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165. Rehabilitation of existing sewerage network. The existing sewerage network is 30 years 
old and almost nonfunctional. However some of the sewer lines can be used after clearing 
the blockages. This requires some serious effort of removing blockages from the existing 
network and then it will be known which of the lines can be used and which ones to be 
replaced. This requires time and financial and technical expertise. Municipal council 
responsible for maintenance does not have jetting machines and financial resources to take 
up the work. Under the circumstances, at present, sewer network has been designed 
keeping invert level and alignment of sewer pipes same as that of the existing network. In 
the mean time Municipal Council should take up sewer cleaning operation so that if 
blockage is removed from some line it can be used and the sewer lines which cannot be 
cleaned are replaced. The proposed design network allows it. Procurement of jetting 
machine has been proposed under this project also. Rehabilitation can be taken up under 
the project also. Thus, although the network has been designed to use and existing 
sewerage network wherever useable but simultaneously provision of total new network 
has been proposed to provide if rehabilitation is not successful or could not be taken up. 

 

B. Design of Sewer Network 
 
166. For the wastewater collection system design, in general, are based on the parameters and 

guidelines of CPHEEO’s “Manual of Sewerage and Sewage Treatment” modified suitably 
for the project purpose, and or discretion depending on field conditions. The System 
Design Parameters proposed for the analysis of the existing sewerage system and the 
design of the proposed sewerage system is as follows  

 
167. Design Period, area covered, population projection peak factor & waste water generation: 

The sewerage system has been designed for the peak flow for the year 2041. The 
population projection and densities are adopted as worked out in chapter VI. In this phase 
municipal area and adjoining habituated area has been considered which is draining in 
south STP. The municipal area which is draining in east STP has not been included in this 
DPR as STP land is to be finalized, The covered area is having 66% population.. Trunk 
main for proposed HPDA sectors 1 to 9 has been also taken. The Domestic water supply is 
considered as 135 LPCD at the consumer end up to the year 2041. Sewage generated is 
considered as 80% of the total water supplied. Based on this, the sewage generated works 
out to be 108 LPCD. Infiltration of ground water has not been considered as water table is 
below sewer level. Peak factor has been considered as per contributing population as given 
in CPHEEO manual and stated in earlier chapter. 

 
168. The gravity sewage collection system is analysed and designed using Manning’s formula. 

The general expression of the Manning’s formula is: 
V = 1/n (R2/3) (S1/2) 
Where, V = Velocity in pipes in m/ 
S = Slope of Hydraulic Gradient 
R = Hydraulic radius in meters 
n = Manning’s coefficient 
Manning’s roughness coefficient is considered as 0.013 for RCC/UPVC pipes. 
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5. Minimum Depth of Cover and Minimum Size of Pipe: To facilitate connection of house 
sewers to branch sewers and provide protection to sewers from external loads, the 
minimum depth of cover as far as possible for sewers is proposed to be 1 m. In case of non 
availability of adequate cover or laying of sewer in small lanes of old city where it is 
difficult to excavate for deeper trench to maintain standard cover of 1 m, lower cover shall 
be provided with fully encasement of pipes in cement concrete. Minimum size of sewer 
pipe shall be 150 mm as stated in CPHEEO manual. However here, two options were 
analyzed with minimum 150 mm and minimum of 200 mm. In view of flat topography of 
city and to reduce pumping the 150 mm pipes were changed in final design to 200 mm.    

 
170. Design criteria: For hydraulic design of sewers, it has been ensured that depth of flow (d) 

does not exceed 0.8 times the pipe diameter (D) i.e. d/D 0.8 at ultimate peak flow in year 
2041. Minimum gradient for sewers shall be designed to fulfill the requirement of self 
cleaning velocity, and to maintain minimum sewer cover and to avoid deep excavation. 
The crowns of sewers shall always be kept continuous.  

 
171. Pipe Material: For house connections uPVC pipes of 60mm or 160mm diameter Class III 

(6.0 kg/cm2) are adopted. Jointing shall be done with Rubber Ring Joints. Two alternative 
designs were done, one using NP2 pipes and other adopting NP3 pipes. Suitable bedding 
was also designed for both options. In most of the length granular bedding is required. The 
overall cost of pipe and bedding is less in case of NP2 pipe and as such adopted. GSW 
pipe due to more joints is not proposed. The pipes shall be as per IS 458 and shall have ISI 
marking. The joint for the RCC pipes shall be Rubber Sealing Ring type.  

 
172. Self-Cleansing and Scouring Velocities: To ensure that deposition of suspended solids 

does not take place, minimum self-cleansing velocities has been considered in the design 
of sewers. Minimum partial flow velocities of 0.6 mps at present peak flow and 0.8 mps at 
ultimate peak flows are suggested. In case of sewers in which the desired minimum (self 
cleaning) velocity may not be achieved at the beginning or later of commissioning due to 
low flows, it is recommended that suitable arrangements for cleaning and flushing of those 
sewers are implemented by the sewer maintaining line agencies. Maximum velocity 
(scouring velocity) has been restricted to 2.5 m/s. 

 
173. Bedding for Sewers: The type of bedding (granular, concrete cradle, etc) shall depend on 

the width of trench, depth at which the sewer pipe is laid, the class of superimposed load 
considered based on the traffic condition and type of strata at the bed level. The type of 
bedding to be used for the particular type of pipes, depending on the specified depths shall 
be as per the methodology given in the Sewerage Manual. The bedding for the UPVC 
pipes shall be Granular Bedding up to 1.5m depth of pipe. For RCC NP2 pipes up to the 
appropriate granular bedding as per standard drawing of bedding shall be provided. 
Granular bedding is easy to lay and requires less time to execute the work in comparison 
to other types of beddings. Bedding has been designed for each length of pipe between two 
man holes. As per the design for NP2 pipe, in some reaches PCC and RCC bedding is 
required but in most of the reaches granular bedding is required.  

 
174. Manholes and Scrapper Man Holes: Manholes have been proposed at all junctions and at 

all points of change of sewer size, gradient and direction.  The design shall depend upon 
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the depth and the diameter of sewer. The maximum spacing between manholes is 
generally kept at 30 m centre to centre for sewers up to 900mm dia. The spacing between 
manholes for sewers 900 mm dia to 1500 mm dia shall be 90-150 m, for sewers 1600 mm 
dia to 2000 mm dia shall be 150-200 m.  The clear opening at the top for ordinary 
manholes shall not be less than 560mm in diameter. Rectangular brick manholes for 
shallow depth sewers (up to 0.90 m) and circular manhole on sewer lines with depth 
greater than 0.9 m. shall be provided as per the standard drawings given in Drg No. 
NCRPB/HAPUR/SW/SD-01 to 07)1 and conforming to IS 4111 (Part 1)-1986.  Scrapper 
manhole / service manhole shall be provided at a spacing of 110-120. The internal 
diameter of manholes and scrapper man holes may be kept as following for varying 
depths: 

 

Table 9-1: Types of Manholes and Description 
Manhole Description Manhole Size Type of Manhole 
For depth below 0.9 m and for outgoing pipe dia 
up to 300 mm 

900 X 800mm  R-Type Manhole 

For depth up to 1.65 m and for outgoing pipe dia 
up to 500 mm 

900 mm dia A-Type Manhole 

For depth up to 2.30 m and for outgoing pipe dia 
up to 600 mm 

1200 mm dia B-Type Manhole 

For depth up to 9.0 m and for outgoing pipe dia 
up to 900 mm 

1500 mm dia C-Type Manhole 

For outgoing  pipe dia of 1000 mm to 1400 mm 1800 mm dia D-Type Manhole 
For outgoing pipe dia of 1600 mm to 1800 mm 2400 mm dia E-Type Manhole 
Scarper Manhole (outgoing pipe dia of 450 mm to 
900 mm) 

1500 X1500 mm G-Type Manhole 

Scarper Manhole (outgoing pipe dia of 1000 mm 
to 1400 mm) 

1800 X1500 mm H-Type Manhole 

Scarper Manhole (outgoing pipe dia of 1600 mm 
to 1800 mm) 

2400 X1800 mm I-Type Manhole 

 
175. The manhole frame and cover shall be of heavy duty (HD-35) & (HD-20) Steel Fiber 

Reinforced Concrete (SFRC) capable of withstanding loads of 35 tonnes for main roads 
and 20 tonnes for side lanes, conforming to IS 12592 (Part I & II). The present local 
practice is to adopt brick masonry for construction of manholes due to local availability of 
bricks in abundance at cheaper rates and the same shall be followed. 

 
176. Drop Arrangement: Drop arrangement is proposed for the laterals joining the manholes of 

main sewer where difference between invert levels of two sewers is greater than 600 mm. 
In the drop section, the pipes and specials shall be of uPVC of class III. Drop pipes to be 
encased with the PCC to support the pipe.  

                                                      
1 All the detailed drawings are compiled in a separate Volume II-D: Detailed Drawings and appended to this 

Report. 
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177. Vent Shaft: To make provision for the escape of air to keep the sewage as fresh as possible 

in the sewers, it is proposed to provide vent shafts on the sewers of diameter of 300mm 
and above. Pre Cast RCC vent shaft of total 9.0 m height, projecting 7.50m above ground, 
shall be provided at the start of sewers and along sewers at critical junctions. 

 
178. Connections from Inspection Chambers to Manholes: Sewer connections from inspection 

chamber to manhole are proposed in this scheme and the arrangement comprises of 
providing a facility to convey the wastewater from inspection chamber to sewer manholes. 
These inspection chambers will be constructed along the road side, as close to the house 
property lines as possible. The connection arrangement consists of providing and laying 
the uPVC pipes class III of 110/90 mm OD, from the roadside inspection chambers 
constructed near the property boundary, to the street manholes. It is proposed to construct 
one roadside inspection chamber for 2 or 3 house connections nearer to the manhole. In 
the existing houses, to promote connectivity provision has been made to connect waste 
from with in house to either directly to street man hole or through inspection chamber 
constructed outside home to the sewerage system. Alternatively this part can be left out as 
work to be done by beneficiaries in which case overall cost will reduce by Rs 66.23 
million (6.62 crores). However as per past experience generally people do not connect as 
they already have septic tanks in place. Due to poor connectivity not only city remains 
unhygienic but flow in sewers is too less to generate self cleansing velocities and in case 
of STPs capacity remains unutilized. As such this work to lay pipe house to sewer 
manhole has been purposed to have 100% connectivity.  

 
179. Based on road width, the property connection work can be divided into two categories A) 

With roadside chamber, B) Without roadside chamber. 
 
(i) With roadside inspection chamber: In this case, for two properties, a roadside 

chamber shall be constructed close to the property boundary & 110mm Φ uPVC 
pipe class III shall be provided from road side inspection chamber to street Manhole. 
Openings are provided to Roadside inspection chambers so that the property owner 
can give the connection to the roadside chamber from his premise. The properties, 
which are close to the sewer line, will have a separate connection for each property 
to the manhole.  

 
(ii) Without roadside chamber: The space may not be adequate to construct the roadside 

chamber if the road width is less than four meter. In this case, from each property, 
connection can be given directly to the manhole from both sides of the road through 
110mm Φ uPVC pipe. As far as possible, the street sewer shall be laid at the centre 
of the road for road width less than four meters. 

