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A73.1  Conditions of the Alternative Studies for Water Transmission 
 
(1) General 
The alternative studies for water transmission system of the three zones (Zone West, Zone 
Central and Zone East) separately shown in Appendixes A73.2 to 733.4 are based on the 
conditions descried in the following sections (2) to (4).   
 
Although some conditions are modified after the alternative studies for the preparation of master 
plan, it is confirmed that the modification does not affect the selection of the optimal alternative 
for each zone.  Calculated cost of each alternative includes only major components of system 
for cost comparison between alternatives. 
 
(2) Inter-zonal Water Balance 
Additional water supply capability and future water demand in each zone in 2025 are calculated 
based on Karachi Master Plan 2020 (August 2007) and K-IV Project, Greater Karachi Water 
Supply Scheme (Executive Summary, May 2007).  Required inter-zonal water transmission 
from Zone Central to Zone West is calculated at 21 mgd as seen in Figure A73.1.1. 
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Figure A73.1.1  Zone-wise Water Balance in 2025 
 
(3) Basic Concepts applied for the Planning 
The basic concepts for planning of water transmission lines and distribution mains, which are 
applied and examined in the alternative studies, are as follows.  
 
• To un-necessitate the use of several bulk pumping stations and a large number of small 

size distribution pumping stations for energy cost saving  
• To supply water by gravity as much as possible 
• To keep minimum dynamic water pressure of 10 m in distribution system. 
 
Figure A73.1.2 shows a simplified diagram of typical water supply system to be proposed, 
which meets the basic concepts. 
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Figure A73.1.2  Proposed Typical Water Supply System 
 
 
(4) General Conditions for Hydraulic Calculation 
1) Formula for Hydraulic Calculation: Hazen-Williams Formula 
There are a number of formulae available to calculate the velocity of flow (e.g. Hazen-Williams 
formula, Manning’s formula, Darcy-Weisbach’s formula and Colebrook-White formula).  The 
Hazen-Williams formula is the best for situations involving pressure conduits.   
 
The formula is: 
 
 V = 0.84935 C R0.63 I0.54  
 
For circular conduits, the formula is restated as 
 
 hf = 10.666 C-1.85 D-4.87 Q1.85 L 
 
Where,  V = Velocity (m/s) 
  C = Hazen-Williams coefficient 
  R = Hydraulic Radius (m) 
  I = Hydraulic Gradient, hf/L 
  hf = Friction Head Loss (m) 
  D = Diameter of Pipe (m) 
  Q = Discharge (m3/s) 
  L = Pipe Length (m) 
 
2) Hazen-Williams Coefficient (C Value): 110 for all materials 
The Hazen-Williams coefficient (C value) for new pipes made from cast iron, ductile iron or 
mild steel with cement mortar lining may be between 130 and 145.  However, it is generally 
recommended that in the absence of specific data, a C value of 110 should be adopted.  
Therefore, a C value of 110 is adopted for new trunk distribution mains in the alternative 
studies. 
 
3) Hourly Peak Factor: 1.5 
When designing the distribution system hourly demand fluctuations must be considered.  For 
example, during the night people use less water, but in the morning and evening people use 
much more water.  Because of absence of flow data for determining current hourly peak factor 
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in Karachi, a peak factor of 1.5 was adopted referring to “Feasibility Study for future expansion 
of Karachi Water Supply System, December 1985”. 
 
4) Minimum Dynamic Water Pressure: 10 m 
A minimum pressure of 10 m in distribution network mains (in distribution blocks) has been 
adopted under peak flow conditions.  This will provide sufficient pressure for 2 or 3-storey 
house. 
 
