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ABSTRACT

The main purpose of this project is to design a new sewerage system of capacity 8 mld sewage
treatment plant based on cyclic activated sludge process or SBR technology located in

Pratapgarh district (Rajasthan).

The Sewage Treatment involves Preliminary, Primary, Secondary, Tertiary and Advanced
Treatment include Unit Operations and Unit Processes to remove physical, chemical and
biological contaminants. The treated effluent can be discharged into a stream or used in irrigating
agricultural farms for growing animal fodder and in landscape irrigation in Pratapgarh. The
stabilized sludge can be used as a soil conditioner. Samples are collected regularly at the plant
inlet as well as before and after each treatment process. The raw sewage is characterized by high
dissolved solids, medium strength BOD, and low COD/BOD ratio, high concentration of
chloride, sulphate and sulfide due to septic sewage. These are typical characteristics of the
sewage in this region. The plant is designed, operated and maintained so as to ensure safety and
reliability in the treated effluent quality. Any overloading of the treatment processes is handled
effectively. The reclaimed water quality meets the international standards and guidelines for

landscape irrigation and farming.
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Design of Sewerage treatment plant

CHAPTER 1
INTRODUCTION

Pratapgarh falls in Chittorgarh district of Rajasthan and is a newly formed district
head quarter. It is located in southern part of Rajasthan close to Madhya Pradesh on Malwa
plateau. Pratapgarh is 112 km from District Headquarter Chittorgarh and 180 kms from
Udaipur, the Divisional Headquarter. It is well connected with Chittorgarh, Banswara,
Udaipur, Bhilwara, Ajmer etc. in Rajasthan and Neemach, Mandsaur and Ratlam in MP.
Pratapgarh is administrative sub divisional headquarters having Pratapgarh, Arnod, Bari Sadri
and Chhoti Sadri tehsils under it. It is located on Jaipur — Banswara State Highway number 4.
Pratapgarh is, however, not linked by rail network. Pratapgarh is located at 24.03° N 74.78°
E.

1.1 Components
The following work has been carried out under this programme:
I.  Designing of Sewerage System
a) Collection
b) Treatment and
¢) Disposal Facilities
II.  Process Equipment

III.  Environmental Impact Assessment Studies
1.2 Criteria for selection of the process
The selection of process for STP will be done on the basis of following criteria:
a) Reuse of treated water.
b) Ease of construction
¢) Ease of operation and maintenance
d) Simplicity of system (minimum equipment)
e) Trouble free service (O & M)
f) Reliability of process
I.  Well established design criteria

II.  Proven process worldwide
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III.  Ability to absorb shock loads (Hydraulic/Organic)
a) Need for skilled/unskilled staff required for O&M
b) Presence/absence of nuisance potential from mosquito/fly/odour
¢) Ease of access to components of the system for repairs and maintenance
d) Safety/ Hazardous conditions at the plant.

1.3 Need of this project
Upper income group of house have septic tanks/soakage wells for the disposal of excreta but
the lower income group and public living on the periphery of the town defecate in the jungle.
Liquid waste is being disposed of into surface drains wherever available or disposed in the
streets where drains are absent. In the absence of proper drainage system, wastewater is
getting collected at several local depressions in the town and there by creating unsanitary
conditions and health hazard. At present there is no proper drainage system in town for
disposal of storm water. It gets collected in local depressions through the open drains meant
for wastewater, wherever they are present and through flow over the surface of streets, where
there are no drains. During last years, all the local depressions, which are already with storm
water causing flooding of streets and houses, almost two third of town submersed up to 3-4
feet water. This creates very unhygienic conditions and loss to the property to the affected
households After execution of sewerage system by providing underground sewer pipe line
network followed by sewerage treatment plant the public of Pratapgarh would find great
relief from unhealthy and unhygienic environment.

1.4 The main objectives of the project are :-

1) Designing of Sewerage System:

a) Design and detailing of Coarse Screen Bar rack, Aerated grit chamber,
Equalization tank, Aeration tank, Claritube-Settler tank, Chlorination tank.

b) Collection

¢) Treatment and

d) Disposal Facilities
i1) Process Equipment

1ii) Environmental Impact Assessment Studies

[\
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1.5 Field Investigations : -

Before preparing these proposals the detailed surveys in respect of following items

have been carried out.
Topographical surveys
a) Topographical survey of the town.

b) Leveling with auto level survey instrument of complete Municipal boundary area

of Pratapgarh town

¢) Details of existing drainage system

d) Details of existing sewerage disposal

e) Fixing of bench marks.(List of bench mark with value is enclosed)

f) Topographical Survey of STP Land.

g) Solil strata determination by bore hole (location shown on map)
Survey of Wards

e  Ward wise population projections

e Areaand Population Density of ward
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CHAPTER 2
OVERVIEW OF DIFFERENT TREATMENT PROCESSES FOR
SEWAGE

2.1 Sewage Treatment & Selection Of Treatment Process

Sewage Treatment is the process of removing contaminants from wastewater. It includes Unit
Operations and Unit Processes to remove physical, chemical and biological contaminants.
Typically, Sewage Treatment involves Preliminary, Primary, Secondary, Tertiary and

Advanced Treatment. The final effluent can be discharged into a stream or on land.

2.2 Treatment Stages

2.2.1 Primary Treatment

Primary sewage treatment is a relatively uncomplicated physical process that mainly removes
solids. The sewage first passes through screens that filter out large debris such as pieces of
wood or cardboard. It then flows to a grit chamber where sand and other heavy particles are

removed.

Primary sewage treatment removes 40-60% of suspended solids and about 30% of organic
matter. In plants that provide no further level of treatment, the water is chlorinated to kill any
remaining pathogens and returned to the environment at this point. Primary sewage treatment
alone is no longer considered sufficient.

