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1. Background of the Project

Water supply coverage of Pakistan is 65% in the entire country, 85% in urban areas and 55% in rural
areas (The Medium Term Development Framework 2005). Faisalabad is the third most populous city in
Pakistan and the second most populous city in the Punjab Province (approximately 3.1 million) and its
average population growth rate between 1990 and 2013 was approximately 3.2%, which is above the
national average. This population growth is in part due to emerging industrial growth over the same
period, particularly in the textile industry.

In Faisalabad City, Faisalabad Water and Sanitation Agency (hereinafter, FWASA) is responsible for
water supply, which is about 98% dependent on groundwater as a water source. The FWASA has been
developing, with the support of donors, water resources and water supply facilities such as the projects
to develop the Chenab well field in 1992 with the support of ADB and the Jahn Branch Canal well field
in 2012 with the support of Japan Grant Aid, as well as a French government sponsored project to
develop well field and construct a purification plant and so on.

However, the served population in 2013 is only about 1.55 million people, corresponding to 50% of
Faisalabad’s urban inhabitants because of the high population growth rate. The FWASA is considering
development of new water sources, however, no concrete progress has been made because there remains
concern about the impact of groundwater development on local agricultural communities and that it will
cause declining groundwater levels around the wells. Moreover, surface water development has been
impeded because of the need for modifications in water rights.

The water facilities at Chenab are vital in terms of Faisalabad City’s water supply, because they
supply about 55% of the total water volume for the city. However, facilities at Chenab have been
operating more than 20 years, and are aging. Distribution pumps at the Terminal Reservoir break down
frequently and this affects the stability of the water supply; booster pumps at the Inline Booster Pump
Station cannot transmit the total amount of water from Chenab well field; and energy efficiency has
deteriorated, and costs associated with energy consumption have increased, by continuing to run these
pumps. In recent years, population growth and economic growth have resulted in power shortages and
rising electricity costs, worsening the financial situation of FWASA, which only secures about 45% of
its operating costs from water and sewage bills. As of 2012, electricity costs accounted for about 39% of
FWASA'’s operating costs. Under these circumstances, renewing the pump facilities at Chenab,
stabilizing the supply of water, lowering the cost of water supply and ultimately improving the overall
financial conditions of FWASA through more efficient energy consumption has become a matter of
urgency.

In addition, there is a design problem at the Chenab Terminal Reservoir (hereinafter, T/R) that needs
to be addressed. The installation position of distribution pumps is higher than the low water level of the

reservoir, increasing the suction lift and causing cavitation when trying to utilize water from the lower
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half of the reservoir, practically limiting the use of the reservoir to just half of its designed capacity. For
this reason the supply from the reservoir cannot meet the peak demand of the day. Furthermore, water
leakage from the aging wall of the T/R results in the loss of about 600 m3 of water per day.

Thus, Japan International Cooperation Agency (hereinafter “JICA”) conducted a Preparatory Survey
from August 2013 to October 2013, confirmed National Plans related to the water supply sector of
Pakistan, the current situation of water supply facilities which FWASA maintains, and basic information
about the capacity of those involved in operation and maintenance of the facilities, to confirm the need
of strengthening the capacity of water supply facilities of FWASA and to consider the possibility of
assistance by Japan. FWASA informed the preparatory survey that it needed to strengthen its current
capacity for water supply, which stands at 398,250m3 per day (as of September 2013), to 765,000 m3
per day by 2017. The preparatory survey revealed that, while the strengthening of facility capacity and
the development of water supply facilities by 67,500 m3 per day has been planned and implemented via
French government assistance, the water supply capacity of the water supply facilities remain

insufficient.

2. Conclusions by the Preparatory Survey and Components of this Project

In the Preparatory Survey, it was judged that it would be necessary to renew both the booster pumps at
the Inline Booster Pump Station and the distribution pumps at the T/R, and take countermeasures against
water leakages at the T/R. In addition, it was recommended that a new distribution pump station should
be constructed for renewal of the distribution pumps at the T/R, in light of the construction process,
safety, the need to turn off existing distribution pumps during construction, and other considerations.
There was a request from Pakistani counterparts for generators to operate the booster pumps at the Inline
Booster Pump Station and distribution pumps at the T/R in case of power failure, but it was not included
in the scope of the Project since power is supplied to both locations by distribution lines independent
from the substation.

