SECTION - B [
8x5=40]

Q.2-a) Design a circular sewer and hence the equivalent egg-shaped sewer, so

as to cater a residential colony in town, having the following data: 1)
Area of the colony=36 hectares 11) Population=8,000 111) Water

Consumption=170lpcd  1v) Peak storm run-off = 2.2 cumecs
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Example 4.15. (a) Design a circular sewer so as to cater to a residential colony
in town, having the following data :
Area of the colony

36 hectares

Population = 8,000
Per capita water consumption = 170 Iphd
Critical design rainfall intensity =dcm/hr
General ilable gre d sl = 1 in 900

Assume any other data, not given, and if needed.

(b) What will be the dimensions of an equivalent egg shaped sewer if adopted
in this case.

Solution. Sewage Discharge computations
A‘}erage quantity of water consumed per day

= 170 =< 8000 litres/day.
Average quantity of water consumed in cumecs

170 < 8000

= 7000 < 24 < 60 %< 60 cumecs = 0.0157 cumecs.
Assuming that 80% of water consumed appears as sewage, we have
Average quantity of sewage discharge

= 0.8 x 0.0157 cumecs = 0.0126 cumecs.

Assuming the peak sewage discharge to be three times the average -
discharge, we have

Maximum rate of sewage produced
= 3 x 0.0126 cumecs = 0.038 cumecs.
Storm run-off computations

Assuming the coefficient of run-off (K) for the area as 0.55, we have, by
using Rational formula,

Peak storm run-off
1
Q, = 35 Kr-A

= % > 0.55 x 4 x 36 cumecs = 2.2 cumecs.
Combined Maximum discharge
= 2.2 + 0.038 = 2.238 cumecs

Now, assuming that the sewer while carrying this combined peak discharge
possesses 10% extra capacity, we have
The design discharge which the sewer should carry while flowing full
= 2'—022—8 cumecs = 2.49 cumecs
Now, using Manx;ing’s formula, we have

=1 2/3
Q—N AR JSs
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Q.2-b) i) Self Purification of River :

bev EnGINEERING DISFOSING OF THE SEWAGE EFFLUENTS 193
&> a> = @ [z &>
5o men 3a. | Posticides
> Benzen 10 pen — 10 maen
hexachloride
5.0 men Carboxyl 10 nen — 10 nen
=3 10 nen — 10 e
r Endosulfan 10 nen — 10 pent
5.0 men Diamethoate 450 pen — 450 pen
Penitrothion 10 pes — 10 nen
©-2 men Malathion 10 nent — 10 pnen
Fhorate 10 pen — 10 nen
©-01 megn Methyl 10 nen — 10 nen
=0 e arathion
henthoate 10 nent —_ 10 nen
2.0 men Cxi> Pyrethrums 10 et — 10 nen
i) Copper 9600 ngn — 2600 negn
1.0 man oxychloride
(xiii> Copper 50 nen — 50 nen
ulphate
xéiv> Ziram 1000 ngn — 1000 ngn
=0 mg/1 xo> Sulpbur ES p— 30 1
(x0i> Paracuat 2300 ne1 — 2300 e
2.0 men (xvii> Proponil 7300 ugn — 7300 uen
Cxoiii) Nitrogen 780 nen — 780 pen
15 masi
005 met 8.3. Dilution in Rivers and Self i of '
i When sewage is discharged into a al body of . the iving
5.0 men gets polluted due to waste products, p: in Ze effl . But the
conditions do not remain so for ever, because the natural forces of purification,
©.2 men such as dilution, sedimentation, oxidation-rediuction in sunlighit, otc © omn
F——— acting upon the pollution elements, and bring back the water into its original
condition. This tic purifi i of polluted water, in due course, is
- called the self-pririf : s - . if the puri Lti is
not i ully ei due to too much of pollution discharged into it

or due to other causes, the river water itself will got polluted, which, in turn,
may also pollute the sea where the river outfalls.

i help in effecting self-

s rocurie/ml The of o
pmicrocurie/ml Ppuri i =2 are i below :

1. Physical forces are :
el P G Ditutiorn and 2i :
e (ii) Sedirmentatiorn, and N
= e @ie> light Cacting th. 5 ical re : .

