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S, = 220(1—£)

100
S, =165 mg/I
Effluent BOD required S§=30mg/I
Efficiency of TF required,
S,—S -~
n===x100 = 12- D100 = 51.82%

0

Efficiency of high rate TF is also given as
100

! 1+ 0.0044\/ Q‘i"
Where,
Q,S, = BOD applied in kg/day
= 3.5 x 165 = 577.5 kg/day
V = Filter volume in hac-m

P 1+R = 1+15 =189
(1+0.1R)” (1+0.1x1.5)

Putting in equation above,

81.82 = 100 =S
1+0.0044 :
V'x1.89

V =0.119819 hac m

V =1198.19 m?

For diameter
V' =1198.19
nD?

D2
“Tx1.5 =1198.19

D=31.89m
If standard rate TF is to be used then
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100

n:

1+0.0044 QoS0
Vv

100

81.82 = 5775
1+0.004, /7
Vv

V = 2264.58 m?

2
% x1.5 =2264.58

D =43.84m

43.84-31.89

% in di = ————x100 = %
% change in diameter 31.89 37.47%

7. (a) (i) Solution:
Given: Q = 45MLD
Alum required = 16 mg/!
Initially Alkalinity = 5 mg/l as CaCO,
= Total Alkalinity required for coagulation by Alum
= 16 x 0.45 mg/! alkalinity as CaCO,
(1 gm alum require 0.45 of alkalinity as CaCO,)
Total alkanity = 7.2 mg/l as CaCO,
External alkalinity required = 7.2 -5=22mg/l as CaCO,
100 mg of CaCO, require = 56 mg of CaO

CaO required for 2.2 mg/I
22,56 = 1.232 mg/1 as CaO

= 100 = 1.232mg/I as CaO.
~.Quantity of pure CaO required = 1.232 x 45 x 10° x 10° kg/day

= 55.44 kg/day

CaO required = o048 _ 65.22 kg/day
0.85
_ 65022 x 365
Annually CaO required = —— -~ tonne/year
1000
= 23.8 tonne/year
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7. (a) (ii) Solution:

In a slow sand filter, purification of water takes place mainly due to biological and

physical processes rather than simple straining. The most important mechanism is
the formation of a biological layer called the schmutzdecke on the top surface of the
sand bed. This layer consists of algae, bacteria, protozoa, and organic matter, which
trap, adsorb, and biologically degrade pathogenic organisms and organic impurities.

Mechanical straining and sedimentation also contribute to filtration, where suspended
particles are trapped in the fine pores of the sand and settle within the voids between
sand grains. As water flows slowly through the sand bed, heavier particles are
retained near the surface while finer particles penetrate deeper layers.

Adsorption plays a significant role, as colloidal and dissolved impurities adhere to
the surface of sand grains and the biological film. Additionally, biological oxidation
occurs within the filter bed, where microorganisms oxidize organic matter and convert
harmful substances into more stable forms, improving water quality.

Overall, the combined action of biological activity, straining, adsorption, and
sedimentation makes the slow sand filter highly effective in removing bacteria,
turbidity, and organic impurities from water.

7.  (b) Solution:

17 effulent

Ny

stream

Given, ky 20°C = 0.087 per day
kg ja0ec = 0.174 per day

First, we will determine DO, BOD and temperature of mixture at just dis of point A

b = DOXQ. +DOQy
mix QS+QR

DO . = 1.5x0.3+8x%0.65 _ 5.047 1

= mix = 0304065 0% mg/
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BOD £ 1mix = 50x0.3+2x0.65 17158 l
5,0 OF MIX= 03 065 1/ 198 ms/
Similarly, temperature of the mix
- 27x0.3+23x0.65 54.963°C
mix T 03+0.65 T
Ultimate BOD of the mixture (L)
BODjs 5poc of mixture 17.158
Ligymix = —kp e X5 = 4 _10-0.087x5
(o) 1—10".20c 1-10
Lioymix = 27118 mg/1
Saturation DO at mixture temperature of 24.26°C (by linear interpolation from table)
DO_ =8.53 wx 24.26 - 24
sat O T o5_og (24.26 - 24)

DO, = 8491 mg/l
Initial DO deficit of mixture
D,=DO,, - DO,
=8.491 - 5.947 = 2.544 mg/|
Now temperature adjusted k, and k,
k = kp j200c (6)7-20 = 0.087 x (1.04)(2426 - 20)
= 0.103 per day
1-20 = 0174 x (1.02)2426-20)

D,24.26°

kg 24260 = Kr200c ()

= 0.189 per day
Now, the time after which critical DO deficit (DC) occurs is given by
1 D
to= —F——l1 1-(f-1)—=* (1
= o {1002 0
kg
Where f= Self purification factor = T
D
_ 0189 1835
/=005 = *

Putting values from above in equation (i)

