. CHAPTER -

Qi

Q.2

Qa3

Q.4

Unit gperalions involve contaminant removal by
{8) Biologicaltrealment

(b} Chemicalreaclions

(c) Physicaltforces

(d) Bolh(a)and{b)

Which of lhe lollowing does not use suspended
growih process? '
{a) Aclivated siudge process

(b} Bio-lowers

¢} Aecrated lagoon

{d) Oxidalion pond

Match List-l (Contaminanmt} with List-11 {Unit
operalion, process or lreatment sysiem) and
select lhe cotrect answer using the codes given
below the lists:

List-)

Suspended solids

Pathogens

Phosphorus

Refraclory organics

Lisl-It

1. Melal-salt addition

2. Floation

3. Carbon adsorplion

4. Chiorination

Codes:

ocomy

ABCOD
@2 4 1 3
1 a4 2 3
23 14
W13 214

Qils and greases are removed in
{a) Dotritustank (b} Skimming tank
{c) Gritchamber  {d} Screening

Environmental Engineering

Treatment of Sewage

Q5

Qs

Q7

Qs

Consider the following statements:

1. Osxygen in oxidation pond is supplied by
algal pholosynthesis.

2. Oxygen in oxidation pond is supplicd by
surlace re-aeration.

3. Solids al the bottom of oxidation pond are
decomposed anaerobically

Which of tha lhese stalements are correct?

() tand2 (b) 2and 3

(c) 1and3 (d)1.2and 3

Flow measuremenl devices are generally
included in the

(a) Primary system {b) Secondaty syslem
(c) Tertary system ({d) None of these

Asserlion (A): There is a limit placed on velecity

of flow through screens.

Reason (R): This limit on velocity knits the head

loss through the screens and thus, reduces the

opporlunily of matesials 10 be pushed through

thascreans.

(a) bolh A and R are rve and R is lhe correct
explanalivnal A

{b} bolh AandR are true bul Ris not a correct
explanalionof A

{¢) Aisbue but Ris false

(d) Aisfalse bul B istrue

What is Ihe head loss through screen if the
velocity through screen is not allow:ed 1o exceed
0.9 ms-'-and velocity above the screen is
0.71 ms~'? Assume the screen openings gel half

clogged.
fa) 0.17m Ly 0.2m
() 0.22m (d) 0.25m



Qg

a.10

Q.12

Q.13

Commulalors are installad
{a) alter grit removal tank
{b) beloreline screen
{c) afterline screen

() after sedimenlalion

Incineration of screening is carried out at a
temperature of aboul
(ay 600675°C
{c} 760815°C

Maich List-l (Type o! sertling) wilh List-Il
{Expression for C) and select the correct answer
using lhe codes given below the lists:

List-l

Streamling seliling

Transilion sellling

Turbulent settling

List-ll

3. 0.341004

_2—4'
% R

¢

(b) 675-750°C
(d) 820-875°C

pw>

3 %5+-§—+034

o R

Codes:

(@
G
©
@

Consider he lollowing dala in lhe design of gril
chamber:

1. Specilic gravily of gril particle = 2 )

2. Sizeof grit particle = 0,18 min

3. Viscosily of water = 1 x 102 cm?fs

The setiling velocity (in cm/s) of the grit particle
will be

(a) 15-17
€} 3.1-4.2

—_—_ N
W W -0

B
3
1
3
2

{b) 1.8- 3.6
{d) > 4.2

Critical scouring velocily for grit channels given
by modilied Shield's formula, ¥, = K {ga{G~ )

Rere. the value of Kis

Q.14

Q.15

Q.16

(&) 15t30
(c) A5t060

() 3.0tw045
(d) 601070

Cansider (he lollowing stalements:

1. Gril chamber should allow (or settlement of
somg heavy organic matefials,

2. Velocity conlrol devices are provided al the
end ol channel.

3. Grit chamber is provnded in the torm of
channel of longer lengih and smaller section
area.

4. i proportional weir is used, parabolic
channel is provided and when Parshall flume
is used, reclangular seclion is provided In

gritchamber.
Which of these slalements isfare correct?
@ 1.2and3 {b) 2and 3
©) 1,2and4 (d)1,2,3and 4

Assertlon {A): The efiiciency of skimming tank

can bz increased considerably by passing

chiarine gas elong with the compressed air.

