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ABSTRACT

Oxidation ponds are recognized as the solution to domestic wastewater treatment in developing
countries. The use of such natural systems is considered to be very important. This is because it
is cheap, easy to construct and they do not require high skilled Iabor. In the developing countries
the objectives for wastewater treatment should put emphasis on pathogen removal since most
diseases and deaths in these areas are caused by poor sanitation. The efficiency in the removal of
pathogens in oxidation ponds has been found to be very good. Oxidation ponds are mostly
designed using empirical formulas derived either from past experience or from performance of
aready existing STPs elsewhere. Actual performance of the STP can differ from that of design
mainly due to differences in sewage characteristics & local conditions. This study is an attempt
in this direction. Samples were collected in month of February and March from two types of
aeration pond systems one with laminar flow inversion technique and second with jet aerators.
There were two ponds in series each type of aeration system. Sampling points were inlet to first
pond(P1), two points along the length of first pond at one-third and two-third of length(P2,P3),
Inlet to second pond(P4), two points aong the length of second pond at one-third and two-third
of length(P5,P6) and outlet to second pond(P7) for both type of aeration system. In the pond
samples were taken and analyzed at three different depths. Treated effluent of the STP was found
complying with the prescribed standards.
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CHAPTER-1
INTRODUCTION

1.1. Background Information

Urbanization has encouraged the migration of pebpi@ villages to urban areas in India.
With exponential growth in urbanization, a numbdr emvironmental problems have
emerged. Water, like energy, will probably becoime most critical natural resource issue
facing most parts of the world. In the Middle Easea, once referred to as tRertile
Crescent, precipitation is low, droughts are frequent anens are few. Countries in the
region will experience serious water shortages, ciwhhave economic and military
drawbacks, making water a national security isdd@ny experts warn that disagreements
over water have the potential to create politiealstons and may result in wars, Thus, water
will be a major issue that can catalyze the peacegss or inhibit it. It has been said that if
you want to save your children from poverty, patemtion to your water. Water scarcity
could result from lack of supply or abuse and oserof available water resources. Pollution
from industry, urban wastewater, and agricultutad-off reduces the fitness of fresh water
sources.

A steady decline in groundwater levels has beercewtwhere groundwater is used as the
water source. Inappropriate irrigation practiceseéase the salinity and erosion of the soil,
and result in higher sediment loads in watercourd®ben industrial wastewater is
discharged into surface water, or mixed with myyatiwastewater, it creates serious
environmental problems and diseases. Although ceasen measures include the recycling
of wastewater, along with nutrient recovery, uncolféd wastewater irrigation practices may

have major detrimental effects on the health ofppeavho consume the irrigated edible
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crops, or to farmers who are directly exposed tese¢hprocesses. In most cases, it is

important to assure microbiological and virologisafety.

Ambala Military Station is having oxidation pondrated lagoon based STPs for treating its
sewage. Not satisfied with the performance, thetamy station has decided to revamp and
improve the existing STPs in order to achieve iast compliance with the applicable
effluent discharge standards and reuse the tresdtlbnt for irrigating lawns, plantations

and Golf course; in fire hydrants, and in kitchesrdgning, vehicle washing, and toilet

flushing.

So, this M. Tech dissertation work is concernedhie analysis of sewage of existing STPs

to comply with effluent discharge standards.

1.2. Objective of study

Objectives of the present study may be statedlmsviog
1. Characterization and quantification of sewage

2. To carry out performance monitoring of STPs

1.3. Content of the study.

Present thesis work on performance evaluation amitoring of Sewage Treatment Plant at
Ambala Military Station includes altogether fiveagiters and a reference section.

Chapter - 1 is “Introduction”. It provides brief background information of the dyu
explicitly states objectives of the study, bringsoi light the importance of the work, and
provides overview of the contents of the report lmitations of the study are given in the
end.

Chapter -2 is “Literature Review”. This chapter presents the literature review on pond
based treatment system. Their treatment processtitt@nts units their design methods are
discussed in this section.

Chapter -3 is “Materials and Methods”. This chapter identifies the work elements of the

present study and brings forth the approach foltb¥ee carrying out the work on identified



work elements. Comprehensive detail of the STPuestjon along with a schematic flow
diagram is also covered in this chapter. Referetmwdke analytical techniques used in the
assessment associated with the study are alsadpbtaerein

Chapter —4 is “Results and Discussion”.Results of the present study are covered in this
chapter and discussed.

Chapter -5 is “Summary and Conclusions”. This is the last chapter. It summarizes the
outcomes of the present study and draws conclusibrgoes further to bring forth the
limitations of the study and indicates what else lsa done in the future studies.



Chapter 2

Literature Review

2.1. Sewage Characterization and Quantification

2.1.1. Types of sewage

Wastewater is domestic, municipal, or industriguid waste products. Depending on their
origin, wastewaters can be classed as sanitarymeoanal, industrial, or surface runoff.

Sewage may be classified in following categories.

Sanitary Sewage:The spent water from residences and institutiomsryng body
wastes, ablution water, food preparation wastesdey wastes, and other waste products of

normal living, are classed as domestic or sangaryage.

Commercial wastes:Liquid-carried wastes from stores and service édistabents serving
the immediate community, termed commercial wastes, included in the sanitary or

domestic sewage category if their characteristiesanilar to household flows.

Surface runoff: It isalso known as storm flow or overland flow, tisat portion of

precipitation that runs rapidly over the groundface to a defined channel. Precipitation
absorbs gases and particulates from the atmosptiissslves and leaches materials from
vegetation and soil, suspends matter from the lavashes spills and debris from urban
streets and highways, and carries all these palisitas wastes in its flow to a collection
point. Discharges are classified as point-sourcenmiey emanate from a pipe outfall or
non-point-source when they are diffused and cormom fagriculture or un-channeled urban

land drainage runoff.



2.1.2. Typical characteristics of sewage

Sewage is characterized in the term of its physidaémical, and biological composition.
Many of these three properties are interrelatedh wiéch other. These can be described

briefly as following.

Physical characteristics

The physical characteristics of wastewater inclibse items that can be detected using the

physical senses. They are temperature, color, addrsolids.

Temperature: The temperature of wastewater varies greddpending upon the type
of operations being conducted at your instaliatisVide variation in the wastewater
temperature indicates heated or cooled dischagfess) of substantial volume. They have
any one of a number of sources. For example,edsed temperatures after a snowmelt or
rainfall may indicate serious infiltration. Glges in wastewater temperatures affect the
settling rates, dissolved oxygen levelgnd biological action. The temperature of
wastewater becomes extremely important @rta;m wastewater unit operations such as

sedimentation tanks and recirculating filters.

Color: Historically colour was used to describe the caadibf wastewater, which in turn
refers to the age of water. Fresh wastewater iallysa light brownish gray color. The color
of water changes from gray to dark gray and ultalyato black. When the colour of
wastewater is black, the wastewater is describexepic. In most cases gray, dark gray and
black color of wastewater is due to formation oftale sulfides, which form as sulfide
produced under anaerobic conditions reacts witméels in the wastewater.

Solid: Wastewater is normally 99.9 percent water and @rtgnt solids. If a wastewater
sample is evaporated, the solids remaining areat&tital solids. The amount of solids in the
drinking water system has a significant effect ba total solids concentration in the raw
sewage. Industrial and domestic discharges alscsalids to the plant influent. There are
many different ways to classify solids. The mostomn types are dissolved, suspended,
settle able, floatable, colloidal, organic, andrgamic solids. Part of the total solids is



dissolved in wastewater. Much like sugar dissoinesoffee, many solids dissolve in water.
Dissolved solids pass through a fine mesh filtdormal wastewater processes using settling
or flotation are designed to remove solids but canemove dissolved solids. Biological
treatment units such as trickling filters and aattdd sludge plants convert some of these
dissolved solids into settle able solids that aentremoved by sedimentation tanks. Those
solids that are not dissolved in wastewatre called suspended solids. When
suspended solids float, they are called floatabliels or scum. Those suspended solids that
settle are called settle able solids, grit, or geidvVery small suspended solids that neither
float nor settle are called colloidal particles.llGidal particles are often removed in the
biological treatment units. They may alsbe removed by chemical treatment
followed by sedimentation. All the solids discussalddove may be either organic or
inorganic. Organic solids always contain carband hydrogen and when ignited to
high temperatures (500°C to 600°C) burn to fornboar dioxide, water, and sometimes
various other compounds. The burning or volatilan of organic solids has led to the term
volatile solids. All solids that burn or evapte at 500°C to 600°C are called volatile
solids. These solids serve as a food sodocebacteria and other living forms in a
wastewater treatment plant. Most organic sdldsiunicipal waste originate from living

plants or animals.

Turbidity: It is a measure of light transmitting propertiesaaiter, is another test to indicate
the quality of waste discharge and natural wateh wespect to colloidal and residual
suspended matter. The measurement of turbiditasedb on the comparison of the intensity

of light scattered by a reference suspension uth@esame conditions

Conductivity: The electrical conductivity of water is a measuréhe ability of a solution to
conduct an electrical current. Because the elattcarrent is transported by the ions in
solution, the conductivity increases as the comaéioh of ions increases. The measured EC
value is used as surrogate measure of total dedobolids concentration. Now a day’s
salinity of treated wastewater to be used for atilgn is estimated by measuring its electrical

conductivities.



Chemical Characteristics

pH : The term pHis used to describe the acitbase properties of water solutions. A
scale from0O to 14 has been established where ple\al 7 is neutral. A pH value less than
7 is acidic. A pH value above 7 is alkaline or bagi pH value less than 7 in the wastewater
plant influent may indicate septic conditiond wastewater. The pH values less than 5
and more than 10 usually indicate that industriabtes exist and are not compatible with
biological wastewater  operations. Pretreatmenthete wastes at the source is usually

required since extreme pH values may damage brdAbgieatment units.

Dissolved Oxygen:Dissolved oxygen in wastewater has a great effectreatment of

wastewater. Wastewater that has DO is called aerobifresh. Aerobic raw sewage is
usually gray in color and has a musty odor. Wastemtaat has no DO is called anaerobic or
septic. Anaerobic raw sewage is usually black aasl &n offensive hydrogen sulfide or

rotten egg odor.

Oxygen Demand:Oxygen demand is the amount of oxygsduby bacteria and
other wastewater organisms as they feed upwn drganic solids in the wastewater.
Chemical tests such as the BOD (biochemicgger demand), the COD (chemical
oxygen demand), the ODI(instantaneous oxygen deroamsygen demand index), and the
TOC (total organic carbon) measure the “sti@hgf sewage. It is important that organic
wastes be removed to protect the receiving bodyatér into which the wastewater plant is

discharging.

Alkalinity: Alkalinity in wastewater results from the presewntéhe hydroxides, carbonates
and bicarbonates of elements such as calcium, moddetassium, and ammonia. Borate,
silicates, phosphates and similar compounds can astribute to the alkalinity (APHA).
The concentration of alkalinity in wastewater isportant where chemical and biological
treatment is to be used, in biological nutrient ogal, and where ammonia is to be removed

by air stripping.

Nutrients: Nutrients are life-supporting nitrogen gpldosphorus. They stimulate
excessive growths of algae and other aquatic fifentThey are always present in domestic

wastewaters and are not removed during conventipnialary and secondary treatment.
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Removal is accomplished by processes in additonnormal wastewater treatment or

tertiary treatment, when specific reuse requaets require it.

Chlorides: Chloride is a constituent of concern in wastewaitecsin impact the final reuse

application of treated wastewater. Chlorides inurdtwater results from the leaching of
chloride containing rocks and soils with which thater comes in contact. Conventional
methods of waste treatment do not remove chlodanty significant extent, higher than
usual chloride concentration can be taken as aoatidn that a body of water is being used

for waste disposal.

Toxic Chemicals: Most military and industrial installationse various types of
toxic chemicals, the discharges of which ch@ harmful to wastewater treatment
processes. These toxic chemicals should bé&repted or removed before the waste-

water enters the collecting system.

Biological characteristics

There biological organisms present in wastewatbacteria, virus and parasites. These are
mainly disease causing agent.

