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ABSTRACT )
About eighty percent of the water supplied to
consumers in Indian cities gets converted into
sewage. According to an estimate, the major cities
and towns in our country together generate about
20,000 million litres of wastewater (sewage) per day.
It is reported from different parts of the country
that about 50 to 70 percent of the pollution load of
‘rivers and streams is from domestic sewage.
Sources of fresh water are getting exhausted and
development of new water resources is cost
intensive and time consuming. Since surface water
is the main source of water for urban population, it
is to be conserved, treated and discharged in nature
after its use. To prevent the degradation and to
maintain the quality of water in the rivers, the
sewage generated from cities is to be treated before
its disposal into the nearby water bodies. The
treated sewage can also be used for secondary
purposes like gardening, agriculture and even for
recreational purposes in rowing channel. This paper
outlines the integrated approach in decentralised

planning, designing, and execution of master plan

2025 for the treatment and disposal of sewage of
Pune city. '
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ANTRODUCTION . .

The Pune city, with 18° 31’ N latitude and 73°
51’ E longitude, is situated on the western margin
of the Deccan Plateau at the confluence of Mutha
and Mula rivers. Pune is second largest city of

Maharashtra state and lies on the leeward side of

the Western Ghats, at a height of about 560 Mts
above mean sea level. The mean daily maximum
and the minimum temperatures for the hottest
month i.e. May are 38°C and 23°C respectively. The
same for the coldest month of December are 30°C
and 12°C respectively. The annual rainfall is about

. sewage (Table a).

70 cm. The cumulative storage of 28 TMC in
Panshet, Varasgaon, Temghar, Khadakwasala, and
some other small dams within Mutha river
catchment is the source of water to Pune city. This-
total storage capacity also, includes the agricultural
requirements. Mula and Mutha are the two major
rivers, which pass through and converge within
Pune city. Alarge population is deperident on Mula-
Mutha river water flow down to Pune city and these
rivers finally discharge into Ujani dam. As per
census of 2001 the city population is 25,40,069 souls.
The forecasted population of Pune city for the year
2011 and 2025 are 4300000 and 6500000 souls
respectively. At present the annual requirement of
raw water is around 9.5 TMC.

On an average Pune Municipal Corporation is
supplying water at the rate of 200 litres per head
per day to the citizens of Pune. The city generates
around 451 MLD of sewage. With the enforcement
of pollution control norms, the municipal
authorities are allowed to dispose the treated
sewage into the rivers after reducing its pollutional
strength below acceptable limit. Up to year 1997,
in old Pune city limit Dr.Naidu Sewage Treatment
Plant with full-fledged primary and secondary
treatment facility was treating 90 MLD sewage and
Bhairoba Nala sewage treatment plant with
primary treatment facility was treating 32 MLD
Due to merger of 23 villages
from the outskirts in year 1997, the area under
jurisdiction of Pune Municipal Corporation (PMC)
has gone up to 243 Sq.Kms. PMC anticipated
sudden load on municipal services like water supply
and sanitation due to merger of nearby villages and
initiated formulation of the Master Plan of these
services up to year 2025. The approximate total
budget of Master plan 2025 for sewerage and
sewage treatment is 523 Cores. This master plan
is being executed in three phases. Phase I is
completed in year 2005 and Phase II is likely to be
completed by end of 2008. Early execution of Phase
IIT is in thought process and is likely to be
completed by 2015 instead of earlier plan of 2025.
At present, 65 % (305 MLD) of the total sewage is
treated before discharge in to the rivers and
remaining 35 % (165 MLD) untreated sewage
reaches the rivers through drains and Nallas due
to inadequate conveyance system. This is leading
to an adverse impact on the environment in the
surrounding areas through which they flow. A large

‘number of housing schemes in the outer areas still

depend on the on site sanitation in the form of septic
tanks. Massive program to augment the sewage
treatment capacity was undertaken in 2001 and it
is one of the most important aspects to reduce Mula-
Mutha river pollution and make the city clean and

