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Unit 1 Sewage and Sewarage, definifions and some common
terms, object of sewage disposal. System of sanifation:
Conservancy systems, Water system, sewage system-combined,
separafe and partially separate, pattemns of collection systerm.
Amount of sewage-Estimation of domestic and storm sewage,
variations in the quantity of sewage, Design of sewers (Only
circular sewer) Manholes, Pumping stations, Wet well capacity.
Unit 2 Characteristics of sewage-physical, chemical and
biological characteristics, fundamentals of cerobic & anaerobic
process. Sewage treatment-preliminary freatment systems,
Racks and screens, comminuters, Grit chambers. Primary
freatment systems-Plain sedimentation, detention time and over-
flow rates, types of inlets and outlefs, onsite wastewaier
freatement- septic tank, Imhoff fank, oxidation pond .

Unit 3 Secondary treatment systems-(i) Attached growth process-
Trickling fitters, standard and high rates, efficiency (NRC) formula,
operational problems of fickling filters (i) Suspended growih
process, principle of suspended growth process, Activated
sludge process, Oxidation ditch aerafion and mixing technigues,
Operational problems of activated sludge systems, stablisation
100ls aerobic, anaerobic and faculfative lagoon.

tnit 4 Sewage sludge treatment-imporfance, arnount and
characteristics of sludge, sludge digestion, Anaerobic digestion,
aerobic digestion, sludge drying beds. Sewage disposail:
disposal by dilution, self purification of poliuted strearns, factors
affecting self purification, Sag curve, disposal on land surfaces.
Stream standards, Effluent standards, theories of waste freatment
(Volume reduction, strength reduction, new Equalizafion and
oroporfioning} Summery of Industrial waste, its origin, character
and treatment.

Unit 5 Solid waste management, source and characteristics,
environmental and health implications, refuse characteristics,
collection methods, disposal of solid waste by land filing,
composting and incineration methods. Collection and disposal
of refuse, Composting of refuse.
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Sewage and Sewarage, definitions and some common
terms, object of sewage disposal. System of sanitation:
Conservancy systems, Water system, sewage system-
combined, separate and partially separate, patterns off
collection system. Amount of sewage-Estimation of
domestic and storm sewage, variations in the quantity of
sewage, Design of sewers (Only circular sewer) Manholes,
Pumping stations, Wet well capacity.

Q.1. Define the following terms.

(I} Sewerage: - It is the branch of engineering which deals with
the collection and carrying of sewage through underground
sewers by water carriage system away from the towns and
dispose it if in such an order, that it may not cause any danger
to the human health.

(11) Refuse: - It includes all types of dry wastes of the community.
It is divided into following categories.

(i) Garage (ii) Rubbish.(iii) Ashes (iv) Sewage (v) Silage.

(i) Garage: - It includes all types of semi solids and solid waste
food and products as vegetables, peelings of fruits, waste
meats etc.

(i) Rubbish: - It means all sundry solid wastes as paper, broken
furniture, Pottery, waste building materials etc.

{iii) &shes: - These are the residues which remain after the
combustion of coal, coke, timber un the hearts and furnaces
of houses and industries.

(iv) Sewage: - It includes the liquid waste from the community,
discharge from latrines, urinals, industrial waste and storm
water. It is further classified into two categories:-

(a) Strom sewage: - It includes surface runoff developed during

and immediately after rainfall over the concerned area.

(b) Sanitary sewage: - It includes liquid wastes of domestic and
industrial places. This sewage is extremely foul in nature and
required to be disposed off very carefully.

(c) Silage: - The water collector from kitchen, baths, sinks and
similar appliances from building which does not contain human

or any animal excreta is known as Silage.
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constructed for the purpose.

(IV) Drain: - A line of pipes including all fittings and equipments
such as manhole, traps, gullies and floor traps used for the
drainage of a particular area. It also include open channels
used for conveyfing surface water.

(V) Sewer: - The jundlerground conduits or drains through which
sewage is convgyed are known as the sewers.

Followihg ferms are used in practice in connection with
different types of sewers.

(1) Combined er: - The sewer which carries domestic
- sewage and ﬁo water is known as a combined sewer.

(iij Common sewer: - The sewer on which all the inhabitants
have equal legal rights is known as a cormnmon sewer.

(iiij Depressed slewér: - When an obstruction or obstacle is met
with the s mm is constructed lower than the adjacent
sections to overcome the obstruction or obstacle. Such a
section of sewer is known as a depressed sewer.

{iv) Intercepting sewer: - This term is used to indicate the sewer
which intercepts the discharge from a number of main or
outfall sewers and it carries the flow to the point of treatment
and disposal.

{v) Lateral sewer: - The sewer obtaining its discharge directly
from buildings is known as a lateral sewer.

(vi) Brach or Submain sewer: - This term is used to indicate the

sewer which obtains its discharge from a few laterals and

delivers it to the main sewer.
(viij Maim sewer:- This term is used to indicate the sewer which
obtains its discharge from a few branch or submain sewers.

Q.2 Explain the methods of collection of the refuse.

Ans. There are two method which are employed for the collection
and disposal of refuse.

{1) Conservancy system and (it} Water carriage system.

{ij Comservancy system: - In this system, the different types of
refuses are collected separately and then each type is carried
and suitably disposed off. Sometimes this system is also
called as dry system.

In this system, the garbage or dry refuse is
collected from roads and streets in pans or baskets. It is then
conveyed by carts, trucks etc., to some suitable place. The

is separadted into iwo categories, flammable and

inflarmmable matters. The flarnmable matter is burnt into
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incinerators and the inflammable matter is buried into low-
lying areas for the reclamation of soil.

The night soil is collected in pans from lavatories
and the sewage is carried by labors in cars, trucks etc. It is
then buried into the ground and is thus converted into
manure. _

The storm water and silage are collected and
conveyed separately by closed or open channels. They are
discharged in natural rivers or strepmg.

(ii) Water carriage system:- In this syjsten, the water is used as
medium to convey the sewage to the point of its treatment or
final disposal. The quantity of wdter|to be mixed with solid
matter is quite sufficient and mTo dilution ratio of solid
matter with water is so great that'thé mixture behaves more
or less like water.

In this system, the n_umma bage is collected and
conveyed as in case of conservancy system. The storm water
may be carried separately or may be allowed to flow with the
sewage.

Q.m?&005@»&9&&@:005@32&5% mu‘T”oT: w!&asmnan
carriage system”.

Water carriage system

1) It permits compact Qmmu..mﬁ
of structures.

2) It is necessarily laid belo
ground, hence it is not
visible but hygienic

3) It requires large quantity of
water to the extent of about water to the extent about
30 to 40 liter per capital per. 100 to 120 liter per capita
day per day.

4) There exists putrefaction. 4) There are no chances for
putrefaction.

5) It has come up basically as
an urban system

Conservancy systemn

1) It does not permit compact
design of structures.

2) It is laid above ground hence
it is visible but non-hygienic.

3) It requires small quantity of

5) It has been normally
considered as system for
rural conditions.

6) The labour force required
is much more.

7) It is cheap in initial cost but
expensive in maintenances
work.

6) Only few labors are
required.

7) It is expensive in initial
cost but maintenance costs
are low.

8) It requires the help of
skilled or technical
personals for laying

maintenance mﬁ& FUNTHNE

8) There are chances for out-
break of . pidemic.




~ (v) The system proves to be economical when pumping is required
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of treatment units.
9) It does not require the help of | 9) It requires.the help of
skilled. or technical personals: skilléd or technical =~
personals for laying o
maintenance and running | e
. v of treatment units. b
10) The city remains dirty and | 10) The city appears neat and o
foul smelling | | clean. | Q.
11) It is likely that underground | 11) There is @a&mﬁmo&@ no v
sources of watel may be risk of pollutibn of o
polluted due to soaking of underground |sources of m
liquid wastes from the water as sewgge is carried | €3
latrines. . in closed sewer and above °
| v the water pip¢s. omm
— R =~
Q.4 (a) What is the classification is of sewerage system? .a
Explain - suitability of each system and state the (A
advantages and Hmmwﬁaumﬁnﬁmom of each. ()]
Ans. Following are the three systems of sewerage: _ ._m
(1) Separate system, =
(2) Combined system and ”
(3) Partially separate system. Pl
(1) Separate system: - In this system, the two sets of sewers are Q.
laid, one for carrying sewages and the other for carrying storm ._._u

water. The sewages are carried to the treatment plant and the =
storm water is directly discharged into the natural outlet in the
form of river or stream.
Advantages:-

) The load on treatment units becomes less.

i} The natural water is not unnecessarily polluted.

ii) The sewers are small in size.

v) The storm water can be discharged into natural streams

without any treatment.

i
i
i

{
{
{
(i

e
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for the lifting of ‘sewage.

{2) Combined system: - In this system, only one set of sewers is
laid and it carries both, sewage and storm water. The sewage
and storm water are carried to the sewage treatment plant. ‘
Advantages:-

{i) Itis easy to clean a combined sewer as it is of large size.

{ii} The maintenarnice costs are reasonable.

{iii) The strength of sewage by, dilution. i

(iv)} This system requires only one set of sewers and it may thus

prove to be economical.

{ainam Publication
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Disadvantages:- =~ . o

(i) During extraordinary heavy storms, the combined sewer may

overflow and it may thus.put public health in danger.

(ii) The combined sewer, if not properly designed gets easily silted

and it may even become foul in dry weather.

(iii) The load on treatment plant increases.

(iv) The sewers are large in diameter.

(v} The. store water is unnecessarily polluted.

(vi) The system proves to be uneconomical] when pumping is

required for the liffing of sewages.

(3) Partially separate. ystem: - In this systpm, the arrangement
is made to permit edrly washings by rain |into sewers carrying
sewages. But when |the quantity of stonm water exceeds a
particular limit, it is|collected and convey d in open drains to
the natural river or stream.

Advantages:- *

(i) It combines the advantages of both above systems.

(ii) The entry of storm water avoids silting in sewers.

(iii)The problem of disposing storm water from houses is

simplified.

(iv) The sewers are of Hamwmosmgw size.

Disadvantages:

(ij The quantity of storm water admitted in sewer may increa:

the load on pumping an treatment units.

(ii) The velocity of flow is low in dry weather.

Q.5 (a) Compare the Separate and Combined system.

Ans.

Combined system
1} In this system the
treatment of sewages and
storm water are to be
done, so it is very costiv
method. .
2) In the city having less
intensity of ra
system very

Separate system

1} In this system the quantity
of sewage which is to be
treated is very less,
because there is no need to
ireat the storm water,

2) This system is suitable at
the places where more

intensity of rainfall place.

o Sewage pumping can be 3 Pumping
done by this system. Only costly bec
sewages have to be are having st
pumped, so it is less

 costly.
4} Two sets of sewer liras are
- laid by one line which is

under ground. Sewer flows

fainam Publication %W‘E T
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and storm water open

drains on ground surface.
5) It is difficult to use this

system in narrow streets,
| 6) If intensity of rainfall is
less throughout the year
then this system is not
suitable

T o e S R

system

5) It is suitable for narrow
streets.

6) For less intensity of
rainfall this method is
totally suitable.

Q.6 (a) Give the various patterns of collection systems.,

blogspot.in/

Ans. There are various patterns of collection systems but™ e
important and common system are as follows.

IV

(i) Perpendicular pattern.
(ii) Interceptor pattern.
(iii) Radial pattern.

(iv) Fan pattern.

(v)] Zonal pattern.

{i) Perpendicular pattern: - In this pattern, the main trunk
sewers are land perpendicular to the natural water course and
thus they are of the shortest length. This pattern proves
useful for separate or partially separate system, in which case,
storm- water can be disposed off directly without any
treatment. This pattern will be impracticable for combined
system, as it will require a treatment unit at every point of

outlet.
, f
;.J \ N
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ii} Interceptor pattern:-
This pattern
perpendicular pattern.

is an
In this pattern, the sewers are
intercepted by large size sewers which are laid along the water
course. The sewage is carried to the treatment plant and -
depending upon the facilities provided, it is disposed off either
with or without treatment. If the quantity of storm water is
- more, the storm regulators may be provided at suitable points.

improvement over the

Downloaded from http

fainam Publication

‘M" M@M@w@g .,. Page A '

Environmental Engineering-I1

I N L ATEAAY TEBNE RBUNE AR T
man | - ] ==
S K .
/T e e e . i
i r
iy AR i ! >
oo | o ] 1
Y __ ~~
phacsrog
1T E M unt.wa " M

PUMPING STATIO W

[
N
f

(iii) Radial pattern:-

v In this pattern, the sewers are radially outwards
from the centre of the city. This pattern is useful for cities,
where the faculties of sewage disposal by land treatment are

available. This pattern will require Jarge number of disposal
works.

Fig. intercepter pattern
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Fig. Radial Pattern

{iv) Fan pattern: - In this system of layout, the treatment plant
is located at a certain point and the entire sewage flow is
directed towards this point. Thus, a fanlike network of
conveying main sewers is laid in this pattern. The advantage
of this pattern is that only one unit of treatment plant will be
required. But it has the following two disadvantages:

Jainam Publication Page 7
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{i
(i)

v)

The diameter of main trunk sewers will be more and it may
result in increase of cost of laying such sewers.

The development of the surrounding area will increase the
load on the treatment plant and hence restriction will have

to be imposed on such development.
Kot 0 T

¥l b i

i o R
S vy e CAVBETLIE
e

gy, Fars Pattersy

Zomal pattern:- In this pattenr, the city is divided into

suitable zones and a separate intercepter is provided for each Q
zone. This pattern proves to be economical for cities which €=

are situated on sloping hills.
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Fig. Zone Pattern
Q.7 List out and explain the factors to be considered in the
determination of the quantity of sanitary sewage.

Jainam Publication
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Ans. The quantity of storm water from an area depends upon a

susber of factors enumerated below.

(i) Intensity and duration of rainfall: - As intensity and
duration of rainfall increases, the quantity of storm water
also increases.

(ii) Topography of the w
as:

(a) Extent of the catchment area: - Bigger the catchment

area, greater would be the quantity of storm water.

(b) Shape of be area: - Fan shaped areas drain away discharge

more quickly than the oblong-shaped areas.

(c) Slope of the area: - On a steeper slope, the rate of storm

water flow would be greater.

(d) Nature of soil: - On a steeper

flow would be greater.
(e) Number of available ditches in the area: - If the number is

large and the ditches are also large sized, part of the storm
water may be retained or removed. Thus decreasing gquantity

available for providing storm water drainage.

(iii) Atmospheric temperature, wind and humidity: - Warm
temperature, high winds and greater humidity tends to
reduce the storm water flow.

atershed: - This include such factor

slope, the rate of storm water

Q.8 {a) How the storm water quantity is estimated?

Ans. The quantity of storm water may be calculated by Gmmdm the
following two methods.

i) The rational method and
(i) Empirical formulae method.

In both the above methods, the quantity of
storm water is a function of the area, the intensity of rainfail
and the co-efficient of run-off. The co-efficient of run-off the
maximum rate of runoff mainly depends on the surface slope
and the estimated condition of the drainages area with
reference to the proportion of the rainfall that will run.

(i} The ratiopal method: - The storm water quantity is
determined by the following rational formulae.
Cia
=
Where Q= Quantity of storm water in m3/s.
C = Coefficinet of run-off.
I = Intensity of rainfall in mm /hr.

A = Catchment area in hectares.

Page 9
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i
|il) Empirical formulae method:- All the empirical formulae are

applicable only under certain specific conditions, such as

slope of land, imperviousness, rate of rainfall etc. These have

been developed suiting a particular region after long practical

experience and collection of field data.
{a) Burkli- Ziegler formula:-

CiA 4
@ = 141.58 »\w
(b)Mec Math’s formula:-
CiA s|s
- Q=TgE A
{c) Fuller’s formula:-
ﬂgc,w
=5z
(d)Fanning’s formula:-
Q = 12.8M5/8
{e) Talbot’s formula:-
Q = 22.4M/4
Where Q = Run-off in M*®/sec.
C = Run-off coefficient,
I = Intensity of rainfall in cm/hr.
S = Slope of the area in m per 1000m length of sewer.¢ $
A = Drainage area in hectare.
M = Drainage area in km?.

n

/notescivil.blogspot.
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Q. 9 What is time of concentration? Explain.

Ans. Time of concentration: This is defined as the longest ﬁﬁm
without unreasonable delay that would be required for L
drop of water to flow from the upper limit of the Qaﬁsm%
“area to the point where concentration or the of concentratio
to-any point in a storm sewer is a combination of two E&s%“

{a)inlet time and - (b) Time of flow in the sewer. N ®)

{a) Inlet time: - Also called time of entry, is the time require
for first drops of rain water to flow from the distant points mﬁ
watershed to the head of the sewer or drain. This is found

(i To decrease with any increase either in the slope oQ
imperviousness of the ground surface. w

{(ii) To increase either with an increase in the distance ove

, which water has to travel or with greater 39335@&,@35%.0
In practices, it is generally assumed to lie between 3 minutef)
for a steep and impervious area an 20 minutes for a flat and

agricultural area.

Jainam Publication W g% ] Page 10
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Time of flow in the sewer: - Is the ratio of the length of the
sewer to the velocity of flow when running full. The velocity of
flow is calculated by means of the hydraulic formulae.

Q.13 What are self-cleansing, scouring and limiting

velocities? Explain.

Ans, Self-cleansing velocity :- The minimum velocity at which

the sewer will kept itself clean over a wide variation in
discharge is known as self-cleansing velocity.

Self-cleansing velocity depends upon the size of
the particles present in sewages and also on their specific
gravity.

Scouring velocity: - The minimum velocity te cause the
scouring of the suspension of solids heavier than sewage or
liquid is known as scouring velocity.

The self-cleansing velocity of the sewage depends
upon the scouring action of the flowing sewage.

Limiting velocity: - The maximum permissible velocity
which does not cause any wear of contact surface and not
make the surface rough is known as limiting velocity.

Above this limiting velocity, scouring take place.

Shield’s expression for self-cleansing velocity. Self
cleansing velocity, which is necessary to cause scouring and
suspension of solid particles (heavier than water), can be
determined as follows:

Fig,

Consider a layer of sediment of unit width and unit length and of
thickness t deposited at the invert of a sewer of gradient 6. Let Y5y,
is the submerged unit weight of the sediment.

Then, the weight of the sediment considered

...& 1
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W= ﬁswﬁv@#

But Y = Yo (35)

Where Y, = Unit weight of the water
S, = Specific gravity of the sediment.
E = Void ratio of sediment.

But the porosity of sediment

m; . ‘
n = Aﬁv , where n = porosity of sediment

1—n=—
i+e
Ysub = Yo (Ss — 1D(1 —n)
W = Y,(Ss~ 1)(1—n)t

. Now, in order to scour the deposited sediment, and
for just causing it to slide down the inclined plane, it is
necessary that the drag force (r) exerted by the flowing water
MB. the wﬁmmmoo of the channel equals the frictional resistance

,lLet=R;

But R=Wtané

And for smaller values of 9, tan @ = sinf

R=W sin@
Or 7t=R=Wsinéd oo fii)
or 1=Y,(G— D({1l—n)tsinb R EY

. But we know that the drag force or the intensity of
reactive force (7) which is exerted by the flowing water on a
channel of hydraulic mean depth r is given by

7o ok
v = a\Sﬁ;V

Where 7= drag force
R = hudraulic mean depth of the channel
S = bed slope of the channel.

Eguating Eq. (o) and (a), we have

Yol G— (1 —n)tsin® = Y,r.5.

Using (1 ~n)tsin8,= k' (a constant), we get

g s z § v : -
jainam Publication @Mwwm% Page 12
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(6-DE.t=71.5

OH.‘ MnmAml‘Hvﬁ

T

For single grains, the volume per unit area (i.c.t)
becomes a function of the diameter of the grain d’ as an
inverse measure of the surface area of the individual grains

exposed to drag or friction.
RS wm (G —1)d' {for self cleansing)
Or mn.m (G—1)d

Hence, the self cleansing invert slope (s) is given as:

oo {b)

s=2(G-1d

Where k is a dimensional constant, indicating an
important characteristic of sediment (solids) present in
sewage. Its value usually varies from 0.04 (minimum) -
applicable to start of scouring of clean grit, to about 0.8-
m%@:mmgm for full removal of sticky grit. For relatively clean
inorganic and organic matters present in sewage, its values
are taken at 0.04 and 0.06, respectively. The actual value of
k, should, however be determined only by experiments for
different materials.

Hence, the invert slope at which the sewer will be self-
cleansing is given by the Eq. (b}.

Now, from Chezy’s formula, the velocity
V = ¢y .ﬁw
- Seif- cleansing velocity (V) is, hence, given as:

v, = ?\N\WS ~1)d’
or v, =cJkd (G —1)

The Chezy’s constant (c) in the above equation can be

seoor{€)

equated to ww by comparing Chezy’s formula and Darcy-

Weisbach formula *. Therefore, Eq. (c) becomes,

=4 ]alnanl

Jainam Publication




S s

i Vironmental Engineering-l

Environmental Engineering-II
TR

*From Darcy-Weisbach woﬂ.,b,am,

CH = frLv? . . .
L= (where D is the pipe dia)

Or Hy = u.mwlm

O " N.QD.W n
Or Vv 7 . (i)

By Chezy’s formula,
V=crs e (i)

Comparing (i) and (ii), we get

v D
Or ¢ |rs 290
. \.‘

D N .
But r = 7 (for circular pipes running full)

. - \m.nh - \mb
R n.,\Mi o orc= |-

Self cleansing velocity

N YN
v, = \\L&S 1) oo (d)

The usual value of f” for sewer pipes is 0.03.Similarly, by
equating Chezy’s formula with Manning’s formula Am. eV =
inri/3s, we can get c=1n71/6. The Eq. (c) then becomes

. H s.
V, = m.i\ﬁ:ﬁ.a (G~-1)

(The usual value of n for sewer pipes is 0.013.)
Q.5 Write a short note on the followings:

(a) Manholes.

{(b) Drop manholes.

(¢} Flushing tanks.

{d) Lampholes.

(e} Street inlets.

(f) Catch basins or Catch pits.

//notescivil.blogspot.in/
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(g) Ventilating shafts.
(h) Grease and oil traps.
(i) Inverted siphons.

(i) Storm water regulators.
(a) Manholes: - A manhole is defined as the construction made to

connect the ground level with the hole or opening made in
the sewer line so that a man can easily. Conveniently and
safely enter through it and carry out the usual maintenance

operations.
A manhole consists of

(i) A working chamber,
{ii) An access shaft.
(iii) A strong cover on the top flush with the road level.

The lower portion of a deep manhole is known as a
working chamber and it provides a working space to carry
out cleaning and an inspection of sewer line.

The access shaft provides an access to the working chamer.

At the top of manhole, the manhole cover of cast-iron
or RCC is provided to cover the opening.

G ﬁzggma Cover L
“
1\\\ Access I Offset
\i!tww.éa” . * 1
Wil et lu\mﬁnr Arch or
Q\ RO R.G.CStab
Steps =
uv : g
| Working Chamber s
G
Main Sewer P o 7 Branch Sewer
‘“‘ Pw ﬁmaﬁn?zw g
. 0\ v |
w — Channet - w
i 0 TN PN P SRR 4 | H
SRR R i

I"e 75 ., Concrete ,,\..,s,.}ﬁ...é,,Komawainn
| @

5,

¢ Fig. Marnhole

p&ﬁ d - ST
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(b) Drop manholes: - When it is uneconomical or impracticable to

arrange the connection with 60cm of the invert of the sewer and
manhole, then a vertical shaft is constructed outside the manhole
chamber through which the sewage of branch sewer is allowed to
enter the manhole as shown in figure. Such manholes which drop
the level of invert of the incoming sewer by providing a vertical
shaft are called drop manhole. The main purpose of drop manhole
is to avoid the splashing of sewage on the man working and on the
masonry work.

G Mga....w”c.ﬁ Cover L
2% P ZIE 2
L v 1
Cast leon-Steps s “\\
Brick Arch of AN Vs
ReC stay__\[ g
| A -Inspection Arm
¥ 4 | Branch Sewer:
= Plug ~ A b
Ll e N
“ Working Chamber)” & o
s i
-

Drop mariholes .

{c) Flushing tamks: - A flushing tank is a device or an
arrangement, which is made to hold and then to throw water
into the sewer for the purpose of flushing it. When the gradients
of the sewers are flat and the velocity of sewage is very low, the
suspended matter of sewage starts settling in the bed of the
sewer and causes clogging of sewer lines. At such places where
self-cleaning velocity is not available, flushing tanks are
provided to flush the sewers. Two types of flushing tanks are
used.

(i) Hand operated flushing tank and

(i) Automatic flushing tank
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Fig. Altpmatic flushing tank

(d) Lampholes: - A lamphole is an opening or .So_w ooﬁmagowaa in
a sewer for the purpose of lowering a lamp inside it. It consists of
vertical stoneware or concrete pipes which are connected to the
sewer line through a tee-junction. The pipes are surrounded by
concrete to make them stable. At the ground level, the manhole
cover with frame is provided to take up the load of traffic.

__Cl.Cover

5. 27, o4 junction

¥
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Environmental Engineering-II

(e) Street inlets: = A street inlet ia an opening through which
storm water and surface wash flowing along the streets are
admitted and conveyed to the storm water sewer or combined
sewer. by means of pipes. These are placed at the roads, gutterSi~
generally at street junctions. At the street junction, inlets shoul&a
be placed in such a way that the storm water may not flow acro$S e
any of the streets or flood, the cross walks causing mﬁm&mnmb&
with the traffic.

The inlets are of the three types.
(i)  Curb inlet: - An opening is provided in the road curb for TJ)

sp

the entrance of storm water. (o)

(i) . Gutter inlet: - These are placed directly below the road
gutter and storm water directly enters from the top. ID.

(iiiy Combined gutter and curb inlet: - In this type of inlet, -
storm water enters from both the gutter and curb. .w
street ~J 1 I _LE =

Q

=2

o

£

X,
Q

=

=

N o

N 2]

Fig. StreetInlets )

{f) Catch basins of Catch pits: - A catch basin or catch pit is e
structure in the form of a chamber which is provided along thef(Q
sewer line to admit clear rain water free from silt, grit debris etc.Q
into the combined sewer. _—

c

The catch basins are adopted for the combined m@é@ammmw
system. But at present, the trend is to lay sewers with such a
gradient self-cleaning velocity is achieved and to ooﬁmﬁ.so»o
paved streets which contribute little debris or grit. Hence it mD
not necessary to provide the catch basins in the modern

separate sewerage systems.

fainam Publication
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(g) Ventilating shafts: - It is a vertical shaft @.aoiann Ex the
sewer line to remove foul gases from it and to provide fresh air to

the workers, working in the manholes. o
It may be of RCC or cast-iron 15-25 cm in diameter

with a cowl provided at the top. The height of mpo. S.wsﬁ.mﬁﬁm
shafts should be more than the roof of the tallest building in its

neighborhood.
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{h) Grease and oll traps: -

These are the traps or chamber which are provided on the sewer
line to exclude grease and oil from sewage before it enters the
sewer line.

The grease and oil beign light in weight and can float
on the surface of sewage. Hence , if outlet draws the sewage
from lower level, the grease and oil are excluded. Thus, the
outlet level is near the bottom of chamber and inlet level is near
the top of chamber. If sand is desired to be excluded from
sewage, the space should be kept at bottom of chamber for
sand to be deposited.

Intet with mgzam\vq
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Fig. Combined sund grease and oif brep

{i) Invezted siphon: - An inverted siphon is a sewer section which
is constructed lower than the adjacent sewer sections and which
runs full under gravity with pressure greater than the
atmosphere. The main purpose of installation of inverted siphon
to carry the sewer line below obstructions such as mi,uid,m
depressions, streams, rivers, railways etc. In an inverted siphon,
then HGL is above the flown, whereas in true siphon, the HGL is
below the flow line. It is also known as depressed sewers.

Figure shows the plain and sectional elevation of an
inverted siphon. The pipe of inverted siohon must be able to
withstand the internal pressure. The pipe diameter should be
such that sewage may flow with great velocity to avoid silting.
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‘In a very large single pipe, it is difficult to o@ﬁb high .<mwoo§\
- for very. small quantity of sewage. Therefore, in the Eﬁwiwa
siphon, two or more pipes are laid in parallel as mwoés in
figure which come into action or combined in proportion to the
amount of flow.

A 2 — e — =1 _
. 3 | e L
Cio T ntet Chamiber

3 N
\ Outlet Chamber- .V .
-Cover ; Cover

Storm water regulators: - The structures constructed to the
divert part of sewage in case of combined sewers are known as the
storm water regulators and they come into operation. When the
discharge exceeds a certdin value. The excess sewage will be
composed of storm water and it will, therefore be not foul in
nature. It will further result in the decrease in load on the
treatment units or pumping stations.

Storm water regulators are of the following three types:

(1)Leaping wait or jumping weir.

(2)Overflow weir and

(3)Section spillway.

Q.14 How to locate manholes?

Ans. Location of manholes: - Manholes are provided at every
bend, junction, change of gradient or change of &waﬁmn.. On
straight reaches, manholes are provided at convenient spacings
which depend upon the size of sewers. The larger the diameter
of the sewer, the grater may be the spacing between two
manholes. The spacing between the manholes will also depend
upon the nature of sewer cleaning device in use. Table 6.1 m&.\mm
the spacing of manholes as recommended by the Indian

Standard IS: 1742-1960.

o Tatoans” T
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TABLE 6.1 RECOMMENDED SPACING OF MANHOLES

Size of sewer Recommended spacing on
straight reaches

Dia. up to 0.3 m 45m

Dia. up to 0.6 m 75m

Dia. up to 0.9 m 90m

Dia. up to 1.2 m 120m

Dia.up to 1.5 m 250m

Dia, upto 1.5m 300m

Pumping Station

Q.15 What points should be kept in mind while locating the
site of pumping stations?

l.blogspot.in

SsCivi

Ans, %vﬁ following points should be considered while locating the
site of pumping stations.

{1) The topographical condition of the city should be thoroughly
- studied to locate the best site of pumping stations.

(2) If the quantity of sewage is very large, the site should be near
the point of disposal or at such places where during
emergencies, the sewage can be directly disposed off.

{3} The site should be such that during flood, it should not be
flooded with river water of seepage from the ground.

VUMERICAL:-

Example 1 A combined sewer of a circular section is to be laid o
to serve a particular area. Calculate the size of this sewer [

://note

http

r

from the following data: d
Area to be served =120 hectares. QU
Population : =1, 00,000 Ia.m
Maximum permissible flow velocity = 3m/sec. o
Time of entry for storm water = 10 minutes c
Per capital water supply - = 250 W
liters/day/person. o
Coeff g o
Coefficient of run-off for the area = 0.45.

Hourly, Maximum rainfall for the area

At the design frequency = 5cm

Assume any other data not given, and if needed.

wﬁ@wﬁ.ﬁ?i;;ﬁmm‘ww

m&.sm? Wzm:nm‘zom

Environmental Engineering-II
B =

Solution. Sewage Discharge (i.e. D.W.F.) Computations.

Average water supplied = 250 X 1,00,000|litres/day

250%1,00,000
e CUITIECS
1000%24X60x60

Assumes that 80% of the water supplied appears as sewage,
we have

Average sewage discharge = 0.8 x 0.289 = 0.23 cumecs

A ssuming the maximum sewage dischajrge to be 3 time the
average discharge, we have

Maximum sewage discharge = 3 X 0.23 = 0.69 cumecs.
Storm water discharge computations
Time of concentrations
T, = Time of entry + Time of flow

= (10 + 20) minutes = 30 minutes.
Now, maximum hourly rainfall for the area

= P, = 5cm/hr.

~ Using Eq. (3,3), we have

=Fk=F A:,Nﬁv

Where T. is the concentration time in hours

=22~ 0.5 hour
60

Fe=5 A:Na.mv

=2 = 6.67cm/hr.
0.5

Now, using rational formula Eq. (3.1), we have
Maximum storm run off = @, = mmm.k PA
==X 0.45 X 6.67 x 120comecs.

= 10comecs
~ The combined maximumn discharge
= Storm run-off + Sewage discharge

= 10 + 0.69 = 10.69cumecs.
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Zoi@mwﬁggm ﬁmo wmﬁmﬁaoUmﬁcﬁadmgsmﬁﬂfwSmﬁgcg
velocity of 3m/sec at the time of maximum flow, we have

Area required ==

~ Dia. of sewer pipe required

- m 3.56 = V4.53 = 2.13m.

Hence, use a sewer pipe of 2.13m dia.

Example2. A population of 50,000 is residing in a tow

.blogspot.in/

n

having an area |of 60 hectares. If the average coefficient ofemm

run-off for this area is 0.06, and the time of concentratio

which the sew

n
(]

rs of a proposed combined system will be U

of the design nmmu is 30minutes, calculate the discharge for J

designed for t
needed.

Solutions. Given data.
Population =50,000
Area =60 hectares
Coefficient of run — off = 0.6
Time of concentration {t) =30 minutes

Dry weather flow: Assuming rate of water supply = 270lpcd.

. 5000%270x1073
Average discharge per second = ———————
24x60X60

= 0.156m?%/sec
Assuming a multiplying factor of 2,
Maximum discharge = 2 x 0.156 = 0.3125m>/sec

Storm water:-

25.4a
t+b

Intensity of rainfall (R)=

Where a= 40 and b= 20 for storms of durations 20 to 100

Jainam Publication %.mwnﬁ

minutes.
25.4%40 .
R= 220 20.32mm /hr
30420 .
AlR 60x%0.6%x20.32
Then @ == ——r—r—= 2.032m?/se
mmm———— O 360

e town. Malke suitable assumptions where (V]

//not
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Combind discharge = Dry weather flow + Storm water flow
= 0.3125 + 2.032 = 2.344m° /sec.
Now Q= AV

Assuming V = 2.5m/s running full at the time of maximum
flow.

L4 Q2344
A= v 25
o A = 0.938m?

Diameter of pipe d = QD‘W

_ |4x0.938
- T

= 1.093m = 1.1m

Q.3 Design a suitable sewer section for the following data
when it is running half full:

No. Area type % Runoff
coefficient
1) Pavements - 30 0.85
(2) Gardens 30 0.15
(3) Ground 40 0.30
surface o

For & total drainage area of 25ha. And rainfall intensity
governed by general formula (a = 40,b = 20) in which the
time of concentration is 35min. .
Assume the population of town as 80000 and rate ew,s water
supply as 150ipcd and design the section as a combined
section. .

Ans. From given data, calculate Average Runoff Coefficient.

ayl; =235 x 25 x 0.85 = 6.375

agi, = wo,om x 25 x 0.15 = 1.125

ag.iz = %wx 25 % 0.30 = 3.0

Zagl =105

Ya=a, +a;+a; =A=25ha

. Mwﬁp — .Mlo.m —
Avgl = =, ~ -

I S

I .% M%M@ @gx e
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b4 Pl 1 2.66 2/3 1/2 -
3.3347(2.66)% X 5= X ﬁtMiv x SY/2 Where n= 0.015

Environmental m.zmm:mmz.:%-a

2

Intensity of rainfall 5.55 x 50.8 x S1/2
== 5, b4 8 X
5 . G40
R= 45t = 3orss — 0-72cm/hr §Y/2 = 0,0118 = 0.1087

Example 4. A town has a population of 100,000 persons with a
per capita water supply of 200 litres/day. Design a sewer
rulings 0.7 times full at maximum discharge. Take a constant

Or = 25.4 X 0.72 = 18.3mm/hr

Storm water flow, Q = Ax = 25X0.42x183

|
|
|
!
|
|
l
|
|
|

360 360
='0.532m?3/sec. 1 value of N = 0.013 at all depths of flow. The sewer is to be laid
N = (1) at a slope of 1 in 500. Take a peaking factor of 3.
Now,
Solution. Water supplied = 100,000 X 200 = 20 x 10° litres/day
Town population = 80,000 .
e an3e00 0.2315 cumecs.

Rate of water supply = 150ipcd .
Assuming that 80% of the water pplied to the town

Average rate of water supply = 80,00
pply ,000 x 150 appease as swage, we have average discharge in the sewer

12 x 106lit/day

12x10°
PR 3
1000X24X60X60 L4m”/sec.

= 0.8 X 0.2315 = 0.1852cumecs.
At a packing factor of 3,

Maximum discharge = 3 x 0.1852 = 0.5556 cumecs.

//notescivil.blogspot.in/

Assuming multiplying factor = 2

Maximum &mosmwmm = 1.4m3/secx 2 = 2.8m3/sec. ._ml Since the sewer is to be designed as |running 0.7 times the
Total or combined discharge = 0.534 + 2.8 = 3.334m? /sec. ._|m full depth d/D =07 and q = 03556 cumeps.
, : . ) For er running partially full (Fig. 4.7
For sewer apgoﬁmﬁ.wcduam half full. Let d be the diameter. ’ mmwoé p mer v (Fig )
Qﬁ>x<mda<nwaw\u%mu\w m nOmM“HlNMHH!NXO.Qﬂ!O.é
n
. S .8 °. 0 = o, cinf = —
m = ¢ For half full — »  £=11358%6 = 227.16" sinf = ~0.7332
Proportionate discharge for running half full M From Eq. 4.12(a)
R sin@] _ w9 [227.16 0.7332
Hmuc.m S,M.Uc.m w a=3D rmo Nq;i»cﬁw% + Naﬁ
. .. = 0.5872D%
~ Assuming minimum self cleansing velocity V = 1.2m/s h , e
.1
Q=AXV - p= mDoo= D=~ =19823D
_ 1 fnad? . W Now, g = L ar2/351/2
=2 A.Mev x12 ... for running half full o 4=y
oy 1 md? () . 1 D2 273 (L Y?
3334 =2xx 12 - 0.556 = ——x 0.5872D*(0.2962D) ()

Or D33 =0.6190

For slope, using Manning’s formula From which D = 0.835m

=AXNV =V =2 ’ o i i R ) i
Q A jainam Publication ww‘@k,@@az Page 27
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;;;;; — . And 0= ;e 6)20.85 = 0.2403 cumecs.

Environmental Engineering-II

i i

Check for self cleansing velocity at maximum discharge
L “ v v Gisehares {b) For partial amwn# self cleansing flow
7 = 0.2962D = 0.2962 % 0.835 = 0.2474m qs = 0.07 cumecs (given)
; 0.07
oyl oot 1/2 ~ o d= 2202913
v=cr?/is ——=1(0.2474)*/* W.@MV - Y0 7 02403 e
. . [y | 2 s N y
= 1.356m/sec. - But m.u n Amv Amv
. : 9 8 6 360°sin 8
This is much more than the self cleansing velocity of = ; Also m - Awﬂm - m_mhalv - m&? - th: v
60cm/sec. w § And T = T . 360"sin m_
S P ioe . R 0 :
OS@nW for self clearing velocity at minimum discharge. Let us ) : as N, 6 mw __ 3607sin mv T, __360°sin J
assume minimum flow equal to w times the average flow. o T nT 360 29 26
— 1x0 360°sin6]7/6
% Guin = (1/3) % 0.1852 = or 02913 = 321 -2
Also, maximum| flow = 3 x 0.1852 m MOMMMM MMB UMM Mﬁw& and error, by assuming mmﬁwn& values of
- Qs&:"mROHH © . d
=S~ 0, ] o 2=1(1-cos])=03434
. “ wn Also. T = T __ 360sin A _ T 360" xsin :&J
. From Fig. 4.8 for m = 0.11, we mﬂ == 0.22, assuming n = N. (o)) SO, 2 T 20 17 27(143.5)
Egﬁzmﬁéwgw = may get these <&C®m from Table 4.8 by ._m = 0.7624
interpolations. c Now Z2=X Amvi ¢
N Aimin — / o < - R
R = 0.22 ~ o 2=1(0.7624)Y¢ = 0.9558m/sec.
Corresponding to this depth ratio, css ~ 0.647 ._ml = wommw X 0.85 = 0.812m/sec
8 R bt >BQ mxv = o762t 1.3116
S Vmin = 0,647 X 1.356 = 0.88m/sec i - 1 '
This is more than the required val N 3737
quired value of 40cm/sec. & (Alternatively, the values of d/D, V;/V and S;/S can be obtained
Example 5. A 60 cm diameter sewer is to discharge o for g,/ Q= 0.2913 if Fig. 4.9 is available )

0.07cumecs at a velocity as self-cleansing as a m@.&@n._
flowing full at (0.85m/sec. Find the depth and velocity @J
flow and the| required slope. Take uniform value of

Example 6. A 40 cm dia. sewer is to flow at 0.3 depth on a
‘grade ensuring a degree of self-cleansing equivalent to that

N = 0.015. “ obtained at full depth at a velocity of 80 cm/sec. Find.
Solutioms. S iy  The required grade
(o) {ii) Associated velocity
(a) For sewer running full m (iiij The rate of discharge at this depth.
V= me\me\N W Given
Hence N =0.015;V = 0.85cm/sec. = E stbws.m,m rigidity coefficient = 0.014
R=D/4=06/4=0.15m a Ev ?dﬁo&cnmﬁa area = 0.252
0.85 = %u (0.15)2/351/2 (iii) Proportionate HMD (r/R) = 0.684
From which § = 0.00204 = —— Solution. _.
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R : — m:<:d:3m§& m:QSmmw ng-il
{a) For sewer running full : U— menta oy e g
s ixu\u.wp\n Now, Q = ln ﬂ&\mmg\w
I@Som V= o.mna\mmn ; R=D/4=04/4=0.1m Hence ¢ = 500 litres/sec= 0.5 cumecs
0.85 = ——(0. CSME

, M\w .
o.mupxm%@xa.ooosi
From which § = 0.0027 ~ mwm 0015 8 4

Emo,au mBéN xc.muc.somosawom.