Bacteria: Sewage consists of vast quantities of bacteriat ofoghich are harmless to man.
However, pathogenic (disease-causing) organisaoth as typhoid, dysentery, and other
intestinal disorders may be present in wasiewalests for total coliform and fecal
coliform  nonpathogenic bacteria are used talicate the presence of pathogenic
bacteria. Because it is easier to test &hifaems, fecal coliform testing has been
accepted as the best indicator of fecal contanunafrecal coliform counts of 100 million
per 100 milliliters may be found in raw domestigvage. Detectable health effects have been
found at levels of 2,300 to 2,400 total coliformsr 00 milliliters in recreational waters.
Disinfection, usually chlorination, is generallyealsto reduce these pathogens. Breakdown
or malfunctions of chlorination equipment illw probably result in excessive
discharge of pathogenic organisms and seaiously affect public health. Bacteria can
also be classified according to their dissolvedgexy requirement. Aerobic bacteria are
bacteria that require dissolved oxygen to live. admbic bacteria cannot live if dissolved

oxygen is present. Facultative bacteria can liv wr without dissolved oxygen.



Viruses: Wastewater often contains viruses that may proddiseases. Outbreaks of
infectious hepatitis have been traced throughter systems because of wastewater
entering the supply, sedimentation, filtratiordatisinfection, if used efficiently, usually

provide acceptable virus removal.

Parasites: There are also many species of pasas#rried by wastewater. The life
cycle of each is peculiar to the given parasiten&are dangerous to man and livestock,
particularly during certain stages of the life @/clAmoebic dysentery is a common disease
caused by amoebic parasites. Chlorination, chenpcatipitation, sedimentation, or sand

filtration is used to ensure protection againstp#es.
2.1.3. Sewage sampling

Samples of sewage are taken to find out how well treatment plant is working and
what operating changes may need to be m&depe samples show how much the
plant is reducing pollutants like BOD, solidand so forth. Raw sewage entering the
plant must be tested as well as the effluent frbenglant and the receiving stream above
and below the discharge point to determinev hwell the plant is removing pollutants.

Since wastewater flows often change a great da#y, sampling is suggested.

Representative sampling: A sample should be taken in a way that will repnésthe

wastewater being treated. No matter how gooel ldb analysis is, if the sample was
not correctly collected, the lab data will tnbe correct. With the large changes in
composition and flow rate, getting a representagammple can be very hard. Careful thought,
planning, and training must be used to develop @dy out a good sampling program.
Samples may be taken by hand or automatically.infaksamples by hand may be as
simple as tying an open bottle to a pole that canlbwered into the wastewater. The

automatic samplers may be made by the operatasiayta.

Grab sampling: A grab sample is a single sample of wastewatemtaker a short span of
time, usually less than 15 minutes. This typesample yields data about the wastewater
at one time and place. The grab sample shoaldsled where the wastewater does not

change suddenly or change a great deal. For examgpdd samples may be used to



determine pH and temperature. Grab samples apeuaklsd when a batch dump or sludge

discharge is seen.

Composite sampling: A composite sample yields data about the wasteveater a longer

span of time. A series of grab samples maytaken over a certain amount of time and
combined to form a composite sample. Theampges should show the time and
frequency of the sample; for example, an 8rfcmmposite of 30-minute grab samples.

The composite sample is used to find BOD, COD, snded solids, and nutrients.

Flow proportional samples: The composite may be flow proportional. For thipetyof
sample, the volume of the sample changes in priopott the flow. The flow proportional
composite sample is most often run for 24 hourdh vat 2-hour interval between each
collection. To collect this kind of sampléie volume needed for the tests and the
average daily flow for the plant must be wmo The following formula may be used

to find the volume of sample to be takeneath interval.

Litres required = Flow at sampling time X Total sample size

Average flow X No. of samples

2.1.4. Flow measurement techniques

This section familiarizes the field investigatortlwithe most commonly used methods for
wastewater flow measurements and the primary devie will be encountered during field
studies. The following methods are included onlyet@ble the field investigator to make

accurate flow estimates when necessary.

Volumetric
Volumetric flow measurement techniques are amoagimplest and most accurate methods
for measuring flow. These techniques basically m¥dhe measurement of volume and/or

the measurement of time required to fill a contaofeknown size.
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Vessel Volume:Vessel volume is used to obtain flow data partidylapplicable to batch
wastewater discharges. An accurate measuremehe ofelssel volume and the frequency at
which it empties is all that is required.

Sump Pump: This measurement is made by observing the sumpslexieen the pumps cut
on and off and calculating the volume containedvieeh the two levels. This volume, along
with the number of pump cycles, will give a gootiraate of the daily wastewater flow. The
inspector must also account for the quantity oftesaater that flows into the sump during
the pumping cycle.

Bucket and Stop Watch:The bucket and stop watch technique is particulaskful for the
measurement of small wastewater flows. It is sintplase. The only equipment required to
make this measurement is a calibrated containeak@tudrum, tank, etc.) and a stop watch.
A minimum of 10 seconds to fill the container iscommended. Three consecutive
measurements should be made, and the results shealkeraged.

Dilution Methods: Dilution methods for water and wastewater flow mgesents are based
on the color, conductivity, fluorescence, or otheantifiable property of an injected tracer.
The dilution methods require specialized equipmepigcial attention to detail by the

investigator, and are time consuming.

Open Channel Flow Measurements

Measurement of wastewater flow in open channelshés most frequently encountered
situation during field investigations. An open chahis defined as any open conduit, such as
a channel or flume, or any closed conduit, such pipe, which is not flowing full. The most
commonly encountered methods in measuring opennehavastewater flows are described
in this section.

Weirs: A weir is defined as an overflow structure builtaing to specific design standards
across an open channel to measure the flow of wiatprations can be derived for weirs of
specific geometry which relate static head to wdkaw. Weirs are classified into two
general categories, broad crested and sharp cré&tead crested weirs can only be used to
calculate instantaneous flows. Sharp crested wegrgonstructed in a wide variety of shapes
and the most commonly encountered are V-notchamgetiar, and Cipolletti weirs. They are

considered standard primary flow devices. All weh®uld be inspected to determine and
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provide a uniform influent flow distribution, antdt the weir is placed squarely across the
channel perpendicular to the direction of flow. fuseools for checking weir construction
and installation include a carpenter's level, anfreg square, a measuring tape, a staff gage,
or surveyor’s level and rod.

Flumes: There are several types of flumes (e.g., Palmerti@avCutthroat, and Trapezoidal)
but the most widely used is the Parshall flume. Pheshall flume is considered a standard
primary flow device when constructed and installédl. flumes should be inspected to
determine if entrance conditions provide a unifanfiuent flow distribution, the floor of the
flume at the throat section is level, and the themtion walls are vertical. Useful tools for
checking the construction and installation of Palisind other flumes include a carpenter's
level, a framing square, and a measuring tape. fllime should be closely examined to
determine if it is discharging freely. If there &y question about free discharge, the
downstream head should be measured and compatieel bead at the proper location in the
converging section. A staff gage is useful for mgkhead measurements.

Open Flow Nozzles:Open flow nozzles such as parabolic or Kennisoreleszare factory
calibrated and are ordinarily supplied as part 6ba& measurement system. Calibration and
installation information for each nozzle should bepplied by or obtained from the
manufacturer. The accuracy of these devices igtegto be often better than + 5 percent of
the indicated flow. A volumetric flow measuremenayrbe used to check accuracy of this
device if flow volumes are not excessive.

Velocity-Area Method: The basic principal of this method is that the flowa channel
(cubic meter/second) is equal to the average uwgl@tieter/second) times the cross sectional
area (square meter) of the channel. There are tethads for determining flow using the
area velocity method. The first method uses an-ae&zity flow meter in which the probe
senses velocity and water depth and converts ttessings to a flow rate. In the second
method, the velocity of the water or wastewatedatermined with an Current Flow meter (
which can also calculate cross-sectional area @gngr a current meter. The area of the
channel is either measured or calculated usingpproaimation technique.

12



Closed Conduit Flow Measurements

The accuracy of closed conduit flow measuring devimay be difficult to verify. However,
the accuracy can be checked by making an indeperilden measurement. Two of the
available procedures are the Instrument Direct &4@2 Doppler Ultrasonic flow meter and
a dilution technique.

Venturi Meter: The Venturi meter employs a conversion of statiach& velocity head
whereby a differential is created that is propaordioto flow (Roger C. Baker). The typical
accuracy of a Venturi meter is at 1 to 2 percent.

Orifice Meter: The orifice meter is a pressure differential deitat measures flow by the
difference in static head. They can be accurage, within 0.5 percent, although their usable
range is limited.

Flow Nozzle: The basic principle of operation is the same asdh#ée Venturi meter. The
flow nozzle has an entrance section and a thradt,ldezks the diverging section of the
Venturi meter. Flow nozzle accuracies can approlacbe of Venturi meters.
Electromagnetic Flow Meter: The electromagnetic flow meter operates accordimg t
Faraday's Law of Induction where the conductorhis tiquid stream, and the field is
produced by a set of electromagnetic coils. Their@ay of the device is within +1 percent of

full scale.

2.2. Oxidation Ponds
2.2.1. Introduction

These are the ponds (0.5 to 1.2 m) where aerobidittons are predominant. Based on the
depth oxidation ponds are categorized as shallowdp@nd aerated ponds. In the shallow
ponds oxygen is supplied by natural surface reiaarand by algal photosynthesis. In the
aerated ponds mechanical or diffuser aeratorsmesagther methods of aeration supplement
the natural reaeration and algal photosynthesiges@ponds contain aerobic bacteria and

algae in suspension which cause the degradatiorgahic matter and reaeration of ponds.
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2.2.2. Shallow ponds

These ponds obtain oxygen from algal photosynthast by natural surface reaeration.
BOD removal efficiency in these ponds under norpwidition is 80 to 95% and may be
lesser during winter monthg.Pano and Middlebrooks, 1982;). Shallower deptHsQ(<n)
encourage growth of rooted aquatic plants and gredgpth may interfere with the mixing
and oxygenation from the surface. Very shallow degtaerobic pond (depth 0.15 to 0.45 m)
is used for the treatment of irrigation return waie any other industrial sewage where the
aim is the removal of nitrogen by algal growth. Hmer, for the treatment of domestic
sewage the depth is kept between 1 to 1.2 m. Leogiidth ratio usually depends on the
geometry of the land available but efforts are @intain the aspect ratio > 3:1 in order to
prevent short circuiting.

The inlet and outlet structures are so located thatentire pond volume is effectively
utilized. Contents of the pond may be stirred oiceasly to prevent anaerobic conditions in
the bottom settled sludge.

Facultative Ponds

Facultative ponds (1-2 m deep) are of two typesn&hy facultative ponds that receive raw
wastewater, and secondary facultative ponds tletivie particle-free wastewater (usually
from anaerobic ponds, septic tanks, primary fatukaponds, and shallow sewerage
systems). The process of oxidation of organic médyeaerobic bacteria is usually dominant
in primary facultative ponds or secondary facwmtiponds. In facultative ponds the
wastewater is profiled to include a top aerobicezanmiddle facultative zone and a bottom
anaerobic zone. That is, wastewater treatment dolttive ponds takes the advantage of
both anaerobic and aerobic processes. For ensaengpic conditions and higher algal

activity, organic loading of the facultative porsteould be within limits.

While primary facultative ponds are designed aneldu®r the removal of both suspended
solids and BOD/COD, secondary facultative pondsdastgned and used for the removal of
only BOD/COD. However, even nutrient and pathogamaval occurs coincidentally in the
facultative ponds (Knorr and Torella, 1995).
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These ponds are shallow (1-2 m deep) and havevedlahigher aspect ratios (up to 10:1).
Increasing aspect ratios were reported to influemckupgrade the pond’s performance. But,
increasing depths were found not affecting the meérformance (Pearson, Mara, and
Arridge1995). Higher aspect ratios must be redutiregshort-circuiting problems. Use of
higher aspect ratios is possible especially in s@ary facultative ponds, where sludge
accumulation around the inlet is not a serious lerab(Mara and Pearson 1998). Surface

area exposed to air and solar radiation is apdsreaty important in the facultative ponds.

