest method of separaiing the light organics,

wnicn is still in use, is zeration of the collection tank

O

to paintain 2 suitable irtermal velocity. 1In apdlying
this wethod, care :rust be taken to avoid diffuser clog-

? [
cinz, esnecially at the inlel end of tne tenk where the

-

hulk of the heavier

( )

ttles., Care rust also be taken

1t s¢
to avoid hishly violent acration so that fine grit is not

resusnended.

by

3

liechanical woasning involves the vertical conveying of
the grit above the liguid level by mecans of a bucket, screw

L

or rake conveyors, or the Jjigging of the setiled grit to

loosen and separate the fine orranics. The use of water
woshning is accomplished by using water, or plant effluent

in . conjunction with the veritical conveying means,
[y J i)

Cycloni girit weshins involves the pumping of the settled
grit to a cyclone that comprises a cylindrical feed section
and a éonical section. e feed enters the feed section
banpgentielly. ficuid containing tre lighter organics exists
throvsh a center connection at the top. UYhe washed grit
the cone apex. Wish water may also be added
to the feed, if desired. Woren mounted on its side, the
cyclone is solfi-repulating in tiat very 1little liquid dis-

cnerees &t the apex when no grit is present.

Tuther devaterinm of tihe grit is necessary. This may
be accomplished in & swep with & droinage section in small

pleots or in a small rale or clorifier in larger nlonts.
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The latter hzs the added adventage that addit
may be obtained by adding wash water on the deck of the clar-

ifier unit.

Conbtination Grit Systems

rit is relatively

f"s

In smell plonts where the amount of
Jlow, grit removael nay be accomplished in the clarifier feed
inlet or feed well. In anotiyer wnit, preaeration, grit re-
wovel wnad clarificatiorn are combined. Anotner system elim=
inates tae prit collection tonk and nrovides grit collection
and sedirenvation in a sinzle clavifier. =rilute underflow
from the clarifier is thren puiped continuously to a cyclone.

Tre cyclone overflow zoes to 2 sludge thiciener, while the

4 . e - 4 -
to a sump or & clarifier,

apex discil

Grit Volume and oisposal

Grit guantities very creally. sAnnual volumes of 0.20-
12.0 1t~ /MLlLlOH sallens huve been reported, The average
bein;: 3.0. rHowever, daily cuantitico will frequently ave-
rage 50 £t )/ willion pellons and will sreotly exceed this

N o

fisvre in plants nandling conbined scowage and drainage.
Lo < N e}

B

Combustivle matter in tue grit will also vary between
wide ranges. nere the grit is not washed, the combusti-
bles mey run from 40-55% and with weghing may run from

fensive and may be

f“’o

1-10%. Adequately woshed grit is ino
1 J

used as lendfill. drit that is not washed ig hirhly putres-
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cible and should be buried. In few instances, unwashed
orit is incinerated with sludge caeke., This method of treat-
t

it causes undue wear on equipment,

TMlotation Units

“"he adoption of flotation as a method of sewage treatment

v

is increasing as its nzrticrler advantaszes become more ap-

(7
Hh

parerntly known and eguivment for its application is made
avallable, lotation is the treatient uced to convert
finely divided suspenced collds and ~reacge to floating mat-
ter. 1t hus been found, in nmany cases, that the finely di-
vided golids can be rermoved, with the aid of "floatation
arents™ in a much shorter tine by gravitational rising the
by gravitational settling, Wita the resulting shorter de-
tention period, savings in construction costs may be real-
ized., When vsed in conjunction witn sedimentation, sus-
pended solids muy be rewoved wiich would normally not set-

tle except after pronibitive periods of quiescence. IFlota-

ot

ion h&s wslo been used for the thickening of waste activa-

ted sludze.

Preliminary LTreatment

Flotation is being uscvd as a step in the treatment of
sewa;e containing large gquanitites of industrial wastes

oad of finely divided suspended solids

=
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and grease to the sewupge, Tihis type of process has been

found adwuptable to cinnery, packing-house, oil refinery
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and laundry wastes. It is particulariy suited for treating
sewage containins scun-producing maeterial, Sﬁch as peach-
processing waste, because the scum can be removed and hand=-
led wmore casily in & flotation unit than in a conventional

lotation is aloo beins used treating typically
domestic-type sewaie anead of sedirentatiorn. Grit removal
is often incorpor&téd in this »nrocess by eculpping the u-
nit with zludpe-renoval facilitles, 1Ilotation units have
been used in the followingy mauner:

1. As a sole treavvent device where sludge-removal
fecilitics are incorporated in the unit. This is
possitle wiere rewoval of grease, floating matter,
crit and sonre suspernded golids meets the effluent
requirenments. In penceral, this method is not so
effective as plain sedimentation.

2. As a pretrecatment dewice anead of plain sedimenta-
tion to provide a primury effluent with a lower
crecee end susnended solids countvent for either
final disposal or seconcury treatment. Grit remov-
ol may be incorporated, 11 desired.

2. As a primary trectment unit anead of secondary
treatrient units.

4. Tor pretreatrment of industrial wastes prior to

treatment or disposzl of the combined industrial

and sanitary waste.



54.

Principles of Flotation

‘Flotation, as applied to municipal sewage treatment, is
confined to the use of air as the "floatation agent." Air
hubbles are introduced or for:ied in seware and tend to ad-
here to the solid particles. ‘ilen quiet conditions are

solids rise upward and are floated by the

w

provided, the
lifting action of the gas bulitles. oir buvbles are acded
or formed in sewage by the following methods:
1. Aeretion.
2, Fressurizing with air Tollowed by release of liquid
to atmnosphere.

application of a vacuvun after scturation with air.

AN
-

Aeration-Type Units

Air bubbles are added to the sewage by pumping air with
a blower or compressor to the bottom of an aeration tank
where it is dispersed into the liguid by passage throuzn
a diffusing mecnonism. alr way «lso be introduced by me-~

chanical means.

7T

3 -
CN1TS

Pressure-iyoe

“is procesc consists of pressuring the sewage flow with
air at 1-3 atnospheres and then releasing it at atmospheric
pressure in a suiteule container. When the pressure of the
liguid is reduced, the dissolved pgus, in excess of satura-
tion at atmosphieric pressure, 1s released in extremely fine

bubbles. “These bubbles adhere lo end 1lift suspended matter
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to the surface very nuch as in vacuum-~-type units. There
are modifications of this process such as split-treatment
and recirculation. In the latter case, part of the efflu-
ent from the primery clarifier is pressurized, diffused

into the raw sewage, and then introduced into a flotation

N .
SISHCIN (I

The rzlpcipal unit is the flotation tank where the pres-
surized flow is relcased to atmospheric pressure. The unit
nmay be circular or rectansular with proper baffles and a
scum~renoval and slud;e-removel mechonism. Where recircu-

lation is used, prizary sedixerntation and flotation have

"

been incorporated in the same bLasin.

Vacuum=-Type Units

This proccss consists ol saturating the sewage with air
in an acration tank or permitting air to enter on the suc-
tion side of the secwage punp and then apnlying a partial
vacuun, nder vacuun, tine solubility of gas in liquid is

decreased, and the ges is reloezsed from solution as minute

bubbles. The bubiles and o,tachned solid particles rise
rapidly to the suriface formin-. a thick "float." This mat-
erial is continuvously removed by a skimming mechanism, -

Grit and other heavy solids settle to the bottom where they
are reked to a centvral sliudge sump for removal. Sludge is

tien treated for grit renoval or is puunped to a digester.

o

The vacuuam=-type unit consists of a cylirdrical tenk with
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a cover in which a constant wvacuum of approximately 9 inches

of mercury is maintained. ©The tank is equipped with a scum-

removal and sludge-removal rechanism. The floating material

¢ continuously swept to the tank peripkery and automatical-

j N

1y discharged into the scum trough.

)

v3

fa—

e advantages of this system are:

1. Grease,'light solids, grit and heavy solids are re-
moved all in one uﬁit.

2. High overflow rates ¢nd low detention periods mean

smaller tank sizes resulting in less space require-

ments and possible savings in construction costs.

3, Qdor nuisance is nminimized because of the short de=-

tention nericds and, in presgure and aeration-type

units, becauvse of the dissolved oxygen in the ef-

+

fluent.
4, Thicker scum and sludge zre obtained, in many cases,
from a flotation unit than by pravity settling and

Gki!hminf? .

The disadvantagses of the syotem are:

1. “he additional ecviprent required results in higher

t
2. Motation units generally do not give as effective
treatuent as grevity settling tanks.

3, “The pressure type hog hish power requirements which

D

increase opcrating cost

4, “he vacuum tyne regulres a relatively expensive



57.

éirfight structure capable of withstanding 9 inches
of mercury. Any leakage to the atmosphere will ad-
versely alTect the performance.

5 Yore skilled maintennance is required for a flota-

tion wnit then for a gravity-settling unit,

FPlocculation of Sewage

Flocculation of sewase may be defined as the coalescence
of finely divided susncnded matter by gentle stirring, pri-

marily under the influence of piysical forces without the
use of chemiczls and ia the absence of biologically active
glime. Under quiescent conditions, coalescence of finely
divided suspended or collbidgl metter depends on collision
of colloids by “rownian movement and on contact of Tinely
divided suspended solids with one another by the sweeping
action when more rapidly settling overtake more slowly
settling ones. 4Ag floc grow in size, their settling vel-
ocity ordinarily increasecs und they are more readlly re-
moved., Stirring héstens floc formation by increasing the
number of collisions or contacts and by relcasing entrap-

ned guses.

Stirring may be by mechanical paddles or nmixers, air

aritation or other wmeens. The process is sometimes fur-

R .
ther distincuished as necranical floceculation when mechan-
& <

icel paddles, impellers or draft tubes are used and as pre-

aeration or "air flocculation” when alr agitation is used.
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The term preaeration may alsc include any preparatory aera-
tion of sewage to remove gascs, add oxygen or promote grease

I
[

flotation.

Mocculating units have been used in the following man-
ners:
1. As a pretreatment device ahead of plain sedimenta-

t

ct

o iz

[
@

on

pony

creasce suspended matter removal or in-
crease effectivenecs of settling tank capacity,
or both.

2. "Wo reduce bilological loading of secondary treatment
Processes,

%. for plain flocculation in chemical treatment plants

during periods when chemical treatment is not needed.

The effect of flocculation depends on the composition
of the suspended matter and the oppurtunity for contact,
both of which are too coﬁplex for any ready evaluation.
Suvitability of flocculation as & trestmont process depends
almost entirely upon the nature of the sewaze to be treated
and can be determined only by experiment. In some casesg,
particularly where strong sewage containing appreciable a-
mounts of industrial wastes are involved, flocculation may
be economically justified in the treatiment of raw seware

or trickling filter effluent bcfore settling.
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Air FPlocculation

Porous diffuser tubes or plates are commonly used for
air agitation, but perforated pipes, or jet diffusers and
other types of air diffusers may also be used. Porous
diffusers may be fixed tubes or plates or removable sus
pended tubes., With the latter, it is not necessary to de-
water and tele a unit out of operation for servicing. The
diffusers or pipes are geneyally placed along one side of
a loangitudinal channel or tonk  to cause spiral flow. In
larger tenks they may be arranged in several parallel long-

itudinal rows with or without a center curtain wall, to

cause double spiral motion in the same tank.

Mochanical Xloccuvlotion

Mechenical wixing mey be dy revolving or reciprocating
paddles, radial-flow turbine impellers or draft tubes,
Revolving paddles may have either vertical or horizontal
shafts. llorizontal snafbte nmuy be arranpged parallel to or
at right angles to the direction of flow witihh the drive
mechanism usually houséd in a dry well., Peripheral pad-
dle speed 1is kept‘in the range of 0.90-1.20 fps to nini-
mize deposition and yet avoid disintegration of the fra-
giie floc particles. Coustant speed drives may also be
used to provide easier control. Ifasin width, length and
water depth depend on the rate of flow. Paddle size 1is

related to basin dimensions znd patih of flow.
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Radial-flow impelletrs usually have vertical shafts.
Several units are ordinarily arranged in a rectangular tank
with liguid {low throu i the vortex flow paltterns of each

q

inpellcr. TFor long rectansular tenks, a horizontal shaft
with several impellers muy e used. Variable speed drives
are used to verwit selcction of most elfective speed with

minimum power consumption.

Draft-tube {locculatings devices have special impellers
to azitate the gewape wilhout destroying the floc formed.
Grit and other heavy solids are not kept In suspension in

flocculating vnits. “hey are penerally removed beforehend.

‘'he primery function of anitation in flocculation is .
mechanical repcrdless of tThe netnod of agitation used,
The fundamental recuirenment 1s to agltate znd neintain all
solids in cuspension throushout the flocculation unit,
Once formed, flocculated particles cre quite franile and
muct be handled jently vntil sevtled.  Inlet and outlet
digturbances are uneld to a ninimum and velocities in and
enerally are not allowed to

after the {flocculating unit

£
ey

exceed tne peripheral paddle speed.

Sedimentation

When a liquid containing solid particles is placed in
a relutively guiescent state, those particles having a
higher gspecific gravity thon the liquid tend to settle.

This principle 1s utilized in the desiyn of secimentation
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tanks for treatment of sewage. The object is to remove
settleable solids and to reduce the suspended solids cone-
tent of the sewage. Frinary secimeatation tanks are used

to reduce the formation of sludge panks in the receiving
stream vhere no further treaiment is provided, or as a

proelivinary step ahead of biplogical treatment. Interme-
I,\_L

diale and fincl sedimentation tenlis are used to remove

settleable solidg procduced in biolopgical treatment.

Sedimentation terks are desizrned to operate on a con-
tinvous bLasis., They are ususlly rectangular or circuler
in shape and are provided vwith hoppers for the collection
of sludge. Lost secd i,cptutlon tanks @re now equipped with

1

mecranical sludire-collectin: devices, They are consitructed
witi substantially 1ot bLottoms and nhave sludse honpers
with relatively stecep sides. Sludge gettles to the tank

florr and moves with the 2id of mechanical scrappers into

the hoppers for subsequent withdrawal,

Sedimertation emcvodies the principles and practice of
removing solids from suspension by settling and concentra-
ting the suspended matter., As applied to seware, sedimen-
tation normally occurs in units uwtilizing only the force
exerted by gravity to produce settling. lLormally, pgrit-
removal fecilities eliminate heavy dispersed particles
whooe diameters range from 0.271 mm and larger. To the

4

princry sedimentation buein falls the task of removing the
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bulk of the settleable solidg remaining in the sewage.

Raw sewage is a dilute heterogenous suspension whose
solids range from totally divpersed to completely floccu-
lated particles. I& the suspension consisted of particles
either totaelly or completely flocculatled upon entering the
sedimentation basin, the tanlk desipgn would be based solely
on area., Actually, the bulk of the solids reacning the
primary sevtling bas iz ingompletely flocculated parti-
cles which cre susceptivle to flocculation aided‘by the

fluid motion within the secainewntation tanks.

Wormally, with the detention periods of 60-120 minutes,
primary sedimentetion basins, in theory, remove 50-T0% of
the influent suspended solidg. In general, if a time per-
iod required to coalesce S5C% of the initial solids were
doubled, the increased time wouwld produce coalescence of
50% of the particles remaining after the initial detention.
Thus, to effcct an 85% renoval of solids from sewage, even
as a nomogenous suspensiorn, would mean Increasing the nom-
inal detention 1.5-2.5 times thot required for a 50-705%
removal. Plants showing abnormally hich or low removal ef-
ficiencies of suspended solids usually can attribute these
results to the charecteristic of suspension encountered,

é marked difference in the awnility of the particles to floc-
culate, and/or the percertare of flocculant material in sus-

sione.
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‘Types of Sedimentation Tarks

Theoretically, sedimentation may be accomplished in either
horizontal-£flow or verticul-Zlow tanks. 1In a horizontal-
flow tenle, the sewege flow horizontally from the inlet to
the outlet, whereas, in a veptical-{low tank, it passes
downward through a vertical n»ipe and then flows upward.