Reason {R): The action ol chlorine is o deslroy

the prolective colloidal effact of protein, which

holds Ihe grease in emulsilied form.

(a) both Aand R are trus and R is the correct
explanalion of A

{b) both Aand A are true bul Ris not a correct
explanation of A

(c) Ais lrue but Ris false

{d) AisfalsebutRis lrue

Malch Lisl-t{Name of coagulant) with List-1 {pH!
valug required for proper funclioning in'sawage
(reatmen) and selecl the correct answer using
(ho codes given below the lisls:
List-l
Ferric chloride
Ferric sulphate with lime
lum
Chlorinated copperas
List-il
55t07.0
6.0t08.5
8.0t08.S
55t070and 9.0109.5

com»

IS\ N Y

Q.17

Q.18

Codss:

A
= 1
() 1
o) 4
@) 4

N QWM
wNnNnwQO

D
4
4
1
1

The biclogical film over the fiftering media
particles in trickling filter wifl have

(a) aerobic layers

(D) anaerobic layers

¢) faculative tayers only

{d) bolh(a)and(b)

Consider the foliowing slalemenis related to

trickling filters:

1. Theyare self-cleansing

2. Costof construction of trickling filter is fow

3.« Working of Irickling filters is simple and
does not require any skilled supervision

4. Primary sedimentation is a musl

" Whigh of hese slatements isfare correct?

Q.19

Q.20

Q.21

Q.22

(@ 1,2and3
(€)' 2,3and 4

{cy1,3and 4
(d) 3and4

Design of wickiing filter is lo be done for

(@) peakfiow

(o) avarage flow

{c) ' imermitient flow

(d) peak flow and checked (or average fliow

What is the efficiency of a trickling filtar for an
organic loading of 180 gmym¥/day?

(a) B2.37% (b} B351%

{c) B4.27% (d) B5.63%

What is the value of recirculation factor if the
recirculation ratio is 27

(@) 1.92 {b) 2.08

{c) 235 (d) 258

The characieristics and quaniily of a studge

dependson

(@) theinitial water and waste water compaosition

(b) the water and wasle wdler lroalmeant
processes

Q.23

G24

Q.25

Q.26

{e) the degreaof treatmant
{d) Allof these

A combination of sludge, scum and liquid
pumped from seplic lank or cesspool is known
as

{a) Seplage
{c) Sullage

Under oxidizing condilions, volatile solids are
removed when sludge is healed to

{a) 400C {b) 560°C

{c} 800C {d) 1200

Censider the lollowing statements:

1. ‘Heatconlent ol methane is 7300 k cal.im?.
Volatile solids are measured by an
equipment called multle lumace.

3. Supematantliquorincludes theliquaﬁedand
finely divided solid matter. .

4, Dul of the lotal volatile solids, approx 63
0% arereducediogasesin dsgmlmimk

Which ol these stalemenis are correct?

(b} Tertiary sludge
{d) Noneofthese

© {@) 1.2and3 {©) 1,2,.3and 4

{c} 2and3 {0)2,3and4

The depth of sludge digestion tank is usually
* keptalabout

@) 2m {tYdm

) 6m {@)8m

Q27

Q.28

What should be the weir overfiow rate lor
secondary sedimentation tank with trickling fiter?
(a) 125mYmiday . (b} 150m¥miday
o) 185mmiday  {d) 210 m¥miday

Considor the lollowing methods of sludge
concentration:

1. Gravitymethod

2. Basketcentrifuge

3. Dissolved air-floation

4. Solidbowl cenlrifuge ‘
Which of these methods can be used for waste
activated sludge?
(@) tfand2

{c) 1. 3and4

(o) fand3
@« 1.2.3a0d 4



0,29 The design discharga for the separate sewer

system shall be taken as equal lo
{a} OWF

(b} 2xDWF

{c} 3xDWr

{d) 6xDWF

whate DWFis Dry Weather Flow.

