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Lecture-27
Practice Problems on Sedimentation

Welcome back friends. So, last class we have been discussing about the sedimentation and

this last lecture for the week 5 we are going to take up some practice problem on the
sedimentation.

(Refer Slide Time: 00:25)
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» Worked Examples on Sedimentation

So, we will be basically seeing some worked example on the different aspects of the
sedimentation.
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Practice Problem 1: Terminal Settling Velocity

Estimate the terminal settling velocity in water at a temperature of 15°C of spherical silicon particles with specific
gravity 2.40 and average diameter of (a) 0.05 mm and (b) 1.0mm.
Use p =999 kg/m?, and p = 0.00113 N s/m? at T = 15°C

Solution (a): v = %) (M) 228 ( 2 ‘Alv ) (5x107%)%= 0.00169 m/s
TR 18 \0.00113

Check with the Reynolds number R, = pvd/u =999 x 0.00169 x 5x10°%/ 0.00113 = 0.074
[Laminar flow assumption valid as Re < 1, and thus Stockes’ Law is applicable]

Solution (b): Pud (Ss=1\ ;2 _ 9991981 ( 24-1
el e
u 18 \0.00113
Check with the Reynolds number R, = pvd/u =999 x 0.674 x 0.001/ 0.00113 = 595.74 = 596
[Laminar flow assumption not valid as Re > 1, and thus Stockes’ Law does not apply]
However, we will use this Re estimate to compute Drag Coefficient for Transition flow,

) (0.001)2= 0.674 m/s

For transition flow: Cy= 24/R,+ 3/R? + 0.34 = 24/596 + 3/(596)°° + 0.34 = 0.503

_ [4t9(esp) 4 _ {5&(1400-9%) 8
vy = \f”b = d= fiosws m 0.001=0.191m/s

B0
weben . NPTEL

So, the first problem that we are going to take up is for estimation of the terminal settling
velocity. So, the problem statement is that estimate the terminal settling velocity in a water at
a temperature of 15 degrees Celsius of spherical silicon particles with a specific gravity 2.4
and average diameter of we have been given two conditions here.

The first condition is average diameter is 0.5mm and second one is the 1 mm the density of
water is 999 kg per meter cube and the viscosity is also given at the temperature at which
basically we need to determine the settling velocity. So, for the two conditions let us take the
first case, Case A, settling velocity as per Stokes law. So, we what we usually do in such

cases we first apply Stokes Law because that is how we can directly get the settling velocity.

If we go for Newton's equation or say the transition equation or Hazen’s equation will not be
able to directly estimate the settling velocity because they need the Reynolds number or they
need the drag coefficient which is dependent on the Reynolds number and then Reynolds
number is dependent on the velocity of the particle. Because rho v d by mu, so, we have to

have the we have to kind of know the velocity of the particle.

So, since we are not aware with the velocity, we cannot use these equations directly. So, we
go for the Stokes law to begin with. So, what we will do we will apply Stokes law here in
case A, so, the density is given to us g value is given to us and then the specific gravity is 2.4
and the viscosity value is given to us the diameter of the particle 0.5mm, which is basically 5

into 10 to the power -5 meter, we have to use this in meters okay.



So, if we convert that 0.5 mm in meter will be getting thisand square of the diameter. So, this
gives us a valueas 0.00169 meter per second which is 0.0017 close to that. Okay now that
way we can estimate the velocity. But we do not know whether this velocity is correct or not,
because we have taken an assumption that it is laminar flow condition, and we have applied

this Stokes law for estimating this velocity.

So, let us check whether our assumptions are right or not. So, for checking purpose, we
estimate the Reynold number, which is rho v d by mu, rho is given to us thevelocity we have
estimated and Dia of the particle is known to us, viscosity is known to us, so, we get a
number 0.074 in case A. Now, as the Reynolds number here is less than 1 that means, it is

basically laminar flow condition and Stokes law is valid.

So, whatever theory we have applied is actually correct. So, our correct answer is going to be
this for the first case. Now, let us go to the second case. When we haveparticle sizes 1 milli-
meter, one milli-meter means 0.001 meter per second. If we keep that in meter, again we do
the same thing, we use the Stokes law put all these factors and use the diameter here and then

what the velocity that we get is 0.674 meter per second.