1
¢~ 0.103(1.835-1)

t logy, [{1—(1.835—1)>< 2544 }x1.835}

27.118
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7.

t = 2.653 days
Velocity of river stream = 0.3 m/sec
Distance = 0.3 m/sec x 2.653 x 24 x 60 x 60 sec
= 68.765 kms

and critical deficit D - is given by

] -]

27.118
D x1.835

0.835
} = 1.835[1 -0.835 % 2.544 }

27.118

D.=7.876 mg/I
OR

LO _KDtc
Critical deficit, D_ = 7(10)

27.118 (1 O)—0.103><2.653
1.835

D, =7.876 mg/I

D, =

() (i) Solution:

The settling of suspended particles in water and sewage treatment plants occurs in
different ways depending on the concentration and nature of solids present. These
settling behaviours are classified into four types.

Discrete settling (Type I) occurs when particles settle independently without any
interaction with other particles. The size, shape, and density of the particles remain
unchanged during settling. This type of settling is commonly observed in grit
chambers and plain sedimentation tanks handling relatively clean water.

Flocculent settling (Type II) takes place when fine particles collide and form larger
flocs during the settling process. As floc size increases, the settling velocity also
increases with time. This type of settling is typical in sedimentation tanks following
coagulation in water treatment plants and in primary settling tanks of sewage
treatment plants.

Zone or hindered settling (Type III) occurs at high suspended solids concentrations
where particles are so close that they settle together as a mass. A distinct interface
develops between the clear liquid above and the settling sludge blanket. This type
of settling is observed in secondary clarifiers of activated sludge processes.
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Compression settling (Type IV) occurs at very high solids concentrations near the

bottom of the tank, where particles are in direct contact and support each other.
Settling takes place due to compression and expulsion of water from the sludge.
This type of settling is commonly seen in sludge thickeners and at the bottom of
settling tanks.
7. (c) (ii) Solution:
Given: Depth of tank, H = 4m
Length of tank, L = 55m
Flow velocity, v, = 1.20 cm/sec
Kinematic viscosity, v = 0.01 cm?/sec = 0.01 x 10™* m?/sec
Assume the minimize size of particle to be removed effectively is d
We know

H L
— = —=1td
v, vy
. Surface overflow rate or setting velocity
H 4
= X— =1.20x—
%= U 55
= v, = 0.0873 cm/sec
Assuming stokes law valid (for R, < 1),
. . (G-T)pgd” v
Setting velocity (e 181 since v = N
G-1)gd*
3 - (G
) 18v
(2.65-1)x9.81x d?
= 0.0873 x 102 = )
18x0.01x10
= d=3.116 x 10° m
= d=3.116 x 1075 x 10° mm
= d=0.0312 mm

Now check the applicability of Stoke’s law

vd  0.0873x 1072 x3.116x107
v 0.01x107*
=0.0272<1 (Ok) Stoke’s Law is valid.

R =

e
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8. (a) Solution:

915 MW
915x 3600 MJ/hr [~ 1W=1]/s=3600]/hr]
3294 x 10° MJ/ hr

Power

Oil required = 329401131;2'725 = 147417 kg/hr
= 147.417 tonne/ hr
Given 80% of ash is particulates,
So, Particulates = 0.8X % x147.417 = 0.047 tonne/hr
S+0, = S0,
32 gm sulphur generates 64 gm of SO,
SO, generated by 2.8% of sulphr = o Xﬁ x 147.417 = 8.255 t/hr
32 100
C+0, = CO,
12 gm carbon generates 44 gm of CO,
CO, generated by 85.2% of carbon = % X % x147.417 = 460.53 tonne/hr

Total annual production is as follows:
Particulars = 0.047 x 24 x 365 = 411.72 tonnes
SO, = 8.255 x 24 x 365 = 72313.8 tonnes
CO, = 460.53 x 24 x 365 = 4034242.8 tonnes
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8. (b) (i) Solution:
The flow chart of the ASP scheme is as follows-
Aeration Tank (Reactor)
Q= Inflow S Q+ Qg [ sSecondary Q-Q,
¥, = BOD v~ Volume Clarifier
0- X, = Conc of MLSS ;f II\B/I(ESDS Effluent
Y =BOD X = Concentration of
solids in effluents
Ye = BOD of Effluent
Qe+ Q,
Xg = Concentration of solids in Returned
Returned Sludge (Qg) 2:3332 as well as Wasted
Xg = Concentration of solids in
Returned sludge
Q,, = Wasted Sludge
X = Concentration of solids in wasted sludge
Data given