0.30 The maximum efficiancy of BOD removal is

achleved in

{a) oxidationpong

{b} oxidationditch

{c) aeratedlagoons
{0} trickling fillers

Q.31 Thedelention period for oxidation pond s usually

kepl as
{a) 4-Bhaurs {b} 24 hours
{c) Wi i5days (d) 3months

Q.32 For normal sludge, the valus of sludge volume

index for indian condilions is
{a) Olo50 {o) 5010 150
() 15010350 {d) 35010500

10,33 Thelollowingstepsareinvolved nlayinga sever

inatench:

1. Teanslerting the contre fine of the sewer to
the botlom of the trench.

2. Setfing sight rails over the trench,

' 3. Driving pegsiothe level of the invertting of

the sewer.

4, Placingithe sewer inthe ttench.

The correct sequence of theso sieps is

8 1.2.3.4 0} 2,3.4.1
© 4231 @23 1.4
Q.34 Thesewers

{7} mustbe of adequate size to avoid over flow

{ 3
{b} must fiow under gravity 5 fo Z&:ll

{c) mustbe laid atleast 2 lo 3mdeep o collect
waater from ihe basements
{d} Alithe above

© Q.35 The small sewers are clcaned by

{b) canerodding
{d) nona of these

(a) lushing
fc} woodenpills

Q.36 Pickup he correct stalement from the following:

{a) Hydrogen sulphide gas in excess, may
qause cormosion of concrete Sewers

{b} 4ppmol dissoived oxygen(D.0.)is ensured
betare discharging tho reated sowage in
g?:;er

(€} Sefubility o oxygen in sewage is about 85%
of hat in distilled water

(d) Aol Ihe abova

i

037 The digested sludge rom seplic tank s remaved

alter 2 maximum period of
{a) 3years (D) 2.5 vears
{c) 4years (d) 5 years

Q.38 Theclarigeslers are

{a) clrcular seplic tanks

{b) rectangular seplic lanks

(c) circular imhof! double storay tanks with
bottom hoppers

circulor Imholf double storey lanks without
bollomhoppers

{d

-

0.39 Anaerobic bacleria derive oxygenina combined

state for theic metabolism, which means

1, they decompose radicals of nitrates and
phasphates

2. prelerlight and running water

3. their end products are odorous

4, thair reactions take place slowly

Indicate which of the above are correct?

{a} 1,2and3 (b) 1. 3and 4

{c} 3. 2and4 {d) 1,2and4

Q.40 Quantity of methane produced in a sludge
i

digasler is

{a) 11o5m%1000g salids
{b) 151022 m%1000g solfids
(c) 1510 30m3f1000g salids
{d] 25050 m¥1000q solids

Q.41 Mateh List-l (Terms{Description) with List-ll

(Treaiment aperation process) and selest the

coreclanswer using codes given below thelists:
Lists}

A, Studgevolume

B. Thickening of sludge

Q.42

C () 1

Q.43

Q.44

C. Scumremoval
D. Recycling elfluent
List-il
1. Sellling in primary sedimentation tank
2. Seltling in secondary sedimenlalicn lank
3. Fittrationin trickling filter
4. Aclivaled sludge process
Codas:
-~ A B COD
2 a4 13
by 4 2 3 1
fcy 2 4 3 1
() 4 2 1 3

Match List-1 vath List-{l and select the correcl
answer using codss given below (he lisis:
Listl List-1l
A. Sludgedisposal 1. Sceding
B. Sludgedigestion 2. Biofillers
C. Aerchic action 3. lLegging
D. Recirculation 4, Conlaclbed
Codas:
A B
(@ 3 1
by 3 1
3

Now oA O
NoEsND

1 3 &

Which of lhe following are claimed as|

advanlageous in respact of aerobic sludge|’

digestion as compared to anaerobic sludge

digestion?

