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Dead end flow: All
water passes through the
membrane, particles are
trapped within the

Cross flow: Feed water
passes parallel to the
membrane surface,
product water permeates

Transverse flow: Feed
water meets the
membrane surface at
right angles, product

membrane structure. through the membrane,
the concentrated stream
helps carry particles out

of the system.

water permeates through
to the inside of the tube,
concentrate washes over
the outside of the tube

removing particle build-

up.

Vexar spacer
to promote turbulence
Two halves of a
) membrane envelope
Product water 7'l

tube Product water

carrier

v‘// More envelopes

Spiral Wound Configuration

Retentate

Depth Filter

Direction of flow
is reversed in
the next frame

Membrane
g ‘/Droduct water
|~ carmier

Outlet Inlet

seperates
membran

frames (_ ,wv
Product, two membrane sheets

Product collected
are bound together with a product
O It o tharh Plate and Frame  from bottom




Membrane
—— Support material

Permeate tube

Retentate Cross section

Pleated Membrane Cartridge

Membrane Tubes or Hollow Fibers

Product
Feed water flows through the Inside of the tube,
product water permeates through the membrane,
and the retentate exits through the other end

Tubular or Hollow Fiber Module

Membrane

Dissolved
Salts

(A) Sieving

D is very high for water and low
for salt in a good membrane.

(B) Solution Diffusion

Particles and salts

Membrane

4&?

(C)Pore Flow Model.




» Product

Concentrate

Cathode (-)

Cation-Transfer
Membrane

Demineralized

Anion-Transfer
Membrane

Concentrate

Cation-Transfer
Membrane

Anode [+)

Electrodialysis



Cross Flow Membrane Filtration

B acterium

Emulsified Fat/Oil -
(!\‘-Irus

Wﬂer
Protein

A—— Alcohol I'I.I'Ietal Hydroxides

Membrane

Size Exclusion



Fre-chiorination Coaguiant addition Post-chicringtion

|
Surface l ' | Floscuiation ll__ =
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Precipitant addition
ifor dizsolved condamnaniz oniy|

Virua, beciena, lr.ult:im]'
and color removal with
Surface _ mebranes in &

Treated
Water

MF Hollow Fiber Modules







REUSE L]

»SIDE STREAM TREATMENT | olor |

»END STREAM TREATMENT

»TERTIARY TREATMENT

| Solids |
» WASTE EXCHANGE

}RECYCL[NG - Temperature [ -

Inorganic




Wl wollacl b (539

» SUSPENDED SOLIDS
»BIODEGRADABLE ORGANICS

»PATHOGENS

»NUTRIENTS

SEWER SYSTEMS

- SWA (SOUR WATER (AFTER STRIPPING)): STRIPPED SOUR WATER
- OWA (DESALTER WASTEWATER SEWER): DESALTER EFFLUENT FROM CDU1/CDU2
- OSW (OILY WATER SEWER): MISCELLANEOUS OILY WATER, OILY STORM WATER

- WSW (STORM WATER SEWER): CLEAN STORM WATER, TANK DIKE AREA EFFLUENT

[ER SEWER): SANITARY SEWER

settled sewage gw, oMo -V OB glgil

modified conventional gravity sewer oo ol LG -Y
pressure sewer system Lzs cog Mol -V

vacuum sewer system Mz cou oMsls -f

small diameter gravity system S48 ,lsl &5 CYlas -0



Physical Unit Processes

= Flow Measurement « Mixing

« Screening +» Sedimentation
» Comminution « Dissolved Air
+ Grit Removal Floatation

» Gravity Separation =+ Filtration

« Flow Equalization

Chemical Unit Processes

+» Chemical Coagulation
«» Chemical Precipitation

Chemical Oxidation And Advanced Oxidation
+ lon Exchange

+ Chemical Neutralization And Stabilization
G390 Al glewgy Elgp!

+ Aerobic Process
+ Anaerobic Process
+ Lagoon Process

« Trickling Filters
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SEPARATIHOMN Srit for washing and
disposal
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DISCHARGE
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Section
Vortex grit chamber

= controls velocity
= inside the chamber

Grit movement patiern
along outer edge of unit
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Air scour header
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) -1 Des:gn Flow rate

: 2 -Water Tem perature 2% SO

_ 3 Denslty And Slze OfThe 0]| Globules |
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Conventional
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(American petroleum institute) AP[ o
(Corrugated plate Interceptor) CPI e
((Dissolved Air Flotation DAF
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1. Coagulation
2. Flocculation
3 Sedirﬁe_ntation

4. Removal of thé settled material
23l 305 13 )3 sleadaT)s )3 DAF y sglle (sjlw aia) g slaesl «
o Softeni”ng ( Lime , Soda) .
3 Condensate Oil Removal

+ Reduce Color And Turbidity

Activated Sludge Process

) secondary
primary effluent aeration tank effluent
= = =

return
sludg eq

T

clarifier

_/‘l i
: N, air compressor

h recycle h

pump

Aerobic Process
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Sources of Water Pollution from Runoff