Further will check with the Reynolds number, okay, so then Reynolds numbers will be
estimated we have the rho we have the velocity, we have the particle diameter and we have
the viscosity, the Reynolds number that we get is close to 596. Now this is much, much larger
than one, okay, so that means it is not a laminar flow condition and if it is not a laminar flow

condition.

So, Stokes law does not apply, but what the velocity that we have estimated is using Stokes
law and when Stokes law does not apply, that means the velocity that we have estimated is
not correct Okay. So, then we have to discard this velocity okay and have to estimate velocity
following other means. So, what we do in this case,we go for the next like formula which is

transition state formula, which is V s is 4 by 3 g by CDrho s - rho w by rho w into d.

Okay, so basically this is the density of the particle, this is the density of the water. Now, this
requires CD and as we were just earlier saying CD is a function of Reynolds number,
particularly in a transition state. Okay, so CD is a function of Reynolds number, and we

donot know the number if because our last number is also incorrect.



We have determined this Reynolds number based on the velocity which is incorrect so our
Reynolds number is all also not correct, but it is still we take this Reynolds number or the
estimated Reynolds number as the first estimate, okay. So, we will consider that Reynolds
number as the first estimate and we will use that for computing drag coefficient. So, drag
coefficient for transition state which is 24 by R e + three by square root of R e + 0.34. So, this
gives us the CD value as 0.503 which is a drag coefficient value.

So, we will use the CD value and get an estimate of the velocity in the transition state. So, we
get estimate of the velocity in the transition state, but think that this velocity that you have got
has used a CD which is calculated based on a Reynolds number which is incorrect. So,
practically this is also not a correct estimate. But okay but this is our one approximation and

then we use this for next approximation. So, now we have got another value of v.

Remember for estimation of the Reynolds number we use a velocity which was computed
based on the Stokes law, which was incorrect velocity. Now, we have got a new estimate of
velocity. So, we will use this velocity to compute the Reynolds number okay. So, now we
will be using this velocity 0.91

(Refer Slide Time: 07:25)
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Practice Problem 1: Terminal Settling Velocity

Estimate the terminal settling velocity in water at a temperature of 15°C of spherical silicon particles with specific
gravity 2.40 and average diameter of (a) 0.05 mm and (b) 1.0mm.
Use p =999 kg/m?, and i = 0.00113 N s/m? at T = 15°C

Solution (b):  Re-estimate R, = pvd/jt = 999 x 0.191 x 0.001/ 0.00113 = 168.66
Re-estimate C, = 24/R, + 3/R.Y2 + 0.34 = 24/186.66 + 3/(186.66)° + 0.34 = 0.713

r
3 _ [+9 (ps-p,) 5 _ |4 981 (2400-999) i
New Estimate of v; = \{]L“,_/‘_ d= \L S e 0.001=0.16 m/s

Re-estimate R, = pvd/ut = 999 x 0.16 x 0.001/ 0.00113 = 141.65
Re-estimate C,, = 24/R, + 3/R,/2 + 0.34 = 24/141.65 + 3/(141.65)°° + 0.34 = 0.76

4 5=p,) 4981 (2400-999; o
New Estimate of 5= I.l_‘l' P g - [223LCH999) 9 001 = 0.155 m/s

N3G p,  \3076 9%

Re-estimate R, = pvd/u = 999 x 0.155 x 0.001/ 0.00113 = 137
Re-estimate C,, = 24/R, + 3/R,/2 + 0.34 = 24/137 + 3/(137)°° + 0.34 = 0.771

) v = /ii“’“"~’ _ 4981 (2400-999)
New Estimate of Vs = 5=, = €= (35771 999

0.001=0.154 m/s

In order for computing the Reynolds number. Our new Reynolds number is 168.66 and based
on that our new drag coefficient is 0.713. So, the drag coefficient which was earlier 0.5 has
now basically become 0.7 in the new estimate, so we will do another new estimate of the
settling velocity okay with new drag coefficient that we have estimated and we will get

another estimate of the settling velocity Okay. So, our earlier settling velocity was 0.191.



Now we have got down to 0.16, okay, again, this is a better estimate than the earlier one. So,
we will use this settling velocity for our next iteration. So, we basically do it based on the
several iterations of what our next, next iteration again, we will compute the Reynolds
number. Now we will use this velocity and compute a new estimate of the Reynolds number

and using this Reynolds number we will compute a new estimate of the drag coefficient.