2. Chemical forces aided by biol i 1 (called bi ical >
3 mg/1 are :
0.2 e/l Gvd Oxidatiorn (Bio). '
Sy——— @) Reductior.

These are ibed B
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T e twurbulence in the body of water helps in breaking the surface of theo
stream or lake. and helps in rapid re-aeration from the atmosphere. Thus. it
helps in ic in the river stream. and in keeping it
A oo maach ofesann n . is mot it the
bottom sediment. in e idity, and alea. i is
ussful in reaeration process. Wind and undercu'—rents Ta 1Akes and ceoana

turb ffect thei

The > 72> th i and surfa(_e expanse of the river

stream. High velocitios cause turbulence and id reaeration, while large
Surface expanse (for the samo cubic contents) will also have the Some offecte.

The larger the or i » in water, the better and
earlier the self-purification will occur.
The arncwunt and the type of ic arict growth present in

water will also affect thoe rate of

replenished, wil bl < The
gromtor is this rato, he i icor - Will be the Selfpurification. And thore will bo
no ck of de- of a
or Sxn. - A polluted stream undergoing solf
purification can bo divided into the following four sone
(2> Zone of degradatior
i) Zone of active decornpositior
(iii) Zone of recovers
(o> Zone of clearner water.
These zones are discussed below :
(D) Zome of degradation o © of pollution. This zone is found for a cortain
length just below the point where sewage is discharged into
This zone is chara by
of Sludge deposits at the bottom.

ation alue. oreo.
r-;oxy—'—”nnt.un Z.e. ro- ﬂeratlon) ocours but is slower than de-oxymenation.
to the of aguatic life ; and
as such. algac dies out, but fish 1ife may Do Proaomt fecding on frosh orsamie
matter. Moreover, certain typical bottom worms such as ZLirmorndrilis and
PP SN At B iy S sl el sty o
(i) Zome of This zone is marked by heavy pollution. It

is characterised by water boecomin,
zone. D.O. concentration falls dow
i = like

ic
organic matter, the re-aceration sets in and D.O. again rises to the original lovel
(e about 40%

s sipration value ac
boolk

= 7.63 mu/l. (Pl. noo Appendix Tables A-3 miven at the end of the
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In this zone, bacteria flora will flourish. At the upper ond. anaerobic
in will replac 5 i il

- 't disapb: and thon reappear. Fish
life will be abs. ac and bifex will also mostly be absent. Larvae of

= > il wever, be present im all but the
most septic sewamge.

(i) Zome of recovery. In this zone. the river

stream tries to recover from its

o its ance. The water becomes clearor a
So the algae reappears while fungi decreases. B.O.D. falls down an: Ko

ontent rises above 409% of the saturation orto=oc. tifers.
crmstacaearns and larae Zike ns. ete. also reappear. Bottom
o Svill i < i ils, ote. The ic maatorial will
be mineralised to form ni .

Zones of T —
Zone of active Zone of Zone of
i recove: clearer water
Saturation level
».o. | —
Dissorved
oy zert

Sag crurve

Praymical Tarbid with | Clear water
Trdicen With no
sludse Bottom.
Sladge

it Srainary fian|
Prescr like game,
pan, food S
forame ote
rcnent

wat )]

Flg. ®.1. Showing Zones of Pollution along & River stream.

with oxymen
7.6 gl for verm






Q.2-b) ii) Street inlets :

Answer:
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5.9. Clean-Outs Ground
A clean-out is an inclined pipe extending EN
from the ground and connected to the f
under-ground sewer, as shown in Fig. Clean-out pipe
5.22. A cleanout is used for cleaning

Cover
-

Sewer pipe

sewer pipes.

A clean-out is generally provided at ? - Z)
the upper ends of lateral sewers in place
of manholes.

Fig. 5.22. Clean-out.

The functioning of a clean-out is very simple, and consists in removing the
top cover and forcing water through the clean-out pipe to lateral sewers to
remove obstacles in the sewer line. If obstructions are large enough, a flexible
rod may be inserted through the clean-out pipe and pushed forward and
backward to remove such obstacles.

i 5.10. Street Inlets, called Gullies
Inlets are gullies or Foot path
openings on the road width
surface at the lowest
point for draining rain
water from roads, and
: admitting it into the
underground storm

water sewers (drains) or A
combined sewers.
% These inlets are, Branches
p; therefore, located along
i i3 road sides on straight
i roads at an interval of 30
At

m to 60 m or so.

