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COURSE INFORMATION

Environmental Engineering |

MD Ehasan Kabir

No. Course Learning Outcomes

CLO1 |Understand the fundamental concepts and principles of environmental engineering.

CLO2 |ldentify and analyze environmental problems and their potential solutions.

CLO3 |Apply engineering principles and techniques to the design and implementation of environmental control systems.

CLO4 |Evaluate the environmental impact of engineering projects and develop mitigation strategies.

CLO5 |Understand the ethical and professional responsibilities of environmental engineers.

Week Topic Teaching Learning Strategy Assessment Strategy Corresponding
CLOs
01 Introduction to Environmental Lecture, Oral presentation Daily Quiz, Sudden test CLO1
Engineering
02 lowcost water supply Lecture, Oral presentation Daily Quiz, Sudden test CLO2,
CLO3,
CLO4




03

surface water collection

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLO3,
CLO4

04

pumps and pumping machinery

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLOg,
CLO4

05

pumps and pumping equations

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLO3,
CLO4

06

Water Distribution (Pipe network,
Storage reservoir)

Lecture, Oral presentation

Class Test

CLOZ,
CLOg,
CLO4

07

Water conveyance (Corrosive,
Scale forming water)

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLOg,
CLO4

08

Water conveyance (Corrosive,
Scale forming water)

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLO3,
CLO4

09

Well-Design

Lecture, Oral presentation

Class Test

CLOZ,
CLOg,
CLO4

10

Sedimentation

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLOg,
CLO4

11

Adsorption

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLOg,
CLO4

12

Coagulation

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLO3,
CLO4

13

Filtration

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLOg,
CLO4

14

Fluoride Removal

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,




CLO3,
CLO4

15

Gas transfer

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLOg,
CLO4

16

Nitrate Removal

Lecture, Oral presentation

Daily Quiz, Sudden test

CLOZ,
CLO3,
CLO4

17

Reverse Osmosis_Electrodialysis

Lecture, Oral presentation

Class Test

CLOZ,
CLO3,
CLO4
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Environmental Engineering: Definition

“Environmental Engineering is manifest by sound
engineering thought and practice in the solution of problems
of environmental sanitation, notably in the provision of safe,
palatable, and ample public water supplies; the proper
disposal of or recycle of wastewater and solid wastes; the
adequate drainage of urban and rural areas for proper
sanitation; and the control of water, soil and atmospheric
pollution, and the social and environmental impact of these
solutions.

»

Environmental Engineering Division, ASCE.
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CE 331: Provision for Safe Water Supply
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CE 331 Topics

= Water sources and availability
= Water collection systems, well hydraulics

= Water treatment systems (theory,
practice and design)

* Pumps and pumping machinery

= Water distribution systems, pipe
hydraulics

* Maintenance of water supply systems
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CE 331 References

= Water Supply and Sanitation
M. Feroze Ahmed & Md. Mujibur Rahman
(ITN-Bangladesh)

* Water and Environmental Engineering
Md. Habibur Rahman & Abdullah-Al-Muyeed
(ITN-Bangladesh)

= Water Supply Engineering
M. A. Aziz
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Water Sources: Global View

Area YVolume Total water Fresh water
[tem (10% km®) (km) Yo Vo Rates of exchange
Oceans 3631 1 338 000 000 96.5 3000-30000 yrs
Groundwater
Fresh 1348 10 530000 0.76 301 Days to 1000 vt
Saline 1348 12 870000 0.93
Soil moisture 82.0 16 500 0001 2 0,05 2-52 weeks
Polar 1ce 16.0 24023 500 1.7 686 | —16 000 years
Other ice and snow 0.3 340600 0.025 1.0
Lakes
Fresh 1.2 91 (0 0.007 0.26 | ~100 years
Saling 0.8 85400 0.006 | O— 1000 years
Marshes 2.7 11470 0.000 8 0.03
Rivers 145 8 2120 (.0 2 (O 030 days
Biological water 510.0 1 120 00040 | 0.003 7 days
Atmospheric water S10.0 12900 0,001 (.04 B—10 days
Total water 510.0 | 385984610 100.0 2800 vears
Fresh water 148 8 35029210 2.5 100.0

Adapted from UNESCO, 1978

Freshwater amounts to only <3% of the global water.
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Water Sources and Characteristics

Surface water Exposed to atmosphere, receives pollution from

(rivers, ponds domestic, industrial and agricultural sources,

and lakes) Microbial pollution
Quality of water of rivers more variable and less
satisfactory than lakes and ponds

Groundwater Generally free from suspended impurities, microbes
due to long and slow travel thorough soil, rich in
minerals

Rainwater Free from all impurities except those picked up

from the air but can be contaminated from the
collection catchment (roof). Rainwater is aggressive
due to low mineral content.
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Problems in GW Development in Bangladesh

270 I T T I I
Arsenic (ugL™)
B <] 50-75
050 |- : ;:?0 ?85380 . Groundwater is the main source
. (90%) of drinking water supply in
Bangladesh.
25° - .
24°F 1 Arsenic contamination
O First detected in 1993 in Chapai
23° - . Nawabgon;
0 One in every three shallow
22° - - tubewells (STW) producing water in
excess of acceptable limits (46% STW
| = >0.01 mg/L, 27% STW>0.05 mg/L)
Alel e =
S;au;{;geg%’:S‘tgc(l;eosogf)msenic Contaminat on in Bangladesh’
200 1 ] | | I

88° 89° 90° 91° 92° 93
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Problems in GW Development in Bangladesh

Iron Content in Groundwater
[ <1mg/l

£ 1.0-2.0mg/l

1 2.0-5.0mg/l __P6°N

26°N _| ("N \
i Y B > 5 mg/l

25°E : S8 ) __P5°N

S Excess Dissolved Iron

il O\ il 0 67% Area served by STW
: - PN produces water with Iron exceeding
0.02 mg/L (WHO acceptable limit is
0.01 mg/L)

24N | L
— o o TRIPURA
= (INDIA)

23°N P3°N

O Iron content in Deep tube well
water is comparatively lower.

WEST BENGAL
220N | {INDIA)

P2°N

BAY OF BENGAL

21°N

89°E 90°E 91°E 92°E
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Problems in GW Development in Bangladesh

Salinity in coastal areas Salinity front will move upward due

to lower upstream flow in the dry

U Acceptable quality of groundwater is
season and sea level rise.

not available in most parts of the coastal

region
i3 S°E L3 Sk v'e o 1000 pmoh/cm Salinity Front
A | ! I I 26 *N_| 3 ,
i“\ A Salinity in 500
260N 5—- p Micromhosicm 280N v o
(INDIA )
300 ASSAM ! .
{INDIA) 2 e _| i g
Sylhet
25°E | 25N
Rajshahi
24 *N_| 4 !
TRIPURA
Dhak o) a
240N TRIPURA | 24n e g (INDIA g,
(INDIA ) >
o Pl 1 —
N PN 0D
23| 5 600 ks | 23N Khulna Barish ‘
5.000 hitagong WESTBENGAL '
10,00 2N (INDIA) Ghittagong
J 2o
TY A- \
MAR BAY OF BENGAL MYA.
21 *N_| MAR—
B9k S0k 91t 92°E | | | |
21N __ __21N

89 °E 90 ° 9 ‘E 92. “°E
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Problems in GW Development in Bangladesh

270 T I I I I
Manganese (mgL™")
B <0.18 0.5-0.6
® 0.18-0.28 0.6-0.7
26" |- Lo, o = 0.28-0.36 0.7-0.9
= 0.36—-0.44 ® 0.9-1.2 ]
= 044-05 ® 12 (dManganese in groundwater

is very high.

25" - .
UAbout 35% of the drinking

- water samples had manganese
in excess of WHO health-based
Guideline Value of 0.4 ppm;

23" - -
Bangladesh Standard for
manganese in drinking water is

22° - - 0.1 ppm and few samples meet
this requirement

Bay of Bengal
20— 200 kin —— K i
"Groundwater Studies of Arsenic Contamination in Bangladesh’ -
DPHE/BGS/DFID (2000)
20° | | I | 1

88’ 89° 90° 91° 92° 93’
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Problems in GW Development in Bangladesh

Lowering of groundwater
level

100

O Over-exploitation of groundwater for Force Mode Pump

irrigation purposes

O A gradually decreasing suction mode
pumps being used over time in low water
table areas is predicted.

Rock/stony lavers in hill Suction Mode Pump

dareds

Margina

O Drilling of tubewells by conventional 00 199 2000 2005 2010

methods become difficult 5

L Mechanical drilling rigs are required
which increases the cost of installation.
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Surface water sources in Bangladesh

1795,000 Million cubic meter surface water through the
Ganges-Brahmaputra system (~5.52 m deep water over a
land area of 144,000 cubic km)

Average annual rainfall 2.30 m replenishes surface water

sources.
(11,288,222 Ponds with an average area of 0.114 ha per
pond (BBS, 1997) in the dry season.

Before the installation of tubewells, rural water supply
was largely based on protected ponds.
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Transboundary Rivers

Drainage Systen
GBM Basi

Brahmaputra Basin
552,000 sq.km

BHUTAN

{ BANGLADESH
~

\

Drainage basin inside Bangladesh 7% v
Drainage basin outside Bangladesh 93 % Bay oF BENGAL

Introduction to Environmental Engineering



Topics to be covered in this class

1 Tubewell Technology (shallow tubewell, deep set and
intermediate, deep tubewells)

1 Alternate water supply for problem areas

1 Surface water collection and transportation
1 Pumps and pumping machineries

d Water distribution systems

[ Analysis and design of distribution network
d Fire hydrant

] Water meters

] Leak detection and unaccounted for water
] Water safety plan

Introduction to Environmental Engineering



Reference for this lecture

Chapter 16: Water Supply & Sanitation (Ahmed & Rahman)

Introduction to Environmental Engineering
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Tubewell Technology in Bangladesh

Three broad categories

Shallow tubewells Deep-set intermediate Deep tubewells

technology
(Tara handpump tubewell By definition a tubewell

(dMoon handpump tubewell | deeper than 75 m.
(Bangla handpump tubewell
Mark-II handpump
tubewell

Other locally produced,
improvised deep-set pumps

LNo.6 handpump tubewell
LRower pump tubewell
UDisco pump tubewell

Draws water from a shallow
depth (practically upto 7.5
m) and operated under
suction

Water can be extracted from
a depth beyond the suction
limit (often as high as 30 m
from static water level)
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No. 6 Handpump Tubewell

PVC blind pipe

Strainer

Sand trap

LName based on its barrel diameter in inches.
LUMost common and popular technology in
Bangladesh (~ 8 million in use)

UPractical lifting capacity 22-25 ft, average
discharge 30-40 L/min, usable for 15-20 years.

Cast Iron

Piston rod
Head cover

Handle

Plunger

Foot valve
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No. 6 Handpump Tubewell

Handpump: Parts:
Generally made of cast (1) ha.ndpgmp
iron (2) blind pipe
(3) strainer
Handpump (4) sand pipe
Platform
A

e Clope Blind pipe (~38 mm dia):
GI or PVC. GI more
expensive. PVC pipes are
corrosion resistant, easy to
“pvebinsppe] handle, inexpensive

Strainer ~(38 mm dia):

GI, MS, PVC or Stainless steel. Openings are
0.008” (slot no. 8), 0.010” (slot no. 10),

- ( ) ( )

: Strainer 0.012” (SlOt no. 12)
: i\ Sand trap (GI or PVC):
Aoy To accommodate incoming sand, prevents

blockage of strainer

><€
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Rower Pump Tubewell

Surge tank Handle

Partially eliminates the//7 s

"\
N
~,

effect of inertia

/

Y connector

UName based on its operation mode
which is like rowing a boat

Mostly used for irrigation purposes
and occasionally for domestic purposes

LErgonomically comfortable

UPractical lifting capacity 8.5 m, average
discharge 0.8 L /s, usable for 15-20
years.

A )

Cylinder

N
,4 - -
L0 —P - —

TR, Plunger

Foot valveN 2ol

58 mm dia PVC

T

<4— Blind pipe

pipe

< Strainer

<— Sand trap

|
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Disco Handpump Tubewell

L Also known as half-cylinder pump (in
Gazipur)

Piston rod —»

Head cover

(dSame operational principle as No.6
pump except with an extended casing

Mouth and comparatively more force to lift

Barrel ——»

. _ water
ase ﬂ
B f A LCan only be used where water table
it remains 10 m within the ground surface.

This tubewell will become expensive if
the lift head becomes higher.

GI pipe (75 mm dia):
Exteded upto 3 m below ground surface

*— Blind Pipe

Extended piston

Strainer

t¢&— Sand Trap
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Tara Handpump Tubewell

75 mm dia
casing
extended to|
18 m below
GL

\ 4

Pump rod

Cap s=al

Riser main
centralizer

Cylinder ——

Borehole

casing

Rubber seal

38 mm dia
PVC pipe

Handle
Top quide bush

Pumphead

Flange

Rising main

Assembly

Lower well
casing

Straner

Sand trap

End cap

Developed by UNDP-World Bank and
UNICEF

QLifting capacity limited to 15 m,
average discharge 25 L/min

32mm dia hollow PVC pumprod
reduces the manual force required to
operate the pump

Piston of the pump operates below
groundwater level

Tara-II handpump tubewell

Same as Tara tubewell except with a
lower pumping mechanism (piston
assembly set at 30 m) and with a No.6
pump head with lever action handle
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Moon Handpump Tubewell

(dSame as Tara tubewell except with
a No. 6 head assembly and the PVC
pumprod is replaced by a steel rod

UMaximum discharge 36 L /min and
suitable for lifting water upto 25 m.

<+—— Piston assembly

Other variations of the moon and ey i
tara handpump tubewells G

Bangla handpump tubewell (smaller [*—— Foot valve
upper wall casing) E I
Mark Il handpump tubewell (used a F

connecting rod, increased length of A«——  Stainer

RAEN

handle to enhance lever action)

<——  Sand trap
Y<— End cap
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Alternative Water Supply Technologies

1 Shallow Shrouded Tubewell (SST)

1 Very Shallow Shrouded Tubewell (VSST)
1 Pond Sand Filter (PSF)

1 Household filters

O Infiltration Gallery

1 Solar Desalination

(] Rainwater Harvesting
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Saltwater Intrusion in Coastal Areas

— Ground Surface . -
Sea Water Level

water Table
/ 7

/‘/I’ fs sailt

Groundw ater -

Hydrostatic equilibrium requires a freshwater column ~1.025 high as a saltwater
column

Pumping by wells disturbs this equilibrium, an inverted cone of saltwater rises
under the well. (approx. 40 ft rise of saltwater for 1 ft drawdown of freshwater)
Solution: radial wells, recharge wells
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Shallow Shrouded Tubewell (SST)

In coastal areas, freshwater is A Handpump
available in shallow aquifers at
15-20 m depth but installing o =
atiorm
regular tubewells are not _— s
feasible because of the particle o A PR R B S ooa s 0D
. . ay S
size (very fine sand)
Sandy clay
Artificial sand packing | o e 150mm Borehole
(shrouding) is used around the PCppe — o i
Earth filli
screen and prevents entry of S ¢~ Shrouding sand upto
. . 1200mm top of filter or
fine sand into the screen. Vi e i full aquifer thickness
| whichever is greater
3 Nos. centrallizers -

LAnother configuration of this {50/ om0

tubewell which draws water ma Sivoddirsati
from a shallower depth (8 m) is 900-1800mm appropriate size
lon rainer
called a Very Shallow Shrouded S
70
Tubewell (VSST) = vl .
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Pond Sand Filter (PSF)

Handpump for water
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Household Filters

Support
A St Structure

Raw Water

Filter
Medium-1

Filter
Medium-2

Filterad
Water

P N e R Rt Ly Ll e
e e e o S i

-

T-—— Raw Waler

- o m am am oAE A B W B ke omm ww

—_ — = T T Tr TR ot wm

—_— e e = = o v W o v am o o
—— am A b o e — o o e W ™m

L
J-"r.-";
]

“+— Container

Fiter Media

Filtered
Water
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Infiltration Gallery

Tubewell to
Withdraw Water

b = o e e e - - -
b - - - - - - - - - - - - - - - - - —---

Ry EE R KX K K R T LT T LY Infiltration
Gallery

LA buried trench placed in the direction perpendicular to the groundwater flow.

LA river or pond with sandy soils are most suitable locations. Sometimes sand beds
are placed for filtration of water.

UlInstallation of handpump tubewells to collect water from sealed infiltration well
can provide good sanitary protection.
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Dug Wells

Brick/stone masonry,
, cast in-situ or precast
S _concrete rings

LLEATTATIED

Protective seal
A

10 m for private
dug wells

20-30 m for
community dug

wells Walls below water

table may have
perforations

At least 1 m below ‘ Bl s A A bl
the water table

wedge shaped
concrete shoe

(a) Conventional Dug Well (b) Well with Sanitary Protection

W Chlorination for disinfection may be continued during operation.
LDug well water is generally free from Iron and Arsenic.
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Alternate Water Source: Rainwater

Possibilities

Average annual rainfall in Bangladesh is 2400 mm (more than 3000 mm
in coastal and hilly areas)

U Water quality is comparatively good.

UInstallation easy, no energy cost, easy to maintain and operate.

Problems

Devoid of essential minerals (e.g. Calcium and Fluorides), has a flat taste
and may cause nutrition deficiencies

Uneven spatial distribution of rainfall intensity.

Some treatment will be necessary (pollution due to debris, wind-blown
dirt, bird droppings)

High initial cost (may not be affordable for the poorer segment of the
population)
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Reference for this lecture

Chapter 21: Water Supply & Sanitation (Ahmed and Rahman)

Saltwater intrusion: Water Supply Engineering (M.A. Aziz)
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Intake Structure

= Objective:
Selectively withdraw the best quality water while excluding fish,

floating debris, coarse sediment and other objectionable
suspended matter

= Types:
Floating intakes
Exposed or tower intakes
Submerged intakes
Shore and pier intakes

Components: Intake gates, valves, pumps, chemical feeders, flow
meters, offices, machine shops etc.
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Floating Intake

Pump ond
Motor. Can freely float on

Flexibi ‘ variable water levels
Coupling Discharge  Flexible

Pipe Coupling { gleﬁir'.ilcal
witch Gecr

.

