Unit 3



WATER TREATMENT



Objective of Water Treatment

* To produce an adequate and continuous
supply of water that is chemically,
bacteriologically and aesthetically pleasing.



Water treatment must produce water that
IS :
* Palatable (no unpleasant taste)

» Safe (does not contain pathogens or chemicals
harmful to the consumer)

* Clear (free from suspended solids and turbidity)
* Colourless and Odourless (aesthetic to drink)

* Reasonably soft (allows consumers to wash clothes,
dishes without excessive quantities of detergents or
soap)

* Non-corrosive (to protect pipe work and prevent
leaching of metals from tanks or pipes)

* Low organic content



Water Purification Processes
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* Major physical processes involved in self-purification of
watercourses are dilution, sedimentation and re-
suspension, filtration, gas transfer and heat transfer

* Natural water courses contain many dissolved minerals
and gases that interact chemically with one another in
complex and varied ways. Oxidation-Reduction,
dissolution-precipitation and other chemical
conversions may alternately aid or obstruct natural
purification processes of natural water systems

* Biological processes have found little use in the
treatment of potable water supplies because of the
low levels of biodegradable organics in raw water.
However biological processes are used extensively in
wastewater treatment
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Aeration

* Process sometimes used in preparing potable water
(often groundwater's)

 Removal of
— undesirable gases dissolved in water (degasification)

— convert undesirable substances to a more manageable
form by addition of Oxygen (oxidation)

* Undesirable gases

— Carbon Dioxide (CO,) — excess amount of CO, in water
results in corrosive water

— Hydrogen Sulfide (H,S) — imparts unpleasant taste and
odour



 Undesirable Substances

—Volatile Liquids (e.g., Humic acids), Phenols —
excessive quantities can be reduced to more
manageable levels

—lron and Manganese (both Iron and
Manganese are soluble in significant
guantities only in +2 oxidation state i.e.,
Fe+2 and Mn+2). Upon contact with oxygen
(or any other oxidizing agents), both Ferrous
Iron and Manganese are oxidized to higher
valences, forming new ionic complexes that
are not soluble and removed as precipitate
after aeration



Iron and Manganese

» widely distributed in nature

» present in Groundwater and Hypolimnion of
Stratified Lakes

» significantly soluble in +2 state i.e., Fe?*and
Mn2+

» Upon contact with oxygen or any other
oxidizing agent, Fe?* and Mn?* are oxidized to
higher states — new ionic complexes are
formed which are not soluble

o 4Fe* + 0, +10H,0 = 4Fe(OH), | + 8H*
o 2Mn2*+ 0, +2H,0 = 2MnO,| +4H*



Water dispersed in Air
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Ct - conc. Attime t



s Y
oo e




Cascade Aerators

Cascade Aerator

= ,Rav _\_y'ater

k3




Bulk Water

Gas Film Liquid Film

(super saturated) (under saturated)

v
DESORPTION ABSORPTION

Cs - saturation concentration of gas in water at a given temperature (max. conc. In absorption)
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Solids Separation



* Discreet Particles — size, shape and specific
gravity do not change with time

* Flocculating Particles — Particles whose surface
properties are such that they aggregate, or
coalesce, with other particles upon contact,
thus changing shape, size and perhaps specific
gravity with each contact are called
flocculating particles.



* Dilute Suspensions — Suspensions in which the
concentration of particles is not sufficient to
cause significant displacement of water as

they settle

* Concentrated Suspensions — Suspensions in
which the concentration of particles is too
great



Type-| Settling
Discreet Particles in Dilute Suspension



Diameter of Type of Particle Settling time
Particle through 1 m. of
water

10mm Gravel 1 seconds
1mm Sand 10 seconds
0.1mm Fine Sand 2 minutes
10 micron Protozoa, Algae, Clay 2 hours

1 micron Bacteria, Algae 8 days

0.1 micron Viruses, Colloids 2 years

10 nm Viruses, Colloids 20 years

1 nm Viruses, Colloids 200 years

Settling Time for Particles of Various Diameters;
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Generalizations:

% All particles with diameter 2 d, and such that
their settling velocities are 2 v, will arrive at
sampling port in time t,.

< Particle with diameter d,< d, will have v, < v,
and will arrive at or pass sampling port in time tO,
provided its original position was at or below a point
Z

0:~p|n a uniformly mixed suspension, fraction of
particles of size d, with settling velocity v, which will
arrive at or pass the sampling port in time tO will be
ZyZy = vylvy . Thus removal efficiency of any
size particle is the ratio of the settling velocity
of that particle to the settling velocity v, defined
by Z/t,

|:> Sampling port
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Example:
A settling analysis is run on a type-1 suspension. The columnis 1.8 m
deep, and data are shown below. What will be the theoretical efficiency

in a settling basin with a loading rate of 25 m3/day.m? (25 )?

Time, 60 80 100 130 200 240 420

189 180 168 156 111 78 27




Solution:

Calculate mass fraction remaining and corresponding settling rates

Mass Fraction 1389 180 168 156 111
Remaining, 300 300 300 300 300 300 300
c./C, =0.63 =0.6 =0.56 =052 =037 =0.26 =0.09
P, = 11]—3? 1.3 1.8 1.3 1.8 1.8 1.3 1.3
_ 60 80 100 130 200 240 420
m/min =3.0 =2.25 =1.8 =1.38 =0.9 =0.75 =0.428

Determine vy = 25 m3/ m2.day = 1.74 x 10> m/min.

= 1.74 x 10™*m,/min
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Determine Ax.vi

0.1 0.3
0.1 0.5
0.1 0.7
0.1 0.85
0.14 1.2
=0.54 20x. v,
X=(1—m)+) A
0.379
“owrom
= (.68

0.03

0.05

0.07

0.085

0.168

0.403

0.46+0.23 = 0.69 =
69%




Type-2 Settling



Components producing turbidity
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Settling Column

Iso - removal lines from settling analysis

T T N NN YR T + AN <2t
____________________ . I T - = ... T T——
2
0 B e NN FON e Z
=
o
B T Wi s N S S o
%,
e LN NN NS
+ ¥ ¥
I N\ T +H\& +\% +
NN SN (R l I | b i W I I
Time, min
Clij
rij=(1- x 100



Jar Test Apparatus




Sedimentation Tanks

. . . Long rectangular
— Plain Sedimentation tanks with

horizontal flow (or)
Circular tanks with

— Sedimentation aided with Coagulation | radial flow

Long Rectanqular Tanks

0 Commonly used in water treatment for processing large flows

O Hydraulically more stable

Q flow control through large volumes is easier with this configuration
Typical designs — Length ~ 2 to 4 times Width and 10 — 20 times depth
Bottom is slightly sloped to facilitate sludge scraping. A slow moving
sludge scraper, continuously pulls the settled material into a sludge

hopper where it is pumped out periodically.



Four Functional Zones in a Rectangular tank

* Inlet Zone — Baffles intercept the incoming
water and spread the flow uniformly both
horizontally and vertically across the tank

e QOutlet Zone — water flows upward and over the
outlet weir

* Sludge Zone — which extends from the bottom
of the tank to just above the scraper
mechanism

e Settling Zone — which occupies the remaining
volume of the tank
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Hx B

where H = Depth of the tank and B = Width of the tank

Horizontal Velocity vy =

Time ty corresponds to the retention time in the settling zone

_E_LKHKB
¢ ¢
H
Also ty = —
Ty

Therefﬂrﬂ£=LxHx B
' Q
1, = Q =§
*TLxB A

where A, = Sur face Area of the settling tank



Assumptions in the design of horizontal
sedimentation tank:

e Particles within the settling or sedimentation zone,
settle exactly in the same manner as they do in a
guiescent zone

* Flow is horizontal and steady and velocity is uniform in
all parts of settling zone for a time equal to the
detention period

* Concentration of suspended particles of each size is
same at all points of the vertical cross-section at the
inlet end

* A particle is removed when it reaches the bottom of
the settling zone
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FIG. 7.17.9 utlet details of sedimentation tanks.
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TABLE 7.17.2 DIMENSIONS OF RECTANGULAR
AND CIRCULAR BASINS

Clarifier Hange Tvpical
Rectangular
Length, m 10-100 2560
Length-to-width ratio 1.0-7.5 1
Length-to-depth ratio 4.2-25.0 -18
Sidewater depth, m 2.5-0.0 3.5
Width, m™ 3-24 610
Bottom slope, 96 1 1
Circular
Diameter, m" 3-60 10-40
Side depth, m 3-6 1
Bottom slope, 96 8 8

Most manufacturers build equipment in width increments of 61 cm @2 fi). If
the width is greater than 6 m (20 fi), multiple bays may be necessary.
"Mlost manufacturers build equipment in 1.3-m (5-ft) increments of diameter,




TABLE 7.17.1 TYPICAL WATER TREATMENT CLARIFIER DESIGN DETAILS

Weir Owverflow Rate

Surface Overflow Rate

Detention
Type of Basin Time, hr m?*/{m - day) gal/{ft - day) m/day gal/(ft* - day)
Presedimentation 3-8
Standard hasin following:
Coagulation and
flocculation 2-8 250 20,000 20-33 500-800
Softening 4-8 250 20,000 20-40 500-1000
Upflow clarifier following;
Coagulation and
flocculation 2 175 14,000 55 1400
Softening 1 350 28,000 100 2500
Tube settler following:
Coagulation and
flocculation 0.2
Softening 0.2




Sedimentation aided with
Coagulation

* Small, less dense particulate matter may be
removed by sedimentation only with
extended detention times not available in
many situations. Colloidal materials form very
stable water suspensions. Colloidal particles
may consist of clay and silt, color bodies,
precipitated iron or manganese oxides, and
bacteria and algae.



Diameter of Type of Particle Settling time
Particle through 1 m. of

water

10mm Gravel 1 seconds

Imm Sand 10 seconds

0.1mm Fine Sand 2 minutes

10 micron Protozoa, Algae, Clay 2 hours

1 micron Bacteria, Algae 8 days

0.1 micron Viruses, Colloids 2 years

10 nm Viruses, Colloids 20 years

1 nm Viruses, Colloids 200 years

Settling Time for Particles of Various Diameters;




Coagulation and flocculation are the mechanisms by which
particulate and colloidal materials are removed from water in
the process of clarification.

Coagulation can be defined as charge neutralization which
results in the destabilization of suspensions of particles in the
colloidal size range (1-500 milli microns) allowing
agglomeration to occur. Colloidal particles have a negative
electrical charge. This net negative charge results in stable
suspensions due to the repulsive forces between each
particle. As the halo of net negative charge surrounding each
particle is neutralized, it is stripped away reducing the
effective particle diameter. One may easily visualize the
particle agglomeration that may occur through natural
particle collision, helped by slow mixing, once the charge is
neutralized and the effective diameter of the particles is
reduced.



* |[n most waters requiring charge
neutralization, it is a net negative charge that
must be neutralized. Therefore, the term
coagulant is applied only to cationic
chemicals.



* The extent of particle agglomeration due to
coagulation cannot be predicted. In some
circumstances very small numbers of particles
may agglomerate to form microfloc. The
coagulated material may or may not be
agglomerated enough to achieve good settling
without flocculation. A high density macrofloc
may not need further treatment, while
microfloc and low density macrofloc will likely
require flocculation for optimum clarification.



* The extent of particle agglomeration due to
coagulation cannot be predicted. In some
circumstances very small numbers of particles
may agglomerate to form microfloc. The
coagulated material may or may not be
agglomerated enough to achieve good settling
without flocculation. A high density macrofloc
may not need further treatment, while
microfloc and low density macrofloc will likely
require flocculation for optimum clarification.



* Flocculation can be defined as the mechanism by
which microfloc or low density macrofloc particles
are further agglomerated resulting in rapid settling
floc bodies and enhanced finished water quality.

* |norganic coagulants have been used to clarify water
for years. Trivalent ions such as aluminum and ferric
iron coagulate colloidal suspensions by charge
neutralization and by promoting agglomeration.
Therefore, in addition to their coagulating ability,
they are also capable of further flocculation through
their ability to form hydrated gelatinous hydroxides,
at appropriate pH levels. These gelatinous hydroxides
entrap destabilized particles as they sweep through
the water under the force of gravity.




* Polymeric coagulants, or that class of polyelectrolyte
with relatively low molecular weight (compared to
flocculant polymers) and a high cationic charge
density, are finding wide application as coagulants in
water clarification. Polymeric coagulants also have
some ability to cause flocculation through a
mechanism quite dissimilar to that of the inorganic
coagulants. Flocculation by polymer coagulants is
brought about via their molecular weight (M.W.)
which is very high as compared to inorganic
coagulants.



 Molecular weight, for the purposes of this
discussion, may be pictured as representing polymer
chain length. The greater the M.W.,, the greater the
chain length and the greater the flocculating ability.
Longer chain length allows bridging, or attaching to,
greater numbers of particles. However, coagulant
polymers have relatively low molecular weights and
flocculating ability when compared to the high
molecular weight cationic, nonionic and anionic
flocculant polymers. Therefore, polymeric coagulants
have the ability to enhance flocculation only to a
limited degree.



Chemicals used for Coagulation

W Coagulant Chemical Formula m

Filter Alum (or) Alum Al,(SO,);.18H,0 666.42

2. lron Salts FeSO,.7H,0 278.0
(i) Ferrous Sulphate
(Copperas)
(ii) Ferric Chloride Fe(j|3 162.2
(iii) Ferric Sulphate Fe2504(3) 400.0

3 Chlorinated Copperas Fe,S0,;).FeCly 562.08
4, Sodium Aluminate Na,Al,O, 164.0



Alum

AL(SO,),.18H,0 + 2AI(OH),]

Causes

Bicarbonate Imparts _
alkalinity permanent corrosiveness
(pH 4.5 - 8.3) hardness

(i) AlL(SO,);.18H,0 + 3Ca(OH), — 3CaS0, + Al(OH),| +18H,0

(i) Al(SO,),.18H,0 + 3Na,CO, — 3Na,SO, + 2AI(OH),| +3CO, }+15H,0



Ferrous Sulphate (Copperas)

When lime is added to water in conjunction with Copperas

() FeSO,.7H,0 + Ca(OH), — CaSO, + Fe(OH), + 7H,0

Copperas Hydrated Ferrous
Lime Hydroxide

When Copperas is added earlier to lime

(i) FeS04.7H,0 +3Ca(HCO,), — Fe(HCO,), + CaCO, + 7H,O

Alkali present in

raw water
(i) Fe(HCO,), + 2Ca(OH), — Fe(OH), + 2CaCO, + 2H,0
Hydrated Ferrous

Lime Hydroxide
(i) 4Fe(OH), + O, + 2H,0 _>

Ferric Hydroxide Precipitate



Chlorinated Copperas

6(FeS0,.7H,0) + 3Cl, — 2Fe,(S04), +2FeCl, + 42H,0
Ferric Sulphate  Ferric Chloride

Fe,(SO,); + 3Ca(OH), — 3CaS0, + 2Fe(OH), |

Ferric Sulphate Hydrated Lime Ferric Hydroxide
Precipitate
2FeCl, + 3Ca(OH), — 3CaCl, + 2Fe(OH), |
Ferric Chloride Hydrated Lime Ferric Hydroxide

Precipitate



Sodium Aluminate

Na,Al,O, + Ca(HCO,), — CaAlLO,| + Na,CO, +CO,1 +H,0

Calcium Aluminate

Na,Al,O, + CaCl, — CaAl,O, | + 2NaCl

Na,Al,O, + CaSO, — CaAl20, | + Na,SO,



Comparison of Iron and alum Salts

* |ron salts

— produce heavy floc — therefore can remove more
suspended matter than alum

— can remove H2S and its corresponding tastes and
odours from water

— used over a wider range of pH values

— cause staining and promote the growth of iron
bacteria in the distribution system

— impart more corrosiveness than alum

— Handling and storing of iron salts require more
skill and control (iron salts are more corrosive and
deliguescent than alum)



Clariflocculator (Coagulation-Flocculation-
Sedimentation Basin)

e Consists of four units

— Feeding Device -

. di . Depending upon the feeding of
Dry Feeding Devices — | chemical coagulant either in powdered

e \Wet Feeding Devices form or in a solution form
— Mixing Device or Mixing Basin
* Mixing Basins with Baffle Walls
* Mixing Basins equipped with mechanical devices

— Flocculation Tank

— Settling or Sedimentation Tank
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Example 1:

Determine the quantity of alum required in order to treat 13 million
litres of water per day at a treatment plant, where 12 ppm of alum dose
is required. Also determine the amount of carbon dioxide gas which will

be released per liter of water treated.

Example 2:
8 mg/L of Copperas is consumed with lime at a coagulation basin.
Determine the quantity of copperas and the quick lime required to treat

10 million litres of water.



Example 3:

Raw water with suspended solids concentration of 37mg/L has to be
treated in a clariflocculator. The flow into water treatment plant is
0.5m3/s and alum dosing is found to be 23mg/L. The effluent suspended
solids concentration is measured as 12mg/L. The sludge content is 1%
and specific gravity of sludge solids is 3.01. What volume of sludge must

be disposed of each day?



Dewatering and Disposal of Sludge from
Water Treatment Plant

By ponding in Artificial or Natural Lagoons —
provided sufficient open land is available in
the vicinity of the plant

Sand Drying Beds
Gravity Thickeners
High Speed Centrifuges
Pressure Filtration
Vacuum Filtration

Dewatered sludge is finally disposed of either by

incineration or by burial in trenches



Filtration - process where water is filtered
through granular material eq. sand

* Polishing step to remove small flocs (or)
precipitant particles not removed in
settling basins

* Primary turbidity removal process (under
certain conditions)

* Removes Colour, turbidity, odouir,
pathogenic organisms etc.



Filters

Slow Sand
Gravity Filters

J

* Remove much larger
%age of impurities and
bacteria as compared to
Rapid Sand Gravity Filters
** Very slow rate of
Filtration

¢ require large areas and
are costly

¢ Obsolete in present day

Rapid Sand
Gravity Filters

* Universally
adopted in
modern water
treatment plants

Pressure Filters

¢ Industrial Use
s Swimming Pools



Theory of Filtration

* Mechanical Straining — particles bigger than
voids are arrested in sand layers. Most
particles are removed in upper sand layers —
arrested particles along with flocs form mat
which further helps in straining

* Flocculation and Sedimentation — Assumed
that void spaces act like coagulation-
sedimentation tanks. Remove particles smaller
than size of voids. Colloidal particles act as a
gelatinous mass and therefore attract other
finer particles




* Biological Metabolism — Bacteria present in voids
convert organic impurities (eg. algae, plankton
etc.) to harmless compounds. There harmless
compounds form a layer on top called “Dirty
Skin” which further helps in straining out
impurities.

* Electrolytic Changes — by changing chemical
characteristics of water. Sand grains of filter
media and impurities in water carry electrical
charges of opposite nature. When these come in
contact with each other, they neutralize, thereby
changing the character of water



Filter Materials

* Sand (Coarse or Fine)
— Free from dirt and impurities
— Uniform in nature and size
— Hard and resistant

— Should not loose 5% weight when kept in HCI for
24hours

* Gravel
— May be used below sand
— Density 1600kg/m3

e Anthracite Coal



* Size of sand — expressed as effective size ie.,
D,, — size of sieve in mm through which 10%
of sample of sand by mass will pass.

* Uniformity in size or degree of variation in
sizes of particles is measured and expressed
by Uniformity Coefficient (Dg,/D,,)



Example 3: A settling analysis is run on a Type 1 suspension in a laboratory
v ith a port 1.8m below the suspension surface. The data obtained

column wi
are shown below.

__ Time (min) - .._..w.wlﬁno_._n‘ mg/L) ‘
0 220
3 116
A A =i 98
10 75
20 L 35

40 10 B
60 2

What will be the theoretical removal efficiency in a settling basin for an

overflow of 432 m?/m.day?




s0lution of Example Z2:

._.ms,._m (min)

TSS (conc, mg/L)

|

Mass Fraction

Vs (m/min)

Remaning

0 o200 i ;

3 116 0.58  "/xo|  1.8/3=0.6
s 0 049 I 1.8/5-0.36
T ‘ 75 038 1.8/10=0.18

20 35 018 1.8/20=0.09
40 10 0.05 1.8/40=0.045

60 ER 0.01 1.8/60=0.03




fraction of paticie temaining

NS

seftiing velocity. m min

*1d  1hr

Overflowrate=V =43 ™ -

X 0.

=0.54/+
0

= 0.54 +
[

=0.72
=72%
M

|
|

46

m.d 24hr 60 min

=0.3m/min

”_. Xc
Total removal = Aplxn v._' vV HM.<Qx
| C

1
3 (0.0143 +0.0158 +0.01266 + 0.0077 +0.0044 )

0.05486

0.3

| .