Or D%3 = 48128

From which D = 1.80m

{b) For partial Qm@ﬁa self cleansing flow
At 0.4 depth, lloa\

Q.8 The following data is available regarding various types of
area and corresponding impermeabijlity factors of a town.

Also m =0.252 m.BQ w = 0.684 Type % of Area Impermeability
Ss R 1 coefficient
== = 1.462 :

s r o068 Roof 15% 0.9

Ss = 1.462 x 0.0027 = 0.00395 = mmm Pavements 20% 0.8

v 1/6 e Lawns, Gardens 40% 0.15 |

Also Z=2(2)"" = 1(0.684)/¢ = 0.9387 Unpaved 5% 0.9
5 vy =0.9387 x 0.8 = 0.751m/sec Wooded 10% 0.05

Determine the average cpefficient of run off. If
the total area of the district is 20 hectares, determine

//notescivil.blogspot.in/

And Z= Amv @ @ﬁ =0.252 x 0.9387

-gs = 0.252 x 0.9387 x 0.1005 = 0.0238 cumes Py the maximum storm water flow for a rainfall intensity of
: . : o Q. 50mm/hr having a frequency of once in five years. Use
Alternatively, ¢; = a.vs=-.Av; ._._u Rational formula.
= (0.252 X mﬁo.&N % 0.751 = 0.0238 i - Ans. Impervious factor or overall runoff coefficient
Nﬁ»im&m 7. Determine the size of a circular sewer for a m C = AsCy + AzCz 4 v ol A
discharge of 500 liters per second running half full. Assume Q@ Apt Ayt i An
§ = 0.0001 and N = 0.015. ﬁ _20(0.15% 0.9+ 0.2 X 0.8 + 0.4 X 0.15 + 0,15 X 0.2 + 0.1 X 0.05)
a 0(0.15 + 0.2 + 0.4 + 0. .
Solution. Given d = 0.5D ge] 20( +04+0.15+0.1)
. ; (T} = 0.39
veesEE e D= 0 w Quantity of storm water
Form which 2 = 90°,6 = 180" and sin8 = 0 o _ CiA_ 039XS0X20 _y nagiia e
2 — 360 360 E
From Eq. 4.12 {a) c Example 9. Find the relation between the side of a square
W section of one sewer and the diameter of a circular
= mww TS - mwﬂlm_ = mbw m. - o_ = muN o section of another sewer when both are hydraulically
D equivalent.
p =nD L —gpi_T Solution. Let D be the diameter of the circiilar while running full
360 360 2 at a gradientof 1in S
2/3
T 2 D ==(Zp? coo
B ﬁﬁMbNXM&m"M - ADVAv H\W Amg

The discharging capacity of thie rectangular section
while running full* at a gradient of 1 in S

Jainam wnv:nmzc:
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Or D83 = 1.272p%/3

Or D = 1.094b.
This is
square and D is

the required relation, where b is the side of a
the dia. of the circular section.

Example 10. A rectangular sewer with width 1.5 times its M

depth is hydraulically equivalent to a circular to a
ind the relations between the width of the smm

circular one.
rectangular se

Solution. Let B and
rectangular sew
&  B=15D,
Now, where this

er and the diameter of the circular sewer,

D, represent the width and depth of the
er, respectively.

rectangular sewer is running completely full,

the area of cross-section 4 = BD,

= 1.5D%,

The wetted perimeter P (assuming the roof as part of the

wetted perimete
5D,.

R = A _ H.mcf _
P 5D;

~ Discharging ¢
1o o
=N Q.mawﬂvm
If D is the dia. o
depth

)@

r)

0.3D,

apacity of rectangular sewer
.3D,)%/3/S vee 1)

f the circular sewer, then its capacity at full

o (i)

for hydraulically equivalent sections, equating (i) and (i), we

get
~(1.5D%,)(0.3D,

Or 2.25D%3,(0.4

Or @m\wu =

T ax2.52

Jainam Publication
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Example 11.
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Or D = (3.24)~°375D,
Or D = 1.565D;

But B = 15D,
ON; UH i Mmlwm
s D=1565=
s
D = 1.043B.

This is the required relation, where D is the dia. of the
circular sewer and B is the width of the rectangular sewer

A population of 30,000 is residing in a town
having on over of 60ha. If the average co. efficient of run
-off for this area is 0.60 and time of concentration of the
design rain is 30min, calculate the discharge for which
the sewers of 0 proposed combined system will be
designed for town in question. Make suitable assumption
where needed.

Sol.:- Given data

Pop/n = 30,000

Area = 60ha.

Coefficient of run off = 0.6

Time of concentration (t) = 30min. .

Dry weather flow - Assuming rate of water supply = 270lpcd.

30000x270x1073 .
24%60%60 v

Average discharge per second =
= 0.093m®/sec

Assuming a multiplying factor of 2

Maximum discharge = 2 x 0.093 = 0.1875m*/sec
Storm water:-

Intensity of rainfall (R) = 2=

b :

min

Where a = 40 and b = 20 for stores of durations 20 to 10
_ 254%40 _ .

o R= soi20 © 20.32mm/hr

HT@HV Q — AIR - 60x%0,6%20.32 — N:OwNSN\MOO

360 360

Combined discharge = Dry weather flow + storm water flow

= 0.1875 + 2.032

= 2.2195m?/sec
Now Q = AV
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Environmental Engineering-Il © Example 13. A main sewer is to be designed to carry the
Assuming V = 2.5m/s running E: at the time of maximum B sewage of a township spread over on a of 44. Sq. km.
flow. = with on average population of 200 persons per nectar.
2.219 .m The average rate of wastewater flow can be taken as
A=Q/V = - 2501ped and the maximum flow is 50% in excess of the
= 4 = 0.8878m? o average. Calculate the discharge for which the sewer is
TaT e m o to be designed and find the diameter of the sewer with
) ) A ) sewer running half-full Take n= 0.013 and available slope
Diameter of pipe d = /\n:ﬂ o as lin 1000
o Solution. Total population = 44 x 102 x 200
_ [4x0.8878 — = 880000
)\ ™ o] Average flow = 880000 x 250
®
= 1.063m = =22 %107
Example 12. A 30cm dia. sewer having an inverted slope . dsm o220 1
150 was flowing full. What would to the velocity of moﬁc 24x60%60 1000
and discharge? (n = 0.0 L 3). Is the velocity self = 2.546
cleansing? What would be the velocity and the %mnwﬁ.&
when some is flowing 0.2, 0.6m depth? [ Now Q = AV
Selution. According to manning’s formula c When the sewer runs half full
_1p2/3c1/2 Ny d=05D and ©=180"
! o d 1 2 2
. =1/ T/ p2="T/.D
R = m =d/ ylfor circular sewer running full) ._ml a="/2x"/a /8
03 - P=nD—
= u.ﬂ. = 0.075m = T 3e0
180
1/2 m = D -
e — N\w 260
v o013 < (0.075) Apmcv (@] D
V = 76.92 x 0.1778 x 0.08 .— e
V = 1.116m/sec g o] R =T /g D? xmmub\g
If R = 0.2 (R~ hydraulic mean depth) v V = LR2/3 g1/2
— 1 p2/3c1/2 © N ’
V = =R°S
v v o 23 1/2
=——x0.2x008 O V =55 X @19 x (537)
013
c Q=AV
V =76.92 x 0.34 X 0.08 W
2 4 2/3 1 A2
V= NEHOB\mmn o 2.546 = mmm..l . 0.013 . Aa_v . Amamv
If R=06m (o 2.546 = 0.787 x 0.0316 X 0.3968 x D*/3|x 76.92
V= w x R2/351/2 D*/? = 3.361
= 76.92 x (0.6)%/3 x 0.08 D =2.48m
V= \ru,\wma\mmn AT :
L — ?Ema Publication %ggﬁa Page 35
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| Environmental Engineering-ii .
Tal . X}}.‘?‘?]ll‘i‘!; o . ? v .
Find the depth and velocity of flow and the required slope 7

CSVTU April-May 2012
N= 0.015

UNIT-1 Part - A , . ~
Q.1 (a) Term used to indicate the wash basin waste water: Ans.: Refer Example-5

7

i) Sullage
(ii) Sewage
(iii) Night Soil
(iv) Garbage
Ans.: (1) Sullage

Unit-I

Q.1 (a) Define the term sullage. 2
Ans.: Refer Q-1 .
(b) Discuss the relative merits of separate and combined system of

sewage and give the conditions favourable for the adoption of

each one of them. 7

Ans.: Refer Q-4
(c) The following data is available regarding various types of area

Part — B :
{b) Describe the conditions for satisfactory disposal of sewage. 7

Ans: Refer Q-22 unit 3

{c) Give various empirical formulae for determining storm water
flow in sewers; explaining their applicability..

civil.blogspot.in/

Ans.: Refer Q-7 7 and corresponding impermeability factors of a town: 7
(d) A 40cm die sewer is to flow at 0.3 depth on a grade ensuring auA Type % >Mwm Impermeability coefficient
degree of self ¢leansing equivalent to that obtained at full Qo Roofs 15% 0.9
depth at a velgcity of 80 cm/sec. Find: 7 b Pavements. 20% 0.8
(i) The required velocity © Lawns,Gardens vegetation | 40% 0.15
ﬁwak}meSmﬂ@% mﬂ_wmm e oot m Unpaved 15% , 0.20 N
1 ate of discharge at this dept # Wooded 10% 0.05

p

Ans.: Refer Example-6
Determine the average coefficient of runoff. If the total area

the district is 20 hectares, determine the maximum storm
water flow for a rainfall intensity of 50 mm/hour having &
frequency of once in five years. Use rational formula.

, UNIT-I Part- A
Q.1 (a) (i) List 6 sewer appurtenances.

Ans.: Refer Example-8

{d) For a circular sewer and a rectangular sewer to be
hydraulicaily equivalent, find the relation between the
rectangular sewer and diameter of circular sewer. Take

il

. Zero specific gravity of sewage is :

. Zero (2). Equalto 1 (3).>1 (4). <1

, | Part- B

(b) A 30 cm dia sewer having an invert slope of 1 in 150 was

(i)
(1)

d from

flowing full. what would be the velocity of flow and discharge @) . ; L P L
? (n = 0.013) [s the velocity self cleansing ? What would be (3 of rectangular sewsr as 1.5 times the depth and assui
velocity and the discharge when the same is flowing 0.2, 0.6 3 three sides of the rectangular sewer are wetted. »

and 0.8 of full depth? 7 Ans.: Refer Example-10

Ans.: Refer Example-12

°
c

(c) Derive the expression for shields self cleansing velocity? Also
derive expression for proportionate area, Velocity and HMD .
Ans.: Refer Q-9 m

Q.1 {a}) What is importance of quantity of sewage?

Ans.: Refer Q-6
{b} Describe briefly the various commonly adopted sewerage
systems? What type of sewerage system will you recomynend

(d) A 60 cm diamleter sewer is to discharge 0.07 cumec: at a
velocity as self| cleansing as a sewer flowing full at 0.85 m/sec.

T
Jainam Publication gw@%ﬁw‘w Page 36 ) T, S
Jainam Publication @Mﬁwﬁwﬁwﬁﬁﬂ . . Page 37




" for cities of Chhattisgarh? Explain your
reasons.
Ans,.; Refer Q-5

Environmental Engineering-Il _

e R R T S R T

choice giving suitable

n/

{c) What is the importance of providing man holes in sewerage ._lu
line? Explain the construction and working of drop man ho1Q

with sketch.
Ans.: Refer Q-10

(d) Determine the size of a circular sewer for a discharge of 1:2
cumecs running half full. Assume a grade of 1 in 2000 and

rugosity coefficient as 0.013.

Anis.: Refer Example-7

@.1 (a) How the amount of sewage is estimated?

Ans.: Wowaw Q-6

(b} Describe the various systems of sanitation giving their

A
(@]
o

S~

advantages and disadvantages. Considering the water mwoi”my

in townships and cites. What are the modifications you wouldQy
suggest for better functioning of the system?

Ans.: Refer Q-28&3

htt

{¢} Why are the manholes required and where are these ?.oi@owm

Explain the constructions of one with sketch.

Agis.: Refer Q-10

{d) A main sewer is to be designed to carry the converge of a
township spread over an area of 80sqKm with an average

O

o
Y
©

population of 200 persons per hectare. The average rate of Q)
wastewater flow can be taken as 300 ipcd and the maximun! G
flow is 50% in access of the average. Calculate the discharge (3
for which the sewer is to be designed and find the diameter o)
the sewer with sewer running half-full. Take n = 0.012 anc -

available slope is 1 in 1000.

Ans.: Refer Example-13

7=

S
S

0.4 {a) What do vou mean by hygienic conditions? %
Ans. The condition which is free from all atmospheric pollution.

(b) Describe the various systems of sanitation giving their

advantages and disadvantages. Considering the water shortage

A Tafnand

Faimavn Duhlicarian

Page 28
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in townships and cities, what are the modifications you would
suggest for better functioning of the syster. 7

Ans.: Refer Q-2&3

(c) Why are the manholes required and where are these provided?
Explain the construction of one with sketch. 7

Ans.: Refer Q-10

{d) A main sewer is to be designed to carry the sewage of a
township spread over an area of 44.sq.Km| With an average

population of 200 persons per hectare. Th
wastewater flow can be taken as 250 ibcd

e average rate of
and the maximum

flow is 50% in excess of the average. Calculate the discharge for
which the sewer is to be designed and find the diameter of the
sewer with sewer running half-full, Take n=0.013 and available

slope as 1 in 10C..

Ans.: Refer Example-13

i

UNIT - X

. CSVTU Aprillay 2009

7

Q.1 (a) What do you understand by self cleansing velocity? 2

Ans.: Refer Q-9
{b) Describe in brief the patterns of collection
water

Ans.: Refer Q-5

of stream and waste
7

{c) What point should be kept in mind while Jocating the site of

pumping station? What are requirement o

f sewage pump:

describe in brief ? 7
Ans.: Refer O:.H 1
{d) Design the section of circular sewer from following data: 7
(i) Area to be served =150 hectares
(ii) Population of locality = 50,000
(iii) * Maximum permissible velocity =3.2 m /s
(iv) Time of entry =5 minutes
(v) Time of flow =20 mjinutes
{(vi) Rate of water supply =070 litre /day/capils
(vii) Impermeability factor =0.45. 7
Amns.: Refer Example-1
Jainam Publication %%ﬁ Page 39
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3

Q.1 {a) Define Se

Amns.: Refer Q-1
{b) Differentiate b
system.

Ans.: Refer Q-3
{c) A population ¢
60 hectares. If
0.06 and time
minutes. Calc
proposed com
guestion. Mak

Ans.: Refer Exam

(d) Calculate the
a stop of din 4
velocity of 1.91

Ans.: Refer Exam

wage.

ple-11

ple-7

* Jainam Publication

UNIT -1

f 30,000 is residing in a town having an
the average co-efficient of run off for thi
of concentration of the design rain is 30
hlate the discharge for which the sewer of a
bined system will be designe:’ for town in

e suitable assumption where needed.

diameter and discharge of circular sewer
00 when it is running half fully and which a
n/sec. (n is Manning formula 0.012).

Mﬁwmﬁw

A A AT TR

5

etween water carriage system and conservancy _ e

g
Q.

area of YN

s area Hwa-

.blo

o

\

o .
laid as\Jd

//notes
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_w UNIT-II

Characteristics of sewage-physical, chemical and biological
characteristics, fundamentals of aerobic & anaerobic
process. Sewage treatment-preliminary treatment systems,
Racks and screens, comminuters, Grit chambers. Primary
treatment systems-Plain sedimentation, detention time and
over-flow rates, types of inlets and outlets, onsite
wastewater treatement- septic tank, Imhoff tank, oxidation

pond .

Q.1. Write a note on characteristics of sewage.

Ans. Sewage is a dilute mixture of the various types of wastes
from the residential, pubic and industrial places.. The
characteristics and composition of sewage mainly depends on the
source. Sewage contains organic and inorganic matters which may
be in dissolved, suspension and colloidal state. The characteristics
of sewage can be classified as.

{i) Physical characteristics,
(i) Chemical characteristics and
(i) Biological characteristics.

(i) Physical characteristics :- The sewage has the following
physical characteristics

(a) Colour :- The colour of fresh sewage is earthy or grey and it

has soapy or ily smell. It starts decomposition and begins to

get black after few hours of its production. The colour of

industrial sewage depends on the chemical process used in

the industries.

(b) Odour :- Fresh domestic sewage has slightly soapy or oily
odour, but the stale sewage has offensive odour of hydrogen
sulphide and other sulphur compounds.

(c) Temperature - Generally, the temperature of the sewage is
slightly higher than the water supply. When the sewage flows
in closed conduits its temperature further rises resulting in

the increase of viscosity and bacterial activity.

~ 4 *Mn, I 2
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(d) Turbidity :- The normal sewage is usually turbid and it
contains some matter which can be easily identified when the
sewage is fresh. Such matter includes, fecal matter or Swmwm
soil, pieces of paper, cigarette ends, grease, and fruit, soammmm

- match sticks, vegetable debris etc. 4

{e) Solids:- The sewage contains a very small amount of solid i

relation to huge amount of water. The liquid content of norma e

sewage is about 99.9% and the total amount of solid Bmgouma
(@)

- present either in suspension state or dissolved state is only
about 0.1%

(ii) Chemical characteristics :- The nature of fresh sewage mbabo
treated or purified sewage is alkaline. The nature of stalfmm
sewage is acidic. In addition to solids and liquids, the sewagep»
also contains various gases such as hydrogen wE@EQm.vq
methane, ammonia and carbon dioxide. Industrial sewage mayWd

possess unusual chemical properties. .—an

{iii) Biological characteristics:- The sewage contains Gmoﬁmnmo
and other living micro-organisms such as algae, fun S
protozoa etc. The bacteria are present in sewage in larg®os
number and depending upon their nature, they may beQ,
classified as pathogenic bacteria or non-pathogenic for causinglsd
diseases. The sewage obtains such bacteria from the &mormwmmln
of persons and animals suffering from various diseases. The
non-pathogenic bacteria are harmless. Depending upon Em:,m
action, the bacteria are divided into three categories, namelyQ
aerobic bacteria, anaerobic bacteria and facultative bacteria.

t

Q.2. Define the following term.
(i) Anaerobic processes
{ii) Aerobic processes
Ans. (i) Anaerobic processes:- The work done by anaerobic
bacteria, i.e. decomposition of organic matter is called =%
putrefaction and the result is called liquefaction, as the solid &
organic matter is dissolved by enzymes. Aerobic bacteria W
oxidize organic matter utilizing electron acceptors other than (@)
oxygen. In carrying out their metabolic processes, aam%D
produce. €0, Ha2S, CHa, NHs, N2 reduced organics and more
bacteria. Treatment units which work on putrefaction alone are
septic tanks, Imhoff tanks, and sludge digestion tanks. The

ded fr

Oad
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odorous.
(ii) Aerobic processes : The work of the acrobic bacteria, i.e.

combination with oxygen is called oxidation. Aerobic bacteria
utilize free oxygen as an electron acceptor. The end products of
aerobic activity are Cog, Ha0, S04, Nos, NHa and more bacteria.
The bulk of the available energy finds its way into cell mass or

heat, vielding a stable effluent which will not undergo further

decomposition.

. Explain the procedure of determinatiom of total solids,
suspended solids. And settle able solids for a waste water
sample. (Nov.-Dec.,2009)
Ans. Following procedure are adopted for determination of

{a)The total amount of solids:- Present in a given sewage can be
determined by evaporating a known volume of sewage sample,
and weighing the dry residue left. The mass of the residue
divided by the volume of the sample evaporated, will represent
the total solids in mgll.

{(b) The suspended solids:- Are those solids which are retained by
a filter of lum pores ; and they are, therefore, also called as
non-filterable solids. Their quantity ¢an be determined by
passing a known volume of sewage sgmple through a glass-
fiber filter apparatus, and weighing the dry residue left. The
mass of the residue divided by the volume of sample filtered,
will represent the suspended solids, in mgll.

(c) Settle able solids :- Can be determined easily with the help of
a specially designed conical glass vessel called Imhoff cone
(Refer Fig. 7.2). The capacity of the cone is 1 litre, and it is
graduated up to about 50 ml

Sewage is allowed to stand in [this Imhoff cone for a
period of two hours. And the quantity [of solids settled in the
bottom of the cone then be directly read out. However, in order
to obtain precise amount of settle able solids collected at the
bottom of the cone should be dried and weighed.

fainam Publication %rﬁ%ﬁ%ﬁ Page 43




Ans. The amount
out the biological
matter in

The standard

7. Define BOD. Explain its meaning.

sewage under
temperature and within the specified time.

Environmental Engineering-11

Fig. Imhoff cone.

scivil.blogspot.in/

of oxygen required for micro-organisms to carry Q
decomposition of dissolved solids or organic o
aerobic conditions at standard c

t

//

time and temperature for this test in USA is 5 ml

days and 20°C respectively. But in Indian condition, this test is v

"~ done at 37°C. The
the two groups (g) Carbonacecus matter and {b) Nitrogenous

matter, In the first
in the second stage

amount

Ans.
organisms. The aer

in sewage. As the op S i
=% M»m the oxygen exhausts, the aerobic action begins due
foul smell starts coming. Therefore
b

to which
decomposable mat
organisms. The len
percentage of oxyge
satisfied.

at do you understand by the s
= o v ,. b
determined?

The presemce of oxygen is necessary for the life of

organic matter in sewage can be classified in

ht

stage, the carbonaceous matter is oxidized and
the nitrogenous matter is oxidized,

5 days andg

ded from

Oad

bbic acti ntinues till t i
on continues till the oxygen is present

ni

indirectly the
ters require oxygen, which is used by the
gth of aerobic action can be increased if the
n is increased in the beginning and the BOD is

Dow
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For performing this test, the sample of sewage free from
he water used for

ative is diluted in water in 1:100 ratio. T!
dilution has excess of oxygen, which is determined before dilution.
The diluted sample is kept in incubator at average temperature
n0°C for 5 days. The quantity of dissolved oxygen in sample is
determined after incubation. The difference between the quantity
of oxygen present in water in the beginning and the end of
incubation is the amount of oxygen consumed by the sewage.

Huﬂwmmg

Q.6. What are the limitations of BOD test.

Ans...Following are the limitation of BOD test:-

iy Ifthe sample of sewage contains toxic wastes, it should be

given pretreatment before applying the BOD test.”
i) It is essential to have a high concentration of active

bacteria present in the sample of sewage. .

(iii) The effects of nitrifying organisms should be reduced
before applying the test. , v

The test losses its stoichiometric validity after the soluble

(iv)
ent in the sample of sewage has been

organic matter pres
exhausted or utilized
The test measures only the biodegradable oﬁmmﬂwo.

/\& The time required for the test is arbitrary and long.

7 Define BOD, deduce expression for first stage BOD.
, {april-May,2011]
Ans. First stage BOD @ At a given temperature the rate at which
BOD is satisfied at any time. (il.e. rate of deoxygenating) may t
assumed to be directly proportional to the amount of organic
M&wﬁmwmwwmwsismméwmw, in other works, the exertion of 8O

(s considered to be first order reaction defined by

1
“of ot
P L I T I

Where L= amount of first stage BOD remaining in the sample
at any time t {or oxygen equivalent of. carbonaceous oxidisable
organic matter present at any time 1}, expressed as mg/i.

¢’ = rate constant signifying the rate of oxidation of crgani
anit (day)™. Its value depends upon th
and the temperature during

Pt

o 0

maitter, having a
nature of organic matter present.
the reaction.

% Jalnam”
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t == time in days.
Integrating Eq. 1between time t=0 Amm which as L= Ly Say)

t, we get
&F ,
T—=-K \ dt

Or Log, &ﬂ = !HM o ?w&C\Wy\
= -kt o

er
o
/-
i

t.in

sv0s00

po

!:lm

seovee

gs

Where the wmﬁo constant K=

v000va0a

0

In the above equation, L, i
C » Lp is the oxygen equivalent g
UQ@S@M present in sewage at the beginning. EMO K Mmmms%”\mﬁwmbw_lo
ase 10 rate constant (or deo S
xu\masmas const ’
known base e rate constant. o m T e
.Eam, amount of BOD remaining at any time tis
Ly = hoﬁo:xd
Hence y, the amount of BOD
X th
s ghvers oy at has been exerted at any tim
ye= (Lo — P@ = Lo(1 — 107%t)
5 the above equation .5, is the BOD of t days
(ie.yt = BOD,).
From Eq. d, 5-day BOD is evidently given by
BODg=yo= Ly ~ Lg = (1 — 1075k) (
The H)&mﬁosmgﬁm expressed by Egs. (c) and (d) ma@::..:
represented by the corresponding curves shown in Fig. 1

The ultimate first sta
ge BOD(i.e.yujwill b
{=00 wﬁ. mﬂ Aﬂw ,H,H\.—gw y \ 1 e Odﬁm.:u@&. Uu\ submit

IV

vse000evessssoy

:/indtesc

http

g::;om
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R
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f
W‘\&Ngﬁ do you understand by * chemid al Oxygen demand”?

Ans.

(April-May,2009-2012)

CHEMICAL OXYGEN DEMAND (COD): COD test, which can

be used to measure content of organic matter of both wastewater
ined only is 3 hours

as well as natural waters. COD can be dete
in contrast to 5 days of BOD test. In COD fest, a strong chemical
oxidizing agent is used in an acidic medium to measure the
oxygen equivalent of organic matter that cap be oxidised.
The COD test is specifically more suita ble to measure organic
matter present in industrial wastes having compounds that are
toxic to biological life. For typical untreategd domestic wastes, the
ratio COD/BODg is found to vary from 1.2% to 2.5. A higher value
of the ratio indicates that the wastewater is difficult to biodegrade.
For non-biodegradable wastewater, generally specified by the
authorities is 250 mg/1

Significance of COD
The ratio of COD are generally gmwma than the ratio of BOD

Q.9 Derive the stricter Phelps Equation
{April-May,2012)

Ans. Streeter-Phelps equation: The entire analysis of oxygen sag

curve can be easily done by super-imposing the rates of
deoxygenation and reoxygenation, as suggested by Streeter-

_phelps analysis gives below.

m%m = f (deoxygenation and reoxygenation)

dD,
Qﬂn NA‘ ~L~ - NN cm se00ce ﬂ@w

or
where D, =DO deficit at any time t.

L, = amount of first stage BOD remaining in the sample at any
time t.

I’ = BOD reaction rat constant or deoxygenation con-stant to the

base €.

R' = reoxygenation constant to the base e

¢t = time (in days)

/!v

-,
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dDy

— = rate of chan
dt

But L; = Ly e k*

Where L, =BOD re

ab,
Hence -t K’
ce — K'L,.e

Or 224 R =K'l

This is the first ord
standard procedur
equation, one can

Kl
D,

= ~krt _
= le €

Changing it to the |

Dy =222 [107" — 1

Where K = BOD rez
R = Reoxygenation

D, = Initail oxygen
t=20

Eq. (d) is the classig
most commonly use
representation of Eq

\ .\\@ 10 Define prelime

Ans. Preliminary T
of the processes

wastewater the pres
subsequent treatm
Wastewater containg
solids, some of cons;
remove floating mat
wood, papers rags, 1
grease etc.) and als

%] + Dy. e R

e of DO deficit.

maining at time t = 0
kit - NNﬁUN

=kt

.e eeee {b)

er first degree differential equation. Using the

e for the solution of the above differential
bbtain.

ceaes {C)

base 10, we get

“R'] + D,.107R vonens {d)

\ction constant to the base 10.

constant to the base 10,

//notes;iviI.blogspot.in/

deficit at the point of wasle discharge at time

Streeter-Phelps oxygen sag equation which is
d in river analysis. The graphical
- (d) in shown in Fig. (c).

7

aded from http

inary Treatment.

reatment: The preliminary treatment consists
which remove those constituents of the
ence of which would otherwise interfere with
ent processes or mechanical equipment.
varying quantities of floating and suspended o
derable size. Preliminary treatment Processes mmmm
erials (like dead bodies of animals, pieces of c
netal containers, plastic or rubber containers,
0 heavy settle able inorganic solids like grit,

W

[
and fragments of ﬁmmosa% etc. The process units also include (C)

pumping as well as

oW measurement systems.

Jainam Publication
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Various units involved in preliminary treatment are:

i i mommﬁw matter. o
ij  Screening, for removal of . .
\\ME Grit chamber or detritus tank, for removal of sand. and
) grit . .
bﬁ Comminutes for grinding or oﬁowvﬁwm large size
‘ suspended solids. :
iv) Floatation units and
soils and grease. |
(v) Flow measuring units, such Parshall flume etc.
Avi) Pumping )
vii) Pre-aeration

{ skimming tanks for the removal of
p

Q.11 Define the following termm.
Ans. 1. RACKS AND SCREENS

Screening is the first unit operation Avg\mwo& Sw:\n
operation) in wastewater ﬁmmagmsﬁ.?wam.. A screen www amﬁmw
with openings generally of uniform size. T ro screening € wBMS s
may consist of parallel bars. Rods, gratings or wire Bamﬁ\ or
perforated plates, and the screens may be of any st &M
although generally they are circular or rectangular. The :c@s
procedure is to pass the influent water through racks or coarse
screens. Bar racks are used to protect pumps, <..B<nmrm%m
lines and other appurtenances from damage or &ommwﬁm by rags

and large objects.

L BYRASS e Ry
. P ' ! e L 40
P A X 2 e
s e
© 8O g g
cas
LT o o i
RGN LﬁNfN\N:ﬂ yom e \\xsﬂwk» ; : :
rig e i )
PERFORATED METAL
BAR SCREEN o ATFORM FOR SCREENINGS
ta) PLAN, : :
BARS FOR w
(BYPASS

], r«!):\zw W 223

. I
« = £

PETE T L
e o e e . A3 M U y ]

n] L~ SECTION. o
Fig. HAND-CLEANED BAR SCREEN WITH OVERFLOW BYPASS.
A bar rack having clear openings greater ﬁgm&. ,Ao %ms
should precede mechanically cleaned grit-removal Mmo:;wmww. AM
bars run vertically or at a’ slope varying from 30° to 80° wi
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OO%O pumps against clogging by rags and large objects. However,()

Environmental Engineering-il

horizontal. Small plants often utilize hand-cleaned racks while
mechanically cleaned racks may be used on large plants. The
cleaning devices are rakes which periodically sweep the entiris
screen, removing the solids for further processing or disposal. &

2. COMMINUTORS AND BARMINUTORS hmwwgi @w\xwm -
o«( A comminuting device is a mechanically cleaned sc enl)

@%W\%En? incorporates a cutting mechanism that cuts the retainedQ)

material enabling it to pass along the sewage. Frequently, theyu
are.installed in the wet well of pumping stations to protect theQJ)

provision must be made to bypass comminutes in case flow ==
exceed the capacity of the commenter or in case there is HD.
power or mechanical failure. The use of comminutes tends g

reduce odours, flies and unsightliness. >

. o B o mmm

U

O

o

/

/

LN ]

e

P wjd

mogzm.mnmmmz\ N i e
WITH CUTTERS |

Fig. COMMINUTOR WITH ROTATING SCREEN CUTTER. m

A comminutors consists of a vertical revolving drum-screen
with 6. mm to 10 mm slots. The head loss across comminutors S
depends upon screen details and flow, the normal values being
on the order of 50 to 100 mm.
¥/12 Draw neat diagram and explain working of,
{i) Screen chamber. (i) Grit chamber
Ans. (i) Screen chamber:- A screen is a device with openings
generally of uniform size for removing bigger suspended of momﬁdmh
matter in sewage. The main purpose of the installation of screens -
is to remove the floating. Matter of comparatively large size. If
such materials are not removed they will choke up the small pipes W
or affect seriously the working of sewage pumps.
The screening element may consists of parallel bars rods, ()
grating or wire meshes or perforated plates and the opening may
be of any shape although generally they are circular or
rectangular,
The racks or screens are constructed of flat iron bars set on
edge across the channel through which sewage flows with a

f
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elocity of at least 0.45 m/sec. It is usually Emo& in an ﬁngmm,
<ow§o¢ Will an angle of about 30° to 60F with ﬁ.wo &R@M ymn m
mOé emn screens are sometimes accommpdated in the body o

great chambers. Soreenings

Dutlet m

Ll

Sereen Bors 1

inlet

JE
i
E

SR e
Ladtesd |\ . |
, Section on AB e Perforated
Screen Bars - ) e PLatiorm
i » { 3
e ] o & N ! A £
it et gy s.aﬁ \. v Qutie :
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L
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_u,m@; Fined screen

(ii) Grit Chambers:- The purpose of provid
sewage treatment process 1s to remov

- . : T
other inorganic matter from mmiwmm., .
the <m_oowm\ of flow in grit chamber is| decreased to such an

extent that the heavier inorganic m3 ﬁoimum. settle @085 at
bottom of chamber and the lighter jorganic materials are

carried for further Qnmﬁgnsn.
G -

ing grit chamber in the
'e grit sand and such
» achieve this purpose,

Hintet

. \ /vcnﬁ.
R inlet s
;. l‘ o
oo Geit Removal Pipe
B . -
Plao .
Fig. Grit chamber with dirget tlow
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@ 13, Define the Term.,

Ans: Plain sedi

from suspending’

gravitation and

w@%Easgaos with ;

aggregation and

Sed coagulation(Clarification):
chemicals or other substances are added to induce or haste

entation : When the impurities are separated
fluid by action of natural forces alone, i.c. by
\tion natural aggregation of setting particles.
operation is called plain sedimentation.

e
c

[
Wh

settling of finely divided suspended matte

colloidal substanges, and large molecules, the operation is callelyy

sedimentation wit

Chemical precip

chemical precipitation.

Discrete particles

and weight while
particle.

Q.14 Explain var

Ans : TYPES OF

suspension in tl
concentration of t
the particles

1. Types I sedime

2. Type II sedimesx

3. Type Il sedime

4. Type IV sedime
Y

e following four ways,
he suspension and the flocculating properties

h coagulation or simply clarification.

)

: . itation : When chemicals are added to thrqff)
dissolved impurities out of solution,

the operation is callgges

ious types of settlings.

ntation (Discrete settling)

itation (Flocculant settling )
ntation (Hindered or zone wm.ﬁ:b@
ntation {Compres sion settling)

>

¢ A particle that does not alter its .mﬁmﬁﬁ Ema
settling or rising in water, is known as &mgoﬁm

not

SETTLINGS : Particles may settle out omﬂ
depending upon ﬁuml

Dlo‘w'hvloéad:’éa from htt

Environmental m:ms%:zm.z

Types I Discrete settling : This corresponds to the wmmygaamﬁoﬁ

of discrete particles in a suspension of low solids concentration.
This is also known as free settling since the particles have little
tendency to flocculate or coalesce upon contact S:v each other.

Type II Flocculant mnnz.:»m This type of mnaﬁm refers to rather
dilute suspension of particles that coalesce or flocculate during
sedimentation process. Due to flocculation, particles increase in
mass and settle at a faster rate.

Type III Hindered or zone settling : ﬁ\:m type of settirnig refers to
flocculent suspension -of intermediate concentration. Inter particle
forces hold the particles together and ronom the mass of the
@ﬂnﬁ&om subside as a whole.

Type IV Compression mmnn:,um This refers to flocculent
suspension of so high concentration that particles mogms% come
in contact with each other, resulting in the formation of a
structure. Further setting can occur only by compression of
structure brought about due to weight of particles which are
constantly being added to the structure . o

The discrete settling removes pit and sand particles from the
Q.15 What do you mean by overflow rate of a setting tank ?
(Nov.-Dec.,2010)

Ans : Overflow rate or surface loading rate : The overflow rate
represents the hydraulic wom%sm ﬁ@ﬁ unit surface area.of tank in

unit time, usually expressed as \Q\SN Overflow. Rates must be

checked both at average plant @oém and peak flow. Table 12.1

M VYRR 1 TYRE 3 gives the values of overflow rates for different types of primary
Qs x\x\%& ; settling tanks, as recommended by the Manual on sewerage and ;
P sewage treatment prepared by the gﬁ\:wﬁd\ of Urban UaS&oﬁSer 3
“IYPE :
. e - x| ool (MUD). New Delhi. M
o \\ . - o, AN . )
M Mmm Ve T g TYPE §Y & TABLE 12.1 DESIGN PARAMETERS FOR SETTLING TANKS.
S 4 L Type Overflow rate Depth |
S o : 3 2
PARNTIOLILATE ELOCLULEMT ><0Hm0\ﬂ anwﬂﬁun Ad@.w
Fig. TYPES OF SETTLINGS 1. Primary setting only 25-30 50—-60 '|3.0—3.5
2. Primary setting followed by 35-50 80-—125 | 3.0-3.5
secondary treatment .
jainam Publication WM ginarg Page 52 3. Primary setting with 25-35 50—60 [3.5-4.5
Jainam Publication wﬁﬁﬁ: Page 53
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A e A S B D
activated sludge return
4.8econdary settling for tricking 10--25 40-50 |3.0—
filter
5. Secondary settling for 15-35 40~-50 w,mx.ml
activated sludge (excluding o
.extended aeration) o~
6. Secondary settling for 815 35 w‘m!ﬂw
I extended aeration
Lo ] e B
Q.16 What are the object of plain sedimentation ? m
Amns : Following are the objects of plain sedimentation tanks:- —
© .

1) The process of sedimentation reduces the strength of sewgpe
to the extent of about 30-35% U

2) The quantity of solids in the sewage is reduced to the ext¥ft
of about 80-90%

+ 3) There is H,ma_ﬁo.now in BOD to the extent of about 30~35% (o)
4) The sewage after being treated in the sedimentation tagis
~ becomes fit for further treatment processes.

tesc

//

&
Auns ¢ Inlet and outlet device : Performance of sedimentassh

tanks is very much influenced by inlet devices which |m
intended to distribute and draw the flow evenly across m
basin. All intents must be designed to keep down the entr

velocity to prevent formation of eddy or inertial currents wsﬁm
tank to avoid short circuiting.

.17 Explain about Inlet and outlet device ?