§.  Lower BOD concenlration in supernalant
liquor )

2. Produclion of a sludge wilh excefienl|’
denaluring property

3, Greater production of methane

4, Losser gperation cost

5. Losser capilal cost

Which of these staternents are correct?

(@ 1.2and4 {b) 2.3, 4and5

{©) 3.4and3 (d)1,2and5

1

Treatment units which work on oxidation along;
are . i
t  aeration lanks and contact beds

2. intermitient sand fiters

Q.45

Q46

Q.47

Q.48

3. Irickling (iers

4. oxidation ponds

which ol these statements are correct?
(a) Both1and3 (b)Boih2and4
() 1,3and4 {d)1.2,3and 4

Treatment units whichwerk an putrelaction alone
are

1. seplic (anks

2, imhoff tanks

3. sludge digeslion1anks

4. anagrobic lagoon

Which of these statements are correct?

(@) Bolh tand3

(o) Both2endd
€) 1,2and3
(@) 1,2,3and4

Consider the foliowing slatements vith reference

{0 skimming (anks :

1. Adetenlion pericd of about 3 to 5 minutes
is adopted.

2. 300106000m*ol compressed air isrequired
per million litres of sewage.

3. The surlace area of the tank is equal 10
0.00622 qfv, where 'g is rate of flow of
sewage in mYday and v is Ihe minimum
rising velocily of greasy material lo be
removed in méminute.

Which of these slalemenys isfare cosrect?

fa) Only3

{b) Both1andl

(c) Balh2and3

(d 1,2and3

An aeratior, basin with a volume of 400 m3
contains mixed liquor with suspended solids
concentration of 1000 mgyf. The amount of mixed
liquor suspended solids in the tank is

{a) 500kg {b) 250 kg
(c) 600kg (d) 400 kg
Symbiosis, the benelicial associalion between

algae and bacteria is used for ireatment of waste
waler in which of the loltowing unit?

(a) Activated Sludge

{b) Rotating Biological Disc



Q.49

{c) Anaerohic Digesler
(d) Oxidation Pond

A lownship is to reat 5,00,000 litres of sewage
per day which has a § day BOD of 150 ppm. An
oxidation pond is used for the purpose. The
ellluenl can have a BOD of 15 ppm, The loading

. istobe 40kg of 5 day BOD per hectare per day.

Q.50

Q51

Q.52

Q.53

Q.54

The required area ol the pondis

{a) 1.6875ha (b) 1.875ha
{c) 1.975ha {d) 2ha
1! the efficiencics of 800 removai of first-stage

and second-stage trickling filters are each 65.0%,
then whaltis the overall BOD removal efliciency
of ihese lifiers?

(a) G5% {b) 77.25%

© 87.75% (d) 926%

The spacing of bars in coarse screens is
generally mare than

(a) 6mm (D) 10mm

€) 25mm (d) 50mm

The ratio of "llawing through period’ to ‘detention

period’ in a sedimentation lank, is called.
(a) surtaceloading

{b) displacemen efficiency

{c) 1hcorelical elficiency

{d) sellng velocity

Activated sludge is the

(a) aeraled sludge inthe aeration unit

(b} sludge settied in the humus lank

¢} sludgeinthe secondary tank afier ;e’ralion
and rich in microbial mass

() sludge inthe secondary tank afler aeration
and rich innutrients

Which of the lollowing statemenis relaled to G

{Carbon/Nitrogen) ratia is nol correct?