A horizontal tenk mey be operated by continuous flow or by

111 and drow.

dearly all settling tanks in modern sewase-treatment
practice are horizontal, coatinuous~flow tanks. Such tanks
are elther rectansuvler oxr circular. In the case of a rec-
tencular tank, the sewvase enfors continuously at one end
and passes out at the other end, generally over a welr,.
The sludge is collected by mechenical scrappers and is
concentrated at the inlet enid of a rectunular tank or the
center of a circular tank. £t is removed Ifrom the tank

t. The effluent floew over the outlet

3

for furtner treatme
welr and is collected in an putlet pipe for further treat-

ment or for final dischzr’e.

Frimary settling tarxks, op primary clarifiers, are those
that treat raw sewage. Seccondary settling tanks, or second-
ary clarifiers, nofmally follow secondaory treatment devices,
such as trickling filters ox high-capacity filters, second-

~

ary tonks are cometimes called finzl tanks.



Rectansular Sedinentation Tank

Pirvre 2, wiilich shows a lectangular Sedimentation Tank,
with a Link-Belt Sludge Collector, wes designed for the
d¢aily or continuous removal of sludge. The influent chan-
el, a, is connceted to an opening to the trough, b, which
is placed across the end of the tank. The section of the
trough is decrecased from the center of the tank toward the
sides, and the sewage flows into the tank through the ori-
fices, ¢, which are spaced abtout 24 inches apart. The

5

sewage 1s thus distributed tc &ll parts of the width of the
3

tank at a uniform rate. As the velocity of the incoming

sevare is lessened, the heavier solid material falls into

)

unp, d. fre remaining sevtleable suspended matter is

v

the
deposited along the "bottom of the tank as the sevage pass-

es toward the outlet end.

A bafiled wall, e, which lrolds back the scum, is placed
in froat of the outlet welr, ond the partially-clarified

liquid flowe throush the elflucnt channel, f, into an out-

> umaterials that are deposited

;___)

let pipe., In some »nlants, th

Fay

¥ i

on the tonk Loltom are rewoved daily or twice a day by a
mecnanical sludpse remover, winich is operated for 50-45
minutes at a time by the driving mechonicsm, g, and the
chain, h, 1In olner plante, tre apparatus is operated con-
tinvously. The removing device consicts of two endless

N 1

chualns, 1, ccross which are Ifzstencd horizontal flights,



Fig. 2. Rectangular Sedimentation Tank, With
Link-Belt Sludge Collector. |
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or gerappers, j, at equal intervals; The chains, i, re-
volve around the four wheels, ¥k, in the direction of the
arrows, and the flights, J, scrape the sludge into the
suro, d. On the return irip, the ends of the flight

travel on the tracks, 1; and, in this portion, the flights
project above the surface of the liguid and push floating
materials toward the bafile wall, e, where the scum can

be removed by hand. In some tanks, a mechanical skimmer
pushes the scum into & trouzh. When the valve, m, is op-
encd, the sludge is forced out of the sump, d, through

the pipe, n, by hydrostatic pressure. The sludge is then
carried by gravity or is pumped to a digester tank.

There is usually a freeboard allowance of at least 13 feet
above the liguid surface and, in the design of the tank,
an additional allowance of 6 inches in depth is provided
for the sludge collection -apparatus. The minimum capa-

a] b

city of the sludpge hopper, or sump, must be sufficient

I
4
e

to hold sludpe deposit for one cleaning.

Circular Sedinentation Tunk

A cross-section of a circular sedimentation tank, e-
guipped with a Dorr gsewage clarifier, is shown on Fig. 3.
The raw sewage enters the taji through the influent pipe,
a, expanding feed decelerator, b, central feed diffuser,
¢, and perforated circular baffle, d. As the sewage flows

toward the wall, tre solid mgtericls settle to the bottom,



Circular Sedimentation Tank, With Dorr Clarifier.

Fig. 3.
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and the effluent flows out over the peripheral overflow
weir, e, into the effluent channel, £, and from there

through the effluent pipe, g,
(&1 & b bl

As 2 result of the central feedines of the sewage, the
’

heavier rticles of solid matericl settle directly over

3
(O]

the sludge hopper, or suwp, n, near Lthe center. The rak-
ing arms, k, are revolved by the overhead drive unit, 1,
and, as they move slowly, they concentrate the sludge into
the hopper, h, by means of tae blades, m. The sludge is
drawn off through the pipe, n, placed in the sump, either

by gravity or by purpins. “he removal of the sludge nag
y Py (&9 [ah]

he either intermittent or continucus.

Size of Settling Tanks

The size of a settling tack is, of course, determined
primarily by tuce anount of sewuge flow, but it also de=-
pends on the detention period or the time allowed for set-
tling. wxperience aud researcit have shown that, in modern

mechanically~-equipped sceinentation tanks, it is sufficient

rnours, based on the

W

to provide a detention period of 2-
average flow of sewage expected, and that longer deten-

tion periods are not justified on the basis of results.

“he overflow rate, based on the area of the tank, is

’ ?
another factor that sihould be considered in design. ror
primary settling tonks, it is common practice to employ an

~ ~ 3 2
overflow rate of 1,000-1,250 ~allons/24 hours/ft° of area
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of tank surface; and for seccendary tanks, a suitable daily

rate of 1,000 gallons or less per square foot..

Where the flow of sewage is irregular and the peak

O

lozds are high, s is often 4he case at army posts and air-
posts, a larger sevtling tenk capacity may be required, but
excessively long detention periods for low rates should be

avoided. Generally, the detention period provided in such

"cages 1s a compronmise, but the detention period for peak

flows should not be less than 45 minutes and preferably at

least one hour.

Imhoff Tanks

The Imhoff tank, as shown on Fig. 4, pfovides for both
sedimentation and sludge digestion in the same tank. The
upper compartment, a, which may be a single chamber or may
be divided into two or more Qhambers, provides for sedimen-
tation; while the lower compartmeht, ¢, provides for
sludge storage and digestion. In a small sewage treatment
plant, such as one designed to treat a flow of not more
than 250,000 gallons/day, the Imhoff tank is often desir-
able. It may be prefeered in such a case, instead of an
installation employing plain sedimentation and separate
sludée digestion, because the initial cost is freguently
less and neglect in operation producesjless serious re-

sults.
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Fig. 4. Imhoff, or Zmscher, Tanks.
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Before the developnent of the sedimentation and sepa-
rate sludge-digestion processes, Imhoff tanks were used in
many large installations. ey have been lergely suerced-

ed by rore modern and efficiocnt processes, except in the

e

small installations, tecause the newer methods permit eas-

ier control oi operation wnd glve better results.

“he essential features of the Imhoff tank are shown on
the same dlacran. As the sewage flows slowly through the
sedimentation, or settling chauber, a, the settleable mat-
erials sinlk, slide down the inclined sides of the chamber
and pass tnrow n the tra lpestion, or sludge
charber, ¢. rhe trap moy be arranged by projecting the

bottom of one side wall Leyoad the other, as in view (a),

or by introducing a triangular heam as "d" in view {b).

When the decomposition of the solids take place in the
sludre chamber, the rising bubbles of gas carrot get back
throuzh tue trap, b, into the incoming liguid, for they
are diverted by the overlap, e, ol either the triangular
beam, d, or the projection at the bottom of the sedimen-

tation chamber. The bvutrtles, tuerefore, rise into the gas

} Ylb(,.;.., f.

As a resulv of this arruA ement, the sewage flowing

trer oppurtunities for giving up

o

through tlie tank has be

et

its solids, and also is iept fresh and is not innocculated

by the decomposition of the sludge below. In the overlap,
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e, is ade uate,'or at least 6 inches, the particles of

sludge that are carried up by the rising gascs in the di-
gestion chanber are prevented from entering the sedimenta-
tion cnamber and from disturbing the settling process. Thus,
these sludge particles rerain in the tank and are allowed

to go to further decomposition in the gos chamber, f.

The slope of the'bottom of the sedimentation chamber,
a, is usually not less than 457, and should be nearly 60°
with the horizoantal, so that the settleable solids will
slide at once throush the slot, D, into the acigestion cham-
ber, ¢. The width of the slot, b, is generally 6-8 inches

to allow free passage of the larger particles.

Sormetimes it is desirable to construct a double tank,
or one with two separate settling charibers, as shown In the
cross-section in view (c). A longitudinal section of an

Imhoff tank is shown in view (d) and a plan in view (e).

"he area and capacity of the gas vents, oxr gas chambers,
are an importent comnsiderstion in designing an Irhoff tark.
Swmall ereas result in hewvy cgeum formations and occasionally
cause overflow of the vents. 1t is the usual practice to

make the horizontal area of the gas vents %0 or more per-

cent of the sludge chamber area.

The pes formed in an Imhiolf is chiefly methane, and has

no considerable fuel value In some installations, hoods
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s vents to collect the escap-

SJ

have been mounted over the rx
ing gases which may by used at the plant for driving

engines, lirhting, heating water and laboratory purposes.

ry - A 3 - .
"he Clarigester

The clarigester, as shown in ®ig. 5, is a modernized

+

o
o
5y
O
e

mechanical ta the Imhoff type. It consists essential~

ly of a circular clarifier over a sludge digestion tank,
As indicated in view (a), tre scwage entering the unit
tirough the feedpipe, a, {laws into the influent well, b,
and frowm there it i1s distrituted to the clarifier, or set-
tling chamber, c. The clarified effluent flows over the
weir, d, and passes into lre cfflvent trough, e, from
which it is discharged for further treatment or final
dicposal. 1t is first cleared of scwi by the rotating
Yimner, £. The sludre settles to the bottom, g, of the
chanber, ¢, and io seraped hy the blades, h, on the arms,
i, into the oponing, J, &t the center of the tank., It

then passes into the slude-dipestion compartment, k.

Lo

The dipgesting sludre is stirred end agitated by the
arms,l, at the top and the crms, m, at the bottom, the
ehatt, n, carryine both mechanisws beinz rotuted slowl

] 3 o
by wrewns of the wotor and crive on top of lhe tank., The
upner arms, 1, are proviaed with projectious, o, which
Ivvtorroch vl b rroasondling agtationary nroi + 4
interrecsn wWidi COJ*(JH“.O.L\AL)AQ, w3 (Aqu,.\‘g.._J 11‘.Ou€CulOl’lS, p,

on the underside of the bwoitom, g, of the chamber, c, and
b 4 ¥
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and break up the scum. The lower arms, m, are eqguipped
with blades, g, which scrape the digested sludge at the
bottom of the tank to the pockets, r. When the sludge
is fully cdigesvted, it is recelved through the sludge pipe,
s. rHeating coils, t, may ue provided.

The clarigester is advantageously used for small in-

stallations. liowever, the sludge can be treated, if desir-

ed, and the space regquired for the sludge digestion can,

tierefore, be greatly reduced.
Septic Tanxs
A ——’S.  ——T————————————

f the sludre resulting from sedimentation is allowed

to remain in the vank in the same chamber with the settling

&)

sewaire for a reriod of several months, anaerobic decompos-
ition takes place. A Tank operated in such a manner is
known cg a septic tank. Since the degree of treatment ob-
tained with a septic tank is not pood, end since both the
effluent and the zlud;e ere offensive, it is not desirable,
and in many states it ie row conirary to public hezlth re-

gulatiouns, to coastruct sepnvic tanks for municipal sewage

confined to small in-

o

treatrnent. “Yheir use, therelore,

stitutions.

i

Ag the sewase passes over the decomposing sludge in a
septic tank, the solids in the sewape becone inocculated

witlh ancerobic bactevyia and gre in turn rapidly decomposed.
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Particles of decompOSLn* orranic matter are buoyed up by
gas and rise. They are either caught in the outflowing
current and carried out ol tne tank oxr come to the surface
and form a mat or scum wiich in time becomes very thick and
heavy. The siudge remaining in the tank becomcs dense and

edimentation tanks.
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Size and Arrangerent of Sentic Tenks

"he factors soverning the size of septic tanks are pract-
ically the sane as those Influencing the construction of
sedimentation tenks, except that extra space should be

N

provided for storage of the sludge, wiich, in the operation
of the septic tank, isg allcwed Lo remain for several months.
Since the same general principles govern the design of both
the septic and sedimentation tanke, the lengilr and width

of a septic tank will be similer to those of the plain se-

dimentation tenk, as will aiso the arrangement of the var-

lous units.

s

hLeny construction features of a septic tank, sucn as the
inlet, outlet and paffles, apre similor to those already de-
gscribed for a sedimentation fank and uway be either straight
or sloping or may contailr ong or more hoppers. The ac-
compenying diagram, I'ig, 6, is one type of septic tank
suitable for o owell hotel or home. 1he sewage flows
throuzh the inlet, o, into tne settling chamber, b. The

effluent from this chawber passes over tne weir, c, into



Fig. 6. Small Septic Tank.
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the siphon chamber, 4, from which it is discharged auto-
matically by the siphon, ¢, through the outlet pipe, f.
Facilities for the convenient reumoval of sludge mey be
provided in the larpger tunks by constiructing a hopper
bottom and running a sludge pipe from the lowest point.

a vulve 1s opened, the hydrostatic pressure of the

ey
wi (1C11

~

seware forces the slud;-e throush the pipe to a drying

sentic tanks are often »nr ded with covers in order to
L

keep the scwupe worm, to prevent wind agsitation, to lessen
odors and to prevent cliildren or animals from falling into
the tanks As for as operating resuvlts are concerned, no

advantage 1s gained by excluding the air from the surface

of the sewage.

It is advantageous to kcep the contents of a septic
tank as quiet as possible. All inlet and outlet channels
and weilrs shouvld be kept free and clean from accumulations.
When gcun and sludge occupy more than 295% of the tank cap=-
acity, the sluvdge snould be removed. In general, it is
preferable To rermove Lhne sludpe In the spring and in the

fall, and also whenever particles of sludge appear in the
3 ; £ Fagiing

effluent,
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SECONDARY TREATKERT OPEZRATIONS

"Mere are three basic operations in the activated sludge

nrocess: 1) The sewage eilther raw or settled, 1s mixed with

biologmically active sludpge contains large numbers of

aerovic and Tacultative bacteria, and these bacteria con-

tein an unususzl ability to oxidize orgenic matter. Such
slud;e is nx ed by a-itatving untrested sewage with

sludge for several wecks in the presence of oxygen. Tals
is usually done Yy passing small air bubbles continuously
throush the wixture of sewage and sludge. This process

of developing the special forms of bacteria is called ict-
vation, and the tiologically active sludge containing them

is called Activated Sludse.

Once threce forms of bacteria have been developed, they

rultiply rapidly when the activated sludge is added to raw

or partially trected sewage in wiidleh there is maintainced

ot

an ample supnly of oxygen. As a result, the organic sol-

ids in the sewope ere rupidly oxidized, wiile the suspend-

£

ed and colloidal matter tends to coapgulate and form a pre=-
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cipitate that is readily settleable. After the preci-
pitate has settled, the resulting effluvent is clear and
low in organic matter. Iurtiher treatment of the effluent,

other thon chlorination, is not reguired.

In the treatment of sewagre by the activated sludge pro-
cess, the scwarse genecrelly is passed first through clari-
fiers or primary settling tonks in which the gZrosser sol-
ids are remvoved. It then flows to the zeration tanks,
where 1t is mixed with activaved sludge amounting to be-
tween 20 and %5% of the volume of sewcgoe., In the aeration
tanks, the sewage is asltated and oxyzen 1s added by ad-
mitting compressed air, oy stirring or a combination of

both methods. The period of aeration normally varies from

o X N ORI 1 - T e e - EA R I .
4-3 hours, the exact period depending on the strength and

the character of the seware cnd on the desired degree of

treatment.