St

A Low to moderate cost 5
1 Can be fabricated off-site and assembled onsite
L Damages due to wind and wave action if not properly anchored
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Submerged Intake

. M
5 /—Gmllnn "w}
:
NSANNVANNANNAN -:.4 | “ :t"" 2 ANAN .\w
AN A J AN AN
i - Structure
Discharge
Pipe

1 Simple, easy and relatively inexpensive

[ Intake opening may be raised 1-2 m in lakes with heavy
siltation

L Maintenance difficult, can only draw water from a fixed
elevation near bottom where water quality is usually poor
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Intake Towers

Gate Operators Gate Operotors

(Guias P W v ¥
Typ.
P )_\ - Intake
h Port
Flooded .
Chamber \ ” Kl _ ) Intake Port
: o K . ' Gates -.
1T , ; (TYP-)\ . ;_
. Intake ot 1
g';?;k'“ Ports \ i P . :
4
@ intake Port ] T
//x;/{\\‘:- R \;7/\;71\;7/\/\:;1 - 1_ - ‘- ’3;7.67!\;7/{\;
NS 7 T || ST
ANNUANANT T RANANIAN

Discharge
Pipe

(a)
U Expensive to construct, may be less accessible
U Can withdraw optimum water quality through multiple gates
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Shore Intakes

1 Expensive to construct
compared to submerged and
floating intakes but relatively
inexpensive for existing water
bodies

] May require dredging or
excavation Discharg

1 Accessible for maintenance
 Can withdraw optimum water
quality through multiple gates

Gale
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Pier Intakes

Discharg

1 Used on lakes and rivers Pipe AN Pive
where water depth at l§\§\ s
shoreline is too shallow for a %Q\/ §%
shore intake s\f sridge TIE

O Can withdraw water with ot ans s INE _ / -
optimum quality if pumps are \\;, \ U / / "
installed at different {C’ /’
elevations D \

1 Easy to construct in existing E‘\\Q
water bodies, accessible for “.’:& . %
maintenance <3 - -

| S\ Colurnna
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Considerations for Intake Site Selection

J Water Quality
] Water Depth

0 Stream or current velocities
0 Foundation Stability
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Intake Design Considerations

d _: velocity _ allows fish to

escape, reduces ice problems and reduce entrainment of
suspended matter
0 Intake Port Location:
- multiple intake ports at several elevations are
preferable
- location of ports determined by testing water quality

- keep intake water level
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Screening

] Coarse Screen:
- bar racks with 2=37 clear spacing
- should be installed in the putside
- provision for cleaning
U Fine Screen:
- to remove smaller objects that might damage pumps
- heavy wire mesh having 0.25” square openings
- design velocity 0.4 - 0.8 m/s
- requires frequent cleaning (travelling screens used often)
] Microstrainer:
- to remove plankton and algae
(to improve sedimentation and chlorination performance)
- fine wire mesh
- slime build up

- willhandle sand, silt and abrasive material
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Traveling and Passive Fine Screens

www.power-technology.com S
www.johnsonscreens.com
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Microstrainer

Drum support  Scresnings

wheaels trough Backwash Fabig
SCreenings spray ——
Fermendl /
1 T
™, N
-==I|| -
) __H
) Eftluent
] F
[rilluanl
- [ S
W r If- -
www.staffs.ac.uk
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Sharulia Intake Station, SWTP, Dhaka WASA

Bar screens on the outside
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Sharulia Intake Station, SWTP, Dhaka WASA

River Training Works to protect the banks
beside the intake

Additional screens before pumping
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Sharulia Intake Station, SWTP, Dhaka WASA

Sluice Gates to Control the flow
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Sharulia Intake Station, SWTP, Dhaka WASA

Water is pumped and
discharged to WASA Conveyance
Canal

WASA Conveyance Canal
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Design of Intake and Screens

] Head Loss (m) through intake port (orifice equation):
2
1
29 \Cq

v = velocity, m/s
C,= coefficient of discharge for orifice, 0.6 - 0.9

] Head Loss (m) through screens:

V2 —1,,? 1
Ho=—g %%
g .
v = velocity through the screen opening, m/s
v,= velocity upstream of the screen (0 in most

cases), m/s

CE 331: Environmental Engineering Dr. Tanvir Ahmed



Desigh Example

U Hydraulic data
a. Design flow = 113500 m3/day
b. Minimum reservoir elevation = 70 m (MSL)
c. Maximum reservoir elevation = 90 m (MSL)
d. Normal water surface elevation = 85 m (MSL)
e. Bottom elevation = 60 m (MSL)

 Design Guidelines:

a. Intake will withdraw water from _
b Dry tower design with several gates at _
will be provided _

d A mechanically cleaned _ shall be provided at the

e.
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Desigh Example

U Location and configuration of headworks
In a lake, connected by bridge to the onshore pump station

Gaiw
Berfiim Walt
w Woter Pump Saatian , Puripra
i "
e Scrmam
‘ Raw Woter Fipaline
etern Bridga
—_ = [ e IPlEiien Y Sharslng
e il e, | ——
— 2 R (- i e jr— ||| e m—— m—
—-'_'_:':_--I—._.-'_.' .\_\_‘\-\\\ :.E_ — — S e — — Jl‘_.] — — —
- .H. .—-ﬂii,-: 11k —'—--—-
Pdoie Struchers Y |i S T T I?l-_' :_.'.."'_'":_
L | i — - — — -
g ST | ="
| / 152em Dfg., 135 Long &
| | r
I\\ Waw Waler
i Imakes Catew
' :
Daim _—
Flaw f——
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Reference for this Lecture

Chapter 6: Water Works Engineering (by Qasim and co-authors)
|photocopy of the chapter provided in class]
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When pumps are required

= When the elevation of the source of water supply is such that
the water will not flow into the mains by gravity

» When itis required to increase or boost up pressure in the
mains

= When water has to be lifted from one level to another.
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Pump Classification

Based on type of service | Based on power used Based on mechanical
principles of operation

(1) Deep well pumps (1) Steam pumps (1) Displacement pumps

(2) Low lift pumps (2) Gasoline pumps @entrifugal p@

(3) High lift pumps (3) Di S (31Air lift pumps

(4) Booster pumps ( (4) Electric pumps

: . ~——
(5) Fire service pumps
(6) Stand-by pumps /

/ /

Most commonly used in water works

(no smoke or dust, no noise,
economical operation, economy in
floor space)

Extensively used in modern water works
(relatively cheap, compact and simple
and adaptable to various kinds of power)
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Centrifugal Pump

Volute pum
Uses centrifugal force to impart energy to water o pp

fluid in "\ P -

\ v \, /
R 2
\d e\
\ ”~ Pros=\ \ \
w7, O
I/ LINSA_
[/ N\ >
| / e =
| { | . 4
\ > o ; .
\| AN/ impeller
A\l ' N/
% |
NN o/

©1996 Encyclopaedia Britannica, Inc.

Kinetic energy of water is converted to static head

Can be single-stage, two-stage or multiple
stage pumps

e Y A
Ay A S
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Centrifugal Pump: Merits and Demerits

Merits:

Demerits:

Low initial costs

Simple mechanism, simple operation and repair
Stability of flow

Safe against high pressures

Adaptability to high heads

Small space requirement

Good durability

Limited suction lift

No self-priming arrangements

Speed regulating gears required to adjust speed
Low efficiency over a wide range of H and Q
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Displacement Pumps

_Inlet for priming

vd Delivery valve :
/(closed) Plst?n rod

AN

Connecting rod
7@’///,? «~Piston
. %’ )
3 //////// T
i 7

Hs

T Suction valve (being open)

Closed cylinder
" Suction pipe Piston rod

BT s SOty Head cover

Mechanically induces vacuum in a
chamber to draw water in and eventually

forcing the water out of the chamber Paie

- NTDelivery pipe (a) single-acting reciprocating type

CE 331: Environmental Engineering
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Displacement Pumps

. Delivery pipe Delivery pipe _

’ aéction valve \‘ Suction valve Connecting
I 7

(closed)

(being open) rod (b) dOUble'aCting
reciprocating type
1 Both forward and return
stroke discharges water

| Suction valve

Suction valve
(closed)

(being opened)

(c) Rotary pump
limited use in water works
practice as water containing
grit and suspended matter
can damage the gears

Driving gear
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Deep well turbine and submersible pumps

. 2 -~
/lilecu‘lc Wire
k Motor—p
[ Discharge B I
) s Discharge
et i aa || e

>
|
ll l
“ ‘
I |
=

’ I’ |
- | - -
- -
- -
L -~ 1
F—— lmpeller— [}

( Deep well turbine | Submersible pump

'J;:

— Housing Pipe — >

Motor

UMotor located at UMotor is below the turbine

ground level bowls and submerged at all

UService and times

maintenance of the Entire motor pump assembly

motor convenient  has to be lifted.

UEfficiency high UEfficiency comparatively less
LWater can act as a coolant for
the motor parts

— Bhind Pipe —

il
m—
A —

Strainer —

=

% — Sand Trap - -
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Air Lift Pumps

. .. . | :Q: Compressed.
Operating principle: that the mixture of {3} € gir
air and water has a lower specific gravity £ = Of | |e--Arrpipe
i Y Ground Surface
than that of water alone. =% lo
: X 0% ' :
Effectiveness depends on the percentage 3 E ] d:—--v-_- Loluctor pipe
£
submergence factor IR Normed weter level
Hs 100 : ={OR [
H +H, Co
Y NSO |-
(best efficiency at 70% while 25% required 1| o 1
s) y .
for the pump to operate) S < g; - Wel) corsing
LTI .
Advantages: no submerged mechanical § > © g
. . 4 b
elements, suitable for crooked/dirty holes E’ Of |, <
where mechanical parts can be abraded by sand ~ §
particles 53’

Disadvantages: high H;requirement
necessitates longer wells, low efficiency (20-
45%), difficult flow control

diffuser

1
—
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Head

Head describes hydraulic energy, expressed as the height of a
column of liquid above a datum

For lift suction head,

Static Head (H,,.) = Static Discharge head (Hy) + Static Suction
head (Hy)

1= v
2 = v
/
o o
| 22 4
:2: S|v Discharge
ols o S Reservior
5% 3|*
tld ©
X E ~l
.9. o HE
§§g§
1 il ES '4 \V4 ’;
1 —=
7 A
/| /
777777
Suction
Reservior
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Head

For flooded suction head,
Static Head (H,,,,) = Static Discharge head (Hp) - Static Suction

head (H)

Total Static Head
H_stat

1 = ©
k — ~
Sla . 1 ~ -
523 7 ¢
al R TTTLPL
2|2 = Suction
Slx~ Reservior
7]

Static_Discharge Head, H_D

-

AN NN Ny
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Flow Through Pipes: The Energy Equation

P Vi 2 D Y& —2 —2
1 _ P 2 Vi V
—+0512g+21——+0525+22+h P, oy —+17,+h, &+a2—2+22+hL
g2 o Ny Mg TRy g
H,, H,yr Viscous Pump head
losses

minor losses Major

h (due to entry, , losses (due [a = Kinetic energy correction factor (=1 for
“  exit, bends, to pipe turbulent flows), p/y = pressure head, V?/2g =
expansion friction) velocity head, z = elevation head, Q = flowrate, y
etc) = unit weight of water]
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Determining Head Loss Due to Friction

LV? : .
=f ——  (Darcy-Weisbach equation)
D 2g

Head loss due to friction

Moody’s diagram

0.1 XE T ] !
A+t 1 LR R ]
0.09[\H1- , - Wholly turbulent flow ’
0.08/H\E N i
> 0.05
0.07 -\ = \: ] 0.04
T— J 153 ! §
0.06 \ HA-T 7 = - 40.03
\ G S
A e W w
0.05 A ST e - e 0.02 (V)
:6 \! N 0015 g
N~ >,
NN
S 0.04 \ \-_N N~ — - — < 0.01 :
Q \ O a = 0.008 (@)
c ‘ \\& “h-~ X, :
e -3 it 0.006 S
H =8 ‘ f) n..‘*- S 4 ‘s i °
g s 003 = — = ‘ 0004 D
Sy N N — N, QJ
-IG 0.0250 1 - 5$§:_1 DAl 10002 _E
= s : e 7 - =
| . —T 7% ! 0.001 S
Iy 0.02 v s Nz 2 8 0.0008 -~
RETII A NS TS : 0.0005 )
7 Laminar N —— < i1 Qc
1 tiow NN < —— 0.0004
0.015 -+ N =] L
Smooth 2 \ SNE ~a kb
g B Wan S 0.0001
Transition range §‘ ~~-'~"-~-=-A [ %
s ‘ N T = 0.00005
RESEN
01 T =
% - — -~
0.009 |+ = L —— I
i T N : 0.00001
i i 7
0808 200 4 6 8 2010 4 6 8 | 200 4 6 B 2009 4 6 8 210) 4 68

10° 10* .- 708 ' 10° 107 _/_9 s

Reynold’s number
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Determining Minor Losses

Minor losses can be estimated using coefficients from this table

Table 10.5 LOSS COEFFICIENTS FOR VARIOUS TRANSITIONS AND FITTINGS

Description Sketch Additional Data K
Pipe entrance r/d K,
\ A 1| 0.0 0.50
= d st 0.1 0.12
/71‘ me KeV-)/zg / (*7 >0.2 0.03
Contraction Kq K.
D " D,/D, 06 = 60° 6 = 180°

< ¥ - l f2 0.00 0.08 0.50
h, =K:V5/2g Dy 0 0.20 0.08 0.49
gl 0.40 0.07 0.42
0.60 0.06 0.27

0.80 0.06 0.20
0.90 0.06 0.10

Reference: Table 10.5 of Crowe et al “Engineering Fluid Mechanics” (Ninth Edition)
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Determining Minor Losses

Description Sketch Additional Data K
Expansion K, K,
Dy > ;
¥, D, /D, 6 =20 6= 180
. -:'LA/ Ly 0.00 1.00
hy =K. Vi/2g el 2 0.20 0.30 0.87
‘ 0.40 0.25 0,70
0.60 0.15 041
0.80 0.10 0.15
90 miter bend Without K,= 1.l
Vaneg

Reference: Table 10.5 of
Crowe et al “Engineering
Fluid Mechanics” (Ninth

Edition)

90° smooth bend

Threaded pipe fittings

Globe valve—wide open
Angle valve—wide open
Gate valve—wide open
Gate valve—half open

Return bend

vanes

With vanes

r/d

= o -

K, =

0.35
0.19
0.16
0.21
0.28
0.32

CE 331: Environmental Engineering
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Straight-through flow K 0.4
Side-outlet flow K,=18
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Examples: Pump Head (Total Dynamic Head)

— —2
(—] V
WER) %+a%+ (+h,=A+a,—+12,+h,
y Y29 y 29 l
Discharge 0 00 0 VZ\L
" | Head NE /29 p
Pump hp:h+2—+hL
(B\) = $ l : \
A — — \ Suction Head
== f ' uetton Hed (Discharge + Losses due
Water suction) head friction and
' .
Static Head minor losses
A
: &
Static h,=-h+_—+h
Head, h T 29
v Total head negative

(for flooded suction head)

CE 331: Environmental Engineering
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Power and Efficiency

Power produced by a pump (water power) is given by:
I:)W — me
h,Q

PW = 3960 Py, in horsepower, h,in ft and Q in gpm
PW — me Py, in horsepower, h,in m and @ in m?/s and y in kg/m?
75

Input power (also called Break Power), P, is related by the pump

efficiency, E
E = it x100
P

CE 331: Environmental Engineering Dr. Tanvir Ahmed
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Net Positive Suction Head (NPSH)

NPSH: the absolute pressure of the fluid at the pump centerline
or impeller eye as it enters the pump suction

NPSH required: absolute fluid pressure required by the pump for
smooth, efficient operation (determined experimentally by the
manufacturer)

NPSH available: depends on the head and layout of pump suction

piping:
NPSH_, =H,.+H.-h —H

— \

vp

Absolute pressure on the . Vapor pressure
. Suction head at id
surface of the liquid in the of flui
. the pump
suction well (atm. Pressure) :
suction
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Net Positive Suction Head (NPSH)

NPSH available > NPSH required (recommended)

I[f NPSH available ~ NPSH required, adjustments need to be
made:

(] Raise water surface level in the suction well

1 Lower pump centerline elevation

(1 Reduce head loss by increasing suction piping size
[ Select different model or type of pump
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Cavitation

A phenomenon when absolute pressure of a fluid reaches the
fluid vapor pressure (cavities formed, fluid literally boils with a
distinctive rattling noise, as a result severe pitting of the metallic
surfaces may occur)

Cavitation may be corrected by making the following
adjustments:

1 Increase the diameter of the pump-suction piping
 Decrease the pump speed

[ Increase the static head on suction side

U Decrease the flow rate
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Pump Characteristic Curves

A series of graphs representing the performance of a pump
under various conditions

Shut-off
head 180 | it i 90

(excessive 1g
heat will

develop) 140 , / Pmntof 5 NG
120 ;,,(; maximum ,_,,,,__.. I ] 60
RN :efﬁczencx..f? NG

./

P % Efficiency E %

point

20 (pump will
cavitate)

Feet total head - H
Ty
o)
*

/

w
B.N.P

: : H : : : : : : H .

20 [t :.N..l..?,@.f?..ﬁ,?!‘ﬂ ..... N - 4 10

O 2 4 6 8 10 12 14 16 18 20 22
Capacity in 100 G.P.M
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HEAD FEET

Different types of H-Q curves

Normal Rising H-Q curve

Head-dropping H-Q curve

Steep Rising H-Q curve

HEAD FEET

HEAD FEET

GPM

Head Curve

GPM

GPM

“Normal-rising” and “Steep-rising” H-Q
pumps will perform better in parallel and
will have relatively small capacity change

with pressure changes

CE 331: Environmental Engineering
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Pumps in Combination

Head

H

H H
Q *| 4 Q :i: Q :i g 1 Q

Y L

Single pump Capacity Two pumps in series
Two pumps in parallel

Pumps in parallel: pump discharges are added for respective
heads

Pumps in series: pump heads are added for a particular
capacity
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The System Curve

—2 —2

. : V
Using the Energy equation Py n a1 Ly Z, + h _P +o, — 2 4 Z,+h,

/4 29 /4 29

h =A+BQ°
> |h,

System head curve

Friction losses = hs

Head

Total
static
head

Capacity

CE 331: Environmental Engineering Dr. Tanvir Ahmed



The Operating Point

A pump that has an operating point at or near its peak efficiency
should be selected.

Operating
point

Operating Range
g

Head
Efficiency

Max. static head

Min. static head
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Pumps in Parallel

The added capacity for two pumps in parallel generates more
friction loss and the operating capacity is not doubled.

Two pumps

_________ One pump
--------------- System curve

Head

Capacity
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Pump Selection Considerations

System head capacity curve: should operate smoothly over
variable static-head conditions

Suction Head: NPSH required should be at least 1 m less than
NPSH available.

Efficiency: Should be selected to operate near peak efficiency at
normal operating conditions

Shut-off and run-out: should be selected to operate in the
middle of the head-capacity curve. Operating near the shut-
off and run-out heads can damage the pump

Solids: water supply pumps are typically designed to pass only
very small solids (screens must to be used to remove solids)
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Pump Selection Considerations

Unstable operation: Pumps should be operated at a head that
is lower than the minimum head of the knee (inflection point in
the H-Q curve)

O\ Uistoble O\
rd

N\ |
AT Sy or ..
\</ / Marginal” /"7, Minimum head
of the knee
Knee

Unstable
Zone

Head

| Stable Operotion Zone

Capacity
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Pump Stations

Structures that house pumps, piping, equipment and chemicals.

Flexible
Buterfly ~ Coupling Pump Motor
S b=

\

Common
Header

7 Discharge Tube
— . / ...... O A MK B B P A R e o
Wet Well
- 2 Dry Pif
Wet Well Pum Flexible
Coupling
/—Chack Valve

/[? 2
Butterfly =
Commo
I VOIVf Hea ‘_"f

Wet-pit pumping station Dry-pit pumping station
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Intake Structure and Pumping Station

Access
Bridge O Pump
\ Drive
A 5 AN A SR Y] op eV it B y
f&u%®n1 T Klev. 95, &
! i - aiscgorgo
&o;( Rfkervour oHCr
Qier ve
AN \V _\7 Elev. $0.00 m
: 2 = = v “| Elev. 89.52 m
: : “d— Turbine
A 2 ' Wet / 1 Pump
v ; 'K 1welll || Column
Fine
Kk Screen t
] I
— - \b’dlm* R or\ionr 3 = o
v
ﬂ 7 E' _ZElev. [70.00 of 2 o Turbloes
Nntake AT - |[[=2E| /| Min. Wet Well
Gajes solafign- | Al el
E:/C:;t:se\‘\ﬂ Gaia] =~ 1
(| Screen |[_ ¥ g lt
\‘ = S
R — ol
ber. s0.00 TP — T T [P o Kl | flev. 6000 m
: Intake Suction \— Baffle Wall

Conduit
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Example Problem 1

Design the transmission main and the pumping unit from the following data:
— Water supply rate = 40 gpcd
— Estimated population = 85000
— Ground R.L. at pump house = 102.50 ft
— Treatment plant R.L. = 193.00 ft
— Velocity through the pipes = 8 fps
— Pumping time = 10 hours daily
— Total length of pipe = 3500 ft
— Friction factor = 0.01
— Efficiency of pump = 65%
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Example Problem 2

What power must be supplied by the pump to the flow if
water (v = 10® m?/s) is pumped through the 300 mm steel
pipe (¢ = 0.046 mm) from the lower tank to the upper one
at arate of 0.314 m3/s?

