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SELF INTRODUCTION

- Educational Qualifications — Post Graduate in Polymer Engineering,
& PGD in Business Management

» Experience — Worked with many national & international companies as a
business head and country head.

»  Promoted technological products and system while working with leading
multinational organizations in India, Canada, Singapore & Middle East like
Napier-Reid Canada, Hyflux Singapore, SPML Infrastructure as a business
head and country head.

» Presently associated with Aqwise Wise Water Technologies Ltd. as a Country
Head to promote various technologies for water & waste water application like
MBBR, IFAS , SBR ,Anaerobic Technology etc.

» Effectively imparted 20+ trainings on water & waste water, UF Technology, RO
Technology, Water Recycling, SBR technology & Sludge Management and attended
40+ seminars worldwide as a Speaker & Delegate.

»  Merits of having various Papers Published on latest techniques in membrane
- technology, SBR Technology, UF Technology and various sludge treatment in
. water & Waste Water in various magazines & journals




TOPICS TO BE COVERED

Introduction to Wastewater Treatment Plant

v

Type of wastewater, characterization, wastewater
chemistry

v

Design basis, fundamentals, treatment process, etc.

v

Primary Treatment Processes:
Screens, Grit removals, Oil & Grease removal system

Coagulation & flocculation, sedimentation, chemical
dosing, etc.

v v Vv




Cont..

» Secondary Treatment Processes:

»  Introduction to biological treatment processes
Aeration, ASP treatment & technology and process .

v

Nitrification & Denitrification
> Clarifier, Equalization , Basic design calculation

v

Basic engineering & design for
ASP , SBR & MBBR technology & Process
Basic design calculations

v




Cont...

» Disinfections
» Basics of Filtrations
» Basics of Membrane technology

» Drinking water standards and guidelines and
process

» O&M practices




WATER CRISIS

GLOBAL
QUANTITY & QUALITY




REASONS FOR WATER CRISIS

»  INAPPROPRIATE USE OF SURFACE WATER
RESOURCES

»  CHANGE IN HYDROLOGICAL CYCLE DUE TO
HUMAN INTERVENTION

»  OVER EXPLOITATION OF GROUNDWATER

»  WATER WASTAGE AND POLLUTION




CURRENT WATER RESOURCE
SCENARIO IN INDIA

» Expanding Industrial Demand
Current - 167 Billion cubic metres
2025 - 228 Billion cubic metres
2050 — 500 Billion M3

» Soaring Costs — production and treatment cost

» Rising Tariffs — across the world

» Water Loss : 30 to 40%




BASIC WATER FACTS (INDIA)

INDIA HAS 18% OF WORLD’S POPULATION
BUT

IT HAS ONLY 4% OF THE WORLD’S WATER
RESOURCES




India Water Scenario

()

Post-independence, the population of
the country has increased almost
nearly fourfold. The economy of the
countryis alsoincreasing due to
urbanization and industrialization.

0

Indiais ranked120th among 122 —

countriesin a global water quality
index. Nearly 70% of the country’s
water is contaminated. Just30% of
wastewater undergoes any sort of
freatment.
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NITI Ayog says - Twenty-one cities in
India including Delhi, Bengaluru,
Chennaiand Hyderabad, affecting

around 100 million people.

0

Per Capita Water Availability has

decreased and there is clear deficit
of fresh water even for drinking

pUrpose.



CURRENT WATER RESOURCES
SCENARIO IN INDIA

ANNUAL PER CAPITA AVAILABILITY OF WATER
(IN CUBIC METERS)

6,042 1,816 1,545 1,140 640

1947 2001 2011 2025 2050




Global Water Security

Freshwater availability (per
capita) is decreasing

Increasing risks of ‘slow-onset
disasters’ such as water
scarcity, droughts and famine
due to climate change and
mismanagement.

Promoting water-use efficiency,
water recycling and rainwater
harvesting is becoming
increasingly important.
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Water Cycle
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SOURCES FOR WATER RECYCLE

» RAIN WATER
» STORM WATER
» SEWAGE WATER

» INDUSTRIAL WASTEWATER




SOURCE of water QUALITY

» RAIN WATER - PURE UNCONTAMINATED

» STORM WATER - LOW CONTAMINATION
Suspended Solids
Oil & Grease
Agricultural Runoffs
Chemicals




SOURCE of water QUALITY

» SEWAGE - LOW TO MEDIUM CONTAMINATION

Physical

Organic




SOURCE QUALITY

» INDUSTRIAL WASTEWATER

- MEDIUM TO VERY HIGH CONTAMINATION
Physical
Chemical
Organic




How is waste water generated ?

‘ Water
Treatment
Treatment Water Tower Application Grade
Waste Water
Sludge & other Effluent
Treatment impurities Treatment

>|‘ Disposal / Reuse ‘




PARAMETERS

PHYSICAL
Temperature
Color
Taste & Odor
Suspended Solids
Organic (volatile) , Inorganic
Settelable, Floating
» Oil & Grease (Free & Emulsified)

vV Vv Vv v




PARAMETERS

CHEMICAL

» pH

» Acidity/Alkalinity

» Total Dissolved Solids (TDS)

» Chlorides

» Sulfates

» Total Nitrogen

» Total Phosphorus

» Heavy Metals : Cr, Ni, Pb, Zn etc.
» Toxic Chemicals : AS, CN etc.

» Chemical Oxygen Demand (COD)




PARAMETERS

BIOLOGICAL

» Biochemical Oxygen Demand (BOD)
» Bacterial Counts




BASIC




QUANTITY

SEWAGE

» There are considerable variations in the quantity of sewage during the day.
with low flows at night. Day to day variations are relatively small

» The variation in sewage quantity is measured as the “peak factor”. This
factor is high for smaller communities and reduces as the communities
grow larger.

INDUSTRIAL EFFLUENT

» Industrial wastewaters, on the other hand, have very large variations - hour
to hour and day to day. It is, hence, necessary to measure the wastewater
flows over a reasonable period of time to determine the design flows for
various treatment units.