(e
©

{a) Rectangular Tanks : In horizontal flow rectangular tan

* inlet and outlets are placed opposite each other mmwmﬁmgn_d
the length of the tank with inlet perpendicular to the directiggy
of flow. Following methods are used to distribute the i)
uniformly across the tank Outlet is generally an overflow W,
located near the effluent end, preferably adjustable
maintaining the weir at a constant level. V-notches
provided on the weir to provide for uniform distribution of f]
at low heads of discharge over the weir. Weir lengths coul
increased by placing outlet channel inside the tank with weirs
on both sides. Scum baffles are provided ahead of outlet
devices to prevent the escape of scum with the effluent. Of
outlet devices to prevent the escape of scum with the effluent.

A Tafnand
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(b) Circular tanks : In radial modé circular tanks, the usual
practice is to provide a central inlet and a peripheral outlet.
The central inlet pipe may be either a|submerged horizontal
pipe from wall to centre or an inverted siphon laid beneath the
tank floor. An inlet baffle is placed doncentric to the pipe
mouth generally will a diameter of 10-20% of the tank
diameter and extending 1 to 2 m below water surface. Where
the inlet pipe discharges into central hpllow pillar, the top of
the pillar is flared to provide adequate niimber of inlet diffusion
ports through which sewage enters the tank with an entry
velocity of 0.1 to 0.25 m/s through the pprts.

Outlet is generally a peripheral weir discharging freely into a
peripheral channel. The crest of the weir is provided with V-
noteches for uniform draw off at low|flows. In all primary
settling tanks, a peripheral scum baffle extending 0.2 to 0.3 m
below water surface is provided ahead of the effluent weir. If
the length of the peripheral weir is not adequate, a weir trough
mounted on wall brackets near the periphery with adjustable
over flow weir on both sides is provided|to increase the length

of weir
.18 Explain with neat sketch “stabilization Ponds” ?

Ans : STABILIZATION PONDS (OXIDATION PONDS) : A
stabilization pond (or lagoon) is an open,| flow-through earthen
basin of controlled shape, specifically designed and constructed to
treat sewage and biodegradable industrial wastes. It is a relatively
low-Cost treatment system which has| been widely used.
Particularly in rural areas. These ponds may be considered to be
completely. Mixed biological reactors without solids return. The
mixing is usually provided by natural processes (such as wind,
heat, fermentation), but may be augmented by mechanical or
diffused aeration. Stabilization ponds provide comparatively long
detention periods extending from a few to several days when the
putrescible organic matter in the waste gets stabilized by the
action of natural forces fee . The degree of treatment that can be
achieved is as good as that of the of the conventional system, if
these low cost system are adopted.

Classification of stabilization ponds. $Stabilization ﬁoﬁam. are
usually classified according to the natute of biological activity

that is taking place as: ,
(i) Aerobic (ii) anaerobic (iii) facultative (aerobic-anaerobic).

L S - TR
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T (v) Effluent quantity ‘standards of 30 mg/I »dnmﬂw@mb&m.a
solids are not met. S
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Q.19 Explain the function of septic _nmﬁr. & Imhoff nmbw..

Ans : SEPTICTANKS : A septic tank is a special form of primary
sedimentation tank with a longer detention time, in which
digestion of settled sludge also takes place. In other words, a
septic tank is a combined sedimentation cum digestion
tank. This tank has, therefore, larger capacity than ordinary
primary sedimentation tank, so as to accommodate and hold
the settled sludge for its subsequent digestion. The digestion
of settled sludge is carried out by anaerobic decomposition
process, giving rise to simplicity or septic condition; that’s
why this unit is known as septic tank. Since the foul gases
(such as hydrogen supplied methane, carbon dioxide) are
evolved during the digestion process, the tank is kept
completely covered on the top, with a provision of a high
vertical vent shaft for the escape of these gases. Septic tanks
are recommended only for individual homes and small
communities and institution (such as school, hospitals etc.)
whose contributory population does not exceed 300 or

.

w S INLET MANHOLE
INFLUENT
{a} PLAN

/Inotescivil.blogspot.in/

DUTFA . . . .
W%zhﬁwm where suitable wastewater carriage system is not available.
. For septic tanks to function satisfacterily, a fairly adequate

ml water supply is a prerequisite. .
ol IMHOFF TANKS : An Imhoff tank, designed and developed by
._Im- Karl Imhoff (Germany), is an improvement over the septic tank.
SIDEWAYS TEE TYPE SUBSURFAC The tank, which is basically a sedimentation-cum-digestion
P A g»%;@wx STRUCTURE m tank, has two chambers. The upper chamber is called the.
P} LEVEE AND QUTFALL STRUCTURE sedimentation chamber or flowing-through chamber, through ;
| "Fig. STABILIZATION POND m which sewage flows at a very low <@_005~ so that wo&.gm.wﬁmﬁos ﬂ
Advantages of stabilization ponds of lagoons Y may ﬁwWw‘ place. The lower chamber 1s called the digestion :
(i) Lower initigl cost than required for a mechaunical plant. "L orma,cma. in which anaerobic or m.nvﬁo decomposition onocmm
(ii) Lower opetating costs. beT] Hwo, morgm. of the sewage setting to 9@. bottom -of the
sedimentation chamber are made to fall in the digestion

(ili) Regulation| of effluent discharge possible, thus provid?gy
control of pollution during critical time.of the year.
(iv) Treatment| system is not significantly influence by a leajgy
sewage system bringing storm water along with sewage.

chamber through sloping bottom walls (slope about 60°) and
an entrance slot at the lowest point. The slot is trapped or
overlapped in such a way that gases generated in the digestion

d

ni

Disadvantages

{ii Required extensive land area. Hence the method can W
used pnly in rural areas where land costs are less. o

(ii) Assimilative capacity of certain industrial Smmﬁ@mD
poor.

(iii) Therg are potential odour problems.

(iv) If used in urban areas, expansion of town and new
develppments may encroach on the lagoon site.

Jainam Publication
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chamber do not enter the sedimentation chamber. The gas
vent, also called scum area is provided with the digestion
chamber for the escape of gases. Gas vent and scum area
should be 20 percent of the total surface area.

Jainam Publication
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Q.20 Write short notes with neat skethes? (Nov.-Dec.,201
Ans : FACULTATIVE PONDS (OXIDATION PONDS) : A facultatig

e .

Fig IMHOPF TANK CONPIGURATION

SETTLING ZON ~

LI M T ; I <

[ M ﬁ =
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& 01 vawve =
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c |

b © m—

=

14

v

) Q
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pond combines the features of the aerobic and anaerob
ponds. Constructed of intermediate depth (1.0 to 1.5 m),
facultative pond consists of three zones: (i) aerobic zone at {i¢g=
top (ii) anaerobic zone at the bottom, and (iii) facultative zon

situated between the aerobic and anaerobic zones (Fig. 15.

where decomposition of incoming organic wastes EG
products of anaerobic decomposition are done by facultatinc.
bacteria. The top aerobic layer act as a good check agairtim
odour evolution from the pond. The remain on the bottdRH
and will be subjected to anerobic decomposition. The actiog)
in the aerobic zone is similar to the one found in the mmwow.a
ponds, giving rise to bacterial-algal-symbiosis. The facultati

ponds is best suited and most commonly used for Q‘@mgpo%
" of sewage.

tp:

0, €O Chy COy mx;
N b1 ,
imw.wmww/ $M »mmom“%wm‘zm M \\

Downl

F1
¥
i . m \\\
LI AN FACULTATIVE ZONE
w,mﬁw {max.) /x . %zmymmmumwny Nﬂﬂmxﬁn st e w.‘\\\
B T

Fig. ELEVATION DIAGRAM OF FACULPATIVE POND

STRATA AND OPERATION

WL R

{2) Oxidation ditches: Oxidation ditches

Environmental Engineeringil

Mechanism of purification: In a facultative pond, the
influent organic matter is stabilized by methane fermentation
in the bottom layers and partly by the bag¢terial oxidation in
the top layers. In the liquid above the bottom sludge layer,
there is a zone (known as facultative zone), in which
facultative bacteria oxidize the incoming

organics as well as the products of anaerobic
decomposition of the bottom anaerobjc zone. When the
sewage enters the ponds, the suspended organic matter in
the influent as well as the bioflocculated colloidal organic
matter settle to the bottom of the pond. In the absence of
dissolved oxygen at the pond bottom,| the settled sludge
undergoes anaerobic fermentation with the liberation of
methane which represents a BOD removal from m the
system-0.25 g of methane being literate for every grimmer of
ultimate BOD utilized. In the liquid layer of the pond, algae
begins to grow under favorable conditions which maintains
aerobic conditions in the upper layer of the pond. The aerobic
conditions promote the oxidation of organic waste matter by
aerobic bacteria. Thus it is seen |that there is an
interdependence between algae and bacteria with the algae
supplying oxygen required by the bacteria and bacteria
making available the carbon dioxide required by the algae.

ay be constructed
either in earthwork with earthen embankments or in brick or
stone masonry with vertical walls. Brick gr masonry walls are
preferred, because they occupy lessees land area, and don’t
get eroded. Whether they are constructed in earthwork or
masonry, water-tightness is essential, to| ensure the desired
immersion of the rotor.

Each ditch channel is usually equipped with a special
type of horizontal axis rotor, which serves the purpose of
agitating and circulating the sewage, and thereby oxygenating
the same. The rotor, not only give oxygen supply to the
sewage, but also helps in keepings the sewage-solids in
suspension (which act as carriers of agrobic bacteria), by
imparting sewage a velocity of more than 0.3 m/sec. The
Thoroughly aerated sewage is then settled in a settling tank
by, stopping the rotors for about 2 hours, jand then taking out
the clear supernatant liqguor at the time of on flow (i.e. during
night hours in case of small communities). A part of the
settled shadge is used for recirculation, and the excess settled
sludge, which is well stabilized due to long detention periods
(characterized by low BOD), can be easily [dried on sand beds,

fainam Publication
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and disposed| off suitabl >.m§u &m EP— “ealistic charges for this treatment to be charged from the
! suitably. ical arrangement of an , o fes i ; i . f
oxidation ditcH is shown in Fig. g . pﬂﬂﬂwﬂ%om instead of charging them simply by the volume 0
v . S . ‘
(2) Relative stability : The term. relative stability of a sewage
m ‘ effluent may be ‘defined as the ratio of oxygen available in the
) ommm effluent (as D.O., nitrite or nitrate) to the total oxygen required to
, - satisfy its first stage B.O.D. demand. It is expressed as percentage
q | } 4 (@) ” of the total oxygen required, and can be expressed by the
o equation: ,
e . Relative stability = S = 100[1 - (0.794)%20]
7o ¢ w
1?.%, .%W ape e o § = 100[1 — (0.630)°¢”]
o Where S = The relative
© Controf outiel b mn.mzuwﬁnu\. L(20) and t@s7)
(@djustable weir) . represent the time in :
, Treated r—l days for a sewage sample 5
iy sffivent > to decolourise a standard 1
. .a ,,“ volume of methylene blue
,ﬁfcﬁ\ - solution, when incubated
| Excess sludgg I at 20°C or 37° C*
| Mﬂ Mo%..ﬁ%%ﬁ:g m A respectively.
\.. n, : The decolourisation caused by the enzymes produced by
mad_ﬂwpﬁawa ~ anaerobic bacteria, infect, is an indication of the available oxygen
tram grit chamber ~ in oxidizing the unstable organic matter.
Fig. Plan view of a typital Oxidation ditch, Dol
. - Q.22. What do you mean by most probable Number (MPHN} in &
Q.21 What do you mean by (1) Population Equivalent (2) - : waste water example (April-May,2010)

Ans : Most probable number (MPN) : MPN is the number which
represents the bacterial density which is most likely to be present.
" It is necessary to note positive test obtained on portion of

Relative stability . (April-May,2011) L2
Ans : (1) Population Equivalent: Industrial wastewaters ar

generally oou.sﬁmsda. with per capita normal domestic wastewaters
So as to rationally charge the industries for the pollution causedQ)
by them. The strength of the industrial sewage is, thus WOrkeChmm
out as below: ) % |
Standard BOD(5 days)

m Standard (5 days) “ _ | of domestic sewage per
of indugtial sewage| ~ person per day

x [population equivalent]
The average BODjg [of domestic sewage is worked out to be aboulQ

aded f

sample to know number of coliforms.
MPN of coliforms is decided using statistic
ml from positive test. i
The standard samp
tested and all gives negative resul

positive, then MPN is 2.2 per 100 ml and so on.

MPN is more accurat
coliform by multiple tube fermentat
ml, five 1 ml and five 0.1 m

e than E-Col

1 portions are used.

al tables per 100

le consists of 10 ml. If five m.mé.ﬁmm are
ts, then MPN is zero. If one is

i index MPN index counts
ion technique, when five 10

060k prt, om0 of v com o e 0.1 oo ars .
out as J g/day, then o. of tubes giving positive reaction -
The population eqpirvalent = £ o0 mieach | 5of Lmleach | 50f0.Imleach | MPN
— Total BODg of the indlistry in kg/day 0 o i 0 0

0.08 kg/day/person o 0 o T .\l?le.wixi,
=3 _ 3750 0 L
" 008 : 1 0 0 2 éiiﬁ
The %o%ﬁwwmoﬁ equivalent, thus indicates the strength of the 1 0 4 4
dustrial m%mmﬁoémﬂ Lrs for estimating the treatment required at the 1 L 1 1 6 |
municipal sewage treatment plant, and also helps in -assessing R
, & Jalnand” Page 61
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v
Q.23. Draw a waste water treatment flow. Diagram show{iyy
various treatment units. Clearly show the %3:5?@

treatment. Primary treatment and secondary treat
units on it /?
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(1)Determine the ultimate BOD and 1-day

Solution: y, = Lo(1 — 3;5
ys = Lo(1 —1075K)
200= Lo(1 — 10-5%01)
Lo = 292.5 mg/lit.
~ Ultimate BOD = 292.5 mg/lit
yi = Lo(1 - 107*%)
Jo = 202.5(1 — 10101
= 60.16 mg/lit.
« 1-day BOD = 60.16 mg/lit.

(2) The 5-day BOD of the waste water saj
mg/lit. Find out the ultimate first stage

BOD for a sewage
having 5-day BOD at 20°C as 200 mg/lit, Assume.
TNG = Q,H\Qm%u

mple at 20°C is 210

BOD. Find out the 5-

day BOD of the same sample if the incubation is done at 30°C.

Assume the BOD rate constant as 0.23 g
Solution: k'= 0.23 per day.
ys = 210 mg/lit. at 20°c
ye = Lo(1 —e7¥)
210= Lo(1 — e™5%02%)

Lo = 307.3 mg/lit.
Ultimate first stage BOD(Lo) = 307.3 mg/1
K'p = K50(1.047)T720
K3 = 0.23(1.047)720

K'3o = 0.364 per day

er day.

[ad

ys= Lo(1—e™*)
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=3073(1- m..c.wiév ' , (4) 3-day BOD of a waste water w»gﬁm at 37°C ie wmu@ nmpm\ it.
Find out its 10 days BOD at 20°C and 5 day BOD at 30°C.
¥s = 257.53 mg/lit. Assume BOD rate constraint at 20°C is 0.23 per day.
' 5-day BOD at B0° C(ys)= 257.53 mg/lit. m Solution :
_ @ x 0 +WMMA. X 8.6 t. V3 at @.Noo = 300 Bm\zﬁ,
o -
= 8.428 mg/lif. o K'= 0.23 per day.
5-day BOD m BOD rate constant at 37°C
YA 77 T~20
(BOD)s = [(DO)Yy — (DO)s]  dilution factor O K'r = K'20(1.047)
‘7 = K'50(1.047)%77%°
= (8428 —5.4) x 22 |D. K's7 = Kzl )
o— = 0.23 [1.047]37-2°
= 151.4 mg//lit >
’ .a = 0.502 per day
(3) A 5-day BOD of waste water sample was found to be hr
40mg/lit. The initial DO concentration of dilution water usedqq) Ultimate first stage BOD
is 9 mg/lit. While the DO of the mixture after 5 days s = Lo(1- ekrt)
incubation was 2.74 mg/lit. If the waste water sample taken o Ve

is 40 ml and volume of BOD water is 300 ml. Find the initia
DO concentration in the waste water.

¥ = HLOAH . mlo.mONva

//n

L3 300= H\OAH - miH,chwa
Solutiomn : e .
._._u Lo = 385.46 mg/lit.
BOD)s = 40 mg/lit.
oD ¢ e 10-day BOD at 20°C
(0D)5 = 2.74 mg/lif.
5 m\ m V1o = POAH . mlx;v
[BOD]s = [(OD), —|(0D)s] x dilution factor (@) 2ax10
S V10 = 385.46(1 — e7%3719)
40 = [(OD), — 2.74] = 322 S .
“0 N o] Vo = 346.81 mg/lit.
AOGVO = 8,073 EW\ “ mﬁﬁﬂ — MA\NOAH.O\*Q,V%IND
<E X ﬁg = <m X ﬁm -+ <Q X Ou a x\wo - ‘NOAH.OAW\vaINo
C.= VmXCm=VaxCq o .
s Vs = = 0.23(1.047)
- wocXm.chiNmoxwm n
- 40 W K'so = 0.36 per day
= 2.047 mg/1 m yo= Lo(1 — e7*")
~ Initial DO concentration in waste water = 2.047 mg/lit, = 385.5 (1 — e™036%%)
ys = 323.04 mg/lit.
JU : R . Page 65
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, L — T = Lo(1- e o)
(8) A 2.8 ml of waste water sample is diluted to 200 ml o

BOD test. The initials DO for the diluted sample is 7.8 mg . 110 =Lo(1 — e~01583)

and final DO after 5. Days of incubation is 3.2 mg/lit. E:@.m

out the BOD of waste water.

Environmental Engineering-I1

o Lo = 75134 mg/lit
v 0,
Solution: ~ 5 days BOD at 20°C
. - — a~krx5
DOnirial = 7.8 mg/lit. Vs = roAH e V
-0.1X5
DOfinar = 3.2 mg/lit. ys = 751.34(1 — ™)
= 295.63mg/lit

Thus 5 days BOD = 295.63 mg/lit.

Total volume of dilute sample
~ volume of raw sample

Dilution factor =

//notescivil.blogspot.

_ 250 (7) The 5 day 30°C BOD of s sewage sample is 110 mg/1.
e Calculate its 5 days 20°C BOD. Assume the deoxygenating
BOD = (DOjpjria; — DOFjna) ) Dilution factor. constant at 20°C, Kzpas 0.1 Kp(ze-) .
. 250
= (78-32) x>+ Solution. Kp(g) = 0.1
= 460 mg/ :h, Now, using equation
. LN ] e
- BOD of waste water = 460 mg/lit. (o} Kpery = Kp(zo9) [1.047]7-2°, we get
e . - .
(6) The BOD of a sewage incubated for one day at 30°C has = Kpgaosy = 0.1 [1.047]30720 = [1.047]*¢ = 0.158 .feec oo (D)

been found to be 110 Mg/L. what will be the 5 days BOD mﬁh

. i = L[1 = (10)~%0t], w; get
Z0°C ? Assume the values of reaction constants K, as 0.1 »em Now using Y m (10) _

20°C [base ‘10"). o) Y, = L[1 — (10) 7], w; get
Ans. Given: 1 day BOD at 30°D = 110 mg/L .— %, = L[1 - (10)7%5]
5 day BOD at 20°C = ? w s s = L1 — (10)70GOV5],w; get
Ky = 0.1at20°C w Or 110 = L[1 — (10)~015%5] = [1— (10)"%7%]
o m o
yiat wn C =110 & k;at 20°C = 0.1 o Lfi- EwL = L[1-0.162]
Ki = Kg0(1.047)T-20 o : 110
Kao = 0.1(1.047)30-20. S Or 110 = L (0838) or L Zg555
Kok, = 0.1(L047)10 m OrL = 131.3 mg/L. e (i)
= 0.1583 per day Now Ysarz0°c = L1 — (10) 0 @0%<5]
Ultimate 1 st stage BOD | - 131301 - (10)2] = 1313 [1- g3
o = Lo(1 — e+ x 1) W = 1313 x (1 - 0.316) = 131.3 X 0,684

T ] mw ) i3
o Pecaton 4 lalpand Fage 7

. . . aina
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(8) Calculate 1 day 37°C BOD of sewage sample whose 5 day

20°C BOD is 100
Solution: 5 day 2
Now using Eq.
The BOD at 20°C,
Y, = L1~ (10) ko
Using Y; = 10
kp(20°) = 0.1
100 == L{1 — (10)~%1
100 = L[1 — (10)~%%
= L[1 - 0.316]
= L—=> = 1462 mg
Net let us work ou
Kperey = Kpezery [1.0
Kpgare = 0.1 [1.047]
= 0.1 X 2.4 =
Now, we have to w
e = L{1 = (10)7*ot)
Yy = rAH — AHSIXU.H

Viatsrec) = 146.42(1
= 146.42(1

= 146.2

Hence,Y; at 37°C =

mg/1. Assume K at 20°C as 0.1
D°C BOD = 110 mg/I. (given)

say after t = 5 days, is given by
P)41]

0 mg/1. (given)

xmu

<1=1f1-53]
- L[0.684]

I

t Kp at 37°C, by using Eq. as:
%QHHtNo

37°-20 = 0.1[1.047]*7

0.24.

brk out Y, for one day i.e. ¥; at 37°C, using

— mHOviwc@n mucnvx@

- ~0.24%X1Y . - 1
(10)7024%1) = 1462 T . ﬁ&oﬂ&

ﬁ u . .
1 - ——] = 146.2[1 - 0575] = 62.07.

62.07 mg/l. Ans.

//pqtesciviI.blogspot.in/'
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(9) A 2% solution of a sewage 18 mﬁosvﬁm& ».Qnmmbu‘mwﬁ &so@,
The depletion of oxygen was found to be 4 ppm. Determine
the BOD of the sewage. (Nov-Dec., 2009-

2011)

Solution: Dilution factor

uoc Hcc
=22 =50
Per cent of solution 2

Depletion of oxygen = 4ppm.

Using equation (7.11), we have

BOD = Depletion of oxygen x Dilution factor
= 4 ppm % 50 = 200 ppm Ans.

(10) The BOD of a sewage incubated for one day at 30°C has
been found to be 110 mg/l. What will be the 5-day 20°C BOD ?

Assume K; = 0.1at20°C
Solution : Y;(c 309 = 110 mg/1; Yseat 20 =7 Kpezo = 0-1 .
First of all, let us calculate Kp at 30° C, by using Eq. (7.18) i.e.
Kpery = Kp(ao)[1047]772
or Kpon = 0.1[1047]3072%° = 0.1[1047]*°
= 0.1 x 1583 = 0.158
Now using Eq. (7.16), We have
Y, = L[1 — (10)7%>*]
At 30°C and for one day, we have
Yigaon = L[1 — (10) K001
Or 110 = L[1 — (10)°35#] = L[1 — ]
= L[1 — 0.696] = L{0.304]
Or L= mmmw = 361.8 mg/l

Now again using ¥; = L[1 — (10) ¥}, we have
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ﬁw@ovu bT - .GS x.mﬂsc.v.x&é%@l.a,
= L1 — =0.1%X57 .
[1 - (10)7035] = L[1 ~ ] =
= L[1 - 0.316] =
o
= 361.8[1 = 0.316] = 247.4 mg/1 Q.
172)
{11) Change in concentration of organic matter, L, with tin{g)
t, is given by m = —k.L. o
Ko

Calculate the organic matter remaining after 3 days if the

initial concentration was 200 mgll, and K=0.4 per day. o—
e o a =
Solution : i —KL or - =K dt (U
Q v
Integrating, we have Q
b
log. L=—Kt+C o
Or2.31 = - S
r 2.3 logyeL Kt+C ~
When t= 0 = #
(at start), L = 200 mg/I. o
2.3 10g15200 =0+C ._._u
or C=23x2301=5.28 =
Now, the value of L after 3 days m
2.3loggL = -04x3+C m
Or 2.3logyoL = —1.2 + 5.28 = 4.08 o]
Or logyol = 32 = 1.773 “
L= 59.3 mg/I w
Hence the organic matter left after 3 days = 59.3 mg/I. Ans. m

{12) Data from an unseeded domestic waste water BOD »amﬂw
are : 5 ml of waste in 300 ml bottle, initial D.0. of 7.8 amzo
and 5 days DO equal to 4.3 mgll. Compute

D

{a) the BOD; and (b) the ultimate BOD, assuming a k-rate of
0.10 per day. (April-May,201 1)

Solution. Initial D.O = 7.8mg/1

% WWMWW%: Page 70
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D.0. after 5 days of incubation = 4.3 mg/1

. D.O consumed in 5 days = 7.8 — 4.3 = 3.5 mg /1
Now, using equation (7.10), we have
BODg of wastewater

= D.0.consumed by diluted sample

x ~ Vol.of diluted sample
<o_.on=zn==8nmme<mmcﬁng

= 3.5 mg/l X ﬂcMa_T mpcgm\r?g?

Now, using equatiorn
Now, using equation Y; = L[1 - (10)~*ot], we have
Y, = L{1 — (10)705]

Where kp = 0.1 per day and Y5 = 210 mg/1
= L[1—0.316] = 0.684L

__ 210 _
OrlL=-— mg/1 =307.1 mg/I

Hence, ultimate BOD¢y,, = L = 307.1 mg/l. Ans.

(18) A dairy processing about 1,33,00 kg of milk daily
produced an average of 246 cubic metre per day of waste
water with a BOD of 1400 mgll. The prin pal operations are
bottling of milk, and making ice cream, with limited
production of cheese. Compute the waste water flow and BOD
per 1000 kg of milk received, and the equivalent population
of the daily waste discharge. ,

Solution : Daily milk processed = 1,33,000 kg-
Daily wastewater produced = 246 m®

BOD of wastewater = 400 mg/I

Evidently,

Wastewater produced per 1000 kg of milk

= 2%+ 1000m3 = 1.85m?
1,33,000

TR Y F1TT 1Y T
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BOD of the wastewater = 1400 mg/I

Hence, BOD p

Daily BOD pro

From equation|

Population equ

BOD of in|

= 1400 % 10° mg/cum

__ 1400%10°

= oo me/cum =

1400x103
103 %103

mg/cum
roduced per 1000 kg of milk processed
= 1.4 x 1.85kg = 2.59 kg. Ans
duced by 246 m® of wastewater

= 1.4kg/m? x 246m® = 344.4 kg, Ans
(7.20), we have

ivalent

dustry in kg/day _ 344.4

{14) The 3 day
Draw a graph
the range 10°(

Solution : Asst

008 o0s = 4305.Ans

C to 30°C in steps of 5°C
hme Kp at 20°C = 0.1

Then Kp at 15°C is given as :

Kperey = Kpzo9[1

.047]T-20°

Or Kpgse = 0.1[f1.047]15-20°

= 0.1

0.1

1.047]°5

= 0.079

(1.04[7)5

Now, Using

Yearre = L[1~ (10)7*>*], we have

Y34t 150 = 1500
= L{1— (]

HLH!,]

(1j0y~0.0237
Or L= 355,53 E_w\r

Ovlc.ouonu

] = 0422 L

Jainam Publication
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s 15°C BOD of a sample of sewage is 150 Qmﬁ
of § day BOD as a function of temperature in c
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Koo = 01[1.047119°20 = 0.063

5-20
Kpsy = 0-1[1.047]%5720 = 01258

Kpgon = 0-1[1.047]30720 = 0.1583

(i)  Ysar1oo = 355.53[1— (10)~0063%5] = 183 mg/1.
1

(i) Ysar1se = 355.53[1 - (10)~007%%%] = 212 mg/L.
(iii) Y5 atz0e = 355.53[1 — (10)7001%5] = 243 mg/L.

(iv) Vsaezse = 355.53[1 — (10)~001558%] = 272 mg/L.
(v)  Ysarsee = 355.53[1 — (10)~0-01583%5] = 298 mg/I.

These calculated five number BOD values w.r.t. ﬁmgﬁonﬁzww.
are plotted in Fig. so as to obtain the requisite graph, which is
almost a straight line.
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{15} The 5 day 30°C BOD of s sewage sample is 110 mg/L
Calculate its 5 days 20°C BOD. Assume the deoxgenation
constant at 20°C, Ky as 0.1

Solution : Kpggges = 0.1
Now, using equation(7.18)
Kper = Kpgon[1.047]77%, We get

Kpaos = 0.1[1047130720" = 0.1[1.047]*% = 0.158 ............. (1)

RO AR
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Now using Y, = L[1 ~ (10)7%0*]; w; get
Ys = L{1 ~ (10)~¥p-5]
 Ygarzpe = L T - Hocxcnuoovxd

110 = hmw — AHOV!P»MQXMQ — N.HH — mROV!c.ucu

_ 1
=L)1- 5 e-pL_ = L[1-0.162]
Or 110 =L (0.838) or L = 2>
Or L = 131.3mg/l. ----m--meomemmemne (i)

Now Ysae 200 = L [1— (10)7K0(20975]

= 131.3[1 - (10)~°4%] = 131.3 T - m&w&mﬁ

= 131.3 % (1 — 0.316) = 131.3 x 0.684
= 89.8 mg/L.

//notescivil.blogspot.in/

{16) Design a grit chamber for a maximum wastewater flow ml
8000 m?/day, to remove particles upto of 0.2 mm dia. maiﬁ
specific gravity of 2.65. The setting velocities of these
particles is moﬁu&,n.o range from 0.018 to 0.022 misec.
Maintain a constant flow through the provision of a
proportional flow weir,

rom ht

Solution. Since the velocity control device is in the form of Ajmm
proportional flow weir, let us provide a rectangular section mod
the grit chamber.

8000

Now vy,= 0.3 E\mmo and Q =——
24%x60x60

= 0.0926 m3/sec

S A= = 202 = 03086m”

Providing a moﬁmu of 1 m, the width of grit chamber is

. 0,308
B = 03086

= 0.3086 m

Downloade

1

Provide a width of 0.35 m.

F:EE gvznmsc:

m:sS:Sm:SN m:.mSmme.m,.Q

.v ...,..Eaa mo»ﬂsm <m~oQQ, of the %mgo_mw to be 339&& in ﬂpw mﬁn
chamber varies from 0.018 to 0.022 m/sec. Hence let us
assume a setting velocity vy = 0.02 m/sec.

Depth of chamber 1 | 50 sec
settling velocity ~ 0.0Z - :

«~ Detention time =

Also, length of tank = vy, X detention time
= 0,3 x50 = 15m

Hence provide a grit chamber of length 15 m, width 0.35 m and
depth 1 m.

(17) Design a detritus tank for a D.W.F. of 350 ips in a
separate sewage system. Malke mﬁmnbzo assumptions wherever

required.

Solution. Let us assume the following:
Detention time : 3 m ; Flow velocity : 0.2 m/sec.
Max flow : 3 times DWF.

Hence Qmax = 3 X 350 litres/Second.

Let us provide 3 tanks attached and running parallel to each
other. Hence design discharge for each tank is.

Q =3501/s = 0.35m?/s.
- Cross — section area required = — = Vi 1.75m?

Let us provide a water depth of 1.2 m, in the rectangular portion.

- Width of tank = 252 =275~ 1 458 m.
depth 1.2

Provide a width of 1.5 m.
Also, length of tank =velocityx detention time
= 0.2(3 x 60) = 36 m.

Making a provision of 6 meters for inldt and outlet
arrangement, the total length of tank = 42/ m. Thus, each unit of
the detritus tank will be of 1.5 m width anld 42 m length. Provide
a free board of 0.3 m. Also, provide a bottgm depth of 0.5 m for
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lﬂi’i RO RPN

the mootggmmou_u of detritus and this depth be tapered at an
angle of 45°.

(18) Calculate the size of rectangular grit chamber by ﬁmmﬁm/
following &wﬁz gﬁﬂﬁgﬁwbcw an
Flow of sewage = 50 million lit/day s
Sp. Gravity of grit = 2.70
Size of particles = 0.21mm
Kinematic viscgsity of water = 1.0x10% cm?/sec.
Assume other data required.

Solution. Quantity of sewage = 50 x 10° lit/day

. 50x: x109%1073
24

= 2.08 x 10° m?/hour

From the stroke-law formula, settling velocity of the particle

//notescivil.blogspot.

a2
= Du B)d
® e
I 981
= £ x 2L (2.7 - 1)(P, - P)d? ._mu
it
= 4.09 cm/se. i

keeping the depth of the grit chamber 2.4 m, the detention period
_2.4X100
B 4.09

m

= 58.7 say| 1.0 minute.

-~ Quantity of sewage passing through in one minute is

ameDx
61

= 34.72 m®/min

m? /in

= Capacity of the grit chamber.

nmvmﬂq ﬁ 72

Surface area|=
Depth w

= 14.47m? say 15m?

<
=}
e

Downloaded fro

Provide three parallel grit chambers of size lmx7.5 m
will act as standby and two will work at a time.

S P AN yw
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.25 &205 ,Ez be kept as 2.7 with 30 cm as @ma do@& mba
2.4 m as effective depth.

Check for horizontal velocity,

34.72

Horizontal velocity = 2= PRt min

7.23m
min

.= 12.06 cm/sec.
. Critical horizontal velocity,

v, = 40,/ (P, — P)d, where,'d’'in mm.

= 40,/(2.7 — 1)0.21

= Nw.mmmm. is within safe limits and design ok.

{19). Design a grit chamber to handle a sewage flow from the
population of 50,000 and per capita daily consumption of
water is 140 liters. Assume velocity of 20 cm/sec and
Detention Time one minute.

Solution: D.W.F. = 140 x 50,000
= 7 x 10° lit/day
D.W.F. =7 M/d
» Design flow = 3 X D.W.F.
Design flow = 21 M/d

With detention period of 1 minute,

21x10%%1

Volume of flow in chamber = ———— = 14.58m>
Let Effective depth = 1.4 m
Surface area = w.mm = 10.41m?
With w = m and a free board of 0.3 m.
The dimension of grit chamber are
L=11m,B=14m D=17m
Jainam Publication %EM@?M@? Page 77
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Se— SE—— e rea of chamber
Provide 2 number m:ﬁ chambers, one to take care of maximum flow and the Breadth of chamber = Zermrrn s
other-as D:W.F. 037
nﬁm% 1.56
21%106 . Assuming free board(FB) = 0.3 m
Design flow = Zene0RE0N10 = 0.243 m® /sec.
. o Overall depth = Flow depth + FB
. 0243 _ :
Velocity of flow = —— = 0.102m/sec. < 0.20m/sec =1.56 + 0.3
(20) Design a grit chamber of rectangular C/S if the = 1.86m

maximum waste water flow rate is 8000 m?/day to remove

particles upto 0.2 mm dia. With specific gravity of 2.65. Hence, provide a grit chamber of size 15 m)x0.24mx1.86 m having

. depth of flow = 1.56 m
Solution: Maximum flow rate = 8000 m*/day

(21) Design an oxidation pond for treating sewage from a hot

//notesciviI.blogspot.in/

= Mﬁ;l%ﬂm climatic residential colony with 5000 persons, contributing
sewage@ 120 liters per capita per day. The 5-day BOD of
=0.0926 m*/s sewage is 300 mg/Il.
Assuming horizontal flow velocity (Vi) = 0.25 m/s Solution. The quantity of sewage to be tredted per day
And detention time (t) = 60 sec. ml = 5000 % 120 = 6,00,000 litres
Length of grit chamber (L)= Vy x t ._._u = 0.6 M.litres = 600 cu. m.
= 0.25x 60 N o The BOD content per day
=1om = = 0.6 MI x 3007 = 180 kg
0.0926 o ’
C/s area of flow (A) = H =———=0.37m’ ﬁ Now, assuming the organic loading in the pond (in hot climates)
300 kg/hect day, have
Setting velocity(Vs) = d[3T + 70] ge] B g/hectare/day, we hav
: The surface area required
Where d-dia. Of particle = 0.2 mm “ c “ B
_ _180kg/d _ 180,
Normal room = 2X107% m m = 300kg/had 300 a
T-temperature Assuming, T = 20°C m MMM % 10*m? = 6,000 m?
=2x107*[3 x 20+ 70] W Assuming the length of the tank (L), as twice of its width Aw.r we
=0.026 m/s m have
Depth of chamber (H)= V; x t 2 B% = 6000
|  =0.026x60 . OrB =+/3000
= 1.56 m = 54,7 m; say 55 m.
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mn

Using a tank with effective depth as 1.2 m ; we have

The provided capacity = 110 x 55 x 1.2 = 7260 m*

Now, Capacity =
~ Detention time

Sewage flow per day x Detention time in days.

Capadjity in cu.m,

n days

Sewage flow ger day in cu.m/day

7260
T 600

Hence, use an oxidation pond with length = 100 m; and overall

depth= (1.2 + 1.)

Design of Inlet
0.9 m/sec, and d

60

Discharge =
8X60

~ Area of inlet pipe required

= 12.1 days} say 12 day.

.2.2m; and a detention period of 12 days.

ipe. Assuming an m<o.u.mm® velocity of sewage as
ily flow for 8 hours only,

Nm cumecs.

//notescivil.blogspot.in/

_.. Discharge __ 600 1 “ Py
= Velocity wamox%vmm ._ml
et 2 b2 2 -
= Jaxe M T iz M7 = 232cm N o
~ Dia of inlet pipe = »xmwm = 17.2 cm; say 18 cm. Dia of outlet m
pipe may be taken as 1.5 times that of the inlet; say 27 cm. ﬁ

(22) Stabilizatign ponds for o town of 3000 population are o]
provided to operate in series. The larger cell has an area of )
60,000 n?, and the smaller one 30,000 m?. The average daily ()

waste flow is 90
mg /).
(i) For series op

both the total p

{ii) Estimate the
between 0.6 m
evaporation and

Jainam Publication

D m3/day containing 200 kg of BOD (222

ration, calculate the BOD loadings based on
nd area and the large cell only.

whloa

number days of winter storage available m
nd 1.5 m water levels, assuming an
seepage loss of 2.5 mm of water per day.
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3 :
BOD loading based on total pond area

Solution: (i) (a)

Total pond area of both cells joined in series
| = 60,000m? + 30,000m?
= 90,000m? =
Total BOD per day = 200 kg/day
BOD loading in kg/ha/day

9 hectares.

= 20 WW\amQ\ww = 22.2 kg/ha/day

?E,o calculate the number days of storage between WL 0.6 m and
1.5 m, we have

Depth available for storage = 1.5 — 0.6 = 0.9 .
Total area = 90,000 m?

<o~c50 of storage available = 90,000 X 0. @ 81, ooc m?

Daily inflow of sewage = 900 cu. S\ day

The sewage volume, which percolates and evaporates daily .

= 2.5 mm depth
2.5 1

= ...lxM@d m X surface area of tanks
2.5

= ————m X 0 = 225 m®
Hoooﬁ 90,000m? > m

.. Net effective daily inflow of sewage
= (900 — 225)m? = 675 m3/day
& Winter storage available as days

Vol. of storage in m®
" Daily net sewage inflow in m3/day

_ 81,000
= days 120 days.

(23) Design the dimensions of a septic tank for a small colomny
of 150 persons provided with an assured water supply from
the municipal head-works at a rate of 120 liters per vwwmeﬁ
per day. Assume only data. You may need.

Solution: The quantity of water supplied

P ————
Jainam Publication

Page 81




Environmental Engineering-II

= Per capita rate X Population

=120 x ngmmw = 18,000 1/day

~

Assuming that 80% of water supplied becomes sewage, we hages

The quantity of sewage produced
= 18,0000 x 0.8 = 14,400 [/day

Assuming the detention time to be 24 hours. We have

The quantity of sewage produced during the detention perio

the capacity of the tank)

24 x
= 14,400 x 5 = 14400 litres

Now, Assuming the rate of deposited sluydge as 30

o
Q.
7
(=]

8.

civil.b

litres / capita/year; and also assuming the period of cleaning &

year, We have
The volume of sludge deposited
= 30 % 150 X 1 = 4,500 litre
. Total required capacity of the tank
= Capacity for sewage +Capacity for sludge
= 14,400+4,500 = 18,900 litres = 18.9 cum.
Assuming 1.5 m as the depth of the tank, we have
The Surface area of the tank

18.9
o 2 = 2
15 m 12.6m

If the ratio of the length to width is kept as 3:1, we have
3.B? = 12.6

B= m.wm = v4.2 = 2.05 ; say 2.1 m.