— gEE =
dx V , V.dx f
006 | 02388 | 00143 |
0.1 0158 | 00158 |
0.1 01266 | 0.01266 |
0.1 0077 | 00077 |
0.1 0044 | 00044 |




mymav_m 4: A settling basin is designed to have a surface overflowrate of 32.6m/d.
gmﬁm:‘z_:m the overall removal obtained for a suspension with the size distribution
m_<m3 in the table below. The specific gravity of the particles is 1.2 and water
dm_ﬁumaﬁcﬁm 5 20°C .

(M =1.0087x10 Ns/m2,Q =998.23 kg/m3 )

|
: Particle m_nm mm Weight Fraction Greater Than Size , %

. 0.1 10
008 15
___ | - o007 40
I 0.06 70
| 0.04 93
| 0.02 99
[ 0.01 100




,Ho.wmq
I

.f tal removal AH X v A s <ax

0. §+l8

0 .89
89 %

e——

d |V | vdx |
0027 | 035 | 000945 |
0.04 0.32 0.0128 |
0.04 | 029 0.0116
0.04 0.25 0.01
0.04 0.20 0.008
0.04 0.15 0.006

004 0.065 0.0026 |

24

| 037 ooﬁm+oo_~m+oo:o+oo_+ooow+oooo+ooowmw




Example 5/ Type 2 Settling):

A column analysis of a flocculating suspension is run in the apparatus shown
below. The initial solids concentration is 250 mg/L. The resulting matrix is
shown below. What will be the overall removal efficiency of a settling basin
which is 3 m deep with a detention time of 1 h and 45 min.

Depth Time of sampling, min
m 30 6( 120 150 180
133 83 50 38 30 23
180 125 93 65 55 43
203 150 118 93 70 58
213 168 135 110 90 70
220 180 145 123 103 80
225 188 155 133 113 95

32



SOLUTION:

Removal at each depth and time: X - |@ 100
ij G/

___Depth Time of sampling, min
{ m 30 60 90 120 150 180
47* 67 80 85 88 91.
1 28 50 63 74 78 83
: 19 40 53 63 72 77
15 33 46 56 64 72
2.5 12 28 42 51 59 68
3 10 25 38 47 55 62

- .wwiu o hd
\_ 7%0

33



Settling column

Time. min



etention time = 1hr 45 min =105min -3
raw a vertical line from 105 min -

Setthing column
Depth. m

 removal of completely removed

action at t=105min =43% -
rom graph, by interpolation) =
=
emoval of partially removed fraction : Time. i
v 43-50% -2 fraction 7%, ave. depth reached by fraction 2.6 % aaes_u%sm_uo%\c

v 50-60% —> fraction 10%, ave. depth reached by fraction 1.8 xaaoé_u%_%\au@x

v 60-70% > fraction 10%, ave. depth reached by fraction 1.2 xaaoé_uﬁao\oumx

v 70-80% > fraction 10%, ave. depth reached by fraction 0.8 % aaoé_u%_%\auwm%\a

v 80-90% > fraction 10%, ave. depth reached by fraction 0.45 v, removal= 43 10% =1 50

3
v 50-100% > fraction 10%, ave. depth reached by fraction 0.15 0.15

i) qaso<m_n.|.g,|_ 0% =0.5%

»removal of partially removed particles at time=105 min=6.06 + 6 + 4 + 2.66 + 1;5+0.5
=20.72%



ral removal at time=105min = completely removed % + partially removed %
43 % + 20.72 %

=63.72%

OTE : In applying isoremoval curves to design a tank, scale — up factors of

0.65 = the overflowrate
1.75 = for the detention time

e used to compensate for the side wall effects of the batch settling column.

6
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(b) CONVERSION OF CLARIFIER
WwIT
(a) TUBE MODULE H TUBE MotLe
CONSTRUCTION
FIG. 9.29. THE TUBE SETTLER

. ILLUSTRATIVE EXAMPLES

Example 9.9. Find the dimensions of a rectangular sedimentation
isin for the following data :

(i) Volume of water to be treated= 3 million litres per day.

(if) Detention period = 4 hours.
(iit) Velocity of flow = 10cm/min.
Solution :

Detention time = 4 hours= 240 min.

Velocity of flow = 10 cm/min. \
. Length of tank =0.10 x 240 =24 m. :

Volume of water in 4 hours =

3 x 10° 4 3

o 2 ™o

. Cross-section area

V500 2

A= = 20

) ! sm

Assume a working depth of 3 m.

Width of tank =25 ~7'm

Provide an extra depth of 1m for-sludge storage and 0.5
| for free board making a total depth=3 + 1.5=4.5 m.
Hence provide a settiing tank of size 24 m X 7mx4.5 m.

Check :
‘Volume of water per hour

3x10°
T4
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. Surface Joading rate

[3x10“*

] 24 x 7
= 744 litres/hour/m* which is satisfactory

Example 9.10. Find the dimensions of a circular sedimentati a-f,
basin for the above data.

Solution :

A circular sedimentation tank is generally provided with i its
bottom cone-shaped, with a slope of 1 vertical to 12 ihorizontal.
Under this condition, its volume V, in terms of its diameter D and
height H, is given by

- : V =D (0.011 D + 0.785 H) (9.
Now volume of water during detention period
3x10° 4
= X — = 500
10° 24 m’

Let the effective depth =3 m.

Substituting the values in the above expression, we get
500 = D’ (0.011 D + 0.785 x 3)
Solvmg this by trial, we get
D =142 m.
Providing an extra depth of 1.5 m for sludge storage and
free board, the size of the tank is 142 m dia X 4.5 m depth.

Example 9.11. Design a plain sedimentation basin 1o treat 3
million of water litres per day so as io setile at least 75% of the
particles of grain size 0.002 cm or more. Assume any suitable data
required.

Solution:

Velocity of settlement of 0.002 cm (or 0.02 mm) diameler
at 26°C. can be determined from Eq. 9.9 (a) by assuming an average
specific gravity of 2.65.

vy = 418 (2.65 — 1) (0.02)? l* "26'”0]

100
= (.408 mm/scc = 0.0408 cm/sec.

¢ From Eq. 9.11 (e), 1 cm per sec. settling velouly corresponds.
to a surface loading of 8,64,000 litres per daw’m

. Associated surface loading

= 86400 x 0.0408 =35278 litres/day/m’,
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Assume the depth of tank as 3 m. The time required 10
settle with the above velocity of 0.0408 cm/sec will be '
300 ; :
= 5.0408 x 60 = 122.5 min. PR
As per past experience, for 75% removal of the particles of
the designed category (ie. 0.002 c¢m), the surface loading should
be reduced by an average of 52%, and the detention time increascd
by 120%.

. Design surface loading
= 35278 x (.52 = 18345 litres/day/m’
Design detention period
= 1225 (1 + 123) =270 min.

= 4.5 hours

_3x10°
Surface area = 3345

Volume of water in 4.5 hours

-]
iilr[}_x.%w%?ﬁm

Let L=10x3=30 m.
_ 5625 _ wu
=30x3 " 6.25 m
Displacement velocity of flow
30

-m—[)]]l m/min.,, = 11.1 cm/min.

= 163.5 m*

which is satisfactory.
Provide an extra depth of 1 m for sludge storage and 0.5
m for free board, making a total depth
=3+15=45m
Hence provide a tank of 30 m X 6.25m x 4.5m size.
Exampie 9.12. Design a coagulation sedimentation tank to treat
10 million litres of water per day. Assume suitable data where necessary.
Solution : i _\ .
Alum and iron flocs adsorb and enirain water and reduce
the specific gravity to as little as 1.002. However, these flocs may
- be as large as 0.1 em in diameter, and their settling veloc ity “at
26°C may be assumed to be about 0.12 cm per sec.
Since 1 cm per sec. settling velocny corresponds to a surface
loading of 8,64,000 litres per day/ m’, the associated surface lmdmg
= 864000 x 0.12

= 103680 litres/day/m>.



2 Redtié@g_ this by about 52%,
.. Design surface loading

7 L= 6
. Surface area :M
. 54000

Provide a tank of size 20 mx 9.3 m.

= 1852 m%.

Provide an effective depth of tank= 3 m, and an overall dep !
=45 m, making an allowance of 1 m for sludge and 0.5 m for

free board.

Theoretical detention time.

. :
=Oazx60 42 min
Total actual detention time may be

120

|
, WATHI SUPPLY, ENGINEIE

= 103680 x 0.52 = 54000 iitrcs/day/mi b

=42[1+—]'=92 min.

100

Hence provide the settling basin of size 20m x 9.3 m X 4.5 m,

and give a slope of 1 in 50 to the floor of the tank.

Average velocity of flow in the tank,
_ _Length of tank
Detention period
_ 20 x 100
92

~22 cm/min.
which is satisfactory.
Design of floc chamber.
The section of tank is shown in Fig. 9.30.
Effective depth of tank near floc chamber

20
=34+1-===3.
50 3.6 m.

-l - ]
oW W W
-z 9% 6%
wE =z TZ
4% x“ ad
z§ 50 § 65
A —— U5
p i
SETTLING 1
=i 1 TANK s
FLOC. T 3-6m "
CHAMBER g 1
e '[EE_&U.QGE e _Emﬂ
65 m —sf= 20m o

FIG. 9.30

PiML T, .l-T"'r' |

'W—'ﬁ

¢ effective depth of the settling tank near floc chamber.
. Effective depth of floc chamber - :

=%x3.6=1.8 L
Assume a detention period of 15 minutes for the floc chamber
. Total capacity required

6 : )
_10x10° 15 _j042m’

10 24 x 60
Width of floc chamber = Width of setiling tank
=93 m.
. Length of floc chamber
104.2 (7
ey e Stk

Keep length of floc chamber= 6.5 m.

Example 9.13. A settling basin is designed to have a surface
overflow rate of 32.6 m/day. Determine the overall removal obtained

for a suspension with size distribution given below. The specific gravity
of the particles is 1.2 and the water temperature is 20°C at which dynamic

visocity is 1.027 centipoise and the density is 0,997 g/em’.

- s & -
Assume thut effeetive depth of floc chamber is equal 1o half

Particle size 0.1 0.08 0.07 | 0.06 0.04 0.02 0.01
(mm)
Weight fraction
greater than size 10 15 40 70 93 99 100
(per cent) +

(UP.S.C. Engineering Services 1992)
Solution : - ‘ -
The settling velocities may be calculated from Stoke’s law

(Eq. 9.6) :

- K e z=- 9810 B 2 ¢
vs = 155 P Y4 = 15 107) [1.2 — 0.997)d et
=107.713d O

The corresponding Reynolds number can be computed from B

the relation :
_pvsd _0997 14773 2
R . 1027 (107.73d")d | ;
or R = 104.564° (i)

The computed values of vs and R for various particle sizes

(d) are tabulated below :
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Weight fraction 10 15 40 | 70 [ 93 | 99 | 100 : 1o ,
greater than stated ‘ 4 R=(1-x) + —Zv'Ax
(%) . i
Weight fraction 90 85 60 30 7 1 0 =072+ i (0.0676) = 0.899 or 89.9 %o
finer than stated % 0.377
vs (mm/s) 1.077 | 0.689 | 0.528 | 0.387 | 0.172 | 0.043 | 0.011 1 Example 9.14. A rectangular sedimentation basin is to hand!:
. sedimentation basin_ 0, '
R 010 | 005 | 004 | 002 | 0.007 | 0.0008 | 0.0001 | B8 million Livesiday of raw water. A o widl

1o length ratio of * 3 is proposed to trap all particles larger f?um 0.05
mm in size. Assume a relative density of 2.62 for the parrules_* _and
APC  as the average temperature, determine the basin dimensions..
If the effective depth of tank is 3 m, calculate the detention time.

Since R is less than 0.5, Stoke’s law is applicable and hence
calculation for vy are valid. From the above table, the cumulative
distribution curve is drawn as shown in Fig. 9.31.

[Re]
[ Solution.
. _'________..._-—.
0 238+ 70
8 oo , ///'* A vs =418 (Ss — 1) d [ 100 ]
E ' x 20+170
g / = 418 (2.62-1) (0.05)2[3T0— = 2.2 mm/sec
doo-e
;.‘:’ = 0.22 cm/sec = 7.92 m/hour
" From Eq. 9.11, vs =<
Hi"* - » W 1R
I'- x;'O'ZB_ _L_LBH_E Eag. 9.11 d
£ . - | Also, fo—a——é——vs -(Eq. 9. )
2 4~ ) <
I 'I'.. H ,
g [.-
£, i (where fo is detention time in hours) _
4 o 02 04 06 08 I"Q I-2 and
TERMINAL VELOCITY (mm/s) Q = 12 million litres per day = 12::'_310 X -z-lzm’/hour
FIG. 9.31. CUMULATIVE DISTRIBUTION CURVE — 500 m’/hour
32.6 x 1000 i
Now SOR =v, = 32.6 m/day e 2725_66-)(_66 = 0.377 mm/s . Capacily of tank, V =500 X ¢ (i)
TS LBH = 500 x =
Hence all particles with setting velocities greater than 0.377 792
. mm/s will be removed. Thus, from the graph (Fig. 9.31), the fraction L =3B
(1—x,) isequalto 0.72. The graphical determination of Zv,' Ax is But -
tabulated below : agt w2 500
7.92

Ax | 004 | 004 | 004 | 004 | 004 | 004 | 004 1

; ' - From which B =459 = 4.60 m
vs' 006 | 0.16 022 0.26 0.30 033 0.36 .

- L=46x3=138 m.
If H=3m,

3
==

792 1792

vs' Ax 0.0024 | 0.0064 | 0.0088 | 0.0104 | 00120 | 0.0132 | 0.0144 |

The overall removal is given by Eq. 9.13 (a) = 0.379 hours = 22.7 min.
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Example 9.15. In a continuous [low settling tank, 3.5 m ¢
and 50 m long, what flow velocity of water would yl;;u; }‘n.s:mn
“for ejfef:rfve removal of 0.03 mm particles ar 20°C. The specific
of particles is 2.65 and the kinematic viscosity of wa!e}' ri) be ta
as 0.01 cm’/sec. e

Surface arca of tank = 0.785 D* = 0.785 (25)°
= 490.63 m’
Q _ 15000
surface area  490.63
= 30.57 m"/m’/day
Length of weir along periphery of the tank

Overllow rate =

Solution :

vF%(S__ ,)% 07 =aD=mxx25 =7854 m
S i ing DB e
=2 @es-1) D003 _ 81 e/ Weir loading per day = Toousiy of weir
From Eq. 9.11 (¢) ' = 17;022 = 191 m*/m/day.
Vd = %1’; Example 9.17. A coagulation-sedimentation plant clarifies 50
Taking 05 m FB, H=35-05=3m:L =5 iillion litre of water per day. The raw water has an alkalinity equivalent
) s miL=30m of 4 mgll of CaCOx . The filter alum required at the plant is 20
va = — X (L.081 = 1.35 cm/sec. mo/ll. Determine the filter alum and the quick lime (containing 88%
3 g

I CaO) required per year by the plani. Use the following molecular

Hence the flow velocity or displacement velocity should e Weights

be more than 1.35 cm/sec
Example 9.1 fdv-_ (Al =27;S=32;:0=16;H=1:;Ca=40;:C=12)
. mple 9. 6. Two primary settling basings are 25 m in diamele |

h 2.5 m side water depth. Single effluent weirs are located on h
peripheries of the tanks. 1

Solution :
(i) Alum required per day = 50 X 10° x 20 = 1000 x 10° mg/day
= 1000 kg/day = 365 tonnes/year
(if) The chemical reaction is indicated by Eq. 9.19, when water
has sufficient natural alkalinity. If the natural alkalinity is insufficient,
lime is added to water, due to which the reactions are :
CaCO; + H>0 + COz; =Ca (HCOz):
Mol. wt. of Al(SO4)3.18H20 = (2 X 27) + 3(32 + 4 x 16)
+ 18 (2 + 16) = 666

Mol. wt. of Ca (HCO3)2 = 40 + 2(1 + 12 + 48) = 162
Mol. wt. of CaCO;3 = 40 + 12 + 48 = 100
Mol. wt. of Ca0 =40 + 16 =56

From Eq. 9.19, we find that alum requires 3 x 162 ( = 486) parts
of natural alkalinity, Ca (HCO3). for every 666 parts of alum. Also,
162 parts of natural alkalinity is equivalent to 100 parts of alkalinity

For a water flow of 30000 m'/day, calculate

(1) surface area and volume
(if) overflow rate in m’/m’/d
(iif) detention time, in hours, and

(iv) weir loading in m'/m/day
Solution :

For a circular sedimentati i
‘ ion tank with cone-shaped bottom
having a slope of 1 vertical to 12 horizontal, i 3

V =D (0.011D + 0.785 H)
=25%(0.011 x 25 + 0.785 x 2.5) = 1398.4 m"
Now Q per tank =1 x 30000 = 15000 m*/day

15000 5.
> _24_1“3/hr = 625 m’/hr. o e ; o e . TR
: Hence required alkalinity ( as CaCO3), for water containing
*. Detention time 1, =5 alum of 20 mg/l
3 x 100 .
_ 13984 _ T . v x 20 =9.01 mg/ aslf)
625 ' s Natural alkalinity available as CaCO3 =4 mg/l
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utation of setiling velocity. of minimum size particles
Assuming Stoke’s law to be valid,

& (Eq. 97 a)

_&s L
bairgy B =5

-+ Additio ini i
- nal alkalinity required to be added in the fg
=901 -4=501
g Ul mg/l as Caco .
Ince 100 part of CaCO; produces 56 parts 03f Cao, qui

of CaO required
0018 X 107°)_ 5 g8 107 ms

_ 501 x 56
Bt ST sl cadD e Mg =28 s i -
of CaO, available quick lime contains only 88 per - 18 1.01 x 10
o P 5 ve.d _ 2.88 x 107 (0.018 x 107
Quick lime required = 2806 X 100 _, ... 8 poids No-==== 1.01 X 10°°
- =0.00513 < 1

88
- Quantity of quick lime per day= 50 x 10° x 3,188 n
= 159.4 kg/day =~ 582 ¢
= 58.2 tonnes/: '
9.21. DESIGN EXAMPLES §
E ;
Dex:mple 9.18. Design of rectangular plain sedimentation (q
o ti a f'ectangular'sedz}nenmtion tank for the followin *
) quired outflow from sedimentation tank = 300 8;
() Water used in destudging = 2 9, "4
(::) Min. size of particles to be removed— 0.018 mm
((v) f,tpeaed removal efficiency of min. size particle= 75 ¢
? ature of particles : Discrete angq hon-flocculatin 3
(vi) Specific gravity of particles = 2.65 *

Hence stoke’s law is applicable and the computations for velocity,

W above are valid.
v, =288 x 10" m/s.

Determination of surface overflow rate
For an ideal tank, for 100% removal of min. size particles,
s surface overflow rate will be equal to the settling velocity of
I, size particles.
SOR =v, =288 x 10~ 'm/s
=2.88 x 10™* x 3600 x 24 = 24.88 m/day
However, due to short circuiting, there will be decrease in
efficiency, due to which SOR will have to be reduced. For Eq.

) we have
- 1/n

(th:)As.sumed performance of the settling tank : Good (n=1 /4

(viti) Kinematic viscosity of water at 20 Cal.oIx 10~ z" % =1- [1 +n Ql::A

Soluti - m/y ’
; . ution Here ¥ — 0.75 and n =1 (f(}l’ 800*1 pcrformancc)-
- Design elements 7 ’

W - e

e have to design the following elements of the tank QljjA =% {1—;’_ B
0
—4[{1-0754"4 = 1] = 1657

(1) Sizg (or dimensions) of the tank
(u) Design of influent structure
(#it) Design of effluent Structure.

i = Q = V_f = 24-88 - d
Design SOR 1657 1657 15.02 m/

The normal values of SOR range between 15 to 30 m’/m’/d for
plain sedimentation tanks.
. Determination of dimensions of tank

The tank so desipned
of the deposited parti%l B has to checked against the re-suspensio

Required outflow rate = 300 m*/py =
Wat = \ I
er loss = 2% Surface area of wnk, - Qg’4 |
<. Design average flow = 100 ‘
| _ 306 x 24 — 4889 mz
15.02 '

) X 300 = 306 m*/hr.

00 -2
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Let us assume L/B as 4.
Now L x B =4889

3=[i4§:i'2}”2=11.1m

L=]1.1X4=44.4 m.
Let us assume detention time to=4 hours,
Water depth of settling zone= Oxt_ 306x4

A " 11.1x444 “%
5. Check against scour.

Vg = \’ “i‘gg(ss"' l)d

Taking B =0.04 for unigranular sand
f=0.03 for scttling tanks.