» A rough estimate of quantity of sewage and industrial wastewaters can be
obtained from the data on water supply.




QUALITY

SEWAGE: The quality of sewage has relatively less
variations than industrial wastewaters. But still it
IS better to analyze as many samples as possible
as obtain as much comprehensive data as
possible.

INDUSTRIAL EFFLUENT :For industrial wastewaters
it is absolutely imperative that data is collected
through analysis of a large number of samples or
through analysis of data collected by the client
_over a reasonable period of time.,




RISTICS OF RAW SEWAGE

cop 0.0

Suspended solids

Total nitrogen (as N)
Ammonia (NH; as N)
Organic phosphorus (as P)
Inorganic phosphorus (as P)
Qils, fats and grease

Total inorganic constituents (Na,
Cl, Mg, S, Ca, K, Si, Fe)

Heavy metals (Cd, Cr, Cu, Pb, Hg, < 1mg/l each

NI, Bl

A
N\
LAN




CHARACTERISTICS OF COMMON WASTEWATERS

Parameter Domestic Fresh Milk Brewery Abattoir Pharma*
Sewage Milk Effluent Effluent Effluent Effluent

BOD — mg/l <500 2 x 108 2-5x10% [5-15x10%® |2-5x10° |5-10x103

COD - mg/l 300 - 800 3x 108 3-10x10% [ 20-50x10% [ 3—10x10% | 20—-60x 103

Suspended Solids — | 100 - 500 >1000 >1000 >2000

mg/l

Total N — mg/I 20 - 50 60 - 250 60 - 250 60 - 150 20 — 250

Total P — mg/I 2-15 10 - 50 10-50 10-30 2-150

FOG — mg/l 50 — 200 >2000 >200 >1200

pH 6.5-8.8 7.5 2-12 5-8.5 6-8.5 2-12

* After solvent recovery




STP Limits as per NGT Guideline

Parameter Unit Limit
IpH s.u 5.5-9.0
BOD mg/L 10
1TSS mg/L 20
ICOD mg/L 50
Total Nitrogen mg/L 10
Total Phosphorus mg/L 1
MPN/100 mL 230

Fecal Coliform




Effects of Pollutants

Test
Parameters

Measures

Desirable Limit

Effect on Receiving Water

pH

Acidity/alkalinity

6.5-8.0

Acidic/alkaline pH affects/kills
aquatic flora and fauna

Temperature |IThermal Condition -|Ambient+/- SC. | Affects/kills aquatic flora and
hot/cold fauna
DO DO level >2-4 mg/L Low DO is harmful to aquatic
organisms, flora and fauna and
may Kill living organisms.
Toxicity Toxicity caused by|Low High conc kills aquatic

metals and chemicals

organisms, flora and fauna.




Effects of Pollutants

Test Parameters

Measures

Desirable Limit

Effect on Receiving Water

CcOD Organics < 50-250 mg/L |Increases bacterial growth;
Depletes DO

BOD Degradable Organics | < 10-30 mg/L. | Increases bacterial growth;
Depletes DO

TSS Suspended/ Insoluble| < 10-30 mg/IL. |Increase suspended solid conc,

Solids increases BOD, depletes DO

O&G Oil and grease <10 mg/LL Increases BOD, Depletes DO,
Affects photosynthetic activity of
aquatic life,

Coliform Microbial Counts <100-400 Affects Health

MPN/100 mL

Total Nitrogen |Nutrients — Nitrogen |< 3-10 mg/L Increases bacterial growth;
Depletes DO

Total Nutrients — 1< 1 mg/L Increases bacterial growth;

Phosphorus Depletes DO

Phosphorus




TREATED EFFLUENT QUALITY

» Compliance standards as per CPCB/SPCB.
» Reuse/recycle standards/requirements




?ROCESS FLOW DIAGRAM

Influent




"‘ DF BEPROCESS FLOW DIAGRAM

From Preliminary Treatment




?’ROCESS FLOW DIAGRAM

From Primary
Treatment

Biological units anc
Clarification

Secondary & Tertiary Treatment




TREATABILITY STUDIES

» Once the process flow diagram is prepared it is necessary
to determine the efficacy and efficiency of the various
unit process in the laboratory and if necessary at pilot
scale.

» This may not be necessary for sewage treatment if only
compliance is required.

» For tertiary treatment, however, studies should be carried
out.

_» For industrial wastewaters it is absolutely essential.




EQUALIZATION

» Generally equalization is not needed in sewage
treatment plants. For industrial wastewaters,
however, equalization is the most important unit
process.

» The industrial wastewater varies from hour to
hour in quantity and quality which affects all the

subsequent unit processes in terms of their
efficiency.




NEUTRALISATION

» A pH range of 6.0 to 8.5 is most suited to
provide protection to aquatic life

» pH affects the solubility of organic matter and
availability of BOD

» pH affects the toxicity levels of metals




COAGULATION

» Stable Colloidal Suspensions

» Coagulants
Aluminum salts, Ferrous and Ferric salts
Sodium aluminate, Poly electrolytes




COAGULATION

Jar Test to

ntimize Coagulant
otimize Dosage
otimize pH

» O
» O
» O




BIOLOGICAL PROCESSES

» Aerobic and Anaerobic
» Suspended Growth and Immobilized Growth




TREATMENT PROCESSES

1.
2.
3.
4.
5.
6.
/.
8.
9.