- -
- -
- - - - -

........ — Elevation = 200 m

- 300 mm =300 mm

3 (. ] : &‘/ Y
=
< 100 m -

[Assume: pipe entrance is well rounded i.e. r/D>0.2
K =0.03, K;.,4=0.35, K_,..,=1]

entrance exit
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Example Problem 3

A pump that has the
characteristic curve
shown in the graph
is to be installed as
shown in figure.
What will be the
discharge of water
in the system?

[Assume: pipe
entrance is well

rounded i.e.
r/D>0.2

Kentrance = 003'
K,..q = 0.35,

K. =1]

exit

L =50 ft Elevation = 20 ft e
D=10in
f=0.020

rid =1 L =950 ft

Eae D=10in
Elevation = 15 ft = 0.020

P T

....... : Elevation = 10 ft

Pump curve

VAN [N I (ST [ S 1 A |
1000 2000 3000 4000 5000

Q, gpm
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Reading Materials for this Lecture

Water Supply Engineering (by M. A. Aziz)

Chapter 5: Water and Environmental Engineering (by H. Rahman
and A. A. Muyeed)

Chapter 7: Water Works Engineering (by Qasim and co-authors)
|photocopy of the chapter provided in class]
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Purpose of the Water Distribution System

O To make water available in close proximity to the consumers

O To supply water in adequate quantities according to the
demand of the consumers

O To supply water with adequate pressure

O To regulate water supply as per requirement

CE 331: Environmental Engineering Dr. Tanvir Ahmed



Classification of T&D System

1) Gravity flow system
2) System with Direct Pumping
3) System with pumping and storage

Water source/storage

Gravity-flow
pipeline

Gravity flow system
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Classification of T&D System

Pump

Transmission main

System with Direct Pumping

Water distribution network
Pump |
O g J\Nater Resq er<
p—y R
Transmission main Water reservoir
(alternative location)
System with Pumping

and Storage Water distribution network
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Gravity Flow System

Advantages

1) Requires no energy to operate
2) No pumps, very few moving parts
3) Construction, operation and maintenance simple

Disadvantages

1) Not suitable for flat countries where an elevated water
source is unavailable

2) Water loss by leakage and wastage is comparatively higher
as the system remains under constant pressure
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Direct Pumping System

Advantages

1) Water can be pumped only when required
2) Low water loss due to system leakage

Disadvantages

1) Power failure means breakdown of the system

2) Direct pumping at a uniform rate is not able to meet
varying water demand and maintain required pressure
under varying rates of consumption

3) Maintenance and operation costs are high

4) Inflow of water through leaks cause contamination during
non-pumping hours
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Pumping with Storage System

Advantages

1) System more reliable and can cope with fluctuation of
water demand

2) The pumps can be operated at rated capacity resulting in
higher efficiency and economy in operation

3) Reasonable pressure can be maintained with varying water
demand and there is no possibility of inflow of polluted
water in the system

Disadvantages

1) Relatively higher initial cost
2) Comparatively higher loss due to leakage and wastage
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Distribution Network

1) Branched Distribution Network
2) Looped Distribution Network

Source
O Source
/i 4 —O -0—0
Ncdes e —— o
o—o0—0—0
o—eo
Branched distribution system Looped network distribution system
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Branched Network

Advantages

1) Relatively cheap as length of pipe required is less

2) Easy for hydraulic design and determining discharge and
pressure at any point

3) Can be easily expanded to provide coverage to newly
developed areas

Disadvantages

1) Stagnant water (i.e. at dead-ends) promotes sedimentation
and water contamination

2) Frequent blow-off or flushing is needed to keep the system
clean

3) Repair work in mains and sub-mains cuts off water supply
downstream
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Looped Network

Advantages

1) No stagnation of water, consumption of water at any point
activates flow in the whole network

2) Repair work does not disrupt continuity of water flow

3) Good control over flow of water

Disadvantages

1) High initial cost
2) Alarge number of valves is needed if control of flow in the
system is desired
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Distribution System Design

Recall Hazen Williams Formula for circular pipes:

V =0.55CD%%h%%| (British Units)

V =3.7 xlO_GCDZ'GShB'M‘ (Q in litre/sec, D in mm, h; in m/m)

7

Ih, =1.39x10°Q**D*#|  (when C=130)

Ih, =1.59x10°Q**D*#"|  (when C=120)
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Design Procedure for Branched Network

1) Prepare layout of the pipes using the map of road networks

2) Determine peak flow at different points and thereby
determine the quantity flowing through each section of the
pipe. Peak flow = average daily flow x peak factor

3) Assume pipe sizes of all pipes in the network (to calculate
pipe size the velocity may be assumed to be 1 m/s)

4) Calculate h; (use Hazen Williams Formula) and total head
loss (using total length of the pipe)

5) Determine the terminal pressure head taking into account
the change in elevation of the pipe

6) In case of difference between the computed and
permissible terminal pressure, revise the pipe size
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Desigh Procedure for Looped Network

Requires trial and error solution

Principle:
* The flow entering a junction must be equal to the flow
leaving it

» The algebraic sum of the pressure drop (head loss) around
any closed loop must be zero

Hardy Cross developed a method of successive approximation in
which the circuits are balanced, distribution of flow is determined
and the above two conditions of flow are satisfied.

A flow is assumed for each pipe, a correction to the flow is applied
successively for each pipe loop until the correction is reduced to
an acceptable value
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The correction, A in Hardy Cross Method

If assumed flow is Q, and actual flow is Q, then the correction is Q - Q,
Q=Q,+A
:> Z:k(Qa +A) =0

h, =H/L=1.39x10°Q**D™**¥|  (when C=130)

@ (k is a constant depending on the
length, diameter and roughness of

H =kQ’ the pipe as well as fluid property)

(x = 1.85 according to Hazen Williams formula)
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The correction, A in Hardy Cross Method

Expanding the equation Z k(Qa + A)X =0

A is small compared to Q, the third and all successive terms
of the equation may be neglected

>'kQ, +x> kaQ, " =0
Solving for A:

A=- 2.1, - A=- 2.H
x> kAQ,” x> H/Q,
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The correction, A in Hardy Cross Method

(Hab + Hbc)_(Had + Hdc)

A =—
X[(Hab T Hbc)/Qabc +(Had T Hdc )/Qadc]

Qabc
—>

¢ Qad-: Ga!:n: ¢

Qadc
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Steps in Hardy Cross Method

1)

2)
3)

4)

5)

6)

Assume reasonable rates of flow in each pipe such that the
inflow equals outflow in each junction

In each loop, determine the head loss, H and H/Q for all pipes
Compute the total head loss around each circuit with giving
due consideration to sign

Compute ).H/Q for the same circuit without giving any
consideration to sign

Calculate the correction, A for each loop and apply to each loop.
When the sign of A is negative, decrease the clockwise flow,
increase the counterclockwise flow and vice versa

With adjusted flows, repeat the procedure until desired
accuracy is obtained
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Example Problem

Calculate the flow in each of the pipes in the following looped pipe
network

45 lps — . _ m —> 12 Ips
L 800m - 200 mm dia S
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Water Distribution Network: Saidabad ph-lli
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Storage Reservoir

Constructed in the distribution system to provide storage to
meet the fluctuation of water demand, stabilize pressure and
provide storage for emergency requirements
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How to Design a Storage Reservoir

Steps:

-Cumulative water demand and supply at different hours of a peak day
are plotted

-The algebraic sum of the highest differences in demand and supply is
the capacity of the storage reservoir
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Example Problem

Determine the storage volume of an overhead tank to balance the
treatment plant output of 113500 m3/day with the high service
pumping with the following schedule:

12 Midnight - 6A.M. = 2.83 m3/hr

6 AM. - 10 PM.=5.68 m3/hr

10 P.M. - 12 Midnight = m3/hr
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Example Problem
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Storage Reservoirs in Dhaka City

Overhead Tanks at Mohakhali DOHS and Gulshan-I

DWASA has 43 Overhead tanks, 17 of which are currently operational
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Fire Hydrant

An outlet from a water main provided chiefly for the purpose of forming
a connection with a fire hose

Usually made of cast iron
with bronze surfaces

A gate valve is desirable in
addition to the main valve
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Fire Hydrant

Placement: footpath or street corner near the curb (street
intersections as well as intermediate points). According to the National
Board of Fire Underwriters, a spacing of 200 ft is required for a
community of 25000 to 30000 population requiring a fire flow of 5000
gpm. For small communities requiring only 1000 gpm of fire flow, the
requirement is 300 ft.

Other requirements:

oShould be able to deliver 600 gpm with a loss of not more than 2.5 psi
in the hydrant and a total loss of not more than 5 psi between the street
main and the outlet.

ONot less than 2.5 inch outlets

oLarge suction connection where engine service is necessary

OHydrant should remain closed when barrel is broken off

OStreet connections not less than 6 inch diameter and shall be gated
0Size: at least 4” for two 2.5” nozzles, at least 5” for three 2.5” nozzles,
at least 6” for four 2.5” nozzles
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Non-Revenue Water (NRW)

Non revenue water (NRW) is water that has been produced and
is “lost” before it reaches the customer.

NRW has the following components:
oUnbilled authorized consumption (firefighting, public area
landscaping etc.)

OApparent losses (water theft and metering inaccuracies)
OReal losses (from transmission mains, storage facilities,
distribution mains or service connections)

N

Unaccounted for Water
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NRW Indicators

%NRW as a share of water produced:

-Most common and easy to understand

-not an appropriate indicator to benchmark NRW levels between
utilities or even to monitor changes over time

Losses per connection per day: - recommended by IWA

Percentage, losses per connection or losses per km of

network together:

-Recommended by The International Benchmarking Network for Water
and Sanitation

- Losses per kilometer of network are more appropriate to benchmark
real losses, while losses per connection are more appropriate to
benchmark apparent losses.
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Benefits of NRW Reduction

financial gains from increased water sales or reduced water
production, including possibly the delay of costly capacity
expansion;

eincreased knowledge about the distribution system;
sincreased firefighting capability due to increased pressure;
ereduced property damage;

ereduced risk of contamination

*More stabilized water pressure throughout the system
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Reading Materials for this Lecture

Chapter 20: Water Supply and Sanitation (by F. Ahmed and M.
Rahman)

http://en.wikipedia.org/wiki/Non-revenue_water

CE 331: Environmental Engineering Dr. Tanvir Ahmed



Week-(08)



Flow Through Conduits

Two classes of flow in water supply systems

Open channel flow Pressure flow
Top surface under Water in pipe under >
atmospheric pressure, flow atmospheric pressure, flow
occurs due to gravity over a occurs due to a head
sloping conduit bottom difference
- Canals
- Flumes and aqueducts - Pressure conduits

- Gravity conduits
- Grade tunnels
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Open Channel Flow

Two traditional formula have been used to estimate the velocity, V

Chezy’s equation

~

B - —==  tanf

Side view

FEE T T E _1f R =
| By/(2y+B)

End view

Manning'’s equation

-\/ :% R2/381/2 (SI)
by =149 pascual  (British)
n

C, n = coefficients which depend on
the roughness of the surface
S =slope of the channel
R = hydraulic radius
= wetted area/wetted perimeter
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Open Channel Flow

Table 15.1 TYPICAL VALUES OF ROUGHNESS COEFFICIENT, MANNING'S n

Lined Canals n

Cement plaster 0.011
Untreated gunite 0.016
Wood, planed 0.012
Wood, unplaned 0.013
Concrete, troweled 0.012
Concrete, wood forms, unfinished 0.015
Rubble in cement 0.020
Asphalt, smooth 0.013
Asphalt, rough 0.016
Corrugated metal 0.024

Unlined Canals

Earth, straight and uniform 0.023
Earth, winding and weedy banks 0.035
Cut in rock, straight and uniform 0.030
Cut in rock, jagged and irregular 0.045

Natural Channels

Gravel beds, straight 0.025
Gravel beds plus large boulders 0.040
Earth, straight, with some grass 0.026
Earth, winding, no vegetation 0.030
Earth. winding. weedy banks (.050
Earth, very weedy and overgrown 0.080

Reference: Crowe et al “Engineering Fluid Mechanics” (Ninth Edition)
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Flow in Pressure Pipes

Hazen Williams formula to estimate velocity in pipes

V =1.318 CR*®h*

V — O55CD 0.63hl(_).54

C = A coefficient which depends on the type and condition of the conduit
h, = loss of head in feet per foot length

R = hydraulic radius in feet

D = diameter = 4R

C value Type of conduit

mooth lined steel pipe, very smooth concrete and for smooth
new cast iI"OI’] pip@w~~wmuwwmwmwwwvwwwwwwmwuwwwwwmNmwwwwmwmNuwwwuwwNmwwwwmwmNuwwwuwwNmwwwwmmwuwwwwwwwmwwwwwwwww

130 Ordinary cast iron pipe in good condition

HTCa st iron pipe (5 years old), welded steel pipe

110 Cast iron pipe (10 years), new unlined riveted steel pipe

st iron pipe (15 to 20 years) -

AR

95 Unlined riveted steel pipe in service
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Hazen William’s Nomograph for C=100

047
. 0.63),0.54
. Frao000 o 05 IV = 0.55CD°%h!
oc0o g ot :_ Applicability of this chart:
zl’“ %00 45 R osl " Circular pipes flowing full under pressure
S A 908 09 * The only cause of loss is friction in pipes
! 3 13 . . . if ey -
94000 - =i : » ¢ =100 (a correction is required if it is to
R TS £w {1  beused for other C values)
® *Foocol _aei g_, & -
: 3 §eo; St 3 7
: 5 : IV.QecC
s ey :: 53— Problem: A 10 inch pipe for which C = 130
§ Lok i3 g @ 3 is discharging 825 gpm. What is the loss of
- head per 1000 ft?
2 ) 2
Ei wars : 20 [corrected Q for C =100 is: 825%x(100/130)
20 = 635 gpm.
oo " | A straightedge through diameter 10 inch
azF 20 g 5 and discharge 635 gpm gives hL. = 4.2 ft
6o per 1000 ft]
50

Ql
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Design considerations

Hydraulic Transitions: Different flow regimes (Supercritical/subcritical)
depending on relative velocity and amount of turbulence

Water Quality: natural or anthropogenic pollution in open channel flow

Erosion Control: A maximum permissible velocity is usually set to prevent
erosion

Seepage and Evaporation loss: in arid regions or area with high soil
permeability

Air Control: In pressure pipes, air trapped gets accumulated at the high
points and cause friction loss (air release valves used)

Transiet Pressure Wave: Due to abrupt change in velocity or direction of
flow of water (surge towers, surge control valves used)
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Valves in Conveyance System

Isolation Valves:

- purpose is to isolate segments of pipeline

- Should provide a tight seal and have low head loss when fully open
- Gate valves, butterfly valves, ball and globe valves

Butterfly valve

Closed

Ball valve

Closed
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Valves in Conveyance System

Valves for regulating flow:

- Used to regulate or throttle the rate of flow

- Must have a tight seal when closed, low cavitation potential and a
near-linear relationship between headloss and percent opening

Air-Relief valves:
- purpose is to release the air accumulated at high points in pipelines

Surge control valves

- To prevent the propagation of transient pressure waves due to
change in pumping rate or closure of a valve on a pressure pipeline

- Typically globe valves or special plug valves with elaborate controls
to ensure rapid opening and slow closing
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Desirable Qualities of Pressure Pipes

U Durability of pipe material

U Strength and thickness (resist stress)

1 Smooth inner surface (avoid friction loss)

U No effect on water

U light weight (ease of transportation, handling and laying)
U low initial cost with a maximum service period

U low maintenance cost, joints can be made easily, good
against a corrosive environment

U good hydraulic properties
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Types of Pressure Pipes

Steel pipe

=Riveting or welding large steel
plates.

=Can be made thin because the
material has good flexural
strength

»Coating by painting (external
and internal)

Cast-iron pipe

= widely used for city water
supplies

=Durable, ease of laying, joining
and resistant to corrosion

» cement-mortar lining for good
hydraulic properties
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Types of Pressure Pipes

Concrete pipe

* Good hydraulic properties, leakage
is small if properly laid, alkaline
water may cause deterioration

=Can be precast or cast in situ

" Prestressed pipes requires less steel
and weighs less, but costlier

Asbestos-cement pige

= light weight, can be easily
assembled

= High hydraulic efficiency, resistant
against corrosion, tuberculation and
incrustation

» does not have high strength in
bending
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Types of Pressure Pipes

Vitrified clay pipe

" free from corrosion, smooth = lightweight, easy to handle,
surface (good hydraulic resistant to tuberculation,
properties) incrustation

= Cannot withstand high = Cannot withstand high
pressure, so mostly used as temperatures

gravity pipes.
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Types of Pressure Pipes

Copper pipe
Expensive but may be useful
where corrosion is likely to
occur

Plastic pipe
Corrosion free, lightweight but
not very strong. Cannot be
used in large sizes.

= great serviceability
= for acidic water, there may
be lead poisoning
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Corrosion in Metal Pipes

A process by which metals and their alloys are destroyed by chemical,
electro-chemical means or by the action of physical forces.

e-

Eleclr::p flow

e |
Anode Cathode
2H* + 2e=H, [F
— PN b
Fowaton 2H,(+ 0,)= 2H,0 | | Fe? +2H,0 £ Fe(OH),+ 2H*
Electrolyte /

Promotes corrosion

.'\ Tuberculation

Formation of granular insoluble Fe(OH),
granular deposits inside the pipe.
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Galvanic Corrosion

When two metals are immersed in an
electrolyte, the comparatively more
active metal becomes the anode and
corrodes.

electran flow
=

]
Anode Cathode
Flow of ions [+
Flow of ions (=)
"Iq.._l_._-___._._,..-l
Electrolyte

Rate of electrolysis depends on:
(1) the relative position of the
metals in the galvanic series

(2) relative surface area of the
anodes and cathodes

A

More active

&———Less active

0.2 0 -02

04 <06 -08 -1.0 -12 -14 -16

T
Magnesium L]
M Zinc
[ ] Bervllium
B Aluminium alloys
| Cadmium
| Mild steel & Cast iron
[ Low alloy steel
Il Austenitic cast iron
| Aluminium bronze
|| Naval brass, yellow brass & red brass
| Tin
Copper
50/50 lead tin solder
Admiralty brass, aluminium brass

Silicon bronze

[ Stainless steel - grades 410, 416
Nickel silver
90/10 copper nickel

|
[
|
[ | Manganese bronze
|
[ |
[ |

80/20 copper nickel
[ Stainless steel - grade 430
Lead
70/30 copper nickel
Nickel aluminium bronze
3 Nickel chromium alloy 600
Nickel 200
Silver
[ Stainless steel - grades 302, 304, 321 & 347
Nickel copper alloys - 400, K500
- Stainless steel - grades 316 & 317

Alloy 20 stainless steel
Nickel iron chromium alloy 825

Titanium
[ | Gold, platinum
- Graphite
4MOST NOBLE - CATHODIC LEAST NOBLE - ANODIC »
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Galvanic Corrosion

CORROSION

GALVAMIZED
PIPE

DIELECTRIC
UMNION

-

PLASTIC Corrosionblog.com

COPPER PIPE LINER

May occur in

(1)pipes and fittings of different type of metals

0.2 0 02 04 06 -08 -0 -1.2 -l

-L6

4 MOST NOBLE - CATHODIC

4
Magnesiym ]
M Zinc
| | Beryllium
[ ] Aluminium alloys
-l Cadmium
Mild steel & Cast iron
| | Low alloy steel e
W Austenitic cast iron
Aluminium bronze
Naval brass, vellow brass & red brass
Tin
Copper
SIS0 lead tin solder
Admiralty brass, aluminium brass
Muanganese bronze
Silicon bronze
[ Stainless steel - grades 410, 416
Nickel silver

90/ 10 copper nickel
80/20 copper nickel
[ Stainless steel - grade 430
Lead
T30 copper nickel
Nickel aluminium bronze
[ Nickel chromium alloy 600
Nickel 200
Silver
[ Stainless steel - grades 302, 304, 321 & 347
Nickel copper alloys - 400, K500
= Stainless steel - grades 316 & 317
Alloy 20 stainless steel
Nickel iron chromium alloy 825
Titanium
Gold, platinum
Graphite

LEAST NOBLE - ANODIC »

(2)between the pipe metal and the impurities in the pipe metal

Prevention:
(1)Using insulators

(2)Use protective materials (e.g. paint, bituminous compounds)
(3)Using materials with similar electric poetentials
(4)Using metallic coatings (e.g. Zinc, tin, Nickel, Chromium)
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Pitting Corrosion

An electrochemical redox process occuring within localized holes on the
surface of the metal. This is worse than uniform corrosion.

