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Sludge Treatment
Thickening
Biological sludge stabilisation
Volume reduction
Sludge disposal

Goals of sludge treatment

Volume reduction « Thickening
« Dewatering
Elimination of « If used in agriculture as fertiliser or
pathogenic germs compost
Stabilisation of organic + Gas production
substances » Reduction of dry content

« Improvement of dewatering
» Reduction of odour

Recycling of » Nutrients, fertiliser
substances « Humus
» Biogas
Wastewater treatment

v

Primary, secondary, tertiary sludge

= ]
g - ———— - Thickening Energy
" I
§ Hygienisation +
o I
A Stabilisation > Biogas
[
- Thickening > Agriculture
| [
. Dewatering »  Disposal site
S/
- Drying » Construction industry
| []
Incineration ., Atmosphere <




Sludge Treatment Alternatives
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Raw Sewage

|Influent

- Bar Screen

— Grit Tank

Pri,
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Clarifier
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Chemical E
| I ] a
Final | Aeration |
B Clarifier Tank
— Return
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2
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Tertiary Effluent =z
15
Filters =<|3
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_To Land Application Sludge [ | [, | Aeration
Processing Tank
Recycle ! !
Primary Aeration Final
Clarifier Tank Clarifier

Primary Sludge

Return Act, Sludge

Effluent

Waste Act, S|udge

Blend Tank

Thickened Sludge

Gravity Belt
Thickener

Filtrate

Aerobic
Digester

Filtrate

Belt Filter Press
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Raw Sludge -
- 5
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1 2 5

- Sludge storage, 2 - Grinder, 3 - Transfer pump, 4 - Day tank,

- High pressure feed pump, 6 - Heat exchanger, 7 - Furnace,

- Steam boiler, 9 - Separator, 10 - Eductor, 11 - Reactor, 12 - Reducer,
- Cooler, 14 - Thickener, 15 - Ventilator, 16 - Thickened sludge pump,
- Filter press, 18 - Conveyor.

—_— ek
=] L O n —

a  o0—
Y Sludge Cake
18  for Disposal

Supernatant >
to Plant

Schematic of a thermal conditioning system.

/ Skimmer Chain

Water Level EI : A T s s
Effluent _;_ —Battle  peyatering Beach—— Ly . Float
' Sludge Scraper Chain "‘—_h:j::t T Removal
P
R A
) i, et 4 | ' Pressurized Flow
o L Influent
; p = - Bottom
Cross Section of a rectangular tank
Sludge Hopper
Dissolved air flotation system.
. Baffle
Handrailing Influent Supports Effluent
} p":e / Turntable Weir
[ l,...ax Water Surface | Effluent
- {1'3" Min, \‘Launder
. -
Sludge |1 — o [ : + R @
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Sludge |2 Sludge
P'PE/ : “ Hopper

Hopper
Scrapers



Distribution

Chute
\ Bellt Plo':u Blades

\ { Adjustable Ramp

M=
Polymer ~Hopper
Injection
Rin Y
g Belt
Washbox .
Sludge Feed Thickened Sludgg
Flocculation Filtrate Wash water
Polymer | Tank - -
Sludge/ Polymer Schematic of a thickening system
Mixer
Dry Polymer In
Dry Polymer
Dispenser
—
Water In —={>0x] Eductor Dilution
Water Water
“\ In mow Meter
: <D Water In |
\’E ' LeBipoal] ot
i Calibration
Polymer Column
Mix/Feed To Point of
Tank )-D—FEI:D—D— —M Applil:atiun
YI Polymer Polymer Static
P Feed Pump Flow Meter Mixer
Drain

Typical polymer solution makeup and feed system.

Belt Washing
Drain Pan =

-\- .

Plow Assembly

- |
Flocculation ' - Steering Thickened |
Tank and Sludge —
Tentioning

Schematic cross section of a thickener

Gravity belt thickening.



Feed

Effluent
Discharge

Feed
Effluent

| II: Discharge
IR Rotor Bowl
N
Chamber \\\( \:\\ - Rotor Nozzles
T vy N \ 3
7 N
Sludge / N

)
Concentrating 7,
Sl

.

.