Screening

Grit Removal -for Sewage
Oil & Grease Removal
Equalization

Coagulation
Sedimentation

Biological Treatment
Tertiary Treatment
Sludge Treatment
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AERATION TANK SECONDARY CLARIFIER

PRIMARY TREATED WATER TANK




Secondary Treatment (biological)
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A Preliminary/Primary Treatment

Pollutant Removal

Equipment/Process

Solids

Screens

Clarifier

Sedimentation Tank

DAF

Coagulation & Flocculation

Grit

Grit Chambers

Oil & Grease

Grease Traps

Surface Skimmer/Oil Separator

DAF

Flow & Load Equalisation

Equalization Tank

pH/Acidity/Alkalinity

Neutralization Tank, Chemical Addition

Heavy Metals

Precipitation System

Hardness Removal

Precipitation

| VOCs

[ Air Stripping

51



A

Biological Treatment Technologies

Technology BOD BOD + BOD + N P
Nitrification | Removal | Removal

CMAS X X

Plug Flow X X

Step Feed X X X

Contact Stabilization X

Separate Sludge X X X

Extended Aeration X

SBR X X X X

MLE X

4-stage X

5-Stage X X

\\\\\\\\
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A Biological Treatment Technologies

Technology BOD BOD + BOD + N | P Removal
Nitrification | Removal

MBR X X X X

MBBR/IFAS x X X

Oxidation Ditch X X X X

RBC X X

UASB X

Trickling Filter/Biotower X X

Anaerobic Filter X

Anaerobic Contact Process X

Lagoons X X

W A »
N
%

his




A

Tertiary Treatment Technologies

Technology Pollutant Removed

Filtration Solids

Carbon Filter COD, Organics, Chlorine

Disinfection Pathogens

Chemicals & Dosing For Chemical Reactions

Chemical Precipitation Inorganics, Heavy Metals

Coagulation & Flocculation | Solids

Oxidation Toxics, Inorganics, organics, COD
— Ion Exchange TDS, specific Ions, Hardness




Membrane Technologies

Technology Pollutant Removed

Microfiltration Solids, Microorganisms
Ultrafiltration Solids, Microorganisms
Nanofiltration Solids, Microorganisms

Reverse Osmosis

TDS, Solids, Microorganisms

Note: MBR is considered under Biological Treatment

55



Sludge Treatment Technologies

Equipment/Technology Function

Thickener/ Belt Thickener Thickening

Belt Press/Filter Press/Centrifuge | Dewatering

Aerobic Digestion VSS Destruction, Stabilization
Class B Biosolid

Anaerobic Digestion

Thermal Hydrolysis Process Pathogen Free - Class A Biosolid

/Drying/Pasteurization/
Thermophilic Digestion/Other




d Stages of STP

Mechanical treatment Biological treatment
- - N -
precipitation
chemical
i . i Chlorination, UV
Screen Grid Fat Primary Activated Secondary
chamber chambe clarifier sludge tank clarifier

-

River,
filtration
Sand Fat
Primary Return sludge
sludge
Thickening
{ Secondary sludge
Excess sludge
» Biogas
Use,
dewatering,
N - : drying,
incineration,

incineration disposal

Digestion Storage




SCREENING

» Bar/Coarse screens

» Medium screens

» Fine screens

» Manually cleaned

» Mechanically cleaned
» Automatic cleaning




[[ Unit Processes - Screens }]

Screens
1. Manual Bar Screen
2. Automatic Bar screen

Some examples are :

1. Screen mat

2. Rotary Drum Screen

3. Inclined rake screen

4. Screens with various gaps or spacing




SCREENING

Influent

Screenings for disposal




DESIGN CRITERIA

Design flow — Peak

Minimum number of units - 2

Openings : Coarse - 6 to 150 mm usually 50mm
Fine — Less than 6 mm

Velocities : Approach - 0.45m/sec at average flow
Through open area — 0.6 to 1.2 m/sec at peak flow

not less than 0.3 m/sec at low flow




SCREENING




GRIT REMOVAL

» Grit is inorganic suspended matter

» Generally it is designed for particles with specific
gravity of 2.65

» Could be simple rectangular tank or a mechanically
scraped square tank (Detritor) and sometimes
aerated

» A Classifier is used to separate the grit from organic
matter




GRIT REMOVAL

From screens

/

Organic fraction To Classifier —  Grit to disposal

_back to the plant
A




DESIGN CRITERIA

Design flow - Peak
Minimum number of units - 2

Simple horizontal flow Detention 45 to 90 seconds, usually 60 seconds
Horizontal velocity - 15 to 40 cm/sec at peak usually 30 cm/sec

Have to provide a velocity control device like Parshall Flume Square tanks
Overflow rate - 700 m3/m?/day
( or use vendor design)

Classifier
Use vendor design




GRIT REMOVAL




OIL & GREASE REMOVAL

Free Oil Removal : API, TPl / CPI, BELT SKIMMERS

Emulsified Oil Removal :Dissolved Air Floatation
(DAF)

System incidentally reduces Suspended Solids
alongwith Oil




FREE OIL REMOVAL

Belt Skimmer and Slotted Pipe

Design Basis:
Qil and Grease content in Effluent

Flow
Selection of Belt material

Oil and Grease Chamber Design

Basis:

Flow Retention Time:30 Mins

Length to Width Ratio:3:1

Calculation of Volume:(Flow x Retention
~ SWD:Tm




TPI1 / APl DESIGN

( Tilted plate separator / American petroleum institute)

API

Peak / Average based on sequence
Design flow
Minimum no. of units recommended .2
Horizontal velocity . <55 m/hr @ peak flow
Recommended L:W / D:W ratio : Max 5:1 / Minimum 0.3 -0.5
Maximum width recommended . 6m
Maximum depth recommended ;. 2.5m
Oil globule size removal : 150 micron and above

Parallel Plate Separator

Perpendicular distance between plates . 0.75-1.5 inches
Angle of plate inclination from horizontal . 45-600C
Oil globule size removal : 60 micron and above

60-70% / 33-68%

mﬁmoval




DAF DESIGN

Design flow : Peak / Average based on
sequence

Minimum no. of units 2

recommended

Overflow rates : 28-100 m3/m?/day

Rising velocity . 1.9- 7 cm/min

Air : Solid ratio . 0.05-0.06 ml air / mg solids

Recycle ratio . 20-150%

_.
T —




EQUALIZATION

As seen earlier, the study in the variation of quality
would provide the criteria for the sizing of the
Equalization Tank

» Use a batch fill and draw system
» Provide mixing through aeration grid
» Use the tank as neutralization unit