Foot path
width

Main road

Sewer

intersection points, they ‘FIIgA'S.ZtZAtShO:‘vlir\tg the lr_acaﬁonNs of s';orm sewer
; are asually located, as nlets at street intersections. [Note. Branch lines
z s enter at manholes. The arrows show the direction
shown in Fig. 5.23. In

of storm runoff in the streets.
this figure, the slope of e 1

the streets is shown by the arrows, and the inlets are placed in such a way that
the cross walks will not be flooded. Placing of inlets at the corners not only
-requires the pedestrians to step across flooded gutters, but also subjects the
inlets to considerable traffic wear and damage.
The inlets are connected to the nearby manholes by pipe lines (branches) as
shown in Fig. 5.23.

A street inlet is a simple concrete box having gratings or openings in
vertical or horizontal direction. The inlet having vertical openings is known as
the vertical inlet or the curb inlet, and the inlet having horizontal openings is
known as the korizontal inlet. The typical details of both these types of inlets
are shown in Fig. 5.24 and 5.25.

10

SEWERS, THEIR CO

Road Curb with

Fig. 5.24. Verti

5.11. Catch 1
Catch Pi
Catch basins 1
but street inle
with addition
settling basins,
Fig. 5.26. C
debris, etc., d
these basins,
entry into the s
prevented. Im
this, a hood, a
also provide
prevents the es
gases, which =
way through th
Catch bau
periodical, <l
otherwise, the !
and may also b
Catch basims
but, however,
because the o
storm run off,
(drains) laid .
Moreover, the |
very less ; and !
the modern sey
5.12. Flushimy
Wherever, the:
case of sewers
near the dead
devices store w
flushing and <
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Q.3-a) i) If 2.5 ml of raw sewage has been diluted to 250 ml and the D.O.
concentration of the diluted sample at the beginning of the BOD test
was 8mg/l and Smg/l after S5 days of incubation at 20°C; find BOD of

raw sewage.

=3k

Q-3-b) Draw the schematic flow line diagram for conventional water
treatment plant for municipal waste, depicting the various treatment steps

of waste water prior to its disposal in perennial river stream.

13
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Waste Water Treatment: Overview and Comparison

ther in
ed o as

[

b

j reducing
e impede
quipment
in certain
[pmcesses
fremoval of
pd flotation |
iclude flow i

Waste water Treatment Systems

+ Pretreatment - removes materials that can
cause operational problems, equalization
optional.

+ Primary treatment - remove ~60% of solids
and ~35% of BOD.

+ Secondary treatment - remove ~85% of BOD
and solids.

+ Advanced treatment - varies: 95+ % of BOD
and solids, N, P.

Fig. 10.1. Typical flow diagram of various groups of waste water treatment methods

10.3. PRELIMINARY TREATMENT OPERATIONS
Few preliminary treatment operations are detailed below:
Screening
The screening of waste water, one of the oldest treatment methods, removes gross
pollutants from the waste stream to protect downstream equipment from damage, avoid

interference with plant operations and prevent objectionable floating material from entering
| the primary settling tanks. Screening devices may consist of parallel bars, rods or wires,

15



Q.4-a) An average operating data
for conventional activated sludge
treatment plant is as follows: i) Waste
water flow = 35000 m?d ; ii)Volume
of aeration tank = 10900 m?3; iii)
Influent BOD=250ppm; iv) Effluent
BOD = 20ppm; v) MLSS = 2500ppm;
vi)Effluent suspended solids= 30ppm;
vii) Waste sludge suspended solids=
9700ppm; viii) Quantity of waste
sludge = 220m%d. Determine:
I) Aeration Period; II) F/M ratio; III)
% Efficiency of BOD removal and
IV) Sludge Age.

16
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SEWAGE DISPOSAL AND AIR POLLUTION ENGINEERING TREATMENT

35000 x 250

- = = ]
1000 kg/day = 8750 kg/day .
M = Mass of MLSS
= V.- X, = 10900 m? x 2500 mg/l (;.e. gm/m?) or E
10900 =< 2500
=~ 1000  kF= 27,250 k= e The sesmm
F/M ratio = 2720 _ valne indl
27,250 i Note.