.~

N
Z \ \_‘:_ Sludge

Discharge r\/;% Discharge

'Ret:ycle Flmv-'

(b) Imperforate Basket
(a) Disc Nozzle

Differential
Speed Gear Box Rotating Bowl

Distributor
- Rotating Screw Conical End
Centrate Conveyor/Scroll Thickened
Sludge
Solid Bowl

Schematics of centrifuges for thickening

Drive Rotary Drum Integrated Internal
Sludge
Feed
Rotary Brush
Feed Pipe
Trunnion
Wheels

Filtrate
Filtrate

Collection

Trough Discharge

Rotary drum thickener Chute

Screened,/Thickened
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1 - Sludge feed, 2 - Distributor, 3 - Sludge scraper,

4 - Scraper drive, 5 - Porous media, 6 - Piston, ; ;
7 - Thickened sludge, 8 - Filtrate Capillary thickener.

—— o

1 - Inlet, 2 - Screw conveyor, 3 - Porous media
4 - Heating zone, 5 - Final compression zone, Screw porofilter thickener.

6 - Filter cloth, 7 - Perforated sieve, 8 - Locking
cone, 9 - Thickened sludge discharge, 10 - Drive.

Fixedor _ _ Movable
Feed Head .._\ /— Plates , /~ Head Closing
CTTT 1T R ~Head _ Hydraulic
| i 4 €a . cl
| by a0 =h r 1 osure
77
. / Slurry

/ | I Inlet

L

(a) Schematic side view of a press unit

Filtrate Qutlets

(b) Schematic of fixed-volume press assembly
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(c) Schematic of a variable volume press assembly
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Collection
System
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(b) Typical Section

Conventional sand drying bed.

Asphalt or

Minimum 1.5% l’ Concrete Lining

Slope

‘— Drainage

Cross section of a paved drying bed.

Controlled differential head in vent
by restricting rate of drainage

———— Partition to form vent
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Vent
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. Outlet valve to cnntrol
Wedgewire septum rate of drainage

Cross section of a wedgewire drying bed.
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{b) Operation zones

Vacuum and
" filtrate oulets
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Agitatar
drive

__—Vatdrain

Vacuum filter.
{a) Cross section rotary vacuum filter with caoil spring media

1. Aerobic digestion

2. Autothermal thermophilic aerobic digestion
3. Anaerobic digestion

4. Alkaline stabilization

5. Composting

6. Thermal drying
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Polymer

Flocculation

Sludge well
Feed N Gravity Zone "
Upper Sludge ™
L CL Belt Wash M (\ L
G C — |
7 R |
Filrate ¥ ¢ ¢ % i 3 .
- b
@0 -
\ Wedge Zone i
Lower
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or Disposal ——
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™ o g )
Shear Zone ' Pressure Zone | Schematic of a belt filter press.

1 - Sludge Feed, 2 - Sludge day tank, 3 - Sludge feed pump,
4 - Polymer dilution tank, 5 - Polymer dilution water,

6 - Polymer feed pump, 7 - Flocculation tank, 8 - Belt filter
press, 9 - Air to odor control system, 10 - Cake conveyor,

11 - Cake dumpster, 12 - Air filter, 13 - Air compressor,

14 - Washwater pump, 15 - Filtrate tand, 16 - Filtrate pump.

Schematic of a belt filter press dewatering system.
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Autothermal thermophilic aerobic digestion system.
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Hydrolysis

Schematic of reaction in anaerobic digestion.
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Blosollds
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Y

Low-rate anaerobic digestion.
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Single-stage high-rate anaerobic digestion.
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Two-stage high-rate anaerobic digestion.
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A Completely 1 Completely
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Two-phase anaerobic digestion.
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Acid-Phase Methane-Phase

Digestor Digestor
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Typical liquid lime stabilization process schematic.
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Typical dry lime stabilization process schematic.



PROCESS D

ESIGN

* Sludge characteristics

Contact time and pH

Lime dosage

Alkaline material storage

Lime feeding

Liquid lime mixing

Dry lime mixing

Lime
Storage
Silo

Water

Lime Slurry
Tank

or temperature ——=

Carbon dioxide respiration

Primary Sludge

Grinder
g : Thickenasd WAS

Air Supply

Diffusers

Contact Tanks

Sludge
Storage Tank Mixing
_ System
y
Biosaolids to

Beneficial Use

Schematic of lime stabilization in design example.

Highrate composting

Thermophilic
temperatures

Mesophilic
temperatures

Curing

Stable and
mature compost

Time —»

Phases during composting.



Recycled compost

Amendment
H,0, CO,, NH,
Desxiaal_}ered AL c
LR ixi Composting Screening ; ompost
Miing process (if required) Curing
New bulking — 0, Generalized schematic of composting.
REEnt Recycled bulking agent

-

Screened or -

unscreened T Filter pile
compost 7 L screened
Sludge and — - compost
bulking - .
agent Perforated /~ < A
pipe ¥4 £ Exhaust fan
Drain for —
condensates

Aerated static pile composting.