(a) Lowerinitial CMNratio leads to loss of nilrogen
and slows dovm the role of decomposilion

{b) Higher initial C/N ralio leads to cell
desiruction to oblain nulrition

{c) Higher initial C/N ralio leads to lower
caonservation ol nitrogen in the linished
compost

{d) Aninitial C/N ratio of 30 Lo 50 is optimal for
composting

Q.55 Which one ol the following is considered as the
thermophilic range of sludge digestion?
o) 60°Clo70°C (b} 50°C1aS7°C
{c) 20°Clo40°C  (d) 20°C1030°C

Q.56 Where doas sloughing occur?
(a) Grilchamber
(b} Biological reatmeni unit
{c} Trickling filter
(d) Septic tank

Q.57 Agrilchamberal divisions 12m« {.5m=08m
liquid depib has a llow of 720 m3r, s surlace
loading rale and detention lime are, respeclively
(8) - 4000 m¥Mhr/m2and 1.2minvles
{b) 40000 Jm/m? end 40 minutes
(c) 40m¥him?and 12 minules
{d) 10000 /M/m?and 1.2 minutes

Q.58 Which ol tho [ollowing wasle disposal lasks are
achieved by a septic lank with ils dispersion
rench? :

1 Aerobic studge digestion.

2. Setling and anaerobic sludge digestion,
3. Anaerobic sewage stabilization.

4. Bio-oxidation of effluent.

Select ine correct answer using the codes given

bolow:
a) 1and3 {by3and 4
(c) 2and 4 {d) 1and 4

Q.59 Inthe oxidalion ditch, the excess sludge is 1aken
lo
(a) anaerobic digestor
{b) acrobic digestor
() &lrylngbeds
(d} lkcrneralor

Q.60 Thefunclion of algae in oxidation pand is to
{a) provide a mal over the surlace of the
oxidation pond $0 as to prevent evaporalion
ol water
{b} provide oxygen lor bacteria lo degrade
arganic matter.

{c), provide a greenish appearancetc the pond.
{d) preventine odour nuisance.

Q.61 Assertion (A): Tha elfluen of a septictank needs
furiher treaiment before il is discharged intoany
receiving body.

Reason (R): The organic strengthof effluent is high.

{a) both A and R are lrue and R is the correct
explanation of A

{b) bolh AandRare lruc but Ris not 3 correct
. explanation of A

(c) Als lrue but R is false

{d) Aislalse bul Ris true

Q.62 What s the order of BODg removal elficiency of
a sppxic lank lor isolaled houses?
fa} 101020% {b) 451055%
fc} 701080% (d) Above 90%

Commen Dala Questian 63-84:

A chernical waste at an initial 5§ concentration of
1000 mgjf and llow rate of 200 mifhour (o be seflled in
alank, H=1.2mdeep, W= 10mwideand L= 314m
long, The results of fabaratory 1sl are shown infigure.
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Q.63 The hydraufic retenlian time and critical velocily
ol the parlicle is
{a) 2.18hour,0.614mm
{b) 1.99hr, 0.624 mfnr
{c) 2.08hour, 0.624min
{d) 1.88hr,0.614 mr

Q.64 The fraclion of salids removed are
(a) B6.90% {b) €8.90%
(c) 90.90% @) 92.90%

Q.65 The BODs of the liquid lrom the classifier
{primary}is 120 mg/! al flow rate of 0.05 m¥sec.
The dimensions of agration lank is 20 x 10 x 20
mand MLSS = 2000 mg#l. The FM ralicis
{a) 0.032¢7 {b) 00654
{c} 0.048¢d" {d) 0.086d"

Q.66 A sample of sludge has an SS concenlration of
4000 mg/l. Aftter seftling for 30 minina 1L
cylinder, the sludge occupies 400 mL. The sludge
volume index of sludge is

" (@) 100 &) 1x 10t
) 1x10° @ 1x10°
Common Date Question 67-68;

An activated sludga systam operates al flow rale of
400 m3/day. With incoming BOD (S} of 300 mg/t.
A pilol plant showed the kinematic constent lobe Y=
0.5kg SSkg/BOD, K, = 200 mgfl, u= 2/day, We nesd
{odesign atrea!mem system thatwill produce eﬂicmnl
80D of 30 mgl.