2.2.2 Secondary Treatment

Secondary treatment is designed to substantially degrade the biological content of the sewage
such as are derived from human waste, food waste, soaps and detergent. The majority of
municipal and industrial plants treat the settled sewage liquor using aerobic biological
processes. For this to be effective, the microorganism requires both oxygen and a substrate on
which to live. There are number of ways in which this is done. In all these methods, the
bacteria and protozoa consume biodegradable soluble organic contaminants (e.g. sugars, fats,
organic short-chain carbon molecules, etc.) and bind much of the less soluble fractions into
flocs. Secondary treatment systems are classified as fixed film or suspended growth. Fixed-
film treatment process including Trickling Filter and Rotating Biological Contactors where

the biomass grows on media and the sewage passes over its surface. In suspended growth
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systems—such as activated sludge—the biomass is well mixed with the sewage and can be
operated in a smaller space than fixed-film systems that treat the same amount of water.
However, fixed-film systems are more able to cope with drastic changes in the amount of
biological material and can provide higher removal rates for organic material and suspended
solids than suspended growth systems.

Roughing filters are intended to treat particularly strong or variable organic loads, typically
industrial, to allow them to then be treated by conventional secondary treatment processes.
Characteristics include typically tall, circular filters filled with open synthetic filter media to
which wastewater is applied at a relatively high rate. They are designed to allow high
hydraulic loading and a high flow-through of air. On larger installations, air is forced through
the media using blowers. The resultant wastewater is usually within the normal range for

conventional treatment processes.

A trickling filteris a type of wastewater treatment system. It consists of a fixed bed
of rocks, lava, coke, gravel, slag, polyurethane foam, sphagnum peat moss, ceramic, or
plastic media over which sewage or other wastewater flows downward and causes a layer
of microbial slime (biofilm) to grow, covering the bed of media. Aerobic conditions are
maintained by splashing, diffusion, and either by forced air flowing through the bed or

natural convection of air if the filter medium is porous.

The terms trickle filter, trickling biofilter, biofilter, biological filter and biological trickling
filter are often used to refer to a trickling filter. These systems have also been described as
roughing filters, intermittent filters, packed media bed filters, alternative septic systems,

percolating filters, attached growth processes, and fixed film processes.

The result of effective primary plus secondary treatment is removal of about 90% of the
organic matter, virtually all pathogens, and most solids. Between 10% and 20% of the
nitrogen is also automatically removed because the decomposer bacteria require this much for
their own growth.

2.2.2.1 Selection of Secondary Treatment Process

The selection of a particular type of treatment will depend upon the techno-economic
feasibility of the process selected for the treatment. The techno-economical feasibility can be

attributed to the following parameters:
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Degree of treatment required
Capital and Operation & Maintenance cost
Mechanical equipment requirement

Power requirement

A e

Land requirement
The various treatment options considered for the treatment are considered to find out the
techno-economically best suitable treatment scheme to suit wastewater characteristics,

climate and land available for the STP.

The various treatment options considered for techno-economic evaluation are us under:-
1. Cyclic Activated Sludge Technology System

2. Activated sludge process

3. UASB

4. Waste stabilization pond

5. Fluidized Aerobic Bioreactor Process (FAB Technology)

2.3 Treatment Options

2.3.1 Sequential Batch Reactor (SBR) /Cyclic Activated Sludge Technology System
Sequential Batch Reactor (SBR) / Cyclic Activated Sludge Technology is an advanced
technology for sewage treatment, which offers high treatment efficiency. The technology
derives its process design from the concepts of activated sludge process. It uses deep RCC
basins, and very efficient oxygen transfer equipments (diffused aeration mechanism) to
achieve highest possible treatment in a single tank with 14 — 20 HRS. retention only ( Metcalf
&Eddie, 2013).

Sequential Batch Reactor (SBR) / Cyclic Activated Sludge Technology operates in a cycle of
batches. Two or more modules are provided to ensure continuous treatment of wastewater.
The complete process including removal of organics, N and P reduction takes place in a

single reactor, within which all biological treatment steps take place sequentially.

One cycle / sequence of operation consists of 3 steps — Filling & Aeration, settling and

Decantation. The settled sludge from the basin shows SVI < 120 and excellent settling

6
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characteristics (By Metcalf &Eddie,2013). The excess sludge wasted from the basin is fully
digested and can be used as manure directly after dewatering.

Sequential Batch Reactor (SBR) / Cyclic Activated Sludge Technology is fully automated
using PLC, various transmitters and analysers, VFDs and automated valves. The entire
treatment process including incoming flows, cycle duration and regulation between aeration
basins, process parameters, Dissolved Oxygen levels, air flow rates to basin, growth of micro
— organisms, decanting rates, etc. are controlled, monitored online and are adjusted
automatically based on varying incoming flow and organic load conditions. It offers
consistent and optimized performance of plant with excellent outlet quality even under
varying incoming conditions.

Disadvantages:

a) The technology is quite new. It was introduced in India 2 years back. Since then, one
large 28 MLD STP is working at Goa and some other plants are in currently under
installation stage (HPCL, Vizag and Pharamacity).

b) Requirement of Skilled Operational staff

¢) Higher power consumption

d) Lack of reputed Indian Suppliers

e) High cost of import of technology

f) Lack of reference Sewage Treatment Plants in India.

