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SEWAGE TREATMENT AND ITS ESSENTIALS

S K MISHRA

Jaipur city, todav envelo en
about 10 lac souls. It 1s {lanked bv two
major scwerage outfalls (Mlorth and
Sonth). Dmrina the vast courle of
vears it bhecame very essential to
treat the sewage and corscecuently a
fool proof sewage treatrment wlant wes
commissioned in the year 1979, This
was implemented to remere risk to
ifublic Health, to avoida fovl smells
and objectionanle sights und to rre-
vent the ovpollution of streams and
wells,

In its conce tual desian
consideration for the 1lirst time the
new waste water treatment facility,
Pl Rajasthan incororated several
inovatinag features. Cne of these fea
tures was that biological treatment
was used wilth aeroblc dicgester atta-
ched with sludged thickner, This treadl-
ment unit has been in full overation
for avoroximately two years and this
paper describes the facilities beino
used and discusses some of the design
and basic mechanism involved in everv
treatment unit., Figure 1, shows the
present plant layout, and reflects the
comnlete sewage treatment and aisnosal
cvcle, The present design capacity in
use is 3mod with the total canacity
for 6 mgd. Sewage receives primary
treatment nrior to bhionlogical treatient
and the effluent is discharged to the
Jalmahal lake. The excess sludge 1is
thickened and digested to pass on to
the drying beds for final dis-osal as
manure.

Extended Aeration: ixtenced aeration,
total oxidation or aerobic digestion

is the svstem in wiiich water borne
wastes of domesgtic origin are aerated

in the vresence of flocculent cultures
of micro-organisms, the so called acti-
vated sluadge, to oxidize the oraqanic
compounds in the presence of mnlecular
oxvgen to carbon dioxide, water, and new
cells, Flocculeted mass can be senara-
ted by sedimentation. Quantities of the
waste water then can further be added,
and the procedure is repeated until a
sutficient concentration of flocculent
activated sludae has been puilt up to
nermit operation under continumis flow

conditions, & high mixed licquor suspe-
nded solids (MLSS) concentration and
extended period of the aerations are
essentials of this process to seek a
reduction of HOD over 98 percent. The
essentials in this process are:w

Sludae Age {dawvs)s 10, Resicdence time
(lirs.): 15-30; Removal efficiencv (%9):
R85-98: Neac+~r sclid anncentration (M
ML 8S5/1) = 5000y Recvele Ratlos

SLOL=E
0,7=1.5¢ Lb BOD/ft cu.days: 0,025

3

Sewage rurification and sewage works:
Sewage 1s 4 waier borne waste which
contains enormous variety of waste
PO oL of human, animal, veactable
or mineral origin in dissolved and
er?rod form. Efficient and succe-
ewage tresgtment involvas the
!"“y and ~roner functioning of all
iors, Bach unit of treatment
nWanL relies on the harmoneous func-
tioning of the nrevious one, Iveary
unit diisfers in design, strength and
cuantity of sewage i1t receives and the
time weriod of contact,

Screenino: The sewage from the half of
the citv Jaipur is led to this treat-
ment nlant by a 1200 dia., masonary
sewcr, The total cuantity of the sewe-
aqe received by the treatment plant is
about 3 mad with a maximum flow in the
morninag/evening hours. The first step
is the removal of the obhjects by scree-
ns of size 3" and 3/4". The bar screen
has heen set with the bars, sloping in
the direction of the flow, and the
angle with the horizontal is 60°., Bar
screens are cleanec by hand alternati-
vely, substituting another set of
screen of the sare size.

Grit Reroval Unﬂt. Rm“ova1 of arit is
based on the fact at arit is heavier
than organic soljd prob,.c in the
sewaae, The srecific aravity cf cuartisz
matrrial is shout Z2.65% and of organic
matter ranges from 1,0 to 1.2, Fracti-
calls, a detention neriod of 1 minute
and a velocity of about 1 fps., heve
heen found to he most effective in
removal of orit. Theoritically this
unit should eliminate inorcanic mate-
rial large than about 0,2 mm, The
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removal is effected by means of a
small settlement tank from which the
grit 1s removed by oumn, The four para-
bolic channels with 2.286 meter
top width, 0.6m bottom width, and 0.85m deep,
also play vital roie in removina tne
grit from sewage., This unit is equi-
pped with mechanical device for wash-
ing and removing the arit. The grit
unit makes a use of small detention
where after being washed, the crit is
lifted out by a conveyor. The conveyed
material is dumped into the trolly
standing just below it for final
disnosal.