~ Provide width = 2.1 m; and

= ‘Area of cross-section provieed

= 6m x 2.1m X Q.w + 0.3) m overall depth

[0.3 m used as free — board]

Hence use a tank of size 6 mx2.1 mx 1.8 m .
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UNIT -II Part -A
0.2 (a) Write the formulae for determination of : 2

(i) Total Solids
Amns.: Refer Q-3

(i) Total Volatile Solids

Part— B
(b) Explain COD and its significance in waste

Ans.: Refer Q-8
(c) What is meant by “Population Equivalent”
determined?

Ans.: Refer Q-21
{d) Derive the street Phelps Equation.

Ans.: Refer Q-9

_CSVTU Nov.- Dec 20.

. UNIT-II Part- A
Q.2 (a) (i). Standard BODg 20°c when compare
about :
(1). 58% (2). 68% (3). 78% (4). 90
(ii). Average BOD; of domestic sewage is

(1). 80 kg/d/p (2). 8 kg/d/p (3) 0.08 kg/d/p
Part- B
{b) The 4 days 15°c BOD a sewage sample is
graph (in answer sheet only . No graph paj
day BOD as a function of temperature in t
30°c in steps of 5°¢

Ans.: Refer Example-14
(c) Explain various types of settlings. Differen
and operations with proper examples.

Ans.: Refer Q-14
(d) Write short notes with neat sketches :

(i). Facultative Ponds & Mechanism of Pur
(ii). Oxidation Ditch.

Ans.: Refer Q-20

Environmental Engineering

water treatment. 7

P How is it

d to ultimate BOD is
Y% 2
4). 0.8 kg/d/p 2
200 mg/1. Draw a
ber required) of 5

he range of 10° to
7

tiate unit processes
7

7
ification.

Unit-1X
Q.2 mﬁw Define Relative Stability. 2
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Sl

Ans.: Refer Q-21

{b) Define BOD,

Ans.: Refer Q-4&7
{c) Data from umseeded domestic wastewater BOD test are : 5
of waste in 300 ml bottle, initial D.O. of 7.8 mg/I, arid 5

D.0O. equal tq
{i) The BOD;

Ans.: Refer mxgﬁwwméw
{d) Design a rectangular grit-cliamber from following data:

Flow of sewa
Specific gra
Size of the grj

Viscosity of water = 1.0x10-2 cm?/sec.
Ans.: Refer Exain

Q.2 (a) What do
Ans.: Refer Q-15

{b) An analysis for solids is made
hundred milliliters of the sample is filtered through a fiber
glass filter that has been pre- weighed at 0.138 g. The filter

residue is ove

and
(ii) The ultimate BOD, assuming a k-rate of 0.10 per day.

deduce expression for first stage BOD.

day,
4.3 mg/l. Compute:

ge = 55 x 108 liters/day
ty of the grit = 2.70
t practical to be removed = 0.21 mm.

you mean by overflow rate of a setting tank?

/

on a wastewater sample. Two “3

n carried until a constant mass of 0.229 gis v

reached 100 mL of the filtrate is placed in an evaporation disil

whose tare
contents of
mass of the d
the total susp

Amns.: Refer Example-16

@) What type of s
in wastewatex

e dish are evaporated to dryness, and the total m
ish and solids is found to be 327.517g. Determi®
ended solids and total dissolved solids. .,mr_

etting governs the design of primary setting taniQ)
- treatment? Describe the setting column analy Sy

:Wmumm has been determined to be 327.485g. The
t

carried out on a sample of wastewater. How the setting columggy

analysis data
setting tank?

Amns.: Refer Q-14
{d} A 2% solution
20°C. The dep
Determine the
this sewage ir
BOD rate con|
Amns.: Refer Exan

is analyzed for the design of wastewater primary®)
* Ni—
c

of a sewage sample is incubated for 5 days at W
letion of oxygen was found to be 4 mg/L. QO
t BOD of the sewage. What will be 3-day BOD o
summer when the temperature is 37°c? Take the
stant (base 10) as 0.1 per day at 20°c. 7
nple-9

Jainam Publication

Page 84

z!

E

2

Environmentai engineering-u

th?& gﬁmﬁ do you mean by Eomn probable ZSB.UQ. (MPN) in a

wastewater sample?

Ans.: Refer Q-22 v : .

(b) Explain the procedure. of determination of “ﬁoﬂ& ,mow&mv
suspended solids and settleable solids for a wastewater. ..
wm.cﬁmuo. How one can determiné the organic and inorganic
of these solids? B :

part
7

Amns.: Refer Q-3 . h

(c) Draw a wastewater treatment flow &mmﬁg showing various
treatment unit. Clearly show the preliminary Qmmﬂnﬁﬂﬁ
Primary treatment and secondary treatment units on ?, How
and why the setting of solid in wastewater Qmm..gms.ﬁ primary
setting tank is different than water treatment in plain
sedimentation tank?

Ans.: Refer Q-23

7

(d) The 5-day 20°C BOD of a wastewater is 210 mg/l. What will be

the ultimate BOD? What will be the 10-day BOD? Tank the

rate constant (natural log)
Amns.: Refer Example-4

as 0.23 per day. 7

Q.2 (a) What is Muffle Furnace?

Ans. The furnace in which the solid waste water is boiled.

(b) Explain the procedure of Qoﬁ@wgwsm&ob;om total solids,
suspended solids, and sattleable solids for a éw‘mgémﬂnw )
sample. How will you separate the organic and inorganic part

of these solids? T

Ans.: Refer Q-3 . .
{c) Draw a wastewater treatment flow %wmﬂ.ﬁd showing various
treatment units. Clearly show the preliminary awmmﬁgwwﬁ
primary treatment and secondary treatment units on It. How
and why the setting of solids in wastewater treatment in -
primary setting tank is different than water treatment in plain
sedimentation tank 7
Ans.: Refer Q-23

i . Page 85
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d) A 29 i . b
{el) w% % wﬂwmgﬂoﬁ a sewage sample is incubated for 5 days at
@@@Wﬁ&ﬁ@ %HW Wu%m of oxygen was found to be 4 mg/L.
etermine it of the sewage. What will be 3-day BODNé
ge 1 summer when the temperature is 37°C? T a1fom

%@@O@Sﬁoogﬁ
Ans.: Refer mxmgﬁ?%bﬁ (base 10) as 0.1 per day at 20°C. ..N.u

UNIT - 11

.2
Q.2 (a) What do you understand by “chemical oxygen demand® 2
[ ]

Ans.: Refer Q-8

(b} %Smﬁw@m various physical properties of sewage. .M

Amns.: Refer Q-1 K

{c) What will be 5 day 20°C BOD if BOD i “
day at 30°C in 110 ppm.K,, = 0.1. D ofsenagein S@S,Wmﬂmm-&ow

Ans.: Refer Example-10 ‘ m

{ wﬁmw %M wwwmw%amﬁeﬁ pond for treating sewage from a hot

wﬁémmw @1 MOQWMH &l Oo#wﬁu\ with 5,000 persons ﬁ@@#&@ﬁﬁﬁ@/
itre/capita/day. The 5 day BOD of sewage wmgg

7

Ans.: Refer Example-21 ._Im-

mg/L.

- UNIT - II —
Q.2 {a) Define Bio-chemical oxygen demand r_lm
)

Ans.: Refer Q-4

{b) State and describ i
e four important test that ied @
to know the characteristics of sanity mmgmmwmf ey be cammie aﬁ

“ MMMWMMW M%MM%% Mm sewage sample is 110 mg/l. Caleui
20°C, Koo 28 O.1. . Assume the de—oxygenation constantCQ

Ans.: Refer Example-15
(d) Desie . .
{d) @MMWM%SMO&MK%E@S of septic tank for small colony of HmDo
S M MH mm éﬁw,mb assured water supply from municipal
rate of 120 litres/ person/day. Assume any data you
é 7

may need.

Amns.: Refer Example-23

HigEntitte sy MM wr .Q. i
wgtgdé«.—mzw
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Q.1

Ans:

Secondary treatment systems-(i) Attache
Trickling filters, standard and high rates
formula, operational problems of trig
Suspended growth process, principle of
process, Activated sludge process, Oxida
and mixing techniques, Operational prol
sludge systems, stablisation tools aerob

facultative lagoon.

i growth process-
, efficiency (NRC)
tkling filters (i)
uspended growth
ion ditch aeration
blems of activated
ic, anaerobic and

1 What is the basic principle behind the
secondary treatment systems? What d
attached growth process.

. Attached growth processes {or fixed
These are the biological treatment process
microorganisms responsible for the conve
matter or other constituents in the wastey
tissue are attached to some inert mediui
specially designed ceramic or plastic mat
include the followings:

i) Intermittent sand filters;
ii) Tricking filters;

Rotating biological contactors;
Packed bed reactors;
Anaerobic lagoon(ponds);

i) Fixed denitrification.

e, e,

il
iv
v
\s

e,
—

P
e

~—

=t

—

Principle of biological t
aerobic or aerobic condition depending
non-availability of oxygen. In aerobic ¢
consume oxygen and remain active wit
smell on the other hand in aerobic cony
created, due to which only aerobic con
When the sewage is passed through th

working of the
o you understand by
Eo?ﬁwﬁswo 10)

film processes):

es in which the

rsion of the organic
vater to gases and cell
, such as rock, slag or
-rials. Such processes

reatment: Sewage can remain in

on the availability or
ndition the bacteria

hout causing any foul
dition foul smell is
Hitions are preferred.
e beds, where aerobic

=4 Jalnag!
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action takes place following actions are done by the aerobic
bacteria.

(a) The colloidal and dissolved putrescible organic matters
present in|the sewage are absorbed within few minutes in™twe
tricking filters and within about one hour in the moﬁ,cmgm.m
sludge process. ._lu

(b) The bactefia feed the organic matters so absorbed which )
necessary ffor their life.

{c) The bacteria convert the organic matters into stable
inorganic forms by oxidizing them.

logsp

Q.2 What is trickling filter? Explain its working with neat o)
sketch. (Nov-Dec.,2010)2
Ans. Trickling filters are used for the biological treatment of .w
domestic sewage and industrial wastes, which are amenablemms
to aerobic biplogical processes. These are used for the
complete treptment or moderately strong wastes and as
roughing filter for strong wastes prior to activated sludge
units. They possess a unique capacity to handle shock momamo
and provide dependable performance with minimum
supervision.

The trickling filter is always preceded by primary
sedimentation so that settle able solids in the sewage may 1 ojmd
clog the filter. The trickling filter is always following by a fina
settling tank|to remove from the filter effluent. The settable
organic solidg produced in the filtration process.

A bacterial film known as a bio-film is formed around the
particles of filtering media and for the existence of this, the
oxygen is sugplied by the intermittent working of the filter a
by the provisijon so suitable ventilation facilities in the body o
the filter The [color of this film is blackish, greenish.

A Bbacterial film known as a bio-film is formed
around the particles of filtering media. As the sewage trickles
through the filter media a biological slime consisting of aero!
bacteria and ¢ther biota builds up around the media surfaces
normally in two weeks period making filter ready for use.
Organic material in the sewage is absorbed on the biological
slime, where they are partly degraded by the biota thus
increasing the weight and thickness of the slime. Eventually
there is a scouring of the slime and a fresh slime layer begins

tesc

://n
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Ans: Merits: (1)

= arown on the media. 11is PNENOMERON Of S6gurin of e

slime is called sloughing or saom%ﬁm of ﬁWMMHHMM oMMMnMMu n

B - <Mb§mﬁ.woﬁm‘v‘%wwﬂwwwm MMSMWMS it active for
ntinuously review ,

MWMHMWMM@E functioning of the filter. The Qmmamwm o.w Mnmwb .

sloughing to be given Qmﬁmﬁ@w on the o«mmgo oH,w ga

hydraulic loading which %E Emsmwbm its scour.

Centrol Suppart 4 Nos Distributing -Arms

.‘ e spV;“!w
Efflutat Pipe

Q.3 Explain the merits and demerits of tricking filtex?

The effluent obtained from trickling filters is

b
highly nitrified and stabilized. The effluent can, therefore, be

i ity of dilution water. .
disposed of in smaller quantity o
(2) ﬁ? has good dependability to produce moww am.fm,a ﬁSMMM
very widely varying weather and other oob&ﬁwam‘ It poss
SMWE@ capacity to handle shock loads. Even if they are over

t.
loaded, they can recouped after res .
HM% They nMS remove about 80% of wﬁm@oﬂ&mm solids and

about 75 to 80% of BOD. . . .
i ing i latively higher, in

The rate of filter loading is 1€ : .

Aokwgm.miwwos to contact beds of intermittent sand filter. Hence

it requires lesser land space. B

(5) The working of trickling filter is simp

not require any skilled supervision.

{(6) They are self-cleansing. .

(7) As it contains less mechanic

wear and tear is small. .

(8) Operation of trickling filters req

i i t..
to run the mechanical equipmen q
(9) The moisture content of sludge obtained

filter system is as high as 99%

e and cheap and does

al equipment, mechanical
dires less electrical power

from tricking

fainam Publication
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- Demerits: .
(1) The loss of head through the filter system is high, thus makéag

the automatic dosing through siphoaic dosing tan&a
necessary. =
(2) The cost of construction of the filter is high. ._m
(3) They require large area in comparison to other goﬂomwﬁl

treatment processes. (7,)
They require preliminary treatment and therefore cannot trded)

raw sewage as such. (=)

- Final settlement in humus tank is necessary M

(6) The process may develop odour and fly nuisance due i

Psyched Sgob may be carried away into human wmvwﬁmm@w
Proving serious nuisance and health problem.

£

a

_ U
Q.4 what do you understand by term recirculation ? 4

: , {April-May,201 Hknlw
Ans: RECIRCULATION: recirculation is the return of a portion (en]
treated or partly treated sewage to the treatment proces€e
" Usually, the return is from the secondary settling tank to ﬁ
primary settling tank or to the dosing tank of the filte}®
Recirculation of sewage is an important feature of high Sml
filter. It is expressed in terms of recirculation ratio(R). bt
Recirculation ratio: The ratio of recalculated flow to the maﬂ
of raw sewage is called recirculation ratio(R). This rat
determines the required capacity of recalculating pumps mm
the hydraulic load placed upon the filter. Thus, we have
Capacity of recalculating pump = Rx (influent sewage flow)
Hydraulic load of filter = {1+R)x (influent sewage flow).
Recirculation factor: The number of effective %mmwme
through filter is known as recirculation factor (f) and is m?mlwu
by the equation:

F =

d fr

1+R ___1+R
[1+(1~DR2] ~ (1+0.1R2)

©

°

=
Where F = treatability factor(= 0.9 for sewage) W
Hydraulic : recirculation factor: The number of hydraulj
passes of recalculated sewage through the filter is call
hydraulic recirculation factor(Fy) and is given by

__ Inflow+Recirculation

Fo = inflow =1+R

Advantage of Recirculation ratio:

A Tafnacs
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T1) Recirculation keeps the self propelled di
the time of reduced flow(i.e. during night

(2) The thickness of biologic
forced film sloughing

(3) The filter influent is freshened due to W
prevented.

(4) The filter influent is diluted and éom.wn@n
at a constant efficiency and the quality ¢
improved.

(5) The applied sewage is seeded with mQ.%
enzymes of effluent, due to which the ef
increased.

(6) Recirculation loads deeper portions of {
effectively.

Q.5 Draw the single stage and two stage
systems.

Ans: Recirculation of sewage is an owwo,nc
of high rate filters. The recirculation
portion of the treated or partly treated
process. Usually the return is from the
to the primary settling tank, or to the
as shown in fig. 9.21. Sometimes, th
itself, before it enters the secondary
back to the primary clarifier.

RECIRCULATED FLOW

stributors running at

hours).

al film on contact media is reduced by

hich foul odour is

led so that filter work
of filter effluent is

e organisms and
ficiency of filter is

he filters more

recirculation

Eo.q.doo,.bocﬁ

bl and important feature
consists in returning a
sewage to the treatment
. secondary settling tank
dosing tank of the filter,
e effluent from the filter
; clarifier, may be sent

& PART OF EFEL-

\ ATERNATE RETURN

L
!
3

PRIMARY |
T CLARIFIER |

frricKLING
i | FILTER
NELUE .

Fig. Single Stagecomrnonly adoy

In some other cases, and to obtain b
stage recirculation process may be m,ao@n
recirculation process consists of .Umﬁbm t
series, as shown in Fig. 9.22 Various oth

possible.

T eNT RECIRCULARS

SECONDARY.

) ELUENT,
CLARIFIER

ted Recivculation Process.

etter efficiency, two
ad. A two stage

wo filters arranged in
-r combinations are

i | v Mﬁ»ﬂm@@kﬁai
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BEGIRCY LAY ED).

Fig

Recirculation .mgﬁu

the following reasg

{i) Recirculatiq

irrespective

{ii) Recirculati(

increasing t

(iii) Recirculati
with the b
seeding it

LBALLED
INTERMEDIATE
" GLARIFIER

EALLED
BROGARY
FILTER

ns:

oxidation process.

(iv) The influe

remains fresh all the time, and also help in
reducing odours. The fly nuisance is also comparatively

CALLED
SECONDARY

Twio stage comuonly adopted Recirenlation Process.

bn allows continuous dosing of ﬁsm filters,

of the fluctuations in flow. .

on equalizes and reduces #cm&s@ awma@E\

the efficiency of the filter. e

n provides Hosmmﬂ contact of the mﬁﬁ&m@ ‘sewage
cterial film on the contact media, thereby

ith bacteria, and accelerating the biological

&
g
®
[
=]
@
&
2]
-]
[=8
]
]
=N
8
=
®
-]
=
=
£

0w
=
=
]
o
@
=
=
B
[£)
o
Pl
2]

m

ﬁ%

SECONDARY CLARIPER

PULITER QR FAL  CLARIFIER

Standard rate or
Low

High rate trickling
filter

More

Less

It should not be more
than 5 minutes
(Intermittent type).

It should not be
more than 15
seconds (continuous
types)

1.8 m to 2.4 m.

0.9m to 1.8 m.

The effluent is highly
nitrified and stabilize.

The effluent is
nitrified upto nitrite
stage only and hence
it is of an inferior

It requires more area
of land.

It requires less area
of land.

less,
Q.6 Distinguish b
filter

Ans:

S.N. | Particulars

i Cost of
operation

ii) Interval of
dosing.

iii) Depth of
filter

iv) Effluent

V) Land

Vi) Method of

Less flexible and

Downloaded from http://notescivil.blo

sp_ot.

oves the ow@wm&Sm results of filters, because of N

More flexible and
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& Jafnans”

Page 92

m:SEE:m:ﬁ& m:%:mw::.m -1l

Hoe.:nom more vw&am,

operation nogcﬁdm wmmm mw&am
supervision supervision.

vii) |Quality of |Black and highly mn.%wb mﬁg not fully
secondary |oxidized with slight ounamsoa with fine
sludge fine particles. particles.
produced. |

viii} | Rate of 1000-2200 8000-14000 kg/ha.
filter kg/ha.m/day m/ Qm%
loading 1 _— .

ix) |Recirculatio | Usually not provided, |Itis &ém%m..wwoﬁaa&.
n system. | but it can be provided

if the hydraulicload
does not exceed the
limit, . B

x) Size of filter | 30 mm to 80 mm. 30 mm to 60 mm.

media.

Q.7 Write the NRC formula for efficiency of trickling filter.

(April-May,2012)

Ans: NRC Equation: The NRC equation for trickling filter
performance are empirical expressions developed from a study
of operation results of trickling filters serving military
installations in USA. These equations are applicable both for
low rate as well as high rate filters. The efficiency(E) of single
stage filter or first stage of two stage filters is given by

100
E=

100
E =

1 + 0.44U

H+ 0.444 W Sq

For the second stage of the two stage filters, efficiency(E") is

given by

100 -

E' = - p—
1+ %.3 z\g‘ﬂﬁm\

100

E=
0.44
._,!m)\i

Where E = Percentage efficiency in BOD removal of the single
stage or first stage of the two stage filter

e=E/100

E' = Percentage efficiency of second stage filter
W = BOD loading of settled raw sewage in the single stage or
first stage of the two stage filter(kg/day)

jaina
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Q.8 What do you understand by suspended growth process

Ans: Suspended growth process:

Principle of biological treatment:

V = Volume of first stage m:@naawv, ,

F = Recirculation factor, or number of effective passes for the ™
first stage filter .m
1+R o
CEra-nre
= 2R __taking f= 09

[14-0.1 R}

w,w,n U = first stage unit or organic loading(kg/m?*/day)
R = recirculation ratio for the first stage filter

f = treatability factor (= 0.9 for sewage)
W' = W(1 — e) = BOD loading on second stage filter(kg/day)
v’ = Volume of second stage filter (m3)
F'= recirculation factor or number of effective passes for

second stage filter
1+R

[1+@-NRP

r@ml, = U’ = second stage unit organic loading (kg/m?/day)
VeFr
R = recirculation ratio for the second stage filter.

//notescivil.blogspot

ttp:

Explain the principle of treatment in treatment units
belaying to these processes. (Nov-Dec.,2009) i
These are the biologic
treatment ?.oomwm.aw in which the micro-organisms responsibl
for the conversion’ of the organic matter or other cosﬂﬁsmamr
in the wastewater to gases and cell tissue are maintained W
suspension within the liquid . In most processes, the require=gy
volume is reduced by returning bacteria from the secondary@)
clarifier in order to maintain a high solid concentration. THD
suspended growth processes include the following. (4°]
(i)  Activated sludge processes;
(ii) . Aerated lagoons; .
(iii) Sludge digestion systems;
(iv) Suspended growth nitrification and suspended growth
denitrification .

o

ownlo

Sewage can remain in mmaowv

or aerobic condition depending on the availability or non-
availability of oxygen. In aerobic condition the bacteria
consume oxygen and remain active without causing any moﬁ
smell on the other hand in aerobic condition foul smell is

e % TaSnant” Page 94
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created, due to which only aerobic conditions are preferred.
When the sewage is passed through the beds, where aerobic

action takes place following actions &
aerobic bacteria.

ctions are done by the

(a) The colloidal and dissolved putrescible organic matters

present in the sewage are absorbed wi
tricking filters and within about one h
sludge process.

{(b) The bacteria feed the organic matters
necessary for their life.

(c) The bacteria convert the organic matts
inorganic forms by oxidizing them.

Q.9 What is meant by the term ‘Activate

What is the process of it ?

Ans : The activated sludge process is an ae

treatment system. The essential units
aeration tank, a secondary settling tan
from the secondary settling tank to the
excess sludge waste line.

The activated sludge is the sludge
settling sewage in presence of an
activated sludge is biologically active
number of aerobic bacteria and other
which have got an unusual property
matter. Following are the properties of t
i)  The activated sludge contains fertil
(ii) The colour of activated sludge indi

thin few minutes in the
our in the activated

so absorbed which are

ers into stable

d Sludge process?
(Nov-Dec.,2008)
robic, biological sewage
of the process are an
k, a sludge return line
> aeration tank and an

which is obtained by
bundant oxygen, The
d it contains a great
icro-organisms which
to oxidize the organic
he activated sludge
izing constituents.
cates the degree of

aeration. The colours of under-aerated sludge, well

aerated sludge and over-aerated sl
light brown, golden brown and mu
(iiij The moisture content of activated s
relatively high. It contains about 9!

Process: Figure shows the flow diagra
process. Following three basic operatio
activated sludge process.

(i) Mixing of activated sludge: Th
mixed properly with raw or settled
sludge is added to the effluent of pril

fainam Publication
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1dge are respectively
ddy brown.

ludge is found to be
5t097 % of water.

m of activated sludge
ns are involved in the

e activated sludge is
sewage. The activated
mary clarifier.




inftuent

(iid)

Advantages of activated sludge process:
(1) Clear sparki;

(2)

Aeration:

Environmental

TThe mixed liquor containing activated sludge

Engineering-1l

and effluent is agitated or aerated in the aeration tank or
aeration chamber. This is the main operation of activated

sludge prc

achieve it successfully

Primad
clarifig

E oy T2
< 328
§

Settling i
agitation is
allowed to
activated

recirculatio
sludge dige
for further {

No odours
biological p
No fly nuis
Highly effic
around 909
Degree of s

/

cess and wvarious method are found out to

INn

otescivil.blogspot

Aesration
tonk

Activoted sludge

ol

studge drying
beds

secondary clarifiexr: The mixed liquor after o

sludge and  a portion of it is sent for jed
n. The extra activated sludge is taken to the
stion tank and then to the sludge drying beds
reatment.

ng and non-putrescible effluent possible.
during the process as compared to other
rocesses.

Ance

ient. Removal of 88, BOD and bacteria are
o cach.

tabilization or nitrification is controllable

between li

character of receiving waters. The treatment may be
partial or full as desired/required.

(6) Relatively low cost of installation, as compared to the total
cost of tricking filter installations, cost of land, cost of

its, so as to match with the quantity and

huge filtering material, cost of distribution mechanism

etc.
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settle in this tank. The settled sludge is the ml Ans:

‘Downloaded from ht
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.,,,,;Ad mgmhmnWmnm,wmmc#o% as compared to trickling filters.

(8) The excess sludge other treatment method. The excess
activated sludge may contain 6.3% Nitrogen, 1.44%
phosphorous, and 75% volatile matter, on the basis of dry
weight.

(9) Amount of hydraulic head consumed by the process is less.

Disadvantage: :

(i) Very sensitive to variations in the quality of sewage,
particularly in respect of industrial wastes which may
cause sludge bulking. Trickling filters are the best in this
repect.

(2) High cost of operation.
{3) Necessity of constant skilled attendance. :
{4) Uncertainly of the expected result under all conditions: v
(5) Large quantity of sludge is produced which is difficult to
dewater, digest and dispose of.
Q.10 State the significance of the following terms:
(i) Sludge Volume Index{SVI)
{ii) Mixed Liquor Supported Solids(MLSS)
{iv) Aeration period ‘
{v) Sludge age. (Nov-Dec.,2011}
(I) SVI: If the volume occupied by 1 gm of settled sludge and
is expressed as million liters per gram (ml/g.) .
It is a measure of the settle ability of the activated sludge.

Sy = Ysx1000 :

MLSS . ;
Vs = Volume of settled sludge(ml/l) over a period of 30
minutes. ,

(Il MLSS: The sludge solids contained in the mixed liguor are

designated as MLSS :
The MLSS in an aeration tank is an index of the activity of

the micro-organisms as these metabolize biologically

{IIf} F/M ratio: BOD loading are expressed either in kg of BOD
per day per hector-meter liquid volume in the aeration tank or
in terms of kg of BOD applied per day per kg of MLSS in the
aeration tank. The letter is commonly referred to as &Cmmm
loading ratio or food to micro-organisms ratio (F/M ratio).

Q x BOD .
F/M = LSS
Q = Raw sludge flow rate, mld

V = Volume of aeration tank, million litres.
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25 >mgco=.vﬁ._cn. >oﬂmaob @odon is the maﬁoss,os time of ga
raw sewage flow in the aeration tank m
.|.

t=V/Qx 24
t = Aeration period in Eoes.w
(V) Sludge age: The solid retention period in an activated

Bamm

system is termed as sludge age: Q.
w
V x MLSS
Sludge age (days) = ————— (@)
. Q x 8S o

SS = Suspended solids in influent sewage mg/1
Eoﬁ-ﬁao:u_bov

.11 Explain the following terms. -
Ans: (1) Autotrophy: They prepare their organic food frgmmthe

inorganic materials obtained from the outside envirofment {

with the help of energy obtained from outside sourcq yThe
energy needed for the process is either obtained froffythe
sunlight or from the oxidative chemical reactions moog.mm in
their surrounding medium

(2) Autotrophy: They are unable to synthesize their ow od.
They draw their organic food in readymade form from ota&ide
Sources. These are require at least one organic compous
a source of carbon for their growth and energy. e
(3) Prototroph :

as ¢

4

Prototroph are anaerobic and sw.m,umgyH

energy to reduce carbon dioxide. No oxygen is requind for -

photosynthesis.

{4) Facultative heterotrophy: They can operate eit

aerobically or as an aerobically. Hence they can survivgeand

cause decomposition of organic matter, either in the prmsnce

or in the absence of free dissolved oxygen in wastewater™=g3
©.12 Write notes on the following. (April-may,2@QJO)
Amns: (i) Aerobic ponds (Algae ponds): In aerobic stabilTggyion

ponds (also known as algae ponds), the oxygen is supplifd by -

natural surface aeration and by algal @Uoﬁowuﬁgmm&oﬂrmi
pond is Wmﬁﬂ shallow(0.5 to 1.2 m), so that it EBﬁcBmM

aerobically throughout the depth. Shallower ~o<a_mmws=

encourage growth of rooted aquatic plants while greater
may interfere with mixing and oxygen transfer fro
surface. Very shallow depth of aerobic pond(of depth 0.1 to

0.45 m)

Alalnan’

Teivmensmn Diatalinatinm

th *
the °

is used for the treatment of irrigation return water or .
any other industrial waste where the aim is the removal of
nitrogen by algal growth. However for the treatment of
domestic waste, the depth is kept between 1 to 1.2 m The .
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,,,.Hmbmﬁv to width ratio of the pond depends jon the mmoaand\ of
the land but should be maximized to approach but not be
exceed 3:1 This tends to prevent short circliiting. The influent
and effluent structures of the tank are stifred occasionally to
prevent anaerobic conditions in the settled sludge. Except for
the algal population, the microbiological population present in
the ponds are similar to that in activated sludge system. The
daily flow of sewage containing organic| material provides
necessary food to the aerobic population which stabilizers the
putrescible matter by oxidizing it to form njitrates and co2 The
algal population use these products for their growth to
produce more algal cells and, during daylight, oxygen which is
again used by the aerobic population to decompose the
original waste. The action taking place these ponds is
known as ‘bac trial-algal-symbiosis’ . Thus the symbiotic

relation between bacteria and algae leads to the stabilization
of the incoming waste. The algae -bacterjal interplay in an
aerobic lagoon is shown in Fig.
SUNLIGHT
I EEREN.
ALGAL
POPUL ATION
! ORGANIC
WATER _ MATTER
e | “AEROBIC ot
» MICRO-POPULATION|
' ; OXYGEN FROM
N
oot et
ORGANILS
{ (BIOCELLS)
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can oH.m. ic materials. The anaerobic Qmoogﬁcm:ﬁoﬁ »&Sm
place in two separate but interrelated steps:

Step 1: Decomposition of dissolved organic waste, by acid-
producing bacteria to organic acids(such as acetic, ﬁa@ﬁm.:o
and butyitic acid) and,

Step 2: [Futher decomposition of these acids to Qﬁ.—-ﬁsm
products | of methane, carbon dioxide and water, byQhe
methane-producig-bacteria. Q.
This is depicted in Fig. wn
Effective pperation requires a balance between step @a
step2; berause the methane produces are sensitive he
concentraftion of volatile acids. A certain portion of the 53
material {s used by the anaerobic cells. Sludge or malds
buildup i¢ therefore much less in the anaerobic m%wﬁwg..wwa
contents of the anaerobic lagoon are black in colour, whig is
an effective indication that the lagoon is functioning @a@@mm
The progess is somewhat attended by septic odors andQphe
effluent will be only partially purified. The obnoxious odo

/Inot

€O, AND H,O

Lo i 4 o
EE ACID —PRODUCING w
g BACTERIA BACTERIAL -
&€= CELLS ._Im-
F4O [COy AND CH, o)
t AU, SE— e
METHAKE PRODUCING [t
BACTERIA BACTERIAL

CELLS ge]
Fig., ANABROBIC DEGRADATION PROCESS )

The Hnwd_ﬁm of the reaction of sulphate ocgwoﬁﬁmio
hydrogen

high congentration, H,S attacks painted surface anwmmic
deleterioug if inhaled for an extended period. The long
solution this problem is to limit the concentratio f
sulphate inp the influent o
Anaerobi¢ pond requires much less surface area tharfe
aerobic ponds. However, the pond can be as deep s practical.
Depths ustally range from 2.5 m to § m. The relative greater
depth of anaerobic lagoon m:oém HQ, improved heat retention.

o abl
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~ The efficient length to width ratio is 2:1 The levee of %%S?

pond is similar to that of aerobic/facultative pond, .@o% in .
geometry as well as in construction. The BOD loading in
summer may be taken at 1000 to 2000 kg per hectare per day
with detentions of 2 to 5 days; the BODg reeducation may be
expected at 65 to 80%. In winter, BOD loading may be taken
at 500 at 1000 kg per hectare per day, with removal of 45 to
65%. For anaerobic ponds, less surface area. is required
because the organic loading is about 10 times more than for
aerobic ponds. The depth can be taken normally upto 3 m
instead of 1m, and this will reduce the area required to about
1/30. Deposition and digestion of sewage solids is the chief
function of ariaerobic ponds. With suspended solids loadings
of about 1000 kg/ha/day, sludge may be allowed to
accumulate for 10 years or more before removal is necessary.
The whole design aspect of anaerobic Smoos is controlled by
the detention time whereas that of aerobic lagoon by surface
loading rate. The ideal pH range is 6.6 to 7.6. The ariaerobic
process functions optimally over two temperature ranges: The
mesophylic range of 85° to 100° and the hemophilic range of
120° to 135° F . The greater depth provided in anaerobic pond
thus help in maximizing heat retention. This type of pond
finds use mainly in the treatment of strong industrial wastes
and has limited application for the treatment

2.13 Draw the flow diagram of an STP for & city. Explain ww@

components. [(Nov-Dec.,2011- April-May, 2010}

Ans: SLUDGE TREATMENT PROCESSES: Sludge treatment may

include all or a combination of the following unit oﬁmamﬂod
and processes:

1. Thickening or concentration.
2. Digestion,

3. Conditioning
4. Dewatering
5. Drying

. Incineraticn.

5.1 shows the flow chart for sludge treatment ana
COGﬂﬁ,

o

.TaQ \“

&m@ow.&. The arrows in the diagram indica 1

paths.
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= = there is a power or mechanical failure. The juse of comminutes

tends to reduce odours, flies and unsightliness.

= A comminatory consists of a vertical revolving drum screen
c with 6 mm to 10 mm slots. The coarse imaterial is cut by
cutting teeth and the shear bars on the [revolving drum as
solids are carried past a stationary comb(Fig 114). The small

RAW SLUDGE

L 4
o

boasmesmsisn sy 8

[
¥ pri | GRAVITY THIGKER NG T

o

CONGENTRATION j CEMTRIPLIGATION

‘ THACKENING . w,_ixis O ATATION TG KEN sheared particles then pass through the slots of the drum out
A w . v and of a bottom opening through an inverted siphon. The
L e ABREIBIC ma head loss across comminutes depends upon screen details
. sTAsISAToNy [T s i and flow, the normal values being on the order o 50 to
0 100mm. Another form of comminatory (kmown as stationary
o e ELUTRIATION .II. screen type comminatory) consists of a statjonary semicircular
M CONDITIONING s%,,:zT ........ - CHEMICAL CONDITIONING 23 screen and a roiating circular cutting disk. [The grid intercepts
v e MEAT TREATIENT .a the large solid particles where as smaller JMEm pass through

» v, the space between the grid and cutting discp.

i§§.§wi§&u.. , e VAGUUM FILTRATION ._nlw Q.15 Explain screening & Their Disposal.

T DETERE M.%%zw.i.iz SENTRIELGATION o Ans: Screenings and their disposal : The quantity|to screenings with
T PRESSURE BlLTRATION €2 the size of the screen used and on the nature of sewage. Gene
) £ e FLASH DRYING ” it has been found that the screening from sanitary sewage
+ A b SPRAY DRYING ml from 0.0015 m?® /ml case of 2.5 cm sige. Screenings are

e ROTARY DRVINIG = : disposed of by the following method: (i) Burial (ii) Incineration
oo LI T TR R HE AR T ¢ mvhmn.zmﬁiza Awwu..v Gmm@m,ﬂmos and Q/\v OSSQ
s FLLHDIZE BED 1IN ERAT

k 4

v | INCINBRATION e

Medium sized screening, partiqularly in small

mh

i s o FLASSM OMBUE TN
PIE———- installation can be disposed of by burial in trenches usually
m 7.5 cm to cm deep. These are immediately covered with soil
v“ coomat S after bury At large installations, where sufficient land for

v : burial is not aviation without a reasonable| distance from the
E@.E.,.U?. CHART FOR SLUDGE TRENTMENT abD DISPCERL. ; plant. Screenings are incineration. Befor¢ doing so, it’s is
necessary to dry the screening first, by spread it over the
ground and exposing it to the sun. Alternatively screenings,
specially obtained from the fine screens, can be plan in sludge
digestion tanks. The use of screening grinders is desirable for
medium size plants. The reduced size solids are returned the
raw sewage or are mixed with the sewage sltidge.

ded

.14 Write short notes on.
Ans: COMMINUTORS AND BARMINUTORS: A comminuting Qm<mmm a
mechanically cleaned serene which incorporates a ing &
mechanism that cuts retained material enabling it tofG@ass
along the sewage. Comminuting devices may be prece by

W

grit chambers to prolong the life of the equipment Frequ@tly, |
they are installed in the wet well of pumping wﬁmaE to
protect the pumps against clogging by rags and large objects. |
However, provision must be made to bypass comminutes in .
case flows exceed the capacity of the comminatory or in case

i
i
i
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Here = T 1.5(given)
Example 1 Determine the size of a high rate tricking filter for | 1+ 1.5
the following data: {(April-May,2011) o~ F =
S _”M +0.1 % H.WHN
(i) Sewage flow = 4.5 Mld; <
(ii) Recirpulation ratio = 1.5; omm _ 2.5
(iii) BOD of raw sewage = 250 mgll; o T (1.15)2
(iv) BOD removal in primary, tank = 30% o
(v) Final leffluent BOD desired = 30 mg/1 Q. = W%MINH 1.89
Solution: Quantity of sewage flowing into the filter day w 1000
= 4.5 M.1/day ) 82.85 = —
BOD concentration in raw sewage — 787.5
_ ) 1 -+ 0.0044 VX189
®
T 416.6
.W 1 or1 + 0.0044v .Jdliaw
U
v 02
L T 0.0044
et
(o] = 45.45
[ =3 4166
” : or = 2066.1

ee
Q- or V = 0.2 hectare -m.
] 2000m®
= 2000m
N enpi
m Assuming the depth of the filter as 1.5 m, we have
: The surface area required
(@] _ 2000
A S =35 M
Y ,
N o] = 13333 m |
q “ - Dia of the circular filter required
Now, using equation(9.34), we have (v} 4
. : = ‘wawgw X =
140.0044 |57 m ™
Where 7 = 82.85% c = 41.2m.
Y = Total BOD in kg W ‘ Hence, use a high rate trickling m:ﬂ. with 41.2 m dia.,
=787.5lkg o 1.5 m deep filter media, and with recirculation Amanw?
148 o stage) ratio of 1.5.
F = . =z i Example 2 Determine the size of a high rate trickling filter
(1+0.177) E for the following data:

. C : - - ..§
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Flow = 4,5 Mld.
. Recirculation ratio = 1.4
BOD of raw sewage = chﬁm

BOD removed in primary clarifier = 25%
Find effluent BOD desired = 50%

Calculate also the size of the standard rate trickling
filter to accomplish the above requirement.