Further we will use this drag coefficient here 0.76 and get a new estimate of the settling
velocity. Now you see these values are pretty close now. So practically, we are approaching
towards the right direction, we are actually approaching towards the true close to true value.
Okay, let us do other iterations of for another iteration. Now we use 0.155 meter per second

as our velocity and get an estimate of the Reynolds number.

So, the Reynolds number, which like from 500 to drop down to 168 from 168 drop down to
141 from 141 it is dropping just 137. So, the drop is basically reducing some that means we
are getting more and more closer to the true value, So, we will use that we get a Reynolds
number, we use this Reynolds number we get a drag coefficient estimates see how close these

drag coefficients are now.

Okay, the earlier iteration gave us 0.76 now we have got 0.771. So, further we will get a new
estimate of the settling velocity using this drag coefficient which is 0.154 meter per second.
Our earlier estimate was 0.155. So, we further before that we got 0.16. So, we are actually
like kind of converging to this value we can go for one or two more iterations, but the value

again is going to be probably in this range only.

So, we can take this as the settling velocity terminal settling velocity of the particleofdial.0
mm. So this way we estimate if it is what we will do again we will use Stokes law first then
estimate settling velocity using that velocity we will compute there Reynolds number and see
if he Stokes law is valid if Stokes law is valid that is fair if it is not valid, then we use that

settling.

We use that Reynolds number and estimated drag coefficient and compute a new settling
velocity and we do it in three four iterations unless our numbers converge to one value. So,
basically, if into three subsequent iterations we are getting very close or almost identical

value of the settling velocity, we consider that settling velocity as the answer.



(Refer Slide Time: 10:49)
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Practice Problem 2: Removal Efficiency

An ideal horizontal flow settling basin is 3 m deep having surface area 500 m2. Water flows at the rate of 8000
md/day, at water temperature 20 °C (u = 10 Kg/m-s and p = 1000 Kg/m?). Assuming Stroke's law to be valid,
determine the percentage of spherical sand particles (0.01 mm in diameter with specific gravity 2.65) that could be
removed.

Solution

Velocity of sand particles,

_ 9.81x1000

v, r%m\ e X (2.65- 1) (0.01x0.001)*= 9 x 10° m/sec

18 x0.001

Volume of tank _ 500x 3

Settling time = =——days = 0.1875 days = 4.5 hours
Water flow rate 8000
Critical Settling velocity, v, = 22210 - 3 - 485y 104 mis
DetentionTme  4.5x 3600
i _ ., _9x10-5 3 .
Therefore, removal efficiency = v, /v, - 85X 105" 100 = 48.6 %

So now we will move to the next problem which is on the removal efficiency, okay. So, say
we have an ideal horizontal flow settling basin 3 meter deep having surface area 500 meters
square the water flows at a rate of 8000 meter cube per daythe temperature is 20 degrees

Celsius and at that temperature we have the value of viscosity and density available.

So, assuming Stokes Law to be valid we need to determine the percentage of thespherical
sand particles of 0.1 mm diameter with the specific gravity of 2.65 that could be removed. So,
again we know all the parameters and the size of the particle so we will compute the settling
velocity okay and this is our settling velocity okay. We have just substituted the given

information and we got the settling velocity.

Now, the settling velocity we have got we can test it with the Reynolds number but it already
the question already says that we have to assume Stokes is valued. So, let us consider this is
our settling velocity. Now, the time which flew dispense in thetank is basically we know the
volume of tank, the surface area is 500 meters square and it is a 3 meter deep. So, 500 into 3

becomes our volume of the tank and the flow rate is 8000 metercube per day.

So, that means 0.1875 days or 4.5 hours is the residence time or detention time of the water.
So, remember our discussion that within the given time, a particle has to travel the kind of H
vertical height and so that it can hit the bottom and then we consider that removed. So, for
critical settling velocity, basically, the particle has to travel this G distance in the given time.

So, critical settling velocity VC will be actually with the depth of the tank which is 3 in this



case and divided with detention time detention time is 4.5 hours or we multiply it with the
3600 to get in the seconds and this gives us a value of 18.5 into 10 to the power -5 meter per
second.