The final scope of this Project, based on the above, is as follows: In terms of facility construction, the
project will include the renewal of booster pumps at the Inline Booster Pump Station to transmit the
water from Chenab well field to the T/R, construction of a new pump station and the renewal of
distribution pumps at T/R, and countermeasures for water leakage from T/R in its scope. As for the
Project’s soft component, technical instruction on valve operation at the T/R, for pressure reduction

after distribution by distribution pumps, will be given.
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Table 1: Contents of Japanese Assistance

[tems Contents
1) Facilities Renewal of booster pumps at inline booster pump station
Construction of pump station at T/R
Renewal of distribution pumps at T/R
Leakage control of T/R
2) Soft components Technical support and capacity building
(Technical assistance) (Water pressure reduction technique by valve operation)

After the verification of the relevance of both the facility plan and soft component (technical

assistance) plan and preparation of the final draft contents of the Project, a tour to explain the Draft

Outline Design to Pakistani counterparts was conducted from April 9 to April 19, 2014. The outline of

Japanese Assistance, planned facilities and soft component are shown in the tables below.

Table 2: Outline of the Facilities Plan

Chenab Well field

Design Intake Flow: 204,780 m? per day

Inline Booster Pump Station Design Transmission Flow: 204,780 m3 per day

: 10,239 mé per hour
Large Pump: 48.8 m? per minute x4 units (3+1 back up)

Small Pump: 24.4 m3per minute x2 units (1+1 back up)

Incidental Equipment (Pipes, Control panels, Flow meter, etc.)

T/R Pump Station

Design Distribution Flow : 161,880 m? per day
: 13,230 m2 per hour (Pump)
: 5,500 m3 per hour (Gravity)
Pump Operating Time : 6 hours
Gravity Operating time : 15 hours

New Pump Station (Reinforced Concrete)
Rehabilitation of Water Leakage at T/R

Large Pump: 63.0 m? per minute x4 units (3 +1 back up)

Small Pump: 31.5 m3 per minute x2 units (1+1 back up)

Incidental Equipment (Pipes, Control panels, Flow meter, etc.)

Table 3: Outline of Soft Component

Outputs

Objectively verifiable indicator Means of verification

Reduction of water

pressure is appropriately

Understand the relationship between volume of )
o Comprehension test
water distribution and water pressure

practiced on the
secondary supply lines
after the distribution of

water

Operate valves for depressurization in supply Measurements of water distribution
lines against the volume of water distribution volume and water pressure
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3. Implementation Schedule

The implementation schedule of the Project is shown in the table below.

Table 4: Implementation Schedule of the Project

Month [ 1 2 3 4 5 6 7 8 9 10 11 12
Field survey ! E
Analysis and detailed design T OO OO O T
.gﬂ Tender documents created LI
& [Tender documents approved ]
'E Explanation at Local 1]
8 |Tender A
Tender evaluation W (7 months)
Contract | 4
Month 1 [ 2 1T 3] 417 5 | 6 [ 71 8 [ 9 ] w11 7] 12]
Building work .
Civil work | | [ |
Inline Booster Pump Station #
I

Terminal Reservoir
Repair of Water Lekage at T/R
Mechanical and electrical work

Drawing preparation and approval [TTTT[TTTT
Production and inspection T T T T T T T T T T T T O T T T T T T I I AT 10T

Transport

Installation

Test run

Completion inspection

Month 13 14 15 16 17 18 19 20 21 22 23 24

Building work |—
Civil work [T ]
Inline Booster Pump Station

Terminal Reservoir

Repair of Water Lekage at T/R m
e s o s

Mechanical and electrical work

Drawing preparation and approval

Production and inspection

(TotalP2meonthis)