Q = 40,000 m®/ day

V = 9500 m®
Yo =240 mg/I
Yp =18 mg/I
X, =2480mg/!
Xp=30mg/I

Xy =9700mg/I
Q,y = 220 m?®/day

(@) Aeration period
_ Volume of aerator
- inflow
9500 m°
= = M2 57 hrs
40000m° /d  d
(b) F/M ratio-
F Mass of BOD applied
M Mall of mass
FQv, 40000m°/dx240mg /I
- M T VX, | 9500 m’x2480mg /1
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F
= M 0.407 per day
(c) Percentage efficiency of BOD removal
n% = (BOD};O—]EODOHtJ 100
- 240-1
= n% = Yo=YE 00 = 229718 100 = 9259
Yo 240
(d) Sludge age (0)-
o - V-Xr
© QX +(Q-Qu)Xe
o 9500 111> x 2480 mg /|
ey =
€ 220m° / dx9700 mg /1+ (40000 —220)x 30
= 0. =7.08 days

8. (b) (ii) Solution:
The Activated Sludge Process (ASP) is a widely used biological secondary treatment

process in wastewater treatment. In this process, microorganisms oxidize organic matter
in the presence of oxygen, producing treated effluent and biological sludge.

Advantages:

* Less Land Requirement: The activated sludge process requires comparatively
smaller land area than other secondary treatment methods such as trickling filters.

* High-Quality Effluent: It produces well-stabilized and high-quality effluent, which
is suitable for discharge into receiving water bodies or for further treatment.

* Low Head Loss: The process involves relatively low hydraulic head loss through
the treatment units.

* No Fly or Odour Nuisance: Unlike trickling filter systems, fly breeding and odour
problems are minimal.

* Lower Capital Cost: In many cases, the initial capital cost is lower compared with
trickling filter plants of similar capacity.

* Improved Operational Efficiency: Due to modern modifications and improved
process control, operation of the system has become easier and more efficient.

Disadvantages

* Continuous Supervision Required: The process requires continuous monitoring
and skilled operation to maintain proper microbial activity and treatment efficiency.
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e High Operating Cost: Operating costs are relatively high, mainly due to energy

consumption for aeration.

* High Power Requirement: Significant electrical power is needed for air compressors/

blowers and sludge recirculation pumps.

* High Energy Consumption: The typical power requirement ranges from about

55-110 HP per million litres of sewage treated.

* Sensitive to Load Variations: The process is sensitive to sudden changes in hydraulic
load or organic concentration, which may disturb biological activity and reduce

efficiency.

8. (c¢) (i) Solution:
Total demand during the 24 hrs period

= Summation of all the demands
=0.36 +0.86 + 1.70 + 1.36 + 0.74 + 0.42
= 5.44 Million litres
Total supply during the 24 hrs

= Total demand

= 5.44 million litres

Since inflow to reservoir is maintained at a uniform rate torque hout 24 hrs

S0, uniform supply for 4 hrs period

= (0.907 million litres

Time in | Demand | Cumulative | Supply | Cumulative | Excess of Excess of
Hrs (ML) demand (ML) Demand Demand Supply
(ML) (ML) col3-col5 | col5-col3
(+ve) value | (+ve) values
only only
@® @ (€) @) ) (6) (7)
0-4 0.36 0.36 0.907 0.907 0.547
4-8 0.86 1.22 0.907 1.814 0.594
8§-12 1.70 292 0.907 2.721 0.199
12-16 | 136 4.28 0.907 3.628 0.652
16 -20 0.74 5.02 0.907 4535 0.485
20-24 0.42 5.44 0.907 5.44 - -
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From the table

Maximum excess of demand, A = 0.652 ml
Maximum excess of supply, B = 0.594 ml
Hence, the total storage required = A + B

= (0.652 + 0.594
= 1.246 million litres

8. (c) (ii) Solution:
A water distribution network is the part of a water supply system that conveys treated
water from service reservoirs or treatment plants to the consumers in sufficient
quantity, at adequate pressure, and with acceptable quality. It comprises pipes (mains,
sub-mains and service connections), valves, pumps, storage reservoirs, hydrants,
and other appurtenances. The primary objectives of a water distribution network
are to ensure continuous supply, maintain required pressure at all points, minimize
leakage losses, and provide water for domestic use, fire fighting, and public purposes.

Based on the layout and method of distribution, water distribution networks are
broadly classified into the following types:

*  Dead-end (Tree) System, where pipes branch out like a tree; it is economical
and simple but may suffer from poor circulation and water stagnation.

*  Grid Iron System, in which pipes are interconnected in a rectangular or grid
pattern; it ensures good circulation, uniform pressure, and better water quality.

* Ring (Circular) System, where the main distribution pipe forms a closed loop
around the area; it provides reliable supply and balanced pressure.

* Radial System, in which the area is divided into zones and water is supplied
radially from a central reservoir; it offers good pressure control and efficient

distribution.
| | M - Main pipe
| | SM - Sub main
T@ \ @ B - Branch pipe
cVv - Cutoff valve
’t—_q y

v @ @
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. Supply
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® |y
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