Maturation ponds

These ponds used in series with facultative porés usually 1 -1.5m deep and are
geometrically designed to have a high length-tothvidatio (up to 10:1) to simulate a
hydraulic plug flow regime (Mara et al., 1992). Tim@mary function of maturation pond is
to remove excreted pathogens to enable the praaticarestricted crop irrigation (WHO,
1989). Maturation ponds achieve only a small rerh@iaBOD, but their contribution to
nutrient (nitrogen and phosphorous) removal is iB@mt. The size and number of
maturation ponds is governed mainly by the requivadteriological quality of the final
effluent. Shallower maturations pond were morecedfit in removing the faecal coliform
than the deeper maturation ponds (Pearson, Maralg&t 1995). The treatment is achieved

through natural disinfection mechanisms (Mara gt18195).

Maturation ponds usually show less vertical biotajand physicochemical stratification and
are well oxygenated throughout the day. Algal ditgrincreases from pond to pond along
the series (Mara, 1989). Chlorella predominancebate to its resistance to the ammonia
toxicity (Pearson et al. 1987b). The high pH whishoften found in maturation ponds
increase the toxicity of ammonia.

The high amount of algal biomass in the effluenpresents a high-suspended matter
concentration, which may exceed the final efflugumdlity guidelines. Typically the oxygen
demand exerted by these suspended algal mateaedusd 0.5-0.6 mg BOD5/mg algal TSS
(Arceivala, 1986). BOD removal in maturation poridsmuch slower than in facultative
ponds, since the most easily degradable substancasumed already. In addition,
experimental results showed no correlation betv&@B removals in maturation ponds with

temperature or retention time (Mara et al., 19%2). design purposes, it recommended to
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assume 25% BOD removal (based on BOD influent-tated BOD effluent-soluble) in
maturation ponds (Mara and Pearson, 1992).

2.2.3. Aerated ponds

These ponds may be deeper (2-5m). In these meeha@cation supplements the oxygen
supply. The aeration also provides the physicalimgixnecessary to distribute dissolved
oxygen, to suspend the organic material and toghttie organisms into contact with the
organic material. Aerated ponds are of two typesti&lly mixed and aerobic flow through

completely mixed ponds.

Partially mixed ponds Here the energy input for aeration is only sufiitiéo transfer the
amount of oxygen required, but is not sufficientrtaintain the solids in suspension. Because
of this reason, a portion of the incoming solidgetter with some of the biological solids
produced will settle to the bottom. The settledidsolundergo anaerobic decomposition.

Effluent from these ponds contains higher insolB@D partially mixed ponds are shown in

SLUDGE DEPOSITS

Fig :2.1.Partially mixed ponds
Source Andersen, Lorri, biological treatment processtoarguide 1984.
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Continuous laminar flow inversion and oxygenation

CLEAN-FLO NATLIR :n'r'\-_!‘j‘r-\
PO WATER 50 S MANY PEOBLEMS
;

®

Fig 2.2a) Clean flow inversion/oxygenation (b) microposaliffuser
Source from the official site of clean-flo.com

CLEAN-FLO develops a water treatment process fegrrimprovement to bring river water
at the bottom of the river is brought up to theface so that the entire river is oxygenated by
the reaeration from the atmosphere surface. Botmat gas neutralizes and foul odour
disappears. In this technique the bottom wateircsilated to the top surface with the help of

micro-porous ceramic diffuser which are placechathliottom of the pond.

CLEAN-FLO calls the most important part of CLEAN-BLs unique process “Continuous
Laminar Flow Inversion and Oxygenation.” This pregeenables the other parts of the
process to perform their functions. CLEAN-FLO Imational (at that time CLEAN-FLO
Laboratories, Inc.) invented and perfected thisrgyneefficient process. Unlike ordinary
diffused air systems, surface aeration, paddlevghdelpolimnetic aerators, or propeller-
aspirator aerators, CLEAN-FLO oxygenates an eriiody of water from top to bottom.
CLEAN-FLO oxygenates and rids the entire bottongases including ammonia and carbon

dioxide which aquatic weeds and algae need for.food

A report by Dr. Dean Martin and Ph.D. candidateepbsCarr at the University of South
Florida showed that CLEAN-FLO natural inversionnsters 4.4 Ibs. of oxygen per
horsepower-hour in lakes and canals. . The sanwtrepowed other diffused air systems to
transfer 1.8 to 2.2 Ibs. per horsepower-hour. Orygansfer for the CLEAN-FLO system is
7 kg O2 per diffuser per day at 3.7 CFM in wastatiment lagoons.
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Ordinary diffused air systems move about 24,00@galof water from the bottom of lakes
to the surface per horsepower-hour. Dr. Robert @odsvin of Lake Improvement
Consultants, Walled Lake, Michigan and Dr. Ronaldit®/ of Environmental Quality
Laboratory, Inc., Port Charlotte, Florida indepemtiemeasured the CLEAN-FLO system to
move 480,000 gallons per horsepower-hour. Of coypsapeller-aspirator types, surface
aerators, hypolimnetic aerators, or paddlewheasnat designed to move bottom water to
the surface. If used for that purpose, they woushte considerable turbulence and nutrient
recycling from the bottom muck.

CLEAN-FLO Continuous Laminar Flow Inversion and @eyation is a process and
equipment engineered and developed to duplicateaiapring and fall turnover of lakes. In
tropical countries, natural inversion occurs atd@n with typhoons, cyclones and torrential
rains. Natural inversion oxygenates the bottom watel rids the water of toxic gases that

accumulate in stagnant water.

This process increases natural twice-a-year inversif lakes to several times a day or
several times a week or month. The amount of ineerslepends on CLEAN-FLO’s

engineering design to counteract incoming polligamd pollutants in that particular body of
water. CLEAN-FLO has thirty years of experiencetagng lakes, ponds, reservoirs, rivers
and wastewater built into our computers to tellhesv many inversions are necessary for
each body of water. It takes many factors into antosuch as incoming water quality and
flow rate, retention time of the water body, sedimeveeds, algae, fish-kills, and much

more.

The Continuous Laminar Flow Inversion and Oxygeamafprocess carries oxygenated, toxic
gas-free surface water down to the bottom of théeemwhody. At the bottom, oxygenated

water binds phosphorus and nitrogen to the sedsreamd kills anaerobic, often pathogenic
(disease-producing), bacteria that produce acidstaxic gases. The CLEAN-FLO process
usually reduces phosphorus and nitrogen in thervioatgy three to twenty times as much as
point-source watershed treatment can accomplishs Téchnique enables beneficial

microorganisms to feed on bottom organic sedinméenables aquatic insects to feed on the

microorganisms, and fish to inhabit the bottom wsa#nd feed on the insects.
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This process inverts and oxygenates 10,900(2/880,000 gallons) per day of water per
diffuser at 6-feet depth using laminar flow prideipLaminar flow prevents mixing of
anoxic, high toxic gas-content bottom water witle tmain water body before the water
reaches the surface. At the surface, the uprisisgmspreads out toward the shore in a 0.04
cm (0.1-inch) deep layer. This oxygenates the wated rids the water of toxic gases.
Laminar flow causes Venturi Effect to add watemnirthe water body to the water column as

it rises, causing increased water flow in deepdewa
Oxygen transfer rates under different system amdipds variable as following

* Infish ponds, 1 meter deep: 0.72 kg/kW-hr,3 fesgtd 1.2 Ibs./hp-hr
* Inlakes, 2-4.5 meters deep: 2.68 kg/kW-hr ,6-15 tkeep: 4.4 Ibs./hp-hr

* In waste treatment lagoons: varies according tdevasger loading rates

Aerobic flow through completely mixed ponds:theseponds are modification to

the activated sludge process without sludge remgclTurbulence level in these is sufficient
to maintain the solids in suspension and provigedkygen throughout the liquid volume.
Aeration is provided by means of mechanical aeratoby submerged diffuser aerator.
Detention time is usually less than 3 days and pdexeels are 10 times higher than that of

the partially mixed ponds. Aerobic flow through qaetely ponds is shown in fig-2.3.

W

Fig--: 2.3. Aerobic flow through complete mixing
Source: Andersen, Lorri, biological treatment process oalrt984.

Aerated Lagoons: Oxidation lagoons are holding basins used for s#&ignwastewater

treatment where decomposition of organic mattéaksig place naturally. An aerated lagoon
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is a relatively shallow body of wastewater contdiirean earthen manmade basin into which
wastewater flows and after certain retention tinveetl-treated effluent flows out. Retention
time is the time taken by the effluent to flow frahe inlet to the outlet of the basin. Air is

supplied by mechanical aerators.

Oxidation ditches: The oxidation ditch (OD) is a sort of equipmentdiser a long-term
aeration. It consists of a long channel of an &dlgd or circular shape equipped with aeration
equipment called a rotor for generating a watew flend stirring water in the channel to
supply oxygen. Thought it requires a relativelygkarea, it has a simple structure and can be
easily operated as well as being able to removegah easily. Thus, it has recently been

widely used in relatively small wastewater treafotgnts.

Advantages of the oxidation ditch are as follows.

e It can be easily maintained
e ltis hard to be effected by load fluctuations &omins only a little sludge.

* It requires relatively little energy as the roteoperated efficiency.

2.3 How treatment occurs

Bacterial cells oxidize the organic matter of theste water. During the process of oxidation,
ammonia, carbon dioxide and other substanceskarated which are used by the algal
population for their growth to produce more algals The algal population in the presence
of sunlight liberates free oxygen which is agaiadiby the aerobic bacterial population to
decompose the organic matter. The action takingeglathese ponds is known as bacterial-
algal symbiosis. The algal-bacterial interactioyngbiosis) taking place in an oxidation pond

is schematically shown in the Figure-(2.4)
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Sun light

'

Algal population

CO,+ other  Oxygen from Algal biomass
nutrients (N, P)  photo synthesis

(Biodegradable

organic matter)
Water +suspended ‘

algal and bacterial cells |

P Aerobic micro population «:Organic matter
T "Oxygen from reaeration
endogenous respiration
Soluble Organic Setting removal of organic matter
matter including algal biomass

Anaerobic stabilization of
settled matter

Fig --:2.4.Degradation of organic matter in oxidation ponds

Algal photosynthesis that contribute oxygen casl@vn by the following equation

106C0, + 90H,0 + 16NO3 + POF™ + Light = C105Hs0504sNiP + 220,

2.4. Designing of ponds

2.4.1. Designing of Oxidation Ponds

At a constant basin detention time, the equilibribimlogical solids concentration and the
overall rate of organic removal can be expectedinmease as the influent organic
concentration increases. For a soluble industradteswater the equilibrium biological solid
concentration (¥

_ a%
¥ 1+be

(2.3)
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When non- degradable volatile suspended solidprasent in the wastewater then the above

equation becomes

== 4 x, (2.4)

T

Where

Xi is influent volatile suspended solids concentrainot degraded in the

lagoon

Sr is organic removal rate (kg/d)

a is biomass yield coefficient and its value 0.5
b is endogenous rate coefficient

t is the retention time( days )

Amount of oxygen produced by photosynthesis caedtienated by
0, =CfS
Where
0, is oxygen production, Kg/(frd)
Cis 2.8 X 10 if Oy is in Kg/ nfd
S is light intensity, Cal/cfd
fis light conversion efficiency

Oxygen requirement for these ponds can be calcliatethe basis of the biological solid

concentration X
R,=aSs + b X, (2.5)

Where

a is the fraction of the organics removed that isli@ed to end products for

energy and the coefficient its value is 0.52
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b’ the oxygen required for endogenous respiration

a and b are coefficients dependent on temperatoce reeeds temperature correction
according to following equation

The equation for winter water temperature in aergiond

t  T,-T,
D f(T,—T.) (2.6)
Where

t is basin detention time (days)

D is basin depth (m)

T, is influent wastewater temperaturé’)C
T.is mean air temperature {C

Tw is basin temperature {C

f is proportionality factor

Argamon and Adams model {or the aerobic pond temperature)

In this model the overall heat balance in the basstuding heat gained from solar radiation,
mechanical energy input, biochemical reaction, &e@t lost by long wave radiation,

evaporation from the basin surface, conduction fritk@ basin surface, evaporation and
conduction from the aerator spray, and conductiwaugh the basin walls is considered for
assessing the basin temperature. The model issexpezl below
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T,=T,+ %(Ti —T,)+107%(1— 0.0071C,%)H,, + 6.95(F — 1) + 0.102(F — 1)T,
126NFV,, 107°H, 1.85
- EE.D6D4TE {1 _ fﬂ ) 1.14514._&'&51{“_ + W 11 + ral
100 A A A
+ EJr 0,102 + (0.068e%%%7® + 0,118)4~ %"V,
4.32NFV,, (3 4 175008047y 4 10‘;1;14“_
(2.7)
Where

Twis basin water temperature {)C
T.is air temperature
T; is influent waste temperature §)C
q is flow rate(n/d)
A is surface area(th
C. is average cloud cover(0-1)
Hsois average daily absorbed solar radiation undsraky condition
U is heat transfer coefficient
B is atmospheric radiation factor
fais relative humidity, percent
N is number of aerator
F is aerator spray vertical cross sectirea(rh)
\(, wind speed at tree top (m/s)
Hm 15.2 X 16p
S organic removal rate (kg/d)

A,, effective wall area(f)



Power required for aeration and mixing

Power required for aeration is calculated on th&sbaf oxygen to be supplied to the pond.