90% removal {Assums X = 4000 mgi.)

Q.67 The sludge agein days is

(2} 28days {b) 3.8days
{c) 48days {d) 5.8days
Q.68 The sludge wasled daily is

{a) 473kglday {b) 723 kg/day
{c) 384 kgfday {d) 543kgfday

Q.68 Raw primary and waste aclivaled sludge
conlaining 4% solids is 10 be anaerobicaily
digested at a loading of 3 kgim® day. The total
sludge produced in the plant is 1500 kg of dry
solids per day. The hydraulic retention time for
primary digester is
{g) 11.20days
) 13.30days

{b} 12.20days
(d} 11.90days

Q.70 A binary separalor, @ magnet is {0 separate a
praducl, ferrous malerials from afeed sireamof
shredded refuse. The fecd rate fo he magnet is
1000 kg/ and contains 50 kg of ferrous materials.
The product siream wieight 40 kg, of which 35 kg
are ferrous materials. The overali efficiency of

binary separatoris o
{a) 88% “{b) 70% :
{¢) 92% (d) 80%



74. Alaboratory runs a sofid test. The weight of the

", crucible = 486212 g, A 100 mi sample is placed
is crucible and waler is cvaporated. The weight
of crucible and dry sokds = 48,6432 g. The
crucible Is placed in 600°C fumace for 24 hr and

Treatment of Sewage

1.(c) 2 () 2.(s) 4.0 5 (@
1. (0) 12 () 13. {6} 14.() 15 (a)
‘21.(b) 22. (d) 23.(a} 24.(b) 25.(d)
[31.(e) 32 (b) 33.(d) 34.(d) 35 {a)
41.(d) 42 (@) 43.(0) 44.(d) 45. (d)
51. (d) 52. (b) S3.(c) S54.(c) 65. (b
B1.(a) 62 (b) 63.{0) 64.(c) 65. (b}

AN

Explanations Treatment of Sewage

1

(e}

Unit operations involva cantaminant remaval by
physical lorces. The major treaiment mothods
falling under this category are screening, mixing.
sedimentation, gritchamber, elc.

)]

Examples of suspended grovith process:
Activated sludge process, aerated fagoan,
oxitfation pond, aerchic and anaerobic sludge
digester eic.

Example of attached growih process: Trickling
fikter, rolaling biclogical contraclors, bio-towers,
elc.

o
Head loss through screen
= 00729(V~ V)
Here, V= 2x08
{-.-Screen apenings are hall clogged)
= 18ms?t
v = 0.7tms!
So, head loss

cooled. The weight of cooled crucible, residues
and unburned solids = 48°630 g. The lotal votatile
solids arm:

{a) 220mgff (o) 88mgft
{c) 132mgft {d) 308 mgi
AEES
6.(8) 7.(a 8. 9 () 10.(c)
16. (o) 17. () 180} 7198.(6) 20.{c)
26. () 27.ia) 28.(d) 29.(d) 30.(b)
36. () 37, () 38.(d) 99.(v) 40.(p)
46.(d) 47.(d) 48.(d) 49.(a) SO0.(c)
56. (c) 57.(d) 58.(c) 59.(c) 60.(b)
66. (@) 7. (b) B5.(d) 69.(c) 70.(b)
- 0.0729{1.82- 0713
= 0.2m
12. (b

Particle size {0.19 mm}is between 0.1 mm and
1 mm so the seltling velocily in transilion region
will be given by,

{po-pu)d

4
2= =
39 Copy

when A > 1

3
=+ =103 !
6y Ro+ A +
when 1 < A, < 1¢*

c,=0.4 when A,> 107
Finding the settling velogily in fransilion region
is a trial and error process, However, te velocily
ol particle can be calculated by assuming
{aminar flow and the velocity in lransition will be
less han the calculated value

14.