A{ter neration, the secwape flows into final clarifying

or settling tarks in whicn the sludge is permitted to set-
tle. The settled sludie is bilolopically active and a part
- L2 W

of it is returned to the iulel end of the zeration tank
to inocecnlate the idncowing: gewase, Uihe remalnder of the

settled sludge is treated Tor final dispocsal.

Prelinminary Treatrent ol Scwage

The crit and other henvy sollds gshould bve removed from
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the scwage before it enters the aeration tanks. If this.

.

is not done, more air

e

s reguired for further treatment.
Floreover, the heavy solids tend to settle on and to clog
theaerating devicég and thus interfere with their opera-
tion; and these selids c¢lso tend to collect in the bot

ts which ray

}_J.

of the tenk and tlere forw deconposing denog
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In some pluces, this cwecess sludge Is mived with the

seweeoe onterine the prelinicary cettliing tenks., It is
thourht by some cngineers Lot this practice improves

settvling wnd also reduces the wabter content, and, there-
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fore, the volume of the sludge

Pinal

Trom the aeration tanks the sewage flows to final set-
tling tanks., Chese tanks are of the wmecharnically-cleaned
types as discusced irn the section on Sedimentation , but
some modifications are usually desirable in tnhe design of
tanks intended for final scttling of aerated sewage. These
modifications are:

1. Ho flishts for scum removal since there are no
floating solids in a final settling terk. The up-
ner wheel near the outlet cund oi the tank and the
tracks are, therefore, eliminated and the result-
ing desipn can be geen in Fig. 7.

2. ince tre sludpe perticles are very 1li~ht in
welpsht and swall in size, a very great length of
overflow welr is reguired in order to reduce the
velocity of approucit aud the capacity of the li-
guid DNowing ovor the weir,

In the case of a rectonsvlar tank, an iH-shaped welr,
such as that in iz, 7, is used. The effluent flows over
twe or rore cross welrs, a, into Trouchs which discharge
into the effluent channcl, b. A detentlion period of about
2 rours is norumally providced in (inal settling tznks for

0 P
IR I oY e Ty o
& ,,llw(ibu.
- &

to be handled.




Fig. 7. Final Settling Tank, with Link-Belt Sludge Collector.
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Methods of Aeration

ng ond

)

pte

The two methods thet are in general use for aerat
aritating the mixture of sewage wnd activeted sludpe are
Imown, respectively, as diffuscd-alr aeration and mechan-
ical aeration. In the case of diffused-air aeration, both

woitation ape provided by forecing compres-—

However, a relatively small amou:t of the oxygen in the
air supnlied by this nethod -~ probably more than 10% - is
used for purification purposes, tiue remainder of the air
provides agitation, wiich must be sulliciently violent to
previmt the settling out of the solids in The sewage as It
posses throush the aerabing tenkd., Therefore, mechanical
acrotion in wuich t.e sewase is constantly stirred and ex-
poced to the alr by mechaniczal eguipncent, may be more econ-

n come plants, a combinction of air diffusion and

©
i
O
)
’..J
.
o

mechanical eseration is used.

orikce Tor Diflped-Alr Acration

3
=
=

@

o}
2

k3

&

)

There are two commen tyoes of dilfuscd-air aeration in

3

use: the Ridre-ind-iurrow ard the sSpiral-Flow type.

In tanks of the (idge~cnd=ucrow type, the air diffusers,

e bottoms of

’rJ.
i<
s
-+

which are usvally
wedre-chaped depressions wud are wrraazed in rows thet ex-

tond either perperdiculur or parcllel to tae direction of
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flow.

In tanks of the Spirel-Tlow type, the rows of diffusers,
which may either be tubes or plutes, extend lengthwise and
are placed alons one gide of the tank. The air, therefore,

tende to impert o spirasl, or nelical notion to the sewage as

ot
Nig
H
e}
=
[0S
[
T
ot
s
@)
t
i
]
Y

58 PRSI RIS N PR e P TITY e -
Dopical Uldoe-und Turrow Plant

r

Tr. Pipure 8 is shown a »lan in view (a), in Figure 9, a
longitudinal scction in view (b) and a cross-gsection in view
(¢) of an activated sludse plant with an aeration tank of the

Ridge-und=-urrow typ

©
.
.

‘ne sevage 1s brought to the plant

(]

in the scwer, 2, to the marnnole, b, and the sewer, c, to the
inlet mankole, d, in which it is mixed with activated sludge
that is introduced thnrouzh the pipe, e. The mixture of sew=-

are and sludge is raised in an alr-1ift channel and passed

throu i the [ire screens, I. fne screened mixture flows

throusn the trough, g, which surrounds the four aerating tanks,

P DU I B T + FIN
s odmitted to th

a3

tanks from the trourhs

W

U

M
.

Ll

h, i, j, and X, an
vy means of the circular openings, 1, two of which are locat-

ed in the bottom of the troush at each end of the tank.

There is a psecial inlet valve, m, view (c) at each open-

ing, and there is a diversion gate, n, In the trourh between
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Activated-Sludge Plant.
Ridge and Furrow Plant.

ig.
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Fig. 9. Activated-Sludge Plant (Cont'd).
Ridge and Furrow Plant.
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each pair of adjoining tanks. Iy means of these valves and

gates, the weration tenks can be operated either in series

jay)
ot
t
(6]
[

or in pare , depending on the desired period of aeration,
thaet is, the gsewage can be przsed from one tank into anot

- 4o L N T I R NP VU S ~7 " Pl PSR, o S - T £
until it nasses tarousn all Tour lonks, or else each ol the

g N by Teer v . B R S e s
four tanks may Le opercica as a separazte unit,

two longitudinal furrows, o, with a ridge, p, between the
urrows and slopes, g, at ihe 21 the tank., In
furrcows and glopes, v ike sidewalls of the tank I
gach furrow is & row of dilfueser plates. Alr is supplied

to the diffuser platcs by nezns of pipes conunected to the

air mainfold, 1, running across the tanks. After the sewvare
hes been sufficliently cercted and agitated in the tanks, it
is allovecd to flow backx Into the part of the troush, g, that

is adjacent to the settling basin,; s, by opening the valves

for the inlets, 1, in thet part and iiverting the incowing

sowape (rom that leading to the adla-

cent trouch, tiie sewarse flows firet

into that troush wnd then through the openings, v, into the

- e " - o

settling bascing, s.

By means of the valves Jor the openings, v, and the gates,

.

w, these busins can also be operzted in parallel or in ser
o basin, s, a considerable amount

s + 1, ; =
ics. As the sewape enters a

of its sludre settles into the hopper, x, view (b); the re-
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mainder of the sludge settle on the sloping floor of the bha
sin, from which it is scremped into the hopper by the apparo-

- kR2 T eyvd T3 o LAY Yy oy B 2T - VS T s
tus, y. The clarificd eriluent flows over the weirs, z, into

!

Trhe sludre in the hopper, x, riscg through the pipes, b',

t0 Slup Ce-over "low “'T‘Qu C', from which it flows into

the sludee-distributing wonnole, d'. 4 part of the sludge 1is
returced to tic nenbole, d, for mixiay with the incoming raw
sewarse, and the remainder of the sludge is removed for fur-

threr treatment.

11 £

IS R ® P o ofe - o ey e 3oy e v Ty 3 N S 3 3 T »
The contents of an acrating tank may be emptied, when nec-

I
espary, by closing the valves of tre inlets, 1, and opening
the valves for the druins, e', thot discharge into the pipe,
f', Then with the aid of an air jet, ithe sewage from the
pipe, ', is forced into thne drain mainhole, b, and from
there back into the sewer, c¢. The pipes, g', and the valves

h', are used when 1t is desired to remove the sludge that

setd

-}
¥

es in the furrows, o.

Fisgure 10 is a cross-scctio of half of a Link-Belt Spiral-
Plow Aeration Tank., The tank ig divided into 4 compartments,

a, cach of which g 180 fect long, 18 feet wide and 12 fect



Link-Belt Spiral-Flow Aeration Tank,

10.
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wre connected in series so that

2 lincar feet of the tanks. Air

rom Ltwo porous tubes, b,

[}

inches in diareter, Lot extond the entire length of the

the 12 inch air supply oipe, c.

e tubes are located alor; one side of the compartment and

4 . . - I I P o~ ST
about 4 feet below the gurlcce of the sewvage.

A e S PR F I S ianbn e e e vyl o o
Algo, the corners of Lhe compertients are rounded or bev-
X :
1 VY o e g1 PN e O T LN A e - ey ~ I
eled lenee, bhe iy condng {rom the tubes sives the sewage

a rotary motion, as indicated LUy the arrows; and since deep

clininated, the deposition of the sludre

with the normal lon:

flow of the sewwpe, the obury

helicel motion., The lensbh of the actucl palh traveled by

reater than the length of the 7

compartment, and the efficiency of tue air is thus increased.

fhe circulation of air in cach coupartment ic maintained
23 followso: 4An air 110t clunmel, dy 15 forumed by mcans of
tihe lon itudinel wooden bullle, o, wilcn 1s so ploced that
it io avoutl 2 feet from tne wall, oy end its bottom is a 1lit-
tle less thon 2 feet avove the floor of the ftank. Since th
|

sewome above the tuues, b, ter by the air bubbles,

e below 1o forecing an hqzlrd

Lflow tohroucl the air-1iit clannel. Toe area of the channel
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is reduced slightly at tre throat, gz, in order to increase
the velocity of discharge from the channel end, thus, to
speed up the Llow of the alr and sewuge across the top of

rating comportnent, a. Also to prevent short-circuit-

<t
273
]
o

)_

ing oace, four transverse baffle walls
H ’

(e
»
o
ot
oy
o}
=
}._J
<
C
} 4.
<
[

h, are placed in each cenpurtment, and the sewape must pass

over or under these walls as it flows through the tank.

vis installation, a special arrangement is made to
perpit variation in the location of tne point at wrich act-

A, hl

ivated sludse is returned to the tank from the pipe, i. The

preaeration of the incoming sewage. IFor the sake of econo-
my in constiruction, the top portion of the outsice wall is
made hollow, thus fovuin, o treush, J, which is covered to.
keep out roin-wuter, euny molutuvre that may collect in tiis
trou; by the drain-pipe, k.,
echaricnl Acrators

A mechanical aerator operates so as to produce surface

-

aeration of the seware by agitation and at the same time
give the scwave a circular or helical motion. In one type
of aerator, asitation and aeration are cauced by a series of
revolving poddles fastenced to a continuous shaft. These
paddles are located near the tank sid and at the liquid sur-

face. As the paddles revolve, thne sewapge 1s agitated and
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given a spiral or helical wotion. Somne

is also supplied. The elfect produced

tyne iz indiecated i Fig. 11 ia views (
The scwage already nixeo with activa

the aweration tenk, a, over welr, D.

M
Lae

times compressed air
by equinment of this

.
2

oy
Cn

Y

ted sludge, flows into

mechani

WL e g b + ’
¢, is turned by outside power and causes a rotary motion in
the sewaze. This rovation and the norizontal flow give a

Felical motion to tile sowes e as 1t passcs down the tank and
flows out at "d." The gewso 2 then envers a sedimentation
basin, where tue sludje cottles out.

In addition, there are o aunber of suvrface aerators some-
what similar to thne Simplex tyne, as sgrovwa In a cross-—-sec-
tion in Pig. 12, Such aeration units are generally built in
groups and arranged co that series or parallel flow through
two or more units Is vogsille. With this arrangement almost
any desized dosree of <Treatnent ig obtainable; and, 1f very
low flowes occur, units may be taken out of service. Sach
tank is wvesually ccuare in plaen and has o hopper-shaped bot-
tom. In the center of the tank is a verticcl uptake tube or
pipe, a, tirougn which the cewaze 1s forced by an impelle
end at the top of wihiclh 1t is dicchiarged in thin sheet or
soray from a revolving head b,

Simplex aerator was developed in

e
4 PN
BRURN 1u,r

mrland, but

(&
...L) pl
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Spiral-Flow Mechanical Aerator.
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Fig, 12, Simplex lMechanical Aerator.
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units are constructed in the U.3. by several manufacturers.

h 11y desirable for activoted
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sludge plants nandlinz lesc than 750,00
tube flow may be up or down. Various devices are uszed to

3 4

insure good mixing and to aid in seration.

Advantares and Dicadvantiacea of Activated 3ludye Process

~ AT TS PO O EL LN

One of the important cdvantages of the activated sludse
process 1is the nigh degree of Treatment trat is possible.
Where necessary, o higrly-treated effluent which hzs a clear

and sparxling appearance cirn be produced.  The flexivility
of treatment that

ig flexibility per-

b

Cess 18 anotauy

P

mivs the production of 2n elflvent in accordzince with inme-

dicte needs by veryine

SO0 I S, s e Fr o A A, Y e - ; .

Tne disadvantazes of the activated sludee process include
el I e Mlig e - RS NER o .3 s .
Lre Tollowlvir: The relet iz cooct ol operation/million

gellons of sewages; the shill of operation required; the ad-
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increases in strength
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lties occasioned by the

e 3 + o I R o re - ; s A S
presence 1n tne sewae of ipductrial wostes of certoin

ihe sewarse is appliecd to the surface of the bed in thin
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sheets or as o spray and trickles down through the stone to
the underdrains beneath whern 1t is collected and discharged
throurny an outlet channel. Jurificabtion - or oxidation -

ig affected by bacberia thet develop in a gelatinous film,

-

thwe bactelra stebillizos the prgenic matter. The air in the

ct

ey e s cw NN N - N R N N T
gaps of the stones provides the necessary oxygen for the ae-

“re construction of a standard type of trickling filter
is atown in Iig. 12. Tractically all recent installations
erplcy rotery distributors, but other types of distributors
havae been used. Vhe robiting distributor does not require

outside power, tutl onerates by the dischicrge of the sewage

el Tluvent under a very small head,

The digtrivutor zrms, a, are supported by diaconal rods,
b, wrich are fustencd to tie verticael column, c. This column
rotates on the bacge, d, that is connected to the inflow pipe,
e, he gewooe flows trnroust. the distributor arms and from
thore to the trickling fZilter by reans of a seriecs of flat
spray nozzles, £, from wiaich tne liguid is discharsed in
thin sheets. The nozzles zre stagrered on adlacent distri-
butor arms in orcder thalt ftie sprays will cover overlapping

arens ao the mechonism rototes, The bottom of the filter

io underdrzined by reasng of sveclal bLlocks or half-tiles

Yo

ry which are laid on the concrete floour, h.



Fig. 13. Trickling Filter with Rotating Distributor.
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Trickling Tilters may be divided into two general clesses
which are cormonly known os the Standard-date Pilters and

the Viph-flate Pilters. Yhe principal differences are in the

-
W

rate of application of the seware per unit area of filter

svrface, the orpgenic loading in terms of bilochemical oxygen

2 uL')

demand per unit volume of {f2lter mediuwn and the urilization
BS

O

in some hish-role filters o the principle of recirculating

Fralny Fael PRSI T o IS TR I P Falk] Ao,y
1] filter efTlvent throuct: the filter,

ne

d

Stondord-iate Filtery

Tre stendard-rote Tilter, the only kind constructed in the
deigened for hydraulic loadings be-
tween 1-4 million sallons/acre/day (25-100 gpd/sq.ft.) of
surfece area and organic lowdings of less than 15 pounds of
BCH/1000 cu.ft. of media. This type of filter is usually
6-3 feet deep and may be rectunsular or circulor,
During normal opercilion a thick film develops in th

»

standard-rate filter ond very 1little sloughing occurs until

de e ey * “ 3 oy e yal
a temperature chinge or a change in rate of

flow causes
large a.ounts of the cline fo be discuarged, This "unload-
ineg™ normally occurs in the spring and fall,.,  The humus

from a stondard-rate filter iz usually gquite gtable, settles

easily and is often hezvily infested wita worms. It hns



Tre effluent from a pronerly opcerating standard-rate fil-

& Lo

4

ter whlch ig treatins sn zverage domestlc sewage is relative-
ly stable, has little or no odor, is high in nitrates and
contains aluost no nitrites., It will be reasonably clear
golides in the oxder of 20-25 mg

. et
and should contain suspended

per liter and a 0D of ciout the saume value.