Journal of the IPHE, India, Vol. 2009-10 No. 2



Dr S N Tirthakar, Dr(Mrs) M S Deshpande and P S Nirbhawane

0861 in
uoyediy 13AU BYINJA-BINN 943 o3ul paSieyosip si 98emas pajedl] a8emas
Joj ashay pareasL Jo fesodsig | 11
YUBJ 19BIUOD) AuLIOlY )
i wddg o g wdd g 0y ¢ Jo aBuel a3 U1 S1 SJLS [[7 Ul SULIO[YS Jo 3s0p patjddy Jouseas] Aeni] | ()
Hurnd 0g aarnd ol nauna /o jAwrnd L a8njuua) (A1)
- - (S1+M D€ 'SON [+1 SON Z SON 2 A
EIp Ul §T Bwpry (1)
N fBnany -} B[N SON ¢ BIp WLLON 1 ON | ON |
Je[naIL) BIpW Sy adX) 1addoy ‘w Blpw g Blpul g SIYUED)
- SON 7 B[N SON § 96€1 -19juas aqn] ON | SON T Krepuoaag (1)
weLgxwig UOREIOY PISNjJI( | WRZXW/9 SYueL | WG6 XWpT]
|auuey?) sejndueiooy BIPW /°C7 | UONRIGY-SON spuuey) jue] uonelay (1)
- SON 7 syue]~ SON ¢ —-B[nONOSON Z | Pu® ‘1amo]-oig lejnan)-z
Judweal] Arepnods | (q)
lejnailyy ep WELE Aue} Ja[NIs AaqnL - -
- SON 7 RPMDSONY | Bp WITONI B Armiid ()
()% saA SIA SOA S3A A (sanou moly [EBICT)
swny fjeysied (A)
Sumudag 34 $3X S3A 2k 4 un Sumudaq (A1)
ww 67 ww 07 uni o7 unu ¢7 usa1dg uty (1)
Suydwing
) - ) ) ) - a8emag mey (1)
“JUILaAIdS unu Of wu O URL (g unu g/ u3219g 351807y (1)
: Juauneal], Keing / Keunuged | (2)
] [ I WG JuaunEal), | 01
wdd | > auuo[y) [enpisay |/8wW 01 s
>0¢ :aseau8 pue ;10 * 8 01 9 : Hd /B 0g > 00¢ 'SSL ‘AW 05£°00D AW 0 > ‘052 :A08 SRR e | 6
Keq 1ad
- UMY 00L51 um> 000vT UMy 00011 YM1 0500 UM 00€2 uondunsuoy) 1mod 8
S0y 7 104D pS°LE KU 711 SAU0IHGLY | SN 69°S sogeled | L
000°'1%'L 000'9%'¢ 000'6Z'1 051°6T'1 uopejndod | 9
suny'bs oy suny'bs 995 sunybg 6192 sunybs 07’81 sury{'bg ¢1 BaIy JUOWYNED |
ABINH 9T’} JEI0RH 8 AIB1%H 80 MBI 7L'0 | MERHS'] BUVIWRd | ¢
8261 8861 800z Aynf £00ZAIN | 00T 19quadeg yooziudy | €00z Azw | Suwvorssuwopjoseox | €
. £q paadxy . el
v o uoneY .
(1SV)ssa0044 $522014 s -« a8pnis pasninQ uoneny §520044 Juaumel], | T
N [asnoLe) - | 98pnis paieandy | paleAROY PRUIPON | PUE Jomo] olg papuAxy
aInze qINGs | ATNSY | TINOY | ATWOE aINSTL QTN e QTN 01 ainos aIn Ll aIn 8l Apede) jueld | |
2 (pasodosy)
=
] m W [=ndsol | (wononajsuod
[endsog 3 » P npIsNAQ Japun) sqoureng aurmpuesy pemifeuny I oN
SIEN _ 2 m. 8 Jo sasnnoad IPEMIEYBIA tpodog vonduasaq -8
sqosjeyg npIEN-Iq ® = " Supsixy
sue)g amnyg
L661 183X 11D §5.d1S PIO S707 NV'1d HALSYI

ANN ‘NOLLVIOJNO0D TYAIDINNI ANAd 40 SINVId INTWLVIUL IDVMIS SNOMVA 40 STIVLIA '® d1qBL

Journal of the IPHE, India, Vol. 2009-10 No. 2

14



Dr S N Tirthakar, Dr(Mrs) M S Deshpande and P S Nirbhawane

healthy in every possible way. Pune Municipal
Corporation under this master plan will treat 100
% of its sewage generated by the end of 2025.