5) Details of Water Supply System 
It should be noted that since there is no recorded data or drawings of the existing transmission 
and distribution systems or details of the reservoirs, the modelling for the hydraulic analysis was 
prepared based on interviews with the KW&SB’s engineers, for the followings system 
components: 
 

• routes, materials and diameters of transmission and distribution mains; and 
• locations, capacities and water level of reservoirs.
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A73.2  Alternatives of Water Transmission for Zone West 
 
(1)     Target Water Supply Area of Alternative Study 
Prior to the alternative studies, the water supply system of Zone West in 2025 was divided into 
five water supply areas (W01 Pumping Gravity, West Gravity, Hub Gravity, Orangi Gravity, and 
Orangi Pumping as seen in Figure A77.1.3 of Appendix A77.1) in consideration of elevation, 
other topological conditions, capacities of related facilities, current water supply areas and town 
boundaries. 
 
Water can be distributed to the three middle-laying water supply areas (Grangi Gravity, Hub 
Gravity, and West Gravity) of Zone West by gravity directly from the locations of existing Hub 
FP, Orangi Reservior and West FP planned in K-IV project.  However, the other two water 
supply areas (W01 Pumping Gravity and Orangi Pumping) require pumping due to their hilly 
terrains for either direct distribution or transmission to a new reservoir with an elevation enough 
for water distribution by gravity.  It is proposed to construct a new distribution reservoir (Res. 
W01) to distribute water stably by gravity to the water supply area at the west end of Gadap 
Town (W01 Pumping Gravity), where a large population increase is expected, after transmitting 
water from West FP to the new reservoir by pumping.  This water distribution system, as well 
as those for the three middle-laying water supply areas, is based on the basic concept of the 
proposed water supply system explained in Figure A73.1.2 of Appendix 73.1, which is 
“distribute water by gravity as much as possible”. 
 
On the other hand, for the small water supply area at the west end (Orangi Pumping), where 
only a small increase in water demand is expected, direct water distribution from the proposed 
new booster pumping station in Keamari Town (originally from Orangi Reservoir) was selected.  
This is because there is no suitable location around the water supply area for an additional 
reservoir having enough height for gravity distribution to the area. 
 
Since Central FP will be built before West FP as proposed in K-IV project, it is necessary to 
consider how to send a large amount of water from Central FP to Zone-West until the 
construction of West FP by 2021.  After the construction of West FP, the inter-zonal water 
transmission from Zone Central to Zone West will be reduced to 21 mgd as already explained in 
Figure A73.1.1 of Appendix 73.1. 
 
The four towns of Zone-West (New Karachi, North Nazimabad, Gulberg, and Liaqatabad), were 
selected as the water supply area where water will be supplied from Central FP through the 
reservoir of NEK-Old in Zone-Central (shown as NEK-Old Gravity in 2016 in Figure A77.1.1 
of Appendix A77.1) because of their proximity to NEK-Old.  Water will be supplied to the 
same water supply area (shown as West Gravity in 2021 and 2025 in Figures A77.1.2 and 
A77.1.3) from West FP after 2021.  Since this complication of changing water source, the 
alternatives for Zone West target only this water supply area of the four towns, three of which 
were selected as the water supply area of the priority project. 
 
The following Section (2) shows alternatives for the target water supply area in 2016 as a case 
before starting the operation of West-FP, and Section (3) shows alternatives in 2025 as a case 
after starting the operation of West-FP.  Both alternative studies are conducted based on the 
condition that new reserves, transmission mains and trunk distribution mains will be provided 
exclusively for covering the water demand of the target water supply area while existing 
facilities will be used only for covering the water demand of the other water supply areas.  The 
basic conditions of hydraulic analysis used for the alternative studies are explained in Appendix 
A73.1.  
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(2)     Alternative Study for 2016 
Figures A73.2.1 and A73.2.2 show two alternatives of supplying water in 2016 from the new 
reservoir of NKE-Old to the target water supply area in Zone-West (NEK-Old Gravity in Figure 
A77.1.1 of Appendix A77.1).  Alternative 1, which is shown in Figure A73.2.1, distributes 
water from NKE-Old to the target water supply area directly, while Alternative 2 shown in 
Figure A73.2.2 transmits water from NKE-Old to a new reservoir at Hub-FP through Mangopir 
PS before distributing it to the area.  Although Alternative 2 can distribute water with a 
residual pressure higher than that of Alternative 1, the estimated construction cost of Alternative 
2 (PRs. 3.7 billion) is nearly twice the construction cost of Alternative 1 (PRs. 1.9 billion) as 
seen in Tables A73.2.1 and A73.2.2.  Therefore, Alternative 1 is selected for this water supply 
area in preparing the water supply system in 2016 of the proposed Master Plan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A73.2.1  Alternative 1 in 2016 (Zone West) 
 