Oxygen to be supplied can be written as:

Oxygen required- oxygen through reaeration — oxyipeough photosynthesis. Suppliers of

aeration systems indicate the oxygen transfer ddtdeeir equipment. Actual oxygen transfer

rates are different from these and can be obtaigdte following expression:

AOTR = S5SOTR (

Where

ECST—H""L) (1.0247-29) o F (2.8)

CS_.ZIJ

AOTR is actual oxygen transfer rate under fielddibons, Kg Q/h

SOTR is standard oxygen transfer rate in tap wate”0°C, and zero

dissolved oxygen, Kg £h

a is oxygen transfer correction factor for waste

B is salinity surface tension correction factor tgly 0.95 to 0.98

C is operating oxygen concentration

Cs.20lis dissolved oxygen saturation concentration @aclwater at 20°C and 1

atm

Csihis average dissolved oxygen saturation concentratioclean

water in aeration tank at temperature T and akitidd

cen = (Conn) (2 + ) (2.9)

[
Farm

Where
Csin IS OXygen saturation concentration in clean water
temperature T and altitude H

Pd is the pressure at the depth of air releases
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Patm IS atmospheric pressure at altitude H
Ot is percent oxygen concentration leaving tank

Supplier usually indicates the power required fgo@ying a unit of oxygen under standard
oxygen transfer rates. Using the actual oxygenstemnrates and the power rates, for

supplying the desired oxygen power required isutated as

R

L

AOTR (2.10)

hp

Power required for mixing
hp = cdNt™ (2.11)
Where
d is impeller diameter
Nt is impeller speed, r/s
n varies from 4.8 to 5.3

m varies from 2 to 2.5

2.4.2. Designing of facultative ponds

The design of facultative ponds focuses on BOD raxhdMara (1976) and Marecos do
Monte and Mara (1987) described how the desigraailfative ponds is currently based on
rational and empirical approaches. The empiricaligite approach is based on correlating
performance data of existing Waste Stabilizationd3WSP). The rational design approach
models the ponds performance by using kinetic tBeoof biochemical reactions in

association with the hydraulic flow regime.

Complete mix flow model
In a complete-mix flow, the in-pond concentratisrassumed to be the same and equal to the
effluent BOD concentration. Marais and Shaw (19fi9gposed a model of designing

facultative ponds based on first order kinetica tomplete-mix reactor.
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== |2 ]h (2.12)

S0 1+kt

kt = RQDB{T_EUJ (213)

Where;
Se = effluent BOD (mg/L)
So = influent BOD (mg/L)
k = completely mixed flow 1st order rate constamtBOD removal (&)
t = mean hydraulic retention time in facultativendddays)
n = number of ponds in series

T = mean temperature of the coldest month (°C)

Value of ko is taken as 0.3/d (Mara, 1986) and valu# @irrhenius constant ) is taken as
1.05 (Silva and Mara, 1979). Utilization of thisuadjon requires the assignment of Se. Mara

(1976) recommends that Se should be in the rangB0af00 mg/l (usually 70 mg/l).
Hydraulic retention time can be determined by;

3
t=(2-1)(3) (2.14)
Se k
The pond area is then calculated by using equation;

A= % (2.15)

Where;
Q = design flow (m3/d)
H = pond depth in m (1.5 - 2m)

A

= area of facultative pond (m2)
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Mara (1976) and Arthur (1981) suggested that theDB@moval constant rate retards
exponentially with hydraulic retention time. Wehnand Wilhelm (1956) proposed the
following dispersion number model for chemical teas based on hydraulic flow pattern,

length and longitudinal dispersion:

a=2 (2.16)

ul

Where;
D = coefficient of longitudinal dispersion (m2/d)
u = mean longitudinal flow velocity along the remdfm/d)
| = length of fluid travel path from influent tofkfent (m)

d = dispersion number in facultative pond

The dispersion coefficient D in existing reactoas be obtained experimentally by means of
tests with tracers. For the designing of new porldsrature presents some empirical
relationships for preliminary estimation of d:

1. Polprasert and Batharai (1983)

0.184.t.v(B+2.H)?+8% gle1l
d= (LH)ieEs (2.17)

2. Yanez (1993)

— L/B
d= ~0.261+0.254(L/B) +1.014(L/B)? (2.18)

3. Von Sperling (1999)
d=— (2.19)

Where;
L = length of the pond (m)
B = breadth of the pond (m)
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H = depth of the pond (m)
v = kinematic viscosity of the water (m2/d)

t = hydraulic retention time (d)

The equation of Marais and Shaw (1961) assumesHbatispersion number (d) of Wehner
and Wilhelm’s equation is infinity in a completexiiow.

Plug flow model

A plug hydraulic flow model approach is considessdthe most efficient approach which
ensures that the wastewater pollutants attainhiberétical hydraulic retention time. Reed et
al. (1988) proposed the following plug hydrauliovil regime model for the design of

primary facultative ponds:

2 — g (2.20)
S6

Where;
Se = effluent BOD (mg/L)
So = influent BOD (mg/L)
t = mean hydraulic retention time in facultativendddays)

k = plug flow first order rate constant for BOD reval (d%)

k is related to any temperature as follows;

ky = k,,0T-20 (2.21)

Reed et. al. (1988) opinioned that Bepends on the BOD surface loading rate and a&\aflu
0.1 d* could be confidently adopted. Value #fis taken as 1.06. The plug-flow model is

used to calculate the retention time required foecgied BOD removal requirements.
Dispersed flow regime model

In reality, the hydraulic regime in a stabilizatipond does not exactly follow the ideal
complete-mix or plug flow models, but an intermeédiaodel. The complete-mix and plug
flow models constitute an envelope, inside whichtlaé reactors in reality are located.

Thirumurthi (1969) recommended that ponds be desigms dispersed flow reactors since
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they are neither plug flow nor completely mixed. pt®posed the use of pond dispersion
numbers (d) and the first order equation of Welamer Wilhelm (1956).
His equations are as follows:

Se . 4ae1/2d

5o - (1+a)?ed/2d_(1_g)2zg—2/2d (2.22)
D
4= (2.24)
ke = Jegof' 7720 (2.25)

Where;
Se = effluent BOD (mg/l)
So = influent BOD (mg/l)
k; = dispersed flow reaction rate for BOD removahmy temp ()
koo = dispersed flow reaction rate for BOD removal)(dt 20°C
t = mean hydraulic retention time in facultativendddays)
d = dispersion number
D = coefficient of longitudinal dispersion {f)
u = mean velocity of travel (m/d)
| = mean path length of a typical particle in tleng (m)

T = minimum pond temperature (°C)

The difficulty which is encountered in designingu#ative ponds using this equation lies in
the fact that at the design stage the value ofdibpersion number (d) and the first order
reaction rate for BOD removal (k) are not knownlplPasert and Bhattaria (1985) proposed

the following equation for a dispersed hydraulmxflmodel in facultative pond design:
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. 0.28597ar1.511
_ 01284 [v(W+2H)]*455W (2.26)

df {LH:]l.d-Eg

Where;
d.= dispersion numbers in facultative pond

»= kinematics viscosity of the pond liquid {fs)

L = pond length (m)

W= pond width (m)

H = pond depth (m)

t = mean hydraulic retention time in facultativengdqdays)

Polprasert and Bhattarai’'s equation and WehnerVéilidelm’s equation for dispersed flow

model can be used to design a facultative pondidlyaind error.

Empirical model for design of facultative ponds

The surface BOD loading method is the recommengguioach for designing facultative
ponds. According to the US Environmental ProtecAgency (1983) and Reed et al. (1988),
for every climate there is an appropriate valuswface BOD loadings (kg BOD/ha/day)
which can be applied to a pond for a given reme¥fatiency. The facultative pond area is

calculated by using following equation;

Ap =200 (2.27)

As

Where
Li = influent BOD (kg BOD5/d)
Q = flow rate (n¥/d)
A= surface BOD loading (kg BOD/ha/d)

Design value ofis increases with temperature. An empirical equagicoposed by Mara
(1997), correlate the surface loading rasewith temperature T, this equation has global

applicability and is given below:
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As = 350 x (1.107 - 0.002 xf¥°) (2.28)

Where:
T = mean temperature in the coldest month (°c).

Beside this equation there is a set of equatiod fsecalculatingt, under various

conditions
A =50(L072) 1
As =357 X (1.085)7 2% .. 2
Ac=T10T. oo 3
Ac=20T —=90....cciiii s 4
A =20T =60 5
Ac=107 XS5 oo 6
A, =375—6.25L........ 7

L is latitude of the site

Equation 1 is used for temperature >20°C
Equation 3 is used for temperature 10 to 20
Equation 7 is used for latitudes 8 to 36°N

Ar is removal rate of organic matter in kg/ha.dapB@D

Once a suitable value @6 has been selected, the pond area can be cattaladeretention

time is calculated from

£ = A (2.29)
QEVE

Where,
H = pond depth (usually 1.5m)

Q = average flow, m3.d
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The average flow is the average of the influent taredeffluent flow.

Qaverage = (Qinfluent + Qeffluent)/2

. (2.30)
2(Qi+Qe)

Mass balance for flow is like;
Qeffluent = Qinfluent + Qprecipitation — Qevapooat Qinfiltration

The effluent flow corresponds to the influent fltegs net evaporation and infiltration.

ians_l'l: evap. Qevap. o Qprecipitation

Qe = Qi_Qnet evap. Qinfilteraticm

If infiltration is negligible, Qis given by:
Qe = Qi — 0.001Ae (2.31)

Where, e is net evaporation rate (mm/day). Thus,

2.4r.H

__ 2ArH (2.32)
(Q;+0.001452)

To minimize hydraulic short-circuiting and to prevelgal washout a minimum detention
time of 5 days should be adopted for temperatutenb@0°c and 4 days for temperature
above 20°C. In primary facultative ponds treatirmgnéstic sewage detention times usually

vary between 15 and 45 days.
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2.4.3. Design of maturation ponds

Design of maturation ponds for coliform removal

The design of maturation ponds is based on battdezay. Faecal bacteria, protozoa and
viruses die off with time because of unfavourabh@i®nment in the pond. Main factors

causing removal are sedimentation, scarcity of fgwddators, ultra-violet light. The main

parameter to be considered in bacterial die-offonds is retention time. Method of Marais
(1974) is generally used to design a pond seriegafral coliform removal. This assumes
that faecal coliform removal can be reasonably wefiresented by a first-order kinetic

model in a completely-mixed reactor. The resulgggation for n number of ponds is given
by:

Te__ 1 (2.34)

Where;
Ne = number of effluent faecal coliform per 100ml|
Ni = number of influent faecal coliform per 100ml
k, = bacteria die—off coefficient (d-1)
0 = retention time (days)

n = number of maturation ponds

The coliform die—off coefficientk,, has a great influence on the estimation of effiuen

coliform conc. and its value changes with typeloWf For a series of anaerobic, facultative
and maturation ponds, The Equation becomes:

Ne 1
Ni (1 +kpta N1 +kpte)(1+kpty)™

(2.35)

Where; subscripts a, f, m refers to the anaerdhayltative and maturation pond, and n is
number of maturation ponds.
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Marais (1974) suggested that the most efficientdpoonfiguration would be achieved if all
the maturation ponds were of equal size, suchttiet had the same hydraulic retention
time. However, due to topographical limitationss g8ize of maturation ponds cannot always

be the same, in which case the Marais model is freddnto equation as follows:

Ne _ ! (2.36)

N;i  (1+kpta)(1+kpt)(1+kptm, (1 +kptms (1 +kptmn)

The value of is highly temperature-dependent. Maldi974) found that it varies with

temperature as:
kyr = kps DH{T_ED] (2.37)

Where;
T = temperature (°C)

6= temperature coefficient

The value off is 1.19, as reported by Marais (1974) @nd, is 2.6.Thusk, changes by

19% for every change in temperature &f.IThe following three conditions are set to ensure

that maturation ponds are designed satisfactdviréis, 1974):
1t,, < ts

2t > t,,™", Where,t, ™" = 3-5 days

32m1(BOD) < 0.752,4(BOD)

Where;
t,,= hydraulic retention time in each maturation po(disys)

t-= hydraulic retention time in secondary facultapand (days)
t,. ™" = minimum hydraulic retention time in maturatioongls (days)

A.mq = Surface BOD loading in first maturation pond (katay)
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A.¢= surface BOD loading in facultative pond (kg/hgjda

A check must be made on the BOD loading of the firaturation pond. This must not be
greater than that of the preceding facultative pdndignificantly lower value is preferable.
Maximum BOD loading in the first maturation pondasld be 75% of that of the preceding
facultative pond.