OBLIGATORY CONDITION OF IRRIGATION
DEPT OF STATE AND NORMS OF
POLLUTION CONTROL BOARD (20/30)
Originally, Kamshet and Warasgaon dams
within the Mutha river basins were constructed for
agricultural water requirements. In 1960 the water
supplied to Pune city was 5 % of cumulative storage
capacity of these dams and now the demand has
gone up to 25%. The water to Pune city is supplied
at the cost of partial cut down of agricultural
requirements. The right bank canal of
Khadakwasla dam passes through Pune city and
at Hadapsar the shortest distance between Mula-
Mutha river and canal is hardly 1-1.5 Kms. All these
old and newly constructed sewage treatment plants
are located on or near the banks of Mula-Mutha
rivers flowing through Pune city (fig 1). In
developing countries and especially in the areas of
water scarcity greater compatibility between water,
wastewater and agriculture is necessary for the

sake of sustainability. There are several villages
and towns (riparian) on the downstream who are
dependent on the river flow for their agricultural
and drinking water requirements. In view of their
dependency and as a matter of long term policy,
the Irrigation Department of Govt of Maharashtra
(Krishna Water Dispute Tribunal) in a year 1997
has put a condition to PMC while granting the
increased demand of water to Pune c¢ity to 11.5
TMC, that the Pune Municipal Corporation at its
own cost will pump 6.5 TMC mixture of Mula-Mutha
river flow and treated sewage from suitable
downstream point of Pune city and deliver into
Khadakwasla right bank irrigation canal at
sadesatranali (17% nali) near Hadapsar for
agricultural reuse.

With the increased pollutional load on the
rivers in our country their environment has
deterioted. To prevent the river water degradation
and tc maintain clean river water, the Maharashtra
state pollution control board stated the discharge
norms on the sewage effluents. Part of the mixture
of Mula-mutha river flow and treated sewage is
proposed to be pumped back to Mutha river/
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Fig 1. Location of existing and proposed STPs en Mula-Mutha river
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and to prevent its accumulation in digestion tank.
Screw conveyors withdraw the grit accumulated in
grit chamber. The details of the units at different
STPs are given in table a. The primary treatment
at all treatment plants except Bopodi (extended
aeration process) consists of primary clarifiers. In
general the suspended solids removal efficiency of
primary clarifiers is about 60 % at all plants

(b) Secondary treatment

The secondary treatment adopted at various
_plants are aerobic based, where the aeration is done
either by surface mechanical aerators or by diffused
aeration system. The suspended and colloidal
organic matter from sewage gets oxidised in
aeration tank, tends to coagulate, form a precipitate
and settle down readily in secondary settling tank.
The dimensions and number of aeration tanks,
power consumption per day and number of
secondary clarifiers at different STPs are given in
table a.

(¢) Tertiary treatment/chlorine contact tank

The chlorination of treated sewage is very much
essential to prevent the growth of pathogenic
bacteria and for its safe disposal into the rivers or
nearby water bodies. In all these plants the clarified
sewage from secondary settling tanks is disinfected
in baffled chlorine contact tanks (CCT). The applied
dose is in the range of 3 to 5 ppm to have the
residual chlorine less than 0.5 ppm at the outlet of
CCT. The chlorine contact time i.e. flow detention
in CCT is 30 min.

(d) Centrifuge

The surplus sludge produced in sewage
treatment is to be dewatered and disposed off
hygienically and economically. At all sewage
treatment plants the sludge produced is aerobically
digested, thickened and then centrifuged with the

help of mechanical device after addition of a dose
of polylectrolyte and converted into cake. The final
disposal of manure cake is application to gardens
of Municipal Corporation and agriculture use as
organic manure. The effluent of centrifuge is taken
to the aeration tank and allowed to mix with aeration
liquor. The centrifuge capacity and their numbers
at different STPs are as mentioned in table a.