 
Table A73.2.1  Cost of Alternative 1 in 2016 (Zone West) 
Reservoir

V Unit Price Cost
(mg) (PRp./m3) (PRp.)

NEK-Old New Res. 37.28 3,600 610,121,647
Sub-Total 610,121,647

Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

100 10,500 121,500 1,275,750,000
Sub-Total 10,500 1,275,750,000

Total (PRp.) Initial Cost 1,885,871,647 Pump O/M Cost 0

Name



 

A73 - 6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A73.2.2  Alternative 2 in 2016 (Zone West) 
 
 
Table A73.2.2  Cost of Alternative 2 in 2016 (Zone West) 
Transmission Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

100 15,900 121,500 1,931,850,000
80 1,900 90,000 171,000,000

Sub-Total 17,800 2,102,850,000

Transmission Pump
Power Unit Price Cost Unit O/M Cost Cost
(kW) (PRp.) (PRp.) (PRp./kW-H) (PRp./kW-Year)

Mongopir PS 2592.17 34,000 88,133,780 10 227,074,092
Sub-Total 88,133,780 Sub-Total 227,074,092

Reservoir
V Unit Price Cost
(mg) (PRp./m3) (PRp.)

Hub New Res. 37.28 3,600 610,121,647
Mongopir Pump Well 2.33 3,600 38,132,603

Sub-Total 648,254,250
Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

100 6,900 121,500 838,350,000
Sub-Total 6,900 838,350,000

Total (PRp.) Initial Cost 3,677,588,030 Pump O/M Cost 227,074,092

Name

Name
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(3)     Alternative Study for 2025 
Figures A73.2.3 to A73.2.5 show three alternatives in 2025 for the target water supply area 
(West Gravity in Figure A77.1.3).  These alternatives are based on the Alternative 1 of 
previous Section (2) which was selected for the year 2016. 
 
Although West FP will be build within the geographical boundary of Zone Central as seen in 
Figure A73.2.3, the water produced in West FP will be mainly used for Zone West as a general 
rule of the proposed zone-wise water supply.  Therefore, after the construction of West FP by 
2021, water should be supplied to the target water supply area from West FP, but no longer from 
Central FP through the reservoir of NKE Old. 
 
Alternative 1-1 shown in Figure A73.2.3 distributes water from West FP to the target area 
directly. In this alternative, the feeder part of the trunk distribution mains from NKE Old to be 
constructed by 2016 will not be used as main trunk distribution mains for the target area.  
However, these trunk distribution mains will be utilized as part of the distribution network for 
the surrounding area in Zone Central although they will not to be used at their full capacities.  
This part of trunk distribution mains can also be used for emergency water supply when the 
proposed trunk distribution mains from West FP are damaged. If the construction of West FP 
delays, this part of trunk distribution mains will be used continuously for distributing water 
from NEK-Old to the target area.  
 
Alternatives 1-2 and 1-3, which are shown in Figures A73.2.4 and A73.2.5 respectively, will 
continuously utilize the feeder part of the trunk distribution main constructed by 2016 for the 
target area.  While Alternative 1-2 transmits 100% of the required water to NKE Old before 
distributing it to the target area, Alternative 1-3 is set to transmit only 50% of the required water 
to NEK Old and to distribute the other half to the target area directly.  As for Alternative 1-3, 
since the distribution line from NEK Old will have relatively low water pressure, comparing to 
that of the distribution line from West FP at the same location (e.i. at the end of the trunk 
distribution main from West FP shown in Figure A73.2.5), the trunk distribution mains from 
NEK Old are set down to the lower side of the target area, from which water can be distribute 
with enough residual pressure due to a large difference in height between NEK Old and the 
lower side. . 
 