The complete-mix hydraulic flow regime proposedMbgrais (1974) can only be achieved in
maturation ponds if the length-to-width ratio i®s®# to unity (Arceivala, 1983; Polprasert
and Bhattaria, 1985; Von Sperling, 1999). Maturatpmnds are geometrically designed to
have a high length-to-width ratio (up to 10:1) sticht they can simulate a plug-flow regime
to enhance their performance (Mara et al. 1992fddithese conditions, the complete-mix
hydraulic flow regime suggested by Marais (1974)madeling faecal coliform removal is
not realistic. Shilton and Harrison (2003) have gasged that an ideal completely mixed
hydraulic flow regime in wastewater reactors carmofchieved due to short-circuiting and
dead spaces that are produced by changes in emérdal conditions such as temperature
and wind-driven patterns.

Thirumurthi (1974), Arceivala (1983), PolpraserdaBhattaria (1985), Marecos do Monte

and Mara (1987), and Von Sperling (1999) have sstggethat a completely mixed hydraulic

flow regime cannot be realized in maturation poridsey suggest that a dispersed hydraulic
flow regime is the realistic non-ideal flow thatrsilates the real hydraulic flow pattern in

WSP. Effluent coliform conc. from pond under digssf flow can be calculated by;

Ne 4ae1/2d 38)
N;j (1+a)%ed/2d_(14a)2e~3/2d

a=/1+4k,.td (2.39)

Ni = coliform conc. in influent (org/100ml)
Ne = coliform conc. in effluent (org/100ml)

k,=bacteria die — off coefficient (d-1)
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t = detention time (d)
d = dispersion number (dimensionless)

Design of maturation pond for Nutrient Removal

Nitrogen: Pano and Middlebrooks (1982) proposed a modellferréemoval of ammonical
nitrogen in individual facultative and maturatioangls. The model incorporates values for
hydraulic loading, pH, temperature and coefficiederived from empirical data. The
equations assume first order removal kinetics amdptete mixing.

For temperatures below 20°C the equation is:
C. = Co
& 1+[(A/Q).(0.0032+0.000134T).e((1041+0.044T).(ph-6.6))]

(2.40)
For temperature more than 20°C the equation is:
_ G
® T 14[6.086x102(A/Q).elt5e0x(ph-e.8)))
(2.41)

Where;

C,= ammonical nitrogen concentration in pond efflyémtg N/L)

C,= ammonical nitrogen concentration in pond influgmtg N/L)

A = pond surface area, (m2)

Q = wastewater flow rate, (m3/d)

T = temperature, (°C)

pH = 7.3exp (0.0005A) [where Ainfluent alkalinity (mg CaCO3/L)

Total nitrogen removal in the individual facultagiand maturation ponds was presented
by Reed (1995), as follows:
C. = C,exp{—[0.0064(1.039)*2%][t+ 60.6(ph — 6.6)]}
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(2.42)

Where;
C,= total nitrogen concentration in the pond efflygntg N/L)
C_= total nitrogen concentration in the pond inflygntg N/L)
T = temperature, (°C; range: 1-28°C)
t = retention time, (days; range: 5-231days)
pH = 7.3exp (0.0005A) [where Ainfluent alkalinity (mg CaCO3/L)

Phosphorous: There are no design equations for phosphorus rdmow&SP. Huang and
Gloyna (1984) indicate that, if BOD removal in andosystem is 90 percent, the removal of
total phosphorus is around 45 percent. EfflueraltBt is around two thirds inorganic and

one-third is organic

2.5. Application of Oxidation ponds

Oxidation Ponds are the most common method of itgahe wastewater of small to
midsized communities. These are based on natusakps and provide a cost-effective and
fairly successful means of treating wastewateterms of removing the wastewater organic
pollutants, measured as Biochemical Oxygen DemB@DGE) and Total Suspended Solids
(TSS) and pathogen (Cameron, 1983; Hickey et 8891Davies-Colley et al., 1995). These
ponds requires some modification for improving #figciency of removal in term of nutrient
and BOD, for the tropical and subtropical regidmsse ponds are the best option of treating

the wastewater where climatic condition is favoilgdbr removal of substance.

2.6. Performance evaluation of Oxidation Ponds

A full evaluation of the performance of an oxidatipond system is a time consuming and

expensive process, and it requires experiencedpaesto interpret the data obtained. It is in
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many ways close to research, but it is the only neelay which pond designs can be
optimized for local conditions. It is often therega highly cost effective exercise.

It is not intended that all pond installations kedged in this way, but only one or two
representative systems in each major climatic regidis level of investigation is most
likely to be beyond the capabilities of local orgations, and it would need to be carried out
by a state or national body, or by a university amcbntract to such a body. This type of
study is also necessary when it is required to khow much additional loading a particular
system can receive before it is necessary to extend

Samples should be taken and analyzed on at leastéiys over a five-week period at both
the hottest and coldest times of the year. Sangikesequired of the raw wastewater and of
the effluent of each pond in the series and, sthaske into account most of the weekly
variation in influent and effluent quality, sampksould be collected on Monday in the first
week, Tuesday in the second week and so on (lactirs, such as a high influx of visitors at
weekends, may influence the choice of days on wkahples are collected). Generally the
analytical techniques described in the currenti@dibf Standard Methods (APHA) are
recommended.

Composite samples are necessary for most paramegtabssamples are required for pH and
faecal coliforms; and samples of the entire pondewaolumn should be taken for
algological analyses (chlorophydl and algal genera determination). Pond column sample
should be taken from a boat or from a simple samgptilatform (or the outlet structure) that
extends beyond the embankment base. Data on dat me@emum and minimum air
temperatures, rainfall and evaporation should b@ioeéd from the nearest meteorological
station. On each day that samples are taken, tlae méd-depth temperature of each pond,
which closely approximates the mean daily ptemdperature, should be determined by
suspending a maximum-and-minimum thermometer atdepth of the pond at 08.00-09.00
h and reading it 24 hours later.

It is also useful to measure on at least three ssooa during each sampling season the
diurnal variation in the vertical distribution ofHp dissolved oxygen and temperature.
Profiles should be obtained at 08.00, 12.00 andaLk.
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Case study-1-Evaluation of Anaerobic-Aerobic Wastewater Treatment Plant
Operations

Seven small wastewater treatment plants were ctfos@valuation. These WWTPs work on
the principle of anaerobic pre-treatment and aerpbst-treatment and were made with the
cooperation of Slovak Technical University. Wastewareatment plants were made for
5600 PE. When operated at suitable conditions, résellts match the directive water
discharge from small wastewater treatment plantserSlovak Republic.

The experimental results indicate that plant wasraged properly during monitoring. The
effluent organic pollution was around 85 mg/l (2ZBBImg/l)for COD and 25 mg/l (14-43
mg/l) for BOD on average. The concentration of S& W88 mg/l (15-61 mg/l) on average,
which is almost twice as high as the prescribedn@0. The higher presence of SS can be
explained by the lengthy polluted pipeline. The IbM4-N concentration, which was 7.5
mg/l on average (2.4-20.9mg/l), indicates that pwecess of nitrification was also in
progress, while denitrification was not occurrinthis WWTP does meet the directive,
because only BOD has to be monitored for this p®/WTP and has to be less than 40
mg/l.

Case study-2-Evaluation of STPs in Delhi

On the directives of Hon’ble Supreme Court, CR€©0Bducted a detailed STP evaluation of
Delhi during November-December 2003.There are 3@age treatment plants (STPs)
located at 17 locations in Delhi. Out of thirty STRhree STPs (Ghitorni, Rohini and
Keshopur-I) are not found in operation. The totahtment capacity of the 30 STPs was
observed as 2330 MLD. The actual treatment of sewaging November-December 2003
was found only1478 MLD (about 63% of the treatmespacity). Out of 30 STPs, 20 are
running under capacity, 5 are running over capawity 3are nonfunctional and 2 are running
to their capacity. Most of the STPs (23 Nos)areetlasn activated sludge process except 7
STPs work on either extended aeration (2) or higé bio-filters (3)/Trickling filters (1) and
Oxidation ponds (1). Most of treatment plants wogkon activated sludge process do not
perform satisfactorily due to operational problems.
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The performance of the STPs in terms of percentatamh in pollution load in each plant
was carried out. Average reduction in BOD, COD &f&& load computed as 87%, 81% and
88% respectively. The existing capacity of the tiremt plants is under-utilized due to
deficiency in the collection system and chockingexisting sewerage failure of pump
connections and trunk sewers, internal sewers angheral sewers. The trunk sewers are
136 kms and heavily silted. The large network @iO® km) peripheral sewers is very old
and some of them are under sized and also in damegedition. Part of the wastewater
generated is collected through underground sewsdstransported to the treatment plants
and balance flows into the river Yamuna throughde@ins. There are total 28 industrial
estates in all around Delhi contributes 218 MLD teamter (either treated or untreated) in to
the open drains. It is concluded that out of 326d of sewage generated, treatment capacity
exists for 2330 MLD(71%), and actual treatmentiigeg to only about 1478 mld (45% of
total sewage generated). It is also estimated dl@tof 480 tonnes/day of BOD load

generated in Delhi, 264 tonnes/day (or 55%) BOM isaeduced due to treatment.
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CHAPTER-3
METHODOLOGY

3.1. Introduction
This chapter presents the methodology followedHe study. For achieving the objectives

of the study, the work was planned on the followivark elements.

» Characterization and quantification of the sewageived by the STPs

» Performance monitoring of the STPs

Approach followed for completing each of the wolkreents are briefly described below

3.2. Characterization and quantification of sewage

To carry out the performance evaluation first df ddaracterization and quantification of

sludge reaching to the STPs is needed. For quatiidh we calculated the amount of
sewage pumped by last pumping station to the SERch time one pump is switched on and
all the sewage pumped by it was diverted into @godn. Outlet of the pond was blocked,
initial water level and time was noted. After fil§ the pond to desired level, both water level
in the pond and time was noted and outlet of thedpeas opened. Top dimensions of the
pond, internal slope of the side wall, and deptimfithe top to the initial or final water level

was recorded. Pumping rate was calculated by digithe volume of sewage accumulated in
the lagoon with time taken for filling the pond.

Then we collected the data of daily pumping haur dne week and calculate the mean
which was used as daily pumping hour for quantiiicaof sewage coming to the STP. By
multiplying this Pumping hour with hourly pumpingte the amount of sewage is quantified
which was daily pumped to the STPs. This exerciag done at the four STPs.
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Sewage characterization was done by collecting ositgpsampling over the time period of
24 hours. At each of the STP sites (as long as gevwsaflowing in) every hour raw sewage
sample was collected at the inlet. One liter of #ample was used for preparing composite
sample. For each of the samples pH and temperataserecorded and also ambient air
temperature and time was recorded. One sample of W& also taken after every 3 hour.
These results characterized the sewage comingetovdinous STPs. Sample taken was
analyzed for Temperature, BOD,COD,TSS,VSS, orghhiemmonical-N, nitrate-N, TKN,
total-P, alkalinity, Ca, Mg, Na, sulphate, sulphida& and grease, chloride and MPN.