2.3.2 Activated Sludge Process (Metcalf &Eddie, 2013)

Aeration
=—> | tank

Screen Grit A Primary
Raw waste—)> = chamber settling

Final
settling

Sludge
drying

Digester

Sludge l
drying < Digester
reated effluent

Fig 2.1 Flow chart of Activated sludge process
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An Activated sludge process (ASP) is a type of Aerobic Suspended Growth system. The ASP

plant essentially consists of the following:

a)

b)

c)
d)
e)
f)

Aeration Tank containing micro-organisms in suspension in which the reaction takes
place,

+Activated sludge recirculation system to maintain the sufficient micro-organisms in
aeration tank,

Excess sludge washing and disposal facilities,

Aeration system to transfer oxygen,

Secondary settling tank to separate and thicken activated sludge.

Gas Digester for gas production and Gasholder for gas storage

This option consists of the following treatment units:-

a)
b)
c)
d)
e)
f)
g)
h)
)
J)

Inlet chamber

Fine Screen Channel,
Detritor Tank/Grit Channel,
Primary Clarifier,

Aeration Tank,

Secondary Clarifier,

Sludge Pumping Station,
Filtrate Pumping Station,
Digester

Centrifuge

Raw sewage will be received in the inlet chamber and then passed to the screen channel and

subsequently to the detritus tank. In screen channel floating matters are trapped and removed

whereas in detritus tank, grit is removed. After screening and grit removal the wastewater is

taken into a primary clarifier. This is provided for the removal of suspended solids before

taking wastewater for further biological treatment. The sludge generated as a result of

primary settling is taken for digestion. A sludge digester and pumps are provided for this

purpose.
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After primary settlement of the suspended solids, the wastewater is taken to aeration tank

containing micro-organisms in suspension in which the biological degradation takes place.

Further, a secondary clarifier is provided to separate the activated sludge. 60% of the

incoming flow is re-circulated upstream of the aeration tank (Metcalf &Eddie, 2013). A

tapping is provided on this line to lead the excess sludge to the primary sludge sump. Form

here the sludge is pumped up to the digester.

A digester is provided for sludge degradation. The detention time in the digester is 32-38

days.( Metcalf &Eddie, 2013). Mixers are provided to operate a completely mixed regime in

the digester. It is proposed to use Centrifuge for sludge dewatering prior to sludge disposal.

Advantages:

= Land requirement lesser than Waste Stabilisation Ponds.

=  Good quality effluent

= Joss of head is small

= Low installation cost

Disadvantages:

= Sludge disposal is required on large scale

= Skilled supervision is required to check that return sludge remains active

= High Capital Cost

= High Maintenance Cost

2.3.3 UASB Technology
Screen F——] Grit
removal

) Secondary
==>\ Anerobic /e——x Reactor |==> ¢ jimentation
reactor : tank

A
Bliolggical return [sludge
Jludge
A h l
Dewatering | = | Transportation ——=>
Disposal

Fig 2.2 Flow chart of UASB technology
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The development of the Up Flow Anaerobic Sludge Blanket (UASB) reactor dates back from
early 1970’s. Pre-sedimentation, anaerobic wastewater treatment and final sedimentation
including sludge stabilisation are essentially combined in one reactor making it most
attractive high-rate wastewater treatment option. It produces high value by products viz.
a) Treated wastewater usable for gardening purpose or for pisci-culture after a simple
post treatment.
b) Methane enriched biogas having high calorific value is converted into a usable energy
resource like heat energy, electricity etc., and
¢) Mineralized excess sludge produced in UASB reactor for its usage as manure for

agricultural purpose.

UASB initially was developed for the anaerobic treatment of industrial wastewater with a
moderate to high COD and BOD concentrations. The basic idea is flocculent or granular
sludge developed in the reactor depending on the wastewater characteristics and operational
parameters will tend to settle under gravity when applying moderate upward velocities in the
reactor. In this way no separate sedimentation basin is necessary. Anaerobic bacteria are
developed in the reactor and are kept in the biological reaction compartment for sufficient
time. Organic compounds present in the wastewater are absorbed or adsorbed on the sludge
particles in the reaction zone during its passage through the sludge bed. Organic compounds
there after get anaerobically biodegraded converting it into methane-enriched biogas and a
small part into the new bacterial mass. Biogas consists of Methane CH4, Carbon dioxide CO,,
Hydrogen H,, Hydrogen Sulphide H,S and traces of Ammonia NHj3; and Nitrogen Nj (
Metcalf &Eddie, 2013).

A Gas, liquid and solids separator (GLSS) is provided below the gas collectors in order to
provide an opportunity to the sludge particles to which biogas bubbles are attached to lose
biogas and settle back into the reaction compartment. In between two gas collectors as
settling zone is provided where virtually no gas bubbles are present in the liquid. The sludge
particles carried along with the wastewater flow are settled in the settling zone and slide
down into the biological reaction zone (Metcalf &Eddie, 2013). Wastewater enters the UASB
reactor from the bottom and travels through the reactor in the upward direction. In order to
ensure sufficient contact between the incoming wastewater and the anaerobic bacterial mass

present in the reactor, the wastewater is fed uniformly all over the bottom of the reactor.

10
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Further mixing in the reaction zone is achieved by the production of the biogas travelling in
the upward direction, settling velocity of the sludge particles and the density currents in the

sludge mass.