Transport

Installation

Test run

Completion inspection | [ —

EE Field work
M Domestic work

4. Project Evaluation
(1) Vvalidity

Pakistan has formulated its National Drinking Water Policy in 2009, and has set a goal to provide safe
drinking water to all citizens by 2025. The Punjab Drinking Water Policy (2010), against this backdrop,
has set goals to protect water sources from water pollution and to give priority allocation of water
resources to the drinking water supply, and to conduct organizational reform so that the Water and
Sanitation Agencies (WASA\) of five cities in the Punjab Province become independent agencies in both
management and organization. However, increasing operating costs due to soaring electricity prices,
especially the increase in the cost of providing power has become an obstacle for policy implementation.
This Project aims to reduce the operational costs of FWASA through the improvement of energy

efficiency, through the renewal of water supply facilities that are currently lowering the energy-cost
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performance. The overall objective is to sustainably provide a stable water supply, and the need for this
Project is high.

The Project includes the renewal of the pumps at the Inline Booster Pump Station and T/R as one of
the cooperation. The existing pumps are made in Japan. For the new pumps to be renewed by the Project,
it will be advantageous to install pumps with low failure rates, high energy efficiency and quality, and
that undergo vigorous checks before being dispatched from factories. It is considered that Japanese
products meet these requirements; thus, there is a demonstrable necessity and advantage in using
Japanese technology in this Project. The facilities and equipment to be provided by the Project do not
require excessively advanced technology in construction and operation. There are no negative
environmental or social impacts that will hinder the implementation of this Project. Therefore, it is
possible to carry out this Project by Japanese grant aid. Pakistan is able to carry out the operation and
maintenance of the facility and equipment after the completion of the Project through their human
resources and funds.

Japan has identified "ensuring human security and improvement of social infrastructure™ as a priority
area under its Country Assistance Strategy (April 2014) for Pakistan. This Project is positioned within
the "program of ensuring water and sanitation" under the development challenge "health and
environmental improvement". Within this program, this Project will work towards the improvement of
access to safe water and improvement of hygienic environment, by supporting water and sewage facility
development, organizational management improvement, securement of financial soundness, operation
and maintenance improvement, and the strengthening of planning capacity.

In this way, this Project is consistent with, and highly relevant to, Japan's assistance policy and
Pakistan’s development needs and policies.

(2) Effectiveness
1) The Quantitative Effects

The quantitative effects of the Project are expected as follows.

Table 5: Quantitative Effectiveness of the Project

Target Value
Reference Value
Index (2020:3 years after
(2013) ) ,
project completion)
Power Consumption of Booster, Distribution Pump 0.259 0.232
(kW/m3)
Hourly Maximum Water Supply (m3/h) 8,418 13,230
Daily Maximum Water Supply (m3/d) 149,508 161,880

2) The Qualitative Effects
In terms of qualitative effects, improvement in the financial situation of FWASA through the
reduction of power consumption, reduction of maintenance costs and stable operation of the equipment

through the update of the pump equipment, reduction of the area where the residents cannot access
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sufficient water, and mitigation of the effects of climate change may be expected from this Project.

Relevance as well as the effectiveness of the Project is expected to be high, due to the above.
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Chapter 1 Background of the Project

Chapter 1. Background of the Project
1-1 Background of Grant Aid

1-1-1 Background of Preparatory Survey

Water supply coverage of Pakistan is 65% in the entire country, 85% in urban areas and 55% in rural
areas (The Medium Term Development Framework 2005). Faisalabad is the third most populous city in
Pakistan and the second most populous city in the Punjab Province (approximately 3.1 million) and its
average population growth rate between 1990 and 2013 was approximately 3.2%, which is above the
national average. This population growth is in part due to emerging industrial growth over the same
period, particularly in the textile industry.

In Faisalabad City, Faisalabad Water and Sanitation Agency (hereinafter, FWASA) is responsible for
water supply, which is about 98% dependent on groundwater as a water source. The FWASA has been
developing, with the support of donors, water resources and water supply facilities such as the projects
to develop the Chenab well field in 1992 with the support of ADB and the Jahn Branch Canal well field
in 2012 with the support of Japan Grant Aid, as well as a French government sponsored project to
develop well field and construct a purification plant and so on.