- =
sed Organic Nitrogen —

motor wastes and phosphorus \
A oil

Stream Runoff from storm drains',

= e




Wastewater Collection

Biologica!
oxygen [T
demand |




BOD Effects on Water Quality

Sewage

treatment plant I |
. Sufficient oxygen
Clear, clean BOD Dissolved ¢, naaithy, vigorous
4 water OXYgen fife in stream
“Pollution © Lowoxygen T
Acddestit such zone concentrations. Life in
flood put T Pu_ TS — = stream restricted to species
B clive that tolerate high organic
raw sswage decomposition content and low dissolved
into stream zZone oxygen
Conditions retuming
Recovery to those necassary to
zone maintain high-quality

stream environment

Low = High
Dissolved oxygen or BOD

Municipal Sewage Treatment

* Primary treatment
— Removal of solids
— Disinfection
« Secondary treatment
— Removal of much of the BOD
— Disinfection
— Water can be used for irrigation
* Tertiary treatment
— Removal of remaining BOD, N, and P
— Disinfection
— Water is drinkable



| Septic effluent percolates to the water table

Primary Sewage Treatment

Wastewater Treatment: Septic Tanks

Access manhole

Perforated
pipes

(a) Overall plan. Most soluble organic matter is {b) A section of a septic tank
disposed of by percolation into the soil.



Gaotextile fabric

Two-compartment Soil absorption field
Sephc ank i

Reducing Water Pollution through
Sewage Treatment

Primary
treatment

Grit chamber sk

1

| Sanitary sewer

=]
Storm sewer

Seco dary
treatment
tank




ib) SECONDARY TREATMENT [=) DISINFECTION
({blological oxidation) AND RELEASE

undergoes acration;

microorganisms o Effluant is disinfected
oxidize organic Trickling filter l'!'l:::::ﬂlﬂm and
rel N

£) solid matter matter. (see Figure 27.21)

settles oul
Primary

o Chiorinator
/—Emumﬂ 4

Secon
effluent

Activated

sludge system
(e Figarw 37.18)

Sattling tank

Primary sludge Secondary sludge

from settling tank

Anserobic sludge KEY
digester - Physical
(see Figure 27.22) Procosses
. ’ Sludge effluent Sludge is Microbial
G is dried. o removed and e} P

Sludge

disposed of
i lnaril e  oesicendd
g Remaining sludge agricultural P
is di anaercbically, lamd.
producing methane.

=

Drying bed

- o8

Municipal Water Purification
Treatment

Mixing tank Flocculation tank

o Raw water held @ Water is mixed @ As aggregates o Water o Water is stored
in reservoir to with flocculant. of floc settle undergoes before use by
allow particulates out, they carry filtration. consumers.
to settle. colloidal Water is disinfected

particles out by chlorination,
of suspension.

ozone treatment,
or exposure to
UV light.



An Activated Sludge System

Primary sewage
effluent

Aeration tank Settling tank

Excess
secondary
sludge

Activated

sludge
return

Reducing Water Pollution through
Sewage Treatment

Primary Secondary
A A
~

i r Chicring
Bar screen Grit chamber Settling tank Aeration tank Settling tank disanfectian tank

To river, lake,
OF QCEan

Haw sewage
ffrom sewers

Disposed of in
landfill or ocean or

Primary and Secondary
sewage treatment.

i applied to cropland,
Sludga drying bed pasture, or rangeland



Tricking Filter

Rotating
spray arm

Rock bed
i coated with
aerobic
bacteria
and fungi

"

’ Liquid wastes Outflow

=+:+ =+ Rotating spray arm
B ; for incoming sewage

— Rock bed or plastic
honeycomb

Effluent (enters settling tank to
Sewage wastes remove sludge before discharge)



Rotating Domed
Influert Enclosure

A Trickling Filter Di=trikuter

Lir

—
Influent
— %

Trickling Filter

_Treated Water |

|

Clarifier

< ecycle Sludge




Aquatic Plant System

Water Submerged \{ |
Hyacinth Plants

Earth

f\! :' | _*.-' f \

Constructed Wetland Scales




Facultative Oxidation (Waste
Stabilization) Pond

Anaerobic Sludge Digestion

+ CO, +4 H,— CH, + 2 H,0
+ CH,COOH — CH, + CO,

Anaerobic Sludge Digester

Scum removal

. : 1Supernatant
"~ removal

Sludge outlet



Options for Excreta and Greywater Utilization

Urine
substances (yellowwater)

hygienisation by

treatment storage or
drying

St E liquid or dry
utilisation i
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Rehabilitation
Techniques

Repair Renovation Replacement
Techniques Techniques Techniques




Trenchless Methods Open Trench Methods

Robotic Repairs Man-Made Repairs semi-open cut m
Injection in Joints N T Conventional
or Cracks : Trench