EQUALIZATION

Alkali Aci

Influent

Batch equalization




DESIGN CRITERIA

» Generally detention time should be 8 hours with two tanks
providing total of 16 hours

» Plants with very large flows may provide 4 hours each with 8
hours total

» Very small plants may go up to 24 hours for each tank

» Tanks are operated on “fill & draw” batch process with one
filling while the other is emptying

» Mixing is provided by aeration grid laid on the floor
» Neutralization, if needed, is carried out in these tanks
» Highly acidic effluents should be received in a portion of the

tank lined with acid resistant tiles/material - pre neutralization
_section




Equalization Tank




SEDIMENTATION

» Total Suspended Solids
- Organic
- Inorganic
— Settleable

» Settling Velocity

» Overflow Rate

» Solids Loading




From Grit Chamber




DESIGN CRITERIA

Design flow — Average

Minimum number of units - ]

Detention time — 1.5 to 2.5 hrs. Usual 2 hrs
Overflow rate ~ 25 to 50 m3/m?/day

Usual 40 m3/m?/day for sewage

24 m3/m?/day for industrial wastewater

Expected removals
TSS ~ 45 to 70 %
BOD — 25t045%




COAGULATION

» Need to mix coagulant rapidly to quickly disperse
the coagulant - Flash mixing

» Increased opportunity for contact - Flocculation

» Sedimentation of flocs

» Flocculation and clarification may be combined -
Clariflocculator




Flash Mixer Clarifier

or

Flocculator

Clariflocculator v

Sludge for treatment/disposal




DESIGN CRITERIA

Flash Mixer

Design flow Average
Number of units ]

Detention time 30 seconds

Mixing by mechanical agitator - APPROX. 1000 RPM
Static mixers and other types of mixers also may be used.

Flocculator

Design flow Average
Number of units ]

Detention time 30 minutes

Paddle agitator for slow mixing -11 RPM (0.3 TO
. 0.9M/SEC)

.-'«"“ AR
%




DESIGN CRITERIA

Clarifier
Design flow Average
Number of units ]

2 for large plants

Overflow rate
For Primary Settling Only

25- 30 m3/m?/day (Avg)

50-60 m3/m?2/day (Peak)
For Primary Settling followed by Secondary treatment

35- 50 m3/m?/day (Avg)

80-120 m3/m?/day (Peak)

Expected removals
TSS 80 to 90 %
BOD 10to 30 %

Wherec'j ver treatability data is available use design criteria from such
__studies




a Coagulation and Flocculation

Y

v

Influent pum

Coagulant Addition: Slow Speed Clarification
Alum/ Lime Agitation

Polyelectrolyte Sludge
Removal

: o to Facilitate
High Speed Agitation Flocculation

Very Slow
Agitation




Biological Treatment Technologies

® Anaerobic Treatment Technologies

m Aerobic Treatment Technologies




Biological Wastewater Treatment

» To remove the suspended solids & the dissolved organic load
from the wastewater by using microbial populations

» The microorganisms are responsible for the degradation of the
organic matter and can be classitied into:

aerobic (require oxygen for their metabolism)

anaerobic (grow in absence of oxygen)




Objective of Biological Treatment

The Removal of:

B Organic Matter (BOD / COD)
B Suspended Solids

B Ammonical Nitrogen

B Nitrates & Phosphates
B Pathogens




The Aerobic process

m By aerobic micro-organisms In the presence

of molecular oxygen

m Organic Matter + Oxygen = Carbon-dioxide
+ Water + New Cells




The Aerobic process

» Aerobic process D use of O,

» Aerobic wastewater breakdown and by-products

produced:

Organic Matter + More Micro-organisms
Aerobic Micro- :> +CO, + H,0 + Energy
organisms + O,




PRE CONDITIONS OF AEROBIC
TREATMENT

Food for Bacteria (Organic matter / BOD)
Oxygen

Temperature

TDS

Favourable pH

O &G <5 mg/l

Heavy metals / Toxic chemicals - Nil /Traces

Nutrients

81



BENERIOLOGICAL TREATMENT

» Oxidation Ponds
» Aerated Lagoons

» Biological Filters
> Trickling Filters
- Rotating Biological
Contactors
- Biological Aerated Filters




ACTIVATED SLUDGE PROCESS - LOADING

% BOD Removal

100

20

g0

it

a0

% BOD removal vs F/M (kg BOD/ kg MLSS)

0.05 0.1 0.15 0.2 0.25 0.3 0.3 0.4
FIM




ACTIVATED SLUDGE PROCESS- OXYGEN

Oxygen Demand Vs F/M Ratio

0 2.0
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ACTIVATED SLUDGE PROCESS - AERATION

» Can be either

- Mechanical Surface
Low Speed - 46 RPM
High Speed

- Diffused Air
Coarse Bubble
Fine Bubble

> Pure Oxygen
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DIFFUSED AIR AERATION

» Coarse or Fine Bubble

» Submerged header and lateral
system for Air Distribution

» Ceramic dome or membrane
diffusers




DISC DIFFUSER SYSTEM

FIG: Disc Diffuser Installation

(Photo Courtesy: Environmental Dynamics, Inc., U.S.A.)

.



TUBULAR DIFFUSER SYSTEM

FI1G: Tubular Diffuser Installation

(Photo Courtesy: Environmental Dynamics, Inc., U.S.A.)