 
180. House Connections. Connections from individual house to the road side inspection 

chambers or directly to street manhole is also proposed under the package. The typical 
cases of house sewer connections likely to be encountered during construction are as 
follows. 

 
(i) Case-1: Construction of Gully chamber for sullage inside property boundary. 
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Separate connection for WC and Gully chamber to road side inspection chamber 
constructed out side property boundary. 

(ii) Case-2: Construction of Gully chamber for sullage inside property boundary. 
Separate connection for WC and Gully chamber to receiving chamber of clear 
opening of 400 X 400 mm constructed inside property boundary. 

(iii) Case-3: More than one or two houses connected to road side inspection chamber 
with construction of Gully chamber for sullage inside property boundary. Separate 
connection for WC and Gully chamber to road side chamber constructed outside 
property boundary. 

(iv) Case-4: House sewer connected to street manhole by providing uPVC pipe with 
gully trap for sullage discharge and without gully trap for WC discharge. 

(v) Case-5: House sewer connected directly to street manhole without constructing 
Gully chamber, inspection chamber etc. 

 
181. The process of connecting house sewer to street manhole or road side chamber is divided 

into two categories. 
 

(i) House Sewer- Gully Trap to Street Manhole through inspection chamber:   This type 
of arrangement shall be provided in those cases (case no.1, 2 &3) in which sewage 
and sullage are openly discharged outside property boundary through drain. A gully 
trap with gully chamber as per drawing are provided for sullage (discharge from 
kitchen, bathroom etc). Gully chamber is joined by uPVC pipe of 90mm OD to 
street manhole through inspection chamber constructed outside property boundary. 
A separate pipe of 110 mm OD for sewage (WC discharge) shall be laid and 
connected to manhole through inspection chamber. 

 
(ii) House Sewer- Directly connected to Street Manhole: Properties having septic tank, 

inspection chamber, gully chamber etc in its premises will be directly connected to 
the main sewer at manhole.  Properties have sewage as well as sullage outlet on road 
in isolated cases shall also be connected to street manhole through uPVC pipe 
without constructing inspection chamber. This type of arrangement shall be 
provided in case no 4 and 5. 

 
182. The immediate need to provide an arrangement for house sewer connection is due to the 

following reasons: 
 

• It was observed in the past that the general practice and tendency of public to 
connect house sewer to inspection chambers were not on priority basis as 
compared to taking water service connections. House sewer connections were 
taken by the local residents as per their own convenience. Therefore even in the 
areas where sewer networks are available, all sources of wastewater (including 
households) are not connected to the sewerage system. As a result, a significant 
volume of wastewater generated remains untapped and finds its way into the open 
areas, or drains which empty into the Lakes or flow somewhere else, contributing 
to the pollution load of the receiving water body and the areas. This unnecessary 
delay in house sewer connectivity to the inspection chambers will also affect the 
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functioning of respective sewers, pumping stations and the treatment plants. 
• As per the current practice of making connection to the Man Hole, the masonry of 

Man Holes is damaged and the  debris fall in manhole and it causes blockages in 
the sewers. Therefore it is good if houses are connected to Manholes at the time of 
construction of Man Hole.  

• Laying pipe and connecting it to man hole at the time of construction of Manholes 
will also protect roads from future damages for connection to manhole. 

 
183. House Sewer Connections to existing sewers: In case of house sewers which are to be 

connected to the existing sewers, connections are not recommended with Y or T 
connections as per the Sewerage Manual. It is recommended to be done by either of the 
following methods  

 
• By directly connecting house sewer to the existing manhole when it is very near to 

the property line of the house. 
• By making one roadside inspection chamber amongst 2 or 3 house connections 

nearer to the existing manhole and then connects it to the existing manhole. 
 

C. Design of Trunk Main  
 
184. Under sewerage Master Plan Hapur town has been divided into eight sewerage zones. The 

drainage pattern of the zones 1, 2, 3 and 5 (100% coverage) and part of 4 (4.44%) and 
7(3.17%) are towards proposed STP at southern side of the town. The population covered 
from the above said zones in this sewerage scheme is 4,16,130 (Year 2041).  This is about 
66% of total population. 

 
185. Trunk main alignment has been proposed by considering the topography of the town and 

major obstacles like National Highway and Railway track. Trunk main alignment has been 
fixed in such a way that it has to cross NH and Railway line at very minimal points. The 
proposed trunk main is passing the NH at one point and further downstream follows the 
alignment of existing nallah for a length of 7.23km finally leading to proposed STP at 
southern side of the town. The arrived diameter is about 300mm (min.) & max. diameter is 
of 1400mm. The total length of the sewerage system is about 140.52 km. The velocity has 
been maintained between 0.15 l/s to 0.93 l/s and d/D ratio is below 0.8.  

 
186. The Master Plan area is draining in three STP's namely south STP, East STP and pockets 

(Valley) STP. The details of area, population and length of sewer in each zone is given in 
Table 9-2. STP wise coverage of area in different zones is given in  Table 9-3 and STP 
wise coverage of population is in different zones is given in Table 9-4. Details of pipe 
length of different dia are given in Table 9-5. 
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Table 9-2: Area, Population and length of network zone wise 
Zone No. Total Zone Area 

(m2) 
Total Zone 
population 

Area 
Covered 

under South 
STP (m2) 

Population 
Covered 

under South 
STP  

Network 
length (m) 

under south 
STP 

Zone 1 1,283 115,835 454 40,943 11,397
Zone 2 183 83,730 179 81,780 44,100
Zone 3 497 152,547 480 147,337 55,177
Zone 4 364 58,925 19 3,050 4,192
Zone 5 910 60,060 860 57,729 14,761
Zone 6 1,091 71,940  
Zone 7 637 42,240 20 1,341 3,726
Zone 8 557 36,960  
Total 5,523 622,237 2,020 332,180 133,353
Note : i) Balance area and population (74892) of zone 1 is in HPDA sectors. Laterals will be 

provided by HPDA in this area as such not taken here. Trunk main 6781 m sewer line is 
proposed along the nalla to cater the flow from HPDA area. This length of 6781 m is not 
included in 11397 m network length. 387 m of network is going out side the city limits. 
Hence the total length of sewer pipes for south STP is 1333353+6781+387= 140521 m. 

 ii) Remaining Area and Population of zone 2 and 4 is under EAST STP.  
 iii) Remaining Area and Population of zone 3 and 5 is under pocket (valley) STP. 
 iv) Remaining area of zone 6 drains in East STP and some area not having roads not 

considered at present.  
 v) The remaining area of zone 7 is not considered as at present this remaining area do not 

have roads and habitation.  
 vi) Zone 8 is not having any roads and habitation at present and as such not considered. 

 
Table 9-3: Area coverage under different STPs 
Zone No. Total Zone Area 

(Hectares) 
Area covered under different STPs: 

hectares 
Balance 

area: 
Hectares South STP  East STP  Pocket 

(Valley) 
Zone 1 1,283 454  830
Zone 2 183 179 4  
Zone 3 497 480 17 
Zone 4 364 19 346  
Zone 5 910 868 42 
Zone 6 1,091 682 40 370
Zone 7 637 20  616
Zone 8 557  557
Total 5,523 2,020 1032 99 2,373

Note: i) In zone 1 balance area is of HPDA sectors in which laterals will be laid by HPDA as 
 such not provided in this scheme. However trunk main has been proposed for HPDA 
 sectors. 
 ii) The balance area of zone6 ie 370 hectares is not considered at present, since there is no   

habitation or road network in this area. 
 iii) The balance area of zone 7 ie 616 hectares is not considered at present, since there is      

no habitation or road network in this area. 
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 iv) The balance area of zone 8 ie 557 hectares is not considered at present, since there is 
no habitation or road network in this area. 

Table 9-4: Population coverage in different STPs 
Zone No. Total Zone 

Population 
Population covered under different STPs Balance 

population 
South STP  East STP  Pocket STP 

Zone 1 115,835 40,943  74,892
Zone 2 83,730 81,780 1,950  
Zone 3 152,547 147,337 5,210 
Zone 4 58,925 3,050 55,875  
Zone 5 60,060 57,729 2,331 
Zone 6 71,940 44,962 2,610 24,368
Zone 7 42,240 1,341  40,899
Zone 8 36,960  36,960
Total 622,237 332,180 102,787 10,151 177,119

 
Note: i) Balance population of zone 1 ie 74892 is considered in the design of sewer network 

proposed in Nala for HPDA area. 
 ii) The balance population of zone 6, 24368 is not considered, since there is no habitation 

or road network at present. 
 iii) The balance population of zone 7, 40899 is not considered, since there is no habitation 

or road network at present. 
 iv) The balance population of zone 8, 36960 is not considered, since there is no habitation 

or road network coverage at present. 
 

Table 9-5: Details of the length of the sewer network for different pipe diameters 
S. No Sewer Diameter 

 (in mm) 
Sewer Length (m) 

1 200 111,862 
2 250 3,969 
3 300 2,637 
4 350 3,739 
5 400 3,905 
6 450 1,598 
7 500 1,631 
8 600 6,041 
9 700 485 
10 800 706 
11 900 794 
12 1,000 - 
13 1,100 1,645 
14 1,200 - 
15 1,400 1,506 
 Total 140518 
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1. Trunk Main for Sectors Developed by HPDA 
 
187. To connect the Existing sewer network in the HPDA area a separate sewer line is 

proposed. The depth of man hole in sector 2 (Preet vihar) is 3.55m and the contour level is 
of 212 m. The depth of manhole proposed HPDA sewer line near Nala is 4.83 m and the 
contour level is of 212 m. The length between the sector 2 MH and proposed HPDA 
Sewer line MH is 1000m. It is proposed to connect the sewer from sector 1 and 2 MH to 
the proposed HPDA Sewer line MH. Since the ground is flat, the sewer line from Preet 
Vihar MH to Proposed Sewer line can be laid at a flatter slope of 1 in 1000. 

 
188. The MH of sector 5 near 132 KV sub-station can be connected to nearest proposed HPDA 

sewer line MH. 
 
189. Additional sewer line is proposed for HPDA area along the Nala to connect existing sewer 

network of HPDA area to the proposed sewer line. Map xxx   clearly shows the details of 
existing and proposed network. 

 
190. Equipment for Maintenance: For sewer cleaning a high pressure water jetting machine will 

be required together with a suction tanker. 
 

D. Design of Pumping Stations 
 
191. Three sewage pumping stations have been proposed. Two of these will be located in the 

network. These are provided when depth of sewer reached limit of 8 m. One Sewage 
Pumping Station has been proposed at terminal point of STP South.. All efforts were 
adopted in deign to have minimum pumping to save energy cost and make sewerage 
system more on gravity for reliability and less maintenance. Wet well and DI rising main 
has been proposed for both SPSs. Non clog Submersible pumping sets are proposed. The 
salient features of the three pumping stations are given in Table 9-. 