Pitting corrosion

MNa
MNa T Ja
l o Cl Na

Stainless steel

www. substech.com

Octane.nmt.edu

Starts from a mechanical damage on the protective surface.

Reactions: Fe = Fe ?* + 2e-
) _ _ Presence of Chloride ion and
720, + 2e + H,0 = 2(0H) dissolved oxygen
FeCl, + 2H,0 = Fe(OH), + 2HCl accelerates pitting

More info: http://www.substech.com/dokuwiki/doku.php?id=pitting_corrosion
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Microbial Action (External Corrosion)

Sulphates in the environment

Anaerobic environment Vibrio
Nutrients desulphuricans
Hydrogen Sulphide

2H* + 26'=H2 E ANODE | Fe = F‘e 2t 4 Qe |

Sulphuric % -

Acid Fe ?* to FeS or FeSO,

Acidic (low pH) and low
alkaline environment helps
corrosion.
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Other Factors Affecting Corrosion

TDS and temperature

TDS influences the electrical conductivity. Temperature affects
reaction rates.

Velocity of water
Shear exerted by high velocity water can remove tubercules, expose

new pipe materials and promote corrosion. Also turbulent flow has
an abrasive effect.

Cavitation

Bombardment of surroundings with particles of water and water
vapour accelerate corrosion.
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Water Stability

The tendency of corrosive water to dissolve minerals can be
detrimental to water quality (lead and copper pollution)

Some scale formation is useful in preventing corrosion. But
excessive scaling will render the pipe network unusable (damage
appliances, increase pipe friction, clogging)

g
Bayliss curve

Objective of water
treatment is to
obtain stable water

rd i O Gt n T
e T
W) Fa
2t i LEF.{ -.'{}

Alkalinity (ppm)
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Corrosive and Scale-forming Water

Corrosive Water Scale forming water
eLow pH *High pH

eLow Alkalinity *High Alkalinity

Soft or with primarily eHard or with primarily
noncarbonate hardness | carbonate hardness

1o

Bayliss curve

Objective of water
treatment is to
obtain stable water

[
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e :}:':r == _.'....\:.F-H
. __k =9
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Lln.
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Alkalinity (ppm)
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Methods to Measure Water Stability

Langelier Saturation Index (LI): compares the pH of the water to
the pH of water if it were saturated with Calcium Carbonate

Ll = pH — pH,

pH, = (pK, — pK, )+ pCa®* + pAlk

pK, - pK, = constants based on the ionic strength and TDS of water
pCa?* = negative logarithm of Calcium ion in moles/liter
pAlk = negative logarithm of total alkalinity in equivalents/liter

LI <0 water is corrosive
LI >0 water is scale-forming
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Value of pK, - pK

108, pPK; - pK,

ma/L o*C 10°C 20°C 30°C 40°C  50°C BO*C
2AS 2323 plvil 136 168 151 108

40 2.58 2.36 215 199 1.31 1.65 0]
80 2.62 240 219 203 1.85 1.69 125
120 2.66 244 223 207 [.89 1.73 .29
160 2.68 246 225 209 1.9 1.75 1.31
200 271 249 278 2.12 .94 1.78 .34
240 2.4 152 r 1 .43 1.97 1.81 137
28D 2.76 254 233 217 155 133 135
320 2.78 156 235 219 20 1.85 141
360 279 57 236 2.20 202 .86 142
400 281 259 238 222 204 1.38 1.44
410 1,83 2.61 2.40 224 2.06 1.50 1.46
450 184 182 141 225 .07 151 1.47
510 2.86 264 2.43 127 205 153 149
360 187 205 Id4 28 el (i P51 1.50
€00 2ER 2466 245 2.29 21 1.95 1.51
&40 280 268 2.47 2.3 213 1.97 1.53
62D 29 269 2.48 232 214 198 1.54
720 292 270 249 233 2.15 1.59 1.55
T60 292 270 149 2.33 215 159 155
B0O0 293 271 2.50 234 2.16 .00 1.56
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Methods to Measure Water Stability

Ryznar Index (LI): indicates the severity of corrosivity or scaling

tendency
Rl =2pH, - pH
RI Range Indication
Less than 5.5 | Heavy scale formation
5.5t0 6.2 Some scale will form
6.2 to 6.8 Non-scaling or non-corrosive
6.8 to 8.5 Corrosive water

More than 8.5 | Very corrosive water

CE 331: Environmental Engineering Dr. Tanvir Ahmed



Example Problem

Raw water quality data:
a. Total alkalinity : 80 - 110 mg/L as CaCO,
bicarbonate alkalinity: 80 - 110 mg/L as CaCOsq
b. Hardness: 100 - 120 mg/L as C aCO,
i. Calcium = 38 - 46 mg/L as Ca?*
ii. Magnesium = 1.2 mg/L as Mg?*
c. TDS =200 - 250 mg/L
d.pH=7.5t08.2
e. Temperature =5 - 30 deg. C

Comment on the stability of water.
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Forces Acting on Pipes

Internal Forces due to Static Head

d = diameter of pipe

Hoop stress
p ’ p = water pressure

Longitudinal (tensile) stress

9
o _pd p(rd?14)| ¢ I 522
L 4 >3
< '>_>_<>
3
S, (7d)t
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Forces Acting on Pipes: Water Hammer

|l Valve

Valve is Closed, water is to Rest and
Pressure is equal in all direction.

. Valve
—
— —_— — —> —> — JE——— —
— —_— — —h —P — — — —
/ ——
Phase 2 Valve is open, water is discharging

freely to outlet, pressure is exerted
towards outlet.

Phase 1

I

s s < e < S < < — —
%7t\ Column or water flowing slams against
Phase 3 9 g

valve when it is quickly closed

N
\Rj\? _ \ |/ 4|I/Z
* \I\J\ TN WA=

Shock wave rebounds setting up
Phase 4 water hammer in the branch line
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Preventing Water Hammer

— Air Chamber
Water Discharging

Freely of the Outlet \
g Entrapped Air

B | ——

Water Branch line

Water at rest

(A) / Air Chamber
Valve T . Entrapped Air
_1 it
“J: — 1

TT\

Flow

- = —v—J/ —= — — — —J
Water Branch line

Note: Arrows
Indicate lines of
Force or Pressure
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Forces Acting on Pipes

Forces at bends and changes i 1n cross-section

Can be calculated using i o
- — I —t —

conservation of fi.'

. . . Anchor
momentum in conjuction block

. ., . D =80 =
with Bernoulli’s equation Emar"::m e } > /
(Ref: WRE 201) joint ’ :
/] N{uertlcall

, Elevation view
Plan view d=50cm

Forces due to temperature changes

Longitudinal stress,00 = EaAT
11 |

Modulus of Elasticity Coefficient of thermal expansion

Expansion joints provided to reduce temperature stress
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Forces Acting on Pipes

External forces due to backfill

Force on a horizontal plane above the pipe due to backfill
=Weight of the backfill - shear force between the fill material and trench

Top .Natural Ground

Ll S el N ¥ i i il 7w o . S !-;777@;777*
A B R R 4 P ¢ F

" . A o
. f ] ; Backfil " y 'E.n?k““ W=Load on e i

A a?+ IS ’ Pipe

r H 4l 4

° A 7

A 4- - . -

4 1.8 gV C

4 w| e e : _

1 D\
e W \\

Eow NN

o Ny x\
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Force depends on:
(1) rigidity of the pipe (2) type of fill material (3) character of bedding
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Forces Acting on Pipes

Rigid pipe:

W =C)B’

Flexible pipe:

w=cyBD

w = load (pounds per foot)
Y = specific weight (pound per cu.ft)
¢ = load calculation coefficient

Table 4.1 Values of the coefficient ¢ for Eqe. 4.8 and 49.

! Fill Material Send aru:ll Salurat‘ed Saturated‘m?
gravel ' top soil ! Clay :
S’“"f;:_‘}zu“’fff*’m 100 100 120 | 130
Gover depth e =
| Trench widih™ /B | Values of ¢

1.0 [ 0.81 0.86 0.88 0.90

2.0 b o145 1.50 1.55 1.62

30 1.90 200 210 2.20

40 2 233 2.49 2.65

j 5.0 245 2.60 278 3.0

6.0 | 2.0 2.70 3.04 3.33

7.0 ' 275 2.95 3.23 3.57

8.0 2 80 303 3.37 3.76

9.0 2.88 311 348 302

; 100 | 2.92 317 3.56 4.01

: 12.0 | 207 3.4 168 4.22

14.0 L 3.00 3.28 3.75 4.34

1

v

N
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Forces Acting on Pipes

Embankment conditions: |W = Cp7D2 ‘H

w = load (pound per foot)
y = specific weight (pounds per cu.ft)
¢, = load calculation coefficient

N
v

Table 4.2 Values of the coefficient ©, for Eq. 4.10

Cover depth | Rigid pipe, Flexible pipe
pipe diameter =H/D i?;?fé:ﬁeb:;:kﬁn average conditions
S . .
i 1.0 1.2 1.1
20 2.0 | 26
0 4.0 | 4.0
4.0 6.7 5.4
6.0 11.0 ] 8.2
8.0 16.0 i 11.0
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Forces due to Superimposed Loads

Concentrated loads:

w=c,P(I/L)

C, values Table

D/2HorL/2H M/2Hor L/2H
0.1 0.2 0.4 0.6 0.8 1.0 1.2 1.5 2.0 5.0
0.1 0.019 0.037 0.053 0.089 0.103 0.112 0.117 0.121 0.124 0.128

Impact factor, 0.2 0037 0.072 0.109 0252 0203 0219 0229 0238 0244 0.248
. 04 0067 0.131 0.190 0320 0.373 0405 0.425 0.440 0454 0.460

I =1.50 (highways),
: 0.6 0089 0.174 0252 0428 0.499 0544 0.572 0.596 0.613 0.460
1.75 (Rallways), 0.8 0.103 0202 0292 0499 0.584 0639 0.674 0.703 0725 0.740
1.00 (Airfields) 1.0 0112 0219 0318 0.544 0.639 0701 0.740 0.773 0.800 0.816

1.2 0117 0229 0333 0572 0.674 0.740 0.783 0.820 0.849 0.868
1.5 0121 0.238 0.345 0.596 0.703 0.774 0.820 0.961 0.894 0.916
20 0124 0.244 0355 0613 0.725 0.800 0.849 0.896 0.930 0.956

CE 331: Environmental Engineering Dr. Tanvir Ahmed



Forces due to Superimposed Loads

UnifOrm Lo . o
per ad p |
MeN 5q, ft. Acting 0: 'i’gugfga
~— . Distributed loads:
w=c, plD

C, values Table

D/2HorL/2H M/2Hor L/2H
00 02 04 06 08 10 12 15 20 50
0.1 0019 0.037 0.053 0089 0.103 0.112 0.117 0.121 0.124 0.128
lmpact factor, 0.2 0037 0.072 0.109 0252 0203 0219 0229 0238 0244 0.248
I=150 (hi ghW ays), 0.4 0067 0.131 0.190 0320 0.373 0405 0.425 0.440 0454 0.460
0.6 0089 0.174 0252 0428 0.499 0544 0.572 0.596 0613 0.460
1.75 (Railways), 0.8 0.103 0202 0292 0499 0.584 0639 0.674 0.703 0725 0.740
1.00 (Airfields) 1.0 0112 0219 0318 0544 0.639 0.701 0.740 0.773 0.800 0.816
12 0117 0229 0333 0572 0.674 0.740 0.783 0.820 0.849 0.868
1.5 0121 0238 0345 0596 0.703 0774 0.820 0.961 0.894 0.916
20 0124 0244 0355 0613 0.725 0.800 0.849 0.896 0.930 0.956
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Problems

Problem 1: What is the probable maximum load on a pipe laid in a
trench that is 3.5 ft wide if the depth of the fill above the top of the pipe

is 9 ft and the filling material is wet sand? (unit weight of sand = 120
Ib/cu. Ft)

Problem 2: A 3 ft diameter steel pipe is buried on a trench 4 ft wide.
The backfill is clay (y = 120 Ib/cu ft) and the top of the pipe is 6 ft

below the surface of the fill. Calculate the total load on the pipe. Take
the value of c as 1.2.

CE 331: Environmental Engineering Dr. Tanvir Ahmed



Pipe Laying Operation

) Preparation of detailed plans of roads and streets
] Locating the proposed alignment on the ground
1 Excavating trenches

] Preparation of the bottom of the trench excavated
] Lowering of pipes into the trench

1 Laying of pipes

[ Jointing pipes

1 Anchoring of pipes

) Back filling the trench with excavated material

[ Pipe testing

CE 331: Environmental Engineering Dr. Tanvir Ahmed



Common Problems in Conveyance Systems

High head loss in conduits requiring excessive pumping
heads:

- partially closed valve

- air accumulation at high points

- excessive growth of slime, scale formation in pipe interior

Excessive loss of water
- leakage
- unauthorized connections

Corrosion in pipes
- aggressive water

CE 331: Environmental Engineering Dr. Tanvir Ahmed



O&M of Conveyance Systems

Maintain record of pumping head vs. flow: this will provide an
indication of pipeline deterioration

Regular inspection:
- illegal or unauthorized connections
- right of way encroachments
- construction activity near pipelines
- slime growth in pipes
- leaks
- damaged structures

Check operation of air-release and vacuum valves
Inspect pipe interiors:

- slime accumulation
- deterioration of lining materials

CE 331: Environmental Engineering Dr. Tanvir Ahmed



Reading Materials for this Lecture

Water Supply Engineering (by M. A. Aziz)

Chapter 9: Water and Environmental Engineering (by H. Rahman
and A. A. Muyeed)

Chapter 7: Water Works Engineering (by Qasim and co-authors)
|photocopy of the chapter provided in class]|
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access tube for water level reading
Sl g =T \ - pump motor housin

conductor casing

water table ——

{blank) casing

gravelly sand pemi Bowl
clay loam gravel pack
cand [, well screen
sump
clay bottom plate

Figure 1. Components of a well.
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Figure 5.12  Natural develc:-phmentremoves most particles near the well screen that are smaller
than the slot openings, thereby increasing porosity and hydraulic conductivity in a zone surrounding

the screen.







Fump

Mud pit

- L {connected to borehole)
..... 7

Ty

pir =i B 24 i ==~ - Rotating drill rod

Dirifl rods « «
- Drilling mud _
. (flowing down by gravity)
B Tl T S
: t " * =+ " _—Borehole wadl

illing mud, with drill ings
Ng up oy pumgng

Figure 2. Principles of reverse rotary drilling. (adapted from Driscoll, 1996. Johnson
Screens/A Wetherford Company is publisher and copyright holder.)






Penn State Extension

Setting Up the Drill Rig




Penn State Extension

Drilling to Set Casing

WELL DEVELOPMENT

After the well screen, well casing, and gravel pack have been installed, the
well is developed to clean the borehole and casing of drilling fluid and to
properly settle the gravel pack around the well screen. The three most
common methods used are overpumping, surging, and jetting. A typical
method for well development is to surge or jet water or air in and out of the
well screen openings. This procedure may take several days or perhaps
longer, depending on the size and depth of the well. A properly developed
gravel pack keeps fine sediments out of the well and provides a clean and
unrestricted flow path for ground water.



WELL AND WELLHEAD PROTECTION

Filter Pack and Related Structures

Borehole
BE——

~Casing— —

qum—_
— N &
Sand 80k |\

e s on T V'\Fl Iter (Gravel) :
¢/ Sand & 4 ! Pack
Bk et ~Well Scre en:

T
e

} A ey G )

—
—

The construction of the final well seal is intended to provide protection from
leakage and to keep runoff from entering the wellhead (Figure 3). Minimum
standards for surface seals have been set by the California.



1. Given Sieve Analysis Data:

Sieve Number Material Retained (gm)
30 0.6
40 7.8
50 27.7
100 37.3
200 15.4
Pan 11.2

Total=100gm




Solution:

Draw particle size distribution curve.

Calculate D10=0.07 mm, D60=0.34 mm, U=4.86

Hence, design gravel pack well

Draw the 2" curve and from that curve,

Calculate D10=0.54 mm, D60=1.05 mm, U=1.95,

So, from this curve, calculate Slot size=0.54 mm = 0.021 inch,
Hence Slot No. is 21

Assume minimum opening area=15% for 100mm=4inch diameter well
strainer

Yield= (11 x 4/12 x 0.15 x0.1 x 3600 x 7.48) / 2.5 = 169 US gallon/hr/ft of
strainer.

Gravel packs material:

Sieve Number Sieve Size (mm) | Cumulative % retained

4 4.76 --

8 2.36 0-38

12 1.68 0-14

16 1.20 20 — 36

20 0.84 54 -70

30 0.60 76 — 92

40 0.42 92 - 100




Fluoride Removal

Removal by lon Exchange using Activated Alumina
Factors affecting removal by Activated Alumina

Other removal techniques (Lime Softening and Alum Coagulation)

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Removal by Activated Alumina

J Activated Alumina is a granular, highly porous material (consisting
of Al,O;) and Fluoride is removed as a result of ion exchange

d Activated Alumina can be regenerated with NaOH

d Optimum removal of Fluoride is pH-dependent

20 100 Optimum pH
range:5-8
E 16— 80
5
ol [ ]
E 121 60 S
9 £
| g
m
s 8l 40 %
E
1] cﬂé
)
3 4 o DDW _
4 aDil. 1:3 sgw | %Y
oDil. 1:3 SW
0 2 4 6 8 10 12
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Removal by Activated Alumina

J Steps taken to elute the Fluoride from Activated Alumina
(a) Backwash (10 — 15 min)
(b) Regeneration (1 —1.5 hr, 0.25 - 3 gpm/ft3, 0.5 — 2% NaOH)
(c) Neutralization (using pH adjusted raw water)

12 ‘1| —r—Tr—1T - rrerrririr-r—t
1 —a(: 5
Treatment bed 1.3 ft® ALCOA F-1 28-48 mesh.
10 |- Raw water F~ =5 mg/t, pH 8.0. _
Usable water 14,000 gal. with avg. F~ concentration of 0.8 mg/%.
9
r‘l ‘sz —14
811 \X —] E
| >
1 \x Pl E
7 P= l \x ,\ = 3 c
i \X 2 Treated water, pH ,/ K]
- ey —— @
5 6 | Raw water pH X X Ko Yo X1 @&
IR ‘
| A ,8
4 ! o’ i
’/
0]
3 /, =11
L
2 el
B \{b Treated water F - content .-~ 0 ¥
11 PN~ =0r0x4=0-0-—r2""7 |
1

L. | l ! | 0
0

2 3 4 5 6 7 8 9 1 1M1 12 13 14 15

o

Water flow through treatment bed
(thousands of gallons)
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Other removal techniques: Lime Softening

By forming an insoluble precipitate and by coprecipitation with Mg(OH),

Ca(OH), + 2HF - CaF,{ + 2H,0

To estimate the magnesium required, Culp et al. developed this equation:

Fresidual — mltlal (O O7letlal X \/

Problems:
 Low solubility of CaF, (10 mg/L at pH 10)

 Large amounts of Magnesium required (100 mg/L to reduce Fluoride
from 5 to 1.5 mg/L)

 Large amounts of sludge produced

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Other removal techniques: Alum Coagulation

By adsorption on to Al(OH)3 particles, which is formed from the reaction
between alum and alkalinity of water:

Alz(SO4)3‘ 14H20 + SCQ,(HCO,)Z —_ _
 2AI(OH), + 3CaSO, + 14H,0 + 6CO,

Problems:

 Large amounts of Alum required (250 mg/L to reduce Fluoride from 3.6
to 1.4 mg/L)

 Large amounts of sludge produced

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed
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Adsorption

Adsorption process/kinetics
Mechanisms of Adsorption
Factors affecting adsorption process
Adsorption Isotherms

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



What is adsorption?