AIR REQUIREMENT - BLOWER & FINE BUBBLE DIFFUSER

SYSTEM (RULE OF THUMB)

Blower Capacity in mé/hr = KgBOD * X

1.2

0.21

1.2*0.21 * o *B * 24 * n

Kg oxygen / kg BOD considered (1-2 depending on wastewater strength)
Density of air in kg / m3
Content of oxygen in air, %

Ratio of mass transfer coefficient in wastewater to tap water, Typical : 0.6.-0.9
(For Diffused Aeration : 0.4 -0.8 & Mechanical Equipment : 0.6-1.2)

A saturation factor used to correct for DO in wastewater
Typical : 0.7-0.95

Oxygen Transfer Efficiency

| Typical : 5-6% per m of submergence depth



TRANSFER EFFICIENCY

Oxygen transfer

Wertical aeratg
/L_\ coefficient is affected
gT — \\ by the following
% % Honzontal aerator factOrS
=
'f% % © temperature
& o mixing intensity
Aerator immersion, mm ——# ° tank geometry
o characteristics of
the water
Aeration Device Oxygen Transfer Rate,
kgO,/kWh
Fine bubble diffusers 20-2.5
Coarse bubble diffusers 0.8-1.2
Vertical shaft aerators up to 2.0
Herizontal shaft aerators up to 2.0




Aeration Diffuser




Aeration Cont...




SECONDARY CLARIFICATION

Design on the basis of solids loading

Solids Loading Rate

Conventional -100 to 150 kg solids/m?/day
Extended -24 to 120 Kg solids/m?¢/day
(Note: The flow includes the return sludge flow)

Hydraulic Loading Rate

Conventional — 15 to 50 m3/m?/day
Extended — 8 to 35 m3/m?/day

(Note: The flow includes the return sludge flow)
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ADVANCED AEROBIC BIOLOGICAL
TREATMENT

* Membrane Bioreactor (MBR)
% Sequential Batch Reactor (SBR)

% Moving Bed Bioreactor (MBBR)




Activated Sludge

Activated sludge refers to a mass of
microorganisms cultivated in the treatment
process to breakdown organic matter into
carbon dioxide, water, and other inorganic
compounds.

Definition by World Bank

http://water.worldbank.org/shw-resource-
guide/infrastructure/menu-technical-
options/activated-sludge




ACTIVATED SLUDGE PROCESS (ASP)

» Aerobic suspended growth process most widely
used

» Process consists of Aeration Tank, Secondary
Clarifier and system for returning and wasting
sludge.

» Sequencing Batch Reactor (SBR) and Membrane
Bio-Reactor (MBR) are fundamentally activated
sludge processes




PROCESS DESIGN CONSIDERATION IN ASP

Effluent Characteristics

Selection of the reactor type

Applicable kinetics relationships

Solid retention time and loading criteria to be used

Sludge production

Oxygen requirement and transfer (Mixing energy)
Nutrients requirements

Other chemical requirements

'Y vV vV V vV V V V

S—sSgftling characteristics



IMPORTANT DESIGN ASPECTS - ASP

F/ M

HRT / SRT
Oxygenation / Mixing
Return sludge

CONTROLLING PARAMETERS - ASP

YV V VYV

» Organic loading rate
» Oxygen supply

» Control and operation of the final settling tank
> Nutrient Availability (BOD:N:P: :100:5:1)




BASIC COMPONENTS OF ASP

Aeration Tank Secondary Clarifier

Effluent for Disposal
Or Recycle

Influent

Return Sludge

Excess Sludge for Treatment and Disposal




DESIGN CRITERIA

Aeration tank

Design flow — Average
Number of units - 1 (2 preferred)
Food: Microorganism Ratio(F:M) - 0.05 to 0.30
Conventional — 0.2 to 0.4
Extended Aeration - 0.05 to 0.15

Mixed Liquor Suspended Solids (MLSS)- 1500 to 5000 mg/L
Estimated excess sludge removed - 0.10 to 0.30 kg/kg BOD
Nutrients BOD:N:P - 100:5:1




Activated Sludge Process-Aeration Tank

Effluents and mixed bacteria aerated in tank

v

Bacteria are encouraged to grow by providing
Oxygen, Food(BOD), Nutrients(N,P)

v

v

Desired temperature is maintained

v

Required retention time is provided




AERATION TANK

Oxygen requirement - 1.0 - 2.0 kg/kg BOD

Aerators ~ Mechanical or Diffused

Oxygen transfer rate - Depends on vendor
guarantee

(Safe is to assume 1kg of Oxygen/connected horse power)

Solids Retention Time (SRT)

Conventional - 3 to 15 days
Extended aeration - 20 to 40 days
Return Sludge volume as % of influent - 25 to 100

Wherever treatability data is available use design criteria from such
studies




DETERMINING AERATION TANK VOLUME

V= Q* BOD
MLSS* F/M*1000
Where
\Y = Volume of the aeration tank in m?
Q =  Flow rate in m?/day
BOD = Biological oxygen demand in mg/l
MLSS = Mixed — liquor suspended solids in g/l
F/M = Food to microrganism ratio in d-!




SLUDGE VOLUME INDEX

1000 ml 1000 ml
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The sludge volume index (SVI) is the volume in milliliters occupied by 1 g of a
suspension after 30 min settling.

For routine operation, sludge settleability is determined by use of the sludge
volume index (SVI) = SV 30 min (ml/)* 1000 / MLSS (mg/l)
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SLUDGE VOLU

-SVI typically is used to monitor settling che
suspensions

- Although SVI is not supported theoret
process control

SVI:50-100
Good
Just satisfactory

Poor

- The microbial biomass produced in the aeration tank
that it may be wasted or returned to the aeration tank

- Good settling occurs when the sludge microorganisms are in the endogenous phase, which
occurs when carbon and energy sources are limited




SVI Contis

Filamentous growth

A common proble
filamentous bulking, th
filamentous microo
these bacteria interfere

Filamentous bacteria a
conditions of low dissolved
sulfide levels




Sludge Retention Time (SRT) in Bio-Reactor

SRT= @

(Q-Qw)Xe+ QwXR

Where:

V= Volume, m3

X= Biomass concentration, mg/m3

Q= Inlet Flow rate, m3/sec

Qw= Waste Sludge flow rate, m3/sec

Xe= Concentration of biomass in the effluent, mg/m3

XR=Concentration of biomass in the return line from

clarifier, mg/m3




BIOLOGICAL NUTRIENT REMOVAL

# Biological Nutrient Present : Nitrogen &
Phosphorous

= |mpacts of Nutrient & Necessity for its Removal
- Increases aquatic growth (algae)
- Increases DO depletion
- Causes NH, toxicity
— Causes pH changes
& Reduction / Removal Processes is required

o — Nitrification / Denitrification : Separate or
7. :.T-fz-‘ us




NITRIFICATION

» NH,* = Nitrosomonas > NO,-
» NO,~ > Nitrobacter > NO;-

» Features
- Aerobic process
- Control by SRT (4 + days)
0 ch)ses oxygen > 1 mg of NH,* uses 4.6 mg
2
- Depletes alkalinity > 1 mg NH,™ consumes
/.14 mg alkalinity

»_ ° Low oxygen and temperature = Difficult to
' B, ATS rate




q Nitrogen Removal Technologies

NITROGEN REMOVAL PROCESSES

Biological Physical /Chemical
Suspended Combined Ammonia lon
Growth » Growth Stripping |, .| Exchange
Attached Other Breakpoint Reverse
Growth |« » Proprietary Chlorination [« »  Osmosis
Processes
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Minimum SRT (Days)
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No Nitrification
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DENITRIFICATION

» Using methanol as carbon source:
6 NO;~ + 5 CH;0H 3N, + 5 CO,+ 7 H,O + 6 OH~

» Using an endogenous carbon source ( Ethyl Cyanoacetate):
C.H,NO, + 4.6 NO; ——2.8N,+5CO, + 1.2 H,O + 4.6 OH-

Requirements :
- Recycle flow rich in NO—;
- Fresh feed with Carbon source




DENITRIFICATION WITH SUPPLEMENTAL
CARBON

Methanol or other
carbon source

Primary Nitrate Recycle
Effluent

RAS
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DENITRIFICATION

Denitrification is Controlled by Mixed
Liquor Recirculation

% Denit = R/(R+Q) * 100

— //
_—
‘\
100 200 300 400

Mixed Liquor Recirculation (%)

500



DENITRIFICATION

» Size based on Anoxic SRT

- Typically 1 to 2 days (in some cases upto 4 days)
depending on temperature

» Effective Denitrification
> Sufficient Anoxic Volume (Anoxic SRT)
- Sufficient Carbon
- Sufficient mixed liquor recirculation




PHOSPHORUS REMOVAL

» Biological
A ﬁ
Anaerobic Aerobic Final
e
Zone Zone Clarifier
P Release P Luxury Uptake

>
P Removal




Continued ...

PHOSPHORUS REMOVAL

» Chemical
Primary Aerobic Final
t 4 \ Clarifier Zone 4 Clarifier
Chemical Chemical
Coagulant Coagulant

P Removal




EFFECTIVE PHOSPHORUS REMOVAL

» Size based on SRT
> Typically 7 to 10 days depending on temperature

» Effective Denitrification
> Sufficient Anaerobic Volume (Anaerobic SRT)
> Sufficient influent carbon

- Competition between denitrification and
phosphorous removal bacteria

» Sensitive to influent carbon
» Unstable process




BIOLOGICAL SLUDGE

» ALL Biological Treatment Processes produce
sludge

» Biological Sludge comprises C, N, P and other
trace elements

» Usually contains high proportion of water
> 1 - 3% un-thickened
- ~ 20% after centrifuge of filter belt press
> 30 - 40% after plate and frame press
- >80% after drying

» Sludge can be biologically active
» Can contain bacteria and viruses




Sludge Volume Calculations

» Biological Sludge Production ( Example with 1.4 mld STP)

, SP, = ADF x Y x (BOD,, - BODout) / 1000 = 1400 x 0.7 x (300 -
10) / 1000

» = 284 kg/day

» ADF - Daily Flow, m3/d

» Y - SIudc?e yield, 0.7 kg dry sludge generated per kg of BOD
remove

» 1000 - Conversion, g/kg

» Chemical Sludge Production

» SP- = 0 kg/day




Cont...

Total Sludge Production

v

v

Total Sludge Production SP = SP; + SP.
=284 + 0 = 284 kg/day

v

Sludge Waste Rate

v

Assume 0.85% solid content in sludge layer of SBR
reactor when sludge settles, daily sludge waste rate:

v

Quas = SP / 0.0085 / 1000
— 284 / 0.0085 / 1000 = 33.41 m3/day




Sludge Treatment

Biological Treatment Secondary Treatment

nma ry Treatment

Thickener ¢ Polymer
OPTION 1 —P-'Om—_"' Disposal Quality < Class B

G‘ Gas upgrade and compression
on

i

Dlsmfectlon
Discharge to

water body

©

B oN 2 Thickener Palymer
= Disposal Quality = Class B
Digester Dewatering
- <
e Gas upgrade and compression
n Disposal
Polymer Polymer Quality =
Class A
OPTION 3 Thickene,@

-

Dewatering
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SLUDGE MANAGEMENT

Sludge Management has two components
» Volume Reduction
» Treatment

Volume Reduction

» Gravity Thickening
» Drying

» De-watering

Treatment
Chemical/Aerobic/Anaerobic digestion




DESIGN CRITERIA

Gravity Thickening

Number of units ]

Solids loading 25 to 70 kg/m?/day

(Combined primary & Would thicken 0.5-1.5 % sludge to
4 to 6%

Waste Activated Sludge
Overflow rate 6 to 12 m3/m?/day

Sludge Drying Beds

Drying period 10 days
Sludge layer 30 cm
Total depth of bed I m




DESIGN CRITERIA

Dewatering
» Rotary Drum Filter
Number of units ] (for large plants minimum 2)

Design criteria is normally based on solids loading. Should be obtained from
the vendor.

» Centrifuge
Number of units 1 (for large plants minimum 2)

Design criteria is normally based on solids loading. Should be obtained from
the vendor.