With proper seed material available at the time of start-up of the UASB reactor, the microbial
population is developed within three months period. Proper care is taken while designing the
UASB reactor to absorb estimated shock loads in terms of hydraulic and organic contents in
the wastewater. The reactor is having the following zones:

a) Gas Collection Zone

b) Clarification Zone

¢) Sludge blanket Zone

Advantages:
a) Minimal power consumption
b) reduction of CO2 emissions due to low demand for foreign (fossil) energy and surplus
energy production
¢) Large numbers of plants have been constructed on this process in India.
d) Less land requirement as compared to Waste Stabilisation Ponds.
Disadvantages:
a) Requires second stage aerobic treatment
b) Economically not feasible in colder climates with sewage temperature lower than
15°C
¢) sensitivity towards toxic substances

d) insufficient pathogen removal without appropriate post-treatment

11
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CHAPTER 3
LITERATURE REVIEW

3.1 C TECH System ( Metcalf &Eddie, 2013)

SBR/Cyclic Activated Sludge Technology is an advanced technology for sewage treatment,
which offers high treatment efficiency. The technology derives its process design from the
concepts of activated sludge process. It uses deep RCC basins, and very efficient oxygen
transfer equipment’s(diffused aeration mechanism) to achieve highest possible treatment in a

single tank with 14-20 hours retention only.

Primary Fully auto PLC controlled SBR / :

) : Treated Sewage equivalent
Treated > Cyclic Activated Sludge —— 1o tertiary treated quality for
Sewage (C TECH) RCC Basin low end recycle

l

Excess Sludge fully
digested manure

Figure 3.1 Flowchart for Operation Processes of C-TECH System

SBR/Cyclic Activated Sludge Technology operates in a cycle of batches. Two or more
modules are provided to ensure continuous treatment of wastewater. The complete process
including removal of organics, N and P reduction takes place in a single reactor, within which

all biological treatment steps take place sequentially.

One cycle/sequence of operation consists of 3 steps - Filling & Aeration, Settling and
Decantation. The settled sludge from the basin shows SVI < 120 and excellent settling
characteristics (Metcalf &Eddie, 2013). The excess sludge wasted from the basin is fully

digested and can be used as manure directly after dewatering.

SBR/Cyclic Activated Sludge Technology is fully automated using PLC (Programmable
logic controller) , various transmitters and analysers, VFDs (variable frequency drive) and

automated valves. The entire treatment process including incoming flows, cycle duration and




Design of Sewerage treatment plant

regulation between aeration basins, process parameters, Dissolved Oxygen levels, air flow
rates to basin, growth of micro-organisms, decanting rates, etc. are controlled, monitored
online and are adjusted automatically based on varying incoming flow and organic load
conditions. This offers consistent and optimized performance of plant with excellent outlet

quality even under varying incoming conditions.

3.2 Up flow Anaerobic Sludge Blanket Process (Metcalf & Eddie , 2013)

Raw effluent after screening and grit removal is directly fed into UASB reactors. The reactor
maintains a high concentration of anaerobic biomass through formation of highly settleable
microbial aggregates ( Metcalf &Eddie, 2013). Untreated sewage inside the reactor flows
upward through a layer of sludge while getting treated for organics, converting them into
methane gas. At top of the reactor, phase separation between gas-solid-liquid takes and
treated water is taken out form the reactor. This process is very sensitive to operating
conditions like temperature, pH, incoming load and recirculation rate hence treatment
efficiency keeps fluctuating. At best operating conditions, the process offer 50 — 70%
treatment efficiency, therefore requires second stage biological treatment downstream

(Metcalf &Eddie, 2013).

Primary Treated Sewage

!

UASB
Sludge | I

»t

A "V

Polishing Aeration Tank

Y
Secondary Settling

A

Excess Sludge

y

Secondary Treated Effluent for Tertiary
Treatment

Figure 3.2 Flow-chart for Operating Processes of UASB System
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Table 3.1 Comparison between Operation Processes of Cyclic Activated Sludge Technology
and Anaerobic Process ( Metcalf & Eddy, 2013)

SR.
NO.

ITEM

C TECH SYSTEM

UASB PROCESS

1

Treatment
efficiency,
process
performance
and odor

generation

C TECH process gives 98 %

BOD removal efficiency,

Sewage can be treated to
recycle quality of turbidity <
10 NTU, COD < 20 ppm, BOD
<5 ppm, TN <5 ppm, TP < 1
ppm in a single stage of
treatment using Batch process.
Complete nitrification and de
with

nitrification along

biological removal of
phosphorous takes place. There
is NO odor problem as
complete process is aerobic
and generates fully digested
sludge, which 1is excellent
manure and can be directly

applied as manure to plants.

Anaerobic process has very slow
growth rates of microorganism
and hence these systems have
poor treatment efficiencies of
only 50-70%. In order to achieve
disposal outlet quality of treated
sewage, second stage aerobic
biological wunits are required.

Typical outlet quality from
anaerobic reactors is suspended
solids 50 ppm, COD: 200 ppm,
BOD 100-120 ppm. There is no
inbuilt provision for removal of
Total Nitrogen and Phosphorous.
The system generates bad odor,
as process releases gases like

H,S and methane.

Process control
and simplicity

in operation

C TECH is based on activated
sludge process. It is a very
simple and sturdy process,
which gives consistent outlet
results irrespective of feed
quality variation by 0-250%.
The basic reaction is a single
step process, in which organics

are directly converted into CO,

Anaerobic  process is  very
difficult to control. It requires
consistent feed quality as well as
rates.

flow The process of

degradation is a 3  step
fermentation process comprising
different sets of bacteria, to
generate methane gas and CO,

"I Hydrolysis

14
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and H,O using aerobic
bacteria. The process works
between wide ranges of
temperature ranging from 5 —
35 degree temperature. No
heating is provided during

winter months.

'] Acidogenisis

] Methanogenisis

It requires constant monitoring of
acidogenesis  and  methano
genesis phases in the anaerobic
reactor. The process is pH
sensitive. Methanogenisi reaction
occurs in a pH range of 6-7.5
only, while during acidogenisis
phase the ph may drop to 2.0 also
due to formation of complex
acids. This disturbs the complete
equilibrium and further reduces
treatment efficiency.
Temperature dependent: The
process works in the range of
18-38°C. During winter season
when ambient temp Drops to 1-2
degree, provision has to be made
to heat the entire contents of the
reactor or else treatment

efficiency drops drastically.