Pointing Concrete sheet pile

Milling Robot

] Sheet pile
Root cutting Robot

Pointing In situ repairs

Rerounding

Patch Repair

Trenchless Methods Open Trench Methods

Coating Close-fit S Semi Open Open
ini =i ira il
Linings nings P gs Trench Trench
: virally Shoring and Conventional
Cement Mortar Swaged Liners Wonnd linine Trenchbox Trench

Spray

-
Fiber Folded Liners Sheet Pile

Reinforced
Mortar Spra Contix i i Sheet Pile’

Polymer
Lining




Replacement

Trenchless Methods Open Trench Methods

=N A =
Trench

Replacement Non Steerable Steerable

Pneumatic Impact Moling Guided Auger Shoring and

pipe bursting Pneumatic Boring Trench box

bursting Hydrualic Horizental Sheet pile

Directional Drilling

Static pipe . ] Sheet Pile

Pipe jacking
Mole
ths Auger Borig Ploughing

] Tunneli
Pipe Eafing Micro Tunneling







Ingress of corrosive species
(into porous concrete)

Cracking and spalling of the
concrete cover

\.ﬂ—'a—.f -~

Scaling

Spalling

Swelling:
Expansion Volume:
Delamination:

>
>
>
>
>

Workability

Ease of Pumping
Reduced Bleeding
Reduced Segregation
Higher Strength
Decreased Permeability
Reduced Sulfate Attack

+* Reduced Shrinkage

% Reduced Heat of Hydration

+» Reduced Alkali Silica Reactivity
+* Reduced Efflorescence

** Increased Durability

Wastewater Treatment
Activated sludge

Bulking

Sludge recycling
Wash-out

Trickling filter (Fixed bed)

L ENNINE




B Rotating biological contactors
MBBR

o Non-cloggable biofilm reactor
Does not require any backwashing
Low head-loss
Does not need flow distribution
Quite mixed
Does not need sludge recycling

antages and Disadvanhges_ of Anaey :

less
biological
sludge

O O O O O

low nutrients

less energy

No biological
nitrogen and
phosphorus
removal

Long start-up
period

sensitive to
thermal shock

Potent to
produce odors
and corrosive
gases

susceptible to
any toxic
metabolites



ANAEROBIC DIGESTION PROCESS

i i | -

| Liquefaction |  Acid Production | _ Biogas End

) : . Production Products

i i i e e e

! Liquefying | Acid-Forming, Methane-Forming

i Bacteria i Bacteria i Bacteria —

| ™
| Liquefied l Simple Biogas
! soluble organic organic “'I'-_ (Methane, __:I
i compounds Acids \ €Oy, misc.)
i : i

i i i

| | i

| i |

i | |

i Insoluble ! Effluent

: Compounds :

i H

! (organic, !

! inorganic, !

i water) i

i |

| |

B —

B

Anaerohic Sequencing
Batch Reactor
(ASER)

Anaerobic Contact
Process

Complex-mix
Digestion

Anaerohic Migrating
blanket reactor

Up flow Anaerobic
Sludge Blanket
{UASE)

Up flow Anaerobic Sludge
Blanket-Fixed
Bed Reactor

e

e

Anaerobic treatment processes

s

Expanded/Fluidized
Bed Processes

Anaerobic Baffled
Feactor



Anaerobic Septic Tank

QOutlet

Gravel =1p =

] | Effluent
: ke e s}

-
'.|

Influent

=

!

e

| e e

i e . Aeration | Aeration |

-A.=-11.-' b.i b-'l L.
n?rea;ﬂl-c e Aeration Tank Sedimentation Tar

Sequencing Batch Reactor (SBR)

Influent ]
Lt

D LTI V-

-
—_—t)

| !
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'ADI-BVF® reactor

e Covered Lagoon

- Relatively inexpensive to build

- Adaptable to hydraulic flushing

- Construction and management is simple

O Limitations:

- Limited to warm weather areas since
digestion depends on temperature

- Manure not completely digested, so odor
released when land applied
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High rate anaerobic reactor

Upward-flow Anaerobic Sludge Blanket
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Conventional Process

- B

Gritscreen  Equalization | Activated sludge  Clarifier Sand filter Disinfection

Discharge or reuse

MLSS 3000-4000mg/L, SRT <10 days

MBR Process

-Animal/vegetable
Oils: < 50mg/L

- -Minerl oils: <3mg/L

Fine Screen  Equalization
05~1.0mm

e ——

MLSS 8000-14000 mg/L
SRT 20-100 days

High Quality Effluent:

BOD <10ppm

TSS <2ppm
Turbidity < 0.1NTU
Silt density index <3
(ASTM STD D4189)




Suspensioned solid
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b LA (Solid-Liquid
R 'R (Alternate) Separation)
\ Recycled Activated Sludge Recycle

J Pumps
Q. Waste Activated Sludge

(a) Process Flowsheet
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(b) Section A-A (c) Section A-A
Compressed Air Mechanical Aeration
Aeration
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(d) Section through Final Clarifier
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