Solution: Total BOD present in raw sewage per day
= 4.5M] x 250 mg/]
BOD removed in the primary clarifier
= 20%
. BOD entering per day in the filter units
= 0.75% 1125 kg
= 843.75 kg
Permissible BOD concentration in the effluent
= 50mg/1.
-~ BOD allowed to go into the effluent
= 50mg/1x4.5 MI
~ BOD removed by the filter per day
= 843.75 — 225
= 618.75 kg

~ Efficiency of the filter
BOD 233&&. % 100
Total BOD entering

618.75 )
843.75 X 100

= 82.85%

Now, efficiency of the filter is given be Eq.(9.34)a=
100

n = ..ls.!..!oal!l.ﬂl
14+0.0044 VF

Where Y = Total BOD applied to the filter per day in kg.
= 843.75 kg
F = Recirculation factor

. 142
[1+0.4 .mw

Here = R = 1.4(given)
1+1.4

(1+ 0.1 x 1.4)2

R

/

//notescivil.blogspot.in
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24
T (1.14)2
24 _
= 1.85.
1000
733 = =
% 843,
. 456 100
or 1+ 0.0044v T e T 1.364
Tpm.m 0.364
or [—— =
v 0.0044
= 82.78
or %= 6853
— 456 -
or V= p mwSooﬁmg 1m.
_ 456 4.3
= o X 10%m
= 665.4m?>
Using 1.5 m depth of the filter, W
Area required = m.mm%

= 413.6 m?
= Dia of the filter tank required

_ |4136x4
T

= 23.8m.

For an equivalent standard rater filter; F=
1000

733 =

1+ 0.0044 ﬁ,.wmm

843.75 _ 100 __
or 1+ 0.0044v |—o— === 1.364

=

e have

e
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or 84375
o=

or 84375 _
, - =
84.3.75|

or V= 6853
=

=]

Using depth ¢
Surface Area

= 820.8 i
-~ Dia of the filte

= 32

Example 3 A single
row sewage wit
a loading of 114
meter. And the
stremgth of
vrmendatio

82.78
5853
ha-m.

).1231 ha — m
231m* ~ ha-m = 10*sq. m m
=10*m

f the filter as 1.5 m, we have

required =

2

r tank required

20.8x4
T

3m.

h BOD of 240 mg/1. It is to be designed for
D86 kg of BOD in raw sewage per hectare
recirculation ratio is to be 1. What will be
the effluent, according to the

s of the National Research council of

- @GU9-201 1, April-May,2010)

prasent in

30 240 mg
efuired

Total BOD in raw sewage in kg

en BOD loading rate of 17,086 kg/ha—m

cainan Pul

stage filter is to treat flow of 3.79 M.1l.d. of

//notescivil.blogspot.in/
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clarifier, we have

The amount of BOD applied to the filter
= 0.65 X 909.6 kg
= 591.24 kg

Now, using equation(9.34) we have

100
= 140.0044 ﬁ
Where Y = Total BOD applied to the filter in kg.
=591.24 kg
« V= Vol of the filter in ha — m
= (0.082 ha — m

oo
[0 &P

R

Here = 7= 1(given)

1+1
(1+0.1)2
Z

W F o=

the efffuent

'Now, wmmgﬁam that 35% of BOD is removed in ﬁﬁEmQ
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" BOD concentration in the effluent = F/Mratio = 225
_ Total BOD = 0,215 kg BOD per day/kg of MLSS
~ Sewage volume Then ,
55500 x 2400
_ 1m3spacs ._m M= V.x= W!lu,a@mmlfl =/37200kg
3.79%106 mg/ o
. 10000
= 35.18. mg/1 m « F/Mratio = 22
Example 4 An average operating data for conventional (@] = 0.265 kg BOD ﬁm%mm of MLSS.
activated shadge treatment treatment plant is as fo . :
(Nov-Dec. me08) {c) Percentage efficiency of BOD removal
1. Wastewater flow = 50000 m3/d — 200-25
2. Volume of aeration tank = 15500m?® .w n="5 X 100 =87.5%
3. Influent BOD = o mmm i
4, Bffluent BOD =2 mN WMMWW n W {d) Sludge age: Sludge age can be found by Eq. by expressing :
17, ] the equation in terms of suspended solids(SS), rather than in
5. Mixed liquor suspended solids (MLSS) = 3000 mg/I o)) SESM of volatile suspended W&Ew?\mmu (SS)
6. Effluent suspended solids =40 mg/1 it Vx P
7. Waste sludge suspended solids = 12000 mg/1 (@] O, = -
8. Quantity of waste slugde =250 m?/d c 053%%%&&%?
Based on the information above, determine: ~ = (250%12000)+(50000~250)40
(a)Aeration period (hours) =S = 9,32 days
(b)Food to mico-organisms ratio(F/M) (kg BOD per day Qe ) 7
MLSS) i Example 5 Design of conventional activated sludge plant
{c)Percentage efficiency of BOD removal -
(d)Sludge age (days) i e Design a conventional activated sludge plant to treat
. ) , settled domestic sewage with diffused |air aeration system,
Selution: In this example, all the data about solids are in ﬁmgm&. ,v for the following data
wcwwmwxam«wm solids (SS) and not in term of volatile suspend (@] .u (i) Population 1,20,000
solids ad cooshe ,20,
, i ) (S . [(ii) Per capita sewage contribution coche 160 Iped
{a)Aeration period: The aeration period(T) or hydraulic retemggn . (iii) Settled sewage BOD; seespe 200 mg/1 i
SB@EW&&E given by Eq. 14.8: QO ©  (iv) Effluent BOD;s required 18 mg/l :
T = 5 X 24 (where Q is m*/day) N o] Solution:

15500
50000 ¢ 24 =744 hours m_ww : 1. Influent flow and process efficiency required
c

?wm,\g ratio: F/M ratio is to be expressed in terms of MLS Average flow = 120000x160 = 19.2 x 109 Ipd
desired) Eq. 14.10 = 19,2 mLd = 19200m?/d

i B F=Q= L, = 50000 x 200 g/day

200713 » 100 = 92.5%

Efficiency required =

W 200
. 50000%200 (@] 2. Determination of volume of aeration ftanlk
= ~ooo _ — 10000 kg/day a From Table 14.3, select F/M = 0.2 and MISS (x,) = 3000 mg/1
; F QL,
P M = Total mass of MLSS : Now, & = (V/1000)x;
1 . . 0.0 = 19:2X200x1000
= V.x, = 155500(m?) x 3000(gm/m?) T T T k3000
1550053000 : From which V= 6400m?
*ﬂ = oo = 46500 kg. 3. Check for hydraulic retention time
— PSS - S g R , - ainany Page 111
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Choose standard diffuser plates of 0.3 mx 0.3 mx25 mm, passing
1.2 m® of air/min/m® of air/min/m? with 0.3 mm pores.

4.Check for vglumetric loading S~
Volume W.m&wm = mmm, .m
| = :is!;@%ﬁg = 0.6 kg BODs/m? 4
(This is withip the prescrible range of 0.3 to 0.7 hours) o
5. Return sludge ratio Q.
@_| = )
Q
Taking SVI = 100, we get ma
L3000 ___ 429 —
Q  (108/100)-3000  ° 0
& 1= 0429 % °
(This is within|the prescribed range of 25 to 50%) =
6. Tank dimensions: : >
Let us adopt a depth of 3 m and width of 4.5 m .a
. L. 6400
~ Length of aefration tank = reas = 474m )
Provide a continuous channel with six baffles, so as to get @
seven sectiops, the length of each of section being 68 m to ._m
give a total length of 68x7 = 476 m. Let the thickness of mmhvn
baffle be 0.2)5 m. ~
- Total width of tank = (7 X 4.5) + (6 x 0.25) = 33 m ~.
Provide a m.mmmcom& =0.5 m -~
Hence overalllinner dimensions of the tank are 68 mx 33 mx Q.
3.5 m. ._._u :
7.Check for horizontal welocity <5
Q+Q = 19.0 m®/nin m
Vo= 1905 _ S .
3%4.5 Y
| (oK) -
8. Air uﬁﬁﬂmgg@ﬁw and arrangement of diffuser plates “
Air needed = 100 W,w\mmu\ per kg BOD; removed (4]
_. 100(200-15)1d2 o
- 2460 —_—

= 246.7 m*/ mih ~ 250m? /min(say)

Down

250

~ No. of plates requiired = ————— = 2315

0.3%0.3x1.2
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Let ug provide 2320 plates.

A plate concentration of 30% extra is provided in Qaw first half of
the tank to take care of more frequent clogging of this zone.

=~ No. of plates needed in the first half = 1.3 [2320/2]

Let us provide clear distance between the plates of 0.9 m to avoid
interference from the rising streams of bubbles.

234

Hence ¢/c rows in the first half length (of 234 m) = —— ~ 195 rowa.

Provide 8 plates in a row of 1.2 m spacing.

moSomeSEoiaogmsgmmwmﬁmw&gﬁdmﬁpuHmmﬁoﬁmxmws
each row = 1560 ) :

Balance plates to be provided = 2320 - 1560 = 760 .

This is to be provided in the balance length of 476—234 = 242 m.
242 % 8
760

9.Check for minimum air availability
In the second half, 760 diffuser plates give air
=760 % 0.3 X 0.3 X 12 = 82.08 m®/min
This is in a length of 242 m.

~ Air available per meter length of channel
= %wm = 0.34m*/min/m length
This is more than the prescribed value of 0.25m?/min/m length.

Hence satisfactory

Hence spacing = = 2.55 m (or say 2.5 m)

Example 6 It is proposed to install a two stage trickling filter
for treatment of 4.0 med of raw wastewater having the
influent BOD of 180 my/l. Assuming that the primary
treatment removed 30% of the BOD, the recirculation
ratio is 1.2 for cach filter, and if two filter are provided to
equally share the load determine the BOD of the effluent.

v (Nov-Dec.;2010)

Solution: Total BOD present in raw sewage

=4 x 180 .
= 720 kg.

Now filter vol. required

= total BOD in raw sewage in kg
" Given BOD loading rate of 1000 gm/m?3

Give BOD loading rate = 1000 gm/m?

= Emwmmww = 10000 kg/ha — m

S Jafnant ™ o

Jainam Publication




Gnvironmental @@%ﬁ@é

720
To000 = 0.072 ha —m

ring-1

3
=
B
:‘ :
©
=
S
]
=
=
R
| Q

Now 30% of BOD is removed in primary clarifier.

-~ Percentage of BOD removed in 1st stage filter
We. have

=71.16%
~ Amount of BOD left in the effluent [from that filter
= 504[1 — 0.7116] .

= 145.35 kg

The amount of BOD applied to the filter = 0.70 X 720.

= 504k
Now 7

100
n=-

Y
| 1+0.0044 [ X7

Where Y = Total BOD applied to the filter in kg.

Now

For the 2rd stage filter the efficiency is given by
100

! 00044 [V
1—n«V.F

V= Vol. of the filter in ha —~ m

ummmuo.am:mns

//notescivil.blogspot.in/

Fe imf i Where Y’ = 145.35 kg
[1+01%] V’ = 0.036
R . e =
b = n = 07116
aF=ttl = ‘ 100
(1+0.1)2 n =
m “ 14+ 0.0044 145.35
ol o 1—0.7116+0.036 X 1.65 ,W
- M.Nmum o n' = 80.79% |
o © ,M = The amount of BOD left in the effluent from the plant
Now v
: e B 100 — 80.79
For each filter F= 1.65 o - AnaEs @ 100
- 100 o = 27.91 kg.
1+ o.oci)\—i\ww m = BOD concentration in the effluent
- 100 = _ Total BOD
T, 00044 - a Sewage volume
; 1 —mn 0.036 x 1.65 i _ 27.91x108
N .. oo T 4x106
w 140 = 6.9775 mg/lit
@ "
w Jainam Pubication A Jainand i o
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Example 7 Design a conventional activated sludge E&g to
treat moﬁ-nmn n sewage mmdaa the following data:

Population = 35,000

.&40—.&@.& sewage vmoi = 180 Ipcd

BOD of sewage | = 220mg/l

BOD removed in . rimary treatment = 30%

Overall BOD redugtion desired = 85% (April-May,2009)

Solution: Daily mo,,w age flow
= Q = 180 x 350001/day = 6300m?/day

BOD of sewage co QBW to aeration

= Yo = 7p% x 22024 = 154mg/I

(~ B0% BOD is removal in primary settling)

BOD left in effluent = ¥; = 15% x 220mg/l = 33mg /!

(~ Pverall 85% BOD removal is desired)

~ BOD removed in activated plant

=154 — 33 = 12] mg/I

~ Efficiency required in Activated plant

121
=1 =079

From table 9.10, for efficiency of 85%—92%, we use F/M ratio as

0.4 to 0.3, and MLSS between 1500 io 30060. 8ince efficiency
required is on Igwer side, we can use moderate figures or M_)\ M
ratio and MLSS

5o let us adopt /M| = 0.35

Similarly adopt MLSS

(X)) =

2000 mg/t

Jsing equation(9.44

, wWe have

://notescivil.blogspot.in/
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B

m
X, = Noccimgmmt:&&

6300 x 154
V % 2000

V = volume of aeraiion tank

= 0.35 =

6300X154
2000x%0.35

(i) Check for Aeration period or H.R.T.(t)

= 1386 m*®

Using Eq. (9.41), we have

1386
t= iXMA; h leﬂm.X 24h

= 5.28(within the limit of 4 to 6 h) 0.k.
(ii) Check for S.R.T. (8.)
From equation (9.56), we have

o,
_ %y.o(vo-vg)ec
VX = 1+Ke, 8¢

WhereV = 1386 m®
X = 2000mg/1 (assumed)
= vield coefficient = 1.0 w.r.t MLSS
Q = 6300m®/d
K. = Endorgeneous respiration constant = 0.06d™*
¥, = BOD of influent in aeration tank = 154 mg/1
Yg = BOD of effluent = 13 mg/]

Substituting the values, we get

0.5%6300(154-33)8,

1386x200 = 140.06X6,
Or 1+0.066, = (X220828) 6~ 0.2756,

or 1+ 0.060, = 0.2758,
= (0.275 — 0.06)8,
or 1 =0.2158,

% Jatnan” ey
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1 ALl - bl
G, = SES 4.65 days = 5 days; ok,
(iii) Check for volumetric loading UNIT-III Part - A
Using equation (9.42), we have Q.3 (a) ﬁﬁow of the following is NOT a unit physical unit ,
operation: .
Volumetric loading = .@Ww gm of BOD/m?® of tank vol. (i) Equalization (ii) Mixing (iii) Adsorption {iv) Screening

Ans.: (iii) Adsorption

: = mwmmmw» gm/m3 = 700 gm/m> = 0.7 gm/m3 Part - B
) {b) Draw the flow diagram of an STP for a developed city. Explain
g {within the permissible range of 0.3-0.7 gm/m?); O.K. the components. 7
{vl Check for Return sludge ratio(for SVL ranging Ans.: Refer Q-13
between 50-150 ml gm; say 100 ml/gm). (e) Write a detailed note on tertiary waste water treatment. 7
Using equation(9.55), ha
sing equation( ), we have {d) Write short notes on : 7
- mm _ % (1.e.MLSS)
e T Ty (i) Disposal of screenings

(i) Comminutors (Sketch essential)

Where SVI = 100 ml/gm
X = 2000 mg/1

//notescivil.blogspot.in/

| _ 2000 ~ UNIT-II Part- A
T@m — wgow Q. Q.3 (a) (i) Average BOD removal efficiency jn an Imhoff tank is 2
100 “ i (1). 70% (2). 50 % (3). 30 % (4). 60%
=025 ._|m (ii). DP for a Grit chamber is :

- {i). 1 min (2). 5 min (3). 2-4 min (4} 1 hr 2
{i.e within the permissible range of 25-50); O.K. m Part- B -
. . » {b) A single stage filter is designed for anorganic loading of 10,000
We will, for conservative purposes, however provide 33% return Q kg of BOD in raw sewage per hectare metre/ day with a
sludge giving SVI = 125, O.K The sludge pumps for bringing ﬁ recirculation ratio of 1.2 This filter treats a flow of 4 mld of raw
recalculated sludge from the secondary sedimentation tank will sewage with a BOD of 220 mg/I . Use NRC formula, determine
thus have a capacity = 33%xQ=33%x6300 m3/d = 2100 m3/d © the strength of effluent 7
Tank dimensions. Adopt aeration tank of depth 3 m and width “ : Ans.: Wmmmw Example-3
4.5 m. The total length of the aeration channel required o MM“WVWMMJM.V F/M ratio (3) MLSS (4) MLVSS

- Total Volume required _ 1386 m h Ans.: Refer Q-10

(b) Explain briefly the flow chart of sludge treatment & disposal 7
Ans.: Refer Q-13

BXD " 4.5x3

Provide a continuous channel, channel, with 3 aeration chambers,
each of 35 m length. Total width of the unit, including 2 baffles
each of 0.25 m thickness= 3 %X 4.5m + 2 %X 0.25 = 14m.

Total depth provided including free board of 0.6 m will be 3+0.6= 3.6m.

wn

Do

_ Unit-III
Overall dimensions of the Aeration tank will be 35mx14mx3.6. g Q.3 (a) What do you understand by term recirculation?

Ans.: Refer Q-4
{(b) What do you understand by contact bed? What are the
operations of contact bed? Draw a neat sketch of contact bed.7

A i %w u&n@ma
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{c} Describe with Sketches the treatment of sewage of activated
sludge process. M¢ntion the advantages and disadvantages of this
system. T
Ans.: Refer Q-9
(d) Determine the pize of high rate trickling filter for following
data: , 7
Flow = 4.5 MLID
Recirculation ratio = 1.4
BOD of raw sewage = 250 mg/L.
Amns.: Refer Examplle-2

0gspot.in/

Q.8 (a) What do you mean by high rate tricking filters? 2

Amns.: Refer Q-2

{b) What is the basjc principle behind the working of the
secondary treatment systems? What do you understand by
attached growth process and suspended growth process?
Explain giving tWwo examples. 7

Amns.: Refer Q-1
{c) Example the following terms: 7

//notescivil.b

(i) Autotrophs (ii) Heterotrophs (i) Phototrophs

{iv) Facultative hetrerotrophs

Ans.: Refer Q-11

{d) It is proposed to|install a two stage trickling filter for treatmen
of 4.0 mld of raw wastewater having the influent BOD of 180
mg/1 Assuming that the primary treatment removes 30% of the
BOD, the filter 1gading rate is 1000 gm/m3 of BOD, the
recirculation ratjo is 1.2 for each filter, and if two filters are
provided to equallly share the load, determine the BOD of the
effluent. 7

Ans.: Refer Example-6

Etp

Q.3 (a) Case of Tricking Filters? 2

(b) What do you understand by suspended growth process and

attached growth progess? Explain the principle of treatment in

treatment units belonging to these processes. 7

Ams.: Refer Q-8

{c) A single stage filter is designed for an organic loading of 12000
kg BOD in raw sgwage per hectare meter per day with a

b Jainam
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wmoﬁo&mﬁos H,waoﬁ of 1. m This filter treats a flow of 5 MLD of
raw sewage with a BOD of 200 mg/L. Using NRC formula,
determines the strength of the effluent. N

Ans.: Refer Example-3
(d) Write notes on the following.

(i) Activated Sludge Process.
(ii) - Oxidation ditch.
(iii) Facultative Lagoon.

Ans.; Refer UNIT-2

Q.3 (a) What is re-circulation ratio? . 2

Ans.: Refer Q-4

(b) What do you understand by suspended growth process and

attached growth process? Explain the principle of treatment in

treatment units belonging to these processes. 7 Ans.:

Refer Q-8

{c) A single stage filter is designed for an organic loading of 12000
kg of BOD in raw sewage per hectare meter per day with a
recirculation ratio of 1.5, This filter treats a flow of 5 MLD of
raw sewage with a BOD of 200 mg/L. Using NRC model;
determine the strength of the effluent. 7

Ans.: Refer Example-2
(d) Explain the arrangement and working principle of a trickling
filter. Draw the single stage and two stage H.moz.o&wﬁob

systems.

o

Ans.: Refer Q-2

UNIT - IIT
©.3 (a) Define “Sludge Age”.
Amns.: Refer Q-10
{b) Distinguish between standard rate and high rate tricking filter,

Ans.: Refer Q-10
{c) Explain in brief principle of working of aerobic, anaerobic and

e

facultative type of stabilization pond. 7
Ans.: Refer Q-12
Jainam Publication %?&323 Page 121
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{d} Design the activated sludge unit treatment with following data
for town of population of 65,000. TN
(i) Average sewage flow =210 litres/capita/ an
(i) BOD of raw sewage =210mg/1
(iii) Suspended solid in raw sewage =300mg/1
(iv) BOD removal in primary treatment s 40%
(v) Over all BOD removed desired = 90% nW'lu
Ans.: Refer Example-7
_ _ (@)

ot.i

UNIT - III
Q.3 (a) Define activated sludge process.

Ans.: Refer Q-9

{b) Explain in brief, various operation problem commonly
encountered in activated sludge plants. 7

Ans.: Refer Q- 9

{C) An average c@mnmﬁoﬁ data for conversional activated sludg
treatment plant is as following.

(i = 50,000m3/day
(ii) Volume of aeration tank= 15,000m3

(iii) Influent BOD = 200mg/1

(iv) Effluent BOD = 25mg/1
(

(v

(vi

/[notescivil.

) Waste water flow

v) Mixed liquor suspended solid (MLSS) =3,000 mg/1
i} Effluent suspended solids = 40 mg/1
ii) Quantity of waste sludge =250mg/1

Based on information above determine:

(a) Aeration period (hours)

(b) Food to micro organism ratio (F/M)(kg BOD per da;
kg MLSS).

{c) Percentage efficiency of BOD removal.

(d)  Sludge Age (days).

nloaded from http

Amns.: Refer Examiple-4
{d} Determine the size of high rate trickling filter for following W@uq

(i} Sewage flow = 5MLD

(ii} Recirculation ratio = 1.5

(iii) BOD of raw sewage = 230 mg/L
fi

(v)

Do

é BOD removals in primary clarifier = 30%
Final effluent BOD desired = 25 mg/!

Ans.: Refer Example-1

o Jalnan Page 122
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UNIT — TV mmi._mmm Sludge

~ Treatment

Sewage sludge treatment-Importance] amount and
characteristics of sludge, sludge diggstion, Anaerobic
digestion, aerobic digestion, sludge d g beds. Sewage
disposal: disposal by dilution, self purification of polluted
streams, factors affecting self purification, Sag curve,
disposal on land surfaces. Stream standards, Effluent
standards, theories of waste treatment (Yolume reduction,
strength reduction, new Equalization apd proportioning)
Summery of Industrial waste, it origin, character and
treatment.

INTRODUCTION:
CONSTITUENTS OF SEWAGE
Sewage or wastewater is a dilute mixture of various wastes
from residential, commercial, industrial and| other public places.
Before we can decide about the line of its treatment and disposal,
it is essential to know its composition, quality and characteristics.
Though the characteristics of sewage or wastewater depends up to
the source of its discharge, sewage in gengqral contains organic
matter, inorganic matter and living organisins. The organic and
inorganic matter may be in dissolved, sus ended. and colloidal
state. The inorganic or mineral matter consists of ash, cinder,
sand, grit, mud and other mineral salts. The organic matter may
be either nitrogenous or nitrogen-free. The chief sources of
nitrogenous matter are urea and protein, while the nitrogen free
compounds include carbohydrates fats soaps. The living
organisms may be divided into plant life (such as algae fungi etc.)
and animal life consisting of various typeg of micro-organisms
such as protozoa, bacteria, virus etc. the bacteria convert the
complex organic constituents of sewage into simpler, more stable,
organic and mineral compounds.

Q.1 Explain the characteristic of Industrial waste water?
. {April-May, 2009)

! | W@M@%x Page 123
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TABLE 8.1 .E.sw COMPOSITION OF DOMESTIC WASTEWATER. TOrganic mgm| o 3
Constituent | Concentration Tnorganic (mg/1) 10 5
Strong | Medium | Weal~. | 8. Chlorides , (mg/1) 100 50
Solids: Total ~ (mg/I) | 1200 720 350w 9. Alkalinity (as CaCOg)*
=t
Dissolved, total (mg/1) 850 500 250 10. Grease (mg/I) (mg/1) 150 100
Fixed . (mg/1) 525 300 145 ) Depends upon its amount in domestic water supply.
=3 CHARACTERISTICS OF WASTEWATER
Volatile (mg/1)| 325 200 105
Susoended tétal — — " The characteristics or propérties of wastewater can be
pended, tot (mg/1) 350 220 10 classified under the following three heads:
Fixed (mg/1) 75 55 20° ~(a) Physical characteristics
Volatile I . (b) Chemical characteristics
(me/1) are 168 80 (c) Biological characteristics.
2. settleable golid ; . :
4 N (me/1) 20 1o 5 The most important physical characteristic of water is its
3. biochemicgl oxygen total solids content, consisting of floating matter, matter in
demand suspension, colloidal matter and matter in solution. Other
(BODS, 20°C) (mg/1) S physical characteristics are:
400 220 110 ... (i) smell or odour
4. Total organic carbomn 290 160 80 (ii) colour and
iii) t ture.
(ToC) (mg/1) e (iii) temperature
5. Chemical 3 - Sewage contains complex organic matters derived from
(coD) oxygen demand - urine, faces etc. and inorganic chemicals. Fresh domestic sewage
(mg/1) 1000 500 250 mW is slightly alkaline but tends towards acidic as it becomes stale.
& Nitro cotal S Important chemical characteristics of sewage are: (i) pH value, (i)
. gen (total as N) (mg/I) | . 85 40 20 " chloride content (iii) nitrogen content (iv) fat, grease and oil
Ozrganic (mg/1) 35 15 .y J) content (v] sulphides, sulphates and H,S gas (vi) dissolved oxygen,
, (vii) chemical oxygen demand, and (viii) biochemical oxygen
Free ammonia (mg/T) 50 o5 12 : demand. i
— o
Nitrites {mg/1) 0 4] 0 M r Biological characteristics relate to various micro-
Nitrates (/) 5 5 = < .Onmmawa.m found in wastewater, some of ﬁ?os may be
pathogenic. However, all bacteria present in wastewater are. not
7. Phosphorus (Total as P) harmful; some of these help to treat the wastewater and reduce
. the cost of treatment plants. .
(mg/1) 15 8 4 T |
Table gives a summary of physical, chemical and
o m— %H@M S biological characteristics of wastewater and their sources.
inam Publication [atnand Tl
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{iv) Temperature

TABLE CHARACTERISTICS OF WASTEWATER AND THEIR
SOURCES.
Characteristic Sources -
1. | Physical characteristics ommm
(i) Colur Domestic and industrial wastes Jm#
: natural decay of organic o
materials.
{(ii) Odour Decomposing wastewater:
. industrial wastes
{iii) Solids

nr
UoBomﬁoianmGﬁﬁ@mQogowa
mbgmsmcmﬂamgémm"mwwmow
nao&osmww:mos-wnmpﬁmaos
Domestic and industrial wastes®

(a) Organic
(i) Carbohydrates

(iii)Pesticides
(iv) Phenols
(v} Proteins

(vi) Surfactants
(vii) Others

(b) Inorganic
(i) Alkalinity

(i) Chlorides

; QEE@&@ metals

2. | Chemical characteristics

(i) Fats, oils and greases

.
anmwao.coBBmHow&mecmﬁamu
ém.mﬁow
UoBam&o.noEBoﬂom,&msg
industrial wastes

Agricultural wastes. Py~
Industrial wastes ,

Domestic and commercial waste
Domestic and industrial wastes

Natural decay of organic
materials.

Domestic wastes, domestic wat
supply, ground water infiltration.
Domestics water supply,
domestic wastes, groundwater
infiltration, water softeners.
Industrial wastes.

. (iv) Nitrogen Domestic and agricultural
. wastes.
(v) pH Industrial wastes.

(o]
(e
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(vi) Phosphorus

(vii) Sulfur

(viii) Toxic compounds

(c) Gases
{(if Hydrogen sulfide

(i} Methane

(iil) Oxygen

Domestic and|industrial wastes,

natural runo
Domestic wat

and industria]

Industrial wastes.

Decomposition of domestic

wastes

Decomposition of domestic

wastes

Domestic water supply, surface

r supply, domestic
wastes.

water infiltratjon
3. | Biological
characteristics Open water cgurses and
(i) Animals treatment plants

(i} Plants

Protista

Viruses

Open water cd
plants

Domestic wastes; treatment

plants.

Domestic wastes.

urses and tremens

Q. 2 Differentiate between aerobic and ana

erobic digestion.

(Nov-Dec., 2009)

(i) Aerobic decomposition (also called aerobic

xidation) and

(ii) Anaerobic decomposition (also called putr mwoaoé..

Aerobic decomposition may be caused by both aerobic bacteria
as well facultative bacteria operating aerobicallly, in presence of air
or oxygen which is available in the wastew.
form. During this process, organic matter

carbon dioxide, nitrates, sulphates etc. Tre
works on aerobic decom-position alone
trickling filters, contact beds, oxidation ponds

Anaerobic decomposition or putrefaction is
bacteria, as well as facultative bacteria, opet
The end products of putrefaction include bl

hydrogen etc. The anaerobic bacteria survi

consuming the bounded molccular oxygen p

ter in the dissolved
is broken up and

" oxidized to form stable and non objectionablle end products like

atment units which
are aeration tanks,
etc.

caused by anaerobic
ating an aerobically.
1k residue, nitrogen,
e by extracting and
esent is compounds

| AT — 1
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like nitrates (NO;) and sulphates QQ»V, Treatment units QHEQS mew&ﬁwﬁnmm@m
works on putrefaction alone are septic tanks, Imhoff tanks, and ¢ i
. 1. Higher power costs generate higher operating costs

sludge digestion} tanks.
comparable with anaerobic digestion.

g€ ww concentration of organic matter L, with tim@m & 2. Gravity thickening processes following aerobic digestion tend
t, is given|by — = —KL. Calculate the organic matter = to generate high solids concentration in the supernatant.
3. Some aerobically digested sludges donot dewater easily in

dt
remaining after 4 days if the initial concentration was
vacuum filtration. ,
4. No methane gas is produced for recovery as a by-product.

300mg/d and K = 0.3 per day.

The aerobic digestion process appears to be
particularly well suited for industrial sludge treatment and
for small, municipal activated sludge plants.

/

Example Char

. dlL
Solutiomn. == KL.

. dn _

L

1

K [ de
Q.4 Write short note on the treatment of industrial wastes.

(Nov-Dec.,2009)

log, L =f =Kt + C
Or 2.303logyp L = ~Kt + C

When t =0, L =[300mg/I. Ans: The industrial wastes are usually treated by the following

process.

Hence C= 2.303 log,,(300) = 5.7
() The suspended solids are removed by screening or

settling tanks. o
(iij Oils, grease and facts are removed by floatation and
skimming. This process can be aided by chemical
treatment if necessary.
‘ (iiiy Coloidal matter is removed by floatation with coagulants
and electrolytes following by sedimentation and filtration:
{iv) Excessive alkalinity or acidity is removed by adding
chemicals or mixing acidic waste with &W&g@,d@rmﬁo or

Substituting this value of C in Eq. (a), we get

N.wcw MOWHO L=~ Kt -+ mﬂ weoe A
{where K=0.3 per day)

Hence the value|of L after 4 days is gives by

2.30310g19Ls = 0.3 X 4+ 5.7 = 4.5

logyo Ly = 11954
vice versa.

: (v) Reoxygeneation of wastes are done by aeration.
(vi) Decolonization of waste is done by chemical treatment
with sedimentation or filtration or both.

from http:7/notescivil.blogspot.

From which L, = 10%%% = 89.9mg/I.
~ Organic matteyr left after 4 days = 89.9 mg/I

Q.3 Explain Advantage & Disadvantage of aerobic process ?
Q.5 Write short note om industrial effluent standards for

Adwv
antages disposal on land.

Ans: The use of industrial effluent for irrigation purposes has
been quite popular, particular from food processing industries
pharmaceutical industries, pulp and paper industries. While
using the effluent for irrigation. Care should be taken that it
should percolate into the field and do not create the problem
of mosquito and fly breeding. The industrial wastes can be
treated in oxidation ponds or lagoons and disposed of

. g ‘N«w .. e . 5 3 et
" . : : Q » 8 5
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1. Lower BOD|concentration in digester supernatant

2. Production pf odourless and easily dewaterable biologically
stable digestted sludge. ,

3. Recovery of|more basic fertilizer value in digented sludge

4. Lower capital cost

5. Fewer operational problems.
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‘ans. Sludge digestion is defined as the decorpposition of complex

organic substances present in sludge [into simpler stable

compounds by bio-chemical reactions brought about by the

_ Environmental Engineering-II
accordingly. The maximum quantity of MBﬁosﬁ to be &mﬁbﬂﬂ

cmw by this method depends on the effluent holding capacitgmf |
soil. .,.no@omw%r% of land, crop, field area and clirtf®gic anacrobic bacteria. At the end of decomposition fhe oo
conditions etc. ~ three products are optained.

: o
According to IS: 3307 -1965 Following are the tolerd@e (i) Digested sludge: The digested sludge seftles at the bottom of
tank and it can be easily deride and converted into sludge

limits for industrial effluents discharged on land for ?nmm%ﬂ
cakes on drying beds. The digested sludgd dries easily. Iterates

purposes.
. (1)The total dissolved inorganic solids sh (=) v no offensive odours during drying and drains quickly. It also
: ould not exceed 2 : . . .
mg/l. HVV flows rapidly and presents no difficulty injpumping.
{2)5-day BOD at 20°C should not exceed 500 mg/1. o — (i) Gas: The decomposition also produces sgwage gas which can
mwvm value of effluent should be between 5.5 to 9.0. > be utilized as fuel. It is accumulated near|the top of tank.
Quantity of boron should ]
not exceed 2 mg/1. “ (iii) Supernatant liquid: The space between gas and digested
Q.6 What are the tolerance limits for industrial effluents, QU sludge is occupied by the supernatant liquid. This liquid
- discharged mﬁno public sewers? ._m contains unstable colloidal matter and|hence, after proper
‘o : treatment it is added to the raw sewage or to the natural
&ém” >ooo&5m to IS: 3306-1965, the tolerance limits for o sl " u .
industrial effluents discharged i : ~ supernatant liquid is in a better conditionp and it can be added
follows: ged into public sewer are as ~ without any treatment to the raw sewage or to the natural
. : o waters or it can be utilized for the purpose of irrigating the
i M& Its pH value should be between 5.5 to 9.0 ._._u land.
: i) 5-day BOD at 20° : :
‘ 0o y at 20°C should not exceed between 5.5 t0 uSam , Q.8 State the objects of sludge digestion.
(iii) Lead, copper and zinc should not exceed 1,3 and 15 m Ans. Following are the various reasons or purposes for which the
. mg/l respectively. (@] sludge is to be digested.
(iv) Effluent tem o S
(v)  Quantity of MM WMMMMMEONHM ot exoced 49°C. S i) The digested sludge is of better quality and can therefore
, mg/1 , P solids should not exceed 600 =G be conveniently handled and treated easily subsequently.
(vi) Chromium, ni . ) ii)  The digestion destroys the pathogeni¢ bacteria
R nickel and cyanide should not exceed 2% w iiiy The digestion gives fertilizer and other valuable by
(wii) Mmmcnsﬁ.oogmmdwbm solids such as straw, plastic, wood Q MMHMMMQ.,W which without digestion wopld have gone to
aint, resid < ; . C— i :
Mm? san Q_ v Wwo.ﬁm solid from wmbs@q\ wastes cindergm iv) The digestion results in the recovery of combustible gases
mgmm.m o .m W@E air, HMQE shavings, garbage, broken W which may be used as fuel or power.
; . sho i : . i
; (viii) S B uld not be discharged into public sewers. o v)  The volume of sludge is reduced and hence it becomes
’ zm,@ms ed solids should not exceed 600 mg/1 . easier to dispose it off
| (ix) Chloride and boron should not exceed 600 and 2 mg/ ~D v .
respectively. Q.9 Explain the three distinct stages whiclh occur in the

s rocess f sludge digestion.
Q.7 Define sludge digestion and mention the products formed ! ' e
after digestion.

Jainam Publication A Jalnant Page 13
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Ans. The biological action involved in the process of sludge

m.wmmmmos. oceurs in the following three distinct stages.

(@
(i)

{2ii)

i)

Acid profduction stage

Acid regression stage m
Alkaline [fermentation stage ©
Acid production stage: In this stage, the ﬁgu_&
compounds like  cellulose, starch, sugar, solu
nitrogenpus compounds etc. are attacked by bacter
Such ag¢tion of bacteria starts fermentation and ﬁq
,@aoazo»mr& decomposition are organic acids and gaseey
The main gases produced are methane, carbon dioxiskm
and hydrogen sulphide. During this stage the mgmm
waB&Sm acidic. The pH value is about 5 to 6. The BgER
increases to some extent. This stage continues for abolm
15 days ¢r so. . U
Acid regression stage: In this stage, the organic acidgy
nitrogenqus compounds are attacked by bacteria arQ)
converted into acid carbonates and ammonia ooﬁ%oﬁ,sm_t
The decpmposed sludge has very offensive odour. m
entraps the gases of decomposed and hence it is foamy s
character tends to rise to the surface to form scum. ﬁimy
the intermediate stage. The pH value rises and it remairGdm
between 6 and 7. The BOD still remains high. This ﬁm“
extends for several months usually 3 months or so. i o
Alkaline | fermentation stage: In this stage, the mo
resistant substances like proteins and some organic acid
like aminoacids are attacked by bacteria and they ms.m
broken d¢wn into ammonia organic acids and gases. THijsmm
is the fingl stage of sludge digestion and during this stamesy
the liquid| separates out from the solids and the digested])
sludge is formed. This sludge is granular and stable and QY
does not give out offensive odour. It is also known as th€Q
ripened sludge and it is collected at the bottom of tankl)
The digesfed sludge in alkaline in nature. The pH <m:m
rises and femans stationary at about 7.5. The BOD is Emm

greatly reluced. This stage extends for a period of abou
one month or so. D

Q.10 What factoss influence the stages of sludge digestion?

Explain them.,
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iil) Miximg: The

Environmental Engineering-11 . =~
(April-May, 2011-2010-2009/ Nov-Dec., 2008)

Following factors influence the stages of sludge &mmwmom

Temperature

Sludge seeding

Mixing

pH value and

Miscellaneous condition. _

Temperature: The anaerobic decomposition of organic
solids in the sewage is greatly influenced by the
temperature at which it takes place. There are two distinct
temperature zones in the sludge digestion.

(a) Zone of thermophilic digestion -

(b) Zone of thermophilic digestion. .

In zone of thermophilie digestion, the heat loving or
thermophilic organisms are more active and it ranges from
35°C to 60°C. At this temperature, the digestion period can
be brought down to about 7 to 10 days only.

In zone of mesophilic digestion, the common or
mesophilic organisms are more active and its practical range
if 26°C to 35°C. At this temperature, the digestion period can
be brought down to about 30 days only.

Sludge seeding: The process of adding or introducing
fresh sludge into previously well digested sludge is known
as the sludge seeding and it should be done in such a2 way
that ultimately alkaline condition may prevail in the tani.
The oproper seeding of sludge develops favourable
conditions for micro-organisms and the digestion of sludge
takes place in a short period.

incoming fresh raw sludge should be
thoroughly mixed with digested sludge by some etfective
method of mechanical agitation. This is generaily
achieved by stirring the sludge by a slow moving device.
The excessive stirring produces harmful effects. The
proper stirring results in even distribution of the incoming
shidge maintenance of biniform temperate in the tank,
reduction of scum and increase in the production of gas. .

iv) pH value: The desired range of pH, value for the efficient
digestion of sludge is 6.8 to 7.2 and to maintain the pH
value within this range, the following remedies may be
applied. .

