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Parameter

pH

Total solids (TS)

Total suspended solids (TSS)
Volatile suspended solids (VSS)
Total dissolved solids (TDS)
Volatile dissolved solids (VDS)
Biochemical oxygen demand (BOD5)
Chemical oxygen demand (COD)
Total nitrogen (as N)

Ammonia

Total phosphorus (as P)
Sulphate

Chlorides

Concentration,

mg/l *
7-7.5

300 -1200
100 - 400
70 -300
250 -850
100 - 300
100 - 400
200 - 1000
15-90

10-50

*...&liioﬂ@

800

600

1100

100

25

* (Sundstrom & Klei, 1979)
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Hydraulic
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1. Coarse Screens
b. (Mechanical)
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1. Coarse Screens
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2. Fine Screens
a. (Bar Screen)
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2. Fine Screens
b. (Static Wedge Wire Screen)
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2. FIne Screens
Cc. (Step Screen)
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2. Fine Screens
d. (Drum Screen)
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Membrane Filtration

Reverse Osmosis (RO)
Nano Filtration (NF)

Ultra Filtration (UF)

Micro Filtration (MF)

Pressure bar

'o.... '....o'.o...o..o...o. ...
30-60 ",
20-40 o,

-... °...‘ .o... o...o. ..
1-10 .,

..o.....o.. ............... ....

<1 o,
'... 0,'. o..

@ Bacteria, Fat

® Proteins

® Lactose

@ Minerals (salts)
e Water
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Membrane
Pore size um

104 - 107
103 - 107
102 - 10!
10-' - 10!
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Hollow fiber membranes
\

ZOO0OM VIEW

Hollow Fiber Membranes
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Types of MF

Pressure Vessel MF

>

Submerged Vacuum MF
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Parameter

Range of values

Comment

Permeate flux
Pressurized
Vacuum
Transmembrane pressure (TMP)
Pressurized
Vacuum
Area of membrane/module
Modules/rack
Module dimensions
Diameter
Length
Filter run duration
Backwash
Duration
Pressure
Flow rate
Time between chemical cleaning

30-170 L/m> - h
25-75 L/m” - h

20~-100 kPa

—7 to —80 kPa
870 m*/module
2-300

100-300 mm
-6 m
30—90 min

1-5 min
35-350 kPa
6 L/min/m’
5-180d

30—180 d common

Design Criteria for MF



‘ ‘ RO pressure ‘

RO membrane
Under no external force Under the external force




RO - Module A

Fiberglass ‘\:\SM‘
Membrane Permeate Membrane
Fabric Carrier Shell

Feed Backing Adhesive

P Concentrate ;.

. Permeate =

Pressure
Vessel

Membrane

Permeate Element
Tube

The Spiral-Wound Membrane



RO- Plant




RO Practice Ala s

1- Process Description: 45Al

Membrane

High Pressure
Module

Pump

Saline Post- Product
Feed Treatment Water
Water -
3 Pre
Treatment
Reject

Water



RO Practice Aa s

2- Arrangement of Membrane Modules: 45Al

* The smallest physical unit of production capacity is the
membrane element.

* The membrane elements are enclosed in pressure vessels

SnapRing Endcap Brine seal Pressure vessel Brine seals

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL L LLLLLLLLLLL L LLLLLLL L L L LLLLLLLL L L L LLLLLLLLLLLLLLLLLLL L LLLLLLLLLLLLLLLLLLLL L L LLLLLLLL L LLLLLLLLLLL L L LLLLL L L N DXL L2222 2

7/[’{',////////////////// II/IIIIII/IIIIIIIIIIIIII/II/I/I/I/IIIIIIIIII/I/II/I/I/I/III/I‘
b,
9,

SEAWATER RO Membrane RO Membrane

FEED ~— &

; PERMEATE
— CONCENTRATE

Anti-telescoping

O-ring connector support



RO Practice

2- Arrangement of Membrane Modules:

* A group of pressure vessels operating in parallel is called a
stage.

* The arrangement of one or more stages is called an array.