Fully automatic

operation

The complete process is fully
automatic PLC controlled and
can be monitored and operated
from anywhere in the world
using internet connectivity. All
process parameters are
constantly =~ measured  and
controlled to provide consistent
and utmost treatment using

lowest power. The plant can

There is No control on any
process parameters. The plants
run continuously at all times
including low flow/ Nil flow
conditions Plant is manually
controlled and difficult to
monitor. It is susceptible to
variation in inlet conditions
BOD, COD, sulphide levels, pH

and temp condition, which

15
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automatically shut off during
low/nil flow conditions and can
automatically adjust power
consumption proportional to
present  flow  rate  and
concentration of pollutant load.
This drastically reduces power

consumption.

directly influences treatment
efficiency as well as quantity of

gas generation.

Variation in
input flow rate
as well as

quality

Normally city sewage
treatment plants are designed
for higher flow rates depending
on minimum future 20 years
population prediction. In the
initial years the plant works at
50-60 % flows only. With C
TECH process power
consumption is directly
proportional to the initial
influent load only. Complete
operation gets automatically

optimized to input condition.

It is a point load design. The
design cannot handle sudden
peak flow variation, which is
expected for any large-scale city
sewage system. Normally O-
250% flow variation is present

for any sewage treatment plant.

Gas generation

and utilization

As the process is completely
aerobic there is NO gas
generation, hence does not
require extra gas holding tanks,

flare system etc.

Gas can be generated; however
process is not economical for low
strength effluents like sewage
where input BOD is less than
300 ppm. Furthermore for
financial viability it is important
to utilize the gas either directly in
boilers or households. In case
power is to be generated it again
requires capital investment by

putting duel fuel engines. Also

16
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provision has to be made for gas
storage facility with flare system
installed at site. Gas production
is not consistent, and varies in
case there is any disruption in the

process.

Material of
construction
and
maintenance

cost

In this process pH is always in
neutral condition, yet all under
water submerged parts are
provided in SS304/SS316 to
ensure no corrosion problem.
Life of all equipments is much
longer as no acidic condition

prevails.

Due to Process chemistry acids
are generated, pH in anaerobic
reactors varies from 2-7, which
essentially requires SS domes
and FRP lining of complete tank
internals. Problem of internal
corrosion is very high and cost of

maintenance is very high.

Space

requirement

C TECH uses deep RCC tanks,
with diffused aeration
mechanism, which drastically
reduces the space requirement.
Further there is no need to
provide secondary clarifiers,
gas storage tanks, flare system
or power generation units. This
process uses minimum 50 %
less space as compared to

anaerobic process.

As this process essentially needs
second stage aerobic treatment
comprising aeration tanks and
secondary clarifier, to get good
outlet quality, plant area is very
high as compared to C TECH
process. Also additional space is
required to store the generated
gas, power generation device,
flare towers, diesel holdup tanks
etc., which increases the space

requirement.

Capital cost

On a like to like comparison of
outlet requirement, land cost,
material of construction and
automation, this technology

has the lowest capital cost.

Initial capital cost is much
higher, as it requires many
additional units like nitrification
and denitrification tanks, post
polishing  treatment, tertiary

treatment, gas storage, and power

17
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generation units etc. to achieve
the same quality from the

system.

Operating cost

The Cyclic activated sludge
technology has a very low
power consumption of only 0.7
Rs. per m’ of raw sewage.
Overall operating cost is in the

range of 1.2 -1.5 Rs./m’

Power consumption is low.
Typical power consumption are
comparable to Cyclic activated
sludge process. The 1st stage
Anaerobic process does not
require any power; however 2nd
stage aerobic polishing units
require power, which works out
to approx. 0.7 Rs per m’. Other
costs like maintenance and
manpower are much higher than
C TECH process. Overall
operating cost range from 1.8 Rs

/m’ to 3 Rs/m°.

18
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CHAPTER 4
DESIGN OF SEWAGE TREATMENT PLANT

GRIT

PRIMARY
INLET SEWER == | SCREENING == REMOVAL (S

CLARIFIER

——!

FINAL  gmmm| SECONDARY | AERATION
EFFLUENT CLARIFIER TANK

4.1 Population projection

4.1.1 Population data/Projections

As per 2011 census the total population of municipal area of Pratapgarh is 41993 and total
design population is workout to 73644 for year 2046. It is proposed to take up the base year
as 2015 and expected completion of the project by year 2016 the design period is kept as 30
years and therefore, the whole system has been designed for the year 2046. The .population

projection with various methods is tabulated below:

4.1.1.1 Arithmetic Increase Method :-

This method is suitable for large and old city with considerable development. If it is used for
small, average or comparatively new cities, it will give low result than actual value. In this
method the average increase in population per decade is calculated from the past
census reports. This increase is added to the present population to find out the population of
the next decade. Thus, it is assumed that the population is increasing at constant rate.

Hence, dP/dt = C i.e. rate of change of population with respect to time is constant.