LAND UTILISATION AND
CONSUMPTION

POWER

(a) Land utilisation

Availability of a suitable land in cities is a major
constraint for the construction of sewage treatment
plants. To minimize land requirement the sewage
collection system must be decentralized as much
as possible consistent with the topography of the
area and its population disposition. The total area
utilised at different sewage treatment plants is as
given in table a. The per person land required (m?/
person) in warm climates for conventional activated
sludge treatment process and extended aeration is
to be within the range of 0.20-0.25 and 0.15-0.20
m?/person. The land utilised at Bopodi,(including
its future expansion), Tanajiwadi , Erandwane,
Bhairoba are 0.12, 0.055, 0.023, 0.083 m? per
person respectively ( Ref table b).

The 50 MLD sewage treatment plant at
Erandwane is an activated sludge process with
diffused aeration. The total plunt is planned and
constructed in a very small area of 0.8 hectare.

(b) Energy consumption

The continual increased demand of energy of
urban population is alarming and has always been
a problem of developing countries like India. While
designing the sewage treatment plant two aspects
of power are tc be kept in mind (1) minimum power
/ energy requirements (2) effect of its dependability

Table-b : Land & Energy requirement and cost of treatment

Sr No | Description Bopodi Tanajiwadi | Erandwane | Bhairoba
(18 ML.D) (17 MLD) (60MLD) [ 130MLD)
1 Land Utilisation m2/person 0.12 0.055 0.023 0.083
2 Energy consumption kWh/person/year 6.71 11.45 11.66 9.09
3 O & M cost per year ( in lakhs) 81.42 118 240 381.8
4 Cost of treatment per MLD
in lakhs (annualised) 4.52 6.92 4.8 2.93
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on the process. As far as possiblé the least energy
intensive processes capable of meeting effluent
quality requirements should be selected. This
requires judicious selection of equipment and
processes. Generally, aerobic digestion needs more
power than anaerobic digestion. A more energy
intensive process is selected only for very high BOD
removal efficiency as a need for nitrification or as a
need for reliability in operation. Combining two
processes having different requirements and power
can be able to optimize the overall cost. As far as
possible benefits of natural land contours must be used
to avord pumping. The adoption of advanced resources
recovery process such as methane from digestion gas
for heat or power generation is added advantage.
For conventional activated sludge process and

extended aeration the process power required in -

kWh/person-year is in the range of 12-15 and 18-
19 kWh/person-year respectively. The sewage
treatment plants at Bopodi, Tanajiwadi,
Erandwane, and Bhairoba has power consumption
of 6.7, 11.45, 11.66, and 9.09 kWh/person-year
respectively.

PERFORMANCE OF SEWAGE TREATMENT
PLANTS

The design parameters limit for BOD, TSS, Oil
and grease, and residual chlorine are <2 mg/l, <
30 mg/l, < 10 mg/l and < 1 mg/l respectively. The
MILSS, MLVSS, SVI values of aeration tanks of all
plants are in the range of 3000-3510 mg/l, 2480-
2750 mg/l and 44-96 ml/gm respectively. SVI value

of aerated liquor of Bopodi STP is about 45 ml/gm
(much lesser than 80 to 100 ml/gm, which is
normally expected for extended aeration process),
indicating its good settling ability. The BOD values
of effluent at all plants consistently are in the range
of 10-16 mg/l, whereas total suspended solids values
arein arange of 15- 18 mg/l. The oil and grease amount
is not. detectable in effluent from STPs. The residual
chlorine at the outlet of CCT is less than 0.5 mg/l.
The typical performance parameter values of different
sewage treatment plants are given in table c.

CLEANLINESS IN THE AREAS OF STPs

The annual operation and maintenance (O &
M) contract of these STPs is given to private
agencies. The operation and maintenance contract
includes monitoring the performance of STP, major
and minor break down services, security,
maintenance of hygienicity and cleanliness within
the STP premises. The cleanliness in the premises
is noticeable in the sense that utmost care is taken
in reinoving and disposal of the debris, solid waste
separated at different stages and garden waste. The
absence of foul smell in the premises of STPs is the
indication of their excellent performance. These
sewage treatment premises are absolutely free from
foul smel! and odour.