As shown in Tables A73.2.3 to A73.2.5, the construction costs of these three alternatives do not 
differ significantly (between PRs. 5.1 and 5.6 billion) although the cost of Alternative 1-1 
includes the construction cost of the feeder part of trunk distribution mains to be installed by 
2016 as well, for a fair comparison with the other two alternatives.  
 
However, Alternative 1-2 can not distribute water at a residual pressure as high as those of 
Alternatives 1-1 and 1-3 (more than 15m in water head).  Moreover, Alternatives 1-2 and 1-3 
have a disadvantage over Alternative 1-1 in terms of their required institutional arrangement (i.e. 
Alternatives 1-2 and 1-3 are not meet the general rule of zone-based independent management) 
and their consequent efficiencies in O&M.  This is because Alternatives 1-2 and 1-3 supply 
water from West FP through NEK Old that will be under the control of Zone Central, before 
distributing to the target area in Zone West.  Alternative 1-1 also has another advantage over 
the other alternatives, in terms of simplicity of water supply system. 
 
For these reasons, Alternative 1-1 is selected for this target water supply area in preparing the 
water supply system in 2025 of the proposed Master Plan. 
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Figure A73.2.3  Alternative 1-1 in 2025 (Zone West) 
 
 
Table A73.2.3  Cost of Alternative 1-1 in 2025 (Zone West) 
Reservoir

V Unit Price Cost
(mg) (PRp./m3) (PRp.)

West New Res. 43.50 3,600 711,917,694
Sub-Total 711,917,694

Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

100 10,500 121,500 1,275,750,000
88 32,000 109,000 3,488,000,000

Sub-Total 42,500 4,763,750,000

Total (PRp.) Initial Cost 5,475,667,694 Pump O/M Cost 0

Name
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Figure A73.2.4  Alternative 1-2 in 2025 (Zone West) 
 
 
Table A73.2.4  Cost of Alternative 1-2 in 2025 (Zone West) 
Transmission Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

100 14,900 121,500 1,810,350,000
Sub-Total 14,900 1,810,350,000

Reservoir
V Unit Price Cost
(mg) (PRp./m3) (PRp.)

NEK-Old New Res. 43.50 3,600 711,917,694
Sub-Total 711,917,694

Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

100 21,000 121,500 2,551,500,000
Sub-Total 21,000 2,551,500,000

Total (PRp.) Initial Cost 5,073,767,694 Pump O/M Cost 0

Name
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Figure A73.2.5  Alternative 1-3 in 2025 (Zone West) 
 
 
Table A73.2.5  Cost of Alternative 1-3 in 2025 (Zone West) 
Transmission Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

80 14,900 90,000 1,341,000,000
Sub-Total 14,900 1,341,000,000

Reservoir
V Unit Price Cost
(mg) (PRp./m3) (PRp.)

West New Res. 6.22 3,600 101,796,047
NEK-Old New Res. 37.28 3,600 610,121,647

Sub-Total 711,917,694
Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

100 10,500 121,500 1,275,750,000
88 16,000 109,000 1,744,000,000
72 7,200 71,000 511,200,000

Sub-Total 33,700 3,530,950,000

Total (PRp.) Initial Cost 5,583,867,694 Pump O/M Cost 0

Name
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A73.3  Alternatives of Water Transmission for Zone Central 
 
(1)     Target Water Supply Area of Alternative Study 
Prior to the alternative studies, the water supply system of Zone Central in 2025 was divided 
into five water supply areas (Res-C01 Pumping, Res-C01 Pumping Gravity, NEK-Old Gravity, 
University Gravity, and COD & HSR Gravity as seen in Figure A77.1.3 of Appendix A77.1) in 
consideration of elevation, other topological conditions, capacities of related facilities, current 
water supply areas and town boundaries. 
 