 

Table 9-6: Salient Features of Pumping Stations 
Parameter SPS 1 SPS 2 
Sump Detention Time 20 Minutes 20 Minutes 
Sump Capacity 37.4 cum 627.25 cum 
Diameter of Sump 5.00 meters 19.5 meters 
Liquid Depth of Sump 2.2 meters 2.2 meters 
Pumping Head 15.5 meters 16 meters 
Discharge of each Pump 40 LPS 590 LPS 
Pumps Proposed 2 W+2 SB 2 W+2 SB 
Each pump HP 17 255 
Rising Main Pipe Diameter 250 mm DI K 7 1100 mm DI K7 
SPS: Sewage Pumping Station 
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E. Design of Sewage Treatment Plant 
 
192. Capacity: The treatment plant capacity as decided in sewerage master plan 25 MLD in 

south and 5 MLD in east in phase 1 is ok.  This capacity was based on the basis that waste 
treatment capacity for planning year 2041 will be developed in phases on modular basis, i) 
to avoid heavy costs much before actual utilization, ii) slow pace of connectivity to 
sewerage network and long implementation periods. The capacity proposed will meet 
demand of year 2021 and additional capacities would be required to be created 
subsequently in phased manner as per pace of development  of sewerage system and 
growth of city.  

 
193. Treatment Process: As per the environmental pollution control act it is essential to treat 

sewage before disposal. The degree of treatment is also regulated under the Act which 
mainly depends on mode of disposal. However, to decide treatment process and mode of 
disposal is not easy. In the Sewerage Master Plan, Waste Stabilization Process was 
proposed due to i) Energy cost for operation of plant is very low ii) The biological 
treatment is natural and do not require mechanical parts and as such maintenance cost is 
very low iii) does not require skilled staff for operation iv) high percentage removal of 
pathogenic organism as compared to conventional plants v) simple operation vi) low initial 
cost vii) robust and sustainable system viii) suitable for tropical climate. Moreover, due to 
poor financial resources and technical capability of the Municipal Council Hapur and 
possible irrigation potential for reuse of the effluent, waste stabilization process appeared 
appropriate. The problem in WSP is that it requires much larger land than conventional 
plants (5 times more land than Activated Sludge Process plant). In case of Hapur the land 
is very costly as much as Rs 1crore (10 million) per hectare and as such the Master Plan 
recommendations for WSP were reviewed during DPR preparation. 

 
194. In case of Hapur even after lot of deliberations the answer for suitable choice on treatment 

process is unclear. Finally two options are emerging for further deliberations. One option 
is to adopt WSP and locate STP South at about 500 meters south of bypass and along the 
drain and acquire 25 hectare land. The same land is used to house additional unit of STP 
and fulfill requirement of 30 years, but in that case the treatment process for all waste shall 
be mechanical conventional process where land requirement is about one fifth of that in 
Waste Stabilization Process. The second option is to construct 25 MLD extended aeration 
process. This can be located near drain just before bypass road as the land required will be 
only 3 hectares (7.25 acres). HPDA has proposed leather industries in this area. 

  
195. Similar two options for East STP can be extended aeration process or waste stabilization 

pond. Land for STP is not yet decided and as such sewerage system and STP for East zone 
is not included in this DPR. Final decision between two options WSP or EA shall be taken 
after some more discussions with stakeholders and resettlement analysis. 

 
196. Location: The Master plan 2005 has proposed site for south and east STP but the specific 

area has not been shown but indicated by a point (refer Drg No. 
NCRPB/HAPUR/SW/STP-01). These sites are technically suitable. The Master Plan for 
the year 2021 is under preparation. This is proposing 3 sites of STPs, one in east adjoining 
Kali River, second in south just upstream of drain where it crosses bypass and third is in 
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west direction near Delhi-Lukhnau rail line and drain. These sites are also technically 
suitable. However the third site is not required at present as the area which will drain in it 
is not habituated at present. 

 
197. Possible options for location of STP South are shown in Drawing STP-02. These options 

have been examined. The option 1, which is as per proposed Master Plan 2021, is most 
cost effective as length of outfall sewer will be less as compared to other options. It is on 
northern side of bypass and near the drain. However this land has been proposed by HPDA 
for leather industries and that the land is near the Bypass. Also WSP may not be possible 
here as the land required for WSP, 25 hectares is too high to get here. But, conventional 
plants such as extended aeration can be proposed here. The land required for extended 
aeration will be about 3 hectares (7.22 Acres), refer Appendix D-42. Other options are 
about 500 m south side of Bypass. Site should be such that i) outside the corridor proposed 
in Master Plan 2021 for institutional development, ii) about 500 m away from Bypass, iii) 
upstream edge of site towards Hapur city should have higher ground level to allow fall of 
3-4 meter towards downstream side to take care of head losses in plant, iv) general ground 
level should be above HFL of drain. On above basis option 3 (refer Drawing STP-02 
showing different options) appears more appropriate than others and as such proposed. 
Here the land is agricultural, it is about 250 meters from school and temple, it is in revenue 
boundary of Chatoli village, no permanent structures except some tube wells and pump 
houses, it is about 250-500 m from bypass. The options 2,4,5,6,7 are not as much suitable 
as option 3. If we go further downstream then it becomes near to school and temple. Size 
of land at option 3 is 573 m long and 415-420 m wide. 

 
198 STP East can be located at the site given in the proposed Master Plan 2021. This is on 

edge of Kali River. The land required in case of WSP will be about 5 hectares and in case 
of extended aeration it will be one hectare, refer Appendix D-5. The problem seems to be 
low ground level and possible flooding in case of HFL in Kali River.  

 

1.   Design of STP: Waste Stabilization Pond 
 
 199. Design of STP south of 25 MLD on WSP process is given in Appendix D-1. Reference 

has been taken from Sewerage Manual of CPHEEO, Design Manual for WSP and 
Constructed Wet Lands prepared under DANIDA ENRECA grant, Design of Jodhpur 
STP, Bikaner STP etc. Fine screen and Grit channel has been taken 1 working and 1 stand 
by. Primary treatment consisting of coarse screen, fine screen and grit removal are 
designed for peak flow which has been taken 2.25 times average flow. Grit removal 
system designed to settle particles of 0.15 mm size and specific gravity above 2.3. Influent 
sewage BOD has been taken 300 mg/liter as per waste water sample tested, refer 
Appendix D-6.  

 
200. Anaerobic pond and facultative pond designed for 13.89 oC which is mean minimum 

temperature in coldest month, refer Appendix 1, for temperature data. Depth of AP has 

                                                      
2 All Appendices related to Design are compiled in a separate Volume II-B: Detailed Designs. All design 

related appendices are captioned as D-1, D-2…, where D indicates “Design”. Similarly, all Estimate 
related appendixes are in Volume III-C Detailed Estimates; and are captioned as E-1, E-2....  
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been taken total 6 m which provides 1 m for sludge storage, 4 m for waste water and 1 m 
for free board. Detention time is 2 days. Surface loading has been taken as 177.8 
kg/ha/day, 3 no APs size 108.8* 63.1 m provided. BOD removal in APs is 48%. 

 
201. Depth of facultative pond has been proposed 3 m comprising 0.5 m for sludge, 1.5 m for 

biological treatment and 1 m for free board. Surface loading has been taken as 219.6 
kg/ha/day and the detention time is 6 days. Two tanks of size 313.6&161.2 m at top has 
been proposed. Effluent BOD will be 75 mg/l and it meets requirement for its use for 
irrigation. 

 
202. Helminth removal shall be 98.65 % and coli form removal 5.6%. 
 
203. Effluent will be used for irrigation and for campus plants. Effluent sump shall be of 30 

minute storage and of 13 m dia or 11.5*11.5 m rectangular. Depth of sump shall be 4 m 
effluent pumping shall be 2 working + 2 stand by pumps, each pump to deliver 150 LPS at 
15 m head. Effluent shall also be used for scum cleaning. For this GI pipe 50 mm dia shall 
be laid from effluent pump house to a network of 50 mm GI pipe all around each FP and 
AP. Pumping shall be by one working and one standby pump, each pump capable to 
deliver 5 cum at 125 m head. 

 
204. Brick pitching shall be provided along embankment slope towards water face and also at 

bottom of tank as the ground soil is pervious. Embankment face on other side shall be 
provided with grass turfing. Slope of embankment for AP and FP is 1:2.5. Top of 
embankment shall be 4.5 m wide and shall have road all around with street light posts at 
30 m interval. 

 
205. Administrative building 17.2 m by 7.5 m, watch man hut, control room, clear water tube 

well with pump and pump house, drain, approach road to ponds and office building with 
connection from existing public road, fencing all around the STP area, boat etc has been 
proposed. Plantation shall be done around AP and FP in an open area of about 8 hectares 
to arrest spread of bad smell which emanates from AP. Various elements of STP and 
details are shown in Drawings Drg No. NCRPB/HAPUR/SW/STP-01 to 27. 

 

2. Alternative Design for STP South on Extended Aeration 
 
206. Alternative design spread sheet for Extended Aeration based STP is given in Appendix D-

2. Salient features about design parameters assumptions and details of proposed elements 
are given in Table 9-7. 

 

Table 9-7: Salient Features &Design Parameters of 25 MLD STP South on Extended Aeration 
STP Unit Parameter Value 
 Influent BOD 300 mg/l 
Inlet:  Detention Time  10 seconds 
 Size 3.3 m*3.3m, 0.5 m depth of water + 0.3 m free board 
Fine Screen Size 3.6m*2.2m, 0.5 m depth of water + 0.3 m free board 
Grit removal Particle  0.15 mm 
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STP Unit Parameter Value 
 Settling Velocity 0.02 m/sec 
 Surface loading 974 cum/sqm/day 
 Channel  23.1m*2.5m, 1.2 m SWD + 0.3 m free board, 2 No 1W+1 SB 
 Removal Tank Hopper 7.6 m *7.6 m, 1.5 m SWD + 0.3 m free board  
Equalization 
tank 

Detention Time 2.1 Hours 

 Size & No. 31.5m*31.5m, 2.5 m SWD + 0.3 m free board, 2 No 
 BOD Removal 15% 
 Oxygen Reqd. 2 kg Oxygen per kg of BOD removal 
Coarse Bubble  Aeration Grid Capacity 13290 cum/hr 
Aeration Tank MLSS 2500 
 F/M 0.12 
  56.7m*56.6m, 4 m SWD + 0.5 m free board, 2 No 
Blower 1 W+1 SB Capacity 25835 cum/hr 
 Membrane Diffuser 2584 No 
 SVI 100 
 HMCRT 19.77 days 
 BOD Reduction 95 % 
Secondary 
Clarifier 

Surface loading 25 cum/sqm/day 

 Size and No. 28.7 m Dia, 2.5 m SWD + 0.5 m free board, 2 No 
 Detention Time 3.1 Hours 
 BOD Reduction 20% 
Return 
Activated 
sludge 

Return flow 
capacity 

50% 

 Operating Hours 20 
 Pumps 2 W+2 SB, each 86.81 LPS at 8 m head, 19 HP 
sump For treated sewage 8.1 m* 8.1 m, 4 m SWD + 0.3 m free board 
Pressure sand 
filter 

Loading rate  11 cum/hr/sqm 

 Size 12.1 m Dia, shell height 1.8 m 
 BOD Reduction 20% 
Pumps For filter feed 1200 cum/hr at 15 m head 
Sludge Disposal 20 No 16 m * 16 m, 1.8 m total depth 
Disinfection BPD Plant 3500 litres/hour 
 Or Vacuum 

Chlorinator 
1 W +1 SB, each 1 kg/hour capacity  

Contact Tank For Chlorination Detention Time 15 Minutes 
 Size 8.1 m* 8.1 m, 4 m SWD + 0.3 m free board 
Area Reqd.  3 Hectares (7.22 Acres) 
Location Proposed Near Chatauli Village 
 