TOTAL RECURRING EXPENSES
MONTH

The total expenses per month towards operation
and maintenance(O&M) contract, chlorine and

PER

Table-C : Quality of Raw and Treated Sewage

Sr. Bopodi Tanajiwadi |Erandwane| Bhairoba MPCB
No. : norms
Parameter Y ® ) ®
g g g g
< = < <
1] -~ B0 - [} - o -
g & E % g ) g %
$ | B g 5 g | B & 5
g ® g @ g | w g @
[ o [ T ] T Q -]
n 3 w 2 n 2 w e
2 g B s g | 8 2 s
< & & & g | & & &
1~ | BOD 145 16 180 12 175 | 14 110 12 < 20 mg/l
2 COD 296 | — 235 28 252 |20 238 32 < 250 mg/l
3 |TSs 138 |17 140 | 15 150 [10 | 114 18 < 30 mg/l
4 |pH 6.9 |— 6.8 7.1 68 |72 |69 7.3 6-8
5 Residual Chlorine | — < 05} — <05 ] — <0.5{ — <0.5 < 0.5 mg/l
6 Oil and Grease ND |ND 3.0 ND 2.5 | ND 2.5 ND —_

Note: All values except pH are in mg/l
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electricity, polyelectrolyte, laboratbry chemicals, oil

and grease charges of STPs at Bopodi,Tanajiwadi, -

Erandwane and Bhairoba are 6.10, 8.49, 17.72 and
23.81 lakhs respectively. The approximate cost of
treatment of sewage per MLD/year for comparison
can be worked by adding annualised capital cost
and operation and maintenance cost of a particular
year. The cost of treatment per MLD per year of

various treatment plants is as mentioned in table
b.

DISCUSSION )

The availability of suitable sites for
construction of new and proposed STPs along rivers
and near the outlets of drainage districts has
favoured the decentralization of sewerage and
sewage treatment under master plan 2025. At
present 65 % of total sewage generated by Pune
city is being treated in the treatment plants. Some
treatment plants are receiving the raw sewage of
lesser BOD value than designed value of 250 mg/l,
may be due to improved living standard or high
usage of water. The continuous operation and
maintenance of coarse and fine screens, and grit
chamber are removing almost all large and small
debris and grit from sewage. The suspended solids
removal efficiency of primary clarifiers of all plants
is around 50-60 %. The MLSS, MLVSS, SVI values
of aeration tanks of all plants are in the range of
3000-3510 mg/l, 2480-2750 mg/l and 44-96 ml/gm
respectively. The processes are completely stable
and consistent in their performance parameters.
The SVI value of aerated liquor is about 80 to 100
-ml/gm indicating its good settling ability. The values
of BOD, TSS of treated sewage over a period of three
months are in the range of 10-16 and 15-18 mg/l
respectively. The BOD and TSS removal efficiency
is above 90 % and 85 to 90 %. The sludge produced
in secondary clarifiers is completely stabilized. The
waste centrifuged sludgc has no odour and is fit to
use as organic manure. The effluent quality
parameters like BOD, SS are well within the limits
laid down by Maharashtra Pollution Control Board
(MPCB) norms and permits the disposal of treated
sewage in Mula-Mutha river. The satisfactory
performance of new STPs is reducing the pollutional
load on rivers where treated sewage is discharged
safely. '

SUMMARY

"~ Day by day the water resources are getting
exhausted. Reclamation and reuse of sewage/
wastewater is not an option. It is a grim necessity.
Proven technologies for the treatment of sewage

wastewater are Activated Sludge Treatment
Process and its modifications, or its combination
with Bio-towers. The BOD reduction efficiency of
all these processes used is above 90 %. Close
operational control and maintenance is certainly
ensuring the desired efficiency of the STPs. The
effluent from these sewage treatment plants is
meeting the limits of Maharashtra pollution control
board. The quality of effluent from STP has a near
sparkling appearance and can be reused for
secondary purposes like gardening, agriculture and
even for recreational purpose in rowing channel.
By 2025,the remaining 30-35 % uncollected sewage
reaching the rivers will get reduced. There will be
a gradual and total improvement in quality of river
water as PMC is aiming for 100 % treatment of
generated sewage. Due to reduction in pollution
load on river water, there is a reappearance of flora
and fauna and fish in the river water. The
improvement in river water quality and its
environment will secure the dependency and right
of riparian (downstream population).
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