3 B 4 S §
cer ig well

£y

Mhe standard- rate il nown for its reliablili-
ty and its ability to withstund shock loads and heavy over-

for considerable pericds ol time with & ninimum elfect

the troueght by many that it is foolproof and needs no core
at all. Unfortunately, toe standard-rate filter has certain
J s

inhereut disadv cr instance, the low rate of appli-

cation make necessgery large and costly filters per unit of

g N de e 2 S " L P oy, Nal -
gsewope treated and recguires lavge lond treazs for construc-

-

ticn.

Hirh-Rete Milters

lan 1s constorntly trying to impreve upon existing methods.
Such eflforts result in nodiiilcations, changes and progress.
The improvement in eficieney and reduction of constructior,

oy s o Gy e 3 - s JE. N R B N v .
cs well as opeorating conts, are alweys ceflinite advantages.

Ay

£

» the sawe nanner, continued efforts 1o improve the vpro-
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or uvnsettled Tilter efflusnt, or it moy conecist of both
tynes in the coame system.  Phe total recirculated flow, when

inllow, ig known as the Recircula-

»
“he rate of adsorption of ie matter in a trickling
filter ig a function of % 0D corncentration and the ad-
sorbins capacity of the bilolggical frowlh. the

[
n
[

TN . S -, oy de . - .
the precter the rate ol remove

O E . N bt B S
C 00 TnO s Liiluy oo

ni. ~y . o R A o o 1 T 3 3 3 + -

fhere are & few modifications of the basic principles oo
1o 1 - ¥ Tl ooy [ A S .3 N

the hirh-rate trichling filtoer. These modified verslons are:

2) ke Accelo-Tilter.

fte

e Aero-rilter distrihitps the settled sewage to the fil-
ter surface by weans of ¢ spocial type of distributor arrauge-
rent which provides an alwmosth continuous "raindrop" applica-

tion vhis is accompliched by increasing the number of dis-

trivutor arms and specdins in the rotatilon of the distributor.

fc beinz applied to approximate-

1y 2C% of the filter erco at any given time.
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Unlilte other high-rate filters, & deep filter bed is re-
commended for the Aero-iilter with 1ittle or no recircula-

tion., ight fcet is reconmicended for two-stage filters with

Recirculation ig not praciticed at any time other thrhan at

low flow except waere strowni sewajpe reguires dilution in or-

der to .alnteln & high cuwelity of elflvent, Two-stage in-

5]

~1 " 3 - PP NS e e - s s ES -
stallations and recirculatirun are recomncnded for sitrong

vastes or whern a very low 20D content in the plant effluent

The Tdo=-Tilter ic a nrocess involving circulation and

conciruction,
the recirculated sewape ni.y ve uncettled or settled effluent
or a corbinction of both. Ia single-stase Dio-Filter plants,
the usual plen of reecirevlation is Iron the final settling

tank elfluent to the incounins raw sewase stream. Such an

ancement regulres that the settling basins be constructed

bined plant flow and the recircuvleted flow. Ag in the other
1

Wigh~rate dlonts, two=stagse trectment is recomrended where

strony severe 1g to be treated, or 1f local conditions re-
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he sewage applied to the filter are,

in the moin, finely divided and will not settle readily.

4

As o rosult of oxidotion in the filter, the solids are

N

chonged to a form which, Leing newvier and bulkier, will

e L . . el c ey T
csettle 1f nassed fthroush 4 tanX.

vt

Therefore, the effluent from a trickling filter should

" 4

be treated by post-uectilorent to renove &g much as possitle

e
o
et
)
t
bt
o
O
o
F.va .
o]
@]
o
D
1

- - e [EE R PP | 1
of the "iel.  tThe extent 1o wh

ical oxysen demand is reduced by scuvlling depends lercely on

(9= A

. A BN S SR o~ of pI e ryeays A A 23 e 4 kS
the efficicercy of resoval of the suspended solids. Adegquate

sortant.  Oecondary settling

- Pt B Y P - 3 ~ 3 e v 1 « 4 -
are generally similar in design to primery tenks.

ht tanks contaeining broken

L

stone. Tne bed io filled with seware, allowed to stand

iy e [ T P i e
[BReles L'.L.,LO\'«'(JO» v O SUund eixp b‘;-r fOI‘

AN o 3 /e 3 \ TAN NN . ~ ER e : X
2-3 hours., Oxidation of the gewape tokes pleace in the

N rrten oy o P U DU SR Pt T T TR I i, I N o ey A
same general monner ay in lriciliny {ilters, but the wave

of operation of contzet bLeds is much lower and the treat-

ment siven is not so effective.

rhie use of coantnct veds ig limited to small institutions,

e A Vs e A
o0 Trey o are sesis Qi bk

ol I Yoo - EEpy AP
more cootly than are trich
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mit overation on wuny desiravle gchedule of 111

bed as the geware D second, Dy
straining action of the sund. ihe oxidation &
tion of the decomposable nortions of the sewa

T i

uncerdrain tho Led in order fo insure
> oy ey o) - . N, E oyt - . 4 ]
linuids and to allow accesc of air to the inte
e . RN e . 2N ey N -
bed. In some places, untrezted sewaze is appl

me is car

ried

presence of oxy-

e bed of sand

he p
to th
he gups

ne
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of t

cesta

rior of

to the sand beds, but in mogt cascs, th
repoved frow the seware by gereoning or sediment
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the grading of the send is advantageous. If the sand is

composed of gz

ag the top layer;

o~ S - IRV A s Yy e gy - Ty, A2 - I 4 ~
sand leyer verics from 20-4¢ inches. Uaderlying the sand

is a bed of zravel to ascict in uwnderdrainage. Clay and

. ) N
loamy =soils are not S.
3 M R - F VT e
Aren, Slze and Shope of P2 tprs
J

for the filter beds required for adequate treat

on the zmount of

the

Ve e ey o1 . Ny
govare DIeds Ttreatinont.

o A

Under avers e

acre daily from 75,000-100,00C gellons of scewage that nos

~ o~ P 4o 3 e T oy
been partially

tie filter will te determined larse-
v topoprraphic corditions, bul the operction nust also be .

connidered,.

will bLe cripy
srould be cuch thot equal ~nd uniform distribution of the

soware over the surface is posaitle.

Cnarntion

e

In iz, 14 are shown n plan and a section of a typical
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Bed NaZ

Bed e d

Bed Mo.4 ' :

Sand Filler,

Fig., 14. Plant for

e | 1

Intermittent Sand Filtration.

*601
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Distribution System for Intermittent Sand Filtration.
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uged in pnlace of

1 ey gy o] ‘) I 4. o
of the gand depend on tne Type of

the use of guch filters in the trea

domeatic scvare aslould Le rustricted to the filter effluents

which have been sev s pid filters have extensive appli-

crtior in the treotncat of industriasl westes. When they are

used for such purnoses, rabtos of filtration and sand charac-
i b

i:cd by the nuture of the waste and

¥ ™
Yovs Proceos

Tne lnye Process is e metiod of treatment by contact ae-
ration. Suci. o oplint iacludes:

1. A prelindnary sedirontation tunk,

2, A privory eerction unilt in which vertically support-
ed wowostos

%Z. An interncdl:

, W TN | P . L S
A Tinal cettlins tanil.
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CHENICAL TRsSATMINT OF SEWAGE

The process of sedinsntotion in sowage can be materielly

zided by chemical precipitation. Crne or chemicals are adde-
ed to tae sewpge and, by thelr rewction with the sewage,

there is aformed a precipitute wihiclh settles to tre bottom
of the teank and carrico witn it mueh of the suspended matter.

yrder to reduce the

bt
o}
i
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o
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joN
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o
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o
]

load on other processes.

when chemnicals are added as coagulants in order to im-

w2
nreove sedirentation, tie desree of treztment obtained is

yal

betier then thet from plain sedimentation dbut is not egual

-rate

4
[

ilters ox the activa-

iy

cI 0l

ted sludge process. The crousnt of suspended solids that

3

settles out is grcater tion for plaln sedimentation, but

only a small proportican of the dissolved solids is removed

b3

Perlrops the nost favoretle field for chemical ftreatment
by coagulation is in those places where plain sedimentaetion
provides suf ficient treatment during purts of the yeér,

but additional csreatient ig required during periods of

low water or An the summer when batuning beazcheg must be
protected, Chemical trewiient of this type is also of va-

lue for extending the useful 1ifle of sedimentation tanks



that are cverlozaded.
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Chonmicals lUsed 2n Preciniteiion and
Chemical deaction
A ey 3 e e A RIS oy n R
The chermicoels used for the coapulation of sewage 1nclnd°

aluminum sulfate

rous sulfate.

aluninum sulfate by the £
and in the casze of &n iro
1 viroxide.

Alurinum sulfate has 1
tainable in ground or pow

Lo

1i

readily handled and app

give and uniforuly gcood 7
Ferric cnloride ig &ava
45%, by wei.ht, of forric

foriula Pob¢4 s

wieohty and in ennydrous
free and contains 98% ov

muat bLe

corrosive.,

Merric 11fete, wnich

3

X . ]
trade

tne formula Al.(50,)..
2 443

nomes, normally contalr

chloride, ferric sulfate and fer-
is zccomplicshed in the case of

%

ration ol sluminum nydroxide;

oy formation of ferric

It is obh-

.

dexr fed dry. 1t 1

S

o

Torm and

2

ed to tre sewapsce, it is not corro-
esylts are ovtedi:ed from 1T,
izeble as o licuid contain 30w
cunloride; in crystals with the

¢h containg 60% of reCl,, by

8l '3 2y Y ey , -
lorm, which 1o completely water-
- R £ NES Y Ty Y 4
moreE, 0¥ woli t y © reCl It

i of @& golution through feeders
resigtont waterials because it

under a number of

4o
v

ferric iron. 1
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is sranular in form, but is soluble in water, and may be

Terrous sulfate, or copreras, comes in

ish crystuls, whiclh are usvelly applied as a solutlon,

M o3 s e ~ 4- % 3 o1 .
Yhern chlorine 1o odded to conperas, the Terrous sulfate is

T e O 0 ede - O, Ly N S R T4y
61'eS0, , 7,0 + 301, = 27e,(30,)5 + 44;53013 + 42110

with a chlorine solution, o been widely used in chemical

The chenical reactions trnat are involved in the produc-

tion of precipitates Ly the use of Tue verious iron

g}
o
fod

ts,

<t
vy
¢

when Llime ig used for wdjustument of the pil value of

gewvare, are siven In

W,

CJ

ride and lime to th

(®]
@

1. The addition of ferric c¢’d
sewase results in the direct production of the in-

soluvle ferric hydroxide, as Tollowo:

FeClZ + SCa(OH)? = ZCaCl? + ZFe(OH)3

2. The addition of ferric sulfate and lime also pro-
duce results in the formation of the oluble

ferric hydroxide, &g followo:

Fe,(50,) + 3Ca(Ch), = 3Ca30, + ZFG(OM)B

ot
o)
]
Y
O
2
=
(e}
)
451
H
e
[}
3
i
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%. The addition of chlovinated copperas and lime also
oroduces the sare rosults as in 2.

The oddition of ferroug sulfate an

~
»

sewaese regults in the production of the soluble

-

ferrous nydroxide, as

in the form

N
»

that is ab-

0

The volune of air reguired for ithe oxidation of the fer-

r.us hydroxide to the ferreic hydroxide depends largely on

towers containing scrap iron.

Apnroxinutely equal arounts of chlovine and iron are re-

guired to rroduce ferrouvs chiloride, Tne control of the
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rote of production concists merely in varying the rate at
which chlorine is fed into the towers. IL more chlorine

ie odded, ferwic cihloride gaouvld be formed. In practice,

n

it io difficult to produce Jerrvic chloride hy

7. The addition of lirme and ferrous chloride results

in the production of the solunle form of ferrous

- R I )

) L] TR S vy e e A Loy e
nydroxide, and by giding oxygen to the sewage, this

ig converted to the insoluuvle ferric hydroxide, a8
?

follows:
+ 20,0 = 4Call, + 47e(0I).,
2 2 3

- LT I ET TR R r ey PO B N | 0 + y i 4 -,
8. When aluminuw sulfecve is uged, the amount of natural
T Tl e A R I TR S 4 ATty e 3 4+ £ . s
alkalirity presceot in the seweope in the form of bi-

J R S ST B I - Faltaid 3 o e . N
carvonztes 1s nornslly sufficlent to complete the

A e s R atisle = BV {NT
13&12<>J\/ll>7' + ,)C:_i(x.‘v\,'n‘\i»r, - )\jd.i.) 4 + A12\011>6 + 6602

7 o Rl

No matter wiich cherical i1s used, an excess of alkalini-

ty, or & hisn pH value, o
the floc rmay bLe redipecolved or otherwice affected., The ap-
plication of carbon dioxide or an wcid, or tkhe recircule-

tion of part of the effluert may nelp to overcome the dif-

3 e g
ficulty,

s
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Selectin~ ond Thevical
:
., 3o PR P . 3 ~orrn o -
wetual exp witlhi vhe viricus coagulants should

Torr the bhosis for Ltihe geicoetion of the chemical to he used.
"he results of the test, in comvination with the cost of

the crenicals, will indicote the chioice. Cthoer factors

mey incluvde the sige oi the plunt, the proportion of time
Terings which
Al & P I W

water oupi

necegssary

-y ¢ ey o 4 3 - ~ Ty e [ 4
svery narticle of sewage cone in
i iy [

0, " gy e s . 3
. dhoroucin, but not violent, mix-

cont
ing of the coaruvlating cremical with the sewogce is desirable

L2

in order to outein econowny in chemicel dosage. Also, com-

e = . - £N O S YT 1 3 A
cneral j necegRary In ordader

tiet is large enough to set-

tle, After tre floc g veon forumed, provicicn wust be made
for ¢ griescent period, durings winich tiae floc caa settle

and carry down with it tihc suspended matter in the sewoge

Teedine Chewilcals

Terrous or ferric sulfate way be applied to the scwage
equally well in solution o dry; but ferric chloride is test

~
|3

sulfate is preferably fed dry.

fed in colution, =znd &
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Ergrancy Hatch

Fig. 16. Single-Stage Digestion Sludge Tank.
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mount withdrawn at one time should hwe that contained in a-

hout 1 foot of depth of the tank,
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usual to provide more
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Teds for Dryino Dicested Sludge
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CHILORINATION OT SEVAGH
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of a2 powder known as hypochlorite of lime, or bleach. In

this form the powder conteins about 20k of avallable chlor-
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TABLE 1

Typical Water Pollutants From Some Industries

Industry

Choracteristic Wastes inter—
_ing Streams or Lakes

Chemical Products
Acids

Lxplosives
Pesticides

Soaps & Detergents

Food Products
Brewed ieverages
Canned & Frozen

Fruits & Vegetables

Carbonated Bever-
ages

Dairy Products
Meat & Poultry

Coal

Iron & Steel

Leather Tanning

(Sxtremely varied wastes)
Various acids

Acids, dyes, oils, soaps, or-
canic matter

Crgaenic matter, benzene com=.
pounds, acids

ilvdrolyzed fats, dissolved &
suspended organics, alkyl sul-
fates & sulfonates, phosphates,
silicates, borates, chlorine,
bromine, arsenic