3. Design of 5 MLD East STP on Extended Aeration Process 
 
207.  Design spread sheet is given in Appendix D-3. Salient features about design parameters, 

assumptions and details of proposed elements are given in Table 9-8. 
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Table 9-8: Salient Features &Design Parameters of 5 MLD STP East on Extended Aeration 
STP Unit Parameter Value 
 Influent BOD 300 mg/l 
Inlet:  Detention Time  10 seconds 
 Size 1.7 m*1.7m, 0.5 m depth of water + 0.3 m free board 
Fine Screen Size 3.6m*0.5m, 0.5 m depth of water + 0.3 m free board 
Grit removal Particle  0.15 mm 
 Settling Velocity 0.02 m/sec 
 Surface loading 750 cum/sq m/day 
 Channel  15m*1m, 1.5 m SWD + 0.3 m free board, 2 No 1W+1 SB 
 Removal Tank Hopper 4 m *4 m, 1.5 m SWD + 0.3 m free board  
Equalization 
tank 

Detention Time 2.1 Hours 

 Size & No. 14.5m*14.5m, 2.5 m SWD + 0.3 m free board, 2 No 
 BOD Removal 15% 
 Oxygen Reqd. 2 kg Oxygen per kg of BOD removal 
Coarse Bubble  Aeration Grid Capacity 2660 cum/hr 
Aeration Tank MLSS 2500 
 F/M 0.12 
  25.8 m*25.8 m, 4 m SWD + 0.5 m free board, 2 No 
Blower 1 W+1 SB Capacity 5167 cum/hr 
 Membrane Diffuser 517 No 
 SVI 100 
 HMCRT 19.77 days 
 BOD Reduction 95 % 
Secondary 
Clarifier 

Surface loading 25 cum/sqm/day 

 Size and No. 18.2 m Dia, 2.5 m SWD + 0.5 m free board, 2 No 
 Detention Time 3.1 Hours 
 BOD Reduction 20% 
Return 
Activated 
sludge 

Return flow 
capacity 

50% 

 Operating Hours 20 
 Pumps 1 W+1 SB, each 34.72 LPS at 8 m head, 7.5 HP 
sump For treated sewage 4.2 m* 4.2 m, 3 m SWD + 0.3 m free board 
Pressure sand 
filter 

Loading rate  11 cum/hr/sqm 

 Size 5.4 m Dia, shell height 1.8 m 
 BOD Reduction 20% 
Pumps For filter feed 700 litres/hr at 15 m head 
Sludge Disposal 6 No 13 m * 13 m, 1.8 m total depth 
Disinfection BPD Plant 700 litres/hour 
 Or Vacuum 

Chlorinator 
1 W +1 SB, each 0.5 kg/hour capacity  

Contact Tank For Chlorination Detention Time 15 Minutes 
 Size 4.2 m* 4.2 m, 3 m SWD + 0.3 m free board 
Area Reqd.  7250 sq m (1.8 Acres) 
Location Proposed Near Kali Nadi 
208. Use of Effluent: Effluent is proposed to be used for irrigation. A net work of pipe lines will 

be laid. It is not designed at present and Lump Sum provision has been taken. There is 
ample scope for use in agriculture as good fertile land is available nearby. The network 
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will be designed during implementation of scheme after identification and confirmation 
consent of prospective users. As stated in the Sewerage Master Plan, considering 
approximately 10 % as reduction in volume after treatment and irrigation at rate of 125 - 
250 m3/ha during dry seasons, 120 hectare can be irrigated on completion of first phase 
year 2011.  
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F. Low Cost Sanitation 
 
209. Low Cost Sanitation and Equipment for Maintenance: Experience of community toilets 

has not been good due to poor maintenance and after some time community toilets remain 
unutilized. Therefore community toilets shall be constructed only if beneficiaries agree to 
maintain and pay for use. Connection of houses to sewerage system shall be encouraged. 
In slums also connection to sewerage system shall be encouraged. Construction of toilets 
in all houses should be ensured to have city open defecation free. sewage generated from 
the toilet blocks is either to be treated by constructing septic tanks followed by soak pits in 
the areas where sewer line is not available and sufficient space is available for its 
construction or to be disposed into the nearby sewer line and treated at the treatment plant. 
Size of the toilet block shall be decided depending upon the size of community and space 
availability. 10 and 20 seated toilet blocks will be provided. These units will be properly 
designed as per SP 35 (S&T): 1987 and CPHEEO Manual according to the number of 
users. The norms for use of such toilets are 50 persons per seat; therefore the number of 
users for 10 seat complex shall be 500. Provision of Rs 200 lacs has been taken for low 
cost sanitation 
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10. COST ESTIMATES 

 

A. Estimations  
 
210. The estimate of various elements has been prepared by finding quantities of various items 

and then applying rates given in the schedule of rates (SOR).  UP Jal Nigam SOR and UP 
Lok Nirman Vibhag SOR has been generally adopted. Delhi Schedule of Rates 2007 
prepared by CPWD is more exhaustive and as such it has been used for items which could 
not be traced in UPJN and LNV SORs. The SOR 2006 prepared for MP urban Project has 
been adopted for other items. For remaining items market rate has been taken as rates were 
not available in above stated SORs. The SORs adopted are for different years; as such 5% 
per year has been added for price contingency for different items. As an example Delhi 
Schedule of Rates (DSR) is for year 2007 and as such 10% has been added on DSR items 
to make prices at current year 2009.  

 

B. Contingency Adjustment 
 
211. Provision for 3% for Design and Supervision Consultant (DSC) and third party inspection 

(TPI), 1% for Information Education and Communication (IEC)  activities,  3% for 
Physical contingency,  1% for Environmental mitigation,  1% for  Social intervention and 
1% for Institutional development and capacity building has been taken so that other 
activities associated with the project are simultaneously taken up.  

 

C. Basis for Estimation  
 
212. Estimate for bedding and Pipes. The estimate per meter length for different types of 

beddings such as granular bedding (GRB), plain cement concrete bedding (PCCB), 
reinforced cement concrete bedding (RCCB), reinforced concrete encashment bedding 
(RCEB), reinforced concrete arch bedding (RCAB) and plain concrete encashment 
bedding (PCEB) has been worked out for different diameters and for RCC NP2 pipes, 
RCC NP3 pipes and RCC NP4 pipes and presented in Appendix E-1 to E-6. Rates of 
RCC NP2 pipe has been obtained from a supplier and rates of UPJN, rates of DSR and MP 
Urban project are tabulated in Appendix E-10. The rate of DSR has been adopted for 
pipes. For bedding quantity of cement concrete has been calculated in cum and UP JN 
rates applied for concrete.  Pipe rate adopted and bedding rates per meter length for NP2 
pipe, NP3 pipe and NP4 pipe are tabulated in Appendix E-7, E-8 and E-9.  

 
213. Estimate for Man Holes, Ventilating Shaft, Scrapper man holes and Inspection chambers: 

Estimated cost for single unit of RCC ventilating shaft as per standard drawing enclosed at 
SD-12 is given in Appendix E-1.  Estimated cost for different types of Man Holes for 
different depths for one number is given at Appendix E-2 to E-21. The estimated cost for 
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single unit of different types of inspection chambers for connection of houses to Manholes 
is given at Appendix E-22, E-23 and E-24.The estimated cost for drop arrangement is 
given at Appendix E-25.The estimated cost of scrapper Man hole of type G is given at 
Appendix E-26 and that for scrapper of type H is given at Appendix E-27. The 
consolidated unit cost of above items is given at Appendix E-28. 

 
214. Estimate for Sewer Network. Quantities of earth work at different depths, quantity of 

refilling in trenches, quantity of road cutting, quantity of earth to be disposed off, quantity 
of bedding, no of man holes in different depth slabs, pipe length at different depths and 
diameter etc has been worked out in details for all pipes between different man holes. Due 
to large number of pages these are not attached in hard copy but enclosed as soft copy. The 
total quantities have been used in making the estimate. Some of the quantities such as for 
house connections, timbering, barricading etc has been calculated and shown in the 
enclosed sheets. The estimate for excavation for sewers, timbering and road reinstatement 
is given in Appendix E-29. The estimate for RCC pipes is given in Appendix E-30. The 
estimate for bedding is given in Appendix E-31. The estimate for man holes is given in 
Appendix E-32. The estimate for interconnection from road side chamber to man hole is 
given in Appendix E-33. The estimate for miscellaneous items such as barricading, vent 
shaft, demolishing, pedestals etc is given in Appendix E-34.  The estimate for connection 
from house to sewer system is given in Appendix E-35. The estimate for rising main is 
given in Appendix E-36. The estimate for sewage pumping station is given in Appendix 
E-37. 

 
215. Estimate for 25 MLD Capacity STP South on WSP process: The estimated cost of STP is 

Rs. 12.11 crore as per the abstract of cost given at Appendix E-38. The detailed estimate 
for different units and quantity calculations are given at Appendix E-39 for anaerobic 
ponds and facultative pond earth work sand pitching, Appendix E-40 for civil works for 
inlet, screens, grit units, distribution chamber, inlet/outlet units to anaerobic ponds and 
facultative ponds, Appendix E-41 is for administrative building and watch man hut, 
Appendix E-42 is for drains, Appendix E-43 is for roads, Appendix E-44 is for clear 
water tank, pump house and tube well,  Appendix E-45 is for miscellaneous items , 
Appendix E-46 is for mechanical items and Appendix E-47 is for electrical items. 

 
216. Alternative option of 25 MLD Extended Aeration STP:  The estimated cost for alternative 

option of extended aeration can be taken on per MLD basis as it will be constructed on 
turn kee basis and not as an item rate contract. Therefore in case of 25 MLD plant on 
extended aeration the per MLD cost as per prevalent market rate can be taken as Rs 1 
crore per MLD. Therefore the  estimated cost for 25 MLD plant is Rs 25 crore. The overall 
initial cost inclusive of Land in case of two options is given in the following 
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Table 10-1. Although initial cost is less for extended aeration but O & M cost is far less in 
case of WSP plant as compared to Extended Aeration.At present WSP has been considered 
but depending on availability of land and Resettlement issues final decision is to be taken 
in this respect. 
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Table 10-1: Comparative Cost of STPs 
Cost 25 MLD WSP 25 MLD Extended Aeration 
Initial cost Rs 12.11 Crores Rs 25 crores 
Land cost Rs 32 Crore for 32 Hectare Rs 5 Crores for 5 hectares 
Total Rs 44.11 Crores Rs 30 Crore 
 
217. Low cost Sanitation & Equipment for maintenance:  Provision of Rs 200 lacs have been 

taken for low cost sanitation & equipment for maintenance. For sewer cleaning a high 
pressure water jetting machine will be required together with a suction tanker.  

 

D. Capital Cost 
 
218. The total estimated capital cost of the project is estimated as Rs. 1,161 million (Rs. 11,607 

lakhs). Abstract cost estimate is presented in the following Table 10-2, while the detailed 
cost estimates and bill of quantities are given in Volume II C: Detailed Cost Estimates 
appended to this Report. 

 

Table 10-2: Abstract Cost Estimate 
S. No. Details Amount (Rs.) 