* In a multistage process the stages are arranged in series.
The number of pressure vessels decreases in each
succeeding stage to maintain the water velocity in the feed
channel as permeate is extracted.
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FEED
WATER

18T STAGE
VESSELS

2ND STAGE
VESSELS

TOTAL
CONCENTRATE

3RD STAGE
VESSELS

4:2:1 ARRAY
yAN
PERMEATE PERMEATE PERMEATE
15T STAGE 2ND STAGE 3RD STAGE
S CONCENTRATE
— e 15T STAGE
S CONCENTRATE
—— e 2ND STAGE
4§'Jf

TOTAL
PERMEATE




RO Practice s e
dalleall

3- Pretreatment Process: A5
a. pH adjustment

b. Filtration (granular or membrane):

* to remove particulate matter that will clog the feed
channels or accumulate on the membrane surface

* The turbidity of feeding water to RO unit shouldn't exceed
1 NTU

c. Disinfection: to prevent biological fouling

* Chlorine solutions may be used for CA membranes

e ultraviolet irradiation, or chlorination followed by
dechlorination are used for PA membranes




RO Practice

4- Post-treatment Process:

a. Gas stripping (H2S and CO2)
b. pH adjustment

c. Remineralization
d. Post-chlorination
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RO Practice

5- Concentrate Stream (reject):

* The concentrate stream is under high pressure as it leaves
the RO unit.

* Energy recovery systems are often used in reducing the
pressure.

* Disposal methods include discharge to :
- the municipal sewer system,
- ocean discharge,
- deep well injection.

- In warm, dry climates evaporation ponds may be
appropriate
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RO Process Design

1- Membrane Array Design:

According to the required recovery ratio (RR):

* One stage: RR< 50%.
* Two stages: RR =50% - 75%.
* Three stages: RR up to 90%.

;UAJA
dallaall
45NN



O 9 A S 5 &) cliles

Aul JKEY e 0 &5 aall (o paall olae (A g iill LS
TKN = Organic N + Ammonia
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Nitrate feed

; Secondary
o N clanfier

fluent '
Influen :—Nnoxic ni?rli:::):tl?o/n Effluent
[ DN
Return activated slu:jge ‘
Sludge

(a)

Note : Power required for mixing in the anoxic zone = 8 — 13 Kw / 1000 m3 volume
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nitrification
| I N

Return activated sludge

Effluent

Sludge

Note : Power required for mixing in the anoxic zone = 8 — 13 Kw / 1000 m3 volume
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Phosphate precipitation with aluminum:
AB* + H PO} " & AIPO, + nH*

Phosphate precipitation with iron:

Fe3* + H,PO3~" &> FePO, + nH*



Table 6-6

Typical alum dosage
requirements for
various levels of
phosphorus removal®

Figure 6-14

Soluble phosphorus
removal by ferric

chloride addition.
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1.25:1—1.5:] 1.4:1

1.6:1-1.9:1 1.7:)
2.1:1-2.6:1 2.3:1

°Developed in part from U.S. EPA {1976).
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Primary Applicable to most plants; increased Least efficient use of metal; polymer may be
BOD and suspended solids removal; required for flocculation; sludge more difficult
lowest degree of metal leakage; to dewater than primary sludge
lime recovery demonstrated |

Secondary Lowest cost; lower chemical dosage Overdose of metal may cause low pH toxicilr;
than primary; improved stability of with low-alkalinity wastewaters, a pH contro

" activated sludge; polymer not system may be necessary; cannot use lime
- required because o( excessive pH; inert solids added to

activated-sludge mixed liquor, reducing the
percentage of volatile solids

Advanced— Lowest phosphorﬁs effluent; most Highesi capital cost; highest metal leakage
precipitation | efficient metal use; lime recovery | ,, |
| | demonstrated |
Advanced—single- Low cost can be cembined with the Length of filter run may be reduced with
and two-stage removal of residual suspended solids single-stage filiration. Additional expense with

filtration ‘two-stage filtration process

s Adapted from U.S. EPA (1976).
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SRT values range from 2 to 3 d at 20°C and 4 to 5 d at 10°C

Secondary
clarifier
v Effluent

Infiuent ———— Aerobic N
[ RT=0.5-1.5 hr RT=2-3 hr
Return activated sludge i

Sludge
(a) |
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' Table 8-26 ‘
Typical design parameters for commonly used biological phosphorus-removal processes®

“RA'S, % of B Iﬁtéfnai; recycle,

3 : o MOV fy Lon: X influent % of influent
A/O 2-5 - 3000-4000 0.5-1.5 — 1-3 25-100

AZ/O - 525 3000-4000 0.5-1.5 0.5-1 4-8 25-100 100-400
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5. Greenhouse Solar Sludge Drying Beds
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