The physical and/or chemical process in which a substance is accumulated
at the interface between the phases which may be solid-liquid, liquid-
liquid, gas-liquid or gas-solid.

Adsorbate: the substance being removed from the liquid phase

Adsorbent: the solid phase onto which the accumulation takes place.
Activated carbon is used exclusively in full scale water treatment.

gas molecules

Activated carbon

J—

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Kinetics of adsorption

Diffusion into the pores and adsorption Path
- Hore
- diffusion ,#"""‘" adsgrfbate

molecule

/

|
/ ’
% Sur[afze }
|
A

.,

Transport across
boundary layer to
the surface

Bulk-solution

Bulk transport
from boundary
layer to adsorbent
surroundings

L

Adsorbent phase Liguid phaseT Bulk solution
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Mechanisms of adsorption

Adsorbate has less free energy on the surface of adsorbent than in solution.

Physical adsorption: dipole-dipole interaction, hydrogen bonding, Van der

Waal’s force, Hydrophobic bonding (non-polar adsorbate)

\ J
|

Typical for water treatment (e.g.
adsorption of fatty acids on carbon)

Chemisorption: Electrostatic chemical bonding between adsorbate and
adsorbent

ROH(aq) + SOH = SOR + H,0 (aq)

R is metal ion adorbate and S is metal oxide adsorbent

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Mechanisms of adsorption

Adsorption of Electrolytes: Adsorption of ionic species to surfaces by
electrostatic attraction.

Highly dependent on pH and ionic strength.

pH governs the stability of acids and
bases in polar water

= Covalent or electrostatic chemical

bonding Increasing
= Dispersion interactions (Van der Waals bond
force) and hydrogen bonding energy

" Dipole-dipole interaction

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Factors affecting adsorption process

(a) Agitation (b) Characteristics of the Adsorbent (c) Solubility of the
Adsorbate (d) Size of Adsorbate Molecules (e) pH (f) Temperature

— % Macropore
e
e P N, A S
41— -
Micropore Butyric avid
R TC TV THRTH
hY
~. . Area available 1o 3 _
both adsorbaies )
and wolvent \J
H oo o
o= Acolic acid
oo
Aroa available only o E
to solvent and smaller PE
adsarbaie x
2 2 ) ) -]
Fornmic acid
Arez
avaitable
only to 1
solvent —
o l
1 2

Concentration, il

Dr. Tanvir Ahmed
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Factors affecting adsorption process

(a) Agitation :
Surface diffusion will be rate-limiting when little agitation occurs
Pore diffusion will be rate-limiting in a highly agitated system

Pore

' dI“USIDH —
.

% /:__ Surface
. : - diffusion

adsarbate
molecule

.

S —
!

Jz;’ i Buik-solution
0, 2
\\x g
i
l
e
) Adsorbent phase qumdphaseT Bulk solution
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Factors affecting adsorption process

(b) Characteristics of the Adsorbent:

Particle size { , rate of adsorption
(PAC has faster adsorption rate than GAC) %

Macropore

Micropore

(c) Solubility of Adsorbate:
Typically, Solubility,,
adsorption capacity T

~
>~ Area available to
both adsorbates
and solvent

Area available only
to solvent and smaller

adsorbate

(d) Size of Adsorbate:
Size of particles 1,
adsorption capacity T

Area
avallable
only 1o
solvent

(e) Temperature:
Temperature,
adsorption rate Tt

Dr. Tanvir Ahmed
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Factors affecting adsorption process

o

75 7

(f) pH:
pH affects dissociation of
electrolytes (non

electrolytes not affected)

50 —

25 —

TTHMFP —pg /L

pH 5.0
pH6.1
pH7.0

pH 8.7

THM precursor adsorption

=
[

T . — T

- -
Q-
b

EFFLUENT TOG (UV), mg/L
r o (%] (-] -] oa w
|
»0
¢
[}
3
1 " n 1 _1 L Hl

ﬂi Fresh Feed
Solution Calclum
1 Withdrawn
2 Fresh Feed
Solution
1}
1Y I S N W (NG TG ENNON ENN /.o TN N SN S JUNUE N N S ——
0 10 20 30 40 50 &0 70 B0 90 100 110 120 130 140 150 160 170 180 180
TIME, days

Run time -- h

(g) Effect of foreign ions:
(e.g. Effect of CaCl, on
fulvic acid adsorption)

CE6301: Theory of Water Treatment
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Physical Properties of Activated Carbon

PAC : (filterability and bulk density)

J

Product water contamination Removal capacity of the adsorbate

GAC: (hardness and particle size)

/ \

Losses by attrition in filter Affects bulk transport (availability of
runs and backwashing macropores) and headloss across the beds

Other properties affecting adsorption for activated carbon:

1 Specific surface area (GAC has an upper limit of 1500 m?/g)
[ Pore size distribution

J Chemical nature of the surface

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



The Adsorption isotherm

Specifies the equilibrium surface concentration of adsorbate as a function
of bulk concentration of adsorbate in solution

Different types of isotherms

(a) Langmuir isotherm (adsorbed layer one molecule thick)

(b) Freundlich isotherm (Heterogeneous adsorbent surface with
different adsorption sites)

(c) Brunauer, Emmett and Teller (BET) isotherm (molecules can be
adsorbed more than one layer thick)

Adsorption tests are carried out at constant temperature to construct
adsorption isotherms.

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Langmuir Isotherm

q bC

0 1+bC

g = the number of moles of adsorbate/adsorbent mass
Q = maximum number of moles adsorbed / adsorbent mass when surface sites are

saturated

C = equilibrium molar concentration of adsorbate in solution

b = empirical constant

06—

0.4

Q.. g g carbon

o 2, 6-Dimethyipheno]
® 3, 4-0imethy!phenol
a 2, 3-Oimethylphenol

10 20 30
C, mgil
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Langmuir Isotherm

1/6Q

1/q

| Clc

1/Q

1/C C
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BET Isotherm (multi-layer adsorption)

q BC

Q (C—-Coll+ B -1)(C/Cs)

C, = Saturation concentration in the liquid
B =a constant related to the energy of the interaction between the

sorbent and sorbate

C/[(Cs-C)al

1/BQ

(B-1/BQ

C - @-(Y)
]I:>CI(C5—C)=BQ+ B0

-------------------------------------

C/Cs

CE6301: Theory of Water Treatment
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BET Isotherm (multi-layer adsorption)

q_ BC L 1, B-0(%)
Q (C—Co1+(B—1)(C/CS)] q(Cs—C) BQ BQ

C, = Saturation concentration in the liquid
B =a constant related to the energy of the interaction between the
sorbent and sorbate

3.0

| 1 |

3
Q (B-1¥/BQ
)
i =
| CF1BQ
0 0.2 0.4 oo 0.6 08 M C/Cs
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Freundlich isotherm

Assumption: frequency of sites associated with a free energy of adsorption
decreases exponentially with increasing free energy.

qg=kCc'm ||:> logg = logk + (1/n)logC

13__ T T T I T L S
6 .
o
.2 —
o
o 1/n W g =
&an B 3 o
] o ]
— 6 -
4 (f-:}{cl.-fn -
LOQK | _ o= 1G4 5 mp

n = 3.20
o). i
e R Lol b1
LOEC 11 _ 0.1 1 10

T Comgil

FIGURE ©-17. Freundlich isotherm for benzidine adsorption.
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Problem

An engineer performed the following adsorption experiment of benzidine on

granular carbon.

Carbon dose, M (mg/L) Initial conc. Ci (mg/L)

3.72
8.42
24.5
39.8
1.08
2.12
4.05
10.85
11.9
21.1

9.81
9.81
9.81
9.81
1.17
1.17
1.17
1.17
1.17
1.17

8.63
7.52
3.55
1.41
0.98
0.84
0.66
0.17
0.11
0.03

Final conc., Cf (mg/L)

Plot the adsorption isotherm for this experiment. Estimate the parameters of the
Langmuir isotherm. Using log-log paper, replot the data and estimate the

parameters of the Freundlich isotherm.

CE6301: Theory of Water Treatment
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Coagulation

Stability of colloidal particles
Destabilization of colloidal particles
Factors affecting Coagulation
Coagulation of color
Mixing and Flocculation
Flocculator design considerations

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



What is coagulation?

Colloidal impurities are responsible for color and turbidity

Diameter, mm

10" 10° 10% 107 10 10 10* 10° 107

—_ ! ) +— - 4 ] l i _1
14 ' - [ 1 Tmm

- 1 um | ! | }
Molecudes | I | |
Colloids N || J f
e.g., Clays Suspended particles | :
FeOOH = T T — |
Sio, Bacteria | P | J
CaCO, ] ] | | :
l Algae | | I
PARTICLES Virus - — | |

- |
|-

1 1 !

Colloidal particles do not settle by gravity and pass through filters.

Colloidal particles can only be removed by promoting aggregation (and
subsequent increase in size) by adding chemical agents.

Coagulation

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Stability of colloidal particles

Mechanism: electrostatic repulsion between charged particles

Electrical charge can be acquired in several ways:

1. Imperfections in the crystal structure: Isomorphous sustitution (ex:
clay materials causing turbidity)

HO O O 0] OH “HO 0 0 0 OHj
\Si/\Si/\Si/\Si/ — \Si/\AI/\Si/\Si/
S NN Y N WYY YN

(a) Charge acguisition through isomorphic replacement of Al for
Si. (after Fair, Geyer, and Okun, 1968.)

2. Adsorption of ions onto particle surface: Colloidal particles in
aqueous media usually adsorb anions (ex: Gas bubbles oil droplets)
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Stability of colloidal particles

3. lon dissolution: Unequal dissolution of oppositely charged ions of
which the colloids are composed

4. lonization of surface functional groups: (ex: proteins by ionization
of carboxyl or amino groups)
lonization is pH dependent

COOH — COO — C00
H?
R R R
NH, L NHy NH,
Low pH Iso-electric point High pH
(pH 4-6.5)

(b} Effect of pH on the ionization of a protein particle.

Hydrophobic colloids: electrical repulsion forces (clay particles)

Hydrophilic colloids: particle solvation (color-producing particles)
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Stern’s model of electrical double layer

r : 9] :
- _f},; i Stern layer . “""““] Stern layer
-1 4 _ Yo # 4+ |
~ | Diffuse la : :
%1: + o+ 4 t __—(Gouy layer) = _':: | Positi
®.= - + 7= _ = H nsmpnnf
S2 - | + & T stern ions
28 | +- 5 -
ET’ + T 2 Plane of shear
@ - | + pp-~+-
= - - l — — ]i
- + | +
{ | e RR——
i Plane of shear Distance from

particle surface

(a) Distribution of charges in the vicinity

istributi f potential in the
of a colloidal particle (b) Distribution of potential i

electrical double-layer

Z, = zeta potential

g = charge on the particle _ o

0 = thickness of the zonc of influence of the charge on the particle
D = dielectric constant of the liquid.
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Destabilization of colloidal particles

ol N

1. Double-layer compression:

Electrolytes added

l

Increased charge density
in diffuse layer

l

Less volume of charge
required to neutralize surface
charge

lon concentration, n

Reduction of surface potential by double layer compression
By adsorption and charge neutralization

Destabilization of colloids by enmeshment in a precipitate
Destabilization by Adsorption and charge neutralization

Distance from surface

CE6301: Theory of Water Treatment
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Destabilization of colloidal particles

1. Double-layer compression:

Double layer
repulsion

B
RN

Intermediate
electrolyte
concentration

Potential

1
I
I
I
I
ll Resultant
I
|
I
I
I
I

Van der Waals
attraction

—————

High electrolyte
concentration

Coagulation concentration for counter-ions with charge numbers 1, 2 and
should be in the ratio of 1/1°:1/26:1/3% or 1000:16:1.3

Dr. Tanvir Ahmed
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Destabilization of colloidal particles

2. Adsorption and charge neutralization:

Neg?t:“e'YtﬁhT’gZd Difference with double-layer
parucie wi ciou . .
of counter-ions compression:
+ n - (a) Stoichiometric relationship
+ ‘ with the concentration of
Al colloids
ﬁ
+  Add strongly i (b) Charge reversal possible with
+ + adsorbing _ overdose
+ species Neutralized )
oil?opposite particle with (c) Sorbable species capable of
+ +  charge no double- destabilizing colloids at lower
layer dosages

3. Enmeshment in a precipitate:

Sufficient amount of coagulants (Al,(SO,), FeCl;, MgCO, and Ca(OH),) can
generate rapid precipitates (Al(OH);, Fe(OH);, Mg(OH), and CaCO;) and
colloids may become enmeshed in these. (Also called Sweep floc
coagulation)
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Destabilization of colloidal particles

H
1 4 Double-layer
N compression

Restabilization

Coagulation by occurs due 10 H
o il CoHuNH; | [*— overdose of - <:I Adsorption

100

| R T
(a)
5
A|J< cl -
0 A 1 — o e

(b)

3
S CyaHam NH3
T
'g 0 .
2 400 - ' |
= Ic) Sweep floc
€ Al(OH), g, .
‘f Coagulation by Restabilization | Precipitation Adsorptlon and
50 hydr_olvnd ANITI) - -—— pCCcurs due 10 / ] <:
species stresses sweep floc
0 o = Sl s
100
(d)
50 - ~—— Hydralyzed polyacrylamide - <:| Adsorption with
polymers
0 | ' ]
10 10 ¢ 104 102

Dosage of coaguiant (moles/itter)
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Destabilization of colloidal particles

4. Adsorption and interparticle bridging:

Some molecules having large molecular size are useful coagulating agents
(starch, cellulose, polysaccharide gums, proteineous materials, synthetic
polymeric compounds)

Reaction 1
Initial adsorption a1 the optimum polymer dosage

NboL O — %

Polymer Particte particle

Reaction 2 :
Floc formation

Flocculation
e ——————

(perkinetic o
Destabilized particle orthokineuc) Fioc partiche

Reaction 3¢
Secondary adsorption of polymer

e
HNo contact with vacant sites
on ancther parthiche

Destabilized particle Restabilizeg particle
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Destabilization of colloidal particles

4. Adsorption and interparticle bridging:

Reaction 4 :
Initial adsorption excess
polymer dosage
AL - O —
Stable particle
Excess polymers Farticle ino vacant sites)
Reaction 5 :
Rupture of floc \SQ
L ———
Inense o
prolanged Floe
Floc particle sgitation fragments
Reaction & :
Secondary adsorption of polymer
——— @
Resiabilized floc
Floc fragment fragment
~r
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Coagulant dosage and colloid concentration

Colloid conc. = 5, > §,

Uiz, //////// Y

/ Coagulation
/: region
o iz':mm . //”,7 Colloid conc. = 5, > 5,
| 3y Zone2 = / //
_g i 2 Zoney 2 3 4
. ; =
s € : . (/L = Co!loy(conc =S, >S5, |\
3: | . ol . g é'
<§ ﬁ | c 1 Zone 3
A
' G i Zone 1 gafﬁoid conc. = S
_bentonite | | 7
! addltmn '1 1| Zone
S, S2 S, S .
Colloid concentration S _ Coaguiant dosage C
Adsorption and
charge neutralization Charge reversal

1 Inverse relationship between C and S for sweep floc coagulation
d Stoichiometric relationship associated with adsorption and charge
neutralization
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Schematic summary of colloidal destabilization

Reqd. dose for

‘ Degree o Electrophoretic
. Typz‘if 9 Conceptual picture of destabilization [mobility ( Ug) @5t imum and colloidal
estabilization
the action “a and dose and dose surface conc.
1 -
Double-layer N @ @ 00 a : :M
compression nNa" + c) ® 3 U 0 Independent
0 07 ° +DD
Dose (mol/1) e
Adsorption o . 1r B ::i
and charge ek U o Direct
2. InAl" 7 4m(OH) +  ° e
neutralizatior (OH) o O *g o + Proportionality
Dﬂsa (mol/1) Doge
1 L/ (LA
Adsorption ° _ 0 -
and in’ ar- N f\ﬂv\ by 0 5 —3= o g Direct
pEFtlFLE o o 0 '_5 + Proporticnality
bridging }0 Dose
Dose (mol/1)
Enmeshment L '\
in precipitatd Inverse
(sweep flocu- +3n{ﬂH) °, n—r-' a Relationship
o

lation)

Al(DH

0 13-3
Dose (mol/1)

Dose

* 4y Region where o approaches optimum
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pH controls the solubility of Al-hydrocomplexes

K\\\\&\\\\\\\\\ “\ \\“\\\Wm
N\ N\
N e 7 TART 71

1 TX Sewen \W e

Luouioic v
Afy3 04 (OH)4 L ag3*

-12 ] | | 1 1 ] i
4 8 12,0 4 8 12
pH pH

increasing pH
e e .

At (SO4)a~14.3H,0 -mg/L

log [CONC] (mol/L)

Al(H,0)3* == [AI{H,0)z0H] 2 ——— [Al{H,0)3(0H),] ,, === [AHKH O)I{OHD‘}

\/X

Als (OH}‘* NO(O H) {5} -ﬂ— Alz 0 3Ms)

(Other polynuclear species) . {Crystaliine phases)

{b) Hydrolysis scheme for aluminum (I1I)
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pH controls the solubility of Fe-hydrocomplexes

rd o i
o om Fe (OH(s)
<
8 al- \ i
6 ]
B -
Fe*? ‘Feom"?
: I t-!, tIa "< |}a tlz
Z 4
FelOR)] Fe(OH, pH
Increasing pH
w
Fe(H,0)g* == [Femzmsoul 2 IFe{HQO)AOH}z ~— [Fe(H,0),{0H),1 ) === Fe(H,0),(OH),
Fe,(OH)3*
(Other polynuciear species)

,

(a) Hydrolysis scheme for iron (ILI)

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Alkanlinity requirement for coagulation

Aquometal ions are acidic in nature and liberate H*

Al(H,003* + H,0 == AI(H,0),(OH)?* + H,0*

Natural alkalinity will react with the hydrogen ions liberated from the
addition of alum

Mz(SO*,);' 14H20 + 3CQ(HC03)2 e .
2Al(OH); + 3CaSO, + 14H,0 + 6CO,

If natural alkilinity is not enough, it may be necessary to add
alkalinity to buffer the pH

AlL,(SO,),+14H,0 + 3Ca(OH), —> 2AI1(OH), + 3CaSO, + 14H,0
AL(S0,),-14H,0 + 3Na,CO, + 3H,0 —>

2AI(OH), + 3Na,SO, + 3CO, + 14H,0
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Example problem

A raw water supply is treated with an alum dosage of 25 mg/L.
Calculate the following:

1. The amount of alum required to treat a flow of 1 MGD

2. The amount of natural alkalinity required to react with the alum
added

3. The folume of Al(OH), sludge produced per MGD if it is collected
at 2% solids. Assume that the dry solids have a specific gravity of 2.2.

Reaction:

Mz(SO*,);' 14H20 + 3CB,(HC03)2 — .
' 2Al(OH); + 3CaSO, + 14H,0 + 6CO,
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Guidelines for selecting a coagulant

Jar test to calculate dosage

TABLE 7-2 Comparison af various coagulants (after Weber, 1872).

Type of Water Alum

Ferric Salis

Polymer Magnesium

High turbidity. Effective for pH
High alkalinity. 5-7. Addition of

(easiest o alkalinity and
coagulate). coagulant aid
(Type 1) not required.

Effective for pH

6-7. Addition of
alkalinity and
coagulant aid
usually not
required,

Cationic polymers Effective due to
very effective. precipitation of
Anionic and non-  Mg{OH);.
ionic may also )
be eflective. High
molecular weight
materials are
best.

High turbidity. Effective for pH

Low alkalinity. 5-7. May need

(Type 2) 1o add alkalinity
if pH drops dur-
Ing treatment.