1 Earthwork in Excavation , Shoring &  Strutting, Dismantling, Disposal 
of Surplus Earth, Road Cutting and Road Reinstatement Works 

204,998,727

2 Supply and Laying RCC NP 2 Pipe Line works 82,850,714
3 Bedding and Allied Works 59,283,133
4 Manholes and Ancillary Works  99,083,565
5 House Chamber to Manhole Connections and General works  68,224,610
6 Miscellaneous Works  4,532,655
7 Connection with in house premises to Man hole/house chamber 66,226,589
8 Rising Main for  2 Pumping stations 3,030,129
9 Sewage Pumping Stations Civil woks 3,569,677
10 Sewage Pumping Stations Mechanical woks 2,190,000
11 Sewage Pumping Stations Electrical  woks 1,235,400
12 Sewage Treatment Plant South 25 MLD on WSP Process 121,147,746
13 Land acquisition 32 Hectares 320,000,000
  Total 1,036,372,945
14  Contingencies 

i Provision for Design and Supervision Consultancy and Third Party 
inspection of material @ 3% 

31,091,188

ii Provision for Information Education Communication Activity  @ 1%  10,363,729
iii Provision for Physical Contingency @ 3% 31,091,188
iv Provision for Environmental Mitigation @ 1%  10,363,729
v Provision for Social Intervention @ 1%  10,363,729
vi Provision for Institutional Development @ 1% 10,363,729
vii Incremental Administration( Implementing Agency expenditure) @  2% 20,727,459

 Total Contingencies 124,364,753
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  Total Project Cost including Contingency 1,160,737,698

 

E. Operation & Maintenance Cost 
 
219.  Operation and maintenance cost has been worked out as, sewers at 0.25% of capital cost, 

Mechanical and electrical equipment at 3% of capital cost, civil works at 1.5 % of capital 
costs, STP for WSP at 0.5 % of capital cost, energy cost for WSP and SPS has been 
worked out at actual as per flow in different years,, staff cost at Rs 25000 per MLD for 
STP and Rs 3.5 lac per SPS has been taken. Energy cost for pumping has been taken 
considering pumping of average flow for 24 hours a day and energy cost at Rs 4 per KW. 
The O & M cost will be Rs 13608644 per annum in year 2011 and will increase to 
Rs15401745 in year 2041 as given the following Table 10-3.- 
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Table 10-3: Operation and Maintenance Cost   
Item Capital Cost O&M as % of 

Capital Cost
O&M Cost 

in year 
2011

O&M Cost in 
year 2021

O&M Cost 
in year 

2031

O&M Cost 
in year 

2041 
Road Reinstatement Works 100,257,021 1.50% 1,503,855 1,503,855 1,503,855 1,503,855 
Supply and Laying RCC NP 2 Pipe Line works 82,850,714 0.25% 207,127 207,127 207,127 207,127 
Bedding and Allied Works 59,283,133 1.50% 889,247 889,247 889,247 889,247 

Manholes and Ancillary Works 99,083,565 1.50% 1,486,253 1,486,253 1,486,253 1,486,253 
House Chamber to Manhole Connections and General works 68,224,610 0.25% 170,562 170,562 170,562 170,562 
Miscellaneous Works 4,532,655 1.50% 67,990 67,990 67,990 67,990 
Connection with in house premises to Manhole/house chamber 66,226,589 0.25% 165,566 165,566 165,566 165,566 
Rising Main for  2 Pumping stations 3,030,129 0.25% 7,575 7,575 7,575 7,575 
Sewage Pumping Stations Civil woks 356,977 1.50% 5,355 5,355 5,355 5,355 

Sewage Pumping Stations Mechanical woks 2,190,000 3% 65,700 65,700 65,700 65,700 

Sewage Pumping Stations Electrical  woks 1,235,400 3% 37,062 37,062 37,062 37,062 

Sewage Treatment Plant South 25 MLD on WSP Process 121,147,746 0.50% 605,739 605,739 605,739 605,739 

STP Energy Cost, 9.5 KWH per MLD , 16 hour working, 275,874 346,750 346,750 346,750 
SPS 1 Energy cost 171,307 225,813 295,893 389,333 
SPS 2  South STP Energy cost 2,055,680 2,709,760 2,709,760 2,709,760 
Energy Cost for Irrigation pumps, 2w+2 SB, 150 LPS at 15 m 
head, KW is 36.76 each pump 1,366,385 1,717,427 1,717,427 1,717,427 

Staff Network 2,000,000 2,000,000 2,000,000 2,000,000 
Staff SPS 3.5 lac per Pump house 1,050,000 1,050,000 1,050,000 1,050,000 
Chemicals STP: Rs 30000 per MLD 497,250 625,000 625,000 625,000 
Staff STP: Rs 25000 per MLD 596,700 750,000 750,000 750,000 
Total 14,418,221 15,862,479 15,974,607 16,124,111 
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11. INSTITUTIONAL ISSUES 
 

A. Organizations Involved  
 
220 Directorate of Local Bodies. It develops acts, policies, guidelines etc. to strengthen local 

administration through empowerment of local bodies like Nagar Nigams, Nagar Palika 
Parishads and Nagar Panchayats. It not only formulates policies for urban development but 
also is a regulatory body with control over various ULBs including Hapur Nagar Palica. 
Although, ULBs are authorized to levy cess/taxes and formulate bye laws in relation to 
sewerage, the Directorate of Local Bodies, GoUP, helps them to formulate such laws and 
tries to bring in some homogeneity amongst various ULBs.   

 
222 Uttar Pradesh Jal Nigam: It operates as an autonomous organization under DUD, GoUP. 

It was constituted under UP Water Supply and Sewerage Act, 1975. As per the Act, it is 
responsible for planning and development of water supply, pumping stations, sewage 
treatment plants and the discharge of effluents in rivers after treatment so as to improve 
river water quality. However, in line with the spirit of 73rd and 74th Constitutional 
Amendment Act (CAA), responsibility of 15 out of 18 functions defined in the CAA have 
been transferred to ULBs by way of amendments carried out in the Municipal Act of UP. 
As a result, UPJN is now responsible for planning and implementing sewerage 
infrastructure for Hapur, whereas O&M function of sewerage infrastructure lies with 
Hapur Nagar Palika.  

 
223 Department of Town and Country Planning (DTCP): This Department is responsible for 

developing prospective land use plans (Master Plan) of urban areas besides formulating 
state-wide policies on urban development and on development controls (like FAR etc.). 
The formulation of such plans takes into consideration the social, commercial, economic 
and ecological factors as well as the assessed growth potential due to other factors 
including agriculture, climate, availability of raw materials, existence of mines, etc.  

 
224 Uttar Pradesh Pollution Control Board (UPPCB): Working under the Department of 

Environment, the major function of the UP State Pollution Control Board is to formulate 
pollution standards (mostly in line with CPCB standards) for water, air, noise etc. and to 
advise the state government on any matter concerning the prevention, control or abatement 
of pollution. It is thus responsible for setting standards for drinking water quality, effluent 
standards, river/nala water quality standards as well as of nala water falling into the rivers 
besides monitoring and controlling the untreated effluents coming out of the industries. 
The standards set by UPPCB on quality of water to be discharged into rivers are very 
important for selection of technology and designing STPs etc. and therefore has indirect 
influence on the project.  
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225 Department of Revenue: Department of Revenue, Government of UP is the official 

custodian of the government lands including water bodies. All land records are maintained 
by this department.  They are engaged in transfer of land rights, issue of pattas, leasing of 
land etc. The department has a role in the project, if land is to be acquired for construction 
of STPs, pumping stations and even laying of sewerage infrastructure etc.  

 
226 Urban Local Bodies: As per amendments in the Municipal Act, 1916, in line with the 73rd 

and 74th Constitutional Amendment Act, all ULBs are mandated to provide their 
respective residents with 15 basic urban services (out of 18 as envisaged under CAA) like 
water supply, sanitation, street lighting etc.  

 
227 Development Authority: Working with Department of Housing, GoUP, there are 

Development Authorities constituted for different cities and for some designated areas. 
They plan and develop plots of land in and around the local bodies, particularly for larger 
urban centres. In these land development projects, they develop roads, drainage and 
sewers, and even buildings for sale to the individuals and private sector. Hapur town falls 
under the jurisdiction of the Hapur Pilkhua Development Authority (HPDA). 

 
228 District Urban Development Agency (DUDA): The District Urban Development Agencies, 

at the State level, are controlled by the Department of Poverty Alleviation under the 
Ministry of Urban Development. These Agencies focus on slum development, roads, 
drains in colonies with weaker sections of society and SC/ST communities as well as with 
the rehabilitation and resettlement associated issues. The agencies work under the 
administrative control of District Magistrates. Generally, a designated project officer plans 
and implements such developmental activities.     

 

B. Organizational Constraints and Concerns  
 
229 UPJN has better technical expertise in planning; construction and management of 

sewerage infrastructure and ULBs still lack such capabilities. Therefore, in the spirit of 
CAAs, there is an increasing need to transfer required “expertise” from UPJN to ULBs, 
mainly focusing on operational management aspects of sewerage and drainage 
infrastructures. This could be achieved by transfer/deputation of personnel of UPJN to 
ULBs.  

 
230 Human Resources: The HNP is mostly staffed with operation and management/ 

maintenance employees. Most of the staff is engaged in solid waste management and in 
sewerage management. Further due to ban on recruitment, the average age of staff is high, 
causing some restrictions on possible capacity building efforts as well as their efficacy.  

 
231 Human Resource Management Policies: The Human Resource Management Policies are 

quite old and do not support competency building, performance linked promotions etc. In 
fact, annual performance reports are considered as formalities and no “positive” 
cognizance is taken of such reports in promotions/compensation. Further, there is neither a 
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system nor specific funds for training and capacity building of the staff. In brief, there is 
general lack of forward-looking HRM policies. 

 
232 IT and E-governance: Use of information technology is still low in the ULB. There is no 

e-governance system operating in the Hapur Nagar Palika 
 
233 Management of Sewerage Infrastructure:  The responsibility of operation and maintenance 

of sewerage infrastructure now lies with the ULB. Overall the sewerage infrastructure 
maintenance needs lot of improvements. This state is mainly due to lack of availability of 
senior engineer and supporting staff in the HNP besides lack of funds for management. 
Overall, the O&M of sewerage infrastructure requires serious improvements both 
organizationally as well as financially.  

 
234 Charges of UPJN:  The fees  charged by UPJN for planning and implementation of water 

supply and sewerage infrastructure is 13%, whereas they charge specific annual fees for 
O&M of various sewerage infrastructures. With the growth of private organizations 
providing similar services at much lower rates, competition in the sector is growing. With 
increasing transfer of powers to ULBs as well as increasing emphasis on PPP and 
privatization, it is anticipated that some of these services may be outsourced to private 
organizations.  

 
235 Lessons learnt from Experiences of HNP and other ULBs: The experience of sewerage 

infrastructure development and management has not been very encouraging especially the 
operation of STPs. Under YAP I, several plants of UASB design were installed and most 
of them are under operation. However, their performance, whether run by UPJN or by 
contractors, raises several concerns. Similarly, the condition of trunks, mains and sewer 
lines raises several concerns. The reasons cited are numerous including poor operation and 
maintenance, poor construction, erratic power supply, problems of diesel for generators, 
lack of proper sewerage management policy, low sewerage tax/cess combined with poor 
financial health of ULBs, non-willingness of politicians to increase sewerage tax/cess etc.  