3.3. Performance monitoring of STPs

The two treatment systems (one system of two paodsiected in series and having jet
aerators and the second system of two ponds witlin& flow inversion/oxygenation

system) of the BOH area was monitored.

Each system was monitored at the following 7 |ari

» inlet of the first pond R1)

« attwo locations in the first pond along the lengththe 1/3' of length and at 2/3
lengthP2, P3

* inlet to the second pond (also known as outleirsf pondP4)

« at two locations in the second pond along the legattthe 1/% of length and at 2/3
lengthP5,P§

» at the outlet of the second porRir}

Samples collected from the inlets and outlets ef ldgoons were analyzed for the BOD,
COD, TKN, Nitrate, Total-P, TSS, Turbidity Tempena, pH, Alkalinity and MPN*and For
MPN the sample may be collected aseptically inpase sterilized bottle

Within the pond at each of the sampling locatioasgles was collected at three different

depths (top 30 cm, mid depth and bottom 40cm depdimples collected from the ponds
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were analyzed for the following parameters: pH, &/daemperature, Turbidity, Alkalinity,
Dissolved oxygen and Chlorophyill.

On the basis of place of analysis of samples tla@ybe tabularized as following.

Table 3.1 Parameters on the basis of place of analg

Sr.no Place of Parameters
testing
1. At the Temperature, pH, DO,
STP alkalinity, Turbidity, chlorophyll
(up to extraction step)
2. At BOD, COD, TKN, Nitrate,
TCIRD Total-P, MPN

Monitoring was supposed to support performanceuati@n and design analysis of STP in
guestion. After selecting the location of sampldéleation and the parameters for which
sample should be analyzed were decided. The momgtowvolved collection of grab sample
on 6 hour basis for 48 hours which on compilatigimes a compressed result of 3 hour basis.
Date and time of sampling and temperature of aml@enand wastewater was recorded at
the time of sampling. Samples of MPN were takeinlat-1, Inlet-2 and outlet in a sterilized
bottle free from contamination. The collected saaphere brought to TCIRD immediately
after collection and analyzed for parameters sggetih the following table and preserved
until the analysis was over. Selection of paranseteidone on the basis of sampling point.
As in ponds some parameters ( BOD, COD,TSS, TKNNMRanalyses is not carried out
because these are needed only for calculating noesiftce of plant which is sufficient at inlet
and outlet. Same in case of DO, analysis is corduittr profiling of Oxygen in the depth of
pond only.
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Table 3.2 Parameters to be characterized at differé sampling points:

Sampling | Alkalinity | Temp | Turbidity | pH | BOD | COD| TSS| Total- | TKN [ Nitrate | MPN | DO | Chl.
Point i

Inlet-1 | Y Y Y YI|Y |Y |Y |Y Y |Y Y [N |N
Pond-1

Top Y Y Y Y | N N N | N N | N N YI|Y
Mid Y Y Y Y [N N N [N N [N N Y |N
Bottom | Y Y Y Y | N N N [ N N | N N Y | N
Inlet-2 | Y Y Y Y |Y |Y |Y |Y Y |Y Y N |N
Pond-2

Top Y Y Y Y | N N N | N N | N N Y|Y
Mid Y Y Y Y |N N N |N N [N N Y |N
Bottom | Y Y Y Y |N N N | N N | N N Y | N
Outlet | Y Y Y Y|Y |Y |Y |Y Y |Y Y [N |N
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Figure 3.1. Flow diagram of Laminar flow inversionponds at BOH STP
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Figure 3.2. Flow diagram of Jet aerators based porsdat BOH STP
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3.5. Analytical methods

Analysis is conducted onsite and offsite. In onsibalysis temperature, pH, turbidity, DO,
alkalinity is done. Beside this chlorophyll is éited and transported to lab along with other

samples.

Table 3.3. Analytical techniques of Parameters chacterization

Sr. No. | Parameter Method References

1 pH Indicator method

2 Temperature Laboratory and Field APHA (1999) “manual standard
methods method” 20th edition (2550: B)

3 Turbidity HACH-Spectrophotometer| HACH-Spectropitaeter Manual

4 Alkalinity Titration Method APHA (1999) “manuatandard

method” 26 edition (2320: B)

5 DO Titration Method 1S:3025 (Part 38): 1989

6 COD Open reflux methods APHA (1999) “manual stadd
method” 26 edition (5220: C)

7 BOD 3 day BOD test 1S:3025 (Part 44): 1993

8 TSS Total suspended solids APHA (1999) “manual standard
dried at 103-105 C. method” 26h edition (2540: D)

9 Total-P VanadomolybedophosphoritS:3025 (Part 31): 1988
Acid method

10 TKN Macro kjehdahl method APHA (1999) (4500N 0By

11 Nitrate UV Spectrophotometry APHA
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12 Chlorophyll | Methanol Extraction Annex Il in “Design Manual for
Technique WSP in India”, Duncan Mara

13 MPN Serial dilution method APHA (1999) “manutdrdard
method” 26 edition (9221:B,C)

14 Organic-N Macro kjeldahl method. APHA (1999) ‘mal standard
method” 26 edition (4550- org: B

15 Ammonical- | Macro kjeldahl method APHA (1999) (4500Norg :B)

N
16 Nitrate-N Cadmium reduction APHA (1999) “manual standard
Method method” 2@ edition (4500-

No3: E

17 Ca Titration Method 1S:3025 (Part 21): 1983

18 Mg Titration Method 1S:3025 (Part 21): 1983

19 Na Flame photometric method  APHA (1999) “marsiahdard
method” 26h edition (3500: B)

20 Sulphate Gravimetric method APHA (1999) “mamstahdard
method” 26h edition (4500: D)

21 Sulphide lodometric method APHA (1998) “Standard
method”(4500:F)

22 VSS TSS dried at 580 APHA (1999) “manual standard
method” 26 edition (2540: G)

23 Oil and Gravimetric method APHA (1998) “Standard

Grease method”(5520:B)
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24

Chloride

Argentometric method

APHA (1999) “mabhstandard

method” 26 edition (4500-Ct

B)
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CHAPTER 4
RESULTS AND DISCUSSION

4.1. Introduction

Results obtained from the quantification and charaation of the sewage received at the
four STPs of the Ambala Military Station, and penfiance monitoring and evaluation of the
two STPs (STP employing laminar flow inversion/ogggtion technology and STP

comprising of oxidation ponds with jet aeratorspagé of the four STPs sites (BOH area) are

presented and discussed in this chapter.
4.2. Characterization and quantification of sewage

For the characterization a total of six composiengles of sewage were collected and
analyzed in the TCIRD laboratories and the resalftsined are presentedtable 4.1 The
results indicate that the sewage is of very lowrgith. In none of the cases BOD3 at 27C
was above 100 mg/L. Raw sewage typically has 13D+28/L of BOD. Sewage pumped
from the sewage sump 9 to the STP site at BOH wawmisingly of very low strength. High
nitrogen content and sodium levels indicate tha& slample is sewage and sufficiently

treated.

Table 4.1: Characterization results of sewage at tw STPs.

Dairy Panipat
Parameter Farm Allen By Line BOH-7 BOH-8 BOH-9
BOD3 at
27°c(mg/L) 43 54 100 75 31 10
COD(mg/L) 132 202 350 155 69 60
TSS(mg/L) 85 134 200 64 21 28
VSS(mg/L) 49 30 52 18 11 12
Organic-
N(mg/L) 6.72 10.64 4.31 7.84 6.72 5.6
Ammonical-
N(mg/L) 45.58 8 30.18 17.94 22.4 26.32
Nitrate-
N(mg/L) 1 1.7 <0.3 <0.3 <0.3 0.71
TKN(mg/L) 52.2 18.64 34.49 25.78 29.12 31.92
Total-P(mg/L) 3.4 5.63 4.66 6.11 2.19 0.3
Alkalinity(mg/L
as CaCos,) 479 292 473 456 429 457
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Ca(mg/L) 64 46.4 56 40.8 46 41.6
Mg(mg/L) 27.33 19.18 56 21.58 12.23 9.11
Na(mg/L) 185 38.93 148 109 102 103.9
Sulphate(mg/L) | 61.9 43.2 66.6 33.4 26.9 26
Sulphide(mg/L) 12.8 3.2 nil Nil nil <1
Oil and

Grease(mg/L) 0.8 1 25.7 334 26.9 12.3
Chloride(mg/L) | 118.7 34 51.4 36.7 23.7 25.3
MPN-

1(CFU/100ml) 1.4x107 1.7x107 5x10° 1.7x10° 5x10° 8x10°

Sewage received at the STPs was quantified by rasihig the pumps being used for
pumping the sewage to the STPs, recording the daihning hours the pumps and
calculating the sewage received at the STP siteg gumps were calibrated both by
measuring the discharge of the pump with the hélarounltrasonic flow meter and by
observing the volume of sewage pumped into onéh@foxidation ponds per unit time of
pumping. Results obtained from the sewage quaatific efforts are givetable 4.2 The

results indicate, except in case of the BOH (sumpl®w measured by the ultrasonic flow
meter is higher than that measured by the volumetrethod. This indicates significant
leakage losses of sewage between the sewage puntps sumps and the corresponding
STPs and/or significant seepage losses from théat@n ponds being used for the flow

measurement.

Table 4.2: Quantities of sewage received at four $E.

SrNo. | Name of STP Quantity of sewagd@ay) | Quantity of sewage(ffday)
measured by volume per unitneasured by ultrasonic flow
time method meter

1 Dairy Farm 1218 1452

2 Allen By Line 508.48 728.8

3 Panipat Line 250 349.5

4.a. BOH (Sump-7)| 805 576

4.b. BOH (Sump-8)| 370 254.13

4.c. BOH (Sump-9) | 462.5 527.78
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4.3. Performance monitoring of the STPs
Two STPs, both located at the BOH STP site, wereitmied. Both the STPs are comprised

of two ponds connected in serigiggyres -4.1 and -4.2 One of these was employing
laminar flow inversion/oxygenation technology aih@ bther one was using jet aerators in
both the ponds transforming them into oxidation ggonPerformance monitoring included
monitoring at 6 hour interval over two days fronvese different points on each of the STPs.
The sampling points were
1. Inlet of the first pond - P1
2. In the pond-1 at 1/3 distance from three different depths (top 30 cmtllemid
depth and bottom 40 cm depth) — P2.
3. In the pond-1 at 2/3 distance from three different depths (top 30 crptilemid
depth and bottom 40 cm depth) — P3.
4. Outlet of pond-1/ inlet of pond-2 — P4
5. In the pond-2 at 1/3 distance from three different depths (top 30 crptilemid
depth and bottom 40 cm depth) — P5.
6. In the pond-2 at 2/3 distance from three different depths (top 30 crptilemid
depth and bottom 40 cm depth) — P6.
7. Outlet of pond-2 — P7
For sample collection from different depths a hdnden peristaltic pump sampler was used.
The collected samples were analyzed for some paeasnen-site and for the rest of the
parameters in the TCIRD laboratories. The perfomeamonitoring results obtained are

presented in thA&nnexures -1 and -2

4.3.1 .STP incorporating laminar flow inversion/oxygenation
technology

Performance monitoring of the STP was done durifigid 23° February 2010. Sewage

loading to the STP was observed only during 900, 1500 hrs. and 1800 hrs. sampling.
Dissolved oxygen levels in the ponds were foundgatting affected by the sewage loading.
Average DO of the pond-1 water (5.7 mg/L) was higthean that of pond-2 (4.8 mg/L).

However, there were diurnal variations in the DOn@ximum of 9 mg/l at 1500 hours and a
minimum of 3.5 mg/L at 600 hours at P1 locatiorthe top 30 cm depth). Please salele
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A.1.5 for details. All these indicate that the loadedvage was very week. This is also
evident from the BOD of the sewage being loadetiven 24-34 mg/L).