(a) Adding of lime,
Jainam Publication @M&M&ﬁ&%x Page 133
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plants, the usual provision is about 0.06 t¢ 0.07 m? per

Environmental Engineering-II . :
(b)Introducing the required quantity of raw sludge.  ~ : Following table shows the tentatiive figures to be
(c) Controlling the removal of digested sludge. adopted for working out the area of drying [beds in relation to
(iv) g”o&—waﬂvﬁu no:&mmoﬂ-mm M..ra moﬁraw ?oﬁ%wm vamgh | the quality of sludge and protection from weather.
influence the process of sludge digestion are as {ollowsdud — :
(a) Quality of public water supply. o .. Mo Source of sludge Area in m*/ capita
(b)Presence of copper, mﬁoﬁ&aw.. radioactive substances etc. w i Opén | Covered
Q,11 Explain the process of drying in drying beds G@ ., . . bedls beds
" mention the uses of dried sludge. o 1. | Primary clarifiers 0.10 0.08
. 2. |Intermittent sand filters 0.10 0.08
Amns. In this method of sludge disposal, the sludge is maoﬁw 3. | Standard rate trickling filter 0.12 0.10
; spreading over the land. Air drying of sewage can be Qoﬁs 4. | High rate trickling filter 0.15 0.12
: .open air of under glass covered roof. The open drying bedsseie 5. |Activated sludge process 0.18 0.14
generally 30-40 cm deep and are filled with graded mwmémyw 6. | Coagulat: < sludge 0.20 0.15
: stone ballast over which 10-15 cm thick layer of wmb.ﬁqm
4 spread. In some case cinder coke, breeze and blast furrtye | EWBE - SLUDOE. STRSUTION  TROLIH
; slags are also -used for the above purpose. The sewage slu@de pisTIBUTION | PSEWAGE SLUO0E, SPREAD, | GF e e
is applied on these beds in about 20-30 cm depth an e N

| o e [EmSRn [ §iRe
allowed to dry. After about one week or so, the surfac&s L e s e, o0 2 N
sludge cracks and at this stage, the sludge is ready Cor | memerse L I

‘removal. The sludge at this stage contains about ﬂ\c
moisture. The sludge cakes are then removed by spades mm N = B v or
“they are dumped into a pit for further drying or they may rm.. e leefopme—e} 00 i

. . o oben JOMEOSW, by YALLEY OB HIRE. . [T3%
be kept on the drying beds for a period of about 3 to 4 we BirPes SN UNDER o FOR UNDEA-GRAMNS, )
The liquid that has percolated through the drying bedf™s . R Lo 585N ’ -
collected and conveyed by underdrains to the sumps. e ! P T ot omer se) | ) EA]
% . different sumps are suitably connected with each other g sunsoes,._[Crogs Saction of drying beds STTangyd i seriasl]
h the percolated liquid is thus either conveyed to the influengmef | hE ™ 1 L_rd...m : R
the treatment plant or to the natural stream or river. : .fsﬂxgﬁ_ } 1 uwecee | 11 L
; conveyance of liquid may be achieved either by gravity oMdmy T prr \\m\\\ s s rm,\\,\\.\\\\\
, pumping. T E B ﬁ w * ) _..“ :
i SLab. 4y ” o« ™8 v
i Uses of dried sludge: The sludge cakes formed on the surfacdegf - Mw s.u ST~ ”_ : m J 4L
drying beds should be carefully removed. It should e z FRE A e ~ _“ : m. z
: observed that the sand is not being taken out along with 2 0 T x a2 o u_m z
I sludge cakes. This sludge has got the fertilizing value adwdt | s P h m b n M" M_ m
i contains nitrogen, phosphoric acid and potash. It s F m” X0 7 i m,r ol D
therefore be utilized as fertilizer it can also be dumped i ’ -t N 7T i B L
low lying areas or buried or incinerated. ST L S I - ) SN
, o ‘A IR B R A
Q.12 How will you determine the area required for drying D 7 (' L T ” W.. “ " # st
beds? 5% S : : B0 ALR el oy
) . . . . A Iy L Qi it xﬂ ,r g | M i
Ans. The area required for drying beds will depend on the quantity £ b { 3 i 3 .
of MMG,Q@O, Qﬁ.mﬁnu\ of mHﬂﬂmw and weather conditions @H@A\mﬁﬁgm 1 IR i * T \.\\\ s ” AT
at the site of drying beds. Ir: general the area of drying bed is 1 sfusog sapTE — — t
determined on per capita basis. For sewage treatment plant of Tann TR P
j ut 10 MLD or more, the usual provision made e
capasity of abou L e e Jainam Publication 4 Jainam Page 135
for drying beds is about 0.05 m?® per capita. For smaller A
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0.13 What is meant by disposal of sewage by dilution? What

are the conditions favourable for it? (April-May, 2010)

Ans. The disposal of sewage by discharging it into water courses
‘such as stfeams, rivers or large body of water such as L T
sea is called dilution. This method of disposal is only possi -
when the nlatural water in required quantity is available nga#
the town. While discharging the sewage in this way, ¢
should be {aken that the sewage may not pollute the natufe
water and |render it unfit for any other purposes such
drinking, bathing fish culture, rough industrial use
irrigation. —

e

The method of sewage disposai by dilution is most

suited undeér the following circumstances. .w

i) When the city is situated near the sea, river or lake. .a
ii) When the sewage reaching the point of disposal is fresh\f¥
non septic. v

iiij When &t the point of disposal the depth of émgﬁ._mw
sufficieit and the current can prevent the disposition e
the outfall. ~

iv) When the volume of receiving water is large enoughe

take the load of sewage safely without causing Q.
pollutiopn. ._._u

v} When d{uring flood the receiving water will not cquSe
backwalrd flow in sewers. m

Q.14 Why is it|necessary to treat the sewage sludge? (@)
S

Ans. The sewage treatment is done due to the following necess

1) To destroy all the pathogens, that it may not ﬁo,:ﬁ;@l@m
receiving water and make them unsafe for use.

2) To reduced the volume of sewage sludge, so that it ogﬂwn
easily disposed off. (o)

3} To reduce|the percentage of water for facilitating its 5@5&%
and transporting upto disposal places.

4} To stabilige the organic matter, so that it may not omWn
difficulties later on. o

5) To recover the industrial value of the slidge. (]

Environmentat Engineeriiy-ii
0.15 Enumerate the various method of sludge disposal.
Explain in short. {April-
May, 2011) v _ _

Ans. Following are the various method which are adopted for the
disposal of sludge.

i) Disposal on land: - The disposal of sludge is usually done
on land as manure to the soil or as a soil conditioner.

ii) Distribution by pipe lines: - In this method, the sludge is
conveyed through pipe line to the nearby farm and it is
utilized as fertilizer. .

iii) Drying on drying beds: - In this method of sludge
disposal, the sludge is dried by spreading over the land.

iv) Dumping into the sea: - In this method, the sludge is

conveyed and discharged into the sea. This method is

useful where sea is near the locality. v

v) Heat drying: - In this method, the sludge is mogm;%
heated so that it may become dry.

vi) Incineration: - In this method, the studge is burnt in
incinerators. v

vii) Lagooning or Ponding: - In this method the wet sludge is
brought into the lagoon (pond) and it is left there to dry by
natural processes such as evaporation and percolation.

viii) Press filters and Vacuum filters: - In this method, the
sludge is filled in jute or cotton bags and these bags.are
then placed between the plated. Then the plates are
pressed under a pressure of 0.4 to 0.5N/ mm? . The
pressing of plates removes the water from sludge and
consequently the sludge cakes are formed. v

ix) Digestion followed by drying: - In this methods, the
sludge is first digested in specially designed sludge
digestion tanks and it is then dried on sludge drying beds.

Q.16 Write a short note on disposal by dilution.

Ans. Disposal by dilution: - After treating the waste water o a
desired limit or without any treatment, the waste water will
be discharged into some water body like river, lake, sea
having comparatively very large volume of fresh water. The
water body into which the waste water is disposed gets
purified in due course of time by natural process of

g M&E , mﬂﬂyﬁwawxﬁ . Page 136
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raw waste-water depends on.

1) Quality and quantity of raw waste water

2) Quality and quantity of dilution water.

3) Self purification, capacity of the dilution water.
} The intended use of dilution water.

Q.17 Explain the process of Sludge Digestion.

gspot.in/

Ans. This is the process of decomposing organic matter of wa gy
sludge anaerobically under condition of adequate ovmwmgm

control. . .
I
©

The sludge is broken up into three different forms.

iv

(1)Digested sludge which is stable humus like solid matter Srs
reduced moisture content.
(2)Supernatant liquor which includes liquefied and m:.m
divided solid matter. (@]
(3)Gases of decomposition-Methane, CO, and Nitrogen etc. &&
The digested sludge is dewatered, dried up and zﬁ
as manure while the gases produced are used as fuel or
driving gas engines. The supernatant liquor is retreated
the treatment plant along with the raw sewage.
The tank in which sludge digestion is carried out Mm
called involved in the process of sludge digestion as:
“(1)Acidification or period of intensive acid production.
(2)Liquefaction or a period of intensive acid production.
(3)Gasification or a period of intensive digestion
* stabilization.

ttp:

dedéfroim

Factors affecting sludge digestion (Control of digestion):

oa

In order to have an adequate control over the process
sludge digestion, it is important to maintain a few optim s
conditions in the operation of these tanks.

There are- (a) Maintenance of temperature most favourab
for developing and digesting organisms of sludge. D

own

(b)Maintenance of the alkaline range of pH of the sludge.

(c) Seeding of the digested sludge with the raw sludge through
" proper mixing, dosing and withdrawal of sludge.

hJananr
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Q.18 State and explain the various mgmnm in sludge digestion
process. (Nov-Dee,2009)

Ans. The following three stages are known to occur in the
biological action involved in the process pf sludge digestion:

(1) Acidification or a period of intensive acjd production.

(2) Liquefaction or a period of acid digestion.

(3)Gasification or a period of intenpive digestion and
stabilization.

(1) Acidification: As the fresh sewagg-sludge begins to
decompose anaerobically, bacteria attacks easily on available
food substances such as carbohydrates and soluble
nitrogenous compounds. Intensive acids are produced which
lowers pH value to less than 6.

(2)Liquification: In this stage, organic adids and nitrogenous
compounds or the first stage are liquefied i.e. transformed
from large solid particles to either soluble or finely
dissolved form.

The pH value rises a little to labout 6.8 odour is
extremely offensive and decomposing sludge entraps gases of
decomposition, becomes forming and ris¢s to surface to from
scum. This stage is known to last much longer than the
proceeding stage of acidification. Hence |also termed as acid
regression.

(3)Gasification: In this, due to breaking|of more resistance
materials like proteins and organic acifs, large volume of
methane gas of high calorific value, along with comparatively
smaller volume of CO, are evolved.

The pH value goes to the alkaling
and tarry odour appears. ,

Finally, gasification becomes |very slow, sledge
becomes well adjusted and is stable ehough for disposal.
This stage is also termed as alkaline termiination.

range i.e. above 7’

factors affecting
plain

Q.19 What is self-purification? What are thé
self-purification of polluted streams?
oxygenation and deoxygenation.

(Nov-Dec.,2009)

Ans. From the point of disposal of sewage in stream, the tream
water is examined toward downstream, |it will be observed

that the quality of stream water succegsively changes. As

YT oTrn o e i S—
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(i) Deoxygenation: The phenomenon of depletion  of

Environmental Engineering-II

ce of disposal, water will be poftuted and after

neer ﬁpn ,. S : , dissolved oxygen content of the stream water in order to

some travel from the point of disposal, m\ﬁgms.d émﬁg&@ﬁoamm | meet the biological requirement (BOD) of the sewage, is !
@.@@. from | sewage pollution and comes SE its natural § Lnown as deoxygenation. . . m
pusified stgte due to natural forces of purification. = The rate depends on volume of BOD of the sewage, time

, c " :
This process of purification of stream water due to smﬁum& available for decomposition and temperature of the

forces of purification is called self-purification. stream.

| s 5 Oxygenation: The process of absorption of oxygen by the
et wn..maonm i .m..&»..m.sﬂmowﬁc? . . stream water is known as oxygenation.
The following condition affected the self-purification or stream. (7] Tts rate depends on the  dition of the body of water, the

“deficit of DO consumption of oxygen and the depth of the

pot

g

(1) Dilution:| As the putrescible organic matter is &wo?»ﬁ.&

into the flgwing water, it is rapidly dispersed or diluted irr= stream.
the action|resulting in diminishing the potential nuisanc
— LOCATON OF .
e .~ WASTE DISCHARGE  DiSTANCE ) kem

(2)Sedimentation: This also helps in self-purification by
separation| of the settle solids in sewage in the form of slu

S€i

SATURATION LINE

deposits. b g e e ii«ww« .*S e e e s
(3)Oxidationf: As soon as the organic matter meets the watg ! uwwo 1 OISSOLVED OxveEN
it starts |getting oxidized owing to development of o B DEFICITOL gy s
o i . : : _ CRITICAL , :
oxidizing ¢rganisms in water. The process continues till g N BOINT

organic matter has been completely oxidized, oxygen dem
is then fullly satisfied and stream is said to have purifie

Q.

itself.
{4)Reduction: It occurs due to the hydrolysis of organic %mﬂ : i
either chemically or biologically N o ¢
1
L]

CISSOALVED OXYBEH TH g L

{5)Sunltight: | The pathogens are killed if they are @xﬁommam .
sunlight, therefore sunlight helps in self-purification. \.\.\ ‘e m .
{6)Current: The self-purification of stream directly depends m_ o TIME OF FLOW, DAY S
current. it classified under: - S
iy HNo cusgrent: - Sewage deposited near outfall cauSTR Fig. Thie Oxygen Sag Curve
formati¢n of sludge bank and foul odours. QU :
{ii} Heavy |curremt: - Sewage mixed with stream woak@r .20 State and explain the various zones in an GRygen Sag
preventing all nuisances. ) curve. ,
{iif) Slow cprrent: - Sedimentation takes place and emﬁmm OR
growth |of algae resuli in reduction of oxygen, theref@®
slow culrent is better for self-purification. W State and explain the zones of purification. .
(7)Temperature : As activities of organism depends (e} Amns. A polluted stream undergoing self~purification presents the
temperatyre, the self purification will also Q@ﬁmsmu .;, following four distinct zones of @oﬁﬁﬁo? B
temperature.
Explanation:-
. v—wi_.,wmmo. N I— sﬁa&» w&n@n@ﬁx YT Jainam Publication %%}% Page 141




e S hdeliushds |

Environmental Engineering-II

{1)Zone of degradation: This usually occurs below the outfall
sewer when &wosmhmmzm its contents into the stream. Thew
zone is characterized by water becoming dark and turb S
with the formation of sludge deposits on the bottom. e
. Dissolved oxygen gets reduced to 40%. There is m._m
increase in carbon dioxide content, reaction occurs but p
slower than deoxygenating. Conditions are unfavorable %)
the development of aquatic life. (@))

{2) Zone of active decomposition: It is marked by tomm
pollution and characterized by the absence of dissolve@)
oxygen Water is grayish and darker with active anserobjg$
organic decomposition accompany. —

Fish life is practically absent, fungi and Gmoﬁmiw
disappear. As the organic decomposition m?oﬁoﬁﬂr\\u
reiteration sets in and D.O. again rises to its original leveQ)
(i.e. 40%) e

{3) Zone of recovery : The stream tries to recover its forme
appearance. Most of the organic, matter has been settled
sludge, BOD falls and the D.O. content rises above 4095~
Microscopic aquatic life reappears, water becomes ommmwﬁml
fungi decreases and algae reappear. b

Mineralization is active and products such as aﬂ.mﬂm._lm-
sulphates and carbonates are formed.

{4) Clear water zone: The natural stream condition is aomﬂowmm
the D.O. is higher than the BOD oxygen balance [(DO) -©
total BOD in tje first stage is attained and recovery is said to ﬁ
complete.

Water becomes attractive in appearance. Some vmgommmﬁ

- organisms may, however, be present. N o

{5) Perennial rivers and streams: The perennial rivers andfg
streams possess some flow throughout the year. But it mayQ)
have maximum and minimum limits. The minimum lim
generally occurs in summer. The dilution of sewage i
summer therefore becomes difficult due to the fact that i
summer, the high temperature of water results in ?cﬁo
Solubility of oxygen. The sewage under such nﬁcﬁgmnmnb

“should be properly treated before allowing dilution with

perennial rivers and streams

Jainam Publication
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ONH ﬂwm_,»a mim&o-.n note on land treatment of sewage. Explain

the actions involved in this process.

Ans : When the sewage is evenly spread on

. Chemical action and: When sewage

. Physical action: The physical aci

method is called land treatment.

e surface of land the
e water of sewage

percolates in the ground and the suspended solids remain at
the surface of the ground. The organic suspended solids are
partly acted upon by the bacteria and |are partly oxidized by
exposure to atmospheric actions of heaf, light and air

The land treatment can be further classified as-

Filtration and
Sewage farming or broad irrigational.

The natural process of sewage p rification in both the

methods of land treatment is the s

e, viz. filteration of

sewage by straining action of ground goil and oxidation and

biochemical action of organic m
compounds of sewage are connected h
which serve as a valuable fertilizer.

tter. The complex
armless mineral salts

The capacity of soil for purifying sewage depends on the

following three actions.

(ii Biological action

(i) Chemical action and
(iiiy Physical action.
Biological action: When sewage is aj
bacteria attack on it and convert the ¢
plant food. Is utilized by roots of crops
organic matter of sewage may occur un
or under anaerobic condition. It is
aerobic conditions for the disposal
treatment.

organic matter is oxidized by the
chemical process of oxidation

bplied on land the soil
bntents of sewage into
The decomposition of
der aerobic conditions
preferable to provide

of sewage by land

is applied on land its
soil bacterial by the

jon involved in the

purification of sewage by land treatnpent is the process of

filtration. The sewage as it passes thrpugh the layers of soil

gives out suspended particles which Mhm caught in the voids
s

of soil. If proper aeration of these voi
particles are oxidized by the aerobig

exist, the suspended
action. The physical

action mainly depends on the nature of soil.

Jainam Publication
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Q.22 What are the conditions which are considered to be

favorable foil the disposal of sewage by land treatment
Ans : Land treatment of sewage is suitable is suitable under the
following circumstances.
(i) When the overall rainfall is very low, the lands can be
irrigated by sewage.
(il When there is no river or natural water courses in
which sewage can be discharged.
(iii)
the river water.
When riyers usually run dry or having very small flow
during summer. -
(v} When the water table is much deep even during
monsoon and there are no chances of its pollution by

{iv)

land treatment of sewage.

(vif When vegetables have good market, the land treatment
will have good income in return also.

(vii) When large of land is sandy, loamy or alluvial soil over

soft murnmur, the land treatment is most suited
because|porous soil will allow good aeration.

Q.23 What are the
treatment?
Ans: Advantage:
(i  The disposgl of sewage is done by natural treatment.
(i) The natura] water courses are prevented from pollution.
(iify The method is cheap and does not require the sewage
treatment pllants, requiring high initial and maintenance
cost.
The land is firrigated and receives the high value-fertilizing
substance without extra cost.
(v}  The disposal of sewage is done without natural water
courses.
Disadvantage |
(i)  Large area of land is required for this type of disposal.
(ii)  If the land is used for growing crops, special attention
against the spared of disease shall have to be taken.
During applicgtion of sewage to the land it is to be properly
supervised, otherwise the land may become sick.
The disposal of sewage cannot be done by this method if the
land consists ¢f clayey soil.

advantage and disadvantages of land

(iv)

(iii)

(iv)

ot.in/

When the quantity of sewage is more which will pollute Q)
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Q.24 Write short notes. {(Nov-Dec 9)

Ans. The Oxygen Sag Curve: The oxygen aamﬁ.ﬁ ina mﬁ,m.mé HM a
function of both oxygen utilization and resection. Hsm@noﬁab o
Eqgs. and shows that these two processes have

Table : Reiteration constants

Ranges of K, at 20°C

Water body e B
7 0.1-0.23
Small ponds and back water
Sluggish streams and Hmamm lakes o.mwaw.ww
Large streams of low velocity www' o. s
al veloci .46-0.
Large stream of norm ty ot

Swift streams

Rapids and waterfalls Greater than 1.15

Opposite effects on the deficit. This is shown graphically in fig.

The rate of change in the deficit is the sum of the two reactions

db
—= rg tr

- WHN\& - NﬂN b
The actual oxygen concentration (Cs—D,) hasa characteristic dip

as shown in fig, resulting in the term oxygen sag curve, commonly
used to describe the process.

LOCATION OF
WASTE DISCHARGE  DISTANCE o ki
 _ SATURATION tzw,ﬂ o e
e u‘mo 4\ DISSOLVED OXYGEN
BN oo OBFICIT 0 g
£ CRITICGAL & o R
= POINT A
b TP
= : ¢ mEAERATION
ot | _
a i 2 e
E © 1 DEOXYGENATION
: e
H
@ : ! :
& Yoy gt
0 TME OF FLOW, DAYS

Fig. The Oxygen Sag Curve
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Environmental Engineering-II
Q.OC Waits ahaet astes o4 ) " (Now.D
o . . ov-Lee, wooev 0 3 " |
Ans “ EFFLUENT STANDARDS: The water pollution Act of 1972 | et ,.,m@ﬁwﬁmﬁ&mﬁﬁm. e
ic 92-50 ; . v. rocessi m orm of High rate tricklin;
- Agency to nmmvrwan dated the Environmental p gﬁooaoﬁ ,, : ng (i) mmw = 0.6 filters or >moa<mwon sludge
o s mﬁmb&maw for wastewater &woﬁ&.mn . industry) . cop " plant will generally suffice
, ﬁﬁ.@Mn standard requite that municipal wastewater be givess (i) Heavy oil and for this industry. Still
secon
- Q,\n.md\ Q.amgmzﬁ and that most effluents meet tded | : mM.M%% m. 300 mg/D) however. Due to
.conditions mwosB.S Table D-7 of the appendix. Second w (iv) High suspen M ed intermitted nature of
wu.o.mgaasn ow Bcn.:mv& wastewater is generally assumed wom% S%o me Smwﬁm,.z nﬂ. &mormam.m. an
include setting, biological treatment, and disinfection, alo | or so) Equalization tank with or
with sludge treatment and disposal. Thus, the vabo:.“wJ (v High suspended cﬁmmoc %@Mmaob M»m%
components of municipal wastewater, suspend i solids (80 mg/1 preleraply b€ usec.
biodegradable material d h pended  solidess or s0) In unpdvanced locations
accentable levels th » and pathogens should be ammzoma.mno (vi) High nitrogen Oxidation ditch or Aerated
ﬂ_m M cves t .n.osmr secondary treatment. Industrirg= <mm ms.osm lagoon may also help
@mo hargers are required to treat their wastewater to the levg gmwmﬁ gomu ensure good disposal.
o emgmga._u% the “best available technology” for Smmﬁaéwﬁmnd degradable.
treatment in that particular type of industry. W ,
Th i . :
- Mswwu.ky .Momc,wmsozw further define receiving stream Q.27 Describe the characterizers of waste F«banmnom from o
wwﬁmmg - HMH: © m,nﬁ water -&&&5& . An effluent-limite distillery and also mention, the treatment methodology
e s Mamg that will meet its in-stream standards o to be adopted for such waste? {(Nov-
1 o ..Umm?wam .HOUMwWﬂ stream meet the secondary-treatme Dec.,2010)
o F%mqwm M : o%ogoﬁoﬁx standards. Municipalities ¥ Ans :
pesioned i ischarging to effluent-limited streams ar, Industry Type Pollution Suggested
Uw W Hw.oﬁ.ﬁ.mw permits under the National pollutiosd characteristics Treatments
. ﬁumo arge Elimination System (NPDES); these permits refleafm | 4)
,, e secondary treatment and best-available-technolo _ - (2) : (<) I
] standards. mm Distillery and (i) Extremely high || Brewery
: A - itv —limi Brewery wastes BOD wastewaters bein
| . asﬁﬁ quality -limited stream would not meet thiD EE% alcohols (12000~73000 || less strong, can be
,., w oposed in-stream stand arts, even if all discharges mddmm . . o/ i
scenery-treatment and b ; ges m and brandy mg/i) generally treated
; Q.26 Describe th est-available-technology levels. O producing (iijvery high COD || by two stage
d i .m e characterizers of waste generated froma @ | mdustry) (28000-73000 aerobic biological
airy milk and also mention, the treatment Emﬁsoao#om%d ‘ mg/1) treatment units
to be adopted for such waste? (April-May, 20 4~ (iii) high chlorides | |like High rate
o ¥, 2009) and sulphates- | | trickling fillers
Table: Pollution characteristi . h dissolved solids ‘after screening and
. Industries cteristics of Certain Typical Indian (2 (7000-10000 neutralization (Fig
Ind mg/1) 11.1)
NM,WMMQ‘ N m.bﬂﬁnwon. Suggested Treatments W (iv) highly colored But yeast sludge
: characteristics {4) brownish yellow | Distillery
{2) . D ] wastewaters
I Dai - (3) : generally
| Dairy (i ~moderate BOD |Aerobic Biological : wastewaters
(Milk {800-1000 treatment; either in the generally make it
i N — e ; highly polluted, as
Jainam Publication pnmmag Page 146 B shown in col (3);
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thereby
necessitating two
stage treatment;
consisting of
biological
anaerobic
treatment followtTe
by aerobic
treatment (Fig.
11.2)

n/

Q.28 Describe

paper pulp
methodolo

Ans :

he characteristic of waste generated from a
mill and also mention the treatment
gy to be adopted for such waste.

l.blogspot

(vi)

i) Low —2= ratio plants using sulphite
© mmn:&cwov process), as a useful by

(2) (3) (4) >
Paper and | (i) Moderate BOD (i) Chemical Recovery of e
pulp Mills {150-1250 mg/1) lignin {produced in

product.
{ii) Chemical treatment for
color removal. Massive
lime treatment process
is widely used for this
purpose Actuated
carbon at pH lower tha
3 is also found to serve
as good color remove
{iti) Physical treatment
like Mechanically cleaned
circular clarifier is used
for removing suspended
solids.
{ivi Final Biological
treatment for reducing
BOD. Both conventional
for low cost processes
{such as Lagoons,
Stabilisation ponds
. etcjean be used. The
process also helps in
reducing also helps in
reducing colour. Flow
diagram shown in Fig.
11.5

) Highly coloured
{4000-8000 unit)
Acidic for sulphite
plants, and
alkaline for other
processes;
Lignin, which is
highly resistant to
biological
treatment is
present in paper
mill wastewaters,
especially in
planet based on
“Sulphite
techmnology”.
Low nitrogen.

://notescit

”h%t p:
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e e RO AT TP PSP TR 1

|Anaerable

slack r;.x:\ fagoon . |
Flow =b%
300 = 80% e o Himes 253074
ions 87
m.e N «.aucng? “ Aergted
Colcivm Detention times 19 days |1gg00n
3333«54 ;
’ T Aerated
: it Stabilizatian | ' e
L — nmﬂ.v%. Clarifies -~ tank 18908 e tetiant
waste Catour resuctions70% Detention

BOBreduction» 40-50%

time = 3days

Detention time = & hbwrs

Fig. Floveshart fox ng?s enabowabas &f.ﬁwﬁ& Puip MiLl.

Q.29 Describe the characteristics of waste generated m&oﬁp a .
sugar factory and also mention the n.n@m.nbanbn
methodology to be adopted for m,ﬂow waste

(April-May, 20 10}

Ans :
(1) (2) (3) ?;w :
8 Sugar (i Moderate BOD (b) For synthetic
Industry (300-2000 drug plants, very
mg/i} careful plant ning is

(ii) High COD
(600-4400 mg/1)
(iif) High volatile
solids (400-
2200 mg/l)
(iv) Low pH
(4.6-7.1)

required due to
excessive pollution
potential Highly
specialize. Be quince
of operation
necessary.

An aerobic
treatment using
Digesters lagoon is
found to be very
effective and
economical.
Biological treatment,
however, needs to be
preceded by Screen
and Grease traps.
Where sufficient land
available two stage
biological treatment
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m:SS:Sm:n& m;%:mm::% -1l
with Anaerobic Environmental Engineering-{I
lagoons flow lowed T GEya0 = —
by Aerobic (- Ym = "o .
Mwwmaﬁw%o%u %Ms% ..”u Where y,, = 5 mg/1 (given), y, is the BOD of the effluent having
effluent for Indian o mwmowmwmm Q, and y, is the BOD of the streqm having discharge
condition. Flow o 2
sketch show in Fig.  |¢A o5 = @hmmwlhm%
Excess condenser woter and sproy pond overflow (ist .mamf g From which Vi = BOD of effluent = 9.608 mg \~
Anaerabit | @) o
(Detention timen & doys — Now BOD per captain per day = 0.075 x 1000 x 1000= 75000
i ) Grease trop () 80D Eaesnno W0kgfivjday) 0 mg/day
il house | .
= — / — Sewage DWF = 150 litres/day
,V B cens(D . L mzmw =~ Actual BOD of effluent = m@w.mm@ x 100
Other ﬂ,maixvﬂ.mua~.._ .w&%aé oo d ot =~ 98.1%
wostes mmm f ' Ist stoge digestion Aerobic W)
pond @ %ﬁ;%@:ﬁ:g U Example 2. A stream, saturated with DO, has a flow of 1.2
e :m‘ m__,_m_ :sw?s& St m?/s, BOD of 4 mg/1 and rate constant of 0.3 per day. It
Ty age
? o receiver an effluent discharge or 0.25 m?/s having BOD 20
m mg/l, DO 8 mg/l and rate constant Q.13 per day. The
Fig. Flow chart for treating wastewaters of a Sugar gEi\Vbnéo?m irneiment d average dﬁwgﬁmq of flow of the stream is Q.Hm m/s.
fullowad by Asrobis treatment is suggnstod. o Calculate the DO deficit at point 20 km and 40 km
; =) downstream Assume that the temperature is 20°C
. NUMERICLS g throughout and BOD is measured at 5 days. Take
o oo T , saturation DO at 20°C as 9.17 mg/l.
Example 1. The domestic sewage of a town is to be &mnr»nmwm Solution: Let y; = BOD of the mix
into a stream after treatment. Determine the maximum
S - — 3
permissible affluent , S Qs mewmmmMmEH N\FES\ M
BOD and the percentage required in the ﬁnamnga:a Mm M Effluent discharge = % 25 m? \m
plant, given the following particulars: Qo B mom £ offl amm Ncﬁ ;
Population of town : 50000. ge] Ve = Onw\ Mocu\mﬁ IH.NVMM,M \@ S0
D.W.F. of sewage : 150 liters per capita per day (5] Then yg = s om+ Dm £ = 12+ o 25
BOD contribution per capita : 0.075 kg per day. h . ‘\M 5 Sm /I o
Minimum flow of stream : 0.20 m?®/s [l Now y, =L .C. Sxmv .
o .‘ ) Js = Lo -
&05 of stream : 3 mg/1 W . wm@ L (1 — 10-013%5)
. Max. BOD of stream on downstream : 5 mg/1 o - ‘ o W L ~ 871 mg/! i) ;
‘ Solution: r From which L, = 8.71mg eeevnernaaaa .
. : ; — : . 20°(]
D.W.F. of sewage : 150x50000 liters per day. - M,mews @%wum of MMMMWMWB@O%WWM stream at 20
___150x500000 _ 3 e
- ﬁxmoxmwxéoo 0.0868m"/s : - (DO), = Sovmxmﬁ%orxom
m,ﬁdg discharge = 0.20 m°/s . Ao.:x».mimxo.umv -
The BOD (y,,) of the mixture at the downstream is : = ae — 845mg/l.
, . . mg oo
, e | . Initial DO deficit = Dy = 9.17 - 845 = 0.J27E oo (i)
_ umm:m:_ Publication w@&@% Page 150
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(a) DO deficit gt a point 20 km downstream
distance 20x1000 = 1.286 mﬁu‘

L= =

velocity | 0.18X60X60X24

Using streeter-Phelps Equation (Eq.9.5 ) m
KL _ - -
Dy = =2 [107 — 107R¢] + Dp107R* o=
0.13%8.71 5
s o.wlc.le{ _”HOIo.u.wXu.wmm — HOchwX?ng“_ + 0.72 % H@!o.wxu.mmm m
~ 2.089 mg/| Q.
{(b) DO deficit 4t a point 40 km downstream )
___20x100¢
= 0.18x60X60p24 2.572 day ma
0.13%8.71 —
D, =220 [10-013%2.572 _ 1(=043X2872] 4. 72 x 10~03X2572 M
= 2.079mg/ °

Example 3. A city discharges sewage at the rate of 1200 lit
per second, [nto a stream whose minimum flow is 50
liters per second, the temperature of both being 20°C. ﬁ_.“
5 day BOD 20°C for sewage is 160 mg/l and that of u%qé
water is 2 mg/l. The DO content of sewage is zero whilled
that of strean is 90% of the saturation DO. Find out thHE
degree of treatment required if the minimum DO to 1K=
maintained in the stream is 4 mg/l. Assume deoxygenatimg
coefficient as 0.3. Given saturation DO at 20°C as @.Hml
mag /L.

/

Solution: DO of stream = 90% of saturation DO

=0.9 X 9.17 = 8.253 mg/L.

8.253%5000+0x1200
5000+1200

= Initial DO deficit = Dy = 9.17 - 6.656 = 2.514 mg/I|

Do of the mix = = 6.656 mg/l.

Min DO to be maintained in the stream = 4 mg/l.
~ max, permissible saturation deficit is
D, = 9.17 — 4 =|5.17 mg/l.

Now, the first gtage BOD of mixture of sewage and stream is

Downloaded from htt

Fa m‘mlw . mvc
psnv =f, T — (. —1) &
Where f; = R/K =0.3/0.1=3

Do = 2.5[4mg/land D, = 5.17mg/!

i Jafant
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BR-R— e

L, N,SJ
- Amxm.ﬁv ..waa;S Lo
12 v 2.514
Or 94056 mT -G-D—; w

Solving this by trial and error, we get Lo = 23.86 mg/l
Now ys = Lo(1 — 107%%)
= 23.86 (1 — 107%**%) = 16.31 mg/L.

This is permissible BOD of the mix.

{2%5000 X1200
~16.31 = )
5000+1200

From which y. = 75.94 mg/l.
Hence permissible BOD of effluent = Ye.= 75.94 mg/l.
Actual BOD of effluent= 160mg/l

160-75.94

~— x 100
160

. Degree of treatment required =

= 52.5%

Example 4. A town discharges 80 cusecs of sewage into a
stream having a rate of flow of 1200 cusecs during lean
days. At a 5-day BOD of sewage at the given temperature
is 250 mg/l. Find the amount of critical DO deficit and its
location in the downstream portion of the stream. Assume
deoxygenating coefficient K as 0.1 and coefficient of self
purification (f;) as 3.5 Assume saturation DO at given

temperature as 9.2 mg/1

Solution: AUvaﬁémE =92 E\WM\HH QvawnﬂmmB =

. IG.uXSoSicmeI
& (DO)mix = ——yorag — = 8:625 mg/1.

- Initial DO deficit = Dp = 9.2 — 8.625 = 0.575 mg/l

_ (0x1200)+(250%80) _
Vs = 00180 = 15.625 mg/L

But y; = Lo(1- (10)7kx5)
6.759 = Lo(1— (10)70%*%)
From which L, = 22.85 mg/l.

Page 152
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Design effluent = 1.15 X 159.7 ~ 184 liters/day

Environmental Engineering-11

A

S — (f. — 1) 20 = it tream = 9.0 mg/l
te = e mcms.—m fi-& -1 _am o Initial DO of s g
= : - - 1) 9578 omm _ 90X75004+0X184 _
! T 0.4(3.5-1) 0810 T.m T B5-1 Nw‘mmz - & (D0)mix = ~—5sires 8.78 mg/1.
= 2.063 days m- - Initial DO deficit = Dy = 9 — 8.78 = 0.22 mg/|
Also, Enwm (10)~kte m Critical DO deficit = D, =9 — 4 = 5mg/l
= 2285 (10)-01x2063 = 4,06 mgy] O Now from Eq. 9.12
: . fo-
! Hence x.= Vxt, = 0.12(2.063 X 24 X 60 X 60) x 103 |D. Am%;v Y=, T - (f,-1) mmw
! " sbe o
=2139km 2 Where D, = 5mg/land Dy = 0.22 mg/l
Example 5. The population of a town is 60000 and t L. 31 0.272
domestic sewage is 160 liters/capita/day, having P Aw VM. mv = wT -3~1 T ﬁ
capita BOD of 70 g/day The dairy waster of the town L ¢
2.5%10° liters/day with a BOD of 1600 mg/1 and the wast® 15 _, 04
from other industries is 1.7x10° liters/day with BOD m T e7s = Lo

2000 mg/l. An overall expansion factor of 15% is to bew

i i trial error, we get Ly = 25.76 mg/1
provided. The wastewater is discharged in the natur o Solving this by tri get Lo

oxygenation and reoxygenation.

stream having a minimum discharge of 7500 liters/sed Hence ys = Lo(1 — (10)7%1%5)
-and a saturation dissolved oxygen content of 9.0 mg/l. ﬁ “ = 25.76(1 — (10)7%%)=17.61 mg/1
i is mecessary to maintain a dissolved oxygen content of Hence 5-day BOD of the mixture = 17.61 mg/l.
M mg/l in the stream. Determine the degree of ﬁdm»uﬂa:m : ~17.61= ¥s%184+0%7500
| required to the wastewater prior to its discharge into th¢@) 184+7500
W stream. Assume suitable wvalues of coefficients of mﬁ m or ys = 736.4mg/l

o 840.6-736.4 A
~Degree of treatment required = ————=—X 100

d

Solution: Domestic sewage = 60000 X 160 = 9.6 x 10° liters /day v

= 12.5%
Per capita BOD of domestic waste = 70 x 1000 mg/day

Example 6. If in the previous example, no treatment is
| provided determine the stream discharge (and hence the

dilution ratio).

Per capita sewage = 160 liters/day

70x1000

«~ BOD of domestic waste = PP 437.5mg/l.

s

. is provided,y. = 840.6 mg/1
437.5%9.6+1600%2.5+2000%1.7 Solution: If no treatment is provi Ve 4

9.6+2.5+1.7

: Average BOD of effluent =

Download

. £ 17.61= wao.ahw“ﬂméx@m
= 840.6 mg/l . :
From which = Q,litres/sec

Total effluent = (9.6 + 2.5 + 1.7)10° = 13.8 x 106 liters/day .
v The above calculation are based on the assumption that (DOC)max

= 159.7 liters/sec.
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| Actually, as Q/
will decrease.
. precise result.
9.0

(DOC) pax =

| nvironmental Engineering-11

‘iricreases, (DOC) maywill increase and S@&ca co ,
This will require repeat of calculation to obtain
For example, for Q; = 8599 litres/sec.

% 8599 4 0 x 184

FQ 3-1
Amev uwT,

Solving this by and

Ve = 25.79(1 —
oo MO..Ih
or Qp=1521n

Example 7. A city
into a stream
per second.
is 20°C. The
and that of 1
sewage is ze

gEo9 1 18a oo1Zzme/l

Dy =9 —8.812 = 0.188 mg/l
D¢ = 5 mg/1(as befoe)

F3-1)

o.HmJ
Lo

trial error, we get Ly = 25.79 mg/l

10)7%5) = 17.634 mg/1
250%92.59+6xXQg
92.59+0x

rg/l
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5 day B.0.D. at 20°C for sewage is 200 mg/le e
iver water is 1 mg/l. The D.O. content of Q.
0, and that of the stream is 90% of the jus

t

saturation D.0. If the minimum D.O. to be maintained in CQ

the stream i
treatment
coefficient a

Solutiomn: From the
saturation D.C

D.O. content o

= 90% of the s

= 20 %X 9.17
1007 ”
= 8.25mg/!