The primary and waste activated sludges could be treated to 16 to 24% solids




DESIGN CRITERIA

» Belt Filter Press

Number of units ] (for large plants minimum 2)
Sludge loading rate 90 to 680 kg/m/hour
Cake solids 18 to 28%

(Primary and waste activated sludge)

» Recessed Plate Filter Press/ Vacuum Filter
Design data to be obtained for the vendor




SLUDGE TREATMENT

» Chemical Stabilization- Lime Treatment

» High Rate Anaerobic Digestion

Number of Units 1 (for large plants 2)

Loading Rate — 1.6 to 4.8 kg Volatile
solids/cum/day

SRT - 20 days

HRT - 30 - 40 days




SLUDGE TREATMENT

» Aerobic Digestion

Number of Units 1 (for large plants minimum 2)
Loading Rate -1.6 to 4.8 kg Volatile
solids/cum/day
SRT - 40 days

Oxygen — 2.3 kg/kg VSS




SBR TECHNOLOGY




Conventional Waste water
Treatment Plant

P,Ff;;”;;?:;f rimary Treatment| |Secondary or Biological Treatment| | Tertiary Treatment
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Secondary
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SBR Technology based
Treatment Plant.

- SBR - Flow Diagram

SBR-CHL




SBR Process & Operation

» A sequencing batch reactor (SBR) is a variation of

4

the activated sludge process.

SBR is a batch process with intermittent
discharge, while conventional activated sludge
process is a continuous process with
uninterrupted feed and discharge

Each reactor, through a time cycle, provides all of
the Iorocesses of activated sludge treatment
(biological reactions and water/solid separation)
In one reactor.

SBR tank carries out the functions of
equalization, aeration and sedimentation in a
time sequence rather than in the conventional

. space sequence of continuous-flow systems.



SEQUENCING BATCH REACTOR

Sequencing batch reactor (SBR) process is a fill-and-draw reactor with
complete mixing during the batch reaction step

SBR is a time-oriented system where each tank is filled for a discrete
period of time and then operated as a batch reactor

SBR operation is consists of five steps viz. Fill, React, Settle, Draw, and
Idle phase

SBR uses multiple steps in the same tank to take the place of multiple
tanks in a conventional treatment system

A typical SBR cycle time consists of about 4 to 6 hours.
Fill & React : 25% + 25% , Settle: 25% ,Draw or Decant: 25%,




SEQUENCING BATCH REACTOR

Process Cycle of SBR:

START AERATION
[ W

END DECANTING

(=1
S




SEQUENCING BATCH REACTOR

Advantages of SBR

o Equalization, primary clarification (in most cases),
biological treatment, and secondary clarification can be
achieved in a single reactor vessel

o Operating flexibility and control

o Minimal footprint

o Very high reduction rate for N & P

o Potential capital cost savings by eliminating clarifiers and
N er equipment

R




SEQUENCING BATCH REACTOR

STEPS FOR SBR SIZING

Input Sewage Flow in cum/day.

« Decide Cycle Time, C in hrs.

« Provide Min 2 nos. of basins.

« Calculate No of Cycles per day.

« Find out Filling Volume per cycle.
« Find out Total Reactor Volume .

« Assume suitable SWD and Find out Area.




SEQUENCING BATCH REACTOR

Oxygen Requirement 1.2-2.0kg/kg BOD
Detention time 12 to 20 hours

Sludge Formation
Quantity 0.7 to 0.8 kg/kg BOD
Strength =0.8 %

SRT Normally 12- 20 days

Sludge Recirculation Pumps
Capacity 50 -200% of feed flow
Operation during fill and aeration (50% of time)

Sludge Wasting Pumps

Tank depth = sludge depth + 0.75 to1M safety + liquid volume of 2 hours of
peak flow ( depend on cycle time)




SBR Sequence

------------------
lllllllll
''''''''''''''''''
------------
--------------
lllllllll
''''''''''''''''''
________________
= .
---------
'''''''''''''''''
''''''''''''''''''
...........................
uuuuuuuuu
-----------------
--------------------------
'''''''''''''''''''
"

--------
'''''''''''''''''
--------
uuuuuuuuu
''''''''''''''''''
'''''''''''''''' bl ]
'''''''''''''''''''''''''
''''''''''''''''''
---------
'''''''''''''' e "

Fill Aerate Settle Decant
The sewage After filling, Air supply is The settled
starts filling the basin is stopped and supernatant

the basin. aerated and the basin is decanted
and aeration is also well contents for treated
mixed settle

Note: All the four steps shown above take place in the same tank one following the other on a time
interval basis but are shown separately in this figure for easy understanding.




SBR Cycle

Normally SBR Design in 4-6 hr cycle

v

v

In 4 Hr cycle:

First 2 Hr for Fill & Aeration
One Hr for Settling

One Hr for decanting

v Vv Vv

0 120 180 240

Train #1
Train #2

0 60 120 240

B T~ .y



Typical SBR Process Parameter

Table 5.57 Typical process parameters for SBR configurations (for unsettled sludge)

Continuous Intermittent
e Parameters Units Flcnamnd P arnd
No. Intermittent Intermittent
Decant Decant
1 F/M ratio d’ 0.05 - 0.08 0.05 - 0.3
2 Sludge Age d 15 - 20 4 - 20
. kg dry solids/
3 Sludge Yield kg BOD 0.75 - 0.85 0.75-1.0
4 MLSS mg/L 3,000 - 4,000 | 3,500 — 5,000
5 Cycle Time h 4 -8 25 -6
6 Settling Time h > 0.5 > 0.5
7 Decant Depth m 1.5 2.5
8 Fill Volume Base - Peak Flow Peak Flow
9Q Process Oxygen
BOD kg Ox/kg BOD 1i:3 1.1
TKN kg Ox/kg TN 4.6 4.6
* For Phosphorous < 1 mg/L, after bio-P removal, metal precipitant (Fe*" or AI*")
shall be added. Sludge yield factor and sludge age not applicable for primary
settled sewage; typical primary TSS removal 60%, BOD 30%.