Efiective for pH

May need 1o add
alkalinity if pH
drops during
treatment.

Same as above.

Effective and results
in increased alka-
binity, which
makes water easi-
er to stabilize.

Low turbidity. Effective in rela-

High aikalinity tively large dos-

{Type 3} ages, which
promote precipi-
tation of
AlOH) 3.
Coagulant aid
may be needed
10 weight floc
and improve
settlng.

Effective in rela-

tively large dos-
ages, which
promole precipi-
tation of
FC(DH)]]",
Coagulant aid
should be added
to weight floc
and improve
settling.

Cannot work alone Effective due to

due to Jow tur-
bidity. Coagul-
ant aids such as
clay should be
added ahead of
polymer.

precipitation of
Mg(OH):.

Low turbidity.  Effective only by

Low alkalinity sweep-floc for-
(most difficult  maton, but
1o coagulate).  resulung dosage
(Type 4) will destroy alka-

linity. Must add
alkalinity to pro-
duce type 3 or
clay to produce
type 1 waler.

Effective only by

sweep-floc for-
mation, but
resulting dosage
will destroy alka-
linity. Must add
alkalinity 1o pro-
duce type 3 or
clay 1o produce
type 1 water.

Will not work a- Results 1n increased

lone due to low aklalinity,
wrbidity. Coagu-  which makes
lant aids such as waler easicr 10
clay should be slabilize.

added ahead of
polymer.

Low turbidity < 10 JTU,
High turbidity > 100 JTU,

low alkalinity < 50 mg/{ (as CaCOy).
high alkalinity > 250 mg/{ (as CaCOs).
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Rapid mixing and Flocculation

Mixing units are required to distribute the coagulants evenly throughout
the system.

Mixing units should be selected based on the colloidal destabilization
mechanism that needs to be achieved.

Mechanical Mixing'
a. Paddles

b. Turbine Impeller
c. Propeller

Impellesr / pvnfﬂl}m" -

Paadled  Mjxvers

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Rapid mixing and flocculation

Hydraulic Mixing

a. Baffled Channel
b. Hydraulic Jump

- Overflow Weirs Baffled Channel. ol

d. Diffusers and Injection Devices
e. Static Mixers

N~ —E

s
//‘/'/ A e VIR A nen H\,’drﬂ—u“‘" Jumf’
Overfow Weiy

L ok ///’/f//

///// VAP A R G

sTahe Mivex
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Measuring the degree of mixing

Velocity gradient: G=

JPI(V)

G values for rapid mixing

P = power input (W)
V = volume of basin(cu. m)
M = fluid viscosity (Pa.s)

Gt, values for flocculation

Detention G (s?)
time, t, (s)

0.5 3500
10-20 1000
20-30 900
30-40 800
Longer 700

Type

G (s?) Gt,

Low turbidity, color
removal coagulation

High turbidity, solids
removal coagulation

Softening, 10% solids
Softening, 39% solids

20-70 60,000 — 200,000

50 - 150 90,000 - 180,000

130-200 200,000 - 250,000
150-300 390,000 —-400,000
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Designing a flocculator

K_(nM3(D.)? K = impeller constant
P = T( ) ( ') P N = rotational speed (rpm)

g Di = impeller dia (m)

Power input:

Power and rotational speed of
some standard mixers

Values of impeller constant K; Model  n(rpm) P (kw)
) JTQ50 30, 45 0.37
Type of impeller K;

Propeller, pitch of 1, 3 blades 0.32 I1Q75 45,70 0.56
Propeller, pitch of 2, 3 blades 1.00 JTQ100 45, 110 0.75
Turbine, 6 flat blades, vaned disc 6.30 ITQ150 45, 110 112

Turbine, 6 curved blades 4.80
JTQ200 70, 110 1.50

Fan turbine, 6 blades at 45° 1.65
Shrouded turbine, 6 curved blades 1.08 ITQ300 110, 175 2.24
Shrouded turbine, with stator, no baffles 1.12 JTQ500 175 3.74

JWI, Inc. of Holland
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Flocculator Design problem

The city of “X” is planning for the installation of a water treatment plant
to remove iron. A low-turbidity iron coagulation plant has been proposed
with the following design parameters:

Q=2 m3/s

Rapid mix, t;=20s

Rapid mix, G = 1000 s

Floc, t; = 60 min

Floc, G=30s1

Water temperature = 18°C
Design the rapid mix and flocculation basins and size of the mixing
equipment. Use the available models from JWI Holland, Inc
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Orthokinetic and Perikinetic Flocculation

Perikinetic: particle contact by Orthokinetic: particle contact by
Brownian motion stirring
dN°  —4pkT (. .. R 3
I = _—an (N ) 3, = dN® _ —27Gd (No)z
dt 3u dt 3

NO = total particle concentration at time t

n = collision correction factor

k = Boltzmann’s constant (1.38x101® erg/degree)
T = absolute temp (°K)

U = fluid viscosity (gram/cm-sec)

d = particle diameter (cm)

G = velocity gradient

3
Perikinetic flocculation dominates when Jok — HGd <1
J,  2KT

Design velocity gradients 25/sec and 100/sec for Fe(lll) and Al(lll) respectively
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Factors affecting coagulation

1. Effect of pH:
There is an optimum pH range for each salt where maximum coagulation-
flocculation occurs in the shortest possible time with a given dosage of

coagulant 100
75
g Aluminium
E 0L sulphate '
2 Fermic
§’ sulphate
25|
e
00 1 J" ............  — O 1
4 5 6 7 8 9 10 11

2. Effect of coagulant:
Iron salts usually have a broader optimum pH range (5.5 — 8.8 for Ferric
Sulphate) than Aluminum salts (6.8 — 7.5 for Alum)

Iron salts are suitable for treatment in acid pH waters (i.e. soft colored
waters) or highly alkaline waters.
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Factors affecting coagulation

3. Effect of Salts:

Presence of salts alter (a) pH range of optimum coagulation (b) time for
flocculation (c) optimum coagulant dose (d) residual coagulant in effluent

200

28r

50+F
24+

ny
Q
T

Increased
| sulphate
addition

&
T
mg/2 Al (504)318H, 0

Time ¥or tloc to form, min

Increased

Al Nl Phosphate
. = addition
; L 1 & 5 € 7 B 9 10
4 5 psH 7 8 oH
Broadening of optimum pH range Shift in optimum pH with no broadening
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Factors affecting coagulation

4. Effect of nature of turbidity: Y ione 4%/ / //}V//////

= Low turbidity water is difficult to Y, / 00:2:":20“

coagulate. o ! {: /
= With very high turbidity relatively § o
smaller coagulant doses are required =l e |
= A broad distribution of clay particles 3| -
are easy to coagulate than a suspension 8 _ |
containing a narrow range of particle /1 i cone 1
sizes. BL-——%T;# |

s 5, s, 3

5. Effect of physical factors:
Temperature decrease

" increases the viscosity of water which affects settling.
= Decreases the optimum pH value which will affect the coagulant dosage.

Colloid concentration S

6. Presence of nuclei: affects the rate of floc formation

7. Effect of mixing: (a) Rapid/Flush mixing and (b) Gentle stirring
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Coagulation of color

Causes of color: complex organic compounds having surface groups
originating from decomposition of natural organic matter

Mechanism of removal :

hydrolized Fe/Al coagulant + acidic group on color molecules = insoluble

basic salt
+1.20 ' 120
€
<080} {80 § *1.20 %0
£ o
€ N a0 =
S +0.40} Q Ja0 5 +080r 1405
< o E §
P q A ~ > 5
° Z+040F ~20 &
$ 0 — 0 S 3392
$ R 5 <o S
)-: ' ‘l- :1 00’6’
£ caof P i R
£ [ \ b /,
3 f 3 3 %
o - L o @
~0.80F \ $ 7080 R
\ Fa
o O
-42 i N0 -0.80 '-’/
20F Optimum o > 28
pH is 4-6
-160 i 1' L -1.20 1 L 1
2 4 6 8 10 40 60 BO 100 120
pH Alum dosage ,mqg /1

pH needs to be elevated after color removal prior to filtration

CE6301: Theory of Water Treatment Dr. Tanvir Ahmed



Week-(13)



Filtration

Mechanisms for particle removal
Transport process, attachment, detachment
Effect of process variables on collection efficiency
Mathematical analysis of flow through porous media
Roughing filters, SSF and RSF
Process selection
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Why filtration?

1 Sedimentation with or without coagulation will not ordinarily
give clear sparkling and bacteriologically safe water

 Filter media are very efficient in retaining fine and colloidal
particles of clay and silt.

[ Aids in removing color, odor, iron and manganese

[ Filters are capable of removing a wide range of particulate
materials of both natural and human origin (algae, colloidal
humic substances, viruses, asbestos fibers, colloidal clay
particles) provided that proper design parameters are used.
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Types of filters

1 Granular materials (sand, anthracite, coal, magnetite) 0.1 —
10 mm

Slow Sand Filter (SSF)
Rapid Sand Filter (RSF)
Roughing filters (RF)

J Diatomaceous earth(7 — 50 um), a deposit formed form
siliceous fossil remains of diatoms

J Membrane Filtration (0.45 — 0.2 um), capable of removing
bacteria and in some cases molecular separation
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Underdrainage system and filter arrangement

Wash troughs

Filter sand

Graded gravel

=2
Cast iron manifold with ' titer floor
strainers in top
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Mechanism for particle removal

In filtraiton process, particulate materials either accumulate on the
surface or collected through the filter bed

(A) Physicochemical process

Mechanical Non-straining
straining mechanism

J

(Impaction, Interception,
diffusion, electrostatic
attraction etc.)

(B) Biological process

Formation of a thin layer of
microbial film around the sand grains
(‘Schmutzdecke’)

Filtration mechanisms

Inertial impaction ®

Intercepm

DiffusiOW

Fiber

Electrostatic

attraction g~
+
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Mechanical straining

Principle mechanism of particle removal in filters where thin media are
used (i.e. screens or membranes).

. . Straining
No unambiguous criteria has

been established yet to
determine when mechanical
straining becomes important. ©

Undesirable for granular media
filters as head loss will increase
rapidly due to the formation of T
surface mats. ol e

www.vokesair.com
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Non straining mechanisms (transport and attachment)

|solated single-sphere model is used to describe the transport mechanismes.

(A) Impaction: due to inertia of
particles. Inertial i%

(B) Hydrodynamic forces: non-
uniform shear distribution Intercepw
within pore spaces

(C) Interceptlor.\: partlc!es along Diffusion
the streamlines which pass —M

within a distance < radius of dace
the particle.

(D) Diffusion: Particles influenced by Brownian motion.
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Non straining mechanisms (transport and attachment)

(E) Sedimentation: Particles with density > water will tend to deviate
from the fluid streamlines.

o7

(F) Other transport mechanisms:
Van der Waals forces of attraction,
electrostatic attraction

small

sedimentation
basin

Attachement mechanisms: \‘\’

(A) Coagulation
(B) Adhesion
(C) Adsorption
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Quantifying Particulate collection efficiency

Particle collection Successful number of collisions

efficiency (n) = Total no. of possible collisions in cross-sectional area
perpendicular to isolated collector (area =nd, 2/4)

Assuming individual transport
efficiencies are additive, all collisions
lead to attachment and particle
destabilization is complete

KT 2/3 3 dp 2 (pp_p)gdpz Collector
=0\ aw,) t2\a.) T 1
| PTmTO e I
Diffusion Interception Sedimentation

K = Boltzman constant
= 1.38x1023 J/°K
T = absolute temp (°K)

——— Particle

trajeciory

————Streamline
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Quantifying Particulate Removal Efficiency

Fraction of particle removed (removal efficiency),

U(1 — go) ¥ = shape factor
— = exp[ ]

gy = initial porosity of granular material
L = media depth

removal efficiency can
. TS 900 L, be increased by
 decreasing media
porosity
Qincreasing media

¢ depth

—{49 ] [ decreasing media

| size

NN

0.a1

(.00}~

| 1 | | |
10-% 10=4 -t
Indmvidual collector efficiency, i
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Factors affecting collection efficiency

(A) Effect of particle size 2 ] Filter collection mechanisms

>
o .
c
2 0.8 9
2
= ol |
Q '
§ 0.6 : -
® : :
% 0.4 i Diffusion and i llnertit?l

-1 mpaction
L eg'g'f‘ﬂg" | interception | ' and :
e : regime | interception
2 0.2 - : | regime —
: - : ’
E o, : :

0.01 0.1 1.0

Particle diameter (microns)
(B) Effect of media size and filter velocity: inversely proportional to
collection efficiency

Although it is possible to manipulate media size and filter velocity to
obtain optimum collection efficiency, adequate destabilization is required
for satisfactory filtration.
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Factors affecting collection efficiency

Table 7.1. Effects of Different Parameters on Particle Removal Efficiency."

Change in Change in Particle
Parameter Parameter Removal Efficiency
influent particle concentration Increase No change
Particle density increase Increase
Interstitial velocity (filtration rate) Increase Decrease
Filter pore diameter (medium-grain diameter) Increase Decrease
Length of the filter pore (depth of the medium) Increase Increase
Particle attachment efficiency (degree of destabilization) Increase Increase

——exp

[ Y@ —30) ]
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Flow through porous media: mathematical analysis

Analogous to flow through a system of interconnected pipes formed by
voids in a bed of particles.

hf - f— [Darcy-Weisbach equation]

h; = head loss, V = velocity of flow, f = friction factor,
R = hydraulic radius, L = length of pipe

b= f L (1 — e) V? " ) on]
= arman-Kozeny equation
4 @sDp \ €3 g

v

R = volume of voids/wetted surface area = ﬁs—p = @sDp/6
—&9p

V =Vd/e, e = porosity, V¢ = superficial velocity

Dy = particle diameter, ¢; = shape factor f’=friction factor

including other constants
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Flow through porous media: mathematical analysis

1000

Friction factor, f°
=

-
o

1.0
1

0

|

.

1000

The friction factor f’ has been correlated with Reynold’s number:

1—e

f' =150

R,

+ 1.75,

R,

_ @sDpVsp

U
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Flow through porous media: mathematical analysis

The following Rose equation similar to Carman-Kozeny equation has been
developed to compute the head loss in a rapid filter media

b= f" L (1)1/52
! @sDp \ e* g

The friction factor f”” has been correlated with Drag coefficient, Cy:

) b Re b n
f = 1.067CD, CD — Ren <1.9 24 119
1.9 -500 18.5 0.65

500 - 200,000 0.44 0

For particles of various sizes:

he = 1.067— (2 Vszic ad!
T ps\et) g P Dp

=1

X; = weight fraction of particle in the ith layer/fraction of size D,
Cp,; = Drag coefficient, n = number of layers
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Flow through Expanded particle bed

When particles reach to the point of fluidization, the effective weight of the
particles is just balanced by the force tending to lift the particles

APA = LA(1 —e)(ps — p) | l
hy = L(1 —e)(ps — p) %
R L L
Le=L(1—-e)/(1—eg) !
' - L A
AP = pressure difference, L, T R
A = Area L -
ps = density of particle }
€g = porosity of expanded bed Y
L. = length of expanded bed ) bA At hd
Vs

|
T

Dr. Tanvir Ahmed
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Flow through Expanded particle bed

For stratified beds:

Fi |
n de‘L Eml:‘.-?m J_, Transpaort
Xi - -t » -
L.=L(1—-e) z |
= (1 —ep), 2 |
& I
. 5 |
e can be estimated from V. and V, o |r
(terminal velocity): g
i |
. ] |
ep = (Vs/V)"%? *z 1 -
E | |
5 | |
2 r
41 g (ps—p : | |
Where, V, =—[ ( S )D ]1/2 | ,
t 3 Lcp p P E |I |I
Cr =2 L 1
D™ R 2 Vi

Log superficial velocity, 15
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Problem

A sieve analysis of a fine Ottowa sand yields the information recorded in
the table below. Compute the initial head loss across a stratified bed of the
san, 18 inch deep and with a porosity of 0.41, when water at 45°F is filtered
at a rate of 3 gal/min/ft2. If the sand filter is to be backwashed hydraulically
at a rate just sufficient to fluidize the bed, compute the (a) backwash rate
(b) the head loss at this rate and (c) depth of the expanded bed

Sieve Numbers, Weight Fraction of
US Sieve Series  Particles retained, x103
14 - 20 0.80
20-25 4.25
25-30 15.02
30-35 16.65
35-40 18.01
40 -50 18.25
50 - 60 15.65
60— 70 9.30
70 - 100 2.07
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Roughing filtration: layout and design

'}15.1 - '5.-1.::.
4 3% Purpose:
—_— s 2 .
252 % Pretreating
water with
— Flow direction high turbidities
® \Valves
» v —
)] -
<3 5 Vi
F 7 330,
Q —> s
m ]
| . -
S| pegrfreaiin
-
. vauic grade - . . Decreasing
‘Eﬁwﬂ PR TNV ORSORIT 4 ravel size
I, S &
A, Lz
SR TIIT
— IS s
j.;':'h Rk By .I-r’.m:-..f-ll-.:-:;.:ﬁ-_.,..._ AT

Horizontal-flow roughing filters
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Roughing filtration: cleaning and efficiency

Cleaning:

Either| hydraulicallyl(shock drainage) or manually
| J

Up-flow filters Excavation of filter
possess a favorable bed, washing and
layout refilling
Efficiency:
[ SS removal upto 95% and turbidity removal of 50-90% have been
reported

1 Color removal 20-50% and faecal coliform reduction 0.65 — 2.5 log
units

[ 50% removal of iron and manganese has also been achieved
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Roughing filtration: advantages and disadvantages

Advantages:

d Allows deep penetration of filter materials
J Have large silt storage capacity
[ Often used before SSF because of their effectiveness in removing SS

1 More effective as a pretreatment than pre-sedimentation for raw
water to the physical standards required by SSF

Disadvantages:

 Limited to average turbidity of 20-150 NTU to prevent frequent
clogging
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Slow Sand Filtration (SSF)

Purpose:

(d Reduce the number of microorganisms in water
J Retain fine organic and inorganic solid matters

1 Oxidize organic compounds dissolved in water Tq gverhead
resanvoir

....... Fine sand
~0.1m overboard | Jr-TiSERONSEN - i _ (upgraded), free

~1m depth, with I --------
-------- from impurities

L 1) e S L Se T

— . e T mw

LB B BN NN B .
- o mE wR o omy ]
——————

- o e -
- TR = mm am TE T WM
— . . S S
- e Em mm o ar Wm omm omn
- o Em Em o Ew

L I ]

Suitable for the development of surface water-based water supply
systems in developing countries
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article Removal Mechanism in SSF

Interception/Adsorption of colloidal
Bacteria on Biological slime on top

Converging Flow 25-50 mm of sand bed during flow

(F{occu.'aﬁon)

<.------ Biological Slime called
“Schmutzdecke”
(Interception /Adsorption)

- Pore Interstices
(Sedimentation) | Biological Layer

Slow Sand Filter
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SSF Characteristics

 Very low rate of filtration <
1 High removal of turbidity (80-85%) and color (95-99.9%)

(d No pretreatment generally required for water <30NTU

d Not very effective in removing colloidal matters, treating
water >30NTU or with excessive algal growth <

Limitations of SSF

J Low cost operation and maintenance

d 2-4 weeks ripening period required after installation, however
it can regain full biological activities (formation of
‘Schmutzdeke’) after a few hours of cleaning thereafter.

1 Cleaning done by removing scraping and removal of the top
1.5-2 cm of sand

1 Perform best under continuous operation and constant flow
conditions
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SSF design criteria

 Filtration rate 0.1 — 0.2 m/hr

[ box height 2 m

 Sand gradation: d,, between 0.1 —0.3 mm, d,,/d,, <3.