_+/8x004 _ By
=1y 003 X 981 (265 - 1) (0,018 x 107
=557x10"% mss

Also, horizontal displacement velocity is given by

__ O _ 3063600 _ g
" BxXH T T xzag = 309 % 107 mps

Since vy < vy, design is OK.
6. Design of influent structure,

Let us provide 0.75 m wide ang 0.
running across the widt
of flow of 0.4 m.

; . '306/’3600
* Velocit = OB
clocity of flow in channel 075 % 0.4

=0.283 mis <03 m/s.

Let us provide 4 submerged orifices of size 0.20 m x 0.20
in the inside wall of the influent channel to
uniformly in to the settling tank.

Also, provide a baffle 1 m deep,
the orifices, to reduce the disturbance

at a distance of 0.8 m froy

6 m deep influent channg
h of the tank. Let us assume a depth |

distribute the floy

301
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CaaV 2g
306/3600 ]2
= [ 0.6 x 4 (0.20 x 0.20) V' 2 X 9.81 )
_ =0.04 m
\ Design of effluent structure
Various components to be provided in an effluent structure

I¢ : effluent weir, effluent launder (or trough), outlet box and outlet
pe or channel.

2
Head loss through the orifices= [—Q———]

Let us assume a weir loading of 250 m'/d/m length |

300 x 24
250 _ _

Provide effluent weir of 30 m length. Let us provide 90° V-

notches @ 200 mm c/c.

No. of V-notches = 3'—; = 150

Hence Provide 30 m Icngih of effluent _laundcr—\i'itp 90° V-notc{l;ei
lixed only to one side of the launder. Let us keep width of launde:
» 0.3 m.

Weir length = =28.8 m.

Hence critical depth h at the other end of the _lauPder is
(Eq. 9.18 b) : o
e z]
bzg
i '-@m:‘/hour
where QO = discharge from each side = > |
300__113/s = 004167 m*/hour

T2x3600 "
b = width of launder =03 m.
S T
= (0.3)* x 9.81
Depth of water Ial the other end, nggiecting the frictipn losses,
Is given by Eq. 9.18 (a), taking n =1

H=[h2+-2—‘12-"iz~

172

go'h |’
/ 300 _ 2
where gL = 7% 3600 0.04167 m*/s

I R T A
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2 1/2
H = | (0.125)" + —_2(0.04167)
9.81 (0.3) x 0.125

=0.217 m.

Let us assume a head loss of 0.1 m. Providing free b

of 0.1 m, depth of the launder below the bottom of weir dischary
into it is =0217 4+ 0.1 + 0.1 =0.417 m. If the weir has 50
deep V-notches, the resulting depth of channel = 0.417 4|

= 0,467 m. Hence provide the effluent launder of width
300 mm and depth equal to 500 mm.

Example 9.19, Design of radial circular plain mdl}nemmim;_:

Design a secondary circular sedimentation tank to remove a
Sfloc jor the Jollowing data :

() Required output from the 1ank = 300 m*/hr.

(i) Water used in desludging = 2%

(iif) Min. size of alum floc to be removed = 0.8 mm
(v) Specific gravity of alum floc = 1.002 g
(V) Expected removal efficiency of alum floc = 759%

(vi) Assumed performance of settling tank : very good [n

(viif) Kinematic viscosity of water ai 20°C = 1.0] x 107° m*/;
Solution,

1. Design elements

This is a typical radial flow circular tank, with central fee
wherein the water enters at the centre of the tank and emanal

Il in the centre of tank.@-'
fow radially outwards in all directions cqually (Fig. 9:12). The effluey

from the multiple ports of circular we

launder is provided at the outer peripheri of the tank.

Required outflow rate= 300 m*/hy.
Water loss for desludging= 2%

o Average design flow= Mlﬁlﬁ(-}-(_-]”i X 300 = 306 m*/hr.

2. Design of influens pipe

Let us assume a velocity of flow of 1 m/s in the pipe |

. et pipe dia=\/ 300 47 _
- Influent pipe dia,= 3600 I x 4 0.26 m.

Provide an influent pipe of 300 mm dia.
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Computation of settling velocity of min. size floc
Assuming Stoke’s law to be wvalid,

2 i
= e — 1) —
ve=1g Ge— DT 3

=281 (1002 - 1) @3 X107) _ 69071074 mss

18 1.01 x 10~

No. R=Yd_6907x10"*x08x10"?

Reynolds No. = i
=0.55< 1

Hence Stoke’s law is applicable and the computations for velocity

Wlone above 2re correct.

ve =6.907 x 10™% ms.

A Determination of surface overflow rate

For an ideal tank, for 100% removal of m1‘1_1. siz.e flocs, the
SOR will be equal to the settling velocity of min. size flocs.

SOR = v, = 6907 x 10~ * ms.
=6.907 x 107 x 24 x 3600 = 59.7 m/d

However, due to short circuiting, there will be decrease in
the efficiency, due to which SOR will have to be reduced.

From Eq. 9.20, we have

n - }/n
i = ] L ] + i E‘f... ]
Yo [ C)/A J

1
: Y =075 and n=>
Here Y ]
__E’S_.=_]_“1..)’_ F —l]
O/A n Yo
=8[{1-075 7"~ 1] =1514

Boloo o) o 56us s
A 1514 1514
This is within the permissible range of 30 — 40 m*/m’/d, and

Is therefore acceptable,
8. Determination of dimensions of the tank

06 x24 _ .o, . 2
Surface area of tank = -é%)«;= 7 186.24 m
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J > 3
5 (D" — Dp) = 186.24
v 7T -, \ i
or 7107 - (03)) = 186.24
From which D =154 m.
Providing a detention time ¢, = 2.5 hours
Depth of tank= 2 X fo _ 306 X 2.5

A 186.24
5. Design of peripheral effluent launder

For a peripheral effluent launder, hal i
, half th 5
to go about each side of the basin.  flow s s

=41 m

Total length of laundcr = 2D =7 x 15.4
=43.38 m.

Q = discharge from cach side = % = 150 m¥/hon]

"150
= a0 ™ 0.04167 m’/s

| Let us provide 90° V-notches fixed to the inner side of (k
aunder, all along its perimeter. Let us keep width of launde

=03 m. Hence critical depth A !
(i, 508 5] & p at the other end of the laundg

h= (ﬁ]m: { (0.04167)* 1
pg) [ (037 %981
=0.125 m.

¥

losses, is given by. Eq. 9.18 (a) taking n = 1.

H=[h2+JELJ_2 L)1
gb*h

The depth of water at the other end neglecting the frictio)

'=[(0.125)z +_ 2(004167)2 ]
: 9.81 (0.3)* x 0.125

= 0.217 m.

Let us assume a head loss of 0 idi )

; .1 m. Providing a F.B. of

0.1 m, depth of launder below the bottom of weir dischgarging in't
:‘; is =0217 + 0.1+ 0.1 = 0417 m. If the weir has 50 mm deep
-notches, the resulting depth of launder= 0.417 + 0.05 = 0.467

Hence provide the effluent launder i I
5 of wi
depth equal to 500 mm. dth equal to 300 mm and

SEDIMENTATION 305

Check for weir loading
300 x 24
43.38
~ 166 m*/d/m < 300 m*/d/m.
Hence ok.
Example 9.20. Design of mechanical rapid mix unit
Design a mechanical rapid mix unit for a design flow to be

treated equal to 300 m’/h. Assume suitable permissible values for various
parameters of design. Assume a temperature of 20°C.

Weir loading =

Solution
1. Design parameters.

Let us adopt the following values of various design parameters.

(i) Detention time : Normal range is 20 to 60 s. Let us piovide
a detention time of 30 sec.

(ii) Velocity gradient : G should be greater than 3005~ Let

us adopt G =600s"".

(iii) Rotational speed of impeller :
than 100 rpm. Let us provide a speed of 125 rpm.

(iv) Ratio of tank height to diameter The ratio varies from
1:1 to 3:1. Let use provide a ratio of 1.5 : L

(v) Ratio of impeller diameter to tank diameter : Range of
the ratio is from 0.2 :1 to 0.4 : 1. Let us provide a ratio of 0.4:1.

2. Determination of dimensions of the tank
Volume of tank = Flow X detention time
300 3
= P, 0 - 2.5 s
3600 <> = ;
But volume = area X depth = (%D’] (1.5 D)

%x 1.5D' =25

From which Di=1285 i
Provide tank dia. =13 m. _
~. Depth of tank= 1.3 X 1.5 = 1.95 m. Providing a free board

of 02 m, total depth of tank =195+ 02=215 m.
3. Computation of power requirements

From Eq. 9.29, we get
P=G*.uV :
u=1.0087 x 107* at 20°C. -

Speed should be greater
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P = (600)* x 1.0087 x 107> x 2.5

= 908 watts.
. Power per unit volume=%0§= 363 watts/m’
Power per unit flow of water=%
300

= 3.03 watts/m’/hr of flow.

4. Determination of dimensio
: ; ns of flat blades and i ;
Dia. of impeller = 0.4x tank gia. impelley

_ =04x13=052m
Velocity. at the tip of impeller= Jeis m/s

0. :
or vp=2:rx—§zx£=3.40 m/s

Again, from Eq. 9.32, : 0
P=3Cp.p.As.v}
where Ap = area of blades
v, = relative velocity of blades = (1 —k)v,

vp = velocity at the tip of impeller or blade
P. = power spent = 90.8

_ p =density of water =998 *at 20°
Toifag: G B4E kg/m" at 20°C

v =(1—=025w, =0.75v, = 0.75 x 3.4
=2.55 mfs _P ! o
" Taking Cp = 1.8 for blades, we get

908 = 5 X 1.8 X 998 X A (2.55)°
From which A, = 0.06097 m’

_ Providing 6 blades, area of each blade = § x 0.06097 = 0.01 m’.

Prowdg blades of size 0.09 x 0.12 m (ie. 9cm X 12 cm) :
Example 9.21. Design of flocculator

Design a flocculator for a design flow to be treated equal to

5§ O variou

Solution.

L. Design parameters.

'I_'he follow_ing design parameters are assumed :
(z) Detention period =20 minutes.

(u) Av. value of G =40s5"".

(iif) Speed of paddles =4.5 rpm

SEDIMENTATION 307

(iv) Area of paddles = 15% of the cross-sectional :rea
of basin.
(v) Velocity ratio k=025
(vi) w=1.0087 x 107> N-s/m’*at 20°C
(viiy p =998kg/m’ at 20°C.
(viii) Ratio of Length to width of tank =2

2. Computation of volume of flocculation tank
Volume of tank V= design flow X detention time
300 3
=2_x20=100
0 m
Let the depth of tank=04 B

Let the length of tank=2B
Bx2Bx04B =100

From which B=35m ,

L=5x2=10m

H=04x5=2 m
3. Computation of power requi}ed
From Eq. 9.29

P=G.V.u

= (40)* x 100 x 1.0087 X 10°°
! = 161.4 watts. '

4. Computation of velocity differential between the paddle and
water

. .Let us provide revolving paddels attached to three horizontal :
shafts running parallel to the length. Let each shaft be located at’

" mid-depth of the tank. Let us provide four paddles to each shaft,

each running parallel to the shaft.
Max. available outer radial distance of each paddie

B .35 _
_2x3_6-0.833 m.
Assuming 25 cm width of blade, max. value of-r_ = 0.833
0.25 P

Hence keep distance r from the centre line. of. paddles  to
the centre of shaft as 0.7 m. S
SImrn 2Ty 07 x 45 =03299 wls

P =760
b= (1 —k)vp = (1 — 0.25) X 03299
= 02474 mfs.
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5. Computation of paddle size.
From Eq. 9.32

P=%Cnp.Ap..vf

Taking Cp = }.8 for flat blades, we: have
1614 = 3 X 1.8 x 998 4, (02474’
From which A4, = 11.87 m*

There area total of 3 x 4 = 12 paddles

<+ Area of each paddle= 11.87/12 = 0.989 m?.
Let the length of each paddle= 4.8 m.
(slightly less than half the length of tank)

Width of paddle = %289 _
P is = 0.206 m.

Hence provide 21 cm wide paddles, each of length 4.8

PROBLEMS

1. What do. your understand by treatment of water ?

necessary ? Give an outline i
water. € of various processes adopted for tre

Why s il
atment of

3. w  n o ;
Desc:::be in brief various types of screens used for screening water,
3. Working from the fundamental .

of discrete particles in water. How do
the temperature effect ?

s, derive Stoke’s law for settle |
_ cttlement
you modify the law, taking into account

4. What do you understand: i ; ;
design principles of . setting ta:k. by plain sedimentation

5. Differentiate between Stoke’
_ oke’s la i i
drag co-efficient related to Reynolds nun:rbearl?d Hewtoo's . How s (8

6. Find the settling veloci ili i
a / _ ty of silica particles of speci i '
20°C, if the diameter of particles is (a) 0.005 cm ?:f Igcogn'lc‘r{:;y %
‘ Ans. [ (a) 0.224 cmjsec. : (b) 27 cn
). ) : : . cmy/sec. ; (b) 2.7 cm,
Describe in brief various types of sedimentation tz)mks gcnéi:flj

? Describe the

used.

' 8. Define and i i
@ detcntionexp;:rl? odthe following terms :
(6) flow through period
(c) displacement efficiency
(d) surface loadings.

9. Write an expression for the maximu

0t scour of the settled particios, Show oy m velocity to prevent bed uplift

for an ideal tank, the ratio of

its length tc depth should be equal to V877,
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10. Design a plain sedimentation tank to treat 5 million litres water
per day. Take a detention period of 8 hours and assume a depth of-33 .~ -
m. 4 = 2 e
11. Determine the maximum displacement velocity, without the fear
of settled particles being lifted up, and the ratio of length to the depth

of the settling unit for the following particles :
(a) alum floc having Ss = 1.15 and diameter 0.08 cm, and

(b) anthracite coal dust having S = 1.6 and diameter =0.008 cm.
~ Assume a Weisbach Darcy friction factor f = 0.025 and a temperature

of 25°C. . A
Ans. [(@) 104.1 cmfsec, L/H = 1789 ; (b) 7.76 cmjsec, L/H = 33.30]
. 12. A settling tank is designed for an overflow rate of 3,000 litres
per m? per hour. What percentage of particles of diameter of 0.025-mm

(specific gravity 2.65) will be removed at 20°C ?
Ans. [67.3%]

13. Find the diameter of particles with spéciﬂc gravity of 1.4 removed
in a tank having a surface area of 300 m” and treating 10 million litres of

water per ‘day. Assume a temperature of 20°C.
Ans. [0.02 mm.]

14. What do you understand by coagulation and flocculation ? why
are they necessary ?

15. Describe various types of coagulants commonly used in water treat-
ment.

16. Describe various methods of application of coagulants.

17. (a) Prove that theoretically the surface loading (Q/A), and not
the depth, is a measure of effective removal of particles in a sedimentation
tank.

(b) An ideal sedimentation tank with a surface area of 100 m” receives
an inflow of 20 millions per day. Referring to tabuler data below for particles
of specific gravity 1.20, find out what percentage of each size would settle

down.
0.2 0.1

022 008

(AM.LE., May 1969)

18. (@) Why alum is commonly used coagulant ? Write down the
reactions. '

(b) Explain the mechanism of floc formation.

19. Explain various mixing devices commonly used. What is a flash
mixer ?

20. Explain what is meant by flocculation ? Sketch any one type, of
flocculator with mechanical agitators.

21. Design a coagulation sedimentation tank to treat 16 million litres

Dia. in mm 05 04 03
settling velocity (cm/s) 0.65 049 038

© of water per day. Assume suitable data wherever necessary.

22. Write short notes on the following :
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(ii) Free board. The vertical distance between top of wall and water level in the tank
. isknown as free board and a depth of about 30 cm to 60 cm should be kept as free
- board.
(iif) Sludge Capacity. For the collection of sludge, it is necessary to provide enough
space at the bottom of tank. A depth of about 50 cm to 60 cm is provided for this
urpose.
() ghi—sge Removal. In order to remove sludge, the working of tank is stopped and
water from the tank is drained out. The sludge is removed by gravity or pumping
the compressed air and manual labour may be applied, if necessary. The frequency.
of sludge removal will depend upon the amount of suspended matter retained

from water in the settling tank. Generally, the settling tanks are cleaned at an
interval of 1 to 3 months. :

_#1.7 SOLVED EXAMPLES

Following solved examples will clearly illustrate the design of simple sedimentation
tanks.

Example 11.1. A water has to purify the water for a town whose daily demand is
9 x 10° litres/day. Design the suitable sedimzntation tank of the water works fitted with
mechanical sludge remover. Assume the velocity of flow in the sedimentation tank as 22
cm/minute and the detention period as 8 hours.

Solution. Quantity of water to be treated in 24 hours
=9 x 10% Jitres :

Quantity of water to be treated by the sedimentation tank during detention period of 8
hours :

9x10°
pa v x 8 litres =3 x 103 cu. m
24

=3000 cu. m
D Capacity of the sedimentation tank required
' =3000 cu. m
Velocity of flow inside the tank is given as 22 cm/minute
=0.22 m/min.
Length of the tank = Velocity of flow x Detention period
=0.22 x (8 x 60) =106 m say
The cross-sectional area of tank required
Capacity of the tank

~ Length of the tank

0
=_3__0_Q =283 sq.m.
106

Assuming the depth of water as 3.5 m

283
Required width of the tank = 35 =8.10 m.

Providing a free board of 0.5 m, ove'rall depth of the tank
=0.54+3.5=4.0m
Dimension of the tank =106 x 8,10 4.0 m Ans.

The length of the tank may be provided in one, two or three parts depending upon the
shape of the are available. (=4

Example 11.2. Design a sedimentation for a water works, which supplies
1.4 % 10° litre/day water to the town. The sedimentation period is 5 hours, the velocity of

Slow is 12 cm/minute, depth of water in the tank is 4.0 m. Assuming an allowance for studge
is to be made as 80 cm.
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~ Solution. Quantity of water to be treated
- = 1.4 x 10% litres/day
Quantity of water to be treated during detention period of 5 hours

6
A = 909 % 10% i
2475

=292 cu.m
~ The velocity of flow has been given as 12 cm/min.
=0.12 m/min.
.. Required length of the tank = Flow velocity x Detention time
=0.12x (5% 60)=36.0m
Tank capacity
Tank length

Cross-sectional area of the tank =

292
. = _:Jisq.m 8.12 sq.m.
Depth of the water in tank =4.0m
Depth of sludge =0.80m
Net water depth =3.20m

Cross - sectional area

Water depth

=% =254 m (2.60 m say)

Proving free board of 0.5 m the size of the tank
=36x%2.6x4.5mAns.

Example 11.3. Design a circular sedimentation tank fitted with mechanical sludge
smover for a water work which has to supply daily 4.2 million litres of water to the town.
e detention period in the tank for water is 4.5 hours, and the depth of the water in the
mk may be assumed as 3.3 m.
Solution. Quantity of water to be treated
' =4.2 % 10° Jitres/day )
‘Quantity of water to be treated by the sedimentation tank during detention period of 4.5

Width of the tank =

=0.788 x 10° cu.m =790 cu.m. say
The capacity of circular tank having diameter as ‘D’ and water depth as * /” is given by
Q =D*(0.011 D+0.785 H)

- Here Q =790 cu.m.
D =to be determined
H=33m
i 790 =D?(0.011 D+0.785 % 3.3)
or 790 =D?(0.011 D+2.59)
- Solving the equation by Hit and Trial method
3 =16.85 m (17 m say)

| Assuming free board of 0.5 m the size of the sedimentation tank
=3.8mdeep x 17.0 mdia. Ans.
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Example 11.4. If a rectangular sedimentation tank is treating 2.5 x 10° lifres),
The size of the tank is 17.5 x 5.5 x 3.5 m. If 80 p.p.m. suspended solids are present in |
water, assuming the 75% removal in the basin and the average specific gravity as 2.
determine the following :

(0) Average flow of water through tank.
(ii) Detention time. '

(iii)  Deposition of the solids in the tank.

(iv)  Overflow rate.

Solution. Assuming the free board as 50 ¢, the capacity of the tank

=17.5%5.5%3.0=288.75 cu.m.

Quantity of water passing through the sedimentation tank

=2.5x 108 litres/day

_25%10°

24
=0.1041 = 10 litresthour
=104.1 cu.m/howr

(1) Average flow of water throu gh tank

Discharge

Cross-sectional area .
104.1

T55%3.0

1
=6.3x —t% emfmin. =105 cm/min. Aps.

litres[ hour

Capacity of tank

(ii) Detention time = Discharge
288.75
= = 2.744 hour:
104.1 s

(i) Quantity of the water passing through the sedimentation tank
=25x10°% x _]E;OE litres|day

Concentration of suspended solids
=80 ppm

Quantity of suspended solids =2.5x 10° xlsTg!frrés

=200 litres=0.20 cue.m.
The average specific gravity is given as 2.0 the density will be 2000 kg/m?.
Weight of the suspended solids deposited in the tank with 75% removal
=0.20%0.75 x 2000 kg
=300 kg Ans.
(iv) The overflow rate of the tank

= Discharge per unit plan area

8

L.B.