(a) Concrete trench with ventilation

(b) Asphalt trench with ventilation

(c) Concrete trench with gravel

(d) Concrete trench with perforated pipe
and wood chips

Examples of aeration plenum in static pile composting.



To atmosphere

Amendment Exhaust |  Odor
storage control
L
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" | & Screening | | Curing and | Compost
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agent
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Schematic of in-vessel composting process.

Mixture to be completed

;

Vertical reactors.
Material to be
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Composted r'|1ah=_-rial---I Air manifold
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Compost

IPS
Agitator

Organic Q '
Materials

Aeration
Blowers

Horizontal agitated reactor.

1.Hopper with conveyor for dewatered sludge
2.5ilos for quicklime with processing unit and pneumatic pumping of lime
3.Hopper for bulking agents and recycled compost
4.Conveyor
5.Mixture device
6.Discharge conveyor for mixture to be composted
7.Loader
8.Composting piles
9.Air blowers

10. Air flowmeters

11. Cover over composting piles

Schematic of raw sludge composting.
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Machine for mixing and forming piles.

(a) Conveyor mixer
(b) Auger mixer

(c) Drurm mixer

(d) Paddle mixer
(2) Bucket mixer

g in trenches and mixing systems.

Compostin



b) Single stage

a) Multiple stage

Vertical composting reactors.

(a) With mixers inside drum
() With scrapers inside drum

Rotating biodrum reactors.
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vent ——
Cyclone
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/ =— Induced
draft fan
Scrubber Expansian
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Manual flap valve
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Mixer, ! -
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Schematic of a flash drving system.
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Vapor fan
Remote
manual
dampers

Rotating dryer system.

1 - Cake charge, 2 - Band, 3 - Drum drive, 4 - Spent gases

5 - Discharge chamber, 6 - Dry sludge discharge, 7 - support
rollers, 8 - Drive gear, 9 - Reducer, 10 - Variable speed electric
motor, 11 - Rotating drum, 12 - Rotating rollers, 13 - Charging
chmber, 14 - Furnace, 15 - Furnace gases
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Schematic of a fluidized-bed drying system.

1 - Dewatered sludge hopper, 2 - Cyclone, 3 - Wet scrubber,

4 - Discharge ventilator (exhaust), 5 - Cylindrical dryer, 6 - Dry
sludge discharge hopper, 7 - Furnace, 8 - High pressure
ventilator (air blower).

15
£+ 16
/yggv e
frag
17

il
L v 1

Schematic of opposing jet dryer.

1 - Belt conveyor to feed the sludge, 2 - Receiving chamber, 3 - Double-axle
screw feeders, 4 - Dryer chamber with jet pipes, 5 - Combustion chamber,

6 - Air inflow, 7 - Fuel (gas), 8 - Standpipe, 9 - Return pipe, 10 - Rotating gates,
11 - Airflow separator, 12 - Dry sludge pipe, 13 - Dry sludge feed to final
product hopper, 14 - Water supply, 15 - Ventilator, 16 - Purified gases to
atmosphere, 17 - Water scrubber, 18 - Sludge discharge.
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Flow schematic of horizontal indirect dryer system. &
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Vertical indirect dryer by Pelletech



Flowchart of multiple-hearth incineration.

1 - Belt conveyor, 2 - Sludge charging hopper, 3 - Screw feeder,

4 - Multihearth fumace, 5 - External fumace, 6 - Draft blower,

T - Furnace shaft, 8 - Cooling blower, 9 - Vent, 10 - Recirculation
pip=, 11 - Scrubber, 12 - Blower, 13 - Stack, 14 - Ash tank,

15 - Ash slurry pump, 16 - Pnuematic transport blower,

17 - Gate feeder,18 - Cyclone discharge device, 19 - Ash dischargea
hopper, 20 - Gas regulator unit, 21 - Fuel gas pipe, 22 - Water pipe,
23 - Ash pipe, 24 - Wastewater pipe, 25 - Air pipe.

Flowchart of fluidized-bed incineration.