Biological Rzactor: This sewage after
arit removal is led throngh the cha-
nnels to the surface aeration system,
The system of aeration in this vlant
involves the latest technology. The
mechanical aeration system introduces
oxygen into the licuid and the activa-
ted sludge is ®epnt in susmension by an
agitator, rotatina at or near the sur-
face of the aeration tank. Aeration
cone congists of an inverted rotatina
funnel shapped agitator equirped with
vanes on its uovper surface, surmountinc
on masonary untake tube, situated in
the centre of each aeration nocket.
Circulation and aeration are wroduced
bv the aeration cones drawing liguid
froyr the draught tube and spraying over
the tank suriace, entraining and dissc-
lving oxvaesn in the process. The inten-
sity of aeration can be controlled by
varying either or both the rotation
speed of the cone and its deqree of
imersion in the licuid, The rate of
oxygen transfer is affected bv the
nature of aerationr device, depth of
submercence, temmerature turbulance in
the tank, denth of the tank and the
chemical character of the sewage. The
MLSS has to be kept 3500-5000 mg/l.and
is so0 adjusted that dissolved oxvgen
remains 2«3 mg/l. The verv imrortant
part of this unit iz the maintenance of
recirculation ratio, wrich is kert
commonly in between 0,5 to 1.5 in trea-
ting domestic sewage but ratio unto 10
are emploved to the strong industrial
waste, The re«circulation is from the
under-flow of the final settlinc tank,
Final Settling rank: From the acration
tank the sewage flows to a final circu=-
lar settling tank whose storace capacitv
is 5675000 Lit, The detention time
allowed is 2.3 hours. The aerated sewa-
ge enters at the centre and flows to
the periochery to form a sort of influ-
ent well at the centre bv means of a
pipe through the body of the tank or
more aovpropriately it is more or less
an upward flow through a central riser

from a vipe entering under the tank.

A circular baffle provides a satisfac-
tory distribution of the flow. The
baffle is perforated. Scraper has been
provided to remove and concentrate the
sludge to hopver, which is removed
from the tank by pumpinge.

Sludge Thickener: Twenty percent of
the settled sludge 1s pumped to a
gravitional thickner while about eigh-
ty percent of the same meets the sewa-
ge entering aeration tanks. The feed
solids entering in the midule are
distributed radially and the sludge
s0lids are collected as underflow., By
thickening the volume of sludge going
to the aerobic digester is reduced and
the thickner over flow is returned to
the £ s t inlet. Here thickening means
solid concentration to less than 15
percent, but practically to produce
the sludge with 6 to 10 nercent of
solids. This sludae 1is then onwards
vasased on to the aerohic disgester,

Aerobic dicesters: Waste biological
sludgé_éo produced is stabilished by
simnly reserving aeration in four
aeration basins. The basic reaction

of the aerobic sludge stabilisation is
conversion of complex organics into
carbon dioxide and water by action of
aerobic organisms. Stabilization
nrocess has a verv mixed, varied
comnlete food chain which results into
non-fraagile ecoloay. Unit has heen
designed to eliminate all sludge dis-
nosal problems and to allow only inert
snlids to escarne over the drying beds.
Dewaterahilitv is tremendously effec-
ted by it,

Drvino Beds: The digested sludge is
“umped on to twelve beds at a depth of
6-12" from which water drains out into
the sand and accumulates into the drai-
ns to out. A considerable fraction of
the water is drained by settling of

the solids and general compaction,
followed by the formation of channels
that further the nrocess of dewatering.
Further dewatering occurs by evapora-
tion., Reds consist simnlv of shallow
vonds with» sand bottoms and tile drains
The time required for the sludge to
dewater to a liftable consistency
ranges from 10-15 davse.

The wlant has been in operation
since Sentember, 1979. On the basis of
the onerating exnerience today, it is
interesting to note that the obtained
results confirm the design srecifica-
t+ions. BODg removal is to the extent
of 95 to 98%,., The effluent is more
than of excellent guality with a
minimum and maximum B0Dg, 7 and 15



resnectively, Though design requirement
is 10 against the influent BOD. 450 mg/l.
The sewage sludge contains sub8tances of

considerable fertilizing wvalue such as
nitrogen (3=4,5); phosphorous (1.5 to
2.5%): votassium (0.3-0,6%), humus, and
organic growtn producing substinces,Tt
S a soil conditioner and can be used
as a filler for true fertilizer.