104.1x10° litres/ hour
© 175x55m

= 1081.56 litres/hour/m?
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2.15 LIMITATIONS OF THE PROCESS

~ The coagulation process removes the suspended impurities of water and considerably
=duces the load on the filtration process. The turbidity of water can be removed less than
0 ppm and if the process is properly controlled it can go upto 5-10 ppm. The floc formed in
is process also removes bacteria upto 65%. B-coli mdex is removed by 70%. The efficiency
f the coagulation depends on the proper control of various processes.

2.16 SOLVED EXAMPLES

Example 12.1. Waterworks of a town treat 35 = 10° litres/day. The water is treated by
sagulation-sedimentation tanks. The quantity of filter alum is consumed at 20 mg/litres
Fwater. [f the alkalinity of the raw water is equivalent to 4.5 mg/litre of CaCO, determine
se quantity of filter alum and the quick lime (containing 80% of CaO) required per month
w the water works. Molecular weights are given as [Ca =40, C = 12,5 =32, O = 16,
1=27 and H =1].

Solution. Quantity of water treated

=35 x 108 litres/day
Quantity of filter alum required @ 20 mg/litre

20x35x10°

=20x35x10° mg/day = kg day

=700 kg/day=21700 kg/month (of 31 days)
=21.7 tonnes/month. Ans.
~ Following chemical reactions take place during treatment
1. A1,(S0,), 18H,0+ 3 Ca (HCO,), = 2AI(OH), +3 CaSO, + 18H,0+6CO, i
2. CaCO, + H, O+ CO, » Ca(HCO,),
3. CaCO - CaO + CO
" The molecular weights shall be
AL, (SO,), . 18H,0 =2 =27+ 3(32+64)+ 18(2 + 16) =666
CaCO, =40+12+48=100

Ca0 =40+16756
‘From the above equations, it is clear that 3 x 100 parts of CaCO, will produce the same
kalinity, which is produced by 666 parts of Alum.
Quantity of CaCO, required to produce the same alkalinity which is equivalent to
) mg/litre.

3x100
- ;66 %20 mg/litre = 9.009 mg/litre

The natural alkalinity available as
CaCO, =4.5 mg/litre (given)
- Additional alkalinity required to be added in the form of the lime

=9.009-4.5
=4.509 mg/litre as CaCO,
From the above equation , it is also clear that 100 parts of CaC0O, is produced by 56
arts of CaO. . ‘
4,509 x 56
Quantity of CaO required T 2.525 mg/litre

But as the quick lime contains 80% of Ca0O, therefore quantity of the quick' lime required
2.525
22X s live
The quantity of quick lime required for treating 3.5 x 10° litres/day _
=3.156 x 35 x 109 mg/day = 110.46 kg/day

=3424.26 kg/month (of 31 days)
= 3.43 tonnes/month.
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12.15 LIMITATIONS OF THE PROCESS

~ The coagulation process removes the suspended impurities of water and considerably
duces the load on the filtration process. The turbidity of water can be removed less than
) ppm and if the process is properly controlled it can go upto 5-10 ppm. The floc formed in
is process also removes bacteria upto 65%. B-coli index is removed by 70%. The efficiency
f the coagulation depends on the proper control of various processes.

2.16 SOLVED EXAMPLES

Example 12.1. Waterworks of a town treat 35 = 10% litres/day. The water is treated by
sagulation-sedimentation tanks. The quantity of filter alum is consumed at 20 mg/litres
ater. [f the alkalinity of the raw water is equivalent to 4.5 mg/litre of CaCO,, determine

e quantity of filter alum and the quick lime (containing 80% of CaO) required per month
» the water works. Molecular weights are given as [Ca = 40, C =12, § =32, O = 16,
[=27and H =1].
Solution. Quantity of water treated

=35 x 10° litres/day

Quantity of filter alum required @ 20 mg/litre
6

=20x35% 10° mg/day = W— kg/day

=700 kg/day =21700 kg/month (of 31 days)

=21.7 tonnes/month. Ans.
Following chemical reactions take place during treatment
1. AL,(SO,), 18H,0+3 Ca (HCO,), - 241 (OH), +3 CaSO, + 18 H,0 +6CO, T
R2. CaCO +H, o+ CO, —» Ca(HCO,),
- CaCO —)Ca0+ CO
¥ The molecular weights shall be

AL (SO,); . 18H,0 =2x27+3 (32+64)+ 18(2+ 16)=666
CaCO, =40+12+48=100
Ca0 =40+16=56

From the above equations, it is clear that 3 < 100 parts of CaCO, will produce the same
kalinity, which is produced by 666 parts of Alum.
Quantity of CaCO, required to produce the same alkalinity which is equivalent to
0 mg/litre.

3x10
= 2660 x 20 mg/litre = 9.009 mg/litre

The natural alkalinity available as
CaCO, =4.5 mg/litre (given)
Additional alkalinity required to be added in the form of the lime

=9.009-4.5
=4.509 mg/litre as CaCO,
- From the above equation , it is also clear that 100 parts of CaCO, is produced by 56
arts of CaO.
4.509 x 56
Quantity of CaO required T oS 2525 mgllitre
But as the quick lime contains 80% of CaO, therefore quantity of the quick lime required
2.525%100
=%— =3.156 mg/litre

The quantity of quick lime required for treating 3.5 x 10° litres/day
=3.156 x 35 x 10® mg/day = 110.46 kg/day
= 3424.26 kg/month (of 31 days)
=3.43 tonnes/month.
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Example 12.2. Determine the quantity of copperas and the lime required per year |
treat 4 x 10° litre/day, if 11 mg of copperas is consumed with lime at a coagulation basir
Molecular wright of Fe = 55.85,5 = 32, O = 16, H=1, Ca = 40.

Solution. Quantity of water to be treated

- =4 x 108 litres/day

: . ; - 6 mea/d.
Quantity of copperas required =11 mo/iitre =11 x 4 x 10% mg/day
: =44 kgg//day =44 % 365 kg/year
=16.06 tonnes/year Ans.

The chemical reactions which take place during treatment process are :

FeS0,. 7H,0 + Ca (OH), — Fe (OH), + CaSO, + 71,0

CaO+H,0 - Ca (OH),
Now the molecular weight of
F£eS0,. TH,0 =[5585+32+4x16+7(2 % 1 +16)]
=277.85 (=278 say)
CaO =40+16 =56
Now from the above equations it is clear that one molecule of copperas requires one
molecule of lime. On the other hand 278 mg of copperas will require 56 mg of quick lime.
16.06 tonnes of coppers will require

=ﬁ- % 16.06 tonnes = 323
278

Quantity of quick lime required
=3.23 tonnes/year. Ans,

Example 12.3, The requirements of a city is 40 x 106 litres/day. The detention period
is one hour in the tank, and the flow velocity is 20 cm/sec. Design baffle-wall sedimentation
tank. Any data not given may be suitably assumed.

Solution. Quantity of water to be treated

=40 x 108 litres/day
=40 %103 cum/day
Quantity of water to be treated by the sedimentation tank in 1.0 hour detention period

4
=2—2 x10* mm = 1666.7 cu.m.

The flow velocity is given as 20 cm/sec.
"+ Length of the tank (or flow) =Velocity x Detention time
' =0.2 x (60 x 60) m=720

Capacity of tank _ 1666.7
Length oftank 720

=2315 m? (=2.35 m” say)
Keeping the distance between the baffle walls as 50 ¢m

Cross - sectional |
The depth of water in the B rossl sectional area of channe
Distance between baffles

235
P A
nsg oM

The clear opening between the end of each baffle and the wall is kept as 1.5 times the
distance between baffles,

Cross-sectional area of the tank =

=15%x50em=0.75m
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~ Fig. 12.11 shows the plane and section of the designed baffle wall sedimentation tank.
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Fig. 12.11. ,
‘Assuming the sedimentation tank to have three channels of 10.0 m clear width.
- The effective length of each channel
= Clear width of one channel -2 x 4 clear opening at the end of baffle

=100-2 x%x0.75=9.25m

Total flow length

Effective length of each channel
=ﬁ =77.837 =78 No.
9.25 -
Keeping the thickness of baffle walls = 10 eni
Length of the sedimentation tank having three channels
=26x0.75+(26-1)%0.10
=19.54+25=22.0m.

 Example 12.4. The population of a town is 1,00,000 and.the average per capita
d is 135 litre/day/capita. Design the coagulation cum-sedimentation tank for the
works, supplying water to the town. The maximum demand may be taken as 1.5 times

age demand. Assume the detention periods of 5 hours and 30 minutes for settling
kand floc chamber respectively. Also assume the flow rate as 900 litres/hour/m? of plan

l No. of channels required =

=

Solution. Design of Settling Tank

- Average daily requirement of the town

=1,00,000 % 135 litres

=13.5 x 108 Jitres

Maximum daily requirement = 1.5 x 13.5 x 10 itres
- =2025x 103 cum.
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Capacity of tank = Quantity of water treated in detention period of
hours
2025%10°
24
Flow rate is given =900 /itres/hour/m>
Now quantity of water to be treated in one hour
_2025x10°

24
=843.7 cum. (=843.7 x 10° litres)
Required plan area of the settling tank y

Quantity of treated water in one hour

xScum=4219%10% cu.m

cu.m.

Flow rate
3
=-—————843'7 19 =937.45m?
900
Providing the width of the tank as 15.0 m, the length of the tank
= 93::5 =6249 (=62.5m)
i 219x10°
.. Required depth of the tank =M 22Dl =450m
LxB 625x15
Providing 50 ¢ for sludge storage, overall depth
=50m
Provide settling tank of size 62.5 x 15 % 5.0 7 Ans.
Design of Floc Chamber

In addition to the 62.5 m length of the settling tank, floc chamber is to be provided in the

beginning. The depth of the floc-chamber may be assumed 2.5 m.

Detention period in the floc chamber

=30min. (given)
The capacity of the floc chamber

= Flow required in 30 minutes
_2025x10° 30

X ——cu.m.
24 0
=421.875cu.m.
Required plan area of the floc chamber
=Lapac1ty - 421875 ~ 16875 m?
Depth 25

Using the same width of 15 m of settling tank _
168.75 ]
Length of floc chamber = =1125m \

Size of floc chamber =11.25 x 15 x 2.5 m. Ans.



Slow Sand Filter - Components

* Exposure Tank — open water tight rectangular tank
made of masonry or concrete

e Depth 2.5t03.5m

* Area 100 —2000sg.m or more

 Bed Slope 1 in 100 towards drain
Filter Media

* Sand layers placed over gravel support
Depth 90 — 110cm

D,,0.2to 0.4mm

Uniformity Coefficient 1.8 to 2.5

Top 15cm —sand of finer quality



Base material — gravel

30 — 75 cm thick of different sizes, placed in
layers

3 to 4 layers of 15 — 20 cm depth

Coarsest Gravel — Bottommost layer
— Coarsest layer 40 to 65mm

— Intermediate layer 20 to 40mm

— top-most layer 3 — 6mm

Under drainage system — Central drain and
ateral drains

nlet and Outlet Arrangements



10— 15cm

10 —-15cm

10— 15cm

10 - 15cm

60-90cm

60-90cm
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Rapid Sand Gravity Filters
* These filters employ coarser sand, with
effective size as 0.5mm or so.

* Yield as high as 30 times the yield given by
slow sand filters.



Components of Rapid Sand Gravity Filter

* Enclosure Tank — open water-tight rectangular

tank made of masonry or concrete.
— Depth 2.5 to 3.5m
— Area of filter 10 — 80 m?

— Number of Units at a filter plant (Morrell and

Wallace)
N=1.22VQ where N = No. of Filter Units

Q = Plant capacity in MLD

e Atleast 2 filter units in any plant. Fora p
more than 9 MLD, no single unit should
capacity > 1/4t of the capacity of that p

ant of
nave a

ant
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Filter Media

Sand Layers 60 — 90 cm depth and placed over
gravel support

Effective size of sand (D10) 0.35 to 0.55mm
Uniformity Coefficient (D60/D10) 1.3 to 1.7

— Sand must be laid in layers. Finer Quality on top
and coarser at the bottom

Base Material — Gravel. It supports sand.

— 60 to 90 cm thick of different sizes, placed in
layers



Under-drainage System

* Purpose served
— Receive and collect filtered water
— Allow backwashing for cleaning filter

— Rate of back wash water 300 — 900 litres/min./m? of
filter area depending on the design. Evenly and
uniformly applied over the under portion of the
gravel or sand bed.

e Various forms of Under-drainage systems
— (i) Manifold and lateral system
— (ii) Wheeler Bottom and
— (iii) Porous Plate Bottom



Section of the ‘manifold and lateral’ system, in
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Cross-section of a lateral pipe drain
with perforations




Other Appurtenances
 Wash Water Troughs (or gutters)

— Square, V shaped or semi-circular
— Made of cast iron, concrete, steel or wrought iron
* Air Compressor for backwashing — compressed

air of 600 to 800 litres/min/sg.m for about 4
mins
e Rate Controller —fitted at outlet end of each

filter unit. Most common type is venturi-rate
controller

e Miscellaneous Accessories



Backwashing

* When sand becomes dirty (indicates excessive
loss of head) the filter must be cleaned and

washed.

* Entire backwashing of filters and re-
maintenance of filtered supplies takes about

15 mins

 Amount of water required for backwashing
vary from 2 — 5% of total amount of water
filtered. Frequently washed every 24 to 48 hrs.



Isometric View of a Rapid Gravity Filtr
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Operational Troubles in Rapid Gravity Filters

 Formation of Mud Balls
* Cracking of Filters



Example:

Desigh the approximate dimensions of a set of
rapid gravity filters for treating water required
for a population of 50,000; the rate of supply
being 180 litres per day per person. The filters
are rated to work 5000litres per hour per
sg.m. Assume whatever data are necessary,
and not given.



Solution:

Assuming given rate of supply = average demand
Maximum daily demand = 1.8 x Average Demand
=1.8 x 180 L x 50,000
= 16.2 Million Litres

Water demand per hour (ignoring time lost in cleaning)
= (16.2 x 10%)/24 = 675 x 103 L/hr.

Rate of Filtration = 5000 Litres/hr/sq.m

Area of Filter Beds Required = Water Demand/Rate of Filtration
= (675 x 103)/5000 = 135 sg.m

Since two units are required to be designed,
area of each unit = 135/2 = 67.5 sg.m

Assuming L = 1.5B, we have

1.5B2 = 67.5 Therefore B = 6.70m

Choose 6.75 m width and 10m length. Hence 2 units of size 10m x 6.75
m are required. One additional unit as stand-by may also be provided for
breakdowns, repairs or cleaning operations.



T2 Solution:

Assuming given rate of supply = average demand
Maximum daily demand = 1.8 x Average Demand
= 1.8 x 200 L x 50,000
= 18.0 Million Litres

Rate of Filtration = 300 Litres/day/sg.m

Area of Filter Beds Required = Water Demand/Rate of Filtration
= (18x 10°)/300 = 60000 sg.m

Since 5 units are required to be designed,
area of each unit = 60000/5 = 12000 sg.m

Assuming L = 1.5B, we have

1.5B2 = 12000 Therefore B = 89.44m

Choose 89.4 m width and 134.2 m length. Hence 5 units of size 134.2m
X 89.4 m are required. One additional unit as stand-by may also be
provided for breakdowns, repairs or cleaning operations.
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penetrate deeply into the bed, even into the gravel, and to impair both the was
and the efficiency of filtration.

Cleaning Rapid Sand Filters. It may be necessary, at times, to clean the filte
gravel to overcome difficulties from mud balls, cracking and other causes.
serves only as a temporary expedient. The cause of clogging should be cor
chemical treatments have been used, such as caustic soda, sulphuric acid, h
soda ash, sulphur dioxide, and chlorine. Chlorine may be used where the material
is of biologic origin; copper sulphate may be effective against algae ; caustic
deposits and organic material ; hydrochloric acid or carbonic acid against caler
and sulphur dioxide for diasolvad iron, manganese, or alum. H.T.H. (a produ
hypochlorite), Perchloron, or Clorox may be used in small filters. Liquid chlorin
economically on large filters. Chlorine may be applied as a solution at a concen
50 ppm of available chlorine. The solution should stand in contact with the sand for ¢
longer. Caustic soda can be applied as a solution or, preferably, by spreading 5 to 1
flaked material per square meter of the filter surface. The soda is dissolved by allov
water to rise 10 to 12 ecm above the sand.

Sulphur dioxide has been used, as a patented process, to clean filter sand coa
or manganese. A 1 to 2 per cent aqueous solution of sulphur dioxide is pumped into ti
circulated through the underdrains and the filter for about 24 hr. The m
recommended where the sand grains are coated with calcium carbonate becz
possibility of cementing the grains together with calcium sulphate or sulphite whi
formed.

Before acids or other chemicals are applied to a filter, samples of the sand to |
should be tested in the laboratory with the chemical to be used. Some concent
periods of application of chemicals that have been used with varying degrees of suee
indicated in Table 12.1. After chemicals have been used, the filter should be thoroughly we
remove the loosened substances and to remove the chemicals,

Table 12.1. Chemicals used for Cleaning Filters

Chemical Amount of chemical used or strength of solution Period of contact. -"
Caustic soda and soda ash NaOH 85 kg/m® 48
Na,CO, 25 kg/m®
Caustic soda 4.5 kg/m® 22-72
Soda ash 25 gl 24-36
Sulphuric acid 0.45 kg/sq m 4
Chlorine 50 ppm 18
Sulphur dioxide 2 per cent aqueous soln. 16

Mechanical methods of cleaning filters in place include raking, scraping, the surface, use
a high-pressure water jet, gjecting the sand, and the use of steam. In some cases the sand
be removed either by hand tools or by a hydraulic ejector and cleaned outside the filter. All
methods have been found helpful in overcoming unexpected difficulties but they should
depended on as routine procedure. The cause of the difficulty should be discovered
remedied.

Maintaining Filter Runs. The length of the filter run is affected by the character of th
influent water, the rate of filtration, the loss of head permitted between washings, and the
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thoroughness of each wash. The character of the water that ig applied to the filter is under the
control of the operator in so far as he is able to affect it in the coagulating basin through the
application of chemieals, more satisfactory conditioning, or a change in the period of subsidence.
Only experience with the particular water being treated can S€rve as a guide in any particular

an increase in turbidity or in certain microorganisms will shorten filter

may be diminished by air binding resulting from the accumulation of gases
It of the reduced pressure in the filter A remedy is the reduction
ashings. In some plants the length of run may be increased by
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h COMPARISON OF SLOW SAND AND RAPID GRAVITY FILTERS

Item Slow Sand : Rapid Gravity
1. Rate of filtration 24004800 lit/sq. m/day 120,000-150,000 lit/sq. m/day
"2 Size of unit 2000-4000 sq m in area 4x5t08x10 sq. m _
3. Depth of filter media Depth of gravel 25 to 30 cm | Gravel 45 to 60 cm and sand 60
whereas sand 80 to 100 cm. 75 cm. g
4. Size of sand Effective size 0.20 to 0.35 mm. | Effective size 0.5 to 0.7 u:';-_-_
Uniformity coefficient 3 to 5 Uniformity coefficient 1.3 to 1.7
5. Grain size distribution Uniform Stratified with smallest grain
the top
6. Under drainage system Open jointed pipes covered with | (i) Manifold and lateral
3 blocks (it} Wheeler bottom
(iii) Diffuser plate
Loss of head 10 em initially to 1 metre finally | 20 em initially to 3 m finally
Length of run 20 to 40 days 24 to 48 hours
. 9. Penetration of suspended matter Superficial Deep
| 10. Method of cleaning Scraping and washing Back washing
11. Water required for cleaning 0.2 to 0.6% of water filtered 2% to 6% of water filtered.
12. Preparatory treatment Plain-sedimentation Flocculation and settling
13. Cost of construction Higher Low
14. Cost of operation Lower Higher
15. Depreciation of plant Lower Higher

Example 12.1. Design a 15 x 10° 1.p.d. water treatment plant with rapid gravity s
filter. Assume suitable design parameters.

Solution.

(a) Sand bed. Assume the filter bed with stratified sand layers. Provide a depth of s:
as 60 cm and the effective size of sand as 0.5 mm. The sand layers broadly consist in t
following manners.

(i) top 20 cm layer with 0.50 mm down sand.
(iz) next 20 em layer with 0.60 mm down sand.
(Zi7) bottom 20 cm layer with 0.75 mm down sand.