So, this is our critical settling velocity and this is our settling velocity of the particle of the
size chosen size okay. So, laminar efficiency of that particle, remember as we discussed
earlier is going to be the ratio of the settling velocity or ratio of the H tank height versus the
basically height that it covers with the critical settling velocity okay. So,it will be ratio of the
2 velocities so 9 into 10 to the power -5 and 18.5 into 10 to the power -5 this will get
cancelled and will have eventually 48.6% removal efficiency of these particles.

(Refer Slide Time: 13:50)
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Practice Problem 3: Sedimentation Basin Parameters

A water treatment plant has four clarifiers treating 0.18 m¥s of water. Each clarifier is 5 m wide, 25 m long, and 4.6
m deep. Determine: (a) the detention time, (b) overflow rate, (c) horizontal velocity, and (d) weir loading rate
assuming the weir length is 2.5 times the basin width.

Solution:

Flow in each clarifier = 0.18 / 4 = 0.045 m¥/s = 0.045 x 3600 m%h = 162 m*h = 3888 m*/d

5%25%4.6

=355h

T v
(a): Detention Time = ~ =
Q 162

Q _3888m3/d
BL  5mx25m

(b): Overflow rate v, = = 31.1 m¥m¥d

: y Q _0045m?
(c): Horizontal velocity v, = L. m/s
BH  5mx46m

=0.00196 m/s

¢ : 3888 m*/d
(d): Weir loading rate u,, = 0, Jesemiyjd
W, 125

[Weir length w, = 2.5*5 = 12.5 m]

=311 m¥/d/m

Let us move to the next problem which is basically how we determine the parameters of a
sedimentation basin. So, the question is a water treatment plant has for clarifiers treating 0.18
meter cube per second of water, each clarifier is 5 meter wide, 25 meter long and 4.6 meter
deep. So, the sizes are given to us, okay? It is basically 5 meter width into 25 meter length

and depth is 4.6 meter. Okay? It is basically 4.6 meter deep.

Now we need to determine the detention time okay again detention time. So, flow rate is
given to like, 0.18 meter cube per second, okay. And it is divided into four clarifiers we have
4 units of clarifier not one right. So total flow rate is 0.18. And since we have four clarifiers,
so flowing each clarifier is %th of the 0.18 that is 0.045 metercube per second. Or we can say
that 162 metercube per hour or 3888 meter cube per day. So, this is basically our flow rates,

okay, all these are flow rates now for detention time.



Okay, the volume of the tank is 5 into 25 into 4.6 length into width into the effective depth
and the discharge is 162 metercube per hour, we want to determine in hour so let us use meter
cube per hour and this gives us 3.55 hours as the detention time Okay. The next is the
overflow rate we have to estimate the overflow rate as well. So, overflow rate is Q by A, as
we know, okay and Ais basically L into B, so basically Q by Linto B, so Q by BL or Q by L
into B.

If you want to present in hour we can use this Q, if you want to present in the day we can use
this discharge value. So, 3888 meter cube per day and 5 meter into 25 meters. So, this gives
us 31.1 metercube per meter square per day as the overflow rate in the tank.The next one we
need to determine the horizontal velocity as well okay. So, horizontal velocity component is
basically how the water is flowing horizontally and that is going to be the discharge per
unitlike we get the overflow rate per unit plan area of the tank if say this is our tank.

So, if this is our time for that matter, so, the overflow rate we take this area discharge per unit
this area okay, but for horizontal velocity, so, horizontal velocity is basically flow has to take
on this. So, we know velocity will be Q by A and because we are talking about horizontal
area so, cross-sectional area here is going to this cross-sectional area okay and this cross-

sectional area is the width of the tank into height of the tank okay.

So, basically Q by BH the velocity in the horizontal direction or basically velocity in length
wise direction is going to be equal to Q by Binto H. So, we take this the Q value is if you
want to determine again in meter per second so, we can take the velocity in discharging meter
per second so, 0.45 metercube per second and B is 5 meters depth is 4.6 meters. So, this gives

us 0.00196 meter per second.

Then we have the weir loading rate Okay, weir loading rate is the if say this is our tank and
we have installed weir somewhere here in the tank for collecting the discharge over there and
the length of the weir is given to us, the weir length is 2.5 times the basin width and basin
width is the 5. So, basically, we are length is 2.5 times of the 5, which is basically 12.5 meter
Okay.