Maintenance Cost and Revenue Return:
The expenses incurred annually in the
maistenance of sewage treatment plant
are given herein as under:-

Electricity Charaes: 2. 4,80,000/~
Labour Salary & Wagess Bs.3,00,000/-
Miscellaneous exrenses:it. 60,000/-
Total annual .

L4 -
maintenance cost: mluiig QEY/

A

Revenue Return of sewace sludag
has beasn evaluated not orly to aive a
coverage to the ~owenses incurrea in
mainteining the nlant Tut oroves o
he of an asset to the income, Antmally
the vroduction of s wage sludge is
about 10,000 cum which (@ P2, 20 peroom!
vields 2.8,00,000/- antualle, 2.9 madc
erfluent which is vassed on to Jalmakzl
amonnts to 96,000 ver onnum. ‘There-
fore, R8.5,96,000/- is the estimated
revenue return acainst the maintensnce
cost shown, he revenue returns are
furthered if the —lant runs to 6 mad.

The econromics enouciy cann “t he com-ared

with the invaluatle & -8 tn safe-
ocunard the public health ~ut conversel+
for a steate which is alreadw uncer soO
many economic strains, this facility
withy returnes is of wvitel im ortance
and considerations,

Conclusion: The systen to date has
been cavanble of meeting a process eilf-
luent guarantee of 10 mq/l, B, There
was no evidence of filamentous “¢growth
and assaciated problems and no maior
svstem cesicm problem could ke noticed.
Lfficiency cetermining factors have
revealed that there i1s no undue eCcono-
mic penalty and rather number of hone-
fits can bhe ascribed to the acration of
this Dl“’t.

Unit 2 .‘l

Out fall sewer 1200 mm
dia, with canacity of
12 mgd.

Unit : 2 Ivo chamioers of 6 mad

Screen Chamber: canacityv. Velocity of
flow: lax, 0,76 mt/Sec,
at peak flow, Screen
size: Coarse gcreen G5
onenindg, Mine Screen
3/4" ovenindg,
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Unit : 3 Caracity : Ultimate
Grit Removal: 6 mae. Velo, of flow:
0,772 mt/Sec.i:ize of
grit settling: 0,2mm
settling time: 65 Sec.

Unit: 4 Detention time in the

Aeration Tank:tank: 13,28 Hrs,

(42) Pronosed MLVSS5 concen-
trations 2520
Proposed MLSSe" 4200
Oxyv.canacity:1.15 Kg/kg
of »bu,.
Capxrlfy of aeration
tani:s 5,08 Million Lit,
(358660 % 42).
Pronosed 3SVIi: 50«100
Volume of survlus
sludge: 2250 L. /day
Proposed F/l: 00,1485
Proposed SRT: 525 Kg/
1000 ¢um,
Aer=tion tanks:10,36x%
10.30A2.47 M,
Hopoer hottom tanks:
10.36x10,36x5,56%1M
Aeration concs:l.8 mt.dia.

Unite 5 Surface overflow rate:s

Final 53750 lit/day/sa.mt.

Settlinc tank:Detention period:2% Hr,
Total capacity:5.675M,Lt.

Units: 6 Pumoing caracity:6 mad.
Return Sludge with 2 mod stand-by.
lumn House

Units 7 Caracity: 186140 lit,
Sludae Size: RCC 6.1 circular
Thickner: tank with 3.96 meter
' dernth with hoprer bottom.
Inlet:200mm dia.C.I.Pine

tutlet: =dO=
Unit: 8 Detenglon time: 12 davs
ADLOﬂlC Oxy.ca~acitvi0.08 Xg.of
d:qnpq ors: Oxv, per a. of BOD
remaved.,
Unit:s 9

Seconaary cumr canacitve 27.2cum/hr.
ulU Ludge
.o Houses

Unit: 10 4166 sgm.
ulUqu + time 10 days.
dryving beds: 12 'os, Sludce drving
LSS L S

22,87x17,62 meter

)0
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