D.O. of mix at

4.5 mg/l, find out the degree of sewage

Jainam Publication

equired. Assume the de-oxygenation m
0.1 and re-oxygenation coefficient as 0.3, m
table given at the end of the book, the value of h
. at 20°C is found out as 9.17 mg/1 M
f the stream ©
) )
aturation D.O. (o)
m

o

the start point (i.e. at t=0) D

g
& Jainam Page 156
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o 8.25 x 60000 + 0 x 1500

60000 + 1500 |
(> D. 0. of sewage is zero)

= 6.6mg/l
= Dy = initial D. 0. deficit

= [Saturation D. 0.at mix temp. —D. O. of mix. ]

=917 — 6.6 = 2.57 mg/l

(Assume instantaneous mixing)

Minimum D.O. to be maintained in the stream
=4.5mg/l

. Max permissible saturation deficit (i.e., critical D.O. deficit)
=D, =9.17—45
=4.67mg/fl

Now, using equations (8.11), the first stage B.0.D. of mixture
of sewage and stream (L) is given by

.m._ ».IH OO
i.u:LL
[ =fre-n1
Substituting the values as :

D, = 2.57 mg/lamd D, = 4.67 mg/l

=
w

R 0.

we get

L -1 2.57
— anwl.{;
remwa ( ) L
Or

L 7? a1 m;J
TFOL... m L

Solving by hit and trial, we get the value

L =211mg/l

Jainam Publication
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Max. permissible 5§ day B.O.D. of the mix (at 20°C)

Ys = 21.1[1 — 10791%5] (where kp, at 20°C = 0.1)
= 1443 mg/l
Now, using equation (8.1), we have

C= CsQs + CrQp

Qm + Qz
Where C stand for concentration of B.O.D
Substituting the values, we get

€sX1500+1X6000

14.43 = 150046000

Where C; will represent the permissible
B.0.D.5 (at 20°C of couruse) of the discharged wastewater.

Solving, we get

//notescivil.blogspot.in/

C, = 68.16 mg/l

LN ]

~ Degree of treatment required (Per cent) ._ml

_ Oiriginal B.0.D.of sewage-Permissible B.0.D

- . Original B.0.D. %100 =
_ 200-68.16 m
= 7200 o
13184 .
200 o]
= 65.9% v
<

Example8. A city discharges 100 cusecs of sewage into a ri gy

. which is-fully saturated with oxygen and flowing at tQ)
rate of 1500 cusecs during its lean days with a <&omm
of 0.1 m/sec. The 5-days BOD of sewage at the gi
temperature is 280 mg/l. Find where and where
critical D.O. deficit will occur in t he downstre
portion of the river, and what is its amount. Ass
confiscation of the stream(f) as 4.0, and coefficient of
de-oxygenation (Kp) as 0.1.

Page 158
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solution: The initial D.O. of river

= Saturation D. 0. at the given kemp. =

D.O. of mix at t= 0 i.e., at start

_9.2x1500 + 0 x 100
- 1500 + 100

9.2 mg/1(say)

{assuming that D.O. of sewgge is nil)

=8.62mg/l
Initial D.O. deficit of the stream
Dy = 9.2 —-8.62 = 0.58 mg/l

Also 5-day BOD of the mixture of sewag
given by
C= ﬁmQu + ﬁx@x
Qm + Qw
280 x 100+ 0 x 1500
a 100 + 1500

280 x 100
T 1600

=17.5mg/l

5 day BOD of mix at the given temp. =
Ys = L[1 — 107*0*5] and kp = 0.1(at 20°C)

2 Thus ultimate BOD of the mix (i.e L)

17.5

T 0.684

Now, using equation (8.11), we have

57

25.587° n 3 xeamJ
o FGXL - M 75.58

f-1

- %A? :ﬁ

or D, =4.12 mg/l

Now, from equation (8,8), we have

e and stream is

Vs = 17.5mg/l

S # Ta¥nam
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Explain 9. A town with a population of 30.000 has to &mmmﬁﬁo >

Solution. Per capita B.O.D. of the domestic sewage

| Environmental Engineering-I1l

© b= g 108w {1 - c-v3] te =
arom o [+ (155 “
= mw x 0.571 .m.
= 1.905 day. ._m
Now, dista ,_W,oo = Velocity of rivedr x Travel time w
= 0.1 n/sec x (1.905 X 24 X 60 X 60sec) @)
,“u 16,460 m m
+ 16.46 km w

sewages tyeatment plant to handle industrial as well w@
domestic hqwmnoﬁwnanm of the town. A sanitary survey
revealed the following:

e

b
Dairy wastes of 3 million liters per day with BOD o)
1100 mgl.|And sugar mill waste of 2.4 million liters mh
day with BOD of 1500 mg/l are produced. In additiomm,
domestic sewage is produced at the rate of 240 liters %&l
capita per|day. The per capita BOD of domestic sewagld
being 72 gm/day. An overall expansion factor of 10 m.w
cent to. be provided. The sewage effluents are to
discharged to a river stream with a minimum m_.m
weather flow of 4500 litre per second and a mmﬁsnﬁaee
dissolved oxygen contemt of @ mg/l. it is necessary thm
maintain g dissolved oxygen content of 4 mg/l in ﬁuq
stream. Determine the degree of treatment required mu
be givem to the sewage. Assume suitable walues
coefficients of de-oxygenation and re-oxygenation.

/

= 72gm/jday
=72 X 1000mg/day.

Downloade

The per capita sewage produced
= 240litre/day.

~ B.0.D. per litre of the domestic sewage

S
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AU oabslolio T i
72X1000

240
= 300mg/I.

Amcunt of domestic wastewater produced per dya

mg/i.

= 30,000 x 240 litres

= 7.2 million litres

Net B.O.D. of all wastewaters (i.e. domestic + industrial)

q.wxucowwxﬁceﬁ.éxﬁoo_
7243424

= 719mg/I.

Total wastewater discharge

vol.of wastewaters entering per day
- No.of secs in 1 day

_ BML+2.4ML+7.2ML
T 1x24x60x60sec

12.6%10°
I/s
24%3600

= 145.8//s
Total wastewater discharge with 10% expansion factor
=1.1x 145.81/s .
=1601/s
Initial D.O. of saturated stream water
=9mg/I(i.e. saturation D.O. as given)
- D.O. of maxture at t= 0 i.e. at start point

D.0.of riverxQr.of sewage XQs
- Qr+Qs

 9x4500+0X160
T 45004160

(assuming that the D.O. of wastewater is Nil)

= 8.69mg/!
Initial D.O. deficit
=D, =9 —8.69

Jainam Publication
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(assuming in stantaneous mixing)
= 0.31mg/l

Now, using equ. (8.11), we have

Rl rli- - %
Where D, = 5mg/I,

D, = 0.31mg/I,
Kp=01Kz=03;f =3

(assumed values at mix. Temp)

o

5x3 L

Solving by hit and trial,

L = 25.65mg/I

Max. permissible 5 day B.O.D. of mix at mix temp.
=Y¥s = L[1 = (10)7"%] k) a¢ mix temp.is assumed~0.1)

= 0.684L
= 0.684 x 25.65

= 17.54mg/I
Using egn. (8.1) as

C = Csst+esor -
Qs+Qr

CsX160+0X4500

We get 17.54=
160+4500

Where Cg = me permissible B.O.D.s of 8&33@83
Or Cs = 510.99mg/I.

« Permissible B.O.D. of wastewaters

= 510.99mg//

Initial B.O.D. of city wastewaters

= T719mg/!

://notescivil.blogspot.in/
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Example 10. In the previous example determ

. Degree of treatment reqd.

. 719-510.99
719

= 28.93% Ans.

ine what should

be the dilution ratio if no treatment

as required and

thus determine the river discharge for such a

condition.

Solution: When no treatment is required the w:
permissible BOD; of wastewaters, i.e. ¢ should 1
then be determined as :

719%160+0%Qg
160+0p

Or 17.54[160 + Qg] = 719 x 160

17.54 =

719%160
17.54

= 6559

Or 160 + Qg =

Or Qg = 6399 /s (say)

6399

Dilution ratio = T

= 39.99; say 40 times

Hence when the dilution ratio is 40 and
discharge is 6400 1/s, no treatment will

Example 11. A waste water effluent o
BOD= 50mg/I, Do = 3.0mg/l and temperature of 23°C

(1)
(i)

enters a river where the flow 28m?

p.ow@ , DO =8.2mg/I, and temperature

wast is 0.10per day at 20°C. The vel
river downstream is 0.18m/s and
determine the following after mixin
with the river water:

Combined discharge;
BOD

(iii) DO; and

(iv) Temperu ture

Jainam Publication

ue of max.
be 719, Qg can

the minimum river
be required.

r 560t/s with a

/ sec, and BOD=
of 17°C K, of the

. Of water in the
depth of 1.2m.
z of waste water
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; AT
ic i (ii) The coefficient of DO as 0.11; and
Particulars of Particulars of (ili) The ultimate BOD as 125% of the 5 day BOD.of the
Sewage thrown River - mixture sewage and river water.
Qs = 5601/s Qr — 28m?/sec c Solution. Assume Saturation D.0O. Concentration of the given
Y 5 =0, 3
= 0.56m3/sec ._m . river = 9.2 -
.O. of the river at the mixing point after disposal of
Concentrations (Cs) Concentrations (Cg) a MMM MM@ONUW e rive gp o
BOD = 50mg/! BOD= 4.0mg/1 o | srosicooxss
DO = 3.0mg/I DO = 8.2my)I o | 1251600 ,
. = 8.53mg/I
Temp. 23°C Tempt = 17° ID. £ g :
— Initial D.O. deficit (D,) = Ds — D .
K, at 20°= 0.1 per day > f
(il ~ Combined discharge (¥
Qs + Qg % =0.67mg/1 |
uo.mm“wm et BODs of the river at the mixing point after disposal of
28.56m" /gec. (@) sewage (%)
Now, using equatipn (8.1), for cone. Of mix as m .H 125%300+1600X0
Cs.0s+C T = T 12541600
€ = £&RAE ye have ~ |
0.5640g ._ml : =21.74mg/l
(i) BOD of mix Ll . . . _ int (L
50X0.56+4.0X28 o~ The ultimate BOD of river (mix) at mixing point (L}
0.56+28
125% BODs
=== = 49mg/I. Ans. m H o
(ii) DO of mix|= 39x056+82x28 m s [as per given in assumption (iii)]
0.56+28
= 8.098mg/I. Ans. .._um 1.25 x 21.74
. N 23%0.56+17X28
(iv) Temp. of nhix = B re— 0T} 27.17mg/I
= 17.12°C. © Now, using eqn. (7.16), we have

Example 12. 128 cumecs of sewage of a city is discharge
perennial river which is fully saturated with oxygen anemm
flows and |minimum rate of 1600 cumecs with a%= | or 21.74 = 27.17[1 — (10)~¥p*%]
minimum velocity of 0.1m/sec. if the 5 day BOD of ﬁpmw
sewage is 300mg/I, find out where the critical DO willQ

oa

BOD; = L[1 — (10)~%2*5]

or 0.8 = [1—~ (10)~5¥0]

occur in the|river. Assume. Q. or (10)~5%» =0.20
(i} The coefficient of purification of the river as 4.0, s or —5Kplog10 = log0.20
Jainam Publication p waﬁw—mw;ﬁ . X" Page 164 or Kp = 0.14.
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: #oun Units Effluent ) _, mnnawun ,
_Environmental Engineering-Il Flow m3/s 0.20 0.50
The coefficient of DO or BOD (Kp) is m?ob/]ww Ummmc?oﬂ oxygen ﬁmh w%o w%o
assumption No. (ii) to be 0.11, as against its values of (g Temperature
" w N = BODs at 20°C | Mg/l 40 3

computed above on the basis of assumption (iii). Event ,
there is some inconsistency in the given data, and“Re
Examiner should have given only one of the 0
assumptions, i.e. either (ii) or (iii), which would have suigse
the purpose. Under stich;a difficult situation, we may s{30
the question by both the values of K, i.e. 0.11 as wells
0.14. The K, value 0.14 will, however, give more D.O. %mn
and will displace the point upstream; and will thus provide,

Assume that the deoxygenation content K, at 20°C (base
e) = 0.20 d~* and the re-aeration constant K, at 20°C
(base €) = 0.40d — d~* for the mixture. Equilibrium
concentration of dissolved oxygen C; for the fresh water
is as follows:

more conservative design values: .w Mwawanwnﬂna 18 _ 20 22 23 27 25 26
Case (1) : When Kp = 0.11. Using eqn. (8.8) a .rd C, (mg/I) 9.54 |9.17 |8.99 |8.83 |8|53 |8.38 |8.22
W The velocity of the atream downstream of the point A is
te = qu 5 Nom MT -(f-1 w\ _ We get ()] 0.2m/s Determine the critical oxygen deficit and its
- locations.
te = Hommuiﬁtb.llc%w w We get =
‘oo :Q D 27.17 o [Use temperature coefficients of 1.04 for K; and 1.02 for K]
~
= 1.723days. ) Solution. K, at 20°C(base €)
The distances along the river, where the critical D.O. aomml = 0.2d-1
will occur i
. i e = 0.2 per day
= § = Velocity X Time
v & - Ky at 20°C (base 10)
= (,12m/sec x (1.723 x 24 x 3600sec) o
b A = 0.434K,
= 17.86km; Say 18km (Y 23
: Hence, critical D.O. deficit will occur at 18km downstreanied = 0.434x 0.2 per da¥
: of the wage disposal point. Ans. “ = 0.087 per day
Case (2) : When Kp = 0.14 c Similarly, Ky at 20°C
fe =T X 1.723 = 1.354days m . =0.434%04d™
$=17.86x 2= 22 = 14.04km W = 0.174 per day
o The formulas to be used in this question for converting K, and K;
Hence, critical D.O. deficit will occur at 14km QoésﬁawmﬁD at any other temperature (T°C) will be

of sewage ncm@ow& point. -
. Kp(T®) = Kp(207)[1.04]72%; and
Example 13. A wastewater treatment plant disposes of its

effluents into a stream at a point A. characteristics of Kp(T") = Kz(207)[1.02]7 2%
the stream at a location farly upstream of A and of the w g
effiuent are ag below: Jainam Publication b Jalnard” Page 167
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i

i) We will no
mixture a

DO of mixture =

BOD;g of mixtu

Temperature of

(ii) Ultimate F

L= Ys(i.e.5 day BOD of

(as per the given values)
w determine DO, BOD and temperature of
s below:

__ D.0.0of sewagexQs.DO of riverxQg
Qs+Qr

_2x0.20 +8x0.50
. 0.20 + 0.50

= 6.29mg/I

re (i.e.5day BOD at 20°C)

_ 40 x 0.20 + 3 x 0.50
. 0.20 + 0.50

= 13.57mg/I

mixture

. 26%0.20+22X0.50

1-(10)7
Where Kj is at 207

. 13.57
4 -(10)~0.087X5

_ 1357

—— = 21.45mg/J.

 0.633

(iii) Initial D.O

D.O. of mi
Saturation
= 8.79(int

D, = D.0. defi
=879 — 6.
= 2.50mg/

{iv) Corrected

k‘u@w.i,v .

0.20+0.50
= 23.14°C
BOD of mixture (L)
mixture at 20°C)
Rpxs

C = 0.087 per day

. Deficit of mixture,

wture = 6.29mg//

1 D.O at mixture temperature of 23,14°C
erpolated from given values)

cit

29

values of K, and K are:
NNDANOJMH.OAM_.N.!NG
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(vi)

(vii)

= 0.087[L04]

= 0.098
Kr(z314n = Kr(zon[1.02]77%°

= 0.174[1.02]3**

= 0.185
The time ( t,) after which critical D.O. deficit (D,) occurs is
given by ege. (8.8) as

to = —2—logl0[{1=(f - 1) %l f]

Kp(f-1)
Where K, = 0.185
Kp = 0.098
= Kr
f=x
_0185 oo
0098
L =21.45mg/I
D, = 2.5mg/I.
1 0.888%2.5Y
te = somaamns 0810 [{1 — *550) 1.888)|
1
= %@@.& % 0.228
= 2.625 days.

Now, Distance = Velocityx Travel Time
0.2m/s x (2.625 X 24 x 60 x 60sec)

= 45.36km. Ans.

D, is now giving by eqn. (8.11) as

) =1 (- -0%)

vo;mwm

_2145_
D.x1.888
1
Or =22 = (1.692)5%5
= (1.692)+126 = 1,808

21.45
Or D, = —22%5 __
1.888x1.808

= 6.28mg/I.
Hence, the critical D.O. deficit equal to 6.28 mg/ /I occurs
at 45.36 km downstream of A, after 2.625 day.

O_,A

= 1.888 Aw . o‘mmmXN.mv

21.4

Example. 14 A sedimentation tank is treating 4.5 million
litres of sewage per day containing 275 ppm of .
suspended solids. The tank removes 50% of suspended
solids. Calculate the quantity of sludge produced per day

.
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in bulk and weigth, if (a) moisture content of sludge is

98%; (b) moisture content of sludge is 96%.
Solution. Volume of sewage treated

= 4.5M-litres/day

Since suspended solids amounts to 275 mg/I, we have the mass

of suspended solids present in sewage

smqui m .
iémx»o FQ\&&\

= 1237.5kg/day

pot.in/

.blogs

Since 50% of solids are removed in sedimentation tank, we havey mmm

The mass of solids ,wogoﬁwa in sedimentation tank

50

H.Nm.,ﬂ.m X =

= 618.75kg/day

(a) When moisture content of sludge is 98%, then 2 kg of solid

(dry sludge) will make
= 100kg of wet sludge
- 618.75kg of solids (dry sludge) will make

w%x 618.75

= 30937.5kg

== 30940kh(say) .

Hence, wet sludge or sludge produced per day
= 30.940kg
= 30.94tonrnes. Ans.

Assuming the sp. gravity of wet mEan (sludge) as 1.02, we

have Unit wt. of sludge = 1.02 X — = 1.02t/m?
. [+~ Unitwt.of water = 1t/m?]
~ Vol. of wet sludge produced per day

w3094 _ 3
T unitwt 102 30.33m

~ Vol. of sludge (when its m.c. is 98%)

=30.33m3

Hence, the vol. of sludge when its m.c. is 98%
= 30.33cu.m. Ans.

IV

//notesc
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(b)When moisture content is 96%, then 4 kg of solids will make

= 100kg of wet sludge
618.75kg of solids will make

Jainam Publication 3 Jaipan”
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100

==X 618.75kg of wet sludge

= 15468.75kg of wet sludge

= 15,470kg(say) of wet sludge

= 15.47 tonnes of wet sludge.

Hence, wt. of sludge (when its m.c. is 969
= 15.47tonnes.

If sp. gravity of siudge is 1.02, then

Vol. of sludge (when its m.c. is 96%)

1547 3
= T
1.02

= 15.17m?3
Hence, the vol. of sludge at 96% m. c.
= 15.17cu.m.

Note: If shown that the sludge is reduced to h
its m. c. is lowered from 98% to 96%.

Example 15. A sedimentation take treats 6
250 mg.l of suspended solids. The ta
the suspended solids. Compute the w
of the sludge produced daily if the mo
sludge is (a) 97.5% (b) 95%.

(6x10%)x

Solution: weight of solids in sewage = o

Since only 60% of the influent solids are remo
removed in sedimentation tank = 0.6 X 1500 =

Hence Wy = 900 kg/days

Now volume of sludge is given by

Where p,, 1000 kg/m?® and Sg = 1.02,

(a) At moisture content (m) = 97.5
= 1-—0.975 = 0.025

08
vy ~ 35.3m?
Vsl = Toooxi0zx0075

Weight of sludge Wy = Vol.x unit weight of sludge
= 35.3(1.02 X 1000) = 36000 kg
(b)At moisture content of 95%

P, = 1— 0.975 = 0.05

nlf its volume when

mLd conitaining
removes 60% of

ight and volume

isture content of

2 1500 kg/day

ved, weight of solids
900 kg/day.

o»M ﬂ}.«m»*z EXa s
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L = 17.65m°

Vo — - %00 |
st ™" 1000%1.02x0.05

Wy, = 17.65(1.07 x 1000) = 18000 kg

And above wm.m Wﬁm show that the volume is reduced to half
when its moistjre content is lowered from 97.5% to 95%

Example 16 Det srmine the liguid volume before and after
digestion and percentage reduction for 600 kg (dry
basis) of primary sludge having the following
characterigtics.

Environmental kngineering-i

//notescivil.blogspot.in/

Primary Digested
(i) Solids(%] 6 12
(ii) Volatile matter (%) 65 65(destroyed)
(iii) Specific gravity of fixed 2.5 2.5
Solids |
(iv) Specific gravity of ~ 1.0 ~ 1.0
Volatile solids
Solution:
(1)Computationg of average specific gravity of all the solids in
primary shadge
100 | 35 | 65 g
S |25 T Q.
d
From which sg = [1.266 (primary solids) ._Im-
(2i)Computationg of specific gravity of primary shudge(Eq.)
100 _ b % m
Sa L2661 (@]
. S
From which sg =|1.013 ST
(3)Computations|of volume of primary sludge(Eq.) o
e
Vo= A 600 =
S8~ pw.Sd.Ps 1000 x 1.013 X 0.06 S
=9.874m? O
{4)Computations pf % volatile matter after digestion c
Fixed m4tter in primary sludge = 0.35 X 600 = 210kg W
Volatile matter in primary sludge = 0.65 X 600 = 390 kg
Volatile matter affter digestion D
= 0.35 X 390(Since 65% of 390 kg has been desiroyed in digestion)
- Total mhatter after digestion= 210+0.35(390)
. _ 0.35(390) ; _ o
% Volatile matter = 310+0.35(390) % 100 = 39.39
Jainam Publication & Jalnam Page 172

@oosusga%ma%amm@%@%nﬁmﬁ@ a%?%ﬁg
disgusted sludge .

100 60.61 39.39
Ss 2.5 1

From which ss = 1.571 (digested solids)
(6)Computations of specific gravity of digested sludge(Eq.)

100 12 88
ot A N

Sq 1571 1

From which sg = 1.046 o
(7)Computations of volume of digested sludge(Eq.)

Vi = — Wias .
ds1 ™ pw. Sd. Ps
Where Wy = 200 + 0.35(390) = 336.5 kg
v 336.5
dsl = 7000 x 1.046 x 0.12

= 2.681m>

(8)Computations of sludge volume after digestion

%reduction = o.wwmwwﬁ x%oﬁs,mmﬁ

&b Jalnan” Page 173
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Environmental Engineering-II pril-May 20
ril-May Unit-IV

. T , - Q.4 (a) What is sewage sludge? 2 .
. o UNIT - IV Part - A cleling filt o™ Ans.: Refer UNIT-1
M%W mmwwwmmwwmw@CﬂwmwogEﬁo for efficiency of trickling fiiter. ._m (b) Discuss the effect of pH and temperature gn sludge digestion.7
j o - Part - B a Ans.: Refer Q-10

{b) Differentiate with neat sketches the difference is SRTF and ¢ (c) Explain in brief various methods of final disposal of sludge. 7

HRTF. 7 (@) Ans.: Refer Q-15
Ans.: Refer Q-6 UNIT-3 o {d) The domestic sewage of a town is to be discharged into a

{c) Write notes on : m stream after treatment. 7
. (i) SVI & F/M Ratio  (ii) Extended Aeration Process . Determine the maximum permissible efflugnt BOD and the
N Ans.: Refer UNIT-3 c— percentage purification required in the tregtment plant, given
| {d) With a neat sketch explain working, advantages and .W the following particulars: |
q disadvantages of an oxidation ditch. TJ (ij Population of town: 50,000

Ans.: Refer Q-20 UNIT-2 s (ii) D.W.F. of sewage : 150 litres/capita/day

(iiij BOD contribution per capita : 0.075 kg/day

- (iv) Minimum flow of stream : 0.20 m?/s
UNIT-IV Part- A = (v} BOD of stream : 3 mg/L.
Q.4 (a) (i) Main gases generated during anaerobic digestion of w” (vi) Max. BOD of stream on downstream | 5 mg/L.
sewage sludge. o . Daf. )
(1). CO2 & CHa (2). CHa , HoS Q. Ans.: Refer Example-1
(3). COz & H2S ~ (4). None ] SVTU
(ii). Correct relationship given is as : 2 =
(i) TOD > BOD > COD (iiy TOD > COD > BOD Q.4 mm& What do you mean g\ m@@mg standards? 2
(iii) COD> BOD > TOD (iv) BOD> COD > TOD m (b} Discuss the anaerobic digestion of the sludge. 7
. Part- B Ans.: Refer Q-2
4 {b} Write short notes on: 7 m {c) Effluent from a wastewater treatment plant is discharged to a
4 (i). Stream Standards & Effluent Standards. S surface stream. The characteristics of the effluent and the
; (ii). Equalization & Proportioning o stream are as below: 7
Ams.: Refer Q-25 Parameter Effluent Stream
(c) The sewage discharge of a town is 1.72 m?/Sec if the mwémmmkm Flow (m3/day) 240 8000
discharged into a river, whose minimum discharge is 7240 Ip BOD5(mg/L) 25 1.1
If the minimum DO to be maintained in the river is 4.4 mg/I, ) Ammonia (mg/L) 7 0
. determine the degree of sewage treatment to be done. h Nitrate (mg/L) 10 2.0
W Temperature of sewage and river = 20°c ,Nn Chloride (mg/L) 15 3.0
i k, = 0.1 ky, = 0.5 W Determine the stream characteristics affer mixing with the
BOD(s) = 225 mg/l BODs(R) = 1.2 mg/l waste has occurred.
[at T = 20°c] QO Ans.: Refer Example-9
DOg = 80 % DOgy DOgge 20°¢ = 9.17 mg/1 (] (d) Describe the characteristics of waste genefated from a distillery
Ans.: Refer Example-12 , and also mention the treatment methodology|to be adopted for
{d) Write short notes on : 4 such waste. 7
(i). DO Sag Curve. ] Ans.: Refer Q-27

(ii). Zones of Pollution in a Stream,
(iii) TOC and ThOD
Auns.: Refer Q-24

L e
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Q.4 (a) Explain disposal by dilution in brief, 2
Amns.: Refer Q-16

(b} Differentiate between aerobic and anaerobic digestion. mﬁﬁmwm
the biological medhanism and its various stages for anaerobic o m—
digestion, T
Ans.: Refer Q-2 o

Q.

{c) Discuss various standards applicable to wastewater treatment (A
in brief. What are the general logic behind these standards? 7¢3)
Ans.: Refer Q-10 . (=)

(d) Describe the characteristics of waste generated from a sugar ID.

factory and alsp mention the treatment methodology to be —

© .
adopted for su¢h waste. 7 >
Ans.: Refer Q-29 -y

Q.4 (a) what is self purification of a river? 2 b~
Ams.: Refer Q-19 m
(b) Differentiate befween aerobic and anaerobic digestion. Explains~g
the biological mechanism and its various stages of anaerobic )

digestion 7 Q.
Ans.: Refer Q-2 ._._u
(c) The rate of flow|in river is 3 cum/sec and has a BODg of 2 =
mg/L. The river|is saturated with D.O Of 9.2 mg/L at 20°C.
Wastewater haviing BODs of 120 mg/L and D.O content zero m
with a flow of D| 30cum/sec discharged into river. Assuming
temperature of 20°C throughout and deoxygenation coefficient Smm
as 0.1 day and feoxygenation coefficient of 0.3 /day. Find out S
the degree of trgatment required if the minimum DO to be ge]
maintained in the river is 4 mg/L. 7 Q
Ans.: Refer Example-7

©
(d) Why there is ne¢d in adopt effluent standards for wastewater <
O

disposal in surfgce water bodies? Why these standards differ
for disposal into|a public sewer? What are stream standards?
Ans.: Refer Q-586

UNIT - IV
Q.4 {a) What do yoy understand by digestion of sludge? 2
Ans.: Refer Q-17

jainam Publication
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(b) Explain the factors affecting the sludge digestion.
Ang.: Refer Q-17

e discharge of town 1.72 cum /sec. If the sewage
inimum discharge is 7240 m

{c) The sewag i
discharged into river whose m P
i ini issolved oxy
litres/sec. If the minimuim disso /
in the river ip 4.4 mg/litre determine the degree of sewage

treatment to be done with the following data.

gen to be maintained

(i) Temperature of sewage = temperature of river = 20°C

(ii) Value of K; = 0.1, and valume of K, Hoq.m
(iii) 5 days BOD at 20°C of river=225mg/L
(iv) 5 day BOD at 20°C of river =1.2mg/L
(v) Dissolved oxygen in sewage ﬁ Nﬂ.o . .
(vi) Dissolved oxygen at saturation in river = 80%
(vii) Saturation D.O. at 20°C=9.17mg/L

Ans.: Refer Example-2

{d) Explain the characteristic of Industrial waste water.
Ans.: Refer Q-1 .

UNIT -IV.
Q.4 (a) What do you understand by digestion of sludge?
Ans.: Refer Q-17 )
(b) Explain the important factor which affects the process of
sludge digestion.
Ans.: Refer Q-17

{c) A town discharges 80 cumecs of sewa

Z

7

ge into a stream having a

rate of flow of 1200 cumecs during lean &m%. at @Km day Nwmoﬂwm
sewage at given temperature is 250 mg/1. Find t e mgw v
critical deficit and is location in down mﬁmmg ﬁoﬂs%s o&
stream. Assume de-oxygenation coefficient Kas 0.1 an e
coefficient of self purification (f;) as 3.5. Assume satura m&
DO at given temperature as 9.2 mg/l. ;

Ans.: Refer Example-4 :
i i taining 250 mg/1 of
A sedimentation tank treat 6 MLD con !

@ m%mwmzama solid. the tank removes 60% of the m:m@nsa@apm
solids. Compute the weight and <o€8w oﬁ mwgamom ﬁmomwmr .
daily it the moisture content of sludge is (i) 97.5% (ii) 95%-

Ans.: Refer Example-15

%Eﬁmmﬁ;was . . ,mmmmuﬂﬁ
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Rubbish: It consists of all non-putrescible walstes, excluding
aches. Common items that fall under this category are: rags,

paper .

Pieces, paper packets, glass and plastic bottles,
bracken pieces of glass, broken crockery, broken furniture and
. stationary items, card boards. It thus inclfides a wide variety of
7,) : combustible and non combustible wastes.|It is lighter and its
oY | weight varies from 50 to 400 kg/m?®.

o

og.m waste management, source and characteristics, |
lenvironmental and health implications, ﬂmmsmm ,_ ,
|characteristics, collection methods, disposal of solid waste ,

y land filling, composting and incineration methods. ||

Organic waste : It includes dry animal and vegetable

P e AR

. . : refuse, cow dung, excreta of birds, tree leaves, sticks, plastic
(Collection and disposal of refuse, Composting of refuse. w bottles, paper waste, rags. This waste is syibject to decay with
omm time and evolve highly offensive odour and gases which are
INTRODUCTION: .W highly determine ﬁm &M&%. §
Solid west, also known as dry refuse includes house 4 Inorganic waste: This consists of non-combustible
M&ﬁm? trade refuse mmsm street refuse, and is practically in a % materials such as grit, dust mud metal pigces, metal
wgg‘ Removal and Qmﬁ.owm; of refuse or sold waste is a Very  ojmd containers, broken glass and crockery, tiles waste building
mﬁﬁoﬁgﬁ mm@moﬁ of environmental satiation. Solid waste (@) material. It is not subject to decay and is therefore not harmful
consists of (i) garbage (ii) ashes (iii) rubbish (iv) dust etc. Solid c to public health.
M%@.wg or dry refuse can be broadly divided into two heads: (1) o= ,
Organic or combustible matter, and (2) inorganic or mineral ow# IMPORTANT TERMS AND DEFINITIONS

non-combustible matter.

(a) House refuse : This consists of vegetable and animal waste
%mﬁﬁ.@ ashes, cinders, rubbish, debris from cleaning and

( demolition of structures.

(b)Street ﬁawﬁmauﬂgw consists empty packets and bottles, @gﬁﬁ@m
5@33.% and cigarette boxes, fruit peels, tree leaves, street
sweepings etc.

(c) Trade ﬁa?mm" This consists of solid wastes from factories
commercial and business centers, slaughter houses etc.

ﬁsém@ﬁ This consists of all sorts of putrescible organic waste
;Qcm‘z kitchens, hotels, restaurants, in the form of waste food
articles, vegetable and fruit peelings. It is organic in nature
and decomposes quickly. It normally weighs from 450 t0 900

kg/m3. It should e handled carefully because files insects, rate €=
ete. breed in it. v

oaded fro

W

&g@@a" Ashes. are incombustible waste products from houses
industries, hearths and furnaces. With the introduction 0m
meomﬁ% oil and cooking gas, its quantity is now gradually
decreasing, It weighs between 700 to 85 kg/m?

Do
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1 Refuse: Refuse is a general term used to indlicate what is

rejected of left out as worthless. It may be

r solid from, and many be divided into six
garbage (ii) rubbish (iii) sullage (iv) sewage
(vi) storm water.

2. Garbage: Garbage indicates dry refuse. It i1
decayed fruits and vegetables, grass and lg
from streets, markets and other public pla
contains large amounts of organic and put

3. Rubbish: Rubbish indicates sundry solid w
residences and other buildings. It also incl
materials, broken furniture, paper, rags et
is dry and is of combustible nature. -

4., Sullage: Sullage is a term used to indicate
bath rooms, kitchens, washing places and
does not create bad smell since organic mg
absent or is of negligible amount.

5. Sewage: Sewage indicates the liquid waste
community. It includes sullage, discharge
urinals, stables industrial waste and also {
and storm water that may be admitted intg

n liquid, semi-solid
categories: (i)
(v) subsoil water and

rcludes waste paper,
aves, and sweepings
ces. Thus, garbage
ritying matter.

astes from offices,
udes waste building
©. Generally, rubbish

the wastewater from
wash basins etc. It
tter in it is either

from the

orm latrines,

he ground surface
the sewer. It is

extremely putrescible; its decom-position groduces large

o o %@M@Mﬁ?ﬁ s
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quintiles of
pathogenic d

6. Sub-Soil wat]
sewers throi W

7. Storm eﬁwﬁam

8. Sanitary sev
indicates se
and industrid
Sanitary sew|
(i) industriall

9. Domestic sev
basins, urins
buildings, thg
human excre|

12. Sewer: It is a
sewage is cary
sewers are thd
only. Strom w
the.

Q.1 What is mun
explain.

Ans. Solid waste

activates assod¢iated with generation, storage, collection,

ain odorous gases, and it may contain numeroug

r disease producing bacteria.

er: It is the ground water that finds it entry into
gh leaks.

It indicates the rain water of the locality.- =

age: Sanitary sewage or domestic sewage

rage mainly derived from the residential buildin
il establishments. It si extremely foul in nature. Q
age may be classified as (i) -domestic sewage and¥
sewage. o ma
vage: It is the sewage obtained from the lavatorymm
ls and water closets of residential buildings offieSR
atres and other institutions. Since it contains

ta and urine, it is extremely foul in nature. ~>

10. Industrial sd
industrial and
object6ionalb
to convention

11. Night soil: I
excreta.

ewage: It is wastewater obtained from the .a

1 commercial establishments. It may contain A

e organic compounds that may not be amenabldQ)
al treatment processes. et

)

is term used to indicate the human and mﬁbﬁ&n

~

. /

n under-ground conduit or drain through ngwml
ied to a point of discharge or disposal. Separate

se which carry the house and industrial WasSte Seud
ater drains are those which carry rain water froglg

icipal solid wastes management? Define and

om

management: - It involves management of

d fr

transfer & trarsport, processing and disposal of solid wastes @
which is envirgnmentally compatible considering principal of "9

economy, aesthetics, energy & conservations.

Municipal Solid
generated in re
from industrial
considered.

Functional elements of management;-

{a) Generation
quantity & qi

Oa

astes: - Municipal solid wastes includes WSt CoGmm
sidential & commercial areas, whereas wastes <
& agricultural operations are separately

Dow

- Wastes differ in the rate of generations,
nality depending upon the area of generation.
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This will affect selection of method for its collection,

sing & disposal. )

?.@MMMMMMQW. The mwsﬁmﬁa& waste is stored within the .
premises for the short period & then ﬁmbmmwa to oogﬁcga\
storage bin or directly to the treatment or disposal site. -

(¢) Collection: - Waste produced from individual households is
removed initially by the owner or an employee & later by
municipal staff. Wastes from the streets are collected &
removed by the conservancy staff. . x

(d) Transportations: - The material oo:nﬂma in community
dustbins is transferred to trensport vehicles for qmﬁmwo% to
the processing or disposal site. In big cities the material is
conveyed to a transfer station from where mb.ogmn set of
vehicles transport it further to the &m@Om.E site. .

(e) Processing (Treatment) & recovery: - A Emm quantity of
wastes has to be processed before suitable disposal to reduce
its potential nuisance value. Occasionally recovery of useful
constituents is also carried out as an wsaowosmwsﬁ process.

(f) Disposal: - The wastes may come for &wvown& either directly

after its transpiration or after processing, @vam& no.sE be

on land or water logged areas for reclamation.

Source and Characteristics

Q.2 Explain the characteristics of municipal solid invests.
April- May, NOHDW
CHARACTERISTICS OR MUNICIPLA SOLID WASTE:

Municipal waste is distinguished into municipal refuse
and sewage sludge. The municipal refuse also om:.& as the
municipal garbage, is compose of %momuama Bmﬁoﬁmﬁd% the
people in the home and in industry. It is composed of paper
plastics, food and paints. An average composition of
municipal refuse is given in the table below,

Table Component of municipal refuse

SR. Component %

NO.
11 Paper 58.5
2 Food Residue 09.2
3 Garden Refuse 10.1
4 Metals 07.5
5 Glass, Ceramics 08.5

and Ash
6 Miscellaneous 05.9
Jainam Publication %M&M%x Page 181
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Physical Properties @)

Mm..:m.E wc&:mlmaoa

Here the paper makes the largest amount of this
refuse, whereas the plastic comprises only very few and is
considered as a miscellaneous item. The composition of M
of a developing country and of industrialized countrie
different. Here the paper makes the largest amount of o
refuse, whereas the plastic comprises only very few andgs
considered as a miscellaneous item. The composition of M
of a developing country and of industrialized counties
different. o))

The important physical properties of MSW includd
density (sometimes referred to as specific weight), moist i
content, particle size and distribution, field capacity, &M
porosity. Although talking about MSW, it is important to ne
that the same fundamentals apply to all types of m&%
wastes. Q

This is the weight per unit volume and is express
as kg/m?®. Density varies because of the large variety of was
constants, the degree of compaction, the state
decomposition, and in landfills because of the amount H
daily cover and the total depth of waste. Inert wastes such mm
construction and demolition materials may have highe!
densities, and density can change as in landfills where thgs
formation of landfill gas and decomposition may bring aboy¢=

wwmzﬁogﬁﬁpmmhomm,Umbwmqmm Mgnoamavmomcmm#»
needed to assess the total mass and volume of waste, S,EQM ‘
must be managed. Density varies not only because of Emo :
type of treatment it gets (collection vs compaction etc) buin |
also because of geographic location, season, and length e
time in storage. d

Moisture Content “ |

The most commonly used method of expressing @y

moisture content is as a percentage of the wet weight of Q

material. Moisture content is important in regards to density==— i
{as above), compaction, the role moisture plays in «
decomposition -~ processes, the flushing of inorganic W

components, and the use of MSW in incinerators. Pre- (o}

treatment of waste to ensure uniform moisture content owsD |
be carried out prior to landifill disposal v

Table Typical Moisture Content Of Wastes

R
fulbamrs
bl

Content

V Range %

| RESIDENTIAL |

| Food Wastes (mixed) | 50-80 70

| Paper [4-10 7

| Plastics | 1-4 | 1.5
Yard wastes | 30-80 |61
Glass [1-4 |2 ,
COMMERCIAL Q lw
Food wastes | 50-80 73
Rubbish (mixed) | 10-25 14 L
CONSTRUCTION & \ M q
DEMOLITION

\ Mixed demolition \ 4-15 \ 8
combustible
Mixed construction \ 4-15 \ 8.5
combustible

INDUSTRIAL | |

Chemical sludge & 75-99 81

(wet)

Wmmé dust A 10-40 19

Wood (mixed) 30-60 |36

Q.3 Write a brief note giving sources of gengration and typical
composition of municipal solid waste.