[ Sand quality: clean sand free from clay, silt and organic matter
[ Underdrain system should have a gravel layer of 0.3 — 0.5 m

[ Number of rectangular filters required for a plant:

n=05VA

A = total surface area in m? computed on the basis of filtration rate and
design water demand.
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Rapid Sand Filtration (RSF)

Higher filtration rate is achievable because of the coarse sand (d,, = 0.4-1.2
mm) and relatively uniform-sized particles that are used as the filter medium

Wash-water trough

nnnnnnnnnnnnnnnnnnnnn

Coarma Medium

Cress-Section
Graded gravel, 0.5 m thick Coarse sand layer, 1 m thick

Can be both gravity type and pressure type
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Particle Removal Mechanism in RSF

Surface Adsorption on

Converging Flow coarse media bed
(Flocculation)

<.------ Biological Slime called
“Schmutzdecke”
(Interception /Adsorption)

- Pore Interstices
(Sedimentation) | Chemical [Al(OH);] Layer

Rapid Sand filter
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Characteristics of RSF

O High filtration rates 5-15 m3 per m? per hour

1 High removal of turbidity (80-85%) and color (85-95%)

d Pretreatment such as coagulation, flocculation and sedimentation are
required

J Suitable for all types of turbid and colored water

 Relatively high cost of operation and maintenance.

 Cleaning of filter bed by backwashing

-----------------------------------------
--------------------------------------------

- - &

- (R R I e & o= o=

lllllllllllllllllllllllllllllllllllllllll
-

};:,E:‘ni"m " r-| r- r-| Pl I--r-|r-|

Back washing cycle
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Operational difficulties in RSF

| (A) Negative head and air binding |

Water Surface

| (B) Formation of mud balls

Wash-water Trough

S

Sand

Depth From Water Surface

Zone of
Negative

Pressure

e

Gravel

. Underdrain

Coarse Medium J

-2 -1 0 1 2 3 4 5 & 7 8
Pressure (ft Water Gauge)
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Operational difficulties in RSF

| (C) Cracking of filter bed | | (D) Jetting and sand boils
Wash-water Trough Wash-water Trough
i /\ |
—¥ ¥ S "

Coarse Medium Coarse Medium

| (E) Sand Leakage |
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Design considerations of RSF

d Economy in construction and operation

 Provision of future consideration

 Soil conditions, foundation and structural stability
 Flexibility in operation

J Compactness, minimization of head losses and operational

[ Utilization of topography to minimize earth work and to make proper
use of gravity

[ Size of the filter is determined by the required capacity of the plant

N = 0.04,/Q

N is the number of units and Q is the plant capacity in m3 per day
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General features of SSF and RSF

Pot Chlorinator
Source [BP Solution]
pump | CEeemees , 00 D St
Wash Out
: Supply Ta
Gravel Bed Pre-Filter/ Fine to Medi i e
. ; ine to Medium
Plain Settling Tank Wash Qut
8 Sand Bed Filter
? Alum
Pot Chlorinator
Source [BP Solution]
Pump
Pre-Treatment -
[Coagulation + Floceulation '. Supply Tap
& Sedimentafion] Medium to Coarse, Wash Out

Sand Bed Filter |

Ba:ckwash
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Characteristic Differences among SSF, RSF and RF

Characteristics SLOW SAND FILTER RAPID SAND FILTER UF ROUGHING FILTER

Suitability Turbidity <50 NTU) Turbidity >50 NTU  Turbidity 50-150 NTU

Pre-treatment : URF/P. Sediment.

Rate of filtration : 0.1 - 0.4 m/h
Ripening 0.25day -30days

D, : 0.1-0.3 mm
U(Coef) : 2-3

Thickness 1.0 m - 1.4 m (FMS)
Under drain: Slotted pipe grid
Cleaning : Surface Scraping
Filter run 40 - 60 days

Area : Large in size

Coag., Floc. & Sed. Not required/DRF
5 -10 m/h 1-2 m/h

5 -10 minutes 3 -10 days
0.45-0.55mm 5-8 mm

1.2-1.7 1.7-2.5

0.3 m to >1.0 m (MCS) 0.6 -1.0 m (Gravel)
Gravel & Perf.Tiles  Perforated RCC slab

Back washing Flushing drain out
1 -3 days 21 -28 days
Small in size Moderate in size
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Problem

A rapid sand filter is to be designed for a capacity of 27000 m3/day. What
should be the number and size of the units. Calculate the percentage of
filtered water required to wash the filter bed and the capacity of the
wash water tank.

Assume: Rate of filtration: 5 m3/hr/m?
rate of washing: 35 m3/hr/m?
Length of the filter run: 24 hours including 5 min for filter

washing and 10 min for resettlement of sand bed
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Process Selection

1. Characteristics of the media depending on the particular type of
application

TABLE 8.2 Typical Grain Sizes for Different Applications

Effective Total
size, mm depth, m
A. Common U.S. Practice after Coogulation and Settling
1, Sand alone 0.45-0.55 0.6-0.7
2. Dual media 0.9-1.1 0.6-0.9
Add anthracite (0.1 to 0.7 of bed)
3. Triple media 0.2-0.3 0.7-1.0

Add garnet (0.1 m)

B. U.S. Practice for Direct Filtration
Practice not well established. With seasonal diatom blooms, use coarser top size.
Dual-media coal, 1.5-mm ES

C. U.8. Practice for Fe and Mn Filtration
1. Dual media similar to A-2 above

2. Single medium <0.8 0.6-0.9
D. Coarse Single-Medium Filters Washed with Air and Water Simultaneously

1. For coagulated and settled water 0.9-1.0 0.9-1.2

2. For direct filtration 1.4-1.8 1-2

3. For Fe and Mn removal 1-2 1.5-3
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Process Selection

2. Different filtering devices/media must be overviewed.

o Screens —1-100 um (effective size opening)

o Diatomaceous earth —7-50 um

o Granular—=0.1-10 mm

3. Comparison with other solid-liquid separation processes
O Sscreening

o sedimentation

o Flotation

o Membrane filtration

Selection process is usually based on experience
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Process Selection

4. Physical characteristics of the particulates to be removed
o Initial number and mass concentration

o Average size characterizing the distribution

Process Avg size (um) SS (mg/L)
Gravity Sedimentation >100 >50
Screening ~30 <50
Filtration using granular media <30 <50

without sedimentation

Coagulation sedimentation <30 >50
prior to filtration

For high algae concentration, microscreens are used before
granular media filtration
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Process Selection

4. Physical characteristics of the particulates to be removed
o Initial number and mass concentration

o Average size characterizing the distribution

Colluidat ‘——'-*——" Touspended”
PR | [
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T
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7 filtealion 1
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N

Sedimentation I
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Process Selection

Example
o When particle sized,, turbidity {, ------ use SSF

o When particle size, turbidity 1T* ------ use RSF but with prior
sedimentation and coagulation

. Other considerations for ultimate selection of design criteria
Analytical models of the process

5
O
o Previous experience
o Pilot studies

O

Published literature
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Fluoride Removal

Removal by lon Exchange using Activated Alumina
Factors affecting removal by Activated Alumina

Other removal techniques (Lime Softening and Alum Coagulation)
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Removal by Activated Alumina

J Activated Alumina is a granular, highly porous material (consisting
of Al,O;) and Fluoride is removed as a result of ion exchange

d Activated Alumina can be regenerated with NaOH

d Optimum removal of Fluoride is pH-dependent

20 100 Optimum pH
range:5-8
E 16— 80
5
ol [ ]
E 121 60 S
9 £
| g
m
s 8l 40 %
E
1] cﬂé
)
3 4 o DDW _
4 aDil. 1:3 sgw | %Y
oDil. 1:3 SW
0 2 4 6 8 10 12
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Removal by Activated Alumina

J Steps taken to elute the Fluoride from Activated Alumina
(a) Backwash (10 — 15 min)
(b) Regeneration (1 —1.5 hr, 0.25 - 3 gpm/ft3, 0.5 — 2% NaOH)
(c) Neutralization (using pH adjusted raw water)

12 ‘1| —r—Tr—1T - rrerrririr-r—t
1 —a(: 5
Treatment bed 1.3 ft® ALCOA F-1 28-48 mesh.
10 |- Raw water F~ =5 mg/t, pH 8.0. _
Usable water 14,000 gal. with avg. F~ concentration of 0.8 mg/%.
9
r‘l ‘sz —14
811 \X —] E
| >
1 \x Pl E
7 P= l \x ,\ = 3 c
i \X 2 Treated water, pH ,/ K]
- ey —— @
5 6 | Raw water pH X X Ko Yo X1 @&
IR ‘
| A ,8
4 ! o’ i
’/
0]
3 /, =11
L
2 el
B \{b Treated water F - content .-~ 0 ¥
11 PN~ =0r0x4=0-0-—r2""7 |
1

L. | l ! | 0
0

2 3 4 5 6 7 8 9 1 1M1 12 13 14 15

o

Water flow through treatment bed
(thousands of gallons)
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Other removal techniques: Lime Softening

By forming an insoluble precipitate and by coprecipitation with Mg(OH),

Ca(OH), + 2HF - CaF,{ + 2H,0

To estimate the magnesium required, Culp et al. developed this equation:

Fresidual — mltlal (O O7letlal X \/

Problems:
 Low solubility of CaF, (10 mg/L at pH 10)

 Large amounts of Magnesium required (100 mg/L to reduce Fluoride
from 5 to 1.5 mg/L)

 Large amounts of sludge produced
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Other removal techniques: Alum Coagulation

By adsorption on to Al(OH)3 particles, which is formed from the reaction
between alum and alkalinity of water:

Alz(SO4)3‘ 14H20 + SCQ,(HCO,)Z —_ _
 2AI(OH), + 3CaSO, + 14H,0 + 6CO,

Problems:

 Large amounts of Alum required (250 mg/L to reduce Fluoride from 3.6
to 1.4 mg/L)

 Large amounts of sludge produced
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Gas Transfer

Absorption and desorption, applications
Two film theory of gas transfer
Estimation of gas flux and optimizing gas transfer
Factors affecting solubility and dispersion
Different aeration techniques
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Gas transfer, absorption and desorption

A physical phenomenon in which gas molecules are exchanged between a
liquid and a gas at a gas-liquid interface.

Examples Water treatment objectives

0,, Cl, Oxidation of FeZ*, Mn2*, S

O, Disinfection, color removal, oxidation of organics g
ClO, Disinfection "é'_
co, pH control o
SO, Dechlorination '<Qt
NH, Chloramine formation for disinfection

co,, O, Corrosion control §
H,S Odor control §-
NH, Nutrient removal §
VOC Taste and odor control, removal of carcinogens -
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The two film theory of gas transfer

intarface

Turbulent flow 5 « Turbulent llow

P : Transfer

—

' Liguid phase
{bulk)

(3as phase
{bulk}

Fartial pressure
of concentration

{a)

interface

Turbulent fiow + Turbulent flow

Transior E [

——

Gas phase - ____;EL Liquid phase
{buli) ] : iy ] {buitk}

Partial pressure
or concentration

Gas © Liguid
film i fikrm i

(Bl

Absorption

Assumption:
concentration and pressure in

both the bulk liquid and
gaseous phase is uniform

Desorption
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The two film theory of gas transfer

intarface
Turbwlent flow |

P . Transler

—

(Gas phase

(butk) -

. Turbulernt How

E Ligud phase

Fartial pressure
or concentration

Gas i

interface
Turtyulent flow | .

Transior

——

Gas phase
{Dulk)

Parial pressure
or concentration

Gas © Liguid
film i fikrn

(o)

P Liguid
filrm ! film

A {bulk)

o Turbulent flow

C

:
- ﬁ:n Liquid phase

{Buik}

Mass flux for gas absorption

T=—t=kG(PG—Pi)
=k, (C; — Cp)

ke, k. = mass transfer
coefficients for gas and liquid

Mass transfer can be enhanced
by reducing the thickness of
the film (either gas or liquid)
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The two film theory of gas transfer

If mass tranfer is governed by the liquid film

r=K, (Cs—Cp) =kg(Pg —P) =k,(C; — Cp)

/’

overall liquid mass Concentration at the interface in
transfer coefficient equilibrium with P

Henry’s Law can be applied at the interface
Pi — HCL PG — HCS

H = Henry’s constant

The net driving force: & 9 ,
P v 4 "&5 3 -
(Cs—C) =(Cs—Cy) +(C; —C) 18 4 & . 19 1
JJ? Y jf YO o WV fd?
v =g NS G

A B8

resistance resistance

from liquid from gas
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The two film theory of gas transfer

1/K; =1/k;, + 1/HK, Governed by liquid film

1/K; =1/k; + H/K], Governed by gas film

Relationship between overall liquid and gas phase transfer
coefficients:

1/KL —_ 1/HKG

If HT : liquid phase resistance controls mass transfer
If H{ : gas phase resistance controls mass transfer
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Solubility and gas transfer

If the gas is highly soluble (e.g. NH;):

Passage of gas molecules across the gas film is the controlling factor.

dw . .
r=-—= ke (Pg) , P;is negligible

Moving or stirring the gas will enhance transfer

If the gas is weakly soluble (e.g. O,, N, and CO,):

Passage of gas molecules across the liquid film is the controlling factor.

dw
r=T = kp(Cs — Cp)

Moving or stirring the liquid will enhance transfer

Gases of intermediate solubility (e.g. H,S):

Effect of both films are important.

dWw
r=—=K/(s—C)

A.dt \ overall liquid mass

transfer coefficient
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Estimation of gas flux and optimization

dWw
r=a = K. (Cs — Cy)

Rate of mass transfer per unit volume per unit time

A dC
ry = KLV (Cs —Cp) = K a(Cs — Cp) = —=

\ dt

Integrating over time: interfacial area
(Ce — Cp) = (Cs — Co)[1 — exp(—Kpat)]

Problem: Dechlorinated secondary effluent is placed in a storage basin
until needed for reuse. The initial DO is 1.5 mg/L, estimate the time
required for the DO to reach 8.5 mg/L due to surface reaeration, assuming
the water in the storage basin is circulated and not stagnant. Assume K =
0.03 m/h, C; =9.09 mg/L. The surface area of the storage basin is 400 m?
and depth is 3m
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Factors affecting solution and dispersion of gas in liquid

Solubility of gas depends on:

a) Its partial pressure in the atmosphere in contact with water
b) Water temperature

c) Presence of impurities

Rate of gas dispersion in water depends on:

a) Molecular diffusion b) Eddy diffusion by convection c) Eddy diffusion
by agitation

d Absorption of oxygen through surface

-, - - -
Depth Depth

—— —_——

Turbulent /’\

i

hquid b
v fp 13 lats] ‘Quiescent liquid

g |

, |

RN

0 - C.'s

Change in dissolved Change in dissolved
oxygen with time, mg/L oxygen with time, mg/L
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Objectives of aeration

Examples Water treatment objectives

0,, Cl, Oxidation of Fe2*, Mn%*, S

O, Disinfection, color removal, oxidation of organics g
ClO, Disinfection B
CoO, pH control §
SO, Dechlorination '<Q:
NH, Chloramine formation for disinfection

co,, O, Corrosion control E:
H,S Odor control §-
NH, Nutrient removal §
VOC Taste and odor control, removal of carcinogens Q
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How to optimize gas transfer

(Ct — Cp) = (Cs — Cp)[1 — exp(—Kat)]

Gas transfer can be optimized by:

a) Increasing interfacial area

b) Preventing buildup of thick interfacial films

c) Inducing a long time of exposure

d) Ventilating the aerator to maintain the highest possible driving

force (Cs — Cy)

Four types of aerators:
1. Gravity aerators ]_ Used for water treatment

2. Spray aerators
3. Diffusers
4,

. USEd fOF wastewater treatment
Mechanical aerators
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Gravity aerators

Inlet conduit

L\\"\—_-'\\
'?’I ’ %

Perforated pipe

discharging
water downward

wL ‘lr J’ l wlr Tower with

countercurrent

flow of air

i —— — — — —

P4 R ] Perforated pipe

or gas upward

Inlet conduit

Inclined
planes

| Qutlet conduit

Collecting pan

l—j‘/. ang outlet
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perforat
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Design of cascade-type gravity aerators

Inlet conduit ~ In asingle descent through a height
AT=—— o h, elapsed time is \/2h/g
- \\:‘S_\.: o

- \"\.-
\Y Outlet conduit 1N 11 descents through the same
W) / vertical distance, elapsed time is

J2nh/g

A5

AN

AR

Therefore, elapsed time is proportional to vn

Problem:

Find the time of exposure of water falling through a distance of 9 ft (a) in
single descent, (b) in four descents
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Packed Columns (gravity aerator)

Contaminated
water in =
P T Water
D distnbutor

| -
-~
¥

o #2 NUPAC®
USA Patent #5,458,817 USA Patent #5.498.376

Water
redistnibutor

Packing

- \Nater out

Purewateroccasional.net : Trough - type distributor
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Design of packed columns

Height of packing column (in feet):

_ Height of transfer unit (HTU)
~ No.of transfer units (NTU)

X;
. (70) (R—1)+1
KLaCO R —1 R

HTU =

X/X, = Ratio of influent to effluent liquid phase concentration
C, = molar density of water, Ib mole/ft?

R = Dimensionless stripping factor = g—_G
L = Liquid flow, Ib mole/hr/ft?

G = Gas flow, Ib mole/hr/ft2
P; = ambient pressure
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Spray aerators

-] -] ]
[+ a Q
o o =3
o > o Vanes
& o o e
New York Nozzle Palm Beach Nozzle
=] =] o
. . o Removable
mouth piece
a o L=}
A by -Central cone
7
S 1 ]
X X X ;
l % 4
\ \ i

A
LJ Berlin Nozzle U

(a) Sacramento Nozzle

| Nozzled aerator | | Aerator nozzles |
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Design considerations for Spray aerators

Removal efficiency depends on the drop size, contact time (t) which also
depends on the exit velocity (V) from the nozzle and the trajectory.

(C; — Co) = (Cs — Co)[lyp(_l{lﬂt)\]

a=6/d t = (2Vsina)/g
Cv = Coefficient of velocity of the nozzle V =C,\/2gh

(0.4 — 0.95, from manufacturer)
a = angle of spray from the horizontal
d = mean diameter of the drop
(from manufacturer)
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Air Diffusers

. Air discharge

¢

/ Air piping =—, — Airinlet from blowers
s

fhﬁmmhmﬁhmﬁm

—
". I".l
e — - oo Air flow ;\
. .III" : - E S I
- i T Y W

H-.. L 1 _-Il
H
I L
' “;nF' | AT aes e o
I b A (o] b
|t o, '.1 v 'I';-. [ :‘_.L'* .I L
water +'"¥'i """ bf :ﬁﬂ ﬁ ".E :
inlet ]
. ¥
-~
7
Watﬁjmr and L Water Alr Tre[atfd ~
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(Source: Lowry Engineering, Inc.)
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Nitrate Removal

Nitrate Removal techniques
Biological Denitrification
Reverse Osmosis

lon Exchange
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Removal techniques

Not effective
because of high
solubility of nitrate

(1 Chemical coagulation

[ Lime Softening Certain drawbacks limit
: : practicality

d Chemical reductlon]-/ (Cu and Fe?*

] Biological denitrification requirement, low

removal percentage)
 lon Exchange

[ Reverse Osmosis

Feasible options
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Biological Denitrification

Fluidized Sand Biomass
bed separation sedimentation
reactor tank tank Denitrified
kl_“_:‘ J L effluent
Y el
N / \ To filter
/ \
Fluidized
media =
FPea gravel\ . kﬁ _
Methanol DRI
Influent Sand cleaning / Waste sludge __l
pump and return pump to disposal -

Involves addition of denitrifying bacteria and organic matter in the flow
stream.