(A1l are high in dissolved &
suspended organic matter)

Fermented starches
Dissolved particles & suspended

chunks of raw plant matter; su-
gars; starches

Bugars; suspended solids & dis-

solved detergents from bottle
waching

Whey solids (milk protein, milk
sugar, soluble salts), fats

Fecal wastes from pens & stock-
vards, blcod, fat, proteins, &
other orcanic mitter from pro-
cesuing

Sulfuric & other acids from

riine drainage; suspended mineral
particles removed as impurities
during wasiing & sorting

Iron salts, hydrochloric acid,
sulfuric acid, phenol, lime, oil

Dirssolved orsanics, suspended
animsl flesh & hair particles,
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TADIE 1 (CONT'D)
Typical Water Pollutants I'rom Some Industries: (Cont'd)

Industry Characteristic Wastes Enter-
ing Streams or Lakes

brine soaps, vegetable & mineral
tanning cuemicals, bases & acids,
dyes

Metal Plating

& Finishing Hyfluoric, sulfuric & chromic a=-
cids, nickel sulfate, cyanides
of coppcr, zinc, cadmium, silver,
oils

Pharmaceuticals Vitamins & other dissolved & sug-
pended organic matter

Petroleum Crganic matter, phenol, brine, oil,
sulfur compounds

Pulp & Paper Lirnosulfonates, wood sugars, sul-
fite pulping chemicals, inorganic
binders & fillers, glue, dyes,
acids, bases (Bleaches), paper fi-
bers, pulp, mercury

Rubber (Natural, Organic matter, odoriferous sulfur
Synthetic & Re- compounds, chlorides, suspended
claimed) solids

Textiles Strong bases, dyes, high content of

dissolved & suspended organic matter
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( THE HACKEWSACK MIADCWLANDS DISTRICT

enactrent of "ihe lackoersu metion and Deve-
o A o] e - e P 4 . o N 4 - r EN
eloprient Act of 18065."  Iitg boundarics cncompass vtuch of the

- S my
gencrally vocant and

N . - TY e ey e b
tie lower ilackensack

,
pul
o,

o
:
i

&)
RS
o)
2
[
ds
1O
<t

ict, located in the lower

TToy e - B - . - [ R PN 3 - -
Tackensacy River valley, exteunds approximotely eight miles

-

P . T TP SU S K & A 4 R )
,_M.O* 1/,‘.;.'3 \,O'\fﬂ (O30 it‘::’{lrll‘} Liou ousD xCJOi.;bA”“I‘Y\ cnc [e] bl‘;e .NOL‘OU«L;-} Of

is srovn on i

didpeficld on the norta. 21. “he Dig-

¥y

trict encompasses an area ol approximitely 22 square wiles

CL

ine portions of the zunicipalitics of Caorlstedt, Zecst

.)

incl

(4

wtrerford, Little Zerry, Lyndhurst, foonachie, No. aArling-
ton, .idgeficeld, Dwutheriord, Lo. .ockensack aend Teteboro in

Gergen Countys; and

cen snd Secauvcus in
Fel A o -

L I RN .
10 Tnow portion oL Twnae o

21). iuch of its

tnan 10 feet above

[ a . 5 - -
Tt T0% of Lne natural cround lies

o

vt

i~y N SRy o < e . A £ oy o [ RA R o) 3 ol
below o elevetion of 6 feelt awbove moan soa level, with cone

ey 3y N -1 cor e ) A Ty S -+ N 4o ¥ 3
arces below tioe lovel., A wajor sern oix the igtrict is
FE N T N o e VRPN e .
by the intrvsion oi normal nizh tides and an occa-

sional

ide wiiclh cousag ag wuch g 70 of the area to
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The consequence of the absence of sufficient freshwater
inflow into the upstream portion of the tidal estuary is
far-reaching. In short, the Hackensack River has become
a "dead-ended" tube in which the tidal water surges and re-
treats in rhythmic fashion, but from which is little flush-
ing of accumulated pollutants and contaminants. The tidal
cycles, pushing in and out of Newark Bay, which serves as a
mixing basin for all of the pollutants in the river, causes
a 'smoothing out' of peaks and dispersion within the estuary
of localized sources of wastes. Since the flow of freshwater
into the estuary is negligible, there is no net motion sea-
ward of the masses of pollutants introduced into the River.
Therefore, any attempt to analyze the lackensack River and
its tributaries as a stream separate from its larger complex,

the New York Harbor, could lead to false conclusions.

Table o. 2 contains those treatment plants which were
studied and their relation to the Meadowlands District can

be seen in PFigure 21.
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TABLE KO,

2 = TREATFENT PLANTS WITHIN THE @

s

ZACREHSACK VEADOWLANDS DISTRICT

Treatment Location or River or Qutfall or Waste
Plant Municipality Tributary Mile Discharge Point Treatment
(1.) '

1 No. Arlinston-~
Lyndhurst Joint
leeting Plant

(2.)

Rutherford-tast

Putherford-Carl-~-
stadt Joint:
Keeting‘Plant

(3.)
io. Bergen luni-
cipal, Central
Plant

No. Arlington
(Bergen County)

Rutherford
(Bergen County)

lo. Bergen
(Hudson County)

2.2
(6.7 IR)

1.8
(8.6 HR)

2.2
(10.6 HR)

Ditch to
Kingsland Creeck

Lerrys Creek

Cromakill Creek

Screening, Grit
Removal & Pri-
ary Settling

Screening, Grit
Removal, Primary
Settling, Trick=-

ling Filters &

secondary csettling

Grit Removal,
Screening & Pri-
mary Settling

‘oLl



TABLE 10. 2 (COHI'D) - TREAT

-‘f'_" F\T m

PN

PLALTS WITHIE

My
e dadd

VACLEISACK FzZaDOWLANDS DISTRICT

Treatment Sludge Disposal Reported Flow in MGD Chlorination
Plant Treatment Method Average Daily Flow Treatment
Plant Max. ,
Cap. Flow 1970 1974 Pre- |Post-
(1.)
HWo. Arlinston- Digestion & Landfilling 1.7 8 1.5 1.78 | =mmmm Yes
Lyndhurst Joint| Alr Drying
lleeting Plant
(2.)
Rutherford-iast | Digection & | Lendfilling | 4.0 | 11 3% 3.1 | Yes Yes
futherford-Carld Welt Lagoon- -
stadt Joint | ing
Meeting Plant
(3.)
o. Bergen Funi4 None Scavenger 2.0 2.5 2.0 1.7 | w=mm= Yes
cipal, Central Service '
Plant

*LLL



TABLE NO0. 2 (CONT'D) - TREATKENT PLANTS WITHIN THE HACKZLSACK MBEADCWLANRDS DISTRICT

Treatment Location or River or Qutfall or Waste
Plant Municipality Tributary Mile Discharge Point Treatment
(4.)
Secaucus lMunici- Secaucus 1.0 [ni1l Creek Screening, Grit
pal Plant _ (Fudson County) (10.4 ER) Removal, Primary

Sedimentation,
Trickling Filters
& Secondary Sedi-

mentation

(5.)
Jersey City Jersey City 1.1 Hackensack River | Screening, Grit
Sewerage Author-| (Hudson County) emoval & Primary
ity, West Side '  Settling

| Plant

(6.)

Kearny Municipal Kearny : 0.7 Hackensack River| Primzry Sedimenta-

Plant : (Hudson County) , tion, Chlorination

*gLli




TABLE XO. 2 (CCNT'D) - CREATNIL

T PLANTS WITEIN

mrrm
i1y

¢
i

FACKENSACK ['BADOWLANDS DISTRICT

Treatment Sludge Disposal Reported Flow in MGD Chlorination
Plant Treatment Method Average Daily Flow Treatment
Pézg’f roos 11970 | 1974 | Pre- |Post-
(4.)
Secaucus iunici+ Digestion Landfilling 2.25 5 1.25 1.20 fes Yes
pal rlant ~lutriation
' and Alr Dry-
ing
(5.)
Jersey City Sludge Thick4 Incineration 36 75 16 20 Tes Yes
Sewerage authoro ening and ‘ ' {From
ity, wWest Side Vacuum Fil- llay 15
Plant tration to
Sept.
15)
(6.)
Kearny lunicipal| Digestion & | Scavenger 4,0 4.251 2,75 2.6 | Yes Yes
Plant Drying Service

*6LL
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-LYRDHURST JOTNT MELTING PLALT

Joint teatine ITlant is loeat-

i

nailroad ringslond Line, soush

ed east of the Lrico-Taclkaw.
of Canterbury avesnuve wnd cact ol dchuyler Avernue in the lor-

4

e fecility is owned and operated

by Lie bwo municipali<ies in 19%4

1. FaLy . RN
by thwe easterly por-

N LY.
EN ets:
(RN - . e ey e e n LY -

Loe gewa e emanalting Iron the

to the east of Ui

. b 3
ge oad is

d
indenendently collected Ty euch municipallty and is independ-

ently coaducted to the Joint leeting Plont for treatuent.

t leeting nor the municipalities have or-
dinznces or forw:el regulations to coatrol the cheracter and

strensth of discirersed waste to thelr syctoms.

*

iy, - N o [ 3 - AN t N [N P . Y - r ¥ . g Ay v - - OISR,
The ccowers in eocch cundlcelipadity's system are of varying

o, Lhe oldect portions of ezch were installed about 1217,
gech municipality rmointidins o collection cystem of geparat

n lg renorted to be ey-

T Bl 1y g U B
coyers in owolch indilitre

T sewers have de-

tre proneble covge belng tandh

ey K 3y ey P . " . * o
oncned Joints, and tre mresence of o fluctuati and

T B , e [ ] s e g \
sometlnes rerely nowator table, Le existence of nony

s

svspected 1110sal foof drein counscctions and the adiitted
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.

peneral inadequacy of the local storm drains also probably

1 Al P
: peak {lows.

Jo. arxlington's sewase 1o conducted to the plant throush

seyer rune Lo bLehuyler Avenue

e
Railroad

INEERE NN uku.;.‘i Lodd,

oo 1Ty

Lol Wy FRASH

s . ~ FAN-TEE L I P I
vio Verboflf Tlace nud O

veerdns from vorourh line

to two 18-ine

B U e s J A S NN - CON 22 - - - . "
to the nowith oand one cnterdins Jeom @ nolint Just south of socl

couti S othis pol the sewers continue

oy, along a line

P 7 - NN DNy P p T .
ovicotely 600-800 fuat J1lel to the line
W sy T e v, i3t e -5 Ty, AP A
Ol LCHYyLCcZ LVaniit, cO Lo Park isvenue L

r

e olbroet,  South of tiis

1o asunm aviternda oo oo ']
vl QeVelr CHUCIIGS a8 o

to ocevon Sireet to the lorow h line at the lel-

Tyndhuret gewane is conducted to the Joint beeting

Lroush a 1h-irnch dioneter cast iron sewer installed

o~ e 4.7 Ee SR . R ES
at the time thet tie 120t weg congtrvesed, It interconts

flow from o 16-inch ot Cwane Avonue, Just north

ol tre el a-lociawand

to the

been coaduct
wes abandoncd ot the tTive tue Joint leetiv, ¥lant tecams op=-

erc.tional.
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The sewage systen's tributary to the Joint Meeting Plant

operate w1ty the exceptlon ol the newly developed

town of Lyndhuret necar Polito avenue,

vy . N 3
;‘.i(;}c,«,d 'Z"_;.( 20

The scvooe enanating frow this arec 1s pumped Ly o

Trook Avenuc acrous ohe LricelLackowannt Lailroad to o a

gower In Grient Way.
Pollowing the formation of the Joint lLeeting DPlant, tle

w.s converted for use as o

Uongtruction of the Joint Leect-

A

he Joint liecting Plant

is aoprovimetely 14,200 peonle rnd is projected to e about

16,000 in 1985 wiic. would p.oocuce a flow of 2.5 mgd and

include development of woproximotely 400 ceres of nrescently

nosed Pregent cverape doily
aoonoeo r flow of 2.0 w=d.

rrevossrer Dlows of 8 nvd are bynasced around the

order to avoia overilogding

o

TN T B PP T, LI N 2 i
 the wastes is primerily domestic

4

! 3 3 ] b 3 - N I S NPV, P SN, 24y 2 1,
at this tine, induvetrially zored n adowlonds lying within the

two municinpalitics of tre Joint leetlny Plost are estimat

Y ey A e ev - 3 v [N R S U . 0y .. - 1 34 o kS
ine Tlent wvas tecun in 19295 cod the plant wos placed in scrvice
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to be 1,700 acres precenting o potential for significent addi-

—

tional waste contribution to the system., Ultimate flow from

two munieipalitics hies

nweted at 4.7 med.

which is carried to the plert

o ~ 1 S 3 e .
a ¢ dyiied oa open bods nrior to disnosa

i3 onc

S | 1. U —~ . .
wiich is the type with submerszed,

gsraped ovwtfall cnrnnel. the

revolvii

o

crit rewoval faellitics incluce two cnwrwels,

¢ rechas leni Jyrat weroval rechovion,
~1iov bo tio priwmoory oottlias Leniio do crescontly o vonuald

ODTTACIoNn, TRl L pRCeNy L lf:,;\la'?!'.:\?tu,JO.

? .o 3 1 - - . . : v
R Cooahr wi porcanadend nnd gewie collection equd p-

O e e Mmoo A . e F PN e TR I

nment nrovide abont 4,700 3q.0t. of surilace arca., the scum

and cludse are punped to tee reivary dizgester from the pri-

chlorine contact Lonk nrovides a

.;.

soettline 1o
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total contect volume of erpnvoxinately 5,500 cu.,ft.. Chlorin-

ation equipment consists of one vecuu-type gos chlorinator

with o canaocily of 50-500 1:s/dny of chlorine,

Sludie digestion in prescontly o bwo-stage process, the
L . S N . iy e e " ) A > by T P R . s S IR by o) P,
privary digester velng 50 Loet in dicuneter by 21 feet hish and

v
b

~y

the gecondary digegter Liins 28 fecot din diasmetor and 273 feet

}

PN SR IN et e maer R U K | - PSRN . 3 4, .
Bioh, e orinery difcestor lg hesated and ecuinped with &

Toesrth cas vrecirevlotion waltb on o [loating cover. Yhe exist-
iue open sludce Hods provids & total ares of about 30,000
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RUTHERFORD-EAST RUTHERPORD-CARLSTADT JOINT
MugTING PLANT

The Dutherford-isast Luthirford-Carlstadt Joint leeting
Plant, otherwise krnown as Tri-loro, is an independent agency
egstablished by the Doroushs of Rutherford, u. Rutherford and
Carletadt in 19%3 for the purpose of providing interceptor
sewors and seweran;e trcatment facilities for approximately
1,040 tributeary ocres, with o population of about 29,000,
vhich 1lie in thege three communitiesy senerally to the west

-4

of H.J. Route 17. The Tri-fcro Joint heeting Plant is locat-

I

Strect in the

po

ed cest of «.Jd. Route 17 at the foot of .orous!

-1

Doroush of PHutherford acer tie westerly right-of-way of the

srie-~Lackawanna Railroad.

k)

e area of thege three conmunivics lying on the westly
slope of the laclhensgacl River valley to the west of il.d. Route
17 nas beon develoned to dlmost complete saturation with mixed
recidenticl, comuecrcicl ond industrial development. Tor the
most part, this upland orea can be characterized as beling eo-
sertially resideuntial of low to médium density. The area tn
thie east of Route 17 eaud west of Zerry's Creek is low lying
rendowland which has bzen intensely develonced for industrisl
beavy industrial in nature, Tihe MHeadow-

cerry's Creekx is zored for inductry

o 1oy ™ o b 1 ~ PO R i 7- 3 i Y foy =) T 5 3 1y + e
and 1o meostly vocant but nns been developed for industrial
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.

existing rouds.