Water can be distributed to the three lower-laying water supply areas (NEK-Old Gravity, COD 
& HSR Gravity, and University Gravity) of Zone Central by gravity from the locations of 
related existing reservoirs (the reservoirs of NEK-Old FP and COD FP, and University 
Reservoir).  However, the other two supply areas (Res-C01 Pumping and Res-C01 Pumping 
Gravity) require pumping from Central FP planned in K-IV project, due to their high elevation, 
for either direct distribution by pumping or water transmission by pumping to a new reservoir at 
a higher location for water distribution by gravity.  Therefore, alternatives of water 
transmission are considered for these two water supply areas in Zone Central. 
 
The following Section (2) shows alternatives in 2025 for the water supply area in the west side 
of Central FP (Res-C01 Pumping Gravity) and Section (3) shows alternatives in 2025 for the 
water supply area at the northern hilly area (Res-C01 Pumping) that are based on the results of 
Section (2).  Both alternative studies are conducted based on the condition that new reservoirs, 
transmission mains and trunk distribution mains will be provided exclusively for covering the 
water demand of the target water supply area while existing facilities will be used only for 
covering the water demand of the other water supply areas.  The basic conditions of hydraulic 
analysis used for the alternative studies are explained in Appendix A73.1.  
 
(2) Fist Alternative Study for 2025 to Distribute Water from Central FP 
Figures A73.3.1 and A73.3.2 show two alternatives in 2025 of supplying water from Central FP 
to its nearest water supply area (Res-C01 Pumping Gravity in Figure A77.1.3) where relatively 
high population increase is expected.  Alternative 1, which is shown in Figure A73.3.1, 
transmits water from Central FP to a new distribution reservoir located at a higher land (Res. 01) 
before distributing water to its target water supply area by gravity.  Alternative 2 shown in 
Figure A73.3.2 distributes water directly from Central FP to the target area by two groups of 
distribution pumps having different water heads that distribute water to the upper and lower 
sides of the area separately.  
 
Although the construction cost of Alternative 1 (PRs. 2.3 billion) is about 20% higher than that 
of Alternative 2 (PRs. 1.9 billion) as seen in Tables A73.3.1 and A73.3.2, Alternative 1 is more 
preferable for stable water supply.  In the case of Alternative 1, water can be distributed stably 
from new Res.  C01 by gravity even during power cuts of few hours without using power 
generators.  On the other hand, Alternative 2 requires difficult operation of distribution pumps 
to adjust their pump discharges to the daily-fluctuating water demand of the target area.  The 
operation of distribution pumps will be especially difficult for Alternative 2 because the two 
groups of distribution pumps having different water heads and capacities requires a complicated 
operation of pumps to distribute water separately to the upper and lower sides of the target areas 
as seen in Figure A73.3.1.  Alternative 1 of gravity distribution also matches the basic concept, 
“distribute water by gravity as much as possible”, explained in Appendix A73.1.  
 
Therefore, Alternative 1 is selected for this water supply area in preparing the water supply 
system in 2025 of the proposed Master Plan. 



 

A73 - 12 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A73.3.1  Alternative 1 in 2025 (Zone Central – Central FP) 
 
 
Table A37.3.1  Cost of Alternative 1 in 2025 (Zone Central – Central FP) 
Transmission Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

56 5,500 50,000 275,000,000
Sub-Total 5,500 275,000,000

Transmission Pump
Power Unit Price Cost Unit O/M Cost Cost
(kW) (PRp.) (PRp.) (PRp./kW-H) (PRp./kW-Year)

TPS 911.65 34,000 30,996,100 10 79,860,540
Sub-Total 30,996,100 Sub-Total 79,860,540

Reservoir
V Unit Price Cost
(mg) (PRp./m3) (PRp.)