However, the population receiving water supply in 2013 is only about 1.55 million people,
corresponding to 50% of Faisalabad’s urban inhabitants because of the high population growth rate. The
FWASA is considering development of new water sources, however, no concrete progress has been
made because there remains concern about the impact of groundwater development on local agricultural
communities and that it will cause declining groundwater levels around the wells. Moreover, surface
water development has been impeded because of the need for modifications in water rights.

The water facilities at Chenab are vital in terms of Faisalabad City’s water supply, because they
supply about 55% of the total water volume for the city. However, facilities at Chenab have been
operating more than 20 years, and are aging. Distribution pumps at the Terminal Reservoir (hereinafter,
T/R) break down frequently and this affects the stability of the water supply; booster pumps at the Inline
Booster Pump Station cannot transmit the total amount of water from Chenab well field; and energy
efficiency has deteriorated, and costs associated with energy consumption have increased, by continuing
to run these pumps. In recent years, population growth and economic growth have resulted in power
shortages and rising electricity costs, worsening the financial situation of FWASA, which only secures
about 45% of its operating costs from water and sewage bills. As of 2012, electricity costs accounted for
about 39% of FWASA’s operating costs. Under these circumstances, renewing the pump facilities at
Chenab, stabilizing the supply of water, lowering the cost of water supply and ultimately improving the
overall financial conditions of FWASA through more efficient energy consumption has become a matter
of urgency.

In addition, there is a design problem at the Chenab T/R that needs to be addressed. The installation
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position of distribution pumps is higher than the low water level of the reservoir, increasing the suction
lift and causing cavitation when trying to utilize water from the lower half of the reservoir, practically
limiting the use of the reservoir to just half of its designed capacity. For this reason the supply from the
reservoir cannot meet the peak demand of the day. Furthermore, water leakage from the aging wall of
the T/R results in the loss of about 600 m® of water per day.

Thus, Japan International Cooperation Agency (hereinafter “JICA”) conducted a Preparatory Survey
from August 2013 to October 2013, confirmed National Plans related to the water supply sector of
Pakistan, the current situation of water supply facilities which FWASA maintains, and basic information
about the capacity of those involved in operation and maintenance of the facilities, to confirm the need
of the strengthening of the capacity of water supply facilities of FWASA and to consider the possibility
of assistance by Japan. FWASA informed the preparatory survey that it needed to strengthen its current
capacity for water supply, which stands at 398,250m? per day (as of September 2013), to 765,000 m® per
day by 2017. The preparatory survey revealed that, while the strengthening of facility capacity and the
development of water supply facilities by 67,500 m* per day has been planned and implemented via
French government assistance, the water supply capacity of the water supply facilities remain

insufficient.

1-1-2  Field Survey

In the field survey conducted from August 2013 to October 2013, it was reconfirmed that the
objective of the Project is to renew the pumps of Chenab Inline Booster Pump Station and T/R, to
stabilize the operation of water facilities, to increase the energy efficiency, to reduce the cost of water
distribution, and to contribute to the realization of stable and sustainable water supply services. Requests
from Pakistani Side confirmed in the field survey are shown in the following table.

In the initial request, the number of generators (1000kVA, 3.3kV) was set as four, however, after
confirming the request letter from the FWASA, it was confirmed that the number of generators to be
recorded in the minutes to be five generators.

As technical assistance, initial operation guidance of facilities and equipment, and the soft component

related to the operation and maintenance was requested.

1-2



Chapter 1 Background of the Project

Table 1-1: Original and Final Request of Pakistani Side

Original Request Final Request Remarks

1) Facility

Inline Booster Pump Station

Booster Pump No change
(27.2m/min x 3nos., 51.0m%/min x 4 nos.)

Generator No change
(700kVA, 3.3kV x 3 nos.)

Incidental Work No change
(Pipeline, Control Panel, Flow Meter, etc..)

Terminal Reservoir

Distribution Pump No change

(27.2m3/min x 3 nos., 37.7m3min X 7 nos.)
Generator Generator

(1000kVA, 3.3kV x 4 nos.) (1000kVA, 3.3kV x5 nos.)
Incidental Work No change

(Pipeline, Control Panel, Flow Meter,
Rehabilitation of reservoir tank and pump
station, etc.)