Now 12.5 meter is the weir length okay and this weir has to carry the discharge from the tank

and the discharge from the tank is basically this much meter cube per day if you are taking a



meter cube per day you can use other units also okay. So, 3888 meter cube per day is
basically getting collected by 12.5 meter long we are so, what is the loading rate on the weirs
discharge divided by the length of the weir.

So, discharge is 3888 and length of the weir is 12.5 we divide it we get 311 metercube per
day, per meter weir length as the weir loading rate.
(Refer Slide Time: 18:56)
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Practice Problem 4: Limiting Particle Size

Aplain sedimentation tank with a length of 20 m, width 10 m, and a depth of 3 m is used in a water treatment plant
to treat 4 million litres of water per day (4 MLD). The average temperature of water is 20 °C. The dynamic viscosity
of water is 1.002 x 10 N-s/m® at 20°C. Density of water is 998.2 kg/m?. Average specific gravity of particles is 2.65.

(i). What is the surface overflow rate in the sedimentation tank. (ii) What is the minimum diameter of the particle
which can be removed with 100% efficiency in the above sedimentation tank?
Solution:
(i): Surface overflow rate is given by v, = L BT/ 2 9 3z
BL 10 mx20m
20
24X60%x60

(il): The critical settiing velocity = overflow rate = 20 m/d = =2315x10"*m/s

Also, according to Stokes law settling velocity is given by v; = %‘1 (\‘“—") d*

Critical size (diameter) of particle can be estimated by equating the two:

998.2 x 9.81 ( 265-1

solip nidac Wil 1 ¢ 1 LRIy (19 -4
18 \L002x 10~3>d astaxdy

d=12584x10"10 =16 x105m = 0.016 mm

So, this is how we can estimate some of the parameters of the tank. What size of particles
could be removed or limiting by particle size can also be estimated. So, we have another
example on that.A plain sedimentation tank with a length of 20 meter width the 10 meter and
depth 3 meter. So, here also we have all those information of length, width and height, all the

three dimensions is given to us.

Is treating 4 million liters water per day 4MLD the average temperature of water is 20
degrees Celsius the dynamic viscosity is given the density is given and specific gravity of the
particles is given to us. We need to determine the surface overflow rate in the sedimentation
tank and what is the minimum diameter of the particle which can be removed with 100%

efficiency in the above sedimentation tank.

So, surface overflow rate like we just did in a previous example, Q by LB and we have the
AMLD. 4 million liters that means 4 into 10 to the power 6liters or we can further multiply by
10 to the power -3 to get meter cube per day. So, this is basically discharge and 10 meter into

20 meter is the width into length of the tank.



So, this gives 20 metercube per meter square per day as the surface overloading rate Okay.
Now, the next part of the questions is what is the minimum diameter of the particle which can
be removed with 100% efficiency okay. So, if you recall for 100% efficiency the critical
velocity that particle requires to get 100% removed is equal to the overflow rate right. So, we
will estimate the critical settling velocity of a particle and have to put that as equal to the

overflow rate.

So, the overflow rate we have just estimated which is 20 metercube per day or 20 meter cube
per meter square per day which will come 2.315 into 10 to the power -4 meter per second.
Okay, now this has to be equal to the like, for, for a given diameter of the particle, the settling
velocity, the terminal settling velocity of that diameter of the particle should be equal to this

and we get the terminal settling velocity following Stokes law, let us say.

Let us use Stokes law and get the terminal settling velocity of the particle and we have to
equate these two. So, these two actually has to be kind of put equal in order to get the
diameter of the particle. So, for Stokes law, we know here the density, the specific gravity,
the viscosity, g value, what we donot know is D. So, when we equate these two, so this filling
all this value into D is equal to basically we keep that equal to the over flow rate or critical

settling velocity and this will basically give us, we can compute diameter from here.

So, this is the effective Dia thatbasically is going to remove with 100% efficiency. Okay. So,
particle of this dia or larger dia will be removed with 100% efficiency particles of smaller Dia
will not be removed because they are settling velocity will be lower than this okay. So, that is
how basically we can estimate this.