Sometimes a layer of sand of 0.80 to 2.0 mm (torpedo sand) is placed below the abow
mentioned bottom layer and above the supporting gravel bed.

(b) Gravel bed. The total thickness of gravel provided as 50 cm. Sizes of gravel layer are
| given below :

(i) Top 5 cm layer with 2 mm gravel
(i) 2nd 5 cm layer with 5 mm gravel.
(#1f) 3rd 10 cm layer with 10 mm gravel.
(fv) 4th 10 em layer with 15 mm gravel.
(v) 5th 10 em layer with 20 mm gravel.
(vi) 6th (bottom) 10 cm layer with 25 mm gravel.
Size of Number of Units
flow Q = 15 x 10° litre per day
permissible hydraulic loading = 150000 lit./sq. m/day

_A5x10°
~ 150000 *

R I P ————

area required 100 sq. m.
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Providing each size of filter unit 4.4 m x 5.7 m.
; 100 _
No. of filters beds required = 1ix57" 3.98 =4 (say)

Provide 2 numbers of additional beds to take care of time required for break-down, repair,
maintenance, backwashing etc. So total numbers of filter beds = 6.

(d) Design of under drainage system. Provide "Central Manifold with laterals"
under-drainage system. Assuming size of perforation as 9 mm and area of perforation is
3 x 107 times filter area,

Total area of perforations =3 x 1073 x 4.4 x 5.7 = 0.0753 m? = 753 ¢m?
Total numbers of perforations of 9 mm dia
763

= =1183
n 2
1 (0.9)
Total cross sectional area of laterats= 3 x area of perforation = 3 x 753 = 2259 ¢m?
Area of central manifold = 2 x area of laterals = 2 x 2259 = 4518 em?
Diameter of central manifold = -@%X—é =75.8 cm.

Provide a commercially available diameter of 750 mm.
Assume a spacing of 15 e¢m for laterals,

The number of laterals ' = M =76

15

Cross sectional area of each laterals = 2329 =29.72 cm?

Diameter of laterals = \}29—7%52 =6.15 cm

Provide lateral of diameter 75 mm.

No. of perforations per laterals = 1—;2—3 =16 (say)

Length of laterals o % [Width of filter — dia of manifold]
=2 [44-075]=182m.

Spacing of perforations = _1&&1%1_0_(1 =11.35 cm

Provide 16 perforations of 9 mm dia @ 113 mm c/c.

(e) Compute wash water trough

Quantity of wash water required = 6% of water filtered
=0.06 x 15 x 10° liters: = 900 m®

Quantity of wash water per filter bed = ﬂég =150 m?

Assuming back washing time = 10 mins.

Rate of flow - 150

5 3
= 10><60—0'25m /8.
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Provide a spacing of 1.5 m for wash water troughs which will run parallel to the ] On g
dimension of the filter unit.

i
.

Number of troughs =

=3

-t
(1}

Discharge is given by Q=1
Nowifb=04m,h=0.3m.
Assume a free board of 0.1 m.
Provide 3 troughs of 0.4 m x 0.4 m deep.
(/) Depth of Filter Box

Depth of filter box = Depth of (under drains + gravel + sand + water depth + free board)
=0.8+0.50+0.60+1.5+0.3=3.70 m.

76 x bh®/?

o]

12.6. FILTER HYDRAULICS

A number of hydraulic processes will be involved in the filtration units. They will broad
cover the (i) Influent Feeding System (ii) Flow through sand bed (iii) Collection of filtered
(iv) Control of Rate of Flow (v) Back-Washing of Filter (vi) Disposal of Wash Water and
Control of Rate of Flow. Excepting the flow through sand bed and backing washing hydr:
the basic principles of other processes have been covered elsewhere, like pressure flow t
pipes, gravity flow through weir etc. So under this head the only flow through sand bed an
washing hydraulics will be discussed.

12.6.1. Flow through Sand Bed. This will take place in actual filtration process |
which the water is cleaned and the back washing operation by which the filter is cleaned.
workers and researchers have worked on it. Here the mattered dealt by flow through p2
bed and can be analyzed by classic hydraulic theory. Carmen modified the Darcy-We
equations for head loss in a pipe to reflect conditions in a bed of porous media of uniform s
The development of this equation is presented in several texts like "Water Supply and Pol
Control" by Clark and Viessman, "Elements of Water Supply and Wastewater Control" by
and Viessman, "Elements of Water Supply and Wastewater disposal by Fair, Geyer and Ok
"Waste water Treatment” by Sunderstorn and Klei etc and will not be repeated here. T
resulting equation, known as the Carmen-Kozeny equation is given by : 1

fL(1-eV}?
e? gd
where hy= friction loss through bed of particles of uniform size d, m
L =depth of filter, m
e = porosity of bed

V, = filtering velocity, i.e. the velocity of water just above the bed (total flow Q to the filte
divided by the area of filter), m/s

g = acceleration due to gravity, m/s>
d = diameter of filter media grains, m

The remaining terms of it is a friction factor related to the coefficient of drag around th
particles. In the usual range of filter velocities (laminar flow) this is given by :

. 150QI;—91+ 1.75

hy

V.d
where R = Reynolds number = ¢_Ps_ .
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and p and p are the density and dynamic viscosity respectively of water. The units of p are
kilograms per cubic meter and the units of u are newton-seconds per square meter. The shape
factor ¢ ranges from 0.75 to 0.85 for most filter media.

Example 12.2. Determine head loss across a bed of uniform size particles, when water is
passed through sand bed at a filtering velocity of 0.5 m/h. The sand grains are 0.2 mm in
diameter with shape factor of 0.85 and a specific gravity of 2.65. The depth of filter bed is 1.0 m
and the porosity is 0.5. Determine the head loss through the filter bed.

(Dynamic viscosity of water

uw=1.002x107° N’f‘ =1.002 x 10~ Kg/m.s)
m-

Solution.
Velocity through filter = 0.5 m/h = 1.39 x 10™ * m/s.
Reynolds number
R~ 0.:85x1000x1.39x10*x0.2x10°
1.002 x 1073

& 5 3 (1-0.5) =
Friction factor f= 150 002774 " 1.75=2707.15

p=2707.15x (1 -0.5)x 1.39x 1.39 x 10" * x 10™*
i 0.5%0.5x0.5x%9.81 % 0.2x 107
Modified equation for non-uniform medium is applicable for sand with varying sizes in
stratified bed. From sieve analysis of medium the weight fraction x; between adjacent sieve sizes
1s determined. The average particle size d; is assumed to be halfway between the sieve sizes. The
depth of the particles between adjacent sieve sizes can be taken as x; L and the equation can be
written as follows :

=0.02774 <1 (laminar flow confirmed)

=0.1066 m Ans.

_La-¢V 3 fix;
g d;

The above equation assumes that the bed is stratified by size but the porosity is constant,.

Example 12.3. Determine the head loss across a bed of non-uniform, stratified particles.

Water is passed through filter bed at 1.2 x 107 m/s. The bed is 0.75 m deep with sand sp. gr.

2.65 stratified. Porosity and shape factors are 0.4 and 0.85 respectively. Size distribution of sand
is given below :

hy

s s s ik Average size d;, mm Mass factor in size range x;
Passing Retained

141 1.41 0.01
141 0.84 1.13 0.11
0.84 0.71 0.78 0.20
0.71 0.60 0.66 0.32
0.60 0.50 0.55 0.21
0.50 0.42 0.46 0.13
0.42 0.42 0.02

-3
Solution, R= 083X 9982x12x107° | 0. i

1.002x 1073
_150(1-0.4) o _ 0.g9 i

i=771016 4, d

1
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’ Determine f; % as follows :

Farticle size, d,, m % f: i jr"' Vm
1.41x 107 0.01 65.5 465
1.13x 107 0.11 81.5 7924
0.78 x 107 0.20 117.1 30026
0.66 x 107" 0.32 138.1 66958
0.55 x 107 0.21 165.4 63153
0.46 x 107 0.13 197.4 55787
0.42 x 1073 0.02 216.0 10286

Y £ x % = 234,599
i

_0.75x (1 -0.4) x (1.2 x1073)?
0.4°x 9.81

12.6.2. Backwash Hydraulics. Backwashing of granulas-medium filters is accom
reversing the flow and forcing water move upward through media. To clean the interior of |

Calculate hf: hf

x 234,599 =0.24 m.

exposing all surfaces for cleaning. To hydraulically expand a porous bed, the head loss mu
least equal to the buoyant weight of the particles in the fluid. For a unit area of filter
expressed by

p1—p
hgp=L(1-¢)—1—

where hg, = head loss required to initiate expansion, m
L =bed depth, m
e = porosity of medium
p, = density of the medium, kg/m?®

p = density of water, kg/m® ;

The head loss through an expanded bed is essentially unchanged because the total b 0y
weight of the bed is constant. Therefore :

Weight of the packed bed = Weight of bed fluidized

Lii=et=Peg. (s L
wp &l —€)
or, Lﬂ, =L 1 “en)

- where L, = the depth of fluidized bed
' eq, = the porosity of fluidized bed

€5 is a function of the terminal settling velgcity of the particles and the backwash veloe

An increased in backwash velocity will result in a grater expansion of the bed. The relat
Between backwash velocity and particle settling velocity is given by

v, 0.22
ey =|=—
fo Vv,
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where Vj is the backwash velocity and V, is the terminal settling velocity. The depth of
fluidized bed and backwash velocity for a given size medium with know V, can be related by

Ly = it ?22
Vg
v
This equation can be modified for stratified bed of non uniform particles where
XL=L,
The expansion of this layer is given by
A B e 2
Vg
1w
The total expansion of the sum of the individual layers
Lp=L(1-e Z 2 0.22
Vg
" i

The total expanded depth generally should range from 120 to 155 percent of the
unexpanded depth and expanded porosity will range from 0.65 to 0.70.

Example 12.4. Find the expanded depth of a uniform medium. The filter medium described
in Example 12.2 is to be expanded to a porosity of 0.7 by hydraulic backwash. Determine the
required backwash velocity and the resulting expanded depth.

Solution. The terminal setting velocity for the medium is first calculated from Stoke’s Law
9.81 (2650 - 1000) x (0.2 x 107 32
1. V,=

= =0.0359 m/s
18 x 1.002 x 10
2. Check Reynold’s number .
-3
R= 0.85 x 0.0359 x 0.2 x 30 x 1000 = 6.0908
1.002 x 107
3 =2, 2 +0.34=5.496
—o)d L -3
4. yr=i,Pi-Pd_4 9812650 - 1000) 2.2 L T
3 Cpp 3 1.002 x 10~
V,=0.028 m/s. :
Now repeat steps 2, 3 and 4 putting V, = 0.028 m/s,
We get, R=4755 Cp=6.7
V,=0.0253 m/s.
' v, 0.22
ow eﬂ, = Vt
v, 0.22
3 ~10.0253

<. Backwash velocity, V3 = 5.0 x 1073 m/s.
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The depth of expanded or fluidized bed Ly, is given by
< =g (1=05
(1-ep)  (1-0.7)
The method of finding the expanded bed of a nonuniform stratified bed has been illust
in Example 12.5. :
Example 12.5. The bed described in Example 12.3 is to be backwashed to a veloe
9 x 107 m/s. Determine the depth of the expanded bed.
Solution. Each layer of particles must be treated separately and the results summed.

For the bottom layer d; = 1.41 x 10" ® m and X, = 0.01 3

1. Estimate an initial velocity under turbulent condition with Cp, = 0.4
1/2

Lp=

=1.67m

(4 2560 — 1000 WV,
(@) V=[5 x9.81 x 2RI 1.41x107 | <0276 mis
—3
6) R= 085X 1000 026 X LALXI0® ooy o ivioned flow)
1.002 x 10
_ 24 3 2
(© Cp= 55+ o055 + 0.34 =058
1./2
(d) V,= {% x 9.81 X %% x 1.41 x 10'3J = 0.229 m/s.

Repeat Steps b, ¢ and d with V, = 0.229 to get

R=274, Cp=0609 V,=0.22m/s
(e) Backwash velocity Vg =9 x 107 m/s.
(f) Determine the expanded porosity layer by

0.22 0.22
G e 0% —
PV, 0.223 :

X. !
(b) Find the term for each layer e el Ot o1 0.0198

(1-ep) (1-0.497)
2. Repeat the preciding steps for each layer of particles and the results are tabulated below :

0.22 X
- Particle size d;, m -V, m/s [&] 1= [E] Depth fraction x; T

Vi Vi | 1- [-‘7-

73
1.41 x 1072 0.223 0.493 0.506 ' 0.01 0.0198
1.13x 1073 0.187 (1557 & 0.487 0.11 0.2259
0.78 % 1073 0.135 0.551 0.449 0.20 . 0.4458
0.66 x 1072 0.114 0.572 0.428 0.32 0.7471
0.55 x 107 0.094 0.597 0.597 0.21 0.5206
0.46 x 1072 0.077 0.624 0.376 0.13 0.3460
0.42 x 107 0.069 0.640 0.360 0.02 0.0555
Sum total of —— —=2.3606
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3. The expanded depth of the total nonuniform stratified layer is given by

X.
Ly=L(1-¢)) 535 = 0.75 X (1 - 0.4) x 2.3606 = 1.062

: E;. 0.22
7

which is 1697652 x 100 = 142% of original bed.
12.6.3. Filter Sand. Shape, size and quality of filter sand shall satisfy the following
manners .

(a) Sand shall be of hard and resistant quartz or quartzite and free from clay, fine
particles, soft grains and dirt of every description.

(b) Effective size shall be 0.45 to 0.70 mm.

(c) Uniformity coefficient shall lie between 1.3 to 1.7.

(d) Ignition loss should not exceed 0.7 per cent by weight.

(e) Soluble fraction in hydrochloric acid shall not exceed 5.0% by weight.

(f) Silica content should be not less than 90%.

(g) Specific gravity shall be in the range between 2.55 to 2.65.

(h) Wearing loss shall not exceed 3%.

IS : 8419 (Part I) - 1977 for "Filtration Media for sand and Gravel" may be referred to for
details,

12.6.4. Preparation of Filter Sand. The sand to be used in the filter is specified in
terms of effective size and uniformity coefficient. From a sieve analysis of the stock sand, the
- coarse and fine portion of stock sand that must be removed in order to .meet the size
specifications, can be computed in terms of P the percentage of stock sand that is finer than the
desired effective size d; which is also _
equal to 10% of the usable sand and 1 ‘?3“'@2 ::v%rsrgégg w2l
Py the percentage of the stock sand
that is smaller than the desired 60
percentile size d,,

i B |

The percentage of suitable stock sand R TN
P is then = 2 (p, — p;) because the sand B = =nn %\
lying between the d; and d, sizes will l— — — - — — — _}l Overflow carrying

1 Sand settles
constitute half the specified sand. ! aga?nst rismgl

) v water *
~ To meet the specified composition
this sand can contain 0.1p; of a sand

washings.or fine

below d, size. Hence the percentage p, (Wuhzr rises
‘below which the stock sand is too fine Wiovartioy
touseis
Py=p1~0.1p3=p, - 0.2 (py - p,) _ Ejector
=189, 09,

Water carrying

: . — —washed sand
Likewise, the percentage p; above Pressure water

which the stock is too coarse for use is ~ foejector

DPs =Dg + 40% Ofusable sand tMQkQ -up water
=p2+0‘4><2(p2 -py) : if needed
=18p,-0.8p; ; :

Fig. 12.4. Sand washer.
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99

From the size cumulative 98 ' /
frequency curve, the grain sizes of / L
stock sand corresponding to p, and B :':‘;;:0"5 (L;"_ﬂrﬂed) _ / /
ps are determined (d, and d;). The 90 L i s i
sizes below d, and above ds will i ) :tfg;:ﬂndl{ﬁv:;!oﬁ'
have to be separated out from the 45 ' ya Pet 38
stock sand to the desired 5 " ]
specification. The coarse portion is H g
removed by sieving. The finer i
portion is removed by a sand o ;

washer designed to floate out the
particles of sizes smaller than d, by
maintaining velocity in the
upwardflow washers slightly less

Cumulative Weight , *L
(rormal probabihity scale )

; : 5

than the hydraulic subsidence //

value corresponding to d size, such 2 7 g

that all particles less than d, size 0’ 7 / ’ ;

are floated out with the overflowing : / I i

water. Fig. 12.4 shows the working g'_i 7 ]

of a sand washer, 04 02 03 040506 08 10 2 3 4 .56
On the basis of logarithmic RER eI it

normality, the probability integral Fig. 12.5. Grain size distribution of a stock sand and

the relationship can be required sizing of a filter sand.

established between the effective _
size and uniformity coefficient and the geometric mean size and geometric standard devi

The desired filter sand size distribution can be plotted on normal probability scale as gl
Fig. 12.5 as per the problem solved in Example 12.6.

Example 12.6. In Fig. 12.6 the grain size distribution of stock sand is given. What 1
done to this stock sand to convert it into a filter sand of effective size of 0.50 mm and unifor
coefficient 1.50 ? Analysis of stock sand is given below :

Sand size in mm 010 | 015 | 021 | 030 [ 042 | 059 | 0.85 | 1.20 | 1.69 | 2.40
Cumulative Weight, % | 0.2 | 09 | 50 | 100 | 22.0 | 40.0 | 60.0 | 744 | 93.3 | 97.0

Solution. The given size distribution of stock sand is plotted on log-normal prob: ]
paper. The portion of sand p, less than the desired effective size of .5 mm is 30% and the p
of sand p, less than the desired sixty percentile of 0.5 x 1.5 (from the relationship unifor
coefficient, U=dg/d; = 1.5 = 0.75 mm is 53.5%. Hence from the relationship. :

P3=2(P2-pP)  Pg=2(53.5-30)=47.0% :

The percentage p, below which stock sand is too fine is given by

ps=380-10%of py=30-4.7=25.3% .
The diameter of stock sand below 25.3% obtained from Fig. 12.5 is 0.45 mm. The sett

velocity of this sand, and hence the overflow rate of an ideal washer, from Fig. 11.1 (a), is 6.5 ¢
approx. at 10°C.

The percentage of sand p; above which the stock is too coarse is given by
ps=18p,—0.8p;=18x53.7-0.8x30.0 =72.3%

and the diameter of this sand from the Fig. 12.5 is 1.10 mm. It follows that all the ste _

finer than 0.45 mm and all the stock sand coarser than 1.10 mm must be wasted in o
create the desired filter sand.




i hene filter

are very flexible, beenuso the tate of fii
change of compressed air pressure over the water,
(iv) These filters require very small arca for thelr installution.

(v) Small number of fittings are required in these filters.

i Wiyw
(vi) As the filtered water comes out under pressure no further pumping is required 1o

-1lift the water.

il aablgaiese
s ol

I L i

(vii) No sedimentation and coagulant tanks are required with these filters.

DISADVANTAGES OF PRESSURE FILTERS

)
(i)
(iii)
(iv)
V)
(vi)

Overall capacity of the filter is small, thou,

high.

gh the rate of filtration per sq.m. is

Due to the heavy cost on water treatment, they cannot be used for treating large
quantity of water at the water works.

As the process of filtration and back waéhing is done in the closed muk, proper
quality control and inspection is not possible.

The inspection, leaving, change of filter media, gravel and repair of under
drainage system is difficull.

Due to circular shape in plan, the design and fixing of back water channels is

difficult.

Their efficiency in removal of bacteria and turbidity is poor.
(vii) They require additional pumps to pump the water in them.

13.16. COMPARISON BETWEEN SLOW AND RAPID GRAVITY FILTERS

S.No. Item Slow Sand Filter Rapid Gravity Filter
1. Area Requires very large area | Requires small area
2. | Quantity of sand Requires Considerable Requires less quantity of
quantity of sand sand
3. Ruality of sand liner filter media of 0.2] Slightly  coarser  filter
to 0.4 cffective size and | media " of 0.36 to 0.6
2 1 4  uniformity | effective size and 1.2 to
coefficient 0 1.8 uniformity
cocllicient
4. | Quality of raw water It may not be ‘treated | Treatment with
with ~ chemicals, but{ chemicals is cssential.
should not have turbidity
more than 50 p.pm.
Flexibility in operation | Not possible Possible
RAte of filtration 100-180 litres/m2/hour | 4,000-5,000 litres/m2
hour
7. | Size of one unit 30m x 60m 6mx8m8mx10m
8. Distribution Unilorm Smaller at  top and
coarser in bottom
9. | Underdrainage system Open jointed pipes or| Manifold  and  pipe
drains  covered  with | laterals.  Vitrified tile
blocks Blocks; the Wheeler
Filter Bottom; the Porous
Plate  Bottom Concrete
Ridge  and  Valley

Bottom ete.