= 0.32 kg BOD per day/kg of MLSS. Ans.

t SVI valtia
(¢) Percentage efficiency of BOD rermoval get SVI vake

Incoming BOD — Outgoing BOD . svi
= Incoming BOD ' SVI vakes 'ﬂ-f
_ 25020 _ 230 _ : 9.37. Sk
= —5g5g  * 100% = S5 x 100% = 92%. Ans. : by mg
(d) Sludge age in days (0,) is given by Eq. (9.48) as 4 recirculatie
o — V.X, Socondary @
T Qw . Xp+@—Q@w). Xg @
_ 27250 kg ratio ( ]‘
T (220 m3/d % 9700 mg/1) + (35000 m3/d — 220 m3/d) 30 mg/1 sludge)
27250 kg <
220 =< 9700 -
<202 kgsd + (35000 — 220> = kg/d 4
1000 &/d + ¢ > oo ke

27250 27250
= 21534+ 10458.4 ~ 3177.4 ~ 588 days. Ans.
9.36. Sludge Volume Index (S.V.1.)
The term sludge volume index or studge index is used to indicate the physical
state of the sludge produced in a biological aeration system. It represents the
degree of concentration of the sludge in the system, and hencé decides the rate
Brescyole o sTadme ( Rz reL)redmem
in the aeration tank to achieve the desired degree of purification.
S.V.1I. is defined as the volume occupied in ml by one gm of solids in the
mixed liquor after ttling for 30 mi. Ze and is determined experimentally.
The standard test, which is performed in the laboratory to compute SVI of
an aeration system involves collection of one litre sample of mixed liguor from
- the aeration tank from near its discharge ond in a graduated cylindor. This T
Litre sample of mixed liguor is allowed to scttle for 30 minutes and the settled
sludge volume (V_,) in ml is recorded as to represent sludge volume. This
yolume V., in ml per litre of mixed liquor will represent the quantity of slades
irthe hquor in mUT;

The above sample of mixed liquor, after remixing the settled solids, is |
further tested in the laboratory for MLSS by the standard procedure adopted
for measuring the suspended solids in sewage. Let this concentration off §
suspended solids in the mixed liquor in mg/l be X_,. Then SVI is given by the
equation

The y
. by slu

If it is &
laboratory i

4
Eq. (9.53)]

|
Values off

Activated sha

sludge plant|
The retusrm
be designed £

Q-4-b) Discuss: 1) Sludge bulking in ASP and its control.
i1) Biological principle of trickling filter

19



111) Rotating Biological Contactor

1) Sludge bulking in ASP and its control:

20
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The process of sludge digestion, using a sludge thickener. before the
digestion tank, helps in reducing the capacity of the digestion tank ; and by
proper control of digestion conditions, lower detention periods are used, which
further reduce their capacities, and the rate of digestion is also made high.
Such a digestion, which is used in modern large sized plants, is called high
rate digestion. i o

It may also be_pointed out that in an activated sludge treatment plant,
special provision must be made for removing the activated sludge quickly from

the secondary settling tank (and for resending it to the head of the aerator), so
as to prevent it from becoming anaerobic.

9.34. Bulking and Foaming Sludge in an Activated Sludge Treatment
Plant
Foam formation and poorly settling sludge are the two most common problems
SF the activated sludge process. A sludge that exhibits poor settling
characteristics is called a bulking sludge. Filamentous micro-organisms have
Been found to be responsible for a bulked sludge. Large surface area to volume
ratios of these micro-erganisms retard their settling velocities. Fungi are the
most familiar filamentous micro-organisms. The vegetative structure of most
fungi is composed of filaments, which actually contain a number of nuclei.-
Fungi, however, are not commonly significant in wastewater treatment. Some
other bacteria, particularly of type 021 N bacteria are among the most
frequently reported filamentous micro-organisms found in bulking sludges.
These bacteria are usually found to develop in activated sludge systems which
are characterised by the low or variable nutrient concentrations. These

bacteria may live on variety of carbon and 1 nitrogen sources present in the
activated sludge system.