New Res C01 Pump Well 1.23 3,600 20,130,087
New Res C02 19.67 3,600 321,852,261

Sub-Total 341,982,348
Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

72 5,700 71,000 404,700,000
56 25,900 50,000 1,295,000,000

Sub-Total 31,600 1,699,700,000

Total (PRp.) Initial Cost 2,347,678,448 Pump O/M Cost 79,860,540

Name

Name
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Figure A73.3.2  Alternative 2 in 2025 (Zone Central – Central FP) 
 
 
Table A73.3.2  Cost of Alternative 2 in 2025 (Zone Central – Central FP) 
Reservoir

V Unit Price Cost
(mg) (PRp./m3) (PRp.)

New Res 01 19.67 3,600 321,852,261
Sub-Total 325,943,742

Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

72 4,900 71,000 347,900,000
56 24,100 50,000 1,205,000,000

Sub-Total 29,000 1,552,900,000

Distribution Pump
Power Unit Price Cost Unit O/M Cost*1 Cost
(kW) (PRp.) (PRp.) (PRp./kW-H) (PRp./kW-Year)

DPS-1 606 34,000 20,602,640 12 63,698,515
DPS-2 62 34,000 2,091,000 12 6,464,880

Sub-Total 22,693,640 Sub-Total 70,163,395

Power Generator
Power
(kW)

For DPS-1 and DPS-2 667
Sub-Total 14,562,581

Total (PRp.) Initial Cost 1,916,099,963 Pump O/M Cost 70,163,395
*1:  including 20% increase to take the additional O/M cost of the generator for pump into account

Name

14,562,581

Name

Name Cost
(PRp.)
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(3) Second Alternative Study for 2025 to Distribute Water from New Res. C01 
Since it is concluded in the previous alternative study of Section (2) that a new reservoir (Res. 
C01) will be constructed at the north of Central FP, it is planned to transmit the water for the 
second target area (for this second alternative study for Zone Central) in north (shown as 
Res-C01 Pumping in Figure A77.1.3) from Central FP to new Res. C01, as well as the water for 
the first target area of the previous alternative study.   
 
From new Res. C01, the water can be future transmitted by pump to another distribution 
reservoir at a higher location, for consequent distribution by gravity or can be distributed 
directly from Res. C01 to households by distribution pumps. Figures A73.3.3 and A73.3.4 show 
these two alternatives in 2025 of supplying water from New Res. C01 to the northern water 
supply area (Res-C01 Pumping) where low future population is expected.  Alternative 1 shown 
in Figure A73.3.3 distributes water directly from new Res. C01 to the target area by distribution 
pump, while Alternative 2, which is shown in Figure A73.3.4, transmits water from new Res. 
C01 to another new distribution reservoir, Res. C02, located at a higher location than Res. C01 
before distributing water to the target area by gravity. 
 
The construction cost of Alternative 1 (PRs. 0.27 billion) is about 15% cheaper than that of 
Alternative 2 (PRs. 0.32 billion) as seen in Tables A73.3.3 and A73.3.4.  Since this whole 
water supply area is currently undeveloped and the locations of future settlements within the 
area cannot be predicted, it will be continuously difficult to finalize the suitable location for new 
Res. C02 of Alternative 2.  Alternative 1 of direct pump distribution, on the other hand, can 
provide more flexibility to adjust to currently-unknown future development of the area. 
 
For these reasons, Alternative 1 is selected for this water supply area in preparing the water 
supply system in 2025 of the proposed Master Plan. 
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Figure A73.3.3  Alternative 1 in 2025 (Zone Central – Res. C01) 
 
 
Table A73.3.3  Cost of Alternative 1 in 2025 (Zone Central – Res. C01) 
Reservoir

V Unit Price Cost
(mg) (PRp./m3) (PRp.)