17.

18.

20.

21.

P
V= '|£5(G‘s ) v

(0.19 10'3j2
1072 %107
=0.0325 ms—' =3.25 cms
Boest option is (b)

(b)

Grit chambers should never allow settlement of
organic malerial, because no funhlr treatment
al removed grit is provided.

1l praportional weir s used, reclangular section
is provided and il Parshall flume is useaq,
parabolic channelis provided.

{d)

Aerobic layer will ba al the surface whereas
anaerobic layer will be deepinside the fitm where
oxygen cannol penetrata. ’

(b)

Cost ol construction of Irickling filler is high.
These hiters cannot ireatraw sludge and primary
sedimenlation is a must.

{c)
Organic loading,
¢ = 180 gm/m¥%day

- 1%%% «10¢ = 1800 kgma-m/day

=%‘%x(z,es‘1]x

So, efficiency of filter,
: 1

"7 Trocodads
100
= e =8427%

= "7 10001800
(b}
Recirculation factor,

R ) a

1+T

= T oV
‘. A
1+0,1-
t ! ]
R. . . .
Where, 7 is recirculalion ratio

t+2

So.  F= (ipomm2f

25.

30.

31.

az.

35.

az.

38.

40.

a7,

(d)
Heat canient of melhane is 8600 k cal.fm?

(b}

Oxidation ponds & aerated lagoons - 90% 80D
removal

Oxidation dilch - 88% BOD removal

Trickling filters - 80 to 80 % BOD removal

{c)

Usually the delention period of oxidation pond
varies in belween 7 10 42 days.

(b)

For good settling, value of sludge volume index
s)ould lie between 50- 150.

(8)

Small sewers are cleaned by llushing, while
medium sewers are cleaned by cane redding or
by wooden piles & large sized sewers are
ganerally cleaned by manual labour.

{a)

Digested sludge from seplic lank is periodically
removed between 6 monihs lo 3 years. In no
case greater than 3 years.

(d)
Clarigesters are small patented circular imhaft
type double storey tanks, withoul bollom

- hoppers.

(0}
In the process af sludge digestion, gases lke
methane, carbon dioxide and traces of other inert
gases like nitrogen, hydrogen sulphide elc. are
avalved.
The amount of gas produced on an average is
about 0.9 m? per kg of valatile solids reduced in
digestion. The gas produced thus varies with
{ho sewage produced and works out o about 14
10 18 liires per capita per day (usually 17#cfd).
{d)
Viglume of basin = 400 m?
Suspendad solids concentration = 1000 mg#
- MLSS = 1000 % 10 x 400 % 10° kg

=400 kg



48,

49,

§0.

51.

54.

55.

(d)

In a totally aerobic pond, lhe stabilisation of
waste is broughl aboul by aarobic bacleria,
which flaurish in the presance of oxygan. The
oxygen demand ol such bacleria in such a pongd
is met by the combined action of algae and other
microorganisms, (such as bacteria and
prolozoa), callad as algal photosynihesis, or
algal-symbiosis. In this symbiosis, the algae
{which are microscopic plants) while grovangin
the presence of sunlight, produce oxygen by
the action of photosynthasis; and this oxygen
is utilized by tha bacleria for oxidizing tha wasle
organic maller. ‘

(a)

BOD 1o be lreated by oxidalion pond
=150-15 =135 ppm

. BOD, = 135 x 10°% x 6 x 10° kg/day
= B87.5 kg/day

Area of the pond = %§ = 1.6875 ha

()

Overall BOD remaoval efficiency

65 + (100 65) x o
+{100-65) x {55
65 + 22,75 = B7.75%

(d}

Coarsa screens: Spacingis 50 mm or more
Medium screens: Spacing is 610 40mm
Fine screens: Spacingis 1.5t0 3mm