1 - Belt conveyor, 2 - Sludge charging hopper, 3 - Screw
feeder, 4 - FB fJumace, 5 - Recuperator, 6 - Air blower,

¥ - Wet dust trap, 8 - Blower, 9 - Stack, 10 -Ash tank,

11 - Ash water pump, 12 - Ventilator, 13 - Gate feeder,
14 - Sand hopper, 15 - Gate valve, 16 - Cyclone
discharge device, 17 - Ash discharge hopper, 18 - Gas
burner, 19 - Gas control unit, 20 - Hopper-feeder,

21 - Air duct, 22 - Fuel gas pipe, 23 - Water pipe,

24 - Ash duct, 25 - Wastewater pipe.
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1 - External

Flowchart of rotary kiln incineration

furnace, 2 - Rotating kiln, 3 - Vane fin,

4 - Spiral intake fin, 5 - Final combustion chamber,

& - Screw feeder, 7 - Belt conveyor,8 - Sludge charging
hopper, 9 - Scrubber, 10 - Blower, 11 - Stack, 12 - Ash
tank, 13 - Ash slurry pump,14 - Pneumatic transport

blower, 15 -

Ash discharge hopper, 16 - Cyclone

discharge device, 17 - Air blower, 18 - Air cooler,

19 - Gate feeder, 20 - Draft blower, 21 - Gas control
unit, 22 - Gas pipe, 23 - Water pipe, 24 - Ash pipe,
25 - Wastewater pipe, 2€ - Air pipe.
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lechnical scheme of anaerobic digestion.
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A Schematic Diagram of Zone Settling in the Activated-Sludge Final Clarifier
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[ Section Through an Anaerobic Digester with a Floating Cover ]
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Differential Speed
Gear Box

Schematic Diagram of a Centrifuge Used for Sludge Thickening
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MICROBIOLOGICAL PATHWAY OF ANAEROBIC DIGESTION
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TYPES OF MIXING SYSTEMS FOR ANAEROBIC DIGESTERS |

(C) Impeller & draft tube

s Compressor

e A
W

Gas recycle & gas injection

@ Impeller

‘ Mixing Systems For Egg-Shaped Anaerobic Digesters ‘

{7
£

!

To gas utlization

Altemate biosolids
wasting to storage tank
h

Screw-mpeller sludge
mixing pump with
draft-tube assembly

Raw sludge
infTuent

Heat
exchanger

|
A
Sile

Nozzle for mixing

Solids recireulation
header

Unconfined gas mixing Mechanical draft-tube mixing Pumped recirculation mixing



EGG-SHAPED ANAEROBIC DIGESTER

LOW-RATE ANAEROBIC DIGESTION !
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Oxygen Supply
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Influent Aeration Tank
0 ({Biological Reactor) Final
< Clarifier
’ L— A [Soltd-Liquid
R{ | R(Alternate) Separation]
i Recycled Activated Sludge e
‘ Pumps
Q.. Waste Activated Sludge
{a) Process Flowsheet
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o
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{b) Section A-A {c) Section A-A
Compressed Alr Mechanical Aeration
Acration

{d) Section through Final Clarifier

"5 force’ leak control methodology, aiming at reducing the present
leakage level down to the unavoidable leakage level.

:‘3. The unavoidable (background) lkeakage
PERERE:
level stands at around 300m T He

D The present (year 2001) keakags kvel
stands at around 12000 Hr

uaabeue py
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=
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Present Leakage
Level




Pressure

Management

Economic Level
of Real Losses

Losses

Unavoidable
Annual Real

Pipeline and

Assets

Management:

Current Annual Real Losses

Selection,

Installation,
Maintenance,

Renewal,
Replacement

Calculate Unavoidable Annual Real Losses
(UARL) vsing average system pressure

Use the IWA water balance to
calculate the Current Annual Real Losses
(CARL) with 95% confidence limits

Measure system pressures:
check for the presence of surges,
identify excess pressure above minimum

Calculate the
Infrastrocture Leakage Index
ILI = CARL / UARL

standard of service, and any pressure
below the minimum standard of service

Benchmark the operational performance
in managing Real Losses by comparing
the ILI with international, national and

sub-system data ILI data

Identify opportunities for achieving
economic management of operating
pressures, to reduce frequencies of new
leaks, and flow rates of running leaks

Identify opportunities for achieving
economic infrastructure management
activities: speed and quality of repairs,

economic ALC interventions,
assets, mains and service connections
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Secondary Ctld
100 Coavret: vwith BRC

OMSITE DETENTION STORAGE
(1700 LITES)

L3m
STORAGE FOR REUSE (3,300 LITERS)

200w Reinfireed Conarete Footing

Front View of Ramwater Harvesting cum Detention Storage System.




Cadangan
Dnarbung Perspex

s st o )

View of Rainwater Harvesting cum Detention Storage System from the
front of the house.

Schematic illustration of the field setup of the cross-correlation technique for locating a suspected leak

Hardware components of LeakfinderRT
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Prezsure at Zone Inlet Palnt Pressure at Critical Point
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