Y ']

adellh AN L 9 RETIY VY
: | o S monthw 5}“ Tiown
[ AL | i P
. 'Cleanin | Serpplog 23 cm umﬂ,_- Ea% 10
s b LR l‘rmul'l"tvl% surfuce and wiw ﬁm A
replacing it with new [with — or
sand. compressed air aghation
belore  washig
water Most essentinl
12. | Skilled Supervision Not required Most essentianl
13. |Loss of head 15 ¢mto 75 em 2m4m "
14. | Penetration of suspended | Very small, only a dirty |2 m to 4 m Very deepy
layer is formed at the
impurities surface
15. |Amount of  water|0.2 10 0.6% of filtered |2 to 4% of [ilterad Wiler
required for washing waler .
16. | Overall cost of unit More, because large land | Cheap and cconomical I
- and much quantity of ‘
malerials are required
17. | Cost of Maintenance Small More
i 2 Efficient in removal of |Cannot  remove il
LY i bacteria and suspended | bacleria, disinfection
maller neeessary. Removes
colour, odour and tasle
—
13.17. DESIGN OF FILTERS fi

The method of design of filter will be clear from the following solved examples
Example 13.1. Design five slow sand filter beds from the Tollowing data for fhe

water works of a town of population 75,000: Per capita demand = 135 Titres/day/capiti o
9 i

Rate of filtration = 210 litres/hour/m”

Assume maximum demand as 1.5 times the average demand. Out of (ive uniis, ois

is to be kept as stand by and used while repairing other units.

Solution.

Average demand of the town = 13575000 litres/day
= 10.125 x 10° litres/day

Maximum demand of the town = 1.5 x 10.125 x 108 litres/day
=15.19 x 10 litres/day

Rate of filtration = 214 x 24 litres/day

= 5136 litres/day "
Total surface area of filters required
Maximum daily demand _ 15.19x 10° s
Rate of filtration/day 5136
= 2957.55 sq.m. il &)

But as out of five units only four are to be used, therelore, surface arca ol eachwdl

A
= 295:‘55 = 740 sq. m _'_‘:"(‘

Keeping the length of the slow sand filter as 2.5 times its width

e ——
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2 Size of each slow sand Cilter unit =43 x 17.2 m.  Ans.

Exnmple 13.2, Design set of three rapi i |
o pid gravity filters for reating the water at
:I“i.l::n‘;?!*t’ﬁowhicﬂ :l:;';?] fi‘:PI“’% the %ﬂm 1o a town of population l,(){,'-,%llmt Pcrt({n‘[lﬂl::
tow res/day, *rate of filtrati ! apid gravity lilte
BB ke Ak 4500 ltres oo . 1y. The rate of filtration of the rapid gravity filters may

Total quantity of water to be treated by the filters
=100,000 x 270 litres/day =27 x 10° litres/day

o 21o® 6
~as500 Sam. =1.125 x 10" litres/hour
total area of filter bed required
_ Quantity of water treated 1.125 x 10°
Rate of filtration i 4500 4™

250 sq. m.
/. Areas of each rapid i ke e 20
$ of each rapid gravity lilter = = - 83.34 sq. m.
Keeping the length of the filter 1.5 times its width
1.5Bx B =83.34 B=75m
[=1.5x75=1125m
'?.5 m” K:::lde three numbers of rapid gravity filters, with the size of cach unit as 11.25 x

Example 13.3 Design a rapid sand [ilter unit fc i 8 Ji
. CH or treating 5 x 10 litres/d:
f’i‘[:r:t:::nw“' The filter are to work day and night. Takgﬂm lm:ﬁ%?:&pg

Solution- Let half an be lost in washin aini i

| . " washing, draining and returning to the service after 27
hiours, Therfore tota_l time will be 23.5 for which filters will work. Now allowing 4% -mrth
nllowance for washing of filter, R 1

. 4
Quantity of water to be treated per hour = 2ly litres
23.5 o
_ 5.04 x 10° :
S kit p e ur ko L% ol (T, = .
Filter area required TR =478sqm = 48w’ (say)

Providing two units, area of each = 24m*
Therefore provide three units of 6 m x 4 m.

Two units of filter will always work. Third is requi i i
. ) . quired rrepair wor
of the others, which can also be used during c.mcrgcnq]r. i SRR Ry T

| QUESTIONS

v
w(n) Explain the theory of filtration as used in the purificati
. purification of water.
() Sketch and describe an outlet for a slow sand filter. " (Pb. Univ., 1965
& {E}ﬁiﬂa;ﬂ :Itt;:rly hr?tw dodssd arapid graviy filter differ in its action from a slow sand filter 7 }
merits and demerits of the rapid filters as compared with t i
4. (n) What is function of sand and gravel in the filters 7 i e

g ey

|

- e FI‘ ..I.\ .:-“‘ ' !
4. With the help of & neat sketoh desoribe a pressure filter,

e S F e Ll

1

aih ‘ houl e kapt In mind while washing rapid gravity fiter 7

8. Wilte short notes on the following |
() Effective slze and uniformity coefficlant of sand.
(Il) Rate control of filteration,
(liy Alr-binding.
(iv) Necessity of under-drainage system,

6. Design a set of rapid gravity filters for treating water required for a population of 50,000, the rate of
supply being 180 litres/day/person. The filters are rated to work 5000 Itres/mour/sq.m. Assums
whatever data are necessary. (U.P.8.C, 1068)

7. Explain the theory of filteration of water. (Ranchi 1966, 1969, Jodhpuf 1064)

8. Compare and contrast point by point a slow sand filter with a rapid gravity filter,

(UPS.c. 1959, A M.LE. 1951,1954, Ranchi 196H)

9. Design a slows and filter :

() For a town of population 40,000 and maximum rate of supply 200 I/hour/day.  (U.P.6.0,, 1969)
(b) For a population of 5000 and maximum rate of supply 200 I/hour/day. (U.P.8.C 1060)
10. Write short notes on :
(a) Mudd ball formation
(b) Air binding of filters
(c) Filtering film.
11. Mention the factors that control the working efficiency of a rapid gravity filter,

12. Answer with respect to rapid sand filters.
(a) What is the maximum permissible head loss 7
(b) What is the filtration rate?,
(c) Function of rate of flow controller.
(d) Effective size and uniformity coefficient.
13. (a) Explain the operation of a rapid sand filter with the help of neat sketches.
(b) A town having a population of 50000 has to be supplied with water at the rate of 200 Lpoad,
Assume a suitable hydraulic loading, make suitable recommendations for number and size of rapld
sand filter beds. (Gorakhpur University, Ist Semester, 1975:76)
14. Compare economics and efficiency of slow sand filter with respect to rapid gravity filter,
Work out the size of a rapid gravity filter bed for filtering 162 litres of water per hour at standard rate
of fittration and work out the capacity of backwash tank. 1
: , ; (Roorkee University, Autumn Semester, 1974.75)
15. The population of a city is 50,000 and the per capita consumption is 130 litres/day. Caleulate the
following in respect of the rapid sand fitter for the above data:
(i) Total area of filters
(i) Number and dimensions of each filter bed |
(iliy Quantity of air for air-wash per filter bed, and
(iv) Backwash water per filter bed after air-wash.
16. (a) How does a filter clarify works 7
(b) Describe a rapid sand gravity filtter. Suggest specification for the sand to be used for the filter,
(c) State the number and size of rapid sand gravity filter to be used to treat 454 X 10%1/d.
(AMIE, Sec. B, May 1971)
17. A fitter plant has 6 filter units each with a rated capacity of 2.5 mifd. The rapid sand filter oading
rate is 125 I/m2/min. What percentage of treated water is used for backwashing if each fiter (s
washed every 48 hours at 7.5 times the loading rate for 5 minutes duration ?
(AMIE, Sec. B, May 1970).

(U.P.S.C., 1952; Bha, 19068)
(U.P.8.C,, 1804)
(Roorkee 19062)

(AM.LE, 1008)

(AMIE, Sec., B., Winter 1 ars)

18. (a) Differentiate between rapid sand and slow sand fitler.

(b) Mention the design criteria for the nnderdrain system of the rapid sand filter.

. }Nagpur Univ. 1981, Eighth Semuster
19. {A! Calculate the number, size and depth of the filter beds of a dual media filter plant to treat 84
m~/hr of water.

(b) Mention the merits and demerits of an up flow filter. (Nagpur Univ. 1981, Eighth Semastar)
20. (a) Sketch and describe in details the working of slow sand filter.

(b) Give the advantages and disadvantages of slow sand filter.

(c) What do you know about negative head in rapid sand filter? (Nagpur Univ. 1981, Ninth Semestar)




Disinfection

* Disinfection techniques- Ozonation,
u/v radiation. Chemistry of

chlorination, chlorine demand curve.
Types of chlorination, Application of

Chlorine




* Some common water-borne diseases
prevented by disinfection

Bacterial Viral Protozoan
Typhoid fever | Hepatitis @moebiasis
Para-typhoid | |Rotavirus @ Giardiasis

Bacterial diarrhea | Crypto-

diarrhea sporidiasis
Cholera




* verovlew of tne I°’rocess

The purpose of disinfecting drinking
water is to destroy organisms that cause
diseases in human beings.

Most pathogenic bacteria are removed

from water in varying degrees during the
different treatment processes
(coagulation, sedimentation, and
filtration).

Disinfection is used to ensure satisfactory
removal of pathogens from potable water.




¥Suitability of the disinfectant

1. Disinfectant shall be effective in killing

the microorganismes.

. Should be cheap and readily available.
. Should be safe to handle and easy to
apply.

1. It should not make water toxic in nature.

. It should have ability to persist in
residual state.




¥-Disinfection Methods

. Boiling
High pH (Excess lime)
Silver treatment

|
2.
3.
4

. Potassium Permanganate
Chlorination
. Ozonation

N o o

UV irradiation

a0

Other halogens (Iodine and Bromine)




¥

1. Boiling

* Water shall be boiled at least for 3

mins.

* Most effective

* Can kill bacteria and viruses

* Can not be used on large scale

* During epidemics it is used in
domestic scale.




2. High pH Treatment (Excess Lime)
' Lime can destruct bacteria at high pH values

' In this case, no residual will remain after
neutralization

b Studies showed that

higher removal of viruses was obtained with

higher pH values

Optimum pH in the range of 11.2 to 11.3

Optimum contact time in the range of 1.56 to 2.40
hours

Complete destruction of viruses was obtained at
pH of 11.0 and contact time of 5.0 hours and 10

minutes




¥ 3. Silver Treatment

* Silver when immersed in water has
inhibiting effect on bacterial life.

* As silver is costly this method can be
used in small scale.




¥ 4. Ultraviolet (UV) Irradiation

* Can disinfect both water and wastewater.

* However, its use in drinking water disinfection
is limited to small installations such as aboard
ships because it does not produce residual.

* In wastewater treatment, and when compared
to

chlorination and Ozonation, UV was found
— More effective
— More economical
* UV irradiation is gaining prominence.




Ultraviolet (UV) Irradiation




¥ 5. Ozonation

* General characteristics of ozone
—— Powertul oxidant
—— More powerful than Hypochlorous acid

—— Unstable in aqueous solutions

—— Has a half of 20 to 30 minutes in distilled
water

—— Widely used in drinking water treatment

—— Is produced on - site and can not be stored
site




%6. Potassium Permanganate

e Comlnonly used in rural areas.

* Used for purification of open well
water supplies.

* KMnOQO, is dissolved in bucket and

added in well water.

* Water should not be used during first
48 hours after KMnO, addition



CHLORINATION




W Chlorination?

Chlorine 1s widely used

— Effective at low concentration

— Cheap

— Forms residual 1f applied in sufficient
dosages

Chlorme 1s applied as:

— (Gas (most common), Cl,

— Hypochlorite (Bleaching Powder)
Ca(OCl),




*

* Chlorine is a strong oxidizing agent

[t oxidizes enzymes of microbial cells
that are necessary for metabolic
processes, thus, inactivating
(destroying) the microbial cells.




¥ Chlorination Reaction
* Chlorine gas reacts with water to form
—— Hypochlorous acid (HOCI)

—— Hydrochloric acid ( HCI)

Cl,+ H,0— HOCI + HCI

* Hypochlorous acid dissociates to hypochlorite

ion
HOCl <> H" +0CIl -

* The dissociation of the HOC] is a function of
pH




*

* Hypochlorous acid is 80 times more
effective disinfectant than hypochlorite
ions.

* Chlorine will appear in water in three
forms

i. Elemental chlorine (Cl")
ii. HOCI
i1i. OCI-




100 Beuaany
8 8 8 8 8 2 8 8§

100

11

{10

10

pH vailue

2 8 9§ 8 § 2 °

IDOH a3e1uadia




Only elemental of
molecular chlorine
1S present

Both HOCI and
OCI present

Only hypochlorite

lons are present

* Below pH 7 conc. of HOCI 1s more.
* pH of water should be less than 7 to prevent
ionization of Hypochlorous acid.




»*

Chlorine demand

* When chlorine is added in water it reacts
with organic and inorganic impurities.

* The amount of chlorine utilized for this
is known as chlorine demand.

* The remaining chlorine will appear as
available residual chlorine.

* Which serves as disinfectant to kill the
pathogens




Dosages, Demand and Kesiauals
— Short Summary

Dosage: the amount of chlorine added

Demand: the amount of chlorine needed to
oxidize materials (reaction)

Residual: the amount of chlorine remaining
after oxidation.

esidual Chlorine = Dosage - Demand




Part-11

FORMS OF APPLICATION OF
CHLORINE




¥ Chlorine can be applied in water
by following forms

1. As Bleaching powder or Hypochlorite

2. As Chloramines
3. As free Chlorine gas
4

. As Chlorine dioxide




* 1. Bleaching powder

* Chemical formula is Ca (OCl),.
* Available chlorine is 20 to 40 %.

* When it is added in water following

reaction takes place

Ca(OCl), + H,0 © 2HOCI + Ca(OH),

* Hypochlorous acid acts as disinfectant.




»*

* As it contains 20 -40% chlorine it
requires higher transportation cost
and space for storing.

* Therefore used in small scales i.e.
rural water supply schemes



% 2. Chloramines

The free chlorine can react with
compounds such as ammonia, proteins,
amino acids and phenols that may be
present in water to form chloramines and
chloro-derrivatives which constitute as
combined chlorine.

Combined chlorine possesses disinfection
properties.



Reaction with Ammonia

NH, + HOCI - NH,Cl + H,0
monochloramine

NH,CI +2 HOCI — NHCl, + 2H,0

dichloramine
NHCl, +3HOCl — NCl; +3H,0

nitrogen — trichloride




Chloramines formed

<44 Trichloramine only

4.4 to 5 Dichloramine only

5to8 Both Mono and
Dichloramine

(Equal quantities at pH =7)

> 85 Monochloramine only



¥ Advantages

0 N =

. More effective than chlorine alone
. Prevents tastes and odour

. Water treated with chloramines

causes less irritation of eyes and
odours.

. No danger of overdose

. Less chlorine is required



*

"~ 3. Free chlorine

* Generally applied in gaseous form or
liquid form.

* 248 times heavier than air and 1.44

times heavier than water.
* Strong oxidant
* Forms residual
* By products are formed e.g. THMs
* Works under specific pH.



. Chlorine Dioxide (ClO,)

* Chlorine dioxide is created by mixing
solutions of sodium chlorite and chlorine.

* Chlorine dioxide is generated on site
2NaClO, + Cl, &  2ClO, + 2NaCl

* The advantages of chlorine dioxide are:

1. 1itis a strong bactericide and viricide
over a wide pH range.

2. lttforms a slight residual in the
distribution system.



3. It does not react with nitrogen to form

‘chloramines.

4. It does not react with organic matter to

form Trihalomethanes (THMs).

* Chloroform and Bromoform are THMs

* The disadvantages of chlorine dioxide
are its high cost and its tendency to create
chlorate and chlorite, which are potential
toxins.

* Chlorine dioxide is used for taste and
odor control as well as disinfection.



FORMS OF CHLORINATION
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¥ Forms of chlorination

. Plain Chlorination

. Pre-Chlorination

. Post Chlorination

. Double of multiple Chlorination
. Break point Chlorination

. Super Chlorination

. De-Chlorination



¥-1. Plain Chlorination

* Application of chlorine to raw water
before it enters into distribution system.

* Sometimes added to reservoirs to check
growth of weeds, organic matter, algae
etc.

* [t can be practiced for water with

turbidities 20 to 30 NTU.
* Dose range - 0.5 to 1 ppm



2. Pre Chlorination

* Chlorine is applied before treatment
specially before filtration.

* Sometimes added before sedimentation.
* Advantages

i. Reduces bacterial load on filtration

ii. Reduces coagulant required.

iii. Controls growth of algae

iv. Eliminates tastes and odour.



o) 3. Post Chlorination

* Addition of chlorine after treatment
i.e. after filtration.

* Added before water enters into
distribution system.




x 4. Double Chlorination

* Application of chlorine at two or
more points in purification process.

* Usually added -
i. Before sedimentation tank

i1. After filtration

* This is done if water is more
contaminated.



¥b5. Break Point chlorination

When chlorine is added it reacts first with the reducing compounds such as

Fet2 Mn*2 NO , and the chlorine will be reduced to the none effective
chloride ion CI (from zero to point A on the figure).

-When adding more chlorine it will react with NH, to form chloramines as shown
inthe chlorine chemistry ( from point A to B).

-When adding more chlorine some chloramines are oxidized to nitrogen gas and
the chlorine is reduced to the none effective CI-ion.( from point B to ).
-Continued addition of chlorine will produced free available chlorine (at point C).
point Cis called the break point.




Destruction of Formation of Destruction of Formation of free
chlorine residual  chloro-organic  chloraminesand  chlorine and presence of
by reducing and chloramine  chloro-organic chloro-organic compounds

Chilerine residuals, mg/L

compounds compounds compounds not destroyed
| | el |
5 -
Free and
41 combined
residuals
3l B
Combined e ,
ol residuals / ree residual
1k . 0 :
Breakpoint 2 Combined
residual
0 A 1 | ] = ! i « I L !

0 1 2 3 4 5 6 7 8 g 10 11
Chlorine dose, mg/L



¥ 6.Super chlorination

* Chlorine is applied beyond break point.

* [t is done after filtration with contact
time of 30 to 60 mins.

* It is practiced when there is epidemics
in the society.



% 7. De Chlorination

* Process of removing excess chlorine
from water is known as De-Chlorination.

* Can be achieved by aeration or using
chemicals such as sodium thiosulphate ,
sodium bi sulphate, sodium sulphite,
Activated carbon, potassium
permanganate.



FACTORS AFFECTING
CHLORINATION



x 1. Turbidity

® Turbidity affects chlorination process
as efﬁciency of disinfection process
decreases if water is more turbid.

* Pathogens can shelter behind solid
particles.

* So, chlorine is added after removing
turbidity i.e. atter filtration.



% 2. Presence of metallic
compounds
* Fe and Mn consumes more chlorine

if present in water.

* So, chlorine is added when Fe and
Mn are removed from water.



»*

3. Ammonia compounds

* Ammonia forms combined chlorine
compounds which are not so powerful
disinfectants as compared to free
available chlorine.

* Therefore more chlorine is added so that
after formation of chloramines, excess
free chlorine is available for speedy
disinfection



¥ 4. pH of water

* Increasing pH reduces effectiveness of
chlorine.

m Amount of HOCI

Up to 6.7 95% of total free chlorine

At7 80% of total free chlorine

At 8 30% of total free chlorine

At 9 5% of total free chlorine




v

5. Temperature of water

* Reduction in temperature
decreases killing power of both
free and combined available
chlorine.



X 6. Time of contact

* Percent kill of pathogens depends
upon contact of chlorine and micro-
orgam'sms

* Time of exposure or time of contact is
needed. Usually for free chlorine 10

min time is required as compared to
60 mins for combined chlorine.



¥ 7. Nature and Concentration
of bacteria and viruses

* Bacteria spores are more
resistant

* Polio virus is most resistant



Disinfection: First-Order Kinetics

Assumes: Chick's law:
« all organisms - dN/dT = kN
are identical where: N = number of organisms
« death T =time
(inactivation) In N/N_ = -KT
results from a Where, N, = initial number of
first-order or organisms
“single-hit” or N, = number of organisms remaining at
exponential time=T
reaction. No = initial number of organisms (T= 0)
Also:
N/N, = ekT




Disinfection Kinetics
» Disinfection is a Kinetic process

* Increased inactivation with increased exposure or contact
time.

— Chick's Law: disinfection is a first-order reaction.