The individual rmunicipal scwage collection systems located
in the present Joint kecting Service &rca are owred and oper-
ated Ly the individual runicinalities and are of the ceparcte
sanitary type. These collectlion syctems drain fto the Joint
rective trunlt by cravity. Ihie Jolnt I trunx gewers
are separave vy sewers ovaed and maint.oined by the Joing

w

T -
H

eeting

o
'“"On’ 11 a

tunerford.

cravit

Sewvars from the nortih d east cnters the plent
ZG=-inch diamcter cewer from dorou~h Street in lu-

sewer ewtonds alons the southerly rignt-of-

- Fal DL I o, Vom g P B B U 06 T e
way of the Lrie-lLockawar droad, crossing it at apolnyt

almnost 2

tinuves

Ao e ey

RIS ERaE]
Willion
o~

P < S §

Sroad

frow the
- L
veot from
FRE o
Lie west

tonds os

50

LERRN

toeagt of U.d. lloute 17, The gsewer then con-

fe.

itndilroad to toute 17

jo AN
Lol

Cuvl

th t

dirccetion zlong

“oute 17 to tlhe Linlon Avenue in oot sutnerford.
oo 24 and 10 dner diometer opur extends wegterly
Avesue to Tacho o Street.,  The palin trunk con-

of Aoute 17 along

i e

wLlla

Pl

Streoet whoere

two 1&-inch diawceter lines join, one

crot from Fourtoein Steceb cnd the other from tre
oute 17. 4t wouve 17, ¢ 10-inch spur enters Ifrom
on roed Lireet Ifrow siskth Strect. twhe trunlk ci-

a 12-incly dianmcicr scwer alony toute 17 to the north
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Aveanne, Theze tTrunk sewers were cons-—

weeting in1928 together with some eigsht

inch dicreter sewers in ‘cclensack Street from lonroe Avenue
to fozert Stroet, In Union avenue from iroad Street to lock-
enianck Street, and in llackencack Street from Just west of
Union 3Strect to Poplar Street cnd Paterson Avenue in sast

Tutnerford.

degizrned capacity
Boroush of iwutherfor

primory facility uu

vresont flows to

in cxcess

peak flows, ~reol f1
loadines on various

inwbility of tle

N

Dopt fealth

ol

.

Lydravlically ov

I B - S P .
due to the polsonin

- R e e Tm e -
dnstrial waoues rnove
T 3 ey 4 - eV
Docerintion of Lhie 1

regul
1

Jorlos

Jlent was placed in ser-

3
e

}r\x

treatment faci ring

of 4.0 mgd. It replaced the

D

d funicip ant wiich was

n Inboflf taonis.

[

|2

toro Tlant have been variously

s

r

mated

P“"’

overn daily, with egt: c

oy
T

oy
o0

rod gtorm and industri:

[ S)

Le [

ows nresently sed excegsive hydreaulic

imp

whiich ia turn contribute to

nlant ’

precent plent to meet Lew Jersey State

irewcats. Lot only is the existing plant
wWod bhet orsionic overloading 2lso occurs
olflcet tlat strong plating, dye and in-
noviie Ulolopical filter mediz.

1ont
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Figure 23 illustrates the .ri-Foro Joint feeting Plant,
Sewase into the plont first passes through two nechanically-
cleancd Lar screens into o wet well and is then pumped into
Lthe grit chawmber. Thore are four row scewage 11ft pumps pro-
s ol 11 mpd, however, stand by electric

power facilities rrovide only 4 mgd of dependable punping

capacity. One of the zrit chaunels i sresently provided
with mechanicol grit removal equipment installed in 1966,

The sewepe then poavseg through rapid mix and flocculation
chembers wnich vere initielly provided for the addition of a
flocculant chemicsl prior to primery scaimentatioa., 'This
equinpmont has geriously deterioratod and chemicels are not
de2d, so that the units znow contribute little
to the trectment procegs. Hrom the rapid mix and flocculation

chanbers, the low cnters two prinmary settling tanks, each

i

of wiich is equipped with slud e collectors, but not equipped

for ~rease ond scun rowoval,  Chesc vanilte were converted from
4 Lt
their previous functlon ze Innolf tunls to their present u-

ey . AP T T T S, ey Ve [T .
saze 0o 7 settling tanks. Tueszc

i

LA 1T E ISR N , A Y e . L P 4
units whico: 1icit precont plant nydreulic capacity to 2.9
rod, Durirng poeriods ol ponk flow, o by-paso from the infflu-

R h) 0o g,
ert crannel of tlc

oo mornialliy conduets flow around the

el

taris ono tho bric' lians [ilters to the secondary setiling
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Tollowing the completion of primary treatment in the pri-

s

mery tanks, the Zlow thon e geconcary punping station

which hog cne 4 mod wnit

ve, unfortunately,

ot

M1,
The

L L 4 - PR I p—— " Rad - I R [, . oy ot
feet in Jdicnetler cnd boog e 6§ foot deen crush stoue bed.

. : .o oy . Ay 1y
Trorm the trichling Tfiltere, the [low cnters into two sccond-
axry settling tanks which were 1o converted from Imhoff tonks

inelu

e an cvaporator and

,.4

. 1. S RSSOt . T T P S i NN
chloriniors. Chleorire ig preoecceucly pplicd to the plant

influent and to
- Y AR EAPNNE Loy . . NP -
tonka.  There ig, ‘owevir, no chlorine contact

contact time Loefore tie plont e uent is dig-

<
}._J
o
o
]
1)
2
o
!.J

charced into terryy's Crecl,

Sludge removed from the primary and sccondary settling
pumpod into two diccesters,. e plant, as originally

<2

vrovided for two-sitoze digeption with cludge-nheat-

ing and vtilization of zas sroduced during digestion. At

present, only the sludpge ponrps are oporable. Digester Yol 1

* . »
wog initiclly eouipy

med with a floatlrgecover ond Digscester Ko,

2 witi & fized cover, Uonti oi which are reported to hHe in

a ceriounly deteriorated condition, Hacilities for the



191.

chericol conditioning of sludee, vecuum-Tiltration and incin-
2z were instelled with the initial plant,
digecharsed into wet la

bl - 1y, N TN
Trom the aises

A TS, . N - - . 3 2 LS 5 TN
tihe plant gite ultinote disposition in the

P

reodowlands ag
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L
QR
o
[¢]
j P

to be 44,000 and 5,500, recpectively and it was es
0,000 were serviced by the

deteruinad by observation, the

Tovungnip oppears Lo have beoen
.

developod to neal Souray montly with mixe csidential,

co.nereial

1y-
v

zoned for lreavy

Ny DU £ PN N A N oer e 1
he woot of oo lle Avenud

has occurcd

irnduet of devoelop

oroineipally to

or codo to control tie character 2nd strensgth

I I et
Gue QXL

treir sewerage systens

o

of sewage

except for the dumping of e-
- (o)

plosives
with the Town of Outtenbers contains restrictions on th

stre

connosition

{

[
;_y.

AT e o
cpnrre

2~ onortion of the cewer-

. e s ISRV T E .
sovero. OF the total

PR L N e e e laks PP .- o~ s .
crea of BL,R00 neres, 2020 weres ave scerved by
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served by combined
four pump

S92
o

Oth Street betweon

Tell Avenue and Tonncelle fvenue, and sevwase collected

square milo aren in the southern

o NI R T L. (L TP
o Gischirpe point ot the inter-

q

A -~ £ Ao T
oad, from there

R oo o~ [ P B o W iy T
sechion of dUrcnd Lvenue wnd aveccon !

: . Nale 3 A - Yy T e [0 - - e Ve a
it flows via Jrovivy sovers Tlent.  Another

[BEN

e otler punmp-

§]
i
o
Ny
[
<y
o
<
<
H
e
[©]
o+
.

AU U RPN VTSN S [IGPIpS M.
nuiEning o e L0 LT LoCanel
e Z

e ER A e - ~ % - ey ofe 1y o e §= [ETh
Street which ounmps gewere into the Lortucrn Tlant. The re-
. - - .~ - e .4 N v .

I sewerace system is opewated by previty

Deseripition of the Tlont

A scheratic dia-row of the Central Flant is illustrated
in Mis, 24, Cewoare entors the Plant from a 1ift station

storm water flow. The sewage flow then

e e 5 P ;o4 o L el P T R R
passes successively torougn Fond-cleorncd L screens, &
A 2 SN H e T e el AR S S U T s e g - £
prit rccmoval cloaiber cud Trtoff tanks having a capacity of

N

time oi 2.5 hours and o curface

4,0 wmed hioced on &

5.tt1lins rete of 600 sellonu/sq.ft./day. Uhe plant effluent

ig digcharped into Crows 1 Creekx tlrouch a 24-inch diamcter
cast iron pipe eppronimately 300 feet long. 4 wecently in-
ion feed enlorinator having an ad-

juctable JJday, diffugers chlorine at

.
3
LY
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SZCAUCUS FUWICIPAL PLANT

~

1 o ~ cem Tl ey e -
The Secauvcus sSewase Troolmnent

y.\a

Plant, located in Secauvcus,

townn with an

-7 T - - 1 1 -
.J., cervec hoth a

. - 444 " - AN T
cotinated population of 17,450

2 3 o £ S Do iner ey
Jobo. oot of the Jobs are

Toecoted in Lhe neortiosesbo

few Yook detropolitan Area.

to the west and south

trhe nonth and east of Cromakill

. R
couecus own 1o 5,662

iy

ecauvse of ite proxirity to llew York, It is the site o

rojor rail and vehicular

A

ceg the nortrery

o

Sergen County acrois

N T o il
eV JerECy Urlp,ud

ceucue hefore crougine the

N N - N

k3

¥y to the south. One of the major

principal local ro

cecetbion of Socoucus withy other

Scecaucus Hond ale
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RESULTS ARD DISCUSSION

Many parameters are detefmined in a laboratory analysis of
samples from a municipal and/or industrial wastewater dis-
charge. Depending on the degree of tTreatment and the degree
of purity desired, the number of parameters examined will
vary from treatment plant to treatment plant. However, for
the purpose of brevity and because most plants in the Hackén-
sack eadowlands District are of the primary treatment type,
the following parameters were used to evaluate the effective-
ness of the treatment plants previously discussed - these are:
Total witrogen (T.N.), iiitrate-liitrate Compounds (i0x), Ortho-
phosphate-¥, Total Organic Carbon (TOC), Total Oxygen Demand
(T0D), 5-day biochemical Oxygen Demand (Z0D), Suspended Solids

($.S.) and Fecal Coliform.

Because of the very nature of primary treatment facilities=-
that is, their function of screening and settling of suspended
and coarse particles- they are providing to be outdated with
our social and industrial development and the consequent in-
creases of the municipal and industrial wastewaters generated.
This section of the thesis will present a series of tables
showing influent and effluent wastewater parameters with per-
cent removals for each of the treatment plants. UHecause of
tine deteation tiwe of euch of the plants, it was not possible

to measure the effluent with respect to its influent counter-
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part. Therefore, the sample results were averaged so as to

collectively represent wet and dry weather conditions for the

sampling period.

liost plants estimate their efficiencies on the basis of
the percent removal of the IOD and the suspended solids. The
amount of the suspended solids removed from a treatment sys-
tem largely depends on the deteution time of the various units
in any partiéular plant. In addition, wiien the suspended
solids are removed, the BOD is also removed or reduced - pro-
viding that it is a primary plant and the suspended solids
removed contain sowme organic materials., However, BOD removal
is observed mostly in bioclogical-physical treatment plants
where the filter media change the nature of the organic load-
ings so tnat there is less oxygen cemand from the effluent

when discharged into a receiving stream.

Also, the degree of oxidation of nitrogen is indicative
of the degree of treatment gbtained. For instance, increas-
ing nitrate concentrations indicate a high degree of treat-
‘ment and possibly that air is Dbeing wasted and increasing
ammonia councentrations indicate that insufficient treatment
is being obtaiuned or that too little oxygen is being used.
Phosphate-P is a nutrient used in biological systems by bac=-
teria in conjunction with aitrogen to reduce the organic load-
ings found in sewage. Tinally, the T0D and TOC are removed,

to a certain degree, by thue treatment plants only because
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LYLDHURST-HORTH ARLILGTON JOINT MELTING PLaNT

TABLE 0. 5 - E.0.D. DATA

DATE FLOW 0D (INFL) BCD (IKFL)| BOD (EFFL) BOL (EFFL) EOD;-BOD
- y
MGD mg/liter 1bs./day mg/liter 1bs./dav lbs./day
1976

June 15 1.58 115 1520 52.0 685 835
‘ 17 1.70 178 2520 71 .4 1010 1510
22 1.70 176 2500 S4.7 1340 1160
24 1.65 213 29%0 69.8 960 1970
July 1 1,75 112 1630 80.1 1170 460
g 1.80 140 2100 90.2 1350 750
13 1.45 133 1610 TT.4 936 674
15 2.90 209 5050 113 2730 2320
20 1.50 209 2610 45.4 568 2040
23 1.40 292 3410 80.7 942 2470
Aug. 5 1.50 185 3650 T4.3% 929 2720
Oct. 5 1.45 105 1270 17.7 214 1060
19 1.55 112 1450 63.5 821 629
26 1.90 457 7240 90.0 1430 5810

tcce



LYRDEURST-KORTH ARLINGILCH

TABLE 0. 5 (CONT'D) - B.0.D. DATA

JOINT MEsTING PLANT

DATE FLOW TOD (IN¥L) CCL (INFL) BOD (¥277L) LoD (EPrL) EOD, ~20D
1GD ng/liter lbs./day rr/liter 1bs./daj lvs./day
1976
Kov.e 9 1.60 216 2880 108 1440 1440
30 1.55 213 2750 107 1380 1370
1977
Feb. 23 1.65 258 3550 9%.8 1290 2260
var. 2 | 1.60 303 4040 82.8 1100 2940
9 2.20 609 11200 153 2810 8360
%0 2.90 228 5510 112 2710 2800
Apr. 13 3.25 262 7100 72.8 1970 5130
27 1.95 318 5170 16.4 266 4500

*¢ee
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these processes are capable of removing or altering the EOD

content and suspended solids within each unit.

Lyndhurst-North Arlington Flant

The results of the analyses of the influent and effluent
wastewaters are outlined in Tables %,4 and 5 with Table 6

showing averages and percent removals.

Table 6
Averages and Percent Removal

Influent Lffluent Percent Removal

mg/liter ng/liter
T.H. 24.9 29.2 -
NOx 0.593 0.688 -
Fhos. 3.22 2.58 19.9
70C 154 59.5 61.4
TOD 383 234 38.9
BOD 232 80.3% 65.3
S.S. 240 96.3 59.8

From Table 6 it can be secn that removal of the T.N., NOx
and Phos.-P is nearly impossible with the available primary
treatment at this plant. One excuse or explanation for the
Phos. reduction may be that some of the phosphate may have
been in precipitate form which settled out with the suspended
solids. Being a primary treatment process (whose sole func-
tion is the removal of coarse materials from sewage prior to
fiﬁal discharge) the plant is not designed to remove those

pollutants in soluble form unless additional units, such as
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biochemical-physical treatment units, are added.

The EOD and S.S. removals are acceptabdble for a primary
treatment facility although they should be much greater so
as not to exert any oxygen demands on the receiving stream.
llowever, the TOD, which is similar to the Chemical Oxygen
Demand (COD), shows a high effluent concentration or lower
percentage removal in contrast to the other parameters, This
high value is an indication of Dboth organic and inorganic
substances in the wastewater. Since most of the organic pol=-
lutants are removed from the plant, it is obvious that the
70D would show mostly inorganic substances exerting an oxy-
gen demand. Therefore, it is necessary that the plant be
upgraded so &s to remove those inorganic substances in order

to reduce the oxygen demand.