Ans. The quantity of municipal solid waste generated depends
upon a member of factors such as food habit| standard of living

separately considered.
Following are the sources of generation of solid waste:

1) House refuse: Waste produced from the hguses are called as
the house refuse. These consist of vegetable and animal
waste, ash, cinders, rubbish, debris, etc.

2) Street refuse: These are the dry waste ose main source
are street. These consist of empty packets and bottles, empty
matches, cigarette boxes, fruit peels, tree le ves and so on.

3) Trade refuse: It consist of solid wastage form factories,
commercial and business centre, slaughter houses and so
on.

4) Natural waste: It consists of dust blown from unused land

an roads, dead and decayed vegetation. It cannot be

controlled as it originates fram crrrmame ~st L 1.
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3) Collection of wastes from steers.

1) House to House Collection: - In housed to house collection
refuse generated & stored in individual premises is collected
by several method. Some of which are indicated below.

nvironmental Engineering-l

l»\lﬂl\««
construction waste: These are the solid
d due to demolition and construction of

e of wood, concrete waste materialsg

5) Demolition nd
wastage proguce

structure. It jncludes piec

sand, dust and so on. [

Composition of solid waste: The solid waste compositiotfg (i) Curb Service: - The house owner is responsible for
L placing the refuse containers at the curb on the:

consist of the following ingredients.
(a) Garbage: Cbnsist of putrescible organic wastage obtainedd

from kitcher], hotels, restaurants etc. This includes all wast@Q
This wastage decomposed¥N

scheduled day, when the workmen from refuse vehicles
collect & empty the containers in the vehicle & place
them back at the curb. The house owner is required to

food articles| vegetable peeling etc.
quickly, hence vno.aanmw Um&.mgos and health hazard. (@)] take back the empty containers to his house.
(b) Ash: Consl t of incombustible waste product from house@® o\mcm_.zi
and industries. It weighs between 200 to 350 kg/ m?. ﬁ \ ‘ \ —
quantity is retting reduced in modern days due to increaSts . R K .
in use of cpoking gas and kerosene oil and lesser use Tom s o
cooking coal in houses. > ¢ .
Rubbish: It consist of all non-putrescible waste except ash.® 3 Atey
includes all|combustible and non-combustible wastage mcm Alley & o
as pieces of paper, broken pieces of glass, broken pieces o
furniture, ~ardboard, stationary material, etc. Rubbi .
normally weighs between 50-400 kg/m?. 37z
Dust or silt: Theses are generally natural waste geaﬁom &
due to dust|/blown on unused land and roads. ~ Vehigle —HEY
A\@mﬁmﬂ comnposition in % by weight at disposal mwﬁ@J #
Constituent Typical Indian Typical USA .
| city city L .mu (i) Alley service: - The containers are placed at the alley
Garbage 35% 25% = line from where they are picked up by workmen from
Rubbigsh 15% | 55% N e refuse vehicles who deposit back the empty container
Ashes 10% 10% m (iii) Set-out, Set-back services:- In this system, set-out
Dust sily,|sand 20% T 10% men go to EE&QSE houses, collect the containers &
Density (Hg/m*) 300-600 m w empty them in the refuse vehicle. Another group of
Calorific yalue 1500-1800 11 ,3 Y ! ) persons return them to house-owners yard.
(kilo-call/kg) i S (iv) Set-out Service: - Refuse vehicles collect the containers
Physical characteristics of refuse for Indian cities shown a@ from individual houses & empty them in refuse vehicles.
age by net [wei ght S The house owner has to take the empty containers.
Ww%mw - Awbwi.w.mmw S , w _ wmmw S ‘
astics - (0.33—0.88 oY - 1 man’
Metals - (0.20-1.22) o 1T . ¢
Glass - (0.20-0.96) - oo Altey ]
Ash and fife - (28.0-50.0) = P 7 Rowwaen
Total compostable matter = (26.0—50.0) ) m ol : .
4 [N =es
Q.4 Explain the methods of collection of solid wastes? $ 3 fmﬁ |
(April-May, 201 T Jaider.
Ans. Following|are the various methods of solid waste collection: . ‘J %x

1) House to house collection
' Figs Sef-out, Ser-pack service

2) Community bin system

S

Fig, Alley service

wmwsma ?Emnwmws % mmwﬁ—@ﬁmz
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. . — Ans. There are various method of treatment & disposal of solid
Environmental Engineering- wastes. They are as follows: -

(v) Backyard Service: - The workers with vehicle carry a
bin, wheel barrow to the yard & empty the refuse container £
in it. The wheel barrow or bin is then taken to refuse vehicle®™g
where it is emptied.

L

/

i} Sanitary landfill method

ii) Composting

iii) Incineration

iv) Pyrolysis

i) Sanitary Landfill Method: - It is a method of disposing of
refuse on land without creating nuisance or hazards to
public health or safer by utilizing the principles of
engineering-to confine the refuse to smallest practical
area, to reduce it to the smallest practical volume & to
cover it with a layer of earth at the conclusion of each
days operation or at such more frequent intervals as may
be necessary . ,
Sanitary land filling can be practiced for all types of site
conditions. To suit the different site conditions, the basic m
process is modified in three distinct ways which are .
known as:

1) Trench method

2) Area method

3) Ramp method

1) Trench Method: - This method is best spited for flat land

where excavation can be carried out easily and where the

ground water table is sufficiently low. A {french 2m deep & 2-

5m wide is cut. The length of the trench depends upon the

site conditions, no. of trucks likely to arrive simultaneously

& is such that it takes a day’s refuse quantity. The excavated

soil is placed on the sides of the trench and after the refuse

(
(
(
(
(

2) Community Bin System: - In the community bin system,
workers sweep the roads & collect the material at specific
points. These points should be fixed considering the
convenience of local citizens. The capacity of community bins
should be at least 50% in excess when collection is daily & Jud
100% in excess for 6 days a week collection.
the spacing of the containers has to be accordingly fixed
which in no case should be more than 100m apart. Layer

//notescivil.blogspot

tp

mh

spacing encourages workers to avoid Qmugm@oaﬁ,ﬁm sﬁ.mﬁmm O has been put in layers are compacted & the trench is used to
the community bin & private sweepers start working in such ﬁ give the soil cover : .
Mumm%m. " £ . tes fi treets: - "o 2) Area Method: - This method is best used in areas where
onee EJO Mqu Les nnoﬂﬂ- N naM m. ted in individual natural depressions exist as in quarries, [ravines & valleys.
o n addition to the wastes generated in Idivioua v The waste is put in the natural depressign & compacted. A
premises, wastes are generated on streets also, the collectior™ 3 layer of carth is given on fop & compacted. The process is
of QEOT is wﬁm wmmuob.mmgmq of ce mﬁﬁroﬂﬁom..s most of (3 repeated till the depression is filled up. The earth cover has
the Qo<&.o ping onﬁsnﬂmm, nomooﬁos from mﬁ. eets is .d% Smﬁ.gmwo to be excavated from borrow pits at the site itself or imported
labor while in developed countries mechanical equipment is s from elsewhere ,
uised. In manual methods, the collection from the street is & 3) Ramp Metho a _ This is a modified form|of area and trench
deposited in community storage bin w.o.B éwﬂw mo@m.ﬁm_ma W , method and used in flat as well as gently| rolling areas. A ;
_vehicles collect for transport to processing or disposal site. ‘50 : ramp about 15m wide, 30m long and of 4 suitable height is L
‘this operation minimum three persons should be required ED : created. By using a bull clam or similar ¢quipment, a shallow
one group. One should Qmms the 3.08.2? the second to . . cut is taken at the foot of the ramp. A valley like trench is cut
sweep the road & collect the material into heaps & the third <0 that the tractors come to the top of the ramp and
person to transfer it to a wheel barrow. discharge the contents inside the trench
Disposal of solid waste Due to the size of the ramp, no of trucks are able to

Q.5 Explain the various method of treatment ad disposal of dump their contents simultaneously inside the trench. At the

solid wastes. : gz.Oéon? DQ ﬁ Hv Jainam Publication . yﬁ%@»ﬁ 7 Page 187
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end of the operation, the refuse is compacted by the tractor
which also pushgs earth on it and compacts it. Thus it
becomes a part ¢f the ramp on the top of which vehicles can
operate on the next day.

(ii) Composting: - [n this method, the decomposable organic
matter from refuse is converted into a stable form either
aerobically 01 anaerobically. During aerobic decomposing,

aerobic microprganisms oxidize organic compounds to

CO5, NO, & NQ@3. Carbon from organic compounds is used

as a source of energy while nitrogen is recycled. Due to the

exothermic reaction, temperature of the mass rises.

Anaerobic mitroorganisms while metabolizing nutrients,

breakdown the organic compounds by a process of

reduction. A yery small amount of energy is released
during the prpcess & temperature of the composting mass
does not rise much. The gases evolved are mainly CH, &

CO,. |

The composting m%wﬁma can be broadly classified as
(i - Aerobic{Indore method (ii) Anaerobic — Bangalore

Indore _ﬁwﬁur d: - In this method, a layer of coarse refuse
is first put at| the bottom of a pit.to a depth of 15-25 cm
which is 7.5dm deeper for a 25cm width at the pit edges.

Night $oil is poured to a thickness of 5cm in the
depressed portion and an elevated edge prevents its
draining to the sides. On the top of this, a second layer of
refuse is spread, which sand witches the night soil layer.
Such alternalte layer of refuse & night soil are repeated till
it reaches ground level. Then this material is turned at
specific interpals to maintain aerobic condition which will
ensure high femp. uniform decomposition as well as
absence of flies & odour. White filling with refuse & night
soil, about 6Qcm on he longitudinal side of the pit is kept
vacant for starting the turning operations. The first
turning is manually carried out after 4-7 days using long
handled rakes & the second turning after 5-10 more days.
Further turnling is not necessary & compositing will be
complete in & period of 13-27 days.

Bangalore Method: - In this method, pit are filled similar
to the above|(as in Indore method) except that it is covered
at the top by] soil layer to avoid rain water entering the pit
and to maintain anaerobic condition. It is allowed to
decompose for 4-6 months after which the compost can be

taken out for use.

Page 188
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Incineration Method: - In is defined as the

controlled combustion process for burning solid,
liguid & gaseous combustible wastes to gases &
residue containing scbsoogcﬁmggm material. During
combustion, moisture is vaporized whereas the
combustible portion is vaporized and oxidized.
Carbon dioxide, water vapour, ash and non-
combustible are the end products. About two third
material is given out as gases & one third remains as
ash. This method completely destroys all organisms
but increases air pollutions.

(id)

Q.6 Give the advantages and disadvantages of solid waste
disposal by land filling. .bm.n—-gm%bou@

Ans. The advantages of the method are:

(i) Itis simple and economical
(i) No plant/ equipment is required
Separation of various materials of the refuse is not

(iii)
required
(iv) there are no by-products

The low lying areas can be reclaimed and put to better

\Y]
use by this method.

The disadvantages are: -

{ij  Proper site may not be available nearby,

i) wind direction may not be be favorable

large land areas are required .

1t may be difficult to get large quantities of convering

material and :

{v) dumped garbage containing carcinogenic non-

biodegradable matter (such as plastics, unused

medicines, paints, insecticides, sanitary napkins etc.)

may cause trouble later because of leach ate coming out

of the dump during rainy season :

vi) leachate from the dumped garbage may pollute surtac

water as well as ground water.

Q.7 What are the points to be considered while selecting
the site for sanitary land filling? .

Ams. While selecting a site, following points need to be
considered. B
{1) Land reguirement: The volume of fill required depends
upon density, degree of compaction, depth of fill and life for
which the site is to be used,. The volume required will
change in different cases.

i Tatani ™
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(2) Land use restriction: The town planning authorities should
be consulted before selecting a particular site so that it is

~ compatible with their plans.

(3) Approach: The site should be easily accessible for vehicles
throughout the year. It is desirable that narrow bridges,
mﬁmnﬁ grades and roads that are likely to be submerged
during some periods are avoided. 4

{4) Haul distance: The site should be as near the area to be
.mﬁ.ﬁﬁ as possible. Larger the haul distance to the site, larger
will be the recurring transportation cost.

(5) ﬁo&an material: If the required soil cover is available at the
site itself, no additional expenditure need be incurred on
transporting it to the landfill site. A soil analysis along with
the depth to which it is available is also necessary.

(6) Hydrogeological investigation: The rain water percolating
through the solid waste tends to carry large amount of
ﬁcﬁyﬂﬁmbﬁw to the ground water if the underlying strata is
previous or fissured. To avoeid leakage contamination to
ground water, an impermeable barrier in the from of a
puddle clay blanket should be provided.

{7) Surface Aqunon pollution: Surface water during its flow over
the deposited waste may carry along some pollutants. Water
courses flowing across the site should be diverted and the
surface water due to precipitation prevented from reaching
the water course by an impermeable barrier.

Cm Explain the different method of composting of municipal
mopi. waste. (April-May,2009)

Ans. COMPOSTING: - Composting is a method is which
putrescible organic matter in the solid waste/refuse is digested
anaerobically and converted into humus and stable mineral
compounds. It is a hygienic method which coverts the refuse into
manure through the bacterial agencies. Compost is widely used as
a manure which is rich in nitrogen content. Due to composting
the volume of refuse is very much reduced, and the resulting v
matter can be safely handled since it becomes free from
pathogenic organisms. In India normally, night soil of the
conservancy system is also disposed of simultaneously along with
refuse, producing valuable manure.

There are three methods of composting

E Composting by trenching
{ii) Open window coinposting
(1ii) Mechanical Composting

Ui
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Composting by trenching: - In this method, trenches 4 to 10m
long, 2 to 3m wide and 0.7 tol m deep aje excavated with a
clear spacing of 2m. the trenches arg then filled with
refuses/garbage in layers of 15cm. On thel top of each layer ,
Sem thick sandwiching layer of night spil/animal dung is
spread in semi-liquid form. On the top layer, protruding 0.3m
above the original ground surface, a 10cm layer of goof carth
so that flies do not get access to the refuse and at the same
time, the refuse does not get blow off by wind. Within 2-3
days, intensive biological action starts|to destroy/reduce
organic matter present in the refuse| In this process,
considerable heat is generated and the temperature of the
composting mass rises to about 75°C. Dug to this reason the
breeding of files does not take placg¢. The refuse gets
stabilized in about 4-5 months period , and gets changed into
a brown colored odorless innocuous powdery form known as
humus, which has high manure value beqause of its nitrogen
content. The stabilized mass is removed |from the trenches,
sieved through 12.5mm sieve to exclude cqarse inert materials
like stones, brick bats, broken stone etc. [The sieved material
is then sold out as a manure.

Open Window Composting: In thig method, a large
proportion of mineral matter like dust, stone, broken glass
pieces etc. are first removed from the refuse. The refuse is
then dumped on the ground in the form jof 0.6 to 1 m high,
6m long and 1 to 2 m wide piles at about 60% moisture
content. The pile is then covered with night soil, cow dung,
cattle urine etc. through which the orgarlisms or germs that
are necessary for fermentation are added. Due to biological
activity through aerobic bacteria, heat stgrts developing upto

~about 75°C in the refuse piles. Due to this the microbial
reaction shifts from mesospheric to thermopiles stage. After
this, the pile is turned up for cooling a d aeration to avoid
anaerobic reactions. The temperature of pile again raises to
75°C, and the process of turning, cooling and accretion is
repeated. The complete process may take about 4-6 weeks,
after which the compost is ready for use gs manure when the
temperature falls considerably.-

Mechanical Composting: - The open [window method of

composting is very laborious and time fonsuming process.
Also it requires large area of land which ray not be available
in big cities. These difficulties are overcome by adopting
mechanical composting in which the procegss of stabilization is
expedited by mechanical devices of turnifg the compost. The
mechanical method stabilizes the refuse ¢ompost only within

%«a .. —
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3-6 days. The op drations involved in a large scale composting
plant, shown in |Fig. 22.2 are as follows: (1) Reception of
refuse, (2) Segregation (3) Shredding or pulverizing. 4)
Stabilization, (5) Marketing the humus.

The refyse is received at the plant site in quantities
of 2 to 6tonnes per vehicle. Hence the plant site must have a
storage capacity Woﬁ. about 25 to 50% of total daily arrival,
before it can |be segregated and shredded/pulverized.
Segregation is done by hand picking on smaller plants and by
mechanical devices on large plants, to remove paper, rags,
non-ferrous metdls and large objects. Ferrous metals are
removed by

, et ] et N
mmnm_udoum u.. SEGREGANTION CRINCING B-MIXING - © DIGESTION W w

. NARKET PREPARATION
i RECE[VING PITS 2. CRANE

3 HOPPER 4, ROTARY/VIBRATING SCREENS

5. MAGNETIC SEPARATOR 6. SORTING RELT/TAHLE:

8 MIXING OF SLUDGE L9, WINDOW PITS

10. ROLLERS 15, SCREENS

12 MARKMET PREPARATION OF FINE, IWNTERMEDIATE AND COARSE HIMUS

Fig. PROCESSING OF REFUSE HY MECHANICAL COMPOSTING

Magnetic separators. Finer material such as ash,
particles of garage etc. are removed by the refuse. Over
shaker-screens. The remaining refuse is then shredded and
put varied mecha ically.

The prep ared refuse is then decomposed or stabilized
under controlled conditions of temperature and moisture
content. Mechanical digesters of various types such as (i) Pits
or cells (i) Windows or stacks and (iii) Vertical cylinder,
horizontal cylinder, or silo type . closed digesters. 5
digesters are mg¢st hygienic and occupy less space in the
stores the refuse¢ is digested and into humus and mineral
compounds. The W&m@mnos period vary between 2 to 5 days for
refuse containing low cellulose or low carbon-nitrogen (C/N)
ratio, and 7-6 days for refuse having more quantities of
cellulose or hig (C/N) ratio. The stabilized brown mass

4 Tatnant
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{humus) is collected, sieved and sold in packets. Sometmes

the stabilized mass is enriched by adding chemical nutrients
like phosphorous, nitrogen.

Q.9 State and explain the factors affecting composting

process.
Ans. Factors affecting composting process are as Eo;.:um. .
ynamic system 11

{1)Organisms: Aerobic composting is a d ( (
which bacteria, actinomycates, fungi and other biological
forms are actively involved. It depends upon the constantly
changing available food supply, temperature m.,ba wc@mﬁmﬁ
conditions. In this process facultative and obligate w@wogo
form of bacteria, actinomycates and fungi are most active.
(2)Use of culture: When the environmental conditions are
appropriate, indigenous bacteria, = better adopted to
municipal refuse than forms attenuated under Hmww.ﬁmﬂoa%
conditions, rapidly and carry out necessary decompositions.
Moisture replaces air from the interspaces

{(8)Moisture: : «
between particles. Too low a moisture content reduces Em
metabolic  activity of organisms, whereas anaerobic

conditions would set in if the moisture content is too high.
{4)Temperature: Temperature is one of the major factors which
affect the composting process. In the temperature range ,Om
50°C-60°C high nitrification and cellulose degradation occur
and destruction of pathogens and parasites is also mswcﬁnn.
(5)C/N ratio: The progress of decomposition in & ooﬂﬁwwﬁsm
mass is greatly influenced by C/N value. C/N ratio is the
ratio of available carbon to available nitrogen. Optimuim
value of C/N ratio lies between 26 and 31. o
{6)Addition of sewage and sewage slides: 5.5@5 55&.0 /N
ratio is high, sewages sludge C/N of 5 to 8 is added to keep
C/N ratio of mixture at optimum levels. )
(7)Aeratiomn: Aeration by mnatural process occurs - 10 the
superficial layers of the composting mass. While the inner
layers tend to progressively turn anaerobic as 9.@.. ,wm:.m. of
oxygen replenishment cannot keep pace with utilization.

Hence necessary to bring the inner layers in oobﬁmg with
ion by turning the

oxygen which is accomplished by m@.wmﬁ
material or by supplying compressed air. .
Q.10 Explain the varies method of computing adopted in
India? . (April- may 201 1- Nov.-Dec.,2008}
Ans. Composting adopted in India: In India, there are two
methods of mechanical composting:

{i} Indore method and (ii) Bangalore method
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Indore method: - refuse, night soil and animal dung etc. are
placed in small brick lined pits, 3mx3mx1m deep, in alternate
layers of 7.5 to 10cm height, so as to make a total height of
1.5m. Chemicals (such as DDT etc.) are added to prevent fly ™~~~
breeding. The material is turned regularly for a period of about &
8 to 12 weeks, and then stored on the ground for 4-6 weeks. In*™e
about 6-8 turnings and in aobut 4 months time, the compost g
becomes ready for use as manure.

Bangalore method: - the refuse is stabilized anaerobically.
Earthen trenches of size 10x 1.5 x 1.5m deep are filled up in
alternate layers of refuse and night soil/cow dung. The
material is covered with 15cm layer of good earth and left for
decomposition. In about 4-5 months, the compost becomes
ready for use.

Normally; a city produces 200 to 250 kg/capita/year of
refuge and 8 to 10 kg/capita per year of night soil. Hence a
town of 10,000 populations will produce about 2000 tubes of
‘refuse and 800 tonnes of night soil annually. The composting
will produce about 1400 to 1680 (50 to 60%) of compost
-annually from the above waste.

Q.11 Explain the Incineration procedure? Give it advantages.
Disadvantages. {April-May,2009)

Ans. 6. Incineration: This consists of burning the refuse in the
incinerator plant. This is commonly used in disposing of
garbage from hospitals and industrial plants. Before
incineration, non-com-beatable and inert material like earth,
broken glass, chinaware, metal etc are separated, so as to
reduce the load on the hearth. The by product of this land
filling,, The heat generated by burning the dry refuse may be
utilized for raising steam power. The heat generated by burning
the dry refuse may be utilized for raising steam power. The
quantity and quality (moisture and calorific value) of refuse is,
however, changing and hence the power generated will
fluctuate. Emission of air pollutants from incinerations
includes particulates such as flyash, unburnt fact and others.
Permissible level of particulate emission from large incinerators
is 0.23g per standard cubic metre of exhaust gas corrected to
12% €O, . Smoke includes all liquid and solid matter in the
exhaust that hinders visibility. Smoke can be eliminated by
mixing the exhaust with hot air ot complete combustion, but
smoke requires fairly high air temperatures.

‘EJW following points should be carefully observed during
incineration:
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1.The refuse charging should be thorough, rppid and as nearly
continuous as possible. )

2.Each batch of refuse entering should be well mixed. o

3.Auxiliary burners are usually installed above the refuse to ignite
it to establish the draft at the beginning of he cycle. This is all
the more necessary when the moisture contepnt of air is high.

4.Minimum temperature in the combustion ¢ Wmus.c,oﬁmﬁoca be
sufficient (>670°C) so that all the organic mjatter is incinerated
and foul smelling gases are oxidized. , )

5.After burners are sometimes required together with particular,

removal devices such as settling chambers o scrubbers.
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Fig, MULTICELL INCINERATION PUERNACE.
Are multiple chamber units which release|fluids as the
material is being destroyed. These fluids do not m<mm9\m.ao
quickly and, therefore solid hearth rather than grating is

required.
Advantages of incineration:

(ij  This is most hygienic method since it epsures complete
destruction of pathogens

(i) There is no of our trouble or dust Sﬁwmu. nce

(iiiy The heat generated can be used for raiging steam power

(iv) Clinker produced can be used for Ema purposes

( The disposal site (i.e. incineration site) pan be located at a

convenient distance )

Lesser space is required for disposal of wo.mﬁﬁom

(viij Modern incineraters can burn a mﬂmm.:. ariety of refuse
materials which are otherwise not biodggradable

& Jainan
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(viii) Adverse weather conditions have no effect on the
incinerators operation.

Disadvantag gls:

E Large initi .7, | expenditure

(id) mgﬁﬁovoa Ip eration results in air pollution problems and

incompletd reduction of the west materials ,,

ﬁ& Disposal of the remaining residue is required

(iv) High stacl W, needed for natural draft chimneys present
safety problems. ,

f
o . H_ﬁ should be clearly noted that municipal
incineration of solid waste of refuse is a volume reduction
process and 1 Woﬁ one of complete or ultimate disposal. mmm,
disposal of reinaining residue is an essential requirement
Also, the planft need be operated properly so that the mmmaﬂm

are completely burned and a stable residue is produced.

. |
Q.12 Explain the transportation routes. How it is planned?

April-

Ans. Presently in inost of the cases, the aosmnmw MW, aﬁ“ﬂm&wmu%w?me
are not w;.oﬁw,w_,% designed but left to the vehicle oﬁm?ﬁoﬁ\ oHt
supervision to fuse his opinion. It is observed that out of to1alQ@
mxﬁmsggwa spent in solid wastes management, msoogu 60-80%Ca
cost contributed to transportation of refuse itself. Therefore w”
the ﬁoﬁgm off refuse vehicles are properly EMSS,@Q mz@o .
wxﬁwﬂ%ﬁsﬁ cap be reduced & better service can be Muwoima Q.

Following are the various method used for Emzabmi ﬁmmt

refuse vehicle fgoutes. -

1) Heuristic Methods: - This is an old system of assigning the
routes “Gw refuge vehicles. The routes of refuse <mmw&m.w awm
mqmﬁwwggma on the @mwym of experience, and some simple rules, @
However, their |efficiency depenids upon the experience of th A
USer. H@.n macro routing ig to be done first followed e\&\.w@ wmmf_'
balancing @. mijicro routing. In the macro routing cczmﬁﬁmalq
area are assign bd to disposal fucilities. A fair days Mbo&w. wmmm 7]
determined in [terms of km :o be travelled, fﬁ.%m Em&o de
tonnage to be |hauled per day. Micro routing is gmj‘nmﬁwﬁma
out by using heuristics. The factors to be considered in :z;oo

routing are: _—
H_.W Wosﬁwm.mwosﬁ ot be fragmented or overlapped. o
i) Collection & trgmsport time should be reasonably constant wé.w
each route so ag to equalize the work load. (@]

iii) The woﬁaogos Foute should start as close to the garbage agfty
possible taking|into consideration heavily travelled routes.
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(i

be ..mn?ma before or after

iv) Routes having heavy traffic should
rush hours only.
v) Sources where large waste quantities are
serviced during the first part of the day. L
vi) Collection routes should be so arranged that the last bin,
emptied is nearest to the disposal site in the route. SR
2) Deterministic Methods: - These methods use advanced
mathematical techniques for obtaining the optimum route for
refuse vehicles. This method is widely used in developed
countries. In this method the various information regarding
location of collection bins, gquantity collected in each
individual bin, processing and disposal sites should be made
available. This method also consist of macro scale studies.
Macroscale studies involves the study & planning the system
in order to evaluate alternate solution to the entire solid
wastes problems involving mmﬁmwmaosmfoo:momo? processing
& economic planning of the whole system. For these cases
specific models have also been prepared. The: various models
prepared for this purposes are:-
i) Models for uniform and continuous generation of solid waste
along the street.

ii) Models for use of transfer stations. ‘
Microscale studies are then carried out: which

consists of location and allotment of. transfer stations to
different processing & disposal sites. Preparing computer
program for the various models & obtaining optimum routes
for refuse vehicles.

3} Modi Methods: - The models so prepared in deterministic
method are used in developed countries. But the models used
in developed countries cannot be used directly in developing
countries because the wastes collection along the street is not
regular & continuous. The collection is not form house to house
but from community bin. Also transfer stations are nearly used
& refuse vehicles proceed directly to disposal site. .

Therefore NEERI prepared a suitable model for India
condition for deciding the wvehicles routes, such a model
prepared by NEERI are called Modified Distribution (MODI)

method.

generated should be

In this method, it is assumed that the cost of
transportation is directly proportional to the route length.
Hence optimization is carried out for the length of route. In this
method it is also assumed that every community bin visited at
least once in a day and the quantity collected in a route should
be equal to the capacity of the vehicle. As the number of
collection points & vehicles are quite large in cities and towns,
the above method can be used by preparing a computer

& Tanant
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program which will help to reduce the requirement & give
optimum results, ~

In this study, macro scale studies consist of studS=ef
location of community bin, quantity collected in eacwm
community bin, different processing and disposal sites
Micro scale studies is then carried out which consist &
preparing computer program and obtain optimum routes
refuse vehicles.

. , (@)
Q.13 State the requirements of transportation vehicle & lis
the various types of transportation vehicles, M
®

Ans. Requirements of ‘transportations vehicles: - —
L ©
Following are the various requirements of transportations vehiclS»

@ ?msoﬂarmaauoéwom&sm r&mgéiongg%omma mwg.g
. not exceed 1.5 meters.

ii) - It should have a facility for taking portable/ mxarmsmm_m&

. containers for house to house collection. (o)

iii) It should have a covered body. c
v} It should have a tipping gear for quick unloading, ~
v) It should be reliable & economic in operation. /o
vi) It should have a sufficient carriage capacity. .Dl
Types of Transportation Vehicles: - =)
Following vehicles are used for transpiration of refuse to tw=d
disposla site.. N o

¢>§m59~0m3mu-0m§wa3§s vwvc:oowﬁmcm&ommgazmm
- in small towns & cities. The capacity of bullock cart is mcorm
Im* and due to its slow speed, it tends to obstruct traffic o)
main roads. : o
Short Range Diesel Vehicles: - As & substitute for bullo
carts for short haul small capacity transport vehicles of
number of designs have recently been introduced. These ar
provided, with a small (5-7.5KP) diesel engine to carry o
1.5tonnes of material with low lading height (< 1.5m). o
iii) Tractor Trailer: - These are used in medium sized towns andQ
cities. It has low initial cost & easy to operate. It consists of T
trailer which hauled by a tractor. Sometimes two trailers c
- also be hauled by one tractor for economic operation
iv) Three Wheeler Auto Rickshaws: - Such type of vehicles withQ)
closed body are in use where the transportation distance i
not very large. These vehicles can move in narrow lanes an
bylanes. These are mostly petrol operated therefore the cost of
transportation will be high.
v} Electric Vehicles: - These are in use in some developed
countries & can operate over short radius of about 2km. The
battery has to be charged overnight. These vehicles are
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available in India only to a limited gxtent due to its high
capital cost. .

vi) U%Bua_. Placer: - These unit are uspd for .ﬁcsm of ?.wmé
materials specially demolition wastes. The vehicle is vwo,.aao.a
with winch mechanisms with the aid of which the bin is
hoisted & placed on the body of the truck. .

vii) Container Carrier System: - In this gystem, mvoor&.&\.ﬁmw of
containers are placed at the collection|points. When it is full,
the container are removed by a tracfor prime-mover which
has a hydraulically powered frame chasis. The owmw.mm lifts
the container & grips it firmly & trangport it to the disposal
site.

viii) Special Municipal Vehicle: - It consists of a Q.Gow provided
with special hydraulic arrangement for lifting, placing as well
as unloading 8-10 cum container onp a truck chasis. The
container has low loading height with a number of flaps
which are kept open for loading refuse. The prim-mover lifts
& locks the confainer on the body for transpiration to
processing/ disposal site. ’ .

ix) Trucks: - Various types of trucks hgve been commonly in
use in most of the cities in India for trpnsportation of refuse.
These truck make 2-4 trips per day rovering about 20kms
per tarp. 4_

x) Compaction Vehicles: - In dev Movnm. -countries the
compaction types of vehicles are in uge which accept nﬂ.ﬁmo
having an initial density of 150-20kg/m® & ooBﬁmQ it by
nearly 2-4 times. Such vehicles are costly & hence will not be
economically viable. These are either of the 3&3&5&@
operated pressure plate type of mechanically driven screw

impeller type.
Q.14 Explain recycling and reuse of municipal solid waste.

Ans. Reuse: Waste using again without dragtically changing the
commodity.

Recyeling: Conversion of waste into entirely; new products for
use.

Following are the different ways of recycling land reuse of solid
water:

(1) Biogas from solid waste: - 25@ solid waste with a Eﬂvm.n
proportion of organic matter is supjected to anaero Hm
decomposition of gaseous mixture (CH, & CO;) .W.Soés as
biogas could be produced under mm.éamgo. conditions. The
process is quite stable and upsets do not easily occur.
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(2)

(3)

Q.15 Deice about the health implications of ill managed
municipal solid wa

1.

recovery of useful products: Refuse is a
mixture which contains various ingredients,
have a large resale/ reuse potential. Refuse insg

ries contains glass and ferrous as well as non- [

Treatment fo :
heterogeneous
some of which
developed coun
ferrous metals fn large proportion. The energy required and®™g
the pollution cgused to obtain a product from virgin material dmd
is more than J at required for obtaining it from secondary o
sources as froi
can be removeq from refuse, size reduction in necessary to U3
make it amendgble for handling. N
Refuse derived fuel: As the solid waste form developed Q)
countries. contdins a large paper fraction, it was felt that i
could be used as a good fuel. In the plant, the incoming refusoda
is first subject¢d to size reduction after which the Emmzmaolo
metals are rempved by a magnetic separation. The amg&sgm‘m w
material is theh passed through a vertical flow air separatom
where paper is|removed. The material is further subjected to\d
size reduction |and burnt in a boiler of 125MW plant. %Sms
suspension fired boilers are provided with clusters of 5 jet, &.—Dlw
out of which ulse coal and the fifth uses refuse derived fuelQ)

(RDF).

ste.

p://n

The Bmsmmwgmy.sﬁ of municipal solid waste is becoming esjmd
major public health and environmental concern in urban=
areas of many .W, eveloping countries. f =
The improper 1 47,m5mmo§obﬁ of solid wastes represents a moEdmm
of environmental pollution, and poses risks to human health.
Municipal was te in most cities contain human excreta, mb:ﬁﬂ&_o
excreta, hazardous chemical pollutants and sharps which n@ﬁ
facilitate the spread of disease and injury particularly amon
children playi W. g near waste dumpsites and employees w,ma
waste management sector. v
Poor disposal ow_ solid waste is associated with spread of <,m§2d
borne-diseases|like malaria and dengue fever. ©
Infrequently digposed refuse tend to become breeding sites 10rQ
mosquitoes, as pools of rain water collect in discarded omﬁmnl
bottles and car tires. <
Mosquitoes ma.ﬂ responsible for the transmission of gmwxamrmw
life threatening disease through their bites. o
Malaria accouhts for an estimated 300-500 million casefl)
globally; whicl W is an endemic disease in sub-Saharan Africa.

It account moj about 1.5-2.5 million deaths yearly, most of
them among children under five years. Decomposing organic

materials can pecome breeding sites for pests, rats, “flies and
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refuse. Before any reasonable components Qb

vermin that enhance the likelihood of disease transmission
like diarrhea and Lassa fever.

9. Lassa fever is a hemorrhagic fever common in four African

countries: Guinea, Liberia, Nigeria and Sierra Leone. It is
transmitted to humans from contacts with food or household
items contaminated with rodent excreta. -

10. Uncollected waste left to accumulate or dumped in the streets
can block water drains and channels which can cause
flooding, posing significant environmental and public health
risks. .

11. Ground or surface water pollution can occur when rain water
combines with decomposing waste and seep through
permeable soil, finally contaminating surface and ground
water with both lethal materials and pathogenic organisms;
this is extremely dangerous as ground water is the- main
source of drinking water for most cities in the developing
world. o . .

12. Incineration of municipal solid waste contributes to air
pollution by the release of noxious materials into the air,
which may cause ill-health.

13. Uncontrolled incineration of solid waste can also-cause fire
outbreaks in nearby homes and farms. Other impacts of poor
Municipal Solid Waste disposal include disgusting odour,
unsightliness and general degradation of the environment.
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m.:iﬂcziazm.nl Engineer. ing-II m&vw @umoﬁmm the Eaﬁaoaw .Gﬁsm Q&O@w@& in Ihdia for collection and
, disposal of refuse. 7
. v Amns.: Refer Q-4 & 5
Q.5 (a) ,@#@,@wgmmﬁo between “Garbage” and “Refuse”. 2,9
Ans.: Refer INTRODUCTION ._m
Part - B o ,
(b) Explain the different methods of composting of municipal mo:&S Q.5 (a) Give an idea about the per capita s¢lid waste generated in
wastes, o ma Indian cities. 2
Ans.: Refer Q-8 — Ams.: Refer Q-2
{c) Explain the characteristics of Municipal solid Wastes. 7 ID. (b) @nmo&,@m WUQWM the health implications ¢f ill managed -
L . — municipal solid waste.
{d) Explain the transportation techniques adopted in solid waste w A Refer O-1 )
management. 7 o ns.: Refer Q-15
L 14 (¢} Give details about the average composition of municipal solid
Ans.: Refer Q-12 , 4] waste of an Indian city. 7
1
Ans.: Refer Q-2
, UNIT-V Part- A m
Q.5 {a) Solids present in sewage are mainly in the form of: 2 ~o
(i}. Settled Solids {ii). Dissolved Solids = .
{iii). Suspended Soli iv). i i
i) pended 2o &mﬁmgm%m Colloidal Solids Q. Q.8 (a) Give a general idea about the per capita per day quantity
(b) J@mné@m the B@ﬁwomm of disposal of solid waste ” ._._u of solid waste generated in India and same western oosaimm.
o ot sttt R
i © ‘ﬁ, e methods of collection and conveyance method of m {(b) Explain the term ‘refuse’ and give its composition and
solid waste 7 o classification 7
Ans.: Refer Q-4812 = Ans.: Refer INTRODUCTION
{d) Describe the Indore method and the Bangalore Method of S : (e) Discuss in detail the health hazard of illjmanaged municipal
. %cﬁmmﬁ%&m@%oﬁsﬁﬂam‘ 7 w solid waste of a city. 7
o Ans.: Refer Q-15
© {d) Describe briefly the various methods employed for the
© v. collection and disposal of the refuse.
: . , o Ans.: Refer Q-4 & 5
Q.5 (a) Explain the term composting 2 "am
Ans.: Refer Q-5 . =
{b) Define solid waste. Write a brief note on solid work W ;
management and explain what is the 3-R strategy for waste m :
S;z&,mmgwiu 7 m Q.5 (a) What is garbage? 2
%gmo Refer Q-1 Ans,: Refer INTRODUCTION
{c) ﬁ:,,,\@;ﬁm«w advantages and disadvantages of solid waste disposal ,A MWW @Mwwmwﬁ gmm,@w B,,Mmmwwmwﬂ@smg m?ahﬁ“ﬂo%%%ﬁﬁﬂ“ﬂ%ﬁm o
by land filling. e classification. Describe briefly the va
Ans.: Refer Q-6 , the collection of the refuse. 7
%ﬁw@; Refer INTRODUCTION & Q-4

@ ? tr Qa S RN .xlx—w«mmM.Namw
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{c) Describe the varfjous methods ﬁmmg for the ultimate disposal of

the refuse.
Ans.: Refer Q-5

(d) Discuss the heglth hazard of ill managed municipal solid

waste of a city.
Ans.: Refer Q-15

Q.5 (a) Define refuse:
Ans.: Refer INTROIDUCTION
(b) Explain the term

composting in use, and describe any one with the aid of

sketch.

Ans.: Refer Q-8

(c) What are differe
one must popul

Ans.: Refer Q-5

(d) Write a short ndte on incineration of refuse. What are its

advantages and

Ans.: Refer Q-11

0.5 {a) Explain the

Ams.: Refer INTRODUCTION

(b} Describe briefly
and disposal of

Ans.: Refer Q-4 & %

(c) Describe briefly

Ans.: Refer Q-10,
(d) Describe briefly

filling?

Ans.: Refer Q-7

7

7

Apri

UNIT - V

/ ril-May 20G
“composting”. Give the different type of
-

nt methods of disposal of solid refuse? Which
br in India? Explain the process in detail. 7
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disadvantages ? 7

>

term refuse.

the various methods employed for collection
refuse. 7

»
method of computing adopted in India. 7
‘ Bnﬁﬁo& of refuse despond by sanitary land

7
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