Organic acids form an important class of carbon sources for the growth of
filamentous sulphur bacteria. These bacteria, however, do not develop well at
iow pH values. The other types of bacteria which are most commeonly found in
foaming and bulking sludges of activated plants are : Nocardia amorae,
Microthrix parviéella, N. amarae like organisms, N. pinesis like organisms,
and type 0092, etc. Nocardia growth is supported by high sludge ages, low
F : M ratios, and higher waste temperatures. The most successful methods to
control these organisms, as per latest research. are :

Y\,(»i’) reduction of the sludge age* to less than 6 days ; and
S#) chlorination of return activated sludge. N )
Foam removal is also a logical and beneficial control measure, since

Nocardia filaments are usually concentrated in foam compared to the mixed
liquor.

Classical control measures like adjustment of the F - M (Food : Micro-
organism) ratio*¥, rMLlﬂvering D.O., or a_p_@lyin _a disi
(chlorine) are found to help in controlling filamentous bacteria.

o help in controll u X Carbohydrate-
rich waters are more prone to give rise to filamentous populations. kxcl

of such wastewaters may, therefore, sometimes help in controlling sludge
bulking. -

*Pl. see the article 9.35.4
**Pl. see article 9.35.3

21
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Q-4-b) Discuss: 1) Sludge bulking in ASP and its control.
i1) Biological principle of trickling filter
111) Rotating Biological Contactor

ii) Biological principle of trickling filter:

23
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treatment to sewage. These filters, also called as percolating filters or
sprinkling filters, consist of tanks of coarser filtering media, over which the
sewage is allowed to sprinkle or trickle down, by means of spray nozzles or

rotary distributors. The percolating sewage is collected at the bottom of the

tank through a well designed under-drainage system.

The decomposition of the organic matter and the resultant purification of
the sewage is brought about by a population of micro-organisms. Micro-
organisms and bacteria, which are naturally present in sewage, get attached

to the filter media. Organic matter from the sewage influent is also adsorbed

on the biological fifm, which is formed by the micro-organisms around the
filtering media particles (i.e. » sand particles). In the outer portions of this film

of biological mass or slime layer, the organic matter is degraded by the aerobic
bacteria. As the micro-organisms grow, the thickness of the slime layer
increases, and the diffused oxygen is consumed by the upper portions of the

the media particles. As the slime layer increases in thickness, the adsorbed
organic matter is metabolised before it can reach the micro-organisms near

¢ media tace. This creates shortage of external sotrcs of organic carbon near
the media face, due to which, the micro-organisms near the media face enter
into an endogenous phase of growth, and lose their ability to cling to the media
surface. The liquid sewage, exerting a shearing action, then breaks up some
biological mass (slime) from the media, but the new slime layer continues to
grow. The continuing growth and brealk up of biological mass from this biofilm
(slime layer), infact, creates a balance in the thickness of the formed biofilm.
The break up or detachment of the biomass (biological solids) from the slime
layeris known as sloughing. -

The sloughing, infact, imparts turbidity to the filter effluent, and the
sloughed material (biological solids) is separated from the treated sewage in
the secondary settling tank. — ] —

The extent of sloughing is primarily a function of organic and_hydraulie
loading on the filter. The hydraulic loading accounts for shear velocities that
are developed in the filter (which causes sloughing) ; while the organic loading
accounts for the rate of metabolism in the slime layer (which loosens the
biological mass in the slime layer, leading to sloughing).

In order to ensure the large scale growth of the aerobic bacteria in the
biofilm, sufficient quantity of oxygen is supplied by providing suitable
ventilation facilities in the body of the filter ; and also to some extent by the
intermittent functioning of the filter.

The effluent obtained from the under-drains of the filter, must be taken to i

the secondary sedimentation tank for settling out the sloughed biomass. This
secondary tank thus, separates the treated sewage from the biological solids.