(Refer Slide Time: 22:22)
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Practice Problem 4: Sedimentation Tank Design (CPHEEO Manual Example)
DESIGN OF RECTANGULAR PLAIN SEDIMENTATION TANK

I, PROBLEM STATEMENT
Design tectangular sedimentation tank with following data

1. Desired Av

4. Minimum size of the particle to be removed 0.02 mm
5. Expected removal efficiency of min. size partick

6. Nature of particle

Now,the last problem what we are going to take is the sedimentation tank design and we have
taken the example from the CPHEEO manual. So, whatever the example is given in the
CPHEEO manual that is what we are going to take. So, this is the problem statement like we
have say the average outflow from the sedimentation tank water lost in desludging is 2%

Okay, the average design flow is basically because what we need out from the sedimentation
tank is 250 meter cubeper Hour,it is 250 meter two per hour, but 2% water is lost in
desludging means in sludge removal. Okay, so let us say if this is my sedimentation basin
say.So while removing the sludge, I am actually getting 2% water loss. So, | for an outflow

my desired outflow is 250 meter cube per hour.

Now, in order to get this outflow, | have to compensate this losses, so, that is why 215 to
basically 100 divided by 100-2. So, | have to design the flow sedimentation basin for this
flow. So, that after 2% loss | will be still be able to get 250 meter cube of 250 meter cube per

hour flow out from the sedimentation tank.

It says minimum size of the particles to be removed is 0.02 mm, the expected efficiency 75%
it is basically discrete and non-flocculating particles,the specific gravity is this, the
performance we can take good which is which gives n value as 1.4 and the dynamic viscosity
is also given okay. So, this is basically example from the manual we can quickly see how,
(Refer Slide Time: 24:22)
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Practice Problem 4: Sedimentation Tank Design (CPHEEO Manual Example)

11, DESIGN PROCEDURE

licable and computed settling velocity is correct

This is solved. So, they described the design procedure day which we have discussed
anyway. For starting, first we will compute the terminal settling velocity of the particle for
which we have to design the tank. So, the dia is given to us okay.As just we have computed
earlier so, far the given diameter of the particle okay for given diameter of the particle will
come to the terminal settling velocity will check with the Reynolds number which is coming

less than one.

So, we say that Stokes law is applied. If that is not applied, we like in earlier example, we
calculated the settling velocity will have to follow the same step here, but here Stokes law is
applied so it is fine. So, we get the settling velocity of the particle.

(Refer Slide Time: 25:10)
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Practice Problem 4: Sedimentation Tank Design (CPHEEO Manual Example)

2. DETERMINE SURFACE OVERFLOW RATE

eal settl
For Ideal settling basin and complete: removal of minimum size particles, equate settling
veloaity to theoretical surface over flow rate for 100% removal

V=y
= 356x10" m/s
= 356x 10" x 3600 x 24 = 30.76 m/d

However due to short circuting, there i ction in efficiency and decrease in surface

werflow fate. To obtun design su which would give expected removal

efficiency of munimum size particles in real basin, use following relationship.
§79=1 =[1+n(V,/(Q/A
Fory /y 0.75, n=1/4 (good performance of tank)
V,/(Q/A) = 1/alft-y/y)
= 4x [(1-0.75)"" - 1) = 1.66

Hence Design Surface overflow

age design flow, Q/A

53m/d

verflow rate range between 15 and 30 m'/m*/d. for



Now, the next step is to basically estimate the overflow rate okay and for an ideal settling
basin the settling velocity will be equal to the overflow rate as we know for an ideal settling
basin the terminal settling or critical settling velocity is equal to the overflow rate. So, from
there we can get the overflow rate.

However, for real tanks were basically in order to counter the effect of the short circuiting
any kind of possible flocculation or other things, we use this formula as we discussed earlier,
which is the efficiency of the tanks the efficiency of the tank is given to us 75% Okay.That
means 0.75,the end value is given as 1.4 So, we know all othersoverflow rate we know So,
from here we can get the value of Q by A putting in here. So, we know that value of Q by A
we know the discharge. So, from here we can compute the area of the tank needed, okay.
(Refer Slide Time: 26:12)
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Practice Problem 4: Sedimentation Tank Design (CPHEEO Manual Example)