— Multi-hit-hit or concave up Kinetics: initial slow rate;
multiple targets to be “hit”

— Concave down or retardant kinetics: Initial fast rate:
decreases over time

» Different susceptibilities of microbes to inactivation;
heterogeneous population

» Decline of of disinfectant concentration over time

« CT Concept: Disinfection can be expressed at the product
of disinfectant concentration and contact time

— Applies best when disinfection kinetics are first order



Inactivation of Cryptosporidium Oocysts in Water by
Chemical Disinfectants

Disinfectant CTy, (mg-min/l) Reference

Free Chlorine 7,200+ Korich et al., 1990
Monochloramine 7,200+ Korich et al., 1990
Chlorine Dioxide >78 Korich et al., 1990
Mixed oxidants <120 Venczel et al., 1997
Ozone ~3-18 Finch et al., 1994

Korich et al., 1990
Owens et al., 1994

C. parvum oocysts inactivated by low doses of UV radiation: <10 mJoules/cm?




Disinfection Kinetics...

« The C x T concept falls if disinfection kinetics do not follow
Chick’'s Law (are not first-order or exponential)

« Chlorine concentration and contact time relationship is
often expressed by,

C"t,= K, where, n and k are experimentally derived
constants

« The effect of temperature variation can be modeled by the
following equation

In t,/t,= E'(T,-T4)/Ryq 12

t, and t, = time required for given Kills

T, and T, are temperatures corresponding to t, and t,, in °K
R = gas constant, 1.0 cal/K-mol

E' = Activation Energy, related to pH

pH -> 7.0 8.5 9.8 10.7
E, Cal -> 8,200 6,400 12,000 15,000



WATER SUFFLY L NUINFERING

#
Y
572

the connection from the downstream side of the orifice having lower

pressure is made to the outlet of the rubber bag having dosing

solution. as shown in Fig. 9.41. The difference in pressure squeezes
Ontwce plate

—— mlJ Water

s

1 u/ Water pipe ine

l— Inlet

bag

_rh—. - Rubber
1
1
1
I
1
i

- —=[rain

Fig. 9.41. Displacement doser.
.,..ww w:.cv&. bag injecting the dosing solution into the water line. This
_Emncon a%. mcw.cco: occurs only during the flow of water in the pipe
line. ww..um justing the concentration of the dosing solution in the bag,
the dosing is made proportional to the water used.

Example 9.27. It is required to supply water to a population of
20,000 at a per capite demand of 150 litres per day. The disinfectant
used for chlorination is bleaching powder which contains 30 per cent
of a:.a:a&? chlorine. Determine how much of bleaching powder is
,135..13. annually at the waterworks, if 0.3 ppm of chlorine dose is
required for disinfection.
Solution.
Average daily water demand

= Population » Per capita demand

= 20,000 x 150 litres

= 30,00,000 litres

=3 % 10° litres.

PURIFICATION

consumption)

Since the chlorine content in bleac \
that 30 kg of chlorine is contained in 100 kg of bleaching powder.
quired daily (based on average

e

annual consumption)

Example 9.28.
metre per day is
mgll. Calculate !
demand of the water.

Solution.

Water treated per day = 20,000 cum.

OF WATER SUPMPLIES

Amount of chlorine required daily (based on average annual

uo.umhmxuxsf
=0.9 % 10° mg

=09 kyg.
. it means

hing powder is 30%,

Amount of bleaching powder re

0.9 x 100 _
= ~ 3 kg.
.. Annual consumption of bleaching powder
=3 % 365 kg

= 1095 kg = 1.095 tonnes. Ans. .
Chlorine usage in the treatment of 20,000 cubic
8 kglday. The residual after 10 min. contact 15 0.20

he dosage in milligrams per litre and chlorine
{Engineering Seruices, 1980)

= 20,000 x 10° litres
=20 x 10° litres = 20 M1
Chlorine consumed per day = 8 kg
=8 M.mg
.. Chlorine used per litre of water
8 M. mg
= oMl - 0.4 mg/l
. Hence, the given chlorine dosage
=0.4 mg/i.

Now, residual chlorine left
= 0.2 mg/l (given)

Hence, actual chlorine dosage, which
chlorine demand of water

=04-02=02mg/l. Ans.

(8) Use of Chlorine Tablets. Chlorine tablets may also some times i

be used to disinfect small quantities of water, but they are costly. s

They are available in the market under various trade names, such

as halazone tablets. The National Environmental Engineering Re-

gearch Institute, Nagpur has
tablet, which is 15 times better than the ordinary halazone tablets.

has reacted in water, i.e.

formulated a new type of chlorine !

Scanned with CamScanner



WATER SUPPLY ENGINEERING

Table 9.7

Colour developed with Chlorine concentration
chlorvtex reagent indicated, inmgll

White milky fluorescence

Nil
Faintly pink and milky 0.1
Pink 0.2
Red 0.5
Purple 0.6
Violet 0.8
Blue | 1.0 or more

(4) Starch Todide test. In this test, one litre of water sample is
collected in a heat-proof earthen ware vessel (called casserole), to
which 10 ml of potassium jodide solution is added. The contents are
thoroughly mixed, and 5 ml of starch solution is added, which
produces blue colour. This blue colour is removed by titrating this
water sample against sodium thivsulphate solution of normality
N/100. The amount of chlorine can then be easily ascertained by
using the simplified titration equation :

Quantity of chlorine Jmacw_._c_.a_ of
in mg/lin the original | = 0.355 thiosulphate reqd.
sample of water to remove the

blue colour

Starch iodide test is laborious and costly, and hence generally not
used for testing public supplies.

Example 9.29. Results of chlorine demand test on a raw water are
given below -

Sample No. Chlorine dosage i Residual chlorine
mgll after 10 min
| ) contact (mg /1)

w 0.2 0.19

2 0.4 0.36

\ 0.6 0.50

B 0.8 048

5 10 02

6 L2 0.4

7 1.4 0.6
i O | L6 08
Sketch a ‘chlorine demand curve’. |

Vhat is the ‘break poi !
and what is the ‘chlorine 7odh Dolht dosage

demand’ at dosage of 1.2 mg/l?
(Civil Services, 1980)

: chlorine demand curve
sidual curve) as shown in Fig. 9.43.

Solution. The given data is used to plot the
(strictly speaking chlorine re

583
PURIFICATION OF WATER SUPPLIES
1.0
- 09
=™ "
gos

Residual chlorine n
(=]
>~

A = 4 20
0 02 04 06 08 12 1k 16

o« Applied chlerine In mg/l
Fig. 9.43 h
Break point 18 represented by the point C, and hence the break
point dosage 18 1.0 mg/l. Ans.

Chlorine demand is the difference between applied nrrm.h.:o‘mq”“
residual chlorine, and it becomes equal to 1.0 - o.wru c‘. ?-Mw .
break point. This chlorine demand becomes constant therealler,
all added chlorine appears as free chlorine.

Thus, at any dosage above 1.0 mg/), the chlorine demand will
remain study, and equal to 0.8 mg/l.

Hence, the chlorine demand at a dosage of 1.2 Enﬁ will r.omanﬂn_.,
to 0.8 mg/. This tailies with the given data of chlorine resiaua oca
0.4 mg/1 with a dose of 1.2 mg/l, giving chlorine demand =1.2-0.
=08 mg/l. Ans.

WATER SOFTENING

il ; T
The reduction or removal of hardness* from wateris M:o%%hm”%ﬂm
. 8 ssentiz :often the water in order ake th

softentng. It 1s not essential to so rdertg s
water safe for public uses. The advantage of softening lies m_:hrnsuw“,:
the reduction of soap consumption, lowered cost In _._.E:d ﬂ n.m.
plumbing fixtures, and improved taste of food vnmvm_."wr_ss? ; m..“n.
whether or not the hardness of a water supply should be re M :—m
depends on the relation between the cost of treatment w.: i
obtained resultant saving and satisfaction to the consumers " oh,_m

= i1 cunplies. the softening is more important, be-
ever, for industrial supplies, the so . s , be-
cause the hard waters are likely to cause scaling troubles in boilers
and interfere in the working of dveing nuw,lﬁﬁw

*Ploase refer article 6.2.2 (iit).

Scanned with CamScanner



QL. The Chick’s Law: For disinfection, assume N (0) is initial number of pathogens and N (t) is remaining
number of pathogens at time and given by: N (t) =N (0) x exp (-Kxt); where K is disinfection rate
(unit=1/unit of time) and depends on disinfectant-pathogen interaction and solution characteristics. Here R-
log removal: R=-logy [N (t)/N (0)].

If disinfectant concentration (Cygagectant) and contact time (t.) are related to each other by following equation
(the Watson's Law):

(Ciintectant)” X () = constant (standard unit: C in mg/L and t, in minute)

Calculate R-log removal value for 99.9% removal? What is the remaining pathogen concentration at this
removal after I minutes of contact time? (Assume K=0.046/min) [3+3=6 points|

Solution:

R-log removal = -log,g [I-NJ/Ny]

Given removal = 99.9%, so N/Ng= (1-99.9/100) =0.001

R-log removal = -logyg [0.001] =3 (answer)

For calculating remaining fraction of pathogens after 1 minute of disinfection with K=0.046/min, use the Chick’s
Law: Ny/Nj=exp (-k xt) = exp (-0.046/minx 1 min) =0.9350 (i.e., 95.50%) (answer)



Q2. An experiment shows that a concentration of 0.1g/m” of free available chlorine vield a 99% Kkill of
bacteria in 8 minutes. What contact time is required to achieve a 99.9% Kill at a free available chlorine
concentration of 0.05 g/m*? Assume that Chick’s Law and Watson’s Law hold with n=1. [2+2=4 points]

Solution:

Given: For 99% kill: C=0.1 ¢/m” and time (t) =8 minutes

Chick’s Law; N=Ngxexp (-k xt)

Calculation of disinfection rate constant:

N/Ne= (1-99/100) =0.01 in 8 minutes

From Chick’s Law: 0.01 = exp (-k x8) => k= - (1/8) In (0.01) = 0.5756/min (answer)

Using calculated k value, calculate time for getting 99.9% Kkill:

N/Ng= (1-99.9/100)=0.001

Using Chick’s Law: 0.001 = exp (-0.5756xt) =>t = - (1/0.5756) In (0.001) =12 min (answer)
Note: Watson's Law: C"xt=constant = > Cxt=constant (as n=1)

For 99.9% kill: C=0.1 ¢/m” and time (t) =8 minutes. So, Cxt value =(0.1 *1000mg/1000L)*(12 minutes)
= 1.2 (mg/L)(min.)

To determine contact time using 0.05 g/m’, Ct is equal for both cases.
1.2 (mg/L)(min.) = (0.05 x1000mg/1000L)*(t minutes)
t= 24 min. (answer)



Q3. For wastewater consists of ammonia, organic matter and microorganisms), draw breakthrough curve
using following information and answer following guestions:

Chlorine dosage (mg/L) 0.1 05 | 1.0 ) 15(20 |25 |30
Chlorine residual (mg/L) 0.0 04 [08|]04])04 (09 |14
(i) Discuss the significance of different regions. [8 points]
{ii) Calculate chlorine dose to achieve 0.75 mg/L free available chlorine? [4 points|
Solution:
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(4. Look at the following relationship between concentration of free residual chlorine and contact time
required for 9% kill (Watson's Law: C"*t,= . (constant) for different pathogens).
Pathogen type | Adenovirusd | E.coli | Coxsackievirus A2

A (constant) 0.098 (.24 6.3
For given chlorine dose, how long would vou like to disinfect to achieve maximum removal of all pathogens?
Explain the result. [6+4=11) points|

Solution: For given chlorine dose: high contact time is required for high 1. value. So we need longest contact time
for Coxsackievirus A2 than that for other pathogens. Thus to achieve maximum removal of all pathogens we need
contact time equal to that of Coxsackievirus A2.



Q5. Comment on decay of adenovirus (survival = NUNO) wsing low pressure (L") and medium pressure
(MP) UV rays. Note UV dose is given in milli _inulesh:'ml.

f e
1 1{"'“ —LF
\h‘kx ——MF
|
\ -
. —
v

5
%

log survival

- o om s do RS

o] a0 Bl Bl 10 1A 1]
UV dose (mdicnr)

FIG. 2. UV inactivation of adenovirus as determined by cell culture
infectivity assay data.

[ =]

Solution:

Example: Log (survival)= (-4) (i.e., 4-log removal)

Log (NUNO)=-4: Nt=NO ( 10™) or Removal = (1-0.0001)100= 99.99%

LP UV rays produce high decay of adenovirus compared to MP UV rays. In initial regions, LP UV rays give high
disinfection rate than MP UV rays, but for high dose, both produces similar extent of virus decay.



Q6. Comment on effect of light and dark on concentration of five fecal indicators. Concentration values are
shown in box plots where middle line show median value, below 25" percentile value (ie., 25% of values
lower than this) and above 73 percentile.
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Solution:

Dark conditions give higher CFU values, i.e., lesser removal of pathogens than that due to light conditions.

Highest removal was observed for Enterococci than other microorganisms as lowest remaining concentration.
Lowest removal was observed for F-RNA phages than other microorganisms.

Higher removal for bacterial indicator (i.e., for fecal coliforms) was observed than viral indicators (i.e., for somatic
coliphage and F-RNA phages).



Q7. Comment on effect of UV dose on virus survival for two sets of data. Note that two linear models are fit
to data (this is [irst order data).

Doz fmWalom )
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o

Solution:

Adeno 2 virus is disinfected at slower rate than other pathogens with increasing UV dose. For high log-removal,
high UV dose is required for adeno 2 virus than other pathogens.

Both linear models appear to fit the observed decay data, however, it is difficult to comment on model fitting due
to difficulty in determining goodness-of-fit of fit models to data.



(J8. Comment on dose requirements for inactivation of viroses at different levels by UV light for each of
viruses studied.

A

UV exposure {mW/iem) needed for virus
inactivation of™

Vires

W0 O V5 il G RIS
Echovirus | g 165 25 33
Echovirus 2 7 14 X5 e
Coxsackievirus BS 05 13 2T 3
Coxsnckievirus B3 E 16 4.5 125
Podiovirus 1 [ 155 n 1]
Adenovirus 1ype 2 M T8 114 Tidl

I" The starting concentration of the vineses ranped from 2 = 107 o1 = 10° per
Solution:
With high UV dose, high log-removal can be achieved.
For 99.99% removal (i.e., for 4-log removal), highest UV dose is required for adenovirus type 2 than other
pathogens with lowest dose required 1s for echovirus 2.
These data also indicate that adenovirus type 2 is most resistant to UV dose (i.e., hard to kill). Further, adenovirus
2 requires relatively higher UV dose than other pathogens (at least 4-5 times higher).
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[ Soft water, 0-55 mg/L
771 Moderately hard water, 55-120 mg/L

|: Hard water, 120-250 mg/L Distribution of hard water in United States.

The areas shown define approximate hardness values
0 Very hard water, 250+ mg/L for municipal water supplies.

Figure by MIT OCW.

Adapted from: Dekker, Marcel. Water and Water Pollution Handbook. Edited by L. Ciaccio. New York,
NY: 1971.
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My hardwess = that doe bo Mg

Total havdhess = Co hardness + Mg_ iag,rdgusé

Car bonate havdness = por t of total h.ﬁ.l’dMH- o
¢.aiu1~vql¢m+ to carbonate plus bicarbowate
alkafinity

e v,

- AlK

(%)
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Ghranﬂ ac:;{s- -aur-c: Hn.osc. ;‘;{L&{ camp[a.‘ldy d,tgsou_a*c
In water : HCI, HyS0,, HNOs, HBr, HL K HCIO,
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o]

., Mglow), , LiOH, RbOH, Sr(oH),,
Ba(OH);

Traw) =[] e [« [t - 2(mg"]
- [eV] - 2[504°] - [NOs ]

= Z(se] -z[sA]

Can alse fnd ohaV%Q balown ce af;e*.um;-:n.g car bornades
domwcte syelemn
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2+ M 2+ K" N +
Ca g - 2_3 > Equivalents liter™!
HCO5" CO3 |SO4 |CI' |NO5
——IAIk] ] b |

c |

: a |
H AL(IID| Ca®* | Mg |NH | Na" |K*
HCO;™ | Org™| SO3” NOs cr
d | b |

Equivalents liter’!

Natural water charge balance for an alkaline system (Alk = a-b) and
an acid system (Alk = a-b = d-c).

Figure by MIT OCW.

Adapted from: Schnoor, J. L. Environmental Modeling:fate and
transport of pollutants in water, air, and soil. New York, NY: John
Wiley & Sons. 1996.




 corbonate havdness  (for [AE] i krms of CaCOy)
1 [AR) < fomal hardness,
__t-i'.‘l‘dv-?" carbonate hardness = [Alk)
___- Ir  [AK] > total havduess,
I _ then  carbonate havdness = total havdness

Corbonale hardnass cavses scaling ot high temps:

- &
CCa’ . LHCO, > CalO,| ¢+ €Oz +HZ0

. B Noncarbonate hardness = total harduess — cavbonate havdness -
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adding lime _ Ca (0H),

First lime veacks weth any €Og*
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>, MeP + 2HCoy & Zalon), —> 2003l * Mglo)d + 24,0
And Audlly 4o remave non-carbonate Mg hardiness

4, Ma* + 20 + Co(oW), — MSCOH),_& ¢ Call S04

5. Mg ¢ 207 ¢ cafoM), == MgloH), ¥ + Cat' 4 2C1”
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Cwaker L
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Ko, Ks are funchons of tewip,
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tonvenhonal lime treabment process loeks like:
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or disposal

Solids to dewatering

©

Process flow diagram of common softening treatment techniques: (a) Single- stage lime treatment; (b) two-stage excess lime-soda treatment;
(c) split-flow lime treatment

Figure by MIT OCW.

Adapted from: MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe, and G. Tchobanoglous.
Water Treatment: Principles and Design. 2nd ed. Hoboken, NJ: John Wiley & Sons, 2005, p. 1601.



@  lechved - Lme-sodaash softenmg, vt 2 . _

o For walers_vekl non- carbouate hardness, swgle-stoge
- sofbewng s wmsofhcwent.  Lefrover havdmess s o
o ___rgmomad___pr__Acidthan..__g-f __soda_ash___lj\l_g;a@;)_____ L
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See Leckwe B, page t0

opld_treatment 15 similar, except ovby_part of woder
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Cgmpuhﬂg_ohmlt;&b[ _dosas Jiar L ioda qsb_so{:-f:em“& Exarsple. (it

o fom. Vussmao_and Hawmer , oz 445~ pa 3 and 4.

Eamcs{: mc{:hgd LS +o_co_m S‘I'cucj- o j&zblc: +kaj—_cmw:r+ 5 -

. _dl_concentrahons to eguvalent concentrahons, qud -
. _. thea to eguivalents of CalOs

. Ao use_chart from \IH ..Ea%__l_l__&,__;za_i“t@_h:_ __ .

R S N (11—
. _cone . . MW 6qurv zaLwl' meqf(. . a5 Callz
S _{Lﬂg_fb} Cgm/m.elo) Cﬂq/mf"‘?"‘) Gmfm*c-cq)

‘@ w s #o 2 mo i mo

e __c_QET__ 'to ﬂoLo_%_

___ 20.0 - 5;6___ 4:!54;_

_Example, T J—

9] . 244 2 122

S 080 - . 398
. _Nat 4. 230 1 23,0 ©.20

A4 230 o230 {50 . ..
N 37 - S 229,8&

H__'_Mg_'_ e oo 2 500 23 I

] 25 6.0
S0 % G0 2 4%.0

Z eV = 20 1000 __
S CT 0. %5 . %55 020 . (4.9

el . _ 462297

Totad hardness = ca v Ma¥ = 116 + 31,8 5 248 mgfl
.. ... astal0a
Cavbovale hardness = [AIF] = ”’5 “"ﬁﬂ’ as C“CD?,-

Noncarbonale hardness =

- -

TH - d .= 9.8 ma/l as CACO; '_

Mﬁ noncarbonale hardwess = 39,8 mgﬂ, 0\5 .C_&CO} —




Milliequivalent Bar Graph for Example 11.4

0 3.5 43 4.6
(a2t Mg2+ JFCZ“
CO,
HCOj5- SO42- Cr
—0.4 % 2.3 meq } 1.2 meq — 0.8 meq—|»0_3~|
CO, Ca(HCO3), CaSOy MgSO,  Nacl

(A) Bar graph & hypothetical chemical combinations in the raw water

0 0.6 0.8 3.1
| 5
: Ca2t Ca2t | oo Na*
' =
5 OH" S| cos> SO4* Cr

}71.25 meq—'—0.8 meq i 20meq ———

Excess Lime Hardness Soda ash addition

(B) Bar graph of the water after lime & soda ash additions & settling but before recarbonation.