Therefore, Population after n™ decade will be P=P+n.C

Where, P, is the population after n decade and P is present population.
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4.1.1.2 Geometric Method :-
In this method the percentage increase in population from decade to decade is
assumed to remain constant. Geometric mean increase is used to find out the future
increment in population. Since this method gives higher values and hence should be
applied for a new industrial town at the beginning of development for only few decades.
The population at the end of n™ decade ‘P,’ can be estimated as:
P,=P (1+ I5/100) "
Where, I = geometric mean (%)

P = Present population

N =no. of decades.
4.1.1.3 Increamental Increase Method :-
This method is modification of arithmetical increase method and it is suitable for an average
size town under normal condition where the growth rate is found to be in increasing order.
While adopting this method the increase in increment is considered for calculating
future population. The incremental increase is determined for each decade from the past
population and the average value is added to the present population along with the
average rate of increase.
Hence, population after n™ decade is
P,=P+n.X + {n (n+1)/2}.Y
Where, P, = Population after n™ decade

X = Average increase

Y = Incremental increase

2()
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POPULATION PROJECTION

S.No | Year | Projected population

Geometric | Incremental | Arithmetic | Average

Method Increase Increase

Method Method

1 2001 | 35429 35422 35422 35422
2 2011 | 41993 41993 41993 41993
3 2013 | 43892 43202 43090 43395
4 2016 | 46912 45086 44735 45578
S 2021 | 50407 48413 47477 49432
6 2026 | 55846 51974 50219 53580
7 2029 | 62570 54223 51864 56219
8 2031 | 65404 55769 52961 58045
9 2046 | 91186 68558 61187 73644

Average of above methods has been recommended/ proposed i.e. 73644 persons for

year 2046.

Population and flow projection for design period: The flow projection as per population
for year 2016, 2026, 2031 and design year 2046 is also tabulated below

S.No. | Description Proposed | Proposed | Proposed | Proposed
for 2016 for 2026 for 2031 for 2046

(1) Population 45578 53580 58045 73644

(ii) Water Flow (MLD) | 6.15 7.23 7.86 9.94

(ii1) Sewage Flow (MLD) | 4.92 5.78 6.288 7.65

as per CPHEEO
manual (80%  of

Water supply
Total sewage flow | 5.166 6.069 6.60 8.03
including 5%

Infiltration
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4.1.2 Population Graph

Population Projection
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Figure 4.1 Graph for Prediction of future Population

4.2 Design of Coarse Screen Bar

4.2.1 Screens
een is the first unit operation in wastewater treatment plant. This is used to remove larger
ticles of floating and suspended matter by coarse screening. This is accomplished by a set
inclined parallel bars, fixed at certain distance apart in a channel. The screen can be of
:ular or rectangular opening. The screen composed of parallel bars or rods is called a rack.
> screens are used to protect pumps, valves, pipelines, and other appurtenances from
nage or clogging by rags and large objects. Industrial wastewater treatment plant may or
y not need the screens. However, when packing of the product and cleaning of packing

voutles/ containers is carried out, it is necessary to provide screens even for industrial

wastewater treatment plant to separate labels, stopper, cardboard, and other packing

materials. The cross section of the screen chamber is always greater (about 200 to 300 %)

than the incoming sewer. The length of this channel should be sufficiently long to prevent

eddies around the screen.

4.2.2 Coarse screen
Bar screen is a set of inclined parallel bars, fixed at a certain distance apart in a channel.

These are used for removing larger particles of floating and suspended matter. The

wastewater entering the screening channel should have a minimum self-cleaning velocity of

22
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0.375 m/sec. Also the velocity should not rise to such extent as to dislodge the screenings
from the bars. The slope of the hand-cleaned screens should be between 300 and 450 with the
horizontal and that of mechanically cleaned screens may be between 450 and 800. The
submerged area of the surface of the screen, including bars and opening should be about
200% of the c/s area of the extract sewer for separate sewers and 300% for combined sewers.
Clear spacing of bars for hand cleaned bar screens may be from 25 to 50 mm and that for
mechanically cleaned bars may range from 15 mm to 75 mm. The width of the bars, facing
the flow may be 8 mm to 15 mm and depth may vary from 25 mm to 75 mm, but sizes less

than 8 x 25 mm are normally not used.
4.2.2.1 Advantage of Coarse screen

The advantage of course screen are :-

1. Coarse screen is to remove material to damage subsequent process equipment.
2. To reduce overall treatment process.

3. To contaminate waterways




Design of Sewerage treatment plant

4.2.3 Calculation of Coarse Screen

 Inputs Value Unit Adjusted Values
Bar Size
Length = 1.9 m
Width = 1.7 m
Depth = 2 m
Height of Channel excluding freeboard, h= | 0.4 m 0.40 m
Clear Space Between openings, S = 20 mm
Slope from Horizontal = 60 degree
Approach Velocity, v = 0.7 m/s
Avg. volume flow per day = 8 MLD
Thickness of bar provided 10 mm
Qutput Parameter
Volume Max., Quax = 0.208 m’/s
Area, A = 0.30 m’
Width, W = 0.74 m 0.75 m
Total Number of Bars, N = 33.6 33.0
Total Width of screen chamber, W¢ = 0.75 m 0.74 m
Effective width of Channel, W, = 0.6939 m
Effective Cross-Secional Area of Screen, A,
= 0.27756 | m’
Approach velocity Through Screen, V = 0.75 m/s
Head Loss through Bar Screen, hy, = 0.01 m

Equations used for Calculations:

hy = 0.0729 (V> - v?)