Finally, although the amount of BOD removal is sufficient
for a primary treatment facility, it should be further in-
creased. Calculated into 1bs./day, the BOD discharge (1,270
1bs./day for this plent) may not be high considering the vol-
ume of the receiving water; but, if one were to calculate
this figure over a one year period (46%,550 1bs./year) this

value may be surprising and quite frisghtening.

n"priboro" Joint Meeting llant

Influent and effluent data are outlined in Tables 7,8 and
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UTEZRFORD TAST RUTILDTORD CARISTADT JCINT [ZETING PLANT
TAELE 1:0. 8 (CONT'D) - EFFLULHT DATA
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RUTEERFORD=-ZAST RUTHERFCHED-CARLSTADT JOINT MEETING PLANT

DATE FLOW pOD (INFL) | BOD (IKFL) | BOD (=¥FL) | 50D (SFFL)| BOD,-BOD_
¥GD ng/liter 1lbs./day mg/liter lbs./day 1bs./day
1976
June 15 %.50 284 8230 72.8 2130 6160
17 3.60 229 6880 188 5640 1240
22 3.40 371 10500 141 4000 6500
24 3,20 283 7550 267 7130 420 o
. Wl
July 1 2,20 264 1 7650 {1 1%0 2470 3550 o
9 4 .50 216 8110 23.% 874 7240
13 2.90 71.0 1720 20.8 503 1220
15 2.95 261 642Q 128 3150 3270
20 2,00 245 4090 104 1730 2320
23 3.50 241 7030 101 2950 4080
Aug. S 3,60 162 4860 169 5070 - -
Oct. 19 3.50 252 7360 85.9 2510 | 4850
26 3,60 _ 233 7000 100 3000 4000
Nov.e 9 3.95 135 4450 108 3560 890
30 3.60 257 7720 144 4320 3400




RUTHERFORD-EAST LUTHERFORD- CARLSTADT JOIWT

TAYIE 0. 9 (COHT'D) - 2.0.D. DATA

LEETING PLANT

DATE FLOW TOD (INFL) 20 (INFPL)| 2oy (Zr2rL oo (ﬁyzL)i'BODiaEOD
i ‘ e
MGD mg/liter lbs./day mo/liter lbs./daj los./day
1977
Feb. 23 3,40 189 5360 145 4110 1250
Far., 2 3,30 492 13500 265 7290 6210
9 3,70 3919 12300 274 8460 3840
30 | 3,40 432 12200 225 6380 5820
Apr. 13 4.90 243 9930 238 9730 200
27 3,40 92.% 2620 8%.9 2380 240

*i¢l
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9 with Table 10 showing percent removals.

Table 10
Averages and Fercent Removal

Influent wffluent Percent Removal

mg/liter mg/liter
T.N, 46.7 43.0 7.9
NOx 2.24 1.57 29.9
Phos. 3.68 3.67 0.30
T0C 161 97.1 39.7
TOD 622 558 10.3
BOD 254 144 43.3
S.5. 182 116 %36.2

"Triboro", as previously explained, is a secondary treat-
ment plant utilizing trickling filters as the biological oxi-
dation method for tre removal and reduction of organic load-
ings in municipal and industrial wastewaters. OSurprisingly
enough, upon observing the percent removals one might wonder
whether this plant were a primary or secondary treatment pro-
cess, It is quite obvious that this plant, designed to oper-
ate as a secondary treatwent facility, has degenerated to a
point where the effective removal rates are below those re-

quired of a primary treatuent vlant.

lMost secondary treatment facilities which utilize trick-
ling filters have an overall plant efficiency ranging from
85-96% BOD removal.1 lven if we used the BOD percent removal,
we can see that this is still far short than required for

plant efficiency determination and must, therefore, be given
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serious consideration if this plant is to continue operating

as a secondary treatment facility.

It is obvious that with small decreases in the NOx and
T.N., the trickling filters are not operating as effectively
as they are designed to do so. One might assume that these
minute deceases could indicate that either clogging of the
filters (otherwise known as ponding) has occured or that the
secondary treatment units of the plant are being completely
by-passed. Removal of phosphkates may be accomplished either
by the nutrient demand of the bacteria in the trickling fil-

ter or by the settling out of precipitate phosphates.

3ince the plant is also handling large flows from various
industries, it is not surprising to note a high TCOD value
for the effluent which would indicate large loads of both
organic and inorganic substances. The TOC, BOD and S.S. need
not be explained as they wre similarly removed by the plant
in much the same faéhion as the Lyndhurst-liorth Arlington

Plant,

North Bergen Central Plant

Results of the influent and effluent waters of the plant
are outlined in Tables 11, 12 and 13 with Table 14 illustra-

ting percent removals.
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NORTH EuRGEN CENTRAL FLANT
PABLE WO. 13 - 3.0.D. DATA

DATE FLOW EOD (IWFL) 50D (INFL) BOD (BFFL) | BCD (EBFFL) 50D, -E0D,
1GD mg/liter 1bs./day mg/liter 1bs./day lbs./day
1976
June 15 1.66 208 2580 8.9 954 1930
22 1.31 198 2160 155 1720 440
24 1.53 101 1290 50.3 639 651
July 1 1.42 138 1630 72.7 861 769
9 1.88 85.4 1500 42 .4 665 835
13 1.43 84.4 1010 62.7 748 262
15 1.48 123 1520 21.9 270 1250
20 1.53 274 %500 89.6 1140 2360
23 2.05 147 2510 TT.4 1320 1130
Aug. 5 1.60 163 2180 36.9 492 1690
Oct. 5 1.34 132 1480 40.5 453 1030
19 1.32 136 1500 T7.7 855 645
26 2.22 112 2070 3.1 57 2010
Yov. 9 1.51 144 1810 5.4 924 . 886
30 1.10 277 2540 107 981 1560

‘82



NORTH BERGEN CELTFAL PLANT
TABRLE NO. 13 (CGONT'D) - B.0.D. DATA

10D (INTL)

ECD (I¥L)| BoD (5PPL) | 1o (EFFL) 20D ~BOD
FGD nz/liter 1bs./day mr/liter lvs./day | 1bs./day
1977

reb, 23 0.60 127 635 26.5 133 502
lar. 2 1.48 155 1910 35.5 433 1470
9 1.60 182 2430 53.2 710 1720
30 2.04 ; 151 2570 53.3 907 1660
Apr. 13 1.60 | 146 1950 69.7 930 1120
27 1.14 70.7 672 13.9 116 556

‘642
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Table 14

Averages and rercent Hemovals

Influent wffluent Percent

mg/litex mg/liter Removal
T.N,. 18.2 17.8 2.2
NOx 1.20 0.69 42 .6
Fhos. 11.93 1.90 1.6
TOC 112 81.2 27.5
70D 399 252 36.8
BOD 151 92.1 39.0
S.5. 140 71.6 48,9

On the basis of the above percentage removals, it can be
seen that, as a primary treatment facility employing Imhoff
tanks as sedimentation basins, this plant is barely removing
those pollutants found in sewage. For instance, Imhoff tanks
are capable of removing at least 60% of the suspended solids

and at least %0% of the BOD.

However, although the :r0D removal is within the plants
efficiency removal rate, the suspended solids are not. One
probable reason for the low removal rate is that the rate of
flow through the Imhoff tanks has not been reduced sufficiently
to provide the proper settling rate for the suspended solids.
liowever, this can be partially accomplished by introducing
weirs at the inlet chanrels to tire plant; thereby, reducing

flow prior to entry into the Imhoff tanks for treatment.

NOx removals may have occured under anaerobic conditions,

where facultative heterotrophic bacteria will utilize the
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NOx as a hydrogen acceptor for the degradation of organic
matter which will also contribute to a lower BCD value. If
most of the T.N. is in the form of amwonia-N, it is possible
that this low percentage renmoval may have resulted also from
anaerobic conditions where anaerobic bacteria, using the a-
vailable NOx as an energy source, may have oxidized the am-

monia-N.

Althiough T0D removals are within the efficiency range of
the plant, the effluent concentration is still much too high
to allow it to be discharged into the receiving waters. As
indicated in Table 1, the discharge point of the effluent is
~in Cronakill Creek. On-site inspection of this Creek has
revealed that it is now a stale, septic, odiferous stream
with no aguatic life. This has occured due to the daily dis-
charge of the plant's effluent concentrations. Had the plant
been operating efficiently, Cromakill Creek may have been
instead a clear, odor-free body of water supporting aguatic

life.

Secaucus Nunicipal Plant

Tables 15, 16 and 17 illustrate the results of the influent
and effluent wastewaters of this plant with Table 18 contain-

ing percent removals.



SCAUCUS T ULICIPAL PLAIT

TAZLE 0. 15 - INFLUENT DATA
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SECAUCUS KRUNICIPAL PLAKT
T:‘LBLE 1\‘;00 17 - B.O.D. DAT;A.

DATE

201

FLOW EOD (INTFL) | 30D (INFL) | B0D (¥¥FL) | BOD (EF¥L) | BOD,;~BOD,
FGD mg/liter lbs./day mg/liter 1lbs./day lbs./day
1976

June 17 1.26 237 2490 25.6 269 2220
24 1.32 226 2490 13.7 151 2340
July 1 1.44 173 2130 3.3 39 2090
9 1.65 246 3390 16.6 228 3160
1357 1.17 116 1130 17.5 173 957
15 1.50 229 2860 15.0 188 2670
20 1.20 267 2670 9.9 99 2570
23 1.14 150 1810 29.4 280 1530
Aug. 5 1.14 107 1020 6.7 64 956
Oct. 5 1.64 116 1590 34 .1 466 1120
19 1.26 154 1620 26.1 274 1350
26 1.80 85.9 1290 13.6 204 10350
Nov. 9 1.40 160 1870 24.5 283 1590
%20 1.35_ 230 2590 17.9 2390

“9%¢



SECATCUS MUNICIPAL PLANT

TAELE W0. 17 (CCHT'D) - E.0.D. DATA

FOD (LL.TL)

e (INFL

ZCL (EPFL)

oD (EFrL EGDi-EODe
FGI mg/liter lbs./day rme/liter lbs./day 1lbs./day
1977
Teb. 23 1.50 241 32010 26.3 %29 2680
Bar. 2 1.45 139 16580 11.3 137 1540
9 2.05 182 . 3110 103 1760 1350
20 1.70 260 5100 1%.0 184 4920
apr. 1% 1.42 152 2040 45 .8 542 1500
27 0550 92.5 385 34,2 143 242
\

*Lve
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Table 18
Averages and Percent Removals

Influent =ffluent Percent Removals

mg/liter ng/liter
T.N. 21.7 . 13.9 35.9
EOx 0.275 5.36 -
Phos. A 3.41 Z2.50 26.7
T0C 113 19.2 83.0
TOD 240 8%.0 65.4
20D 186 25.3 86.4
5.5, 200 27.4 86.3

The Secaucus Plant, as originally designed, is operating
within the acceptable range of 84-96% removal for those sec-
ondary treatment facilities employing trickling filters. In
the trickling filter there zre two highly specialized bacteria
recsponsible for tie conversion of ammomia-N to nitrate, these
are the Witrosomonas, which converts the ammonia-i to nitrite,
and the Nitrobacter, which converts the nitrite to nitrate.

As evident in ‘Yable 18, the T.d. percent removael indicates

the application of a high degree of treatment followed by

the subsequent increase of hNOx. The resulting T.N. in the
effluent must, therefore, contain organic forms of nitrogen

in addition to the nitrites and nitrates. Phosphate removal“\
is as expected in this system due to the nutrient demand of

the bacteria in helping to reduce the biological loadings.

Next, the 30D and 1T0C are significantly reduced. Both

parameters are used to indicate the "strength" of the sewage.
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While the TOC indicates the amount of organic carbon present
in the sewage, the D0OD indicates the amount of oxygen required
to biologically oxidize the organic portion of the sewage.

Of lesser importance is the TUD; while it does indicate the
amount of oxygen required to oxidize both organic and inor-
ganic substances, it is mainly used in the determination of
industrial wastes, such as paints, dyes, etc., and does not
represent an overall picture of the loadings in the sewage.

'he resulting effluent must, tnerefore, contain contaminants
which are not removable by the bilological oxidation of the

trickling filters.

Finally, suspended solids removal is as expected for a
plant of this size. It is evident that both the primary and
secondary secimentation tanks are being used and are operat-
ing as efficiently as possible. Lowever, it may still bve
possible to reduce the suspended solids content even more
by altering the flow rates through the sedimentation basins,
by adding extra tanks or by recirculating some of the final

effluent into the inlet channel at the entrance of the plant,

Jersey City WestSide Plant

Data for the influent ard effluent wastewaters are outlined
in Tables 19, 20 and 21 with Table 22 illustrating the per-

cent removals.
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TARBLY FO. 19 - INFLUENT DATA

DATE FLOW |AMBIENT|{WATER | T.N. |NOx PHOS. TOC TOD BOD S.S.
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MGD c C PPM PPM PPM PPM PPM PPM PPM
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JERSEY CITY SEWERAGE AUTHORITY, WEST SID: PLANT

DATE FLOW BOD (INFL) |BOD (INFL) | DOD (BFFL) | 0D (EFFL) BOD, -BOD
IGD mg/liter 1bs./day mg/liter lbs./day 1lbs./day
1976

June 17 30.0 530 133,000 96.0 24,000 109,000
24 22.0 68.4 12,600 49.5 9,080 3,520

July 1 20.0 80.0 13,300 58.7 9,790 3,510
7 25.5 121 25,700 59.8 12,700 13,G00
9 | 25.0 182 37,900 38,0 7,920 29,980
1% 16.0 108 14,400 21.4 2,860 11,540
15 15.0 146 18,300 47.9 5,990 12,310
20 18.0 197 29,600 101 15,200 14,400
23 19.0 284 45,000 139 22,000 23,000

Aug. 5§ 20.0 415 69,200 132 22,000 47,200

Cet. 5 36.0 131 39,300 120 36,000 3,300
19, 16.0 214 28,600 285 38,000 - -
26 29.0 69.3 16,700 134 31,700 - -

Wov. 9 21.0 166 29,100 169 29,600 - -
30  18.0 395 59,300 261 39,200 20,100

“$62
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JER3D

CITY SEWLRAGE AUTHORITY, WEST SIDE PLAKRT

TABLE 10. 21 (CONT'D) - 5.0.D. DATA

DATE PLOW 0D (INFL BCD (INFL) | BOL (=r¥L) 0D (ErrL) EOD, ~BOD
&}
MGD mg/liter 1lbs./day ng/liter 1lbs./day 1bs./day
1977

Feb. 23 20.0 270 45,000 72.7 12,100 32,900
var., 2 17.0 489 169,300 65.9 9,340 59,960
9 22.0 287 52,700 210 38,500 14,200

18.0° 21.5 4,730 331 49,700 - -

30

*662
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Table 22
Averaeges and rercent Removals

Influent Effluent Percent Removals
mg/liter mg/liter

TOI\IO 19-4‘ 2204‘ -

NOxX 0.479 0.339 29.2
Phos. 2.94 2.02 31.%
70C 90.9 81.3 - 10.6
TOD 552 295 46.6
BOD 226 124 45.1
S.5. 158 82,2 47.9

For a plant of this size, it is depressing to find that as
a large primary treatument facility it is renmoving less than
half of the pollution louads encountered in the sewage. This
plant is subjected to heavy industrial loads (65 of flow)
in which colloidal matter, dyes, grease and oils are abundant-

ly present resulting in ineffective treatment.

The T.N. has increased - another indication that a low
degree of treatment is reing applied to the sewage. The de-
crease in the NOxX level is & result of anaerobic bacteria
using the KNO0x as a nutrient and energy source in the anaero-
bic degradaetion of orgaric loudings. The same applies to

the phosphate reduction.