{c) 4

initial Carbon-Nilregen ratics (by mass) between
30 1o 50 are oplimum for aerobic composting.
A lower ratio (C/N) nitrogen in the form ol
ammonia is given off. Biclogical activity is also
impeded al lower ralios. AL higher ratios nitrogen
may be a limiling nulrient and cell destruction
becomes necessary 1o ablain nulrients,

(b}

Thi process ol sludge digestion is greatly
influenced by temperature, i.e. rate of studge
digestion is more al higher termperatures and

56,
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63.

vice versa. Thers are Iwo distincl lemperalure

20nes:

(i} Thermophilic digeslion: In this zons of high
lemperalure, digestion Is brought aboul by
heat loving thermophilic organisms. The
temperalure in his zone ranges between 40°
1060°C with 54°C being optimum,

{iy Mesophilic digestion: In this zane of
moderale lemperalure, digestion is brought
aboul by common mesophilic organisms. The
temperalure in this zone rangas between 25°
to 40°C with 28°C being oplimum.

(c}

Wilh conlinuous growth of microbes on tho

surface ol fillering media, the innar layer
organisms dis due todeficiency of food and loose
contael wilh the surface of media. The shearing
stress ol flowing sewage remove these layers of
organisms. This is called sToughing in trickling
filters.

(d)
Flow through gril chamber

= 720m%hr
Surface area of grit chamber

= 12%15=18m?
So, surface Ipading rale

720
= == 40 m¥mem?
B fhef

= 40000 {hifm?
Liquid depth= 0.8 m
Sa, delention time
0.8 08 . .
=% fr _EXBO min = 1,2 min
(d)
Surtace area of lank
WL = 314 x 10 =314 m?
Overlihw rate,
_g_220
T A 314
Crtical velocity = 0,614 mihr
Hydraulic retention time,

(o V_AH 31ix2

Q o 200

= 0.674 m¥hm?

=188 hr
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{c)

In figure, 85% removal line approximately
inlersecls the retention the total amount removed
ignoring botlom most pertion,

7= pe3(1)R-p

20
= B5% +—— =490.90%
+120[11+9+5+4] 90.90

{b)
BOD/day
- 1200062, T
f S5
_ 120x0.05% 1000% 24 x60% 60
10°
= 518,40 kg/day
MLSS = VX,
] 3
= (20x10x20)xw
10°
= 8000kg
. £ 51840 "
vl day™ = 0.065 o
()
1000 400
SVl = 600 =100
(b)

Given, X = 4000 mg/i, the hydraulic retention time
- _ 0.5{300-30){200 +30)
- 2% 30 % 4000
={.129day =3.1hr
Sludge age,
4000%0.129
10, = m = 3.8 days

(d)

1. _kgsludge wasted/day
:?C ~ kg sludge in aeralion fank

69.

70.

71,

xv
X0, = o
V=10 =4000 % 0.128 = 516 m?
AB00x516% 107 1
V: — e . =
10°%38 543 kglday
{c}
Produclian of sludge requires
. _1500kgiday
D04 kglmiday

Toltal mass of wel sludge pumped lo the storage -
is et
_ 1500 kgiday _

BT = 37,500 kg/day
Since 1 L of sludge weighs about 1 kg, the
volume of sludgs is 37.500 Liday or 37.5 m%
day and hydraulic retention time is

© t =500 m¥37.5 mYday

= 13.3days
{0 .
xp = 50kg Yo = 1000-50=850kg *
%, =35kg ¥, =10-35=5kg
x,=50-35=1 y,=950-5=945kg
KAWL
E{'. PRl (5—0-} x(%)xiw =70%
fc}

4864329 - 48,6212
o X"
= 220mgif

 48630g-d8s2izg
Fired solids = ——— 0o == x 108

= 88 mg#
Volatile solids = 220~ 88 = 132 mght

Total solids =