Limitations:
(a) aeration to remove N, (b) Increased disinfection to remove bacteria

and associated problems (e.g. THMs)
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Reverse Osmosis

TADLE 15-1. Typical Performance of RO for Nitrate
Removal®
Pretreated .
Feed  Product Brinc Nitrate Removal very low
Constituents (mg/L) (mg/L) (mg/L) Compared to other anions

Calcium (Ca) 154 7.0 590
Magnesium (Mg) 3.8 0.17 15
Sodium (Na) 92 1 345
Potassium (K) 3.6 0.5 12.8
Carbonate (CO;) 0.0 0.0 0.0
Bicarbonate (HCO;) 7.8 5.2 45.9
Chloride (Cl) 92.8 6.0 3469 RO may be used as a
Sulfate (SOy) 380 5 1,500
(Nitrate (NO,) 93.0 3.9 2702 pretreatrpent for lon exchange
Fluoride (F) 0.06 0.03 0.13 because it removes a large
Iron (Fe) <0.05 <0.05 0.08
Manganese (Mn) <0.01 <0.01 0.01 percentage Of SUH:ate
Arsenic (As) <0.01 <0.01 <0.01
Copper (Cu) <0.01 <0.01 <0.02
Zinc (Zn) 0.01 0.007 0.02
MBAS <0.1 <0.1 0.2
Hardness as CaCO; 401.0 18.2 1,538
Total solids at 105°C 823 64 3,120
pH 5.2 5.6 5.9
Electrical conductivity

mhos/cm (K X 109

at 25°C 890 120 3,800
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lon Exchage

[ The only economical method to remove nitrate on a full scale

d Will be removed by strongly basic anion exchange resins.

J Nitrate removal will depend on

¢ Sulfate concentration
s TDS
*¢* Nitrate concentration

+»* Total removal capacity of the resin
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Membrane Processes in
water treatment

Reverse Osmosis: principles, theory and applications
Membrane types and configurations, fouling of membranes
Factors affecting Reverse Osmosis
Electrodialysis: principles and applications
Elements of a typical ED system
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What is “Reverse” Osmosis?

A membrane process for desalination by the application of hydrostatic
pressure to drive the feedwater through a semipermeable membrane
while major portion of its impurities are left behind

Product (near atm.
High- p Pressure, low salt

pressure
pump * | content)
— Membrane - ' -
Permeate

— T

Saline - Brine
solution discharge

Waste (high pressure,
high salt content)

Operating pressure: 300 — 400 psi (desalting brackish water)
800 — 1000 psi (seawater desalination)
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Principles of Reverse Osmosis

MEMERANE APPFLIED PRESSURE

BRIME
OSMOSIS EQUILIBRIUM REVERSE OSMOSIS
Water flows from low Osmotic Pressure is the By apphying pressure gresisr
conoenraton of salis to  pressure required 1o stop than Osmotic Pressure, flow of
higher concenation. water fiow and reach water is reversed ; water flows
equilibrium. from higher ooncentration

soluton o lower.

Source: www.peerlesswater.com
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Water and Salt fluxes

Liquid flux: F, = K(AP— A7)

Salt flux: F.=k(c,-c,)
AP  =drop in total water pressure across the membrane
At =drop in total osmotic pressure across the membrane

C,, C, = Salt concentrations on two sides of the membrane
K, k =empirical constants which depend on membrane structure,
its method of manufacture and salt type

If feedwater pressure is increased keeping the solute concentration
constant, the permeate quality is increased.

If feedwater solute concentration is increased at constant
pressure, the permeate quality is decreased.
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Water Recovery and Salt Rejection

Water recovery is the percentage of feedwater recovered as
product water.

product water  flow «100%

Recovery =
Y feedwater  flow

Salt rejection is a measure of the overall amount of salt rejected
in the brine:

product concentration

Rejection = (1— jxlOO%

feedwater concentration
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Flux, rejection and recovery relationships

10 — 500 mg/L
00 e 500 mg/L
= 8 80
£ e
& .
- 6 § 60
< b
s )
a 4 = 40|
[T} v
=
2 |- (At constant 20 |— (At constant
Pressure) Pressure)
| | | 10 | 1 I |
70 80 90 60 70 80 90 100
Recovery, % Recovery, %
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Osmotic Pressure

Osmotic pressure (psi)= 7 =1.12 T+273)Zn‘£

Temp (deg. C) Summation of molalities of all
ionic and nonionic constituents

TABLE 10-4. Typical Osmotic Pressures®

Concentration _
Osmotic Pressure

Compound  (mg/L) (moles/L) (pst at 25°C)

NaCl 35,000 0.6 398

NaCl 1,000 0.0171 11.4
NaHCO, 1,000 0.0119 12.8
Na,S0, 1,000 0.00705 6
MgSO, 1,000 0.00831 3.6
MgCl, 1,000 0.0105 9.7
CaCl, 1,000 0.009 8.3
Sucrose 1,000 0.00292 1.05
Dextrose 1,000 0.00555 2.0

e A useful rule of thumb for estimating the osmotic pressure of a
natural water is I psi/100 mg/L (ppm) of TDS.

SOURCE: Weber (1971).
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Typical Applications of Reverse Osmosis

i. Desalination of brackish water (TDS < 10000 mg/L) to provide
potable water

ii. Pretreatment of normal municipal water (TDS 500 — 1000
mg/L) preceding ion exchange deionization to make ultrapure
water for applications such as boiler feed

iii. Recovery of valuable or reusable materials from a waste via
the RO reject stream

iv. Reduction in the volume of waste, if required

v. Water conservation or recovery such as the cooling tower
blowdown
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Membrane configurations

REVERSE OSMOSIS T

gt . o Spiral wound membrane
C )
: o Tubular membrane
Pressurized Sap ) ]
o Hollow fine fibre module
— Semi-
TN p bl Water Permeate
o | _\ Femeable e O Plate and frame membrane
Pressure q
Pump R 55
Sap Concentrate

Source: maple.dnr.cornell.edu to Evaporator

Perforated Central Tube
Anti-Telescoping .
Device

«— Feed Channel Spacer
ai—— Membrane

> i'-:_ia]L[i_"‘i_.*~,L'<.iEI'I

Membrane
Feed Channel Spacer

Cuter Wreap

Spiral-Wound
Membrane Element
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Large-scale setup

Source: pure-aqua.com
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Type of membranes

o Thin, imperfection-free
Ideal o Water can pass through with little hindrance
Membrane o Impermeable to ions
properties o Capable of withstanding pressure
Two types
I \
Cellulose Acetate (CA) Polyamide membranes
o Cheaper, can tolerate Cl, o Subject to degradation by Cl,
o Subject to biological attack or other oxidants
o not susceptible to biological
attack
o Do not hydrolize. Best within
pH 4-11

o Longer life (3-5 years)
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Factors affecting Reverse Osmosis

1. Type of membrane 2. Molar concentration 3. Feed temp and pH
4. Feedwater pressure 5.Solute rejection

1. Type of membrane:
o Acetyl content, salt rejection " and F |
o Cellulose triacetate/ blended diacetate-triacetate membranes

are more resistant to microbiological attack, greater hydrolytic
stability, less compaction and productivity loss

2. Molar Concentration:

Osmotic pressure is proportional to molar concentration at any
temperature

(see Table 10.4)
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Factors affecting Reverse Osmosis

1. Type of membrane 2. Molar concentration 3. Feed temp and pH
4. Feedwater pressure 5.Solute rejection

T T T T T T 1

3. Feed temperature and pH:
o Fw increases 3% per deg.C
increase in feedwater temp, Fs
does not change significantly
o Temp 1, hydrolysis rate T
o Optimum pH5-6

o Beyond the optimum range,
hydrolysis rate T

Hydrolysis rate (sec—!)
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Factors affecting Reverse Osmosis

1. Type of membrane 2. Molar concentration 3. Feed temp and pH
4. Feedwater pressure 5.Solute rejection

4. Feedwater pressure: High pressure feed is desirable
F =K(AP-Ar) F o (AP—A7)

5. Solute rejection:
- Multivalent ion rejection > univalent ion rejection
- Undissociated/poorly dissociated rejection < dissociated ions
- Acid/base rejection < Salts of those acid/bases
- Co-ion rejection (Rejection of Na as Na,SO, > as NaCl)
- Poor rejections for - low mol. Wt. organic acids
— Trace quantities of univalent ions
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Membrane Fouling and productivity

Lack of pretreatment of feedwater or adequate cleaning of membrane
can cause membrane fouling and reduced water productivity

Five types of fouling:
Membrane scaling
Fouling by metal oxides
Plugging

Colloidal fouling
Biological fouling

e wh e
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Electrodialysis

Electric energy is used to transfer ionized salts from feedwater
through selective membranes, leaving behind purified product water

Al Electrodialysis B

Feed Solution
H,0 |- + -l ® @ + [H,0
. | @ @ + ® |- ..f'+ .
HHT\ vlf .f + . H‘*;.HH + ¢
O\ * e offe @
Anode | P .r"’FJ * .“H_ @ |t Cathods
- o ® +< = @ +
K ® ol _|® +
& ®
— [ + = +

\ Diluate C“"“E"“y

Source: fumatech.com
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Electrodialysis

BATTERY

[ |1

AMNIONIC CATIONIC
+ MEMBRANES  MEMBRANES
- - 4+ -

Product Water

Y e -

T )

Brine

- Cation and anion-
selective membranes
placed alternatively to
form a membrane stack.

- Concentrated and
dilute/pure solutions
collected from the spaces
between alternating
membranes.
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Basic components of an ED unit

MEMBRANE

STACK Product
i - [ Water
RAW ELECTRODE
FEEDWATER "\
CARTRIDGE § —am— P
~ 7’
N
N
HOLDING VAN
> TANK ,-"’ N
| . G
SPECIAL LOW- ra
PRETREATMENT PRESSURE ELECTRODE
(1f Required) CIRCULATION
PUMP
] []
— Concentrate
AC DC POWER
POWER '—‘D‘: SUPPLY ! Discharge
SOURCE IRECTIFIER) . _ _

Three main elements: (1) Pressurized water supply system,
(2) membrane stack and (3) DC power supply
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Sedimentation

Sedimentation theory

Different types of settling mechanisms
|Ideal sedimentation basin and departure from ideality
Sediment tank innovations
Factors affecting sedimentation
Sedimentation tank design criteria, case study
Floatation process
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Sedimentation theory

For a discrete spherical particle, settling velocity/terminal velocity is
obtained when

Gravitational force (F) = Frictional Drag force (Fp)

('OS _'O\N)gv = CD ACIO\NVS /2 Fo Water density, p\y
VS:\/ng(pS_p\N) T
Coow A |
Vs d / \'
_ 49(105 — Pw )d |
Vo = v
3Co A \
Density,
V = volume of particle = nd3/6 ‘IV:' ¥ Ps

A = X-sectional area of particle = nd?/4
Vg = settling velocity
Cp = drag coefficient
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Determination of Drag coefficient, C,

e . T —T T 1IT 10
‘ |

5 :
: \"J RS e Tl
2 e = |d
0, ] H
é . '
CD ! "
: Smkes'shm:* _— — Circular Disk
| CD= 24/Re — Po=p "
2 : I 1
6 | - - |
'E | -*- %I.‘ .
2 Effect of surface roughness 71| | == — 1]
ol T ey, for mainsteam arbence | 11| {SPESTT]
HY. (5~ S -
P o SRS d T i ;
2 ! '] ! .
2!'0' 46l| 2 461'0 2 468|°22 4ca|°32 460I°42 4sa|°sz Oollosl 100'01
Reynolds number (Re)
Typical Reynolds number for particles in
Cp =24/R R<1 water treatment
C,=24/R+3/R+0.34 1< R <10*
C,=04 10* <R<10°

Q(Ps — Pw )d i
181
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Different settling types

Type |: discrete settling
Type II: Flocculent settling

Type lll: Zone settling (hindered and compression settling)

A A
Discrete settling Flocculent settling Hindered settling

e = <

ras] e} ]

ol ol ol

) ) ) . .

) a =) Compression settling

- - > -
Time Time Time
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Ideal Sedimentation Basin

Inlet Zone

Outlet Zone

q

ARRRARRRS

e

Overflow rate: v, =h, /t, =h,Q/V =Q/A

Overflow rate identifies the smallest settling velocity attributable to the
class of particles which experience complete removal

For Vg < Vg, the removal percentatge will be 100(vg/v,) because

h/h, =vg /v,
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Removal efficiency from settling velocity characteristics

100 : 25
_,-"' } E
-\ =
S o | =
= 80 ; l‘ g > ? . 206 & |
| i \ ! Cumulotive curve, 0~ - I
* i \ ! feft-hand scale o E b= I
g > ! ' ' {after Comp) E 2 n S i
S Y O 1 88 83 :
8o 'I y : c © o 3 i
— = =
55 | | i, o8 £ =
_'EF g' ! \11 .D-‘D c. Q "(_6 : :
cZ O N 022 5B i ;
=% 1 N Distributi g§2 cv ! !
5 w i . ‘\‘//"I' ‘|str| ution curve, 3 .9 00 ! !
o ! L & | right -hand scale o ¥ 5 C ' !
[ 20 T 'q‘ '5 [ c U 'S 1 1
a : Vo ——— 1. g £ : :
t /v=0048cm/sec Teedl = i bV, Vg
0k’ Yo=1,000 gpd/sq #t il ST oS — L
0 002 004 006 008 010 012 014 Settling velocity

v =settling velocity, cm /sec

Total particle fraction that will be removed:

1 %
(1-X%,) +—on v dX <€—— Applicable only for ideal settling
VO
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Problem: discrete settling

The settling characteristics of a suspension at 2 ft depth are as
follows:

Time (min) Suspended Solids (mg/|)
0 300
5 210
10 156
20 90
40 50
60 40

Compute the removal efficiency of the basin when Q = 1.5 cfs and
A =360 ft2. Assume ideal settling.
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Ideal settling and departure from ideality

025

Bosin surfoce looding

.
Ideal tank _
T o
‘ﬂ—— Vo = & /,\ Very large n: | best gerformance
| “w /
T ! Removal £ 020 h=17Worst case Jcenario
' °
— |l v Influent
Z J’ | ' Infiuent 2
- ; T 015
| ¥ \ Effluent
4 Wl _g et } Hazen theory
Efﬂuem/ ¢ M 2 _—Ideal theory
B 040
5
E
"i
£
C:;

\ 1000 gpd/ft2=0048cm/sec
Reasons for departure: 005 \ \\
surface currents, convection ceoobame) \\\‘\\%
currents, eddy currents 00 R —
o] Qo2 004 Q06 008 0i0 Q12 014

Sertling velocity, cmysec

Hazen estimated the settling performance if a settling basin is subdivided
into n number of hypothetical basins connected in series.
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Removal efficiency in non-ideal cases

How to improve

performance:

Parcentage removal, 100 *};

100 T 1
lIdEOl SE**'!D&% Best p%rformlunce sn=m—"};;_:___—-*_'ﬂ_':
90 Very good - L g J——
oerfc?rmance ;—-—"" 000 peﬁwnce s
80 n=8 =~ _J/; / _yer\]______'....-—ﬂ
ne 5\ // \ _--"""--. —1
" -
T0 7 Y, ia \}("N-‘-“G?Od pe!rformcfnce. n=3
/ /// —~FPoor performance,n=2
80 /’ 1
Ry 4
/4
40 /
% _n
30 Y Vv,
—=1-11+——
20 Yo n(Q/A)
10
o] A |

0O 04 08 12 16 20 24 28 32 36 40 44 4B 52
= o
Treatment porometer = A

Tracer tests are used to estimate n

t

mean
n —

bt

mean

mode

Tracer concentrotion in basin effluent

1 Reducing the surface
overflow rate

[ Covers for the basins

[ Baffle walls at the inlet
and outlet

 Larger height of tank

tmode

i
ﬁ
|
|
|
I
I
|
|
|

|

b *l'l'l&ﬂn

|
I
|
|
|
|
|
[
1
!
I
|
1
1
}
!
I

Fig. 14 Time after addition of tracer to basin influent.
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Flocculent suspensions

Particles will agglomerate while

A
settling, resulting in an increase in Flocculent settling
particle size.

5
The density variation of small flocs may a
be expressed by:

0.7 Time >
pPs—pFkd™
ps = density of the floc _—
. ’ 2

p = density of water Qs —p )d
d = the diameter of the particle Vs = 18

k = a coefficient dependent upon the
characteristics of the water and the
chemicals involved

Will cause an increase in
settling velocity
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Estimating removal efficiency for flocculent settling

Settling analyses are peformed in columns equal in depth to the proposed
clarifier

—_—

L ihm

Total particle fraction that will be removed:

« ;Azl(RﬁszJFAZZ(R2+R3J+AZS(R3+R4j+AZ4(R4+R5j
" Z, 2 Z, 2 Z, 2 Z, 2
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Problem: Flocculent settling

Suspended Solids at different time and depths are shown in the table. The
initial SS concentration is 300 mg/L.

Time (min) 10 20 30 40 50 60
Depth (ft)
1 204 150 126 96 75 60
2 213 180 150 129 99 81
3 216 189 165 144 120 99
4 219 195 171 156 135 105
5 225 210 177 165 144 120

Calculate the efficiency of flocculent settling basin of depth 5 ft when the
detention time is (a) 40 min and (b) 30 min.
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Zone settling

Individual particles are so close that
the displacement of water by the
settling of one affects the relative
velocities of its neighbours.

Hindered settling

Depth

Compression settling

The hindered settling velocity:

v, =v(1-C,J**® Time

v = the free settling velocity
C, = the volume of the particles divided by the total volume of the suspension

Typically does not happen in sedimentation tanks, but occurs in
sludge thickeners and at the bottom of secondary clarifiers in
biological treatment systems
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Sedimentation Basin Innovations

Two Storied Sedimentation Tank

Vs

Horizontal Parallel Plates Separator

Water Flow

Vs

1

nclined Parallel Plates Separator
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Sedimentation Basin Innovations

Horizontal Rail Holder

PVC Bunch of Pipes
Tube Settler

Inclined Corrugated Sheet

Increases the plan area (A) for the
same flowrate (Q) and reduces the
effective SOR
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Rectangular and Circular sedimentation tanks

Target

Baffle Perforated Baffle Etfluent

| 1/ e

R y L] Rectangular tank
Settli
= Zone" & LW = 4:1

Inlet Qutlet W =10 m is common
Zone

i

QOutlet || |
Zone -

Circular tank
Sez:lxi? Max. 60 m diameter

Inlet
Zaone |
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Factors affecting sedimentation and design criteria

Factors

[ Size, shape and weight of the particles
 Viscosity and temperature of water

J Surface overflow rate (SOR = Q/BL)

 Inlet and outlet arrangements

J Deterntion period (t =V/Q) and actual time of flow
 Effective depth of settling basin (3m — 5m)

Design Criteria

(1 SOR = 450-800 litres/hr/m? (900-1200 litres/hr/m? for
sedimentation with coagulation-flocculation)

1 Detention time = 1 — 10 hrs, hor. velocity = 15 cm/min (max)

Eckenfelder recommends a scale up factor of 0.65 for SOR and 1.75
for detention time
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Case study: Keranigonj SWTP

Flocculant Settling column test results for the Padma River water
(Aluminum sulfate used as a coagulant)

100

—— . —e

90

9.3 % in15mins 96,1 % in25mins  97.1 % in 35 97.7 % in 45 mins
80

70
60
50

40 — :
Expected SS removal =93%

30 | | |
Required detention time, t =17-20 min

Turbidity Value Removal (in %)

20

10 |-

0 5 10 15 20 25 30 35 40 45 50
Detention Time (in minutes)
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Case study: Keranigonj SWTP

Flocculant Settling column test results for the Padma River water
(Aluminum sulfate used as a coagulant)

300.00

280.00

260.00

~ 240.00

rjé 220,00

E

:-5200.00

*E 180.00 —
o

3 16000

§140.ou -

(@]

§=»| SOR for 93% turbidity removal = 140 m/day
2| Actual design SOR =91 m/day D

® I—(considering a 0.65 scale up factor)

40.00
60.00 70.00 80.00 90.00 100.00

Suspended Solids Removal (in Percentage)
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Flotation

A solid-liquid separation process that transfers solids to the liquid surface
through attachment of bubbles to solid particles

Process Variables

Design Operational
Physcial Chemical
* Hydraulic * Recycled flow e Coagulant dose
loading * QOperating pressure |* pH
e Solids loading air quantity * Influent solids
e Solids removal concentration
frequency

Flotation systems:

1) Dissolved air flotation
2) Dispersed air flotation

3) Electrolytic flotation
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