The low TOC removal indicates that heavy concentrations
of organic carbon are being discharged into the sewage sys-

tem - that is, grease and oils are not removed due to the

absence of ;rease traps in the primary process, TOD removals
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TARLS 0. 24 - LZFYLUENT DATA
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KBEARNY MURICIPAL PLANT
TABLLE 0. 25 - B.0.D. DATA

DATE PLOW ROD (IN#L; | BOD (INFL) ECD (LFFL) BOD (EFFL) BCD;~-BOD,
MGD mg/liter 1bs./day ng/liter 1bs./day 1lbs./day
1976
June 24 3.00 233 5820 114 2850 2970
July 1 7.70 255 16400 130 8350 £050
‘ g 2.90 182 4400 37.9 917 2480
13 1.17 108 1050 132 1290 - -
15 2.90 266 6430 133 3220 %210
20 2.80 545 12730 345 8060 4670
2% 2.70 420 9460 289 6510 2550
Aug. 5 3.20 338 9020 143 3820 5200
Oct. 5 4.40 227 8330 263 9650 -
26 4.90 310 12670 268 10950 1720

*19¢



KEARNY WMUNICIPAL PLANT
TABLE L0. 25 (COLT'D) - B.0.D. DATA

DATS

FLOW

BOD (INTL

)

BOD (INIL)

30D (E¥FFL) EOD (EFPL) | BCDi-FEODe
NGD mg/liter lbs./day mg/liter lbs./day lbs./day
1977
Feb., 23 4.10 131 4480 172 5880 - -
Mar. 2 4.40 266 9760 269 870 - -
9 4,90 237 9680 186 7600 2080
50 5.00 356 14840 210 8760 5080

*coc
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indicate a high concentratior of inorganics which are dise

charged bty the industries in the immediate area.

Primary sedime:.tation tanks should remove at least 60%
of the suspended solids aud at least 50-55% of the BOD. As
in Table 22, this does not occur in this plant. Flow rate
experienced at this plant are high; thereby, lowering the
detention time for a particle of slug or grit to properly
settle out. With the subsequent low rewmoval of the suspended

solids content, the 10D content is also affected.

Kearny Municipal Plant

Tables 23, 24 and 25 outline the influent and effluent
sewage results with Table 26 illustrating their respective

percent removals.

Table 26
Averages and Percent Removal

Influent Bffluent Percent Removal

mg/liter mg/liter
T.N. 5.87 7.07 -
NOx 0.25% 0.216 14.6
Phos. 10.6 11.4 -
TOC 375 261 30.4
70D 433 454 -
BOD 277 199 21.4
S.5. 433 310 26.3

Obviously, this plant is incapable of handling the in-

dustrial loads (approx 9%% of flow) which are constantly
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being discharged into the sewvage system. If it were not for
the BOD and S.S. removals, the treatability of this plant on
the'influent sewage would be near non-existant in terms of

operation.

Removal of the BOD and S.S5S. also reduces the TOC Since
many of the suspended solids are organic. The TO0D clearly
shows that industry is discharging their wastes without any
apparent pre-treatment. Since this plant is using primary
gsecdimentation basins as the only treatment, it is evident
that it cannot cope with the adverse chemicals and other
pollutants and must, therefore, be up-graded in order to

provide satisfactory treatment.

Sampling Procedures

Samples were taken from the inlet and outlet channels at
each treatment plant and stored in separate 200-ml ground
glasgs-stoppered bottles. . ach sample bottle was then taken
and its contents were transferred into small test tubes for
the analyses of the various pdrameters. BOD was set up uvon
arrival at the laboratory from the sampling sites during the
same day. S.5. samples were stored in a freezer until deter-

mined.

Flow readings were obtained from the flow-measuring devices

at each plant - with the exception of the korth Bergen Central
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Plant, which does not have any reliable flow-measuring equip-
ment. IFlow data for the Lo. Bergen Central Plant was calcul-
ated using the cross-sectional area of one of the inlet chan-
nels, depth of the sewage wastewater and by measuring the
time for a particle of slug to travel through the cross-sec-
tional area. Yecal Coliform samples were taken at each site

in a Millipore Coli-Count Sampler and incubated at 44.5° c,

sample Preservation

Hydrochloric acid was used as a preservative for the anély—
sis of the T.i., TOD and TOC parameters and stored in a re-
frigerator. No preservatives were added to the test tubes
containing samples for the analysis of the orthophosphate-P
and NOx as these tests were accomplished within 24 hours of

the sampling period.

Analytical Procedures

Total Organic Carbon

The TOC was measured by the use of the Dohrmann Envirotech
DC - 52D Carbon Analyzer. Potassium hydrogen phthalate
(C6H5O4K), also known as XHP, was used as a standard for

calibrating the instrument.

Total Oxygen Demand

An automated method of analysis for the determination of
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the TND was accomplished with the use of the Ionics, Incor-
porated Model 225 Total Oxygen Demand Analyzer. Again, KHPA

was used with this instrument as a standard ranging from

100-800 ppm in order to set up a linear scale. The T0D method

was used over the conventional Chemical Oxygen Demand method
because results can be obtained within minutes with the TOD
while it requires several hours for the COD and, most import-
antly, chlorine ion. interferences are eliminated with the TOD

method.

Orthophosphate-P

The orthophosphate~P analysis was accomplished with the
use of the Technicon AutoAnalyzer II Industrial System Mani-
fold No. 116-D221-01 Cartridge. Potassium dihydrogen phos-
phate (KH2P04) was used as a standard in the range of 0.04-

2.00 ppm PO4—P to set up linearity.

Nitrite-Nitrate (WO0x)

The NOx analysis was accomplished with the Technicon Auto-
Analyzer II Industrial Manifold Ko. 116-D049-01 Cartridge.
Potassium nitrate (KNOB) was used as the standard ranging

from 0.04-2.00 ppm NOx.

Total litrogen

The T.8. was measured with the use of the Dohrmann Enviro-
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tech C-300 Microcoulometer and the S-3%300 Furnace.

Fecal Coliforh

Fecal Coliforms were measured using the Millipore Coli-
Count’™ Sampler Cat. No. HC 00 000 00 and incubating at 44.5°

C. for 12-18 hours.

Biochemical Oxygen Demand (BOD)

Biochemical Oxygen Demands were analyzed using the Yellow
Springs Instrument Co. YOI Model 5720 EOD Bottle Probe with

the ¥Y5I Model 57 Oxygen Meter.

Suspended Solids

Suspended solids were measured as outlined in Standard
Methods, 13th &dition, Section 1483. Determination was based

on 100-ml samples.
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CONCLUSIONS AND RECOMIENDATIONS

The general situation found in the Lackensack Meadowlands
is that an insufficient degree of treatment of sewage is be-
ing practiced by the treatment plants discussed in this thesis
with fhe possible exception of the Secaucus plant. As previ-
ously mentioned, the Hackensack River has become & "dead-end-
ed" tube from which there is 1little or no flushing of pollu-
tants. Deing aware of this, the New Jersey State Dept. of
iHealth has issued orders to mwost of these plants to conform,
at least, to precent State effluent limitations. Conformance
to these orders would require that plants which presently pro=-
vide primary treatment be up-graded to include secondary treat-
ment facilities which will biologically treat the, otherwise,

untreated organic loads.

As the effluents from the existing treatment plants are of
inferior quality and the volumes of such wastes large, other
sources of pollution remain hidden. aAmong them are small in-
dustries, combined sewer overflows, treatment plant by-passes
and other unconnected discharges, such as run-off, which are
not presently treated. It nmust be realized that while indust-
rial wastes generally contain chemical and physical contamine
ants which may be harmful to the aquatic environment; this
harm may be an unwentedcolored water, which is unappealing aes-

thetically, or a film over the waler which reduces the oxy-
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gen-liquid transfer ratio, thus lowering the dissolved oxygen

content in the water.

Therefore, it is necessary that the degree of treatment
and the quality of the effluent discharged into the Hacken-
sack River must be at such a level so as to permit the in-
tended use of the area to be developsd, In order to aid in
maintaining adequate and reliable operation of the treatment
facilities, there must be rigid enforcement of sewer regula-
tions in controlling the raw wastes entering the system. In
addition, these regulations should be specific with respect
to the maximum allowable concentrations of the materials per-

mitted to be discharged to the sewerage system.

The remainder of this section shall he devoted to discus-
sing and illustrating the alternate methods of upgrading
those treatment plants previocusly discussed. No attempt
shall be made to include a cost analysis since it is beyond

the scope of this thesis,

Lyndhurst-llo, Arlington Plant

One of the problems exﬁerienced in the operation of this
plant is the fact that head losses through the comminutor
during peak flows create a back-up condition into the Parshall
flumes, thus interfering with accurate flow measuring. In

addition, excessive maintenance is required on the cutting
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assemblies on the comminutor, as grit is not removed from
the sewage prior to flow through the comminutor. Also, grease

and oil removal is accomplished menually with little results.

Among the first steps in up-grading a primary treatment
facility is to determine at what rate of efficiency the plant
is operating. From there, it should be a simple matter of
deciding which units should be replaced or added to the SysS=-

tem in order to increase the operation efficiently.

Obviously, it is necessary to reduce the head losses through
the comminutor so that back-up pressures will not occur, even
during peak flow conditions. One solution would be to pro-
vide a wet well unit before the comminutor so that the flow
rate to the comminutor can be maintained at a constant rate
through the use of sewage pumps. In addition, it will be
necessary to remove the coarser materials prior to flow
through the comminutor. Therefore, coarse bar screens should
be set up before the wet well, allowing removal of materials
to be used as landfill. This procedure should save consider-
ably on the wear of flow pumps and other units in the treat-

ment plant.

Next, since the average flow of sewage is above the designed
capacity of the plant, it is necessary to provide settling
basins capable of handling the increased flow. Perhaps the

simplest solution would be to provide additional settling
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basins. With three tanks in service, the detention time will
be increased allowing more suspendeﬂ'solids to settle out.
From the primary settling tanks, the primary sludge may be
pumped into a larger primary sludge digester than the one

now in service.

After the primary treatment, it is necessary to install
a secondary treatment system which will further reduce the
organic loading. Trickling filters should be used at this
point - parallel to one another - with proper recirculation
for etfective treatment. Irom the trickling filters, the
effluent should then flow into secondary settling basins
which will further remove any suspended particles which may
have washed through the trickling filters. DPart of the ef-
fluent from the secondary settling basins should be recycled
to the influent channel leading into the plant for further
treatment. Secondary sludge may be pumped into the primary
digester. The remaining effluent may proceed to the chlorine
contact tank now used for disinfection with chlorine or

chlorine compounds.

Because grease and oll cause scum on sedimentation tanks
and interfere with the biological filtration, grease traps
or skimming tanks should be provided to remove them from
the sewage prior to the primery settling tanks., Figure 28

illustrates such a plan.
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"Triboro" Meeting Plant

The problems being experienced in this plant are many;
among them are the lack of grease and scum collection equip-
ment. This allows floating materials to pass to the trick-
ling filters withvresultant clogging and inefficient perfor-
mance of the filters. Plant pumping facilities, both raw
and secondary sewage, are unreliable and experience consid-
erable downtime. In addition, the mode of operation of the
secondary pumps is not proper for uniform dosing of the trick-

ling filters and contributes to poor filter efficiency.

The industrial components of the flow are appareﬁtly of
considerable strength. The inadequate treatment presently
applied to tre wastes from this plant has been the subject
of attention from the liew Jersey State Dept. of Health re-
sulting in various citations for excessive BOD's and suspend-
ed solids, by-passing of plant units, coliform bacteria,

color, odor and for insufficient chlorine residual.

Obviously, from the problems encountered within the plant
that it is wandafory that effective trectment be added in
order to reduce those pollutants and contaminants which are
causing poor performance. Therefore, the treatment plant
should be reconstructed or ﬁp—graded in such a manner so as

to cut costs to a minimum.

To begin with, pre-chlorination of the sewage is ineffect-
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ive due to the possible chlorine demands of the various in-
dustrial pollutents. Chlorination at this point should be
discontinued and saved for final disinfection where there
will be little chlorine demand from the treated effluent.
Next, mixing and flocculation should be introduced to create
large floc particles which can then be easily removed. Fol-
lowing this syste, will be chemical coagulation; here various

precipitates wmay be formed, thus, lowering the TOD level.

‘"he primary settling tanks should be expanded in order to
handle more sewage. Presently, the plant has a designed cap-
acity of 4.0 mgd with an aveprage daily flow rate of 3.4 mgd.

If we assume that the communities will expand socially and
industrially, then the treatment plant should be ready to
handle this increase. Irom tne primary settling tanks, the
sewage should flow into the four available trickling filters
which will be in parallel and series. This 1is to create a

high degree of treatment by allowing the sewage to flow through
two filters rather than individually. Recirculation will not

be necessary for this type of set-up.

Trickling filter efiluent should then proceed to secondary
settling. Some of the secondary effluent should be recycled
to the inlet channel leading into the plant for further treat-
ment. The remaining effluent should go to a carbon adsorption
column for color reduction. X¥rom here, the final effluent

is chlorinated and ultimately diposed.
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 Buspended solids - raw and secondary sewage -~ are pumped
into the primary sludge digester and then into the secondary
digester where the supernatent liquid is recycled into the
plant at the inlet channel. Treated sludge from the second-
ary digester should be elutriated so as to reduce the concen-
tration of bicarbonates and, finally, vaccum-filtered prior
to ultimate discharge as landfill. Figure 29 illustrates the

up-graded plant.

North Bergen Central Plant

The lNew Jercsey State Dept, of Health has evaluated the
treatment facility maintenance at the plant to be marginal.
It has been reported that the flow turough this plant is either
by-passed or afforded little or no treatment. In addition,
there are no sludge digestion tanks and the sludge drying beds
are not being used. In addition, sludge is removed by scaven-

ger service on an "as needed" basis.

Obviously, this plant nust be converted into primary sedi-
mentation basins with grit chambers to remove most of the
suspended solids. In addition, due to low flow rate into
the plant only two trickling filters may be required to oxi-
dize the organic loadings, with three sedimentation basins
supplying recirculatior to the trickling filters for further
treatment. Figure 30 illustrates what this plant should ap-

pear as.
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Secaucus Municipal Plant

Because the present flow wate is only 60% in comparison
to the designed capacit&, the plant operates with two of the
three primary settling tanks, one of the high-rate trickling
filters and two of the three secondary settling tanks., Al-
though the plant is generally applying treatment, due to the
low flow rate, it is possible to improve the system by the
correction of filtration pregently received in the system.
In adcdition, since a significant portion of the Town is zoned
for heavy industry, the nature of the sewage may change as
these areas are developed and tied into the municipal sewer
system. Thercfore, due to the acceptable treatment available
at this plant, it is not necessary to up-grede the plant's

treatment facilities.

Jersey City West Side Ylant

There are a number of prodlems which plague this plant.
Among them, the previously mentioned recurring dye component
of the influent sewage is a definite color pollutant of the
Hackensack River. In additien, a high grease and oil content
of the East Side Plant sludge, which is pumped to the West
Sidé Plant for treatment, is creating problems in sludge

handling and disposal facilities.

Obviously, the first step is to remove all grease and oil

contaminants in the seware and sludge influents. In addition,
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the color contaminants from the dyes must also be removed.
Trickxling filters should be used instead of an activated-
sludge process the regeﬁeration of bacteria would take less
time than for the activated-sludge process should the bacteria
be destroyed by toxic materials which are frequently fouhd in
industrial wastes. The basic design for this plant is similar
to that of "Triboro'" with the exclusion of sand filter beds
and the addition of separate sludge- grease removal equipment.

See Figure 31 for illustration.

Kearny Municipal Plant

The problems associated with this plant are obvious and
need not be discussed. Therefore, the modified design of
this plant will be similar to that of "Triboro!" as illustra-

ted in Figure 32,
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