V = Qumax/ Ae

N = (W*1000 - s) / (s + width of bar)
W; = N*width of bar + (N + 1)*s

W. = W, - width of bar*N
A.=W.*h

24
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Table 4.1 Design Criteria For Mechanically Cleaned Bar Screens (Arcadio P. Sincero &

Gregoria A. Sincero , 2012 )

Slope from vertical
Approach velocity
Allowable Headloss

Parameter Design Criteria
Bar width 5-15 mm
Bar depth 25 -40 mm
Clear spacing between bars 15-75 mm

0 - 30 degrees
0.6 - 1.0 m/s
150 - 600 mm

H1

Figure 4.2 Cross — Section and Front View of Coarse Bar Screen

25




Design of Sewerage treatment plant

4.3 Design of Aerated Grit Chamber

4.3.1 Grit Chamber

Grit chamber is the second unit operation used in primary treatment of wastewater and it is
intended to remove suspended inorganic particles such as sandy and gritty matter from the
wastewater. This is usually limited to municipal wastewater and generally not required for
industrial effluent treatment plant, except some industrial wastewaters which may have grit.
The grit chamber is used to remove grit, consisting of sand, gravel, cinder, or other heavy
solids materials that have specific gravity of 2.65 and much higher than those of the organic
solids in wastewater. Grit chambers are provided to protect moving mechanical equipment
from abrasion and abnormal wear; avoid deposition in pipelines, channel, and conduits; and

to reduce frequency of digester cleaning.

4.3.2Aerated Grit Chamber

Excessive wear of grit handling equipment and necessity of separate grit washer can be
eliminated by using aerated grit chamber. It is designed for typical detention time of 3
minutes at maximum flow. Grit hopper about 0.9 m deep with steeply sloping sides is located
along one side of tank under air diffusers. The diffusers are located at about 0.45 to 0.6 m
from the bottom. The size of particles removed will depend upon velocity of roll or agitation.
The air flow rate can be easily adjusted to control efficiency and 100% removal of grit can be
achieved. Wastewater moves in the tank in helical path and makes two or three passes across
the bottom of the tank at maximum flow (and more at less flow). Wastewater is introduced in
the direction of roll in the grit chamber. The expansion in volume due to introduction of air
must be considered in design. The aerated grit chambers are equipped with grit removal grab
buckets, traveling on monorails over the grit collection and storage trough. Chain and bucket
conveyers can also be used. Two grit chambers in parallel are used to facilitate maintenance.

4.3.2.1 Advantages of aerated grit chamber

1. An aerated grit chamber can also be used for chemical addition, mixing and
flocculation ahead of primary treatment.

2. Wastewater is freshned by air, thus reduction in odours and additional removal
of BODS may be achieved.

3. Minimal head loss occurs through the chamber.

4. Grease removal may be achieved if skimming tank is provided.

26




Design of Sewerage treatment plant

4.3.3 Calculation of Grit Chamber

Design flow = 8%2.25/24*3.6 =.208 m

Surface loading = 959 m3/sqm/day

Area required = 18000/959 = 18.76 sqm

Provide 4.5 *4.5 chamber

Detention time = 60 sec

Volume = peak flow *detention time / no of chamber

Increase the length by 25 %

Adjust length = 1.25 *4.5 =5.63

Take the value of Air supply from the table 4.2

Assume Air supply = 0.3 m’/min*m

Air supply provided = 0.3 * 5.63 = 1.69
Now ,we take the value of quantity of grit per 1000 m3 =.015 m’
Volume of grit = .015 * .208 *60%60%24/1000 = .27 m’/min

Inputs Value Unit
Average Flow per day = 8 MLD
Peak Flow = 0.208 m*/s
Avg. Detention Time = 60 sec
Number of Chambers = 1

Width 4.5 m
Length 4.5 m
Depth = 0.9 m

Air Supply Provided = 0.3 m’/min*m
Quantity of Grit per 1000m’ = 0.015 m’
Calculations

For 1 Chamber:

Aerated Chamber Volume = 12.50 m’
Adjusted Length = 5.63 M

Air Required length basis = 1.69 m’/min
Volume of Grit = 0.27 m3/day
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Table 4.2 Typical Design Information for Aerated grit chamber (Metcalf &Eddy , 2013 )

Particulars Range Typical
Detention time (mins ) at max flow 2-5 3
Dimension

Depth (m) | 2-5
Length (m) | 7.5-20
Width (m) | 2.5-7

Width — Depth ratio 1:1-5:1 1.5:1
Length — Width ratio 3:1-5:1 4:1
Air supply (m3/min/m of length) 0.2-0.5
Grit quantities (m3/1000m3) 0.004-0.20 0.015
W
L
7 I r Monorail for grab bucket
! Grit trough
Swing
mechanism

-~

Figure 4.3 Aerated grit chamber (first figure showing the helical flow pattern of the

wastewater in grit chamber and second showing cross section of grit chamber)
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4.4  Design of Aeration Tank
The volume of aeration tank is calculated for the selected value of F:M by
assuming a suitable value of MLSS concentration, X.
Flow rate = 8000 m3/day
Total entering BOD = 300 mg/It
Volume of aeration tank can be designed by assuming a suitable value of MLSS and
F:M ratio
Lets us assume MLSS = 4700 mg/1t (3000-4000 mg/Lt)
F:M ratio = 0.108 (Between .18 to .108)
With the help of MLSS value we can find MLVSS ,which is 70 % of MLSS
MLVSS =0.7 * 4700 = 3290 mg /Lt
Aeration tank volume = flow rate * efffluent BOD / F:M * MLVSS
HRT time = 24 * effluent BOD / Flow rate
=24 *300/3290 = 20.3 hr ( lie between 10 to 25 hr)

So this tank is extended aeration

Inputs Calculations
Prim. Effl. Flow (__ Design Based on Volumetric
Rate,Q = 8,000 | m'/d Loading )
Aeration tank
Prim. Eff. BOD,S, |= |300 |mgm’ volume, V = 16,754 |m’
Aeration tank MLSS, Check on other design
X = 4700 mg/m3 parameters:
Aeratio tank MLVSS
, X* = 3290
Aeration tank F:M = 0.108 Aeration tank HRT | = | 20.3 Hr
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Equations used for Calculations:

V = (§5:%Qo) F-M*X

HRT = 24*Vumc/Qo

Table 4.3 Activated Sludge Design Parameters — Typical Ranges (Metcalf & Eddy,

2013)
Activated sludge Volumetric Loading F:M HRT
Process Lb BOD/Day Kg BOD/Day Kg BOD/day hours
1000 ft3 m3 Kg MLVSS
Conventional Plug Flow 20-40 0.3-0.7 0.2-0.4 4-8
Complete Mix 20-100 03-16 0.2-0.6 3-5
Extended Aeration 5-15 0.04-0.1 20-30
0.1-0.3
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Figure 4.4 Activated Sludge Flow Diagram and Parameters

4.5 CLARITUBE SETTLER

Clarifiers are settling tanks built with mechanical means for continuous removal of solids
being deposited by sedimentation. A clarifier is generally used to remove solid particulates or
suspended solids from liquid for clarification and (or) thickening. Concentrated impurities,
discharged from the bottom of the tank are known as sludge, while the particles that float to

the surface of the liquid are called scum.

Tube settlers are commonly used in rectangular clarifiers to increase the settling capacity by
reducing the vertical distance a suspended particle must travel. High efficiency tube settlers
use a stack of parallel tubes, rectangles or flat pieces separated by a few inches (several
centimeters) and sloping upwards in the direction of flow. This structure creates a large
number of narrow parallel flow pathways encouraging uniform laminar flow as modeled
by stokes law. These structures work in two ways:

1. They provide a very large surface area onto which particles may fall and become
stabilized.

2. Because flow is temporarily accelerated between the plates and then immediately
slows down, this helps to aggregate very fine particles that can settle as the flow exits
the plates.
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4.5.1 Calculation of claritube settler

To calculate the recycle activated sludge we assume some parameter,

Total suspended solid = 600 mg/ m’

Sludge suspended solid = 400 mg/ m’

Volume we calculated from aeration tank = 6754 m’

Due to extended aeration Take sludge retention time = 12 days

Reacted activated sludge flow rate = flow rate *(MLSS- TSS)/(SS-MLSS)
= 8000*(4700-600)/(400-4700)
=7628 m’/d

Waste activated sludge flow rate = volume*MLSS / SRT *SS
= 6754*4700/12*400
=6613 m’/d

F:M ratio = flow rate * effluent BOD / volume * MLSS

= 8000*300/6754*4700

=.08
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Inputs

Prim. Effl. Flow Rate, Qg = 8,000 md
Prim. Efi. BOD, S, = 300 g/m®
Prim. Effl. TSS, X, = 600 g/m?

Waste/recycle activated

sludge SS conc., Xy = 400 9/m
Aeration tank vol., V = 6,754 m?
Aeration tank MLVSS, X = 4700 g/m®
% wolatile MLSS, % Vol = 75%

Sludge ret. time, SRT = 12 days

EQUATIONS USED FOR CALCULATIONS:

Q; = Q,(X - Xo)/ (X - X)
Q, = (V*X)/(SRT*X,,)

F:M = (So*Q,)/(% Vol*X*Vug)

Calculations

Recycle Activated
Sludge Flow Rate, Q, = (7,628) m®/d

Waste Activated Sludge
Flow Rate, Qy = 6613 m®/d

Aeration tank F:M = 0.08
(kg BOD/day/kg MLVSS)

OS]
W
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Activated SRT MLSS F:M Qr/Qo
sludge process Kg BOD/day

DAYS g/m3 Kg MLVSS %
Conventional 3-15 1000-3000 0.2-0.4 25-75
sludge flow
Complete mix 3-15 1500-4000 2-.6 25-100
Extended 20-40 2000-4000 04-.1 50-150
aeration

Table 4.4 Activated Sludge Operational Parameters — Typical Ranges (Metcalf & Eddy,
2013)

4.6 PROCESS EQUIPMENT

1 DESIGN BASIS
Average Flow (Qav) = 8.00 MLD
= 33333  m'hr
= 0.09 m’/s
Peak Flow Factor = (Qpk / Qav) = 225
Peak Flow (Qpk) = 18.00 MLD
= 75000  m’/hr
= 021 m’/s
2 INLET PARAMETERS
BOD s @ 20°C = 300.00 mg/1
COD = 650.00 mg/1
Total Suspended Solids = 650.00 mg/l
3 OUTLET PARAMETERS
BOD ;s @ 20°C < 10.00 mg/1
COD < 100.00 mg/1
Total Suspended Solids < 10.00 mg/1
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STILLING CHAMBER
Unit to be designed for Averge Flow

And to be checked for Peak Flow

HRT at Peak Flow

Volume required

SWD provided

Side of Squre Chamber required
Length/Width provided

Volume provided

Freeboard provided

BASIN SIZING

Volume of Sewage treated

BOD removed (Inlet BOD — Outlet BOD)
MLSS

MLVSS

F/IM

Total Volume of C-Tech Basins = (A x B) /(D x E)
No. of Basins Provided

Volume per Basin=F/ G

Side Water Depth (SWD) of C-Tech Basins
Radius of C-Tech Basins

Volume provided per C-Tech Basin = Pi*J**I
Total Volume offered =L x G

Freeboard provided

Total Depth of C-Tech Basin=1+ N

Providing Recirculation Ratio

8.00
333.33
0.09
18.00
750.00
0.21
60.00
12.50
2.50
2.24
2.50
15.63
0.50

8000.00
300.00
4700.00
3290.00
0.11
6754.47
2.00
3377.24
6.00
13.39
3377.24
6754.47
0.50
6.50
0.25

m’/d
mg/1
mg/1