-
£

= T L - -]

I R T S I )

wi - -~ @

- [ -

L T S -

=]

=
i
—
iy
I
jve]
~J
=
D
D
2
sa]
to]

12 15 18 21 00 3 6 9

Pond-1 Pond-2
Dissolved Oxygen
Pond system with laminar flow technology

Graph; 4.1; DO in Pond system with laminar flow Tetinology

The pond waters were not thermally stratified. Ana of the four locations difference in
temperature of the water from the three differegptds was >1C. Average temperature of
the water in pond-1 and pond-2 were 18.3C and l&Xpectively. DO levels were not
showing much variations with depth (table A.1.5H of the water is same (6-7) throughout.
Almost same is the case with turbidity (50 FTU) atichlinity. However, alkalinity pond-1
(405 mg/L as CaCO3) was found to be greater thahithpond-2. The uniformity in the
conditions of the pond water can be due to theafidaminar flow inversion/oxygenation
technology. Higher alkalinity in pond-1 could be iadication of higher algal activity, and

this is quite surprising.
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STP incorporating laminar flow inversion/oxygenatitechnology are designed for the

removal of biodegradable organic matter. BOD andG@&movals observed for the STP are
given in table-4.3. When average inlet BOD is atb@8 mg/L and COD is around 93 mg/L,

it is very difficult to comment on the BOD and C@&moval efficiencies for a pond system.

The ponds must be working more like maturation gognad hence no significant removals of

BOD and COD can be expected. It is reported tr@B®D and COD increase in maturation

ponds because of algal growth. These things aoceeaislent from the results showntable-

4.3.
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Table 4.3: BOD and COD removal efficiencies for th&TP incorporating laminar flow

inversion/oxygenation technology

Parameter | Inlet (P1) Outlet- Outlet-2 Removal | Removal | Overall
1(P4) (P7) efficiency | efficiency | Efficiency
Pond-1 Pond-2
BOD 29(5.03) | 32.62(3.33) 36.25(5.09) -12.4 -11.12 -25
COD 93.33(12.86) 83.62(7.37) 87.25(8.396 10.4 -4.34 6.5

Note; Mean of result is taken, in () Standard deviai®shown

Removal of other pollutants like suspended solmsrients and pathogens which occur
coincidentally in the pond systems observed for $d> incorporating the laminar flow
inversion technology are shown in table 4.4. Veny levels of TSS in the influent makes
TSS removal efficiencies irrelevant for the STPqgurestion. In case of pond systems the
efficiencies are bound to depend on the algal cglishing out from the system. This is
evident from the results presented in table 4.Ac&both the ponds were aerobic and DO
levels in them were quite high, nitrification consien of ammonical nitrogen to nitrate
nitrogen is very much anticipated and thus, as ege the nitrate nitrogen concentration
was found increasing (table 4.4). The total nitroged the total Khjeldhal nitrogen (TKN)
were showing reduction by 21.5 and 51.3% respdgtivdis removal is slightly lower than
the expected removals of 79% (calculated from th@iecal equations available from the
literature). Coliform count was getting reduced wey it is anticipated. Overall reduction of
the MPN was 99.9% (table 4.4) against the calcdledenoval of 99.5%.Removal efficiency
of nitrate is too much negative (-502 and -473) tuaitrification conversion of ammonical

nitrogen to nitrate beside that presence of altmeantribute to this pattern.
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Table 4.4. TSS, nutrients and pathogens removal &fencies for the STP incorporating

laminar flow inversion/oxygenation technology

Parameters Inlet-1(P1) Oulet-1 (P4)| Outlet-2 (P7) 8moval Removal Overall
efficiency efficiency | Efficiency
(%) Pond-1 | (%) Pond-2 (%)
TKN 25.75(12.3) 27.75(12.13 12.54(17.66) -7.76 54.81 1.36
Nitrate 1.55(0.04) | 1.47(0.1024]  8.89(0.2847) 4.8 -502 -473
Total nitrogen 27.3 29.22 21.43 -7.02 26 21.50
Total-P 1.58(0.25) 2.54(0.200) 2.05(0.253 -60 19.13 -29.7
MPN 6.9X10 1.6X10 6.4X10 76 96 99.90
TSS 34.66(6.11) 36.5(2.56) 41.5(3.16) -5.30 -13.6 -39.7

Note; Mean of result is taken, in () Standard deviai®shown

4.3.2 STP incorporating oxidation ponds with jet amtors

Performance monitoring of the STP was done duritm &' March 2010. Sewage loading to

the STP was observed only during 900 hrs. and h280sampling. Dissolved oxygen levels

in the ponds were thoroughly disturbed during thé&iod and DO reached zero mg/L

throughout the depth because of the sewage loadwveyage DO of the pond-1 water (1.4

mg/L) as expected was lower than that of pond-@ (dg/L). Diurnal variations in the DO

were not significant. However, higher DO levels evabserved during night hours. this

could be because of the running of the jet aeratndsbecause of the absence of loading of
any sewage. Please sémble A.2.5 for details. All these indicate that the STP was

experiencing shock loadings.
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Graph; 4.3; DO in Pond system Jet Aerators

The pond waters were not thermally stratified. Ana of the four locations difference in
temperature of the water from the three differegptds was >1C. Average temperature of
the water in pond-1 and pond-2 were 24C and 24eHpectively. DO levels however was
showing slight variations with depth (table A.2d)the four points of monitoring. pH of the
water is same (6-7) throughout. Almost same iscse with turbidity, but its value was
higher pond-2 (66 FTU for pond-2 while for pondtivas 47) and alkalinity. Alkalinity was
also not varying with depth and its average valas w41 mg/L as CaCO3 for the pond-1
and 409 mg/L as CaCOa3 for the pond-2.
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Graph; 4.4; Alkalinity in Pond system with Jet Aerators

The uniformity in the conditions of the pond watan be due to the running of jet aerators
in the ponds. Higher alkalinity in pond-1 could & indication of higher algal activity, and
this is quite surprising. Hydraulic short circugimlmost bypassing half of the pond-1 could
be responsible for this. This is evident from thwverage alkalinity experienced at the P2
sampling location. Please see table A.2.1 for etai

STP incorporating two oxidation ponds with jet aers was designed for the removal of
biodegradable organic matter. BOD and COD remowhkerved for the STP are given in
table-4.5. As expected the BOD and COD removalseweigher 74.4% and 69%
respectively. Slight negative removal efficienc@sserved in pond-2 for both BOD and

COD could be because of the functioning of the p@r& a maturation pond.
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Table 4.5. Jet aerators

Parameter | Inlet (P1) Outlet- Outlet-2 | Removal | Removal | Overall
1(P4) (P7) efficiency | efficiency | Efficiency
Pond-1 | Pond-2
BOD 121.5(37.48) 27.5(14.7) | 30.87(18.5) 77 -12.25 74.4
COD 368(121.6) | 111.25(53.9)114.10 (77)] 69.76 -2.56 68.99

Removals of other pollutants, like, suspended soliitrients and pathogens, which occur
coincidentally in the pond systems, observed ferSAP incorporating oxidation ponds with
jet aerators are shown in table 4.6. TSS removaiesicies were as expected quite high
(83%). TSS levels in the treated effluent werehia expected range of 30-50 mg/L. Since
both the ponds were mostly aerobic and DO levgie@ally in the pond-2 was quite high (4
mg/L), nitrification conversion of ammonical nitreig to nitrate nitrogen is very much
anticipated and thus, as expected, the nitrategatr concentration was found increasing
(table 4.6). The total nitrogen and the total Kdlijel nitrogen (TKN) were showing
reduction by 53% and 31% respectively. Expectedxeats of total nitrogen calculated from
the empirical equations available from the literatwere 77% (slightly on the higher side).
Coliform count was getting reduced but unexpectddbs efficiently. While anticipated
removals were 98.6% actual removals were just 7@Y6lraulic short circuiting could be
responsible for this and this is evident from thsults shown in table 4.6 (46% for pond-1
where the hydraulic short circuiting was there @8éo for pond-2).

Table 4.6. Jet aerators

Parameters Inlet-1(P1) Oulet-1 (P4)| Outlet-2 (P7 8moval Removal Overall
efficiency | efficiency | Efficiency
Pond-1 Pond-2

Nitrate 2.35(0.35) 1.38(0.2) 2.45(0.74) 41.2 775 4.26

TKN 39.72(4.79) 33.93(3.90) 27.37(10.7) 14.57 19.33 031.
Total Nitrogen 63.22 35.31 29.82 4414 15.54 52.83

Total-P 4.66(0.99) 3.622(0.95) 3.30(1.04) 22.27 8.89 29.18

MPN 2.6X10 1.4X10 5.38X10 46.15 61.57 79.30

TSS 187(41.01) 21.12(8.15) 31.5(19.2) 88.70 -49.14 B83.1

Note; Mean of result is taken, in () Standard deviai®shown
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Removal of BOD and CODOrom both the aeration system was taking place gitgpThe
incoming sewage in laminar flow aeration pond isn2§/l which is less than the prescribed
limit (30 mg/l). The high BOD in outlet shows thalgal cells were present in the treated
water which contributes to the high BOD. In botlpayof system second pond in series
contribute to increase in BOD. In jet aerator systee removal efficiency is around 75 %
and 30 mg/l BOD in outlet show that system is commgl with the effluent limits. COD

concentration in outlet of both systems was alsoptging with effluent limits.
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CHAPTER 5
CONCLUSION

The STP was complying with the prescribed standdodseffluent discharge effluent.
Removal of BOD and CODrom both the aeration system was taking place gntgpThe
incoming sewage in laminar flow aeration pond isn2§/l which is less than the prescribed
limit (30 mg/l). The high BOD in outlet shows thalgal cells were present in the treated
water which contributes to the high BOD. In botlpayof system second pond in series
contribute to increase in BOD. In jet aerator systee removal efficiency is around 75 %
and 30 mg/l BOD in outlet show that system is coimg with the effluent limits. COD
concentration in outlet of both systems was alsmpiging with effluent limits. For other
nutrients TSS removal efficiencies were as expedute high (83%). TSS levels in the
treated effluent were in the expected range of B@B/L. Since both the ponds were mostly
aerobic and DO levels specially in the pond-2 wageqhigh (4 mg/L), nitrification
conversion of ammonical nitrogen to nitrate nitnoge very much anticipated and thus, as
expected, the nitrate nitrogen concentration wasdoincreasing (table 4.6). The total
nitrogen and the total Khjeldhal nitrogen (TKN) weshowing reduction by 53% and 31%

respectively. Thus overall plant was complying witite prescribed effluent limits.
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ANNEXURE-1

Results of performance monitoring of the STP emplagng laminar

A.1.1: Alkalinity

1200 hrs
1500 hrs
1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs

P1

NA
365
375
NA
NA
NA
NA
NA

P2
Top
415
405
395
400
425
410
400
405

A.1.2: Turbidity

1200 hrs
1500 hrs
1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs

P1

NA
72
98
NA
NA
NA
NA
82

P2

Mid
420
405
410
410
405
405
405
395

Bot
415
395
405
400
405
405
395
395

P3

flow inversion/oxygenation technology

P3
Top
410
405
415
400
400
400
400
410

Top Mid Bot Top Mid

54
52
56
52
49
48
47
54

60
53
52
67
51
50
48
50

58
51
52
58
49
47
46
56

52
49
52
48
46
45
47
46

50
52
52
50
46
45
a4
49

Mid
405
400
410
400
420
410
400
410

Bot
50
45
52
51
46
45
48
51

Bot

400

400

395
410
405
405
400
395

P4

54
47
56
39
46
46
48
52

P5

Top Mid

52
46
56
46
46
46
48
49

410
390
405
410
405
400
405
400

52
45
64
45
48
48
49
50

P5
Top
250
305
315
315
310
310
305
310

NA
48
NA
45
50
50
51
50

Mid
280
305
315
305
310
310
315
315

P6

Bot Top

58
48
66
54
48
48
52
45

Bot
NA
310
NA
325
305
315
320
320

P6
Top
310
310
310
325
310
305
300
305

Mid

54
52
54
49
49
49
51
54

Mid
310
315
330
315
315
310
305
310

Bot
NA
53
NA
49
45
45
45
45

Bot
NA
395
NA
310
310
310
310
310

P7

54
46
56
47
52
46
49
47
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P7

305
310
305
315
305
305
310
310



A.1.3: Temperature

P1 P2 P3 P4 P5 P6 p7 Ambient
Top Mid Bot Top Mid Bot Top Mid Bot Top Mid Bot
1200hrs 21 20 20 20 20 20 20 19 19 19 NA 20 20 NA 18 23
1500 hrs 22 21 20 20 20 20 20 20 20 20 20 20 20 20 20 23
1800 hrs 19 18 19 19 18 19 19 17 18 18 NA 18 18 NA 18 19
2100 hrs NA 18 19 19 18 19 19 18 18 19 19 18 19 19 18 15
0000 hrs NA 17 17 18 17 18 18 18 17 17 17 16 16 17 17 13
0300hrs NA 16 17 17 16 17 17 16 16 17 17 16 17 17 17 10
0600 hrs NA 16 17 17 16 16 16 16 15 16 16 14 14 14 14 9
0900 hrs 22 18 19 19 18 19 19 19 18 19 19 19 19 19 18 18

A.1.4:pH

P1 P2 P3 P4 PS5 P6

Top Mid Bot Top Mid Bot Top Mid Bot Top Mid Bot
1200hrs 6-7 67 67 6767 67 67 67 67 67 NA 67 67 NA
1500 hrs 6-7 67 67 6767 67 67 67 67 67 67 67 67 67
1800hrs 6-7 67 67 6767 67 67 67 67 67 NA 67 67 NA
2100hrs 67 67 67 6767 67 67 67 67 67 67 67 67 67
0000hrs 67 67 67 6767 67 67 67 67 67 67 67 67 67
0300hrs 67 67 67 6767 67 67 67 67 67 67 67 67 67
0600hrs 6-7 67 67 6767 67 67 67 67 67 67 67 67 67
0900 hrs 67 67 67 6767 67 67 67 67 67 67 67 67 67
Note; Range is used because pH was determined on s Birip method.