Cutting and removal of trees on the Project site It will be borne by Pakistani
Side
2) Design/Supervision
Detail Design No change
Assistance in Tendering No change
Construction Supervision No change
Soft component No change

1-2 Natural Conditions

(1) Meteorological Condition
Pakistan faces the Himalaya Mountains to the north and the Arabian Sea to the south. The climate is
desert climate (BW) in the south central area, steppe climate (BS) in the north area, and humid moderate
climate with dry winter (Cw) in the northern mountainous area. The climatic and natural conditions vary
vastly between regions. As a major feature, the Indus River, the headwaters of which are in the
Himalayas, flows through the central part of Pakistan and has a major impact on the country’s natural,

social and economic conditions.

1) Rainfall
Compared to countries of Monsoon Asia in general, rainfall of Pakistan is less throughout the
country, with rainfall in the target area less than 500 mm a year, climate is divided into rainy season
(June to September) and dry season (October to May). Rainfall data at Faisalabad is recorded in the

table below.
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Table 1-2: Daily Rainfall at Faisalabad (mm)

Day|

Month

Jan |25/ 1000 00/04} 0000} 040934 00 00 01/00}00f06 0417030000} 06/ 01,00}00 00{01{09:00: 00}{00
Feb 100000700} 03/ 0026/ 03 12/ 23 43:03 05|23} 06f 17,0000/ 03} 02:06{00/07 00}{00} 16} 1.1/01}00
Mar 05:00:03 07!02}03:02;01}00 09:00; 14, 16} 07! 04:03; 0320100} 25:06; 25|00} 00} 06: 14! 00} 20! 05; 00} 00
Ar 1000007000206 04} 170300} 03:02}00/06f02} 30 03 0000} 010000 00/ 0003 08,0600} 00} 02
May 10100 00 29/01;15:02:23,03/00;02;00 00 14/00; 00, 24 00,00} 000032 00 00/ 1644 00} 10} 00! 00} 00
Jun 130100} 15 00/0001;00f00}/0006; 16 00} 1.1/ 06} 00! 1903 21122119 1.1/ 05 00} 00} 00: 00, 00| 47| 88} 6.1
Jul [44137/09 380110006 39]105| 00} 00} 85/202| 43} 54 10} 00 02} 00} 15 97(142] 02} 06} 09 00} 01|39} 44 03| 20
Aug | 86} 3301 01}39 7.7:00[141[17}09; 13]|141| 14,06} 23 56, 37 04| 31100: 79,3906} 50; 08 36| 06| 04} 20} 26 34
Sep [00}62; 14 28,50} 21 08} 67, 70 50! 1.0:00}00}38; 10]149|58 57/ 01;00; 00} 12} 82}00}00; 00} 00} 00! 00} 00
Oct 1000000 08} 14100 00{00 00{00; 00 13,0006} 09! 00000000} 04:00f00/ 010600 00}|00f00i00 00{00
Nov (000000 00|00} 0000/ 00 00/00f00: 000001000000 13/00/00 0003 0000 00;00}00} 00 00}00
Dec |1 000000 00{54;00;00{ 00 04/01;06; 00,00 20{00;00;00 00/ 00f13:02;00 00 00f 00040002 00! 01}{00
Total

Average (2005-2012)

(Source: Faisalabad University Weather Station)

(Source: Faisalabad University Weather Station)

Figure 1-1: Monthly Rainfall
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(Source: Faisalabad University Weather Station)

Figure 1-2: Yearly Rainfall
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2) Air Temperature
The annual range and the daily range of air temperature are large. Air temperatures is over 30
degrees from April to October, maximum air temperature exceeds 40 degrees from May to June in
particular. Meanwhile, minimum air temperature falls below 10 degrees from December to
February, and air temperatures vary greatly throughout the year. Air temperature data at Faisalabad

is recorded in the table below.

Average Temperature (January 2007 ~December 2012)

0.0
/Difference
+— Hizhoot Temeorature
200 - - — | owes| Termpera lire
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turiLh

(Source: Faisalabad University Weather Station)
Figure 1-3: Air Temperature

3) Wind Speed
Around the project site, while the average wind speed increases between June and September
during the rainy season, it is still less than 2m/sec. The wind is mild throughout the