A portion of the filter effluent or the settled effluent is recycled, usually to
dilute the incoming wastewater. The sewage influent entering the filter must, |
of course, be given pre-treatments, including screening and primary '

sedimentation. -

9.21.1. Construction and Operation of Trickling Filters. Trickling filter
tanks are generally constructed above the ground. They may either be
rectangular or more generally circular [Refer Fig. 9.18 (a) and ()}
Rectangular filters are provided with a network of pipes having fixed nozzles,

TRE
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Q-4-b) Discuss: 1) Sludge bulking in ASP and its control.
i1) Biological principle of trickling filter

111) Rotating Biological Contactor

iii) Rotating Biological Contactor:

26
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‘When the process is operated, the microorganisms of the waste-water begin
to adhere to the rotating surfaces and grow there, untill the entire surface
area of the discs gets covered with 1 to 3 mm layer of biological slime. As the
discs rotate, they carry a film of wastewater into the air, where it trickles down
the surface of the discs, absorbing oxygen. As the discs complete their rotation,
this film mixes with the wastewater in the tank, adding to the oxygen of the
tank and mixing the treated and partially treated wastewater. As the
attached microorganisms pass through the tank, they absorb other organics
for breakdown. The excess growth of microorganisms is sheared from the
discs, as they move through the wastewater tank. The dislodged organisms
are kept in suspension by the moving discs. This suspended growth finally
moves down with the sewage flowing through the tank to a downstream
settling tank for removal. The effluent obtained. is of equal or even better
quality than what is obtained from other secondary treatments. The quality of
the effluent can further be improved by placing several contractors in series
along the tank. The method can thus provide a high degree of treatment,
including biological conversion of ammonia to nitrates.

As is evident, a given set of discs (i.e. an RBC) serves the following
purposes :

(@) They provide media for build up of attached microbial growth.

(iZ) They bring the growth of microbes in contact with the waste-water.

(iZi) They aerate the wastewater and the suspended microbial growth in the
wastewater tank.

In this process, the attached growths are similar in concept to a trickling
filter, except that here the microorganisms are passed through the wastewater,
rather than the wastewater passing over the microbes, as happens in a
trickling filter. This method realises some of the advantages of both the
trickling filter and the activated sludge process.

The sludge produced in the process contains about 95—98% moisture, and
may amount to about 0.4 kg per kg of BOD, applied. The theoretical model of
the process is similar to that for trickling filter, but actual design is still
empirical and based on the data from the successful working plants and as
developed by the process manufacturers.

The hydraulic loading rates may vary between 0.04—0.06 m/day, and
organic loading rates between 0.05—0.06 kg BOD_/m? per day, based upon the
disc surface area. Sloughing of biological solids is more or less continuous and
the effluent contains a relatively constant concentration. The solids settle well
and clarifier surface overflow rates of about 33 m%m?2 per day are reported to
be satisfactory.

AEROBIC STABILISATION UNITS
(Aerobic Suspended Culture)
9.45. Oxidation Ponds and Stabilisation Ponds
Stabilisation ponds are open flow-through earthen basins, specifically
designed and constructed to treat sewage and biodegradable industrial
wastewaters. Such ponds provide comparatively long detention periods,
extending from a few days to several days, during which time the wastes get

stabilised by the action of natural forces.
oo mEs Y e action of natural forces.
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Q.5-a) 1) Discuss Working and design consideration for a Septic Tank.

Answer i) Worklng and des1gn 0n51derat10n for a Septlc Tank
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Q.5-a ) ii) Discuss various stages in the sludge digestion Process. Enlist
various
factors affecting sludge digestion.
Answer ii) various stages in the sludge digestion Process :
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320 SEWAGE DISPOSAL AND AIR POLLUTION ENGINEERING

hydrogen sulphide are also evolved. Intensive acid production makes the
sludge highly acidic, and lowers the pH value to less than 6. Highly
putrefactive odours are evolved during this stage, which continues for about 15

days or so (at about 21°C). BOD of the sludge increases to some extent, during

is stage.

(ii) Acid-Regression Stage. In this intermediate stage, the volatile organic
acids and nitrogenous compounds of the first stage, are attacked by the
bacteria, so as to form acid carbonates and ammonia compounds. Small
amounts of hydrogen sulphide and carbon-dioxide gases are also given off. The
decomposed sludge has a very offensive odour, and its pH value rises a little,
and to be about 6.8. The decomposed sludge, also, entraps the gases of
decomposition, becomes foamy, and rises to the surface to form scum. This
stage continues for a period of about 3 months or so (at about 21°C). BOD of the
sludge remains high even during this stage.