New Res 01 Pump Well 4.84 3,600 79,161,974
Sub-Total 83,253,455

Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

36 8,300 21,000 174,300,000
Sub-Total 8,300 174,300,000

Distribution Pump
Power Unit Price Cost Unit O/M Cost*1 Cost
(kW) (PRp.) (PRp.) (PRp./kW-H) (PRp./kW-Year)

DPS 299 34,000 10,177,333 12 31,465,920
Sub-Total 10,177,333 Sub-Total 31,465,920

Power Generator
Power
(kW)

For DPS 299
Sub-Total 6,332,232

Total (PRp.) Initial Cost 274,063,021 Pump O/M Cost 31,465,920
*1:  including 20% increase to take the additional O/M cost of the generator for pump into account

6,332,232

Name

Name

Name Cost
(PRp.)
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Figure A73.3.4  Alternative 2 in 2025 (Zone Central – Res. C01) 
 
 
Table A73.3.4  Cost of Alternative 2 in 2025 (Zone Central – Res. C01) 
Transmission Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

32 5,600 20,000 112,000,000
Sub-Total 5,600 112,000,000

Transmission Pump
Power Unit Price Cost Unit O/M Cost Cost
(kW) (PRp.) (PRp.) (PRp./kW-H) (PRp./kW-Year)

TPS 299 34,000 10,166,000 10 26,192,400
Sub-Total 10,166,000 Sub-Total 26,192,400

Reservoir
V Unit Price Cost
(mg) (PRp./m3) (PRp.)

New Res C01 Pump Well 0.30 3,600 4,942,509
New Res C02 4.84 3,600 79,161,974

Sub-Total 84,104,483
Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

40 4,300 25,500 109,650,000
Sub-Total 4,300 109,650,000

Total (PRp.) Initial Cost 315,920,483 Pump O/M Cost 26,192,400

Name

Name
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A73.4  Alternatives of Water Transmission for Zone East 
 
(1)     Target Water Supply Area of Alternative Study 
Prior to the alternative studies, the water supply system of Zone East in 2025 was divided into 
six water supply areas (Pipri & Gharo Gravity, East Gravity, E01 Pump Gravity, E02 Pump 
Gravity, E03 Pump Gravity, and E03 Pumping as seen in Figure A77.1.3 of Appendix A77.1) 
in consideration of elevation, other topological conditions, capacities of related facilities, current 
water supply areas and town boundaries. 
 
Water can be distributed to the two lower-laying water supply areas (Pipri & Gharo Gravity and 
East Gravity) of Zone East by gravity directly from the locations of existing Pipri FP and Gharo 
FP and East FP planned in K-IV project.  However, the other four supply areas require 
pumping from planned East FP, due to their high elevation, for either direct distribution by 
pumping or water transmission by pumping to a new reservoir at a higher land for consequent 
water distribution by gravity.  It is planned to construct new reservoirs (Res. E02 and Res. 
E03) for the two water supply areas of small water demand around and above East FP (E02 
Pumping Gravity and E03 Pumping Gravity) in accordance with the basic concept on gravity 
distribution.  However, direct pump distribution from new Res. E03 is selected for the other 
water supply area of small water demand at the north end of Zone East (E03 Pumping) because 
its large difference in height within the area (gravity distribution from one additional reservoir 
cannot cover the whole area).  Since this area is currently undeveloped and is DHA9 that will 
be a bulk water user, direct pump distribution will provide them with enough flexibility to 
develop their own stable distribution system covering all the future settlements within the area.     
 
The remaining water supply area (E01 Pumping Gravity) is expected to have a large water 
demand of 36.93 mgd in 2025. The water distribution to this area requires pumping from East 
FP because hills are between East FP and this area. For these reasons, this water supply area is 
considered as the target area of alternative study for Zone East. 
 
The following Section (2) shows an alternative study on two alternatives in 2025 for the target 
water supply area. The alternative study is conducted based on the condition that new reserves, 
transmission mains and trunk distribution mains will be provided exclusively for covering the 
water demand of the target water supply area while existing facilities will be used only for 
covering the water demand of the water supply areas.  The basic conditions of hydraulic 
analysis used for the alternative study are explained in Appendix A73.1.  
 