A.1.5: DO

P1 P2 P3 P4 P5 P6
Top Mid Bot Top Mid Bot Top Mid Bot Top Mid Bot
1200 hrs * 51 4.6 66 65 58 64 * 59 53 NA 51 49 NA
1500 hrs * 9 8.9 94 83 85 83 * 66 64 6.7 6.5 6.4 6.8

1800 hrs = * 66 62 61 69 64 67 * 45 42 NA 53 49 NA

2100 hrs  * 62 6 55 66 7 63 * 53 52 52 51 51 54

0000 hrs  * 43 43 43 5 49 46 * 41 42 36 43 41 46

0300hrs  * 4 3.8 4 42 4 38 * 4 39 34 4 3.8 46

0600 hrs  * 35 34 36 38 36 36 * 35 34 33 36 33 46

0900 hrs  * 6.2 6.4 6 53 55 57 * 49 46 47 45 47 46
NA; Sample not available

(*); Sample not taken
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A.1.6: BOD

P1 P4 P7
1200hrs  NA 31 41
1500 hrs 28 33 35
1800 hrs 24 28 41
2100 hrs  NA 31 35
0000 hrs  NA 37 37
0300hrs  NA 31 38
0600 hrs  NA 38 25
0900 hrs 34 32 38

A.1.7: COD

P1 P4 P7
1200hrs  NA 96 100
1500 hrs 88 76 84
1800 hrs 108 92 96
2100 hrs  NA 76 80
0000hrs  NA 79 83
0300hrs  NA 84 92
0600hrs A 86 75
0900 hrs 84 80 88

A.1.8: TKN
P1 P4 P7

1200hrs ~ NA 22.5 2.7
1500 hrs  39.9 44.59 52.85
1800 hrs  19.9 24.4 3.2
2100hrs ~ NA 49.28 23.38
0000hrs  NA 24 3.5
0300hrs  NA 18.55 4.9
0600hrs  NA 20.86 4.9

0900 hrs 17.5 17.85 4.9



A.1.9: Total-P

1200 hrs
1500 hrs
1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs

P1
NA
1.6

NA
NA
NA
NA
1.54

A.1.10: Nitrate

1200 hrs
1500 hrs
1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs

A.1.11: Characterization results of TSS for Laminarflow inversion Technique

1200 hrs
1500 hrs
1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs

P1
NA
1.54
1.59
NA
NA
NA
NA
1.52

P1
NA
28
36
NA
NA
NA
NA
40

P4
2.7
2.28
2.3
2.33
2.7
2.75
2.7
2.52

P4
1.4
1.4
1.5
1.4
1.52
1.46
1.7
1.42

P4
38
40
37
37
34
34
39
33

P7
2.1
1.82
1.9
1.96
2.6
1.91
2.2
1.91

P7

9.1
9.31
8.88
8.92

8.9
8.36

8.66

P7
45
42
46
43
38
40
41
37
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A.1.12: Characterization results of MPN for Laminar flow inversion Technique

1200 hrs
1500 hrs
1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs

P1 P4
NA 5X10°
3x10° 1.3X10°
1.6x107 1.4X10°
NA 2.2X10°
NA 8Xx10°
NA 2.2X10°
NA 5X10°

0900 hrs 1.7x106 2.2X10°

P7

2.5x10*
5x10*
5x10*
3x10*

1.4x10°
5x10*
8x10*
9x10*

A.1.13: Characterization results of Chlorophyll for Laminar flow inversion Technique

1200 hrs
0900 hrs

P2

85.7
109

P3
25.9
184

P5

257
85.7

P6

106.4

41.5

Results of performance monitoring of the STP emplang jet

A.2.1: Alkalinity

1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs
1200 hrs
1500 hrs

P1

NA
NA
NA
NA
NA
505
635
NA

P2
Top
375
450
460
455
455
450
430
450

Mid
390
455
440
450
450
460
445
440

Bot
260
460
450
445
450
455
400
430

P3
Top
410
455
490
475
475
460
450
435

Mid
445
450
450
445
395
460
440
435

Bot
435
450
455
450
455
450
445
460

P4

450
450
445
425
440
495
460
425

P5
Top
400
425
420
440
405
420
415
415

Mid
405
410
350
400
385
415
415
400

Bot
410
430
410
395
400
415
420
420

P6
Top
405
420
425
400
420
415
415

ANNEXURE-2

aerators
P7

Mid Bot

390 390 395
420 420 415
425 405 415
380 395 400
400 410 410
415 415 420
430 420 410
405 405 420

400
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A.2.2:Turbidity

P1 P2 P3 P4 PS5 P6 P7
Top Mid Bot Top Mid Bot Top Mid Bot Top Mid Bot

1800 hrs NA 46 43 46 44 43 43 45 64 66 66 62 63 64 67
2100 hrs NA 36 40 38 36 38 39 58 58 62 61 60 62 59 71
0000 hrs NA 50 40 40 44 44 46 45 68 69 69 72 68 73 73
0300 hrs NA 43 43 46 46 43 44 44 68 70 71 70 69 70 74
0600 hrs NA 50 53 55 46 48 49 48 68 70 69 70 72 68 78
0900 hrs 51 51 52 55 48 47 43 51 66 68 70 70 70 68 80
1200 hrs 172 59 63 56 55 54 46 61 58 61 64 58 63 65 85
1500 hrs NA 52 53 50 52 52 53 54 69 63 65 68 65 64 80

A.2.3: Temperature

P1 P2 P3 P4 PS5 P6 P7 Ambient
Top Mid Bot Top Mid Bot Top Mid Bot Top Mid Bot
1800hrs NA 25 25 25 24 24 24 25 24 24 24 24 24 24 24 26
2100hrs NA 24 25 25 24 25 25 24 24 24 24 24 24 24 24 20
0000hrs NA 23 23 23 23 23 23 23 22 23 23 22 23 23 22 20
0300hrs NA 23 23 23 23 23 23 23 23 23 23 23 23 23 23 20
0600hrs NA 21 22 23 22 23 23 23 22 23 23 23 23 23 23 16
0900hrs 25 24 24 23 24 24 24 24 25 24 24 24 24 24 24 20
1200hrs 25 27 26 25 25 26 26 26 28 27 26 27 26 26 27 26
1500hrs NA 26 25 25 26 25 25 26 26 25 25 26 26 26 26 25

A.2.4. pH

P1L P2 P3 P4 PS5 P6 P7
Top Mid Bot Top Mid Bot Top Mid Bot Top Mid Bot

1800hrs NA 67 67 67 67 67 67 67 67 67 67 67 67 67 67
2100hrs NA 67 67 67 67 67 67 67 67 67 67 67 67 67 67
0000hrs NA 67 67 67 67 67 67 67 67 67 67 67 67 67 67
0300hrs NA 67 67 67 67 67 67 67 67 67 67 67 67 67 67
0600hrs NA 67 67 67 67 67 67 67 67 67 67 67 67 67 67
0900 hrs 67 67 67 67 67 67 67 67 67 67 67 67 67 67 67
1200hrs 67 67 67 67 67 67 67 67 67 67 67 67 67 67 67
1500hrs NA 6-7 67 67 67 67 67 67 67 67 67 67 67 67 67
Note; Range is used because pH was determined on st byrip method.
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A.2.5: DO

1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs
1200 hrs
1500 hrs

A.2.6: BOD

1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs
1200 hrs
1500 hrs

A.2.7: COD

1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs
1200 hrs
1500 hrs

P2
Top
0.7
1.4
2.6
1.7
2.4
2.4

NA
NA
NA
NA
NA
148
95

NA

P1
NA
NA
NA
NA
NA
454
282
NA

Mid
0.4
1.2
2.7

2.3
1.7

P4
142
165
90
66
61
58
104
204

Bot
0.4
1.1
2.6
1.4

1.6

24
36
25
21
19
12
23
60

P3
Top
0.6
1.1

1.9
3.5

P7
113
130
152
128
136
326

87

83

Mid
0.8
1.3
2.6
1.9
1.5
3.5
0.4

16
24
48
28
23
69
15
24

Bot
0.6
0.8
2.1
1.5
1.2
3.8
1.3

P5
Top
3.4
4.8
2.4
4.8
3.5

5.7
4.4

Mid
3.3
5.2
3.1
4.8

3.7
3.6
2.9

Bot
3.4
5.1
2.7
4.7
3.2
3.3
3.6
2.7

P6
Top

5.1

4.6

5.9
3.9
4.9
4.7
3.8

Mid
3..6
5.1
4.2
5.6
3.7
4.9

2.9

Bot
3.9

4.1
3.8
3.5
4.7
3.2
2.3
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A.2.8: TKN

P1
1800 hrs NA
2100 hrs NA
0000 hrs NA
0300 hrs NA
0600 hrs NA
0900 hrs  43.11
1200 hrs  36.34
1500 hrs NA

A.2.9: Total-P

P1
1800 hrs NA
2100 hrs NA
0000 hrs NA
0300 hrs NA
0600 hrs NA
0900 hrs 3.96
1200 hrs 5.36
1500 hrs NA

A.2.10: Nitrate

1800 hrs
2100 hrs
0000 hrs
0300 hrs
0600 hrs
0900 hrs
1200 hrs
1500 hrs

P1
NA
NA
NA
NA
NA
2.6
2.1
NA

P4
38.18
26.99
33.25
33.87
33.26
32.64
33.25
40.03

P4
3.08
4.84
2.89
3.17
3.03
2.75

5.22

P4
1.6
1.6
1.4
1.4
1.2
1.2
1.1
1.6

P7
24.02
48.66
20.94
26.48
25.25
37.56
19.71
16.35

P7
2.56
3.68
1.72
2.94
2.75
5.13
3.72
3.96

P7
2.7
4.2

2.1
2.2
2.2
2.2
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A.2.11: TSS

P1
1800 hrs NA
2100 hrs NA
0000 hrs NA
0300 hrs NA
0600 hrs NA
0900 hrs 216
1200 hrs 158
1500 hr NA
A.2.12: MPN
P1
1800 hrs NA
2100 hrs NA
0000 hrs NA
0300 hrs NA
0600 hrs NA
0900 hrs = 2.8X107
1200 hrs = 2.4X107
1500 hrs NA

A.2.13: Chlorophyll

1800 hrs
0900 hrs
1200 hrs
1500 hrs

P2
83
49
228.5
101

P4
18
28
13
16

26
31
28

P4
1.4X10°
3.0X10°
3.5X10°
1.1X10°
5.0X10°
2.2X10°
1.7X10°
1.3X107

P3
132.5
205
145.4
132

P7
16
28
24
27
25
77
35
20

P7
1.7X10°
3.0X10°
3.0X10°
3.5X10°
1.7X10°
2.2X107
1.7X10°
8.0X10°

P5
85.7
57
15.5
132

P6
51.9
19
77.9
137.6
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