(iii) Alkaline Fermentation Stage. In this final stage of sludge digestion,
more resistant materials like proteins and organic acids are attacked and
broken up by anaerobic bacteria, called methane formers, into simple
substances like ammonia, organic acids and gases. During this stage, the
liquid separates out from the solids, and the digested sludge is formed. This
SThadge is granular and stable, and does nofgve offensive odours. (It has a
musty earthy odour). This digested sludge is collected at the bottom of the
digestion tank, and is also called ripened Digested sludge is alkaline
in nature. The pH value during this stage rises to a little above 7 (about 7.5
or so) in the alkaline range. Large volumes of methane gas (having a
considerable fuel value) alongwith small amount of carbon dioxide and
nitrogen, are evolved during this stage. This stage extends for a period of about
one month or so (at about 21°C). The BOD of the sludge also rapidly falls down
during this stage.

It is, thus, seen that several months (about 4% months or so) are required
for the complete process of digestion to take place under natural uncontrolled
conditions at about 21°C. This period of digestion is, however, very much
dependent upon the temperature of digestion, and other factors. If these
factors are controlled, quicker and effective digestion can be brought about, as
discussed below.

'9.28. Factors Affecting Sludge Digestion and Their Control
The important factors which affect the process of sludge digestion, and are,
therefore, controlled in a digestion tank, are :

1. Temperature ;

2. pH value ;

3. Seeding with digested sludge ; and

4. Mixing and stirring of the raw sludge with digested sludge.

Besides these important factors, certain other minor conditions like quality
of water supply ; presence of copper, fluorides, and radio active substances,
etc., may also affect the rate of digestion, but not to any appreciable extent.
The important factors which are largely responsible for cont.rolhng the rate
and effectiveness of sludge-digestion are discussed below :
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Q-5-b) Design a digestion tank for the primary sludge with the help of
following data: i) Average flow=20 Mld ii) Total suspended solids in raw
sewage=300 ppm iii)Moisture content of digested sludge=85%. iv) Assume

any other suitable data (it reqd).

Solution:
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Mass of suspended solids in 20 M! of sewage flowing per day

_ 300 x 20 x 108
N 10°
Assuming, that 65% solids are removed in primary settling tanks, we have
Mass of solids removed in the primary settling tank
= 65% x 6000 kg/day = 3900 kg/day.
Assuming that the fresh sludge has a m.c. of 95%, we have
5 kg of dry solids will make = 100 kg of wet sludge
3900 kg of dry solids will make

kg = 6000 kg/day.

100
= x 3900 kg of wet sludge per day

= 78,000 kg of wet sludge per day.

Assuming the sp. gravity of wet sludge as 1.02 (i.e. Density = 1020 kg/m3),
we have

The volume of raw sludge produced/day

78000
=V, = 020 m?%day = 76.47 m3/day. D
The volume of the digested sludge (V) at 85% m.c. is given by the formula
(9.38) as
V,=v, 100 - p;
100 - p,
100 — 95 5
or ‘72 = Vl [m] or V2 = Vl [g]
1 ‘1
or V,= 3 X v, = 3 X 76.47 cu. m./day = 25.49 m%day.

Now, assuming the digestion period as 30 days, we have the capacity of the
required digestion tank, given by Eqn. (9.40) as :

Capacity = [V1 - %(Vl -V, )] t
or = [76.47 - §(76.47 - 25.49)] 30

= [:76.47 - —;— x 50.98] 30 = 1274.5 = 1275 cu. m.

Now, providing 6.0 m depth of the cylindrical digestion tank, we have

1275

Cross-sectional area of the tank = S

=212.5 m?

Diaoftank = |2125
n/4

Hence, provide a cylindrical sludge digestion tank (typical section shown in
Fig. 9.28) 6 m deep and 16.5 m diameter, with an additional hoppered bottom
of 1 : 1 slope for collection of digested sludge. Ans.

m = 16.45 m ; say 16.5 m.
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Example 9.
250 mgl/l sus,
(a) Find t.
Assume that
solids is 1.2.
(b) Find t
(c) If 45%
find the volu
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Solution.
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Q.6-a) Briefly explain: i) Indore method of refuse disposal
ii) Bangalore method of refuse disposal

Answer i) Indore method of refuse disposal:
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ii) Bangalore method of refuse

disposal:
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Q.6-b) Discuss in detail about the engineered systems for solid waste
management in terms of reuse; recycle, energy recovery, treatment &
disposal.

Answer:
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