Design Process for 45 MLD SBR Plant

e s mgnm I_=I'l:r'-..r
- Fanr=1 =T L= i Le N7y =5 MWL
- Peak facthor 225 tirmrveaes avaeracge o
- Faeaoak Floser 9E ML
ITmyfluaeaent Cuaslitdyy o SBR Basin
- B 250 rmagsl
- == S50 gl
- TR 45 revga i
- m 5 gyl
- Fascal coliformm 1O MPRNT OO0 rl
Efflu=nmt Crumliity of SBR Basir
- BBy - 1T rregul
- e = 1O rreapl
- s Y ] == 1 gl
- T == 2 sl
o, of brasimns -1
Each asin are= AT e
Basin foot grrimt 27 .5 MmO T O mm T
Crecammt o lnarmee B3ITF o
Drecanter loadimg SJOOr o AT OO Sl
Howuriy flow rate AETS mSSh
Houiriy flow rate to each bhasim oD3IT ol
Mo, of cycles paer dawibasin B8
- Filling samnd asraticom O rewiErn .
- Setitlirg phase 5 rewirm.
- Decarstimg phasse <5 rreEm.
Tota=l owclbe tirme =
Howrs of sasration tirmeaedday bhasin 1Z
rLS= L0 rrecgl
LSS S0 rrecEfl
[ iy W | [ s
HRT 1E.30 h
SRT T 85 days
Salactar (Armmawia ) Faoarver 1
- rMurmber of selecior S0 rwwien.
COoOrmprartrmeaentsSbhasin
- FRaetenticom tirmes in saelecthor Zorne
Disinfection
- Chiilorrimnese dosese afer SBIR Basin =_5 gl

Sowurce- ITT Roorkes | SAoogoest 20100




48 MLD SBR Decanter




Why SBR 77?7

» Advantages of SBR vs. Conventional Activated Sludge

» Enhanced Treatment Performance

» —High settling performance due to bio-selector and
aerobic/anoxic /anaerobic cyclic sequences

- Suppress filamentous bacteria thus lower potential
for “sludge bulking”

- Enhanced nutrient removal (Denitrification and Bio-P)
without chemicals or separate tanks

- Built-in equalization capacity preventing performance
deterioration during surge conditions




Why SBR Cont..

» Smaller Footprint and Lower Construction Cost

- Equalization, biological treatment and clarification
achieved in one tank

- Return sludge pumping system or with
submersible mixture

- Rectangular tanks with common-wall design

- Simple process, fast construction and installation




Why SBR Cont...

» Flexibility

» —Duration of cycle or sequences can be
adjusted to accommodate variation in

hydraulic flow or biological loac
shorter cycle for peak flow conc

shorter aeration time for lower

ing, e.g.
itions, or
oading.

» —Easy expansion with single rectangular tank

design.

» —Automatic control system provides easy and
flexible adjustment to operational parameters




Why SBR Cont...

<

4

Low O&M Cost

—-Better aeration control, denitrification, lower
power consumption

-Less and simpler equipment thus reduced
maintenance

-Automatic control adapting to changing
conditions, with less operator attention

- Biological N and P removal without need for
chemicals




SBR Major Components

» Inlet Screen etc.

» SBR Reactor tank

» Aeration system - Diffuser
» RAS & WAS Pump

» Decanter

» Blower assembly

» Sludge treatment - Filter Press /Centrifuge
etc.

» Control Panel




SBR Equipment arrangements
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Some of SBR Decanter installations




SBR Process design steps

» Sizing of SBR Reactor

» Air requirement for the sbr process
» For BOD Removal

» For TN removal

» Oxygen credit if any

» Calculation of HRT, SRT, MLSS etc

» Sludge quantity




Sizing of SBR Reactor

Sizing of SBR Reactor (for each basin for 1.4 mld STP as example)

» BOD Load Lgq, = ADF x BODin / 1000 /2 = 1400 x 300 / 1000 /2 = 210 kg
BOD/day/basin

» Food to Microorganism Ratio F/M F/M = 0.12 kgBOD./kgMLSS/day

» Sludge Volume Index SVI SVI = 120 mL/g = 0.12 m3/kg

»  Mass of Microorganism ( Mmlss)

M, = Lgop._ = 210 = 1750 kg
F/M 0.12




Cont..

v

Clear Water Volume at Average Daily Flow

v

v

Vin=QXx (CT) /2 /24
=1400x(4) /2 /24 =117 m3

v

Top Water Level TWL

v

v

SBR tank depth is 5.5 m and design freeboard is 0.5
m.

Top water level TWL = 5.5 - 0.5 = 5.0 m.

>




Cont..

Basin/ Reactor Area

v

v

A = (Vyiss + Vww / (TWL - BZ)
=10+ 117) / (5-0.75) = 76.94 m?

v

» BZ - Buffer Zone, use 0.75 m

» Basin Dimensions

» The proposed dimensions of each SBR basin will
be 10000 mm wide x 7700 mm long x 5500 mm
deep, with total area of 77 m=.




Calculations of HRT, MLSS & SRT

Tank Volume at Top Water Level

v

» Hydraulic Retention Time at TWL

» HRT =2 XV / Q=2 x385/ 1400 = 0.55 day = 13.20 hours
» 2 - Number of SBR basins, Q - Average daily flow

» MLSS at TWL

» MLSS = 1000 X Mg,q / V-, = 1000 x 1750 / 385 = 4545 mg/|

» 1000 - Conversion, g/kg




Cont...

» Sludge Retention Time SRT

» SRT = 2 X Mg
SPb

» = 2 x 1750 = 12.32 days
284

» 2 - Number of SBR tanks




MOVING BED BIOREACTOR
(MBBR)

A moving-bed biofilm reactor (MBBR) has been developed
by a Professor Hallvard @degaard in the late 1980s at the
Norwegian University of Science and Technology .

« Uses cylindrical shaped polyethylene carrier elements for
biological growth

« MBBR does not require any return activated sludge flow or
backwashing

 Excellent for BOD/COD removal and nitrification /
o denitrification in all types of wastewaters




MOVING BED BIOREACTOR
(MBBR)

MBBR system consists of
= Bar sc