(2) Alternative Study for 2025 
Figures A73.4.1 and A73.4.2 show two alternatives in 2025 of supplying water from East FP to 
the target water supply area (shown as E01 Pumping Gravity in Figure A77.1.3) where 
relatively high population increase is expected.  Alternative 1, which is shown in Figure 
A73.4.1, transmits water from East FP to a new distribution reservoir at the top of the hilly area 
(Res. E01) before distributing the water to the target area by gravity, while Alternative 2 shown 
in Figure A73.4.2 distributes water directly from East FP to the target area by distribution 
pumps.  
 
Both construction and O/M costs of Alternative 1 (PRs. 0.955 billion and PRs. 41 million/year) 
are lower than those of Alternative 2 (PRs. 0.964 billion and PRs. 71 million/year) as seen in 
Tables A73.4.1 and A73.4.2.  Alternative 1 of gravity distribution also has another significant 
advantage over Alternative 2 of direct pump distribution in terms of stable water supply. 
Therefore, Alternative 1 is selected for this water supply area in preparing the water supply 
system in 2025 of the proposed Master Plan. 
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Figure A73.4.1  Alternative 1 in 2025 (Zone East) 
 
 
Table A73.4.1  Cost of Alternative 1 in 2025 (Zone East) 
Transmission Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

56 9,200 50,000 460,000,000
Sub-Total 9,200 460,000,000

Transmission Pump
Power Unit Price Cost Unit O/M Cost Cost
(kW) (PRp.) (PRp.) (PRp./kW-H) (PRp./kW-Year)

TPS 475.52 34,000 16,167,680 10 41,655,552
Sub-Total 16,167,680 Sub-Total 41,655,552

Reservoir
V Unit Price Cost
(mg) (PRp./m3) (PRp.)

New Res E01 12.31 3,600 201,464,524
Eest FP Pump Well 0.77 3,600 12,585,396

Sub-Total 214,049,920
Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

56 5,300 50,000 265,000,000
Sub-Total 5,300 265,000,000

Total (PRp.) Initial Cost 955,217,600 Pump O/M Cost 41,655,552

Name

Name
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Figure A73.4.2  Alternative 2 in 2025 (Zone East) 
 
 
Table A73.4.2  Cost of Alternative 2 in 2025 (Zone East) 
Reservoir

V Unit Price Cost
(mg) (PRp./m3) (PRp.)

New Res. of Eest FP 12.31 3,600 201,464,524
Sub-Total 201,464,524

Distiribution Pipe
Dia L Unit Price Cost
(Inch) (m) (PRp.) (PRp.)

56 14,500 50,000 725,000,000
Sub-Total 14,500 725,000,000

Distribution Pump
Power Unit Price Cost Unit O/M Cost*1 Cost
(kW) (PRp.) (PRp.) (PRp./kW-H) (PRp./kW-Year)

DPS 666 34,000 22,636,293 12 69,986,093
Sub-Total 22,636,293 Sub-Total 69,986,093

Power Generator
Power
(kW)

For DPS 666
Sub-Total 14,538,549

Total (PRp.) Initial Cost 963,639,366 Pump O/M Cost 69,986,093
*1:  including 20% increase to take the additional O/M cost of the generator for pump into account

14,538,549

Name

Name

Name Cost
(PRp.)

 


	CHAPTER 7
	A71.1  President Promises Funds for K-IV, DAWN Tuesday January 15, 2008
	A72.1  Notification of the Sindh Government on the Extension of KW&SB Jurisdiction
	A73.1  Conditions of the Alternative Studies for Water Transmission
	A73.2  Alternatives of Water Transmission for Zone West
	A73.3  Alternatives of Water Transmission for Zone Central
	A73.4  Alternatives of Water Transmission for Zone East



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