 

C. Recommendations for Organizational Reforms 
 
236 Exposure visits to better performing ULBs and well managed Sewage Treatment Facilities 

and to well managed River Systems to understand their project planning process, operation 
and management, management framework, water quality measurement, pollution control 
techniques, automation, data records and analysis techniques, computerization, feedback 
mechanism, MIS etc. 

 
237 HNP must be reorganized to have a separate division on Water Supply and Wastewater 

Management, which should be headed by an engineer of the rank of at least Executive 
Engineer with adequate number of staff (minimum four assistant engineers and nine junior 
engineers). This division should be progressively managed in a business-oriented manner. 
To be effective, the division should work as a business entity and therefore must pursue 
low and affordable costs of operation and better tax recoveries for sewerage over a period 
of time. This would require transparent and equitable tariffs/taxes, exercising ruthless cost 
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controls and improved operational and financial management. The progressive business 
orientation, in its broader sense, would require meeting the O&M expenses in first few 
years (less than 5 years from project implementation), meeting O&M and replacement 
expenditures in 5-10 years and thereafter meeting total costs (operation, management, 
replacement, depreciation, interest on capital for new infrastructures etc.) so that the Water 
and Wastewater Division of HNP becomes self sustaining, at least in long run.  

 
238 UPJN should pro-actively and systematically integrate the views/suggestions of ULB in 

planning of sewerage facilities. It is very important in the sense that choice of technology 
etc. has a direct impact on the O&M costs as well as component replacement costs. 
Therefore, choice of a specific technology with high O&M or replacement costs (as in 
membrane technology) could financially tax the ULBs in short term or in a long run, 
which could be beyond their capacities. The views and limitations of ULBs must be 
seriously considered besides life cycle cost analysis of various technological options. 

 
239 To improve efficacy of operational management of sewerage infrastructure, automation 

and control in operation of pumps etc. need to be introduced on priority. This would 
substantially reduce human resource requirements as well as current operational 
expenditures.  

 
240 Involve beneficiaries such as public, NGOs, CBOs in project formulation and 

implementation.  
 
241 A long-term strategy to develop capacity of HNP needs to be agreed. The strategy would 

encompass institutionalization of competency building by provision of continuous training 
to ULB staff on sewerage and drainage related issues, guidance by UPJN for development 
of support resources within the ULB to increase the effectiveness of training and providing 
a pro-active role to UPJN in technology transfer to GNN using UPJN’s existing/retired 
professionals as engineering expert, O&M manager, trainer etc. To support such an 
initiative, the possibility of deputing UPJN officials to GNN needs to be further explored. 

 
242 To support the project’s environmental development objectives and to ensure that the 

benefits of the project efforts reach a larger section of society, there is a need to integrate 
the needs of economically weaker and vulnerable sections of the society, especially 
women and children within these groups and those living in the slums.  

 
243 Till tariffs are revised, state should provide subsidy/funds to meet the short fall.  
 
244 Computerize ULB activities and provide equipment. Develop base maps and spatial 

information on land use, landform, surface hydrology, and settlement patterns. Collection 
and management of spatial data, information on sewerage management infrastructure 
including the type, age, cost, repair history etc. 
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245 Enhance operation and maintenance capacity and capabilities for sewerage and drainage 

facilities, Higher level of safeguards for health and safety, Ability to comprehensively 
assess the environmental, social, and economic improvements and Improved monitoring of 
effluent quality across the project area. 

 
246 The energy for pumping and other operations is a major issue under erratic power supply 

situation in UP. The provision of generators has not resulted in proper pumping due to 
non-availability of operational funds for diesel and/or due to pilferage at operational 
levels. Therefore state level actions must be made to provide power on “priority” for 
wastewater management facilities operated by ULBs. 
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Mean Temparature, Ghaziabad District

Table 1 Mean Minimum Temparature (Degrees Centigrade)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1995 6.68 10.16 14.11 20.82 26.96 29.67 27.04 24.12 24.05 19.75 12.86 8.48
1996 7.37 10.18 16.36 21.59 25.52 26.27 26.25 24.49 23.86 18.73 11.88 7.25
1997 6.25 9.43 14.72 19.56 23.56 25.66 27.1 25.22 24.19 16.89 11.83 5.91
1998 5.79 10.05 13.34 21.71 26.74 27.74 26.57 25.5 24.74 19.21 13.11 8.2
1999 6.67 10.91 16.73 23.66 26.29 27.16 27.42 26.68 24.56 19.45 13.71 8.58
2000 7.42 8.57 14.82 23.2 26.85 26.16 25.71 26.08 24.65 19.89 14.04 8.98
2001 6.55 10.6 15.48 21.22 25.32 25.5 26.71 26.83 25.54 20.34 13.8 9.16
2002 7.53 10.07 16.18 22.97 26.77 27.62 28.4 26.55 22.71 19.68 13.26 8.91

6.78 10.00 15.22 21.84 26.00 26.97 26.90 25.68 24.29 19.24 13.06 8.18

Table 2 Mean Average Temparature (Degrees Centigrade)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1995 13.79 17.3 21.62 28.32 34 35.29 31.22 27.86 28.96 26.78 20.67 15.9
1996 14.48 17.39 23.66 29.14 32.46 31.92 30.44 28.11 28.61 25.76 19.68 14.8
1997 13.38 16.58 22.22 27.11 30.61 31.42 31.2 29.03 29.11 23.92 19.63 13.3
1998 12.89 17.26 20.85 29.24 33.73 33.36 30.68 29.23 29.4 26.25 21.11 15.8
1999 13.69 18.05 24.23 31.16 33.34 32.92 31.6 30.47 29.29 26.44 21.51 15.9
2000 14.53 15.69 22.33 30.73 33.89 31.92 29.9 29.82 29.49 26.82 21.85 16.3
2001 13.66 17.72 23.11 28.76 32.42 31.25 30.9 30.43 30.08 27.36 21.51 16.6
2002 14.66 17.2 23.68 30.52 33.9 33.39 32.59 30.3 27.63 26.72 21.07 16.4

13.89 17.15 22.71 29.37 33.04 32.68 31.07 29.41 29.07 26.26 20.88 15.61

mean average in coldest quarter is 15.55oC
Table 3 Mean Max Temparature (Degrees Centigrade)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1995 20.94 24.52 29.15 35.77 41.13 40.94 35.42 31.66 33.82 33.82 28.57 23.3
1996 21.63 24.62 31 36.74 39.4 37.64 34.64 31.74 33.43 32.8 27.48 22.3
1997 20.58 23.77 29.76 34.71 37.74 37.24 35.31 32.83 34 31.04 27.54 20.8
1998 20 24.49 28.38 36.79 40.76 38.98 34.86 32.98 34.08 33.28 29.11 23.4
1999 20.69 25.24 31.77 38.61 40.47 38.73 35.81 34.22 34.11 33.48 29.41 23.2
2000 21.68 22.91 29.86 38.27 41.02 37.73 34.1 33.62 34.41 33.76 29.75 23.6
2001 20.76 24.94 30.81 36.36 39.55 37.07 35.1 34.08 34.7 34.34 29.31 24.1
2002 21.81 24.41 31.21 38.12 41.03 39.2 36.79 34.1 32.52 33.75 28.97 23.9

21.01 24.36 30.24 36.92 40.14 38.44 35.25 33.15 33.88 33.28 28.77 23.06

Mean average in coldest month is 13.89oC and
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Increase Average 
Increase

Projected 
Population

Incremental 
increase

Average 
Increment
al increase

Projected 
Population

Rate of 
Growth

Geometric 
Average 
Rate of 
Growth

Projected 
Population

1951         49,260 
1961         55,248 5,988          0.12 
1971         71,266 16,018   10,030             0.29 
1981       102,837 31,571   15,553             0.44 
1991       146,262 43,425   11,854             0.42 
2001       211,983 65,721   22,296             0.45 

32,545    14,933      0.31          
2011 244,528    259,461     278,148      
2021 277,072         321,872       364,966 
2026 293,345         358,677       418,061 
2031 309,617         399,216       478,881 
2041 342,161         491,494       628,352 

Appendix 2
Estimation of Future Population

Arithmetical Progression Incremental increase Method Geometrical Increase Method

Year Census 
Population
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2011 2021 2031 2041 2011 2021 2031 2041
1 275.75          12,766        46.3     55.6       66.7       80.0       96.0       15,319      18,383      22,060      26,472      0-100 20.0             
2 62.67            9,999          159.5   188.3     222.1     262.1     309.3     11,799      13,923      16,429      19,386      100-200 18.0             
3 9.71              6,185          636.7   662.1     688.6     716.1     744.8     6,432        6,690        6,957        7,236        200-300 15.0             
4 109.22          8,078          74.0     88.8       106.5     127.8     153.4     9,694        11,632      13,959      16,751      300-400 12.0             
5 22.78            5,528          242.7   279.1     321.0     369.1     424.5     6,357        7,311        8,407        9,669        400-500 9.0               
6 293.40          14,882        50.7     60.9       73.0       87.6       105.2     17,858      21,430      25,716      30,859      500-600 6.0               
7 157.11          20,857        132.8   156.6     184.8     218.1     257.4     24,611      29,041      34,269      40,437      600-700 4.0               
8 26.32            7,729          293.6   337.6     388.3     446.5     513.5     8,888        10,222      11,755      13,518      700-800 2.0               
9 13.37            5,813          434.7   473.8     516.4     562.9     613.6     6,336        6,906        7,528        8,206        

10 22.38           7,122         318.3   356.4   399.2   447.1   500.8   7,977       8,934      10,006    11,207    
11 68.36            11,061        161.8   190.9     225.3     265.9     313.7     13,052      15,401      18,174      21,445      
12 10.38            5,852          564.0   597.8     633.7     671.7     712.0     6,203        6,575        6,970        7,388        
13 25.33            5,002          197.5   227.1     261.2     300.3     345.4     5,752        6,615        7,607        8,749        
14 10.05            7,253          721.6   736.1     750.8     765.8     781.1     7,398        7,546        7,697        7,851        
15 66.12            15,563        235.4   270.7     311.3     358.0     411.7     17,897      20,582      23,669      27,220      
16 6.08              5,140          845.0   800.0     801.0     802.0     803.0     4,866        4,872        4,878        4,885        
17 8.84              3,438          389.0   435.6     487.9     546.5     612.0     3,851        4,313        4,830        5,410        
18 16.34            4,745          290.5   334.0     384.1     441.8     508.0     5,457        6,275        7,217        8,299        
19 19.72            5,671          287.6   330.7     380.3     437.3     502.9     6,522        7,500        8,625        9,919        
20 9.18              8,713          949.5   800.0     800.0     800.0     800.0     7,341        7,341        7,341        7,341        
21 4.13              4,798          ##### 800.0     800.0     800.0     800.0     3,301        3,301        3,301        3,301        
22 28.95            4,396          151.8   179.2     211.4     249.5     294.4     5,187        6,121        7,223        8,523        
23 48.33            6,893          142.6   168.3     198.6     234.3     276.5     8,134        9,598        11,325      13,364      
24 33.46            5,527          165.2   194.9     230.0     271.4     320.2     6,522        7,696        9,081        10,716      
25 33.31            7,638          229.3   263.7     303.3     348.7     401.1     8,784        10,101      11,616      13,359      
26 7.92              5,780          730.2   744.8     759.7     774.9     790.4     5,896        6,014        6,134        6,256        
27 14.39            5,554          385.9   432.2     484.1     542.1     607.2     6,220        6,967        7,803        8,739        

HMC 1,403.60       211,983      151.0   169.3     193.3     221.3     254.0     237,655    271,291    310,577    356,502    
Area 3,229.40       12.5       29.0       52.1       84.2       40,493      93,675      168,304    271,850    
Total 4,633.00       135.6     278,148    364,966    478,881    628,352    

Density  
2001

Projected   Density Population Projected Population Population 
Density

Assumed Ward Growth
% Decadal 

Increase

Assumed 
Maximum 
Dencity

800 
persons/hacta

re

Appendix 3

Ward Wise Population Projection  
Ward  

No.
Area in 
hectare

Population  
2001
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Yr 2011 Yr 2021 Yr 2031 Yr 2041
Yr 

2011 Yr 2021 Yr 2031
Yr 

2041
1 1 5.3 7.1 9.5 12.5 4 3.9 4.6 5.4 6.4
2 2 6.6 7.3 8.1 9.0 6 1.0 2.7 4.8 7.8
3 3 10.7 12.4 14.3 16.5 7 0.6 1.6 2.8 4.6
4 5 0.9 2.2 4.0 6.5

8 0.5 1.4 2.5 4.0
Total 24.0 30.4 38.4 48.5 5.6 8.9 13.1 18.7
Combined flow of Ultimate design year of 2041 for both STPs in MLD 67.2

Yr 2011 Yr 2021 Yr 2031 Yr 2041
Yr 

2011 Yr 2021 Yr 2031
Yr 

2041
1 1 5.3 7.1 9.5 12.5 4 3.9 4.6 5.4 6.4
2 2 6.6 7.3 8.1 9
3 3 10.7 12.4 14.3 16.5

Total 22.6 26.8 31.9 38 3.9 4.6 5.4 6.4

1 South 29.4 15
2 East 5.0 15
3 South 48.5 15
4 East 18.7 15

Total Requirement

Zone 
No.

Flow in MLD
Zone 
No.

Appendix 4
Zone wise Flow Generation STPCapacity required and Pump KW for Sewage Pump Station 

S. No

STP South STP East

Flow in MLD

Phase 1

S. No Zone 
No.

Flow in MLD for STP South 
Zone 
No.

Flow in MLD for STP East

Calculation for Pump KW for SPS

S. No SPS Year Flow in 
MLD

Head in 
Mts

KW required at 
Average Flow

KW required at 
Peak Flow

KW required 
with 25% 

2026 71 161 201
12 27 34

2041 118 265 332
45 102 128

1
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Appendix 5 
Coefficient of Roughness for use in Manning’s Formula 

 
Type of Material  Condition n 
Salt glazed stone ware pipe Good 

Fair 
0.012 
0.015 

Cement Concrete Pipes (with collar joints) Good 
Fair 

0.013 
0.015 

Spun concrete pipes (RCC & PSC) with Socket Spigot Joints (Design Value) 0.011 
Masonry Neat cement plaster 

Sand and cement plaster 
Concrete steel troweled 
Concrete wood troweled 
Brick in good condition 
Brick in rough condition 
Masonry in bad condition 

0.018 
0.015 
0.014 
0.015 
0.015 
0.017 
0.020 

Stone work       (a) Smooth dressed ashlar 
      (b) Rubble set in cement 
      (c) Fine well packed gravel 

0.015 
0.017 
0.020 

Earth Regular surface in good condition 
In ordinary condition  
With Stones and weeds 
In poor condition  
Partially obstructed with debris or 
weeds 

0.020 
0.025 
0.030 
0.035 
0.50 

Steel  Welded  
Riveted  
Slightly tuberculated  
With spun cement mortar lining 

0.013 
0.017 
0.020 
0.011 

Cast Iron  Unlined  
With Spun cement mortar lining 

0.013 
0.011 

Asbestos Cement 0.011 
Plastic (Smooth) 0.011 
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Appendix 6, Appendix 7, Appendix 8, and Appendix 10 
 

 
Appendix 6: Velocities Required to Move Solid Particles of different Specific Gravities 

Type of material  Specific gravity Velocity required to move (m/s) 
Coal 1.26 0.37 to 0.45 
Coal 1.33 0.45 to 0.52 
Brick bat 2.00 0.52 to 0.60 
Chalk pieces 2.05 0.60 to 0.67 
Brick bat 2.12 0.60 to 0.70 
Brick bat  2.18 0.70 to 0.75 
Piece of flint 2.65 0.75 to 0.80 
 
 
 

Appendix 7: Velocities Required to Move Solid Particles of Different Materials 
Type of material Velocity required to move (m/s) 
Angular stones 1 
Round pebbles (12 mm to 25 mm diameter) 0.5 to 0.6 
Fine gravel 0.3 
Coarse sand 0.2 
Fine sand 0.15 
Fine clay and silt 0.075 
 
 
 

Appendix 8: Non-scouring or Limiting Velocities in Sewers of Different Materials 
Sewer material Non-scouring or Limiting Velocity (m/s) 
Vitrified tiles and glazed bricks 4.5 to 5.5 
Cast iron sewers 3.5 to 4.5 
Stone ware sewers  3.0 to 4.0 
Cement concrete sewers  2.5 to 3.0 
Ordinary brick-lined sewers 1.5 to 2.5 
Earthen channels 0.6 to 1.2 
 
 
 

Appendix 10: Minimum or Self-cleansing Velocities for sewers of Different diameters 
Diameter of sewer (mm) Minimum or self-cleansing velocity (m/s) 
150 to 250 1.00 
300 to 600 075 
Above 600 0.60 
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Appendix 9 
General Specifications for Different Sewage Treatment Technologies - Per mld 

S. No. Assessment parameter ASP TF WSP UASB+FPU UASB+EAS MBBR SBR MBR KT OD 
1 Design 1  2  3  4  5  6  7  8  9  10  
 Process Type Aerobic Aerobic Anaero -Aero Anaero –Aero Anaero -Aero Aerobic Aerobic Aerobic Aerobic Aerobic 
 Overall HRT (Complete Cycle) 12 - 14 hrs 13 - 14 hrs 8 - 15 days 1.4 - 2.4 days 14 - 16 hrs 8 - 12 hrs 14 - 16 hrs 12 - 14 hrs NA 6 - 30 hrs 

2 Performance for parameters                     
 BOD, % 85 - 98 80 - 90 75 - 85 80 - 88 80 - 95 85 - 95 90 - 95 95 - 98 N/A 85 - 95 
 COD, % 80 - 90 85 - 90 70 - 85 80 - 85 80 - 90 80 - 90 88 - 96 95 - 100 N/A 80 - 90 
 SS, % 85 - 90 75 - 85 70 - 85 80 - 85 85 - 90 85 - 95 90 - 96 98 - 100 N/A 85 - 95 
 DO, mg/l (Final Effluent) < 2 < 2 < 2 < 1 < 2 < 2 < 1.5 < 2 N/A < 2 
 Faecal coliform, log unit Up to 3 < 4 Up to 2 < 3 Up to 4 < 5 Up to 1 < 2 Up to 2 < 4 Up to 2 < 4 Up to 2 < 4 Up to 6 < 7 N/A Up to 2 < 

4 
 Helminth Removal % - - yes        

3 Area Requirement                     
 Average Area (ha/mld) 0.18~0.2 0.16~0.2 0.8~1.0 0.17~0.2 0.11~0.14 0.05 0.03 0.08 2 0.22 

4 Works Cost           
 Civil Works, % of Capital Costs 60 % 80 % 95 % 65 % 55 % 40 % 40 % 30 % 90 % 60 % 
 E & M works, % of Capital Costs 40 % 20 % 5 % 35 %  45 % 60 % 60 % 70 % 10 % 40 % 

5 Annual Repair Cost                      
 Civil Works Maintenance,  

% of Civil Works 
1 % 1 % 0.5 % 1 % 1 % 1 % 1 % 1 % 2 % 2 % 

 E & M Works Maintenance,  
% of E & M Works 

3 % 3 %  0.5 % 3 % 3 % 3 % 3 % 15 % 1 % 2 % 

6 Daily Energy Requirements           
 Avg. Process Power (kWh) 225 187.50 4.00 30.00 75.00 282.50 250 300 3.00 225 
 Avg. Non-Process Power (kWh) 7.50 7.50 5.50 7.50 7.50 4.50 4.50 4.50 4.00 7.50 
 Total Power Requirement, (kWh) 232.5 195 9.50 37.50 82.5 287.0 254.50 304.5 7.00 232.5 

7 Daily Energy Cost                     
 Power Cost @ Rs 5.0 per kWh 48.4 40.6 2.0 2.8 17.2 60.4 53.6 64.1 1.46 48.4 

8 Interest                      
 Rate of compound interest, (adopted), 

% per year 
12 12 12 12 12 12 12 12 12 12 

9 Daily Bio Energy Generation                     
 Biogas Generation m3 55 - 70 55 - 70 Nil 35 - 50 35 - 50 Nil Nil Nil Nil Nil 
 Bio - Energy Generation (kWh) 25 - 35 25 - 35 Nil 20 - 30 20 - 30 Nil Nil Nil Nil Nil 
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Appendix 11 
Comparative Statement of Various Pipes for Gravity Sewers 

S. 
No 

Evaluation 
Criteria 

Glazed 
Stoneware Pipes 
(IS:651-1980) 

RCC Pipes 
(IS:458-1988) 

uPVC Pipes 
 

DI Pipes 
(IS:8329-2000) 

HDPE Pipes 
(IS:14333 -2000) 

1 Available Length 0.6m 2 to 2.5m 6 or 12m 6 m 6 or 12m 

2 Diameters Available 100 to 300mm for 
higher diameters it is 
not economical. 

150 to 2000mm Available up to 630mm  
Up to 1000mm 

Available up to 630mm 

3 Type of Joint S&S joint with 
caulking yarn soaked 
in cement slurry or 
tarred gasket. Joint is 
covered with cement 
mortar. 

Available in both collar 
and S&S joints. 

Solvent Cement joint and 
Rubber Ring joint 

Tyton joint with 
rubber gasket 

Butt fusion welding 
process. 

4 Weight Light Heavy Light Heavy but lighter 
than R.C.C. pipes. 

Light 

5 Handling Easy due to shorter 
length and light weight 

Difficult due to heavy 
weight 

Easy due to light weight Difficult due to 
heavy weight in 
larger dia 

Easy due to light weight 

6 Roughness Coefficient 
of Pipe 

0.012 0.011 0.011 0.011 0.011 

7 Corrosion resistance Not affected by  
hydrogen sulphide gas. 
Highly corrosion 
resistant 

Subject to H2S corrosion 
due to acids, highly septic 
sewage and by highly 
acidic or high Sulphate 
soils and where velocities 
are not sufficient to 
prevent septic conditions. 
To prevent corrosion 
Sulphate resistant cement 
concrete to be used for 
pipe manufacture. 

Highly corrosion resistant Protective layers are 
required to protect 
corrosion 
 

Highly corrosion resistant 

8 Life More than 50 years 30 years Life is more than 50 years due 
to highly corrosion resistant. 

More than 50 years Life is more than 50 
years due to highly 
corrosion resistant. 

9 Class of Pipes Available Grade A & AA NP1, NP2, NP3, NP4 6Kg/Sq.cm, 8Kg/ K-7 to K-12 PN 2.5, PN4, PN6, PN10 
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S. 
No 

Evaluation 
Criteria 

Glazed 
Stoneware Pipes 
(IS:651-1980) 

RCC Pipes 
(IS:458-1988) 

uPVC Pipes 
 

DI Pipes 
(IS:8329-2000) 

HDPE Pipes 
(IS:14333 -2000) 

(Non pressure pipes) 
 

(Non pressure pipes) Sq.cm,10Kg/Sq.cm,12Kg/Sq.cm K-7= 12 - 
32kg/sqcm. 
K-9= 25 - 
50kg/sqcm 
Depending Upon the 
dia of pipe. 

(2.5Kg/Sq, 4Kg/Sq, 
6Kg/Sq and 10Kg/Sq) 

10 Requirements of Special 
Equipments 

Not required Not required Not required Not required Welding equipment 
required for jointing 

11 Stacking the Pipe 
Materials 

Can be stacked 
anywhere. Care should 
be taken while 
loading, unloading and 
stacking. 

Can be stacked anywhere. 
Care should be taken 
while loading, unloading 
and stacking. 

To avoid exposure to sunlight, it 
is stacked in covered area. This 
also requires a special  type of 
stacking to avoid buckling and 
damage of pipe ends  Care 
should be taken while loading, 
unloading and stocking. 

 Can be stacked 
anywhere. Care 
should be taken 
while loading, 
unloading and 
stocking. 

Same as uPVC 

12 Cost of supplying, 
laying and jointing of 
meter length 
 

 
200 mm: Rs. 272 
250 mm: Rs: 377 
300 mm: Rs: 517 
 
(DSR 07 + 10% Price 
contingency) 
 
 

(NP3 Pipe) 
350mm: Rs. 1134 
400mm: Rs. 1234 
500mm: Rs. 1568 
600mm: Rs. 2102 
NP2 Pipe 
200 mm: Rs 248 
300 mm: Rs 441 
400 mm: Rs 578 
500 mm: Rs 855 
600 mm: Rs 1095 
(UP JN) 

6 kg/cm2 
 
200mm: Rs. 604 (UPJN+20% 
for laying & Price Contngency) 
315mm: Rs. 1448 
(MP ADB Project+20% Price 
contingency) 
 
 
 

 (25 - 50 kg/cm2) 
K9 Pipe 
200mm: Rs:2442 
300mm: Rs:4505 
400mm: Rs:5520 
500mm: Rs:9418 
600mm: Rs:12283 
 
(UPJN Supply 
rate+20% for laying 
& price 
contingency)  

 PE 100, PN- 6 
 
200mm: Rs. 640 
315mm:Rs. 1585 
400mm: Rs. 2595 
500mm: Rs. 4695 
630mm: Rs. 7434  
(MP ADB Project+20% 
Price contingency) 
 
 
 

13 Remarks on Cost Comparatively 
Cheaper  
 

NP2 is Cheapest among 
all materials 

Costlier than RCC pipe but 
cheaper than HDPE pipes. 

Costlier than other 
pipes but cheaper 
than HDPE pipes. 
 

Smaller diameter pipes 
are cheaper and higher 
diameter pipes are 
costlier. 

14 Requirement in 
Refilling the Trench 

No stone or rock to be 
filled while refilling. 

No stones or rocks to be 
filled while refilling. 

Sand bedding is required to 
avoid the deflection of pipe due 
to burden of earth. 
No stones or rocks to be filled 

No stones or rocks 
to be filled while 
refilling. 

Concrete arch bedding is 
required to avoid the 
deflection of pipe due to 
burden of earth. 
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S. 
No 

Evaluation 
Criteria 

Glazed 
Stoneware Pipes 
(IS:651-1980) 

RCC Pipes 
(IS:458-1988) 

uPVC Pipes 
 

DI Pipes 
(IS:8329-2000) 

HDPE Pipes 
(IS:14333 -2000) 

while refilling. 
15 Infiltration If joints are 

week/poor, chance of 
infiltration is high due 
to more number of 
joints. 

Infiltration is less if 
rubber joints are used but 
joints should be proper if 
collar joints are used. 

Infiltration is very less Infiltration is very 
less 

Infiltration is very less 

16 Workability Light weight for easy 
handling. 

For larger diameter due to 
heavy weight handling to 
be done with care 

Light weight for easy handling. Good Light weight for easy 
handling. 

17 Effect of Radiation Not affected Not affected Affected by UV rays if stored 
for a long duration in open 
fields hence it should be kept 
covered. 

Not affected Affected by UV rays if 
stored for a long duration 
in open fields hence it 
should be kept covered. 

18 Jointing Skill 
Requirements 
 

Requires quality 
supervision 

Jointing is easy in S&S 
pipes with rubber ring 
joints. 

Jointing is easy in S&S pipes 
using solvents. 

Jointing is easy in 
S&S pipes with 
rubber ring joints. 

Jointing is expensive and 
jointing results in 
beeding which causes 
obstruction for solids in 
sewage 

19 Protection to the Pipe Depending upon the 
loading conditions, 
pipes should be 
protected with either 
sand or Cement 
Concrete bedding 

Depending upon the 
loading conditions, pipes 
should be protected with 
either sand or Cement 
Concrete bedding 

Pipe should be protected against 
deflection due to super imposed 
loads. Pipe embedded portion 
should be well compacted. 

Not required Pipe should be protected 
against deflection due to 
super imposed loads. 
Pipe embedded portion 
should be well 
compacted. 

20 Maintenance Almost nil if joints are 
properly made. 

Almost nil if proper 
velocity is maintained. 

Pipe may get damaged due to 
rodding 

Minimum Pipe may get damaged 
due to rodding 

21 Previous 
Experience/Performance 

In use for long period 
and performance is 
satisfactory 

In use for long period and 
performance is Good 

Not common for street sewers 
but now picking up use to 
connect houses to sewer 

It is durable pipe. 
Performance is yet 
to be proven  

Recent use started in 
India. It is durable 
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Appendix 12 
Comparative Statement of Various Pipes for Rising Main 

 
SL

NO
Evaluation Criteria HDPE Pipes 

(IS: 14333-2000) 
Cast Iron Pipe 
(IS:1536-1989) 

Ductile Iron Pipe 
(IS:8923-2000) 

PSC Pipe 
( IS: 784 1989) 

1. Type & Weight Light and Flexible Heavy and Rigid pipe Flexible and 30% less weight than 
CI “LA” class pipe  

Heavy & Rigid 
Pipe 

2. Cement mortar lining Not required Not required DI pipe with Sulphate resistant 
cement or high Alumina cement 
mortar lining is used for sewer 
lines 

Not required 

3. Strength High strength, but low impact resistance High strength but low impact 
resistance.  

High strength and high impact 
resistance.  

High Strength and 
high impact 
resistance 

4. Corrosion resistant High corrosion resistant, no protection is 
required. 

High corrosion resistant, no 
protection is required. 

Protection required to prevent 
corrosion. 

Corrosion resistant 

5. Jointing Butt fusion Jointing Flexible rubber - push on type 
joints and flanged joints.   

Flexible rubber -push on type joints 
and flanged joints.  .   

Flexible rubber 
push on type joints 

6. Life (Approximate) Minimum 50 years Minimum 50 years More than 50 years 20-30 year  
7. Workability  Easy installation Easy installation Easy installation Easy installation 
8. Protection to the pipe Pipe should be protected against 

deflection due to super imposed loads and 
should be protected with either sand or 
Cement Concrete bedding. 

Depending upon the loading 
conditions, pipe  should be 
protected with either sand or 
Cement Concrete bedding 

Depending upon the loading 
conditions, pipes should be 
protected with either sand or 
Cement Concrete bedding 

Can withstand 
impact load. 

9. Class of Pipes Available PN 2.5, PN4, PN6, PN10 
(2.5 kg/sqcm, 4.0 kg/sqcm,  6.0 kg/sqcm, 
10.0 kg/sqcm) 

Class LA, A & B 
(10 kg/sqcm, 12 to 12.5 kg/sqcm, & 
16 to 25 kg/sqcm) depending upon 
the dia of pipes. 

K-7= (12 to 32 kg/sqcm) 
K-9= (25 to 50 kg/sqcm) 
 

Can withstand 6 
Kg/cm2 to  20Kg/ 
cm2  

10 Value of C 150 for New pipes 130 for New pipes. (100 for design) 140 for New pipes 140 for new pipes 
11 Cost of supplying, 

laying and jointing per 
meter length 

PE 100, PN- 6 
200mm: Rs. 640 
315mm:Rs. 1585 
400mm: Rs. 2595  
500mm: Rs. 4695  
630mm: Rs. 7434  
(MP ADB Project+20% Price 
contingency) 

Class LA 
200 mm 2966 
300 mm 5182 
400 mm 7964 
500 mm 11404 
(UPJN+20% for L & J & Price 
Contingency) 

 (K-9 Pipe) 
200mm: Rs:2442 
300mm: Rs:4505 
400mm: Rs:5520 
500mm: Rs:9418 
600mm: Rs:12283 
(UPJN Supply rate+20% for laying 
& price contingency) 

800 mm  Rs 5348 
900 mm  Rs 6056 
1000 mm Rs 6881 
1100 mm Rs 7591 
(MP ADB 
Project+20% Price 
contingency) 
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Appendix 13
 Life Cycle Cost Analysis for Different STP Technologies (Per MLD, Amount in lakh Rs)

Parameters ASP TF WSP UASB+FP UASB+EAMBBR SBR MBR KT OD
Capital Cost 100.00     70.00       40.00       83.00       84.00       90.00       120.00     171.00     10.00       62.00       
LA Cost 17.40       17.40       69.60       16.10       10.88       4.35         2.61         6.96         174.00     19.14       
Total Capital Cost 117.40     87.40       109.60     99.10       94.88       94.35       122.61     177.96     184.00     81.14       

Annual O&M Cost 6.59         5.32         1.16         2.99         3.68         8.14         8.21         10.01       0.51         6.14         
Annual Resource Recovery 0.33         0.34         0.06         0.25         0.25         0.01         0.14         0.14         0.15         0.14         

Annual Costs(O&M-Resource recovery) 6.26         4.98         1.10         2.74         3.43         8.13         8.07         9.87         0.36         6.00         
Total Life Cycle Cost (30 Years) 305.10     236.70     142.50     181.19     197.67     338.15     364.61     473.95     194.80     261.04     
Net Present Value @ 12% Discount 154.90     117.94     114.49     112.55     113.22     146.05     171.63     236.10     185.84     119.62     

Capital Recovery Factor, CRF (12% intrest 
Rate & 30 years repayment period) 0.13         0.13         0.13         0.13         0.13         0.13         0.13         0.13         0.13         0.13         
Annual Capital Investment Recovery 
Requirement 15.78       11.75       14.73       13.32       12.75       12.68       16.48       23.92       24.73       10.91       
Annual O&M Recovery Requirement 6.26         4.98         1.10         2.74         3.43         8.13         8.07         9.87         0.36         6.00         
Annual Investment+ Annual O&M costs 22.04       16.72       15.83       16.05       16.18       20.81       24.55       33.78       25.09       16.90       