3. CALCULATE DIMENSIONS OF TANK
surface atea of tank, A = (Q/(Q/A))
= 255.1[m’/he| x 24 / 1853
330.4 m?
Assume length to width ratio as 4
Length x width = surface area
Widih, B = \[(330.4/4) = 9.09
Length of tank, I, = 36,36 m
Assume detention period, t, s 4 hrs
Water depth of settling zonc at avennge flow = Qxt/A

= 255.1x4/(36.36 x 9.09) = 309 m

So, that is the next step with known Q by A and Q value we get the area of the tank, okay.
Now, we can assume suitable length to width ratio, there are criteria as given as discussed in
the previous class. So, let us like this particular example, it takes a ratio of 4. So, if length to
width ratio is 4, so, basically, width is ¥th of the length and eventually we will get the tank
length and tank width by solving this and we can assume a detention period and that will give

us the depth of the water we can cross check whether depth is adequate or not.

It has to be from 2.5 to 5 meter also generally, so, if it is 3 meter, we can say that okay this
depth is adequate. So, we got the tank dimensions, we got the length we got the width we got

the depth and when we assume the detention time.



Contrary to this we can assume the depth also we can assume the depth and then compute the
detention time and detention period and see if that detention period is within the adequate
range.

(Refer Slide Time: 27:15)
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Practice Problem 4: Sedimentation Tank Design (CPHEEO Manual Example)

4. CHECK AGAINST RESUSPENSION OF DEPOSITED PARTICLES
Flow velocity that can initiate resuspensior
is given by
\E \‘FA(“ f)glS, m/]
For unigranular particles k = 0.U4 und
Weisbach - Darcy friction factor, £ = 0.0)

V=y[(8 x 0.04/003) x 981 x (265

=588x10"m/s

T'o avoud resuspension, t

horizontal velocity of

Horizontal velocity of flow 1
V, = Q/BxD)

= 2551 [m’ /he)/(3600 x 9.09 x 3.
0K

So, either of the 2, either we have to assume death and check for the detention period or we
assume the detention period and check for the tank depth. So, that way we can size the tank
and then rest is basically some checks like checks for the resuspension of the deposited

particles whether the particles are coming back in the resuspension or not.

So, for that, we use this expression okay and basically, we can compute the V value and see if
it is less than that, so, we can confirm this. So, this is not of that like we are not too much
focusing on these checks here, okay.

(Refer Slide Time: 27:56)
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5, INFLUENT STRUCTURE

The influent structure is designe
suspended solids uni

to avoid deposition ¢

Provide 0.6 m wide and 0.6-m deep
tank. Provide 4 submerged orifices 0.20 1
distribute the flow uniformly into the basin

m away from orifices to reduce turbulence.

Velocity of flow in channel

at average design flow

{Assuming a depth of flow of 0.4 m)

Head loss through onifices

Then we can put the inlet structure and outlet structure. So, a suitable inlet structure as of the
we earlier discussed certain suggestions about the inlet and outlet structures, there are variety
of options available. So, we can choose a suitable option for inlet structure and

(Refer Slide Time: 28:16)
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Similarly, one suitable option for outlet structure on influent is structure and will do the
appropriate calculations accordingly.
(Refer Slide Time: 28:23)



So, with this we conclude the discussion for this week. In this week we discussed about the
basic quality aspects of water, what are the water quality parameters which we need to know
for say assigning or understanding the quality of water whether it is adequate for certain
designated uses or not. And then we discussed about the basics of the water treatment, why it
is essential and when it should be provided. And then what are the various types of
approaches for treatment including the treatment systems which depend on the source of the

water.

So, for groundwater sources or for surface water sources, and then we have started discussing
the unit wise we discussed the very preliminary units like Screening and Aeration and even
Sedimentation. Plains sedimentation is also not quite often used in the system. Sedimentation
is one of the most important unit and it is almost there in every treatment facility. But it is not
the primary sedimentation it is basically sedimentation is provided after coagulation
flocculation in most cases, but in some cases if water is too turbid, we can go for primary

sedimentation as well.

So, we discussed about the sedimentation as well. In the next week, we will take up the other
units like Aeration and Aeration, we already have discussed will take up the other units like
Coagulation, Flocculation, Filtration and those kinds of units which are again quite important
for the treatment of the water arrived specifically from the surface water sources. So, we

conclude the discussion here. Thank you for joining and see you in the next week.