0 0.6 0.8 3.1
Ca2t :Sbo Nat
p=
& 'en
0 o 2.
SO -
8 % 4 Cl
0 0.4 0.8 2.8

(C) Bar Graph of the water after two-stage recarbonation & final filtration

Figure by MIT OCW.
Adapted from: Viessman, W., Jr., and M. J. Hammer. Water Supply and Pollution Control. 7th ed. Upper Saddle River, NJ: Pearson Education,
Inc., 2005, p. 446.



Before treatment:

After treatment with lime Ca(OH), and intermediate reaction to remove carbonate hardness:

0.4 0 3.5 4.3
ca® I Mg?* Na*
CO,
HCO,~ SO,* cr
04CO 2.3 meq Ca(HCO3), 1.2 meq CaSO, 0.8 meq MgSO, | 0.3
' 2 Carbonate hardness Non-carb. hardness NCH NaCl

(chemical equations 1, 2, & 3)

1.25 0 1.2 2.0 2.3
ca® ca® Mg?* Na*
OH" S0 cr
1.25 meq excess lime 2.0 meq NCH 0.3
: q - meq NaCl

After treatment with lime and intermediate reaction to remove noncarbonate Mg hardness:
(chemical equations 4 & 5)

1.25 0 18 20 23
ca® ca* Mg| Na*
OH" S0 cr
1.25 meq excess lime 2.0 meq NCH 0.3
: q - meq NaCl
After treatment with soda ash Na,CO;:
(chemical equations 8 & 9)
1.25 0 06 0.8 28 31
ca®' ca* |Mg Na'
OH" CO> S0,* cr
1.25 meq excess lime residual 2.0 meq 0.3
’ q 0.8 meq hardness added soda ash NaCl
After recarbonation:
(chemical equations 6 & 7)
0 06 0.8 28 31
ca* Mg Na*
HCO; S0 cr
residual 2.0 meq 0.3
0.8 meq hardness added soda ash NaCl

4.6
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o . _For O = l_C?_._Q____mgfb_as Callda. .
. For_carbonate havdness _1is.0 _ o
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TGOl 66— —E— -

_ CalOn

N o 7 éj'_mg,/u &c,acoa =974 mglL as a0
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@ . Reqd lwme = _Eé mofl
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R _uv;j:l_ 99.8_mgll as Cal0s (2.0 meg)
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o tomert e MNa,COp:
_ _ - Nag€Os ——- 2x22 12+ Bxl6 e PRI
_ _. : ._cd\_ma — 4;0{-‘_2_4,55*[‘,__ _ o _
‘ = . _Bead sedo ash s 106998 = 106 mgfl . _
| o _ Nole Hru.u‘ ng show's Hco ot \ﬁdlac-fvally e on eqwhbrlvm _
between 0O, ',LLCOZ,, ,_CZO:; dq)anclu&g o pH per_pg- [ o
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Summary of chemical dosage calculations required for lime & lime-soda ash softening*

PROCESS REQUIRED CHEMICAL DOSAGE CALCULATIONS
Single-Stage Lime: Lime addition for softening:
For waters with high CaO = {carbonic acid concentration} + { calcium carbonate hardness}
calcium, low magnesium, Soda ash addition for softening:
& carbonate hardness Na,CO; = none

Carbon dioxide for pH adjustment after softening:

estimated carbonate source water source water
CO, = { alkalinity of softened alkalinity — { calcium
water hardness

estimated residual
+ { calcium hardness
of softened water

Excess Lime: Lime addition for softening:

For waters with high . . .
calcium, high magnesium, Ca0 = carbonic a‘fld + { total alkalinity ; + magnesium 4 cxeess lime
and carbonate hardness: concentration hardness dose
process may be one or Soda ash addition for softening:

two stages Na,CO3 = none

Carbon dioxide for pH adjustment after softening:

. estimated residual
Co, = { source water } _ ] source water }_ excess lime 4 }

- total hard calcium hardness
alkalinity otal hardness dose of softened water

magnesium hardness

of softened water

excess lime
dose

} :estimated residual }
+

Single-Stage Lime Soda | Lime addition for softening:

Ash: CaO = {carbonic acid concentration} + { calcium carbonate hardness}
For water with high Soda ash addition for softening:
calcium, low magnesium, Na,COj3 = {calcium noncarbonate hardness} and /or {magnesium noncarbonate hardness}

& carbonate and

noncarbonte hardness Carbon dioxide for pH adjustment after softening:

source water estimated residual

CO, = { S?Er;e water } +: ;Oda aSh} - < calcium } +{ calcium hardness }
alkalinity 0s¢ hardness of softened water

Excess Lime - Soda Lime addition for softening:
: i aci . magnesium magnesium
Ash I _ ] carbonic acid calcium carbonate g g
For waters with high CaO = : . + 2{ carbonate {+{ noncarbonate
. . . concentration concentration
calcium, high magnesium, hardness hardness
and carbonate and .
excess lime
noncarbonate hardness; .
requirement
process may be one or two

stages Soda ash addition for softening:

calcium magnesium
Na,CO3 ={ noncarbonate ; + { noncarbonate
hardness hardness

Carbon dioxide for pH adjustment after softening:

estimated hydroxide excess lime estimated residual
CO,, first stage = { alkalinity of softened { = { gose + { magnesium hardness

water of softened water
estimlatAed hydroxide source water soda ash source
CO,, second stage = { alkalinity of softened ¢ = + - { water total

alkalinit; dose
water Y hardness

hardness of softened
water

{ estimated residual }
+

* All quantities are expressed as mg/L as CaCOj;

Figure by MIT OCW.

Adapted from: MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe, and G. Tchobanoglous.
Water Treatment: Principles and Design. 2nd ed. Hoboken, NJ: John Wiley & Sons, 2005, pp. 1610-1611.
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Lecture {0 Chemical Removal - Adsorphon and Ion Exc,hangz
Definihons: L
Adsorphon -  mass auskr of chemeals l!_quid phasc
soommh B o= __ onto sold phase -
_______ ____ _adsorphon - chemicals adhere 4o sorface

of solid __ (dommant mechanism)

chemcals penehate vto solid,
_formy m;j._'sn lid_soluhen

o cﬁgﬁmphoh o

sorphon - mcludes both

Adsorbent - adsorblﬁg phase- ..

- Adsorbate - chcmuéa.[__baﬁé.j_.aé.gacbﬁd.. _

Adsorphon is Used in drinking -woder Hreatmend to @move

_organtc contommnmanta :

P tostk and edar - caustng chemicals
s o ..Syn‘i’hc.‘hc .WS‘"“C' :.Jr:f_c.v_tuf..‘.ais_.. -
- o calor i%rmiﬂg or&o.mu:_s__ L
some. disnkchon by-product precursors (ot not THMs)
Adsorbent of choice 15 activaled carbon

Made m Hwo-step prowess -

. Carbonacecus maleirial (ﬁogé,_gt_mt_mnu“' SHCHS)

5 healed in oxygen - starved environment 4o
- (ibeyate corbon (carbonizachon)

. Carbonized material |‘&__§.KPQ5_¢..C§. +o steam or e
hot to cavse pores and fissvres o .
form (activahon) -

{. Creaks carbon fo which arg,an;c chawms will sorf:»,

2

. Increases surface area awalable for sorphion




Source: NIOSH, 2003. Guidance for Filtration and Air-Cleaning Systems to Protect Building Environments from Airborne
Chemical, Biological, or Radiological Attacks. DHHS (NIOSH) Pub No. 2003-136. National Institute for Occupational Safety
and Health, Centers for Disease Control, Cincinnati, Ohio. April 2003. http://www.cdc.gov/niosh/docs/2003-136/2003-
136¢.html. Accessed February 21, 2006.



Large and small
organic molecules

Pores available to both Carbon matrix
small and large

molecular adsorption

Pores available only to small
molecule adsorption

Granular Activated
Carbon (GAC)

Figure by MIT OCW.

Adapted from Culp, G.L., and R.L. Culp. New Concepts in Water Purification. New
York, NY: Van Nostrand Reinhold Co. 1974




_chemistry of adsorbate,

pH and temp. _of wader  —

each applicahon. requires developpaendt of odsorghon

15 otlherm
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Avother posscble isotherm 15 the | E;;gm .
hssowws ceachonm:
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a.cisorbwk( . soluthow (:mai/b m}n)
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_ Kod =
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AHOHLEV alk-,r m%ue l‘.v—cr_-HfLﬂ'l:MI’—'.- EBET (_ E;runaucr'—- E—.mth' -
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Io-?'é'.r }
S Ca / Csa

Al+arna4*uve, mest used Gor actwaked carbon is
Creundlich Jﬁmihcrm . (empvically da:\rtve-d.)

b
q& = k:p CAH

-. (_‘a.ﬁ bf: %lmwn mnsxs¥¢u+ w;{'ﬂ\ mngmu:r adsorf;hon _

oy _hekerogenesus sides with distrbohon of
z,me,u;ey of ade.arp*han



s el B Tk
Mass, o€ corbon pu_; (n boflle CM)
Nolome of waker ¥ wlcontaminant conc ¢, odded
Tumibied %anﬂyﬁ)r G &ays s gcﬂ e:qush‘Brlu.m
_E':qm_hbi:‘i;vm . C,g i waler wmeasored
_E;:mpu+e_ _ th- ‘E (Co-Ca)
Plot -”.q#”.-vs CA oﬂ-g‘g.-_fog graph

If Fr;',c.:-ncllfcfh wotherm applies plot will be lmear:

a,dsé_irbui pha.-sc
cone (_mg / kﬁ)

t

|

| _

- S

103 34,

C,hg!b) S

Get n Hom slope_.- I ___

sobshhde to solve for ¥on . ...

Teotes are often done by cavboﬂ mam.t(oc‘l‘urcr's_._ o
(e.q, Calgon carbon). o

log Gy, aqueows phase c¢onc. = o



prwnd_h;h xsoi—gcv m

_ in
da = Kg Ca

. ff_ qA_. s ——
kg
Co 15 . J’;"_E

ben | ¥p_ie in oniks of (B

Example = Assumt

If QA s M3

e

SR =3 g -
ﬂnd. Cr;.,_ 'lS___‘-E .

- (p%)!fh.

In = 43z

C{ooov larger tHaan alxwﬂ:)

wh-af -'s céir;:_\(Ers_gan _—chivr.ﬁ:}r K o umte above 7

(%)

il




_ Ac{luakd .:a.rbcm cores in. 4WO M ﬁorm%

_PAC - powdered acdmated carbon  (w24mm)

- which s sspended 1 water [ wastewoder
e 4o be treated

o _ PAC & thaen %d'*tc.ci/ -ﬁl'-f'cnd cru+ Md

oy be recycled

_GAC - granulow achivated corbon _ (0.+0 2.4 mm) |
. _ploced m packed beds usvally in

S pressure tfonks

_ Carbor has_fixed &di@tp‘(‘l@/‘t capo.ct-ty_) _ 0 clagonieak
SRR ,____-u:e.mﬁ;al[% "breaks {hrwgh_

o __'__.___E.""f]f..fukééd..
4 volume

 Contuck time 15 T 4o 20 minules i_r-r_wgt;:ﬂ u@; -
s Hreatment piami'__ - -




GAC Tank

Figure by MIT OCW.

Source: Metcalf & Eddy Inc.
Wastewater Engineering: Treatment,
Disposal, Reuse. McGraw-Hill, New

York, 1979.

Full open cover
with porthole

T———
> H——> Backwash

Bolt ring

Influent

' ]—> Carbon discharge

"/:I — > Effluent

<—— Backwash

o
Wash _ Surface wasl:)
water oy \ ] <—— Carbon charge
Ve Onrnnan
Carbon bed surface
-1 o
o
>
L N ©
£ > A
g} O 25 mm
2 E sampling taps
<+
o
~ /
Neva clog ©
screen
1 v .




Granular activated carbon tanks at MMR

Source: MMR, undated. Extraction, treatment and reinjection. Air Force Center for Environmental Excellence, Installation
Restoration Program, Massachusetts Military Reservation. http://www.mmr.org/community/guide/extraction.htm. Accessed
March 7, 2004.




GAC Breakthrough

=]

Effluent Solute Concentration

Vi Vx
Volume of Water Treated, V

Typical Breakthrough Curve for Activated Carbon

fgure p MIT &/

Source: Metcalf & Eddy Inc.
Wastewater Engineering: Treatment,
Disposal, Reuse. McGraw-Hill, New
York, 1979.




Corbon typically used n pressuve vessels much ke
pressure Altvahon tanks: S _— *

+anks are offen placed n savuee, WI‘{":QPIP_[VLSO.V'ICJ‘__ _ . B
— Vaivlwﬂ h.a.hamg&, order of Htonks:

_ A4 Taunk A brmk.-}-.hwmﬁh) Tank A 40e5 of F - line_foc
o _ggrbon__ah_myeau} .. Fresh Tank B operats alove . .

: R - W I

Then opemﬁo-:,a resuwaes (1 reverse order , B then A

Cordinues untt brfakihrough at B

Second tank s essenhally alwaye “fresh” |, acts as
O backup *to ensure fully 4reated waler even when
there s premathure bre.aIC4hrou5h




s _Spent carbon con be senmt back 4o manbactover
. for regemyohon - heat Neatment do remove

_ adeorbed orgam}.s N L

Qeqjanevakd covy bon s mod as e._(-ﬁit.‘h;f@ ﬂS_.Wrgr;a _— s
carbon -  some awhmhoﬁs epemfy virgin carbon o_n_!y_ B

Isotherm® ave custom developed fov +ype of carbonn
and  walev /wastewater and vsed +o predickt
breatli-hraualﬂ VCJ!U!'H{'. VE: for fa&r‘{ﬂt‘n v ass O‘F' GAC/ / M&AC

Carbon veage rate = ,MGAC = CuR..
i - Ne

 CUR. felle hewe. much . cockon s, needed do dréad .
. certmun volume of waker

Tn prachie, effluent &om GAC 4ank 5 mendored
}o also watch for brza\k&hrwjhl . T



S Iommduamcgz_
Zumilav n. many woys. $o ads_or_p,hc_;n_ treat mend, bot
. chemical medhantsm e om ,mhamé;_fra-i'ka_r, thaw
- adewcrphon. T
Ar.\ ton wcﬁmungtr ‘!6 a mqk\r'm,( o whllofz\ ccr-‘qll;\
_1ons are forbed 1n_ exchange Gor _1ems alveady
bound 4o exchauger

. . for wxompl: _wokr can be soffeved by an __ _
S _ J,Oﬁﬁei_&chgligcr,:'ki_a_'f;@dao,r*bs o
L . Co and Mg, vreleasing Na =
n _exdnomge,

L Zeolite 15 o niabural mineral -
that softens woaker by ton

o Recxd;on ,looks hk& . .

B _____)Lz_x_c_hq_ugg_r_ |
gold

Ex_clnanger 5 regcmmkc( USLL‘{j_Q‘('\"OV\g brine -

e by :
shrong brine

. e __ca(chmxéz_ﬁw..*u o

- C— - R e SH' i". wg— - - - . I
. Covt Ex, + ZNa’ —m‘%rr—’ 2Ma -Ex + cal?

\  MgeEx, 4 2N T e 7 2HasEx r Mg?

o/




Most exchangtrs ave vow synthetc GESIHE oo o oo

e o — M — CH — CH,— CH —
o B Y -~
X-_..._—__.____go:,’ﬁ_.__.. -
S _-.--.CHP_-—-_..'. CH = R =

subbonc aroup = 50, H s lon _exchaunger

e T e L
Preberence t;e,n.és -_‘fal'nﬂws wh:da tohs_e.m?(«mhai_ ----- __
R P S rR e
Cuﬂ > CDH; : _th_i_."_ﬁf._ Q_+—)'—&82*—;— -
co’ >kt > WM > Nat > out

o hong seid vesiasosg. seiomaivs
N . with = .903“
B o _.5rm.>_p). B

Mere preleved oms ave swopped for (s -
prefexred . — €. q. Co®t fr H*t

For anen m:r.ha.néus (use carboxylic group -—coOH)

.-? - - ; .__-_-- ) -
S0y 2. L 2 NO,. CrO; » Br >

”C-I" -? OoH~

(F’%tftmnu’ Varies w:!—L rlhe regﬁa)



Des ::3-91

_Design procedure and treatwunt syshewms ave

- __very similar 4o those for actvated cavben
Bench- scale columun ®sts ave wsed 4o L
develop curves of bx;a!c_*_hf_m%h (covs. )

i Rec._i'.rl_..m__g,x.mra“y__?la;cd_ in pressure fanks
Cswadar to these b S
. _ Overflow rakes » b-8 gpm/&°



Tron  ownd manganss ¢ remova |

Troa T (Fe®) owd Mausamsz I (Mn“) exist in a-r:fllch;’- 3

r&éuc,wzj LAvivenmeints ( 6.4. wetlands and
aquiker oelow weklands) - see Eh-pH dtagrams pp. K-S

Fe?' awd M-‘t“ ave soble and remon n waler folloawing
tonvahanal treatment  bol pI’CCI‘Fl.'E’ﬁ'LC ab He pant of
use musms s-l—mn;'\s on piumbmg Axtures and in
!o.uwdfy _ " .
Also -';upForA{' grou“-n of wron backria ( wron ra.hmﬂ.) g
well screens, dstvibohon syskms

Fe and Mn can be addreseed n vartety of ways:

.o Ta-sih reatment —  nechon wells around
water supply wells 4o prectpitate Fe aud
Ma e jrwv«d

2 thucs-i-ra.'l'u:;w - phespkﬂc chawrcals ic(&r_!
4o weke 40 bwd with and Igc.crvcg-l-e.r
Fe aud Mn, !;fcv-.'.w{‘lv':j latev  precip

3, Lon exchange Heatment it Greensaud
lf_r::]laur.omlve.?l - natural 1on c-rc!mué‘ﬂr wita

Fe and Mn

Remaoval r&cru:lrl-:_;n ;
Z-~Mn0p + i A2t 7 #ZE - Mn, 0, + Miy 3 \L
- ZMH"'

L Min- cgak,;l 3louccn.| Yo

Zgenevahon with potassium per manganate

E—r_’lniD?, + KMnO+ —> f-MnOz



1.40 T T ' ' ' '
A
Fe(OH),*
1.00 - Fe3+ Water Oxidized ]
2+
0.50 FeOH _
>
T Fe(OH
E: - ¢(OH)(s)
0.00
-0.50
Water Reduced
-1.00 I 1 l ! ! :
0 o) 4 6 8 10 12 14

Forms of Iron in Water as Function of Redox Potential Versus pH Constructed with Total Iron Activity 10-"M
or 5.6 ug/L, 96 mg/L SO42-, CO, Species at 1000 mg/L HCO5~, Temperature at 25°C, and Pressure of 1 atm.

Figure by MIT OCW.
Adapted from: MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe, and G. Tchobanoglous.
Water Treatment: Principles and Design. 2nd ed. Hoboken, NJ: John Wiley & Sons, 2005, p. 1571.




+1.6

A
+1.2
+0.8
+0.4

>

5 0

08 [Mn]tota) = 10 M Mn(OH),(s)
-1.2 —
1.6 - Mn(s) ~
| | | | | |
0 2 4 6 8 10 12 14
pH >

Forms of Manganese in Water as Function of Redox Potential Versus pH at a Water Temperature of
25°C.

Figure by MIT OCW.

Adapted from: MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe, and G. Tchobanoglous.
Water Treatment: Principles and Design. 2nd ed. Hoboken, NJ: John Wiley & Sons, 2005, p. 1579.
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_._omamag}é.f_'__f_ .

o C:oal__«e. ’coﬂm:!au, anf,jez* to 3&1' pmolpt’mk&

o '_"_'Qﬁm" - Lw;;j:;_a_;; nat_ Qéy"m_ni"""_ .

R 266"+ zmgok Vzﬂt__*f-,_H%O.i_ZE b+ 4O,

I Prr.mgvﬁ*cd Jron s Hn.Q.H %Hlect and. mim:,;l _
o _{:m%_{'_[miVLQLbJ}L Albahon) S

Chmu.:a,( oxidahion

____ ______ _éfd-:ldnon_qf g{vong_omdlzcr - .c,h[arwuz '__-_ __
v s sy = S KM”O,g.___ﬁ____.___._.______________._

"__P_.:e,&ﬁi;i& won scled aud filleved

[ Rcacnm with ﬂcrma.wgahﬂ'c o L

B3R .@,ucog.' F KMnDg + 2Uy0 —> BEe(oH)yd + Mnly
e * KHC-D-,, + E{.ﬂ

mnluemw,) 4 'zicMnQ._ - GMHOQ + 2¥HCO, + TH,0 +4L0,

6 Lime J&_;L;;Ekwy S

F’L M Mh rEjﬂﬂ]’EJ_dUtma aoac-'-\:w.|ng‘_-_._-__-__‘___.______‘__-_- “

I o £ _pH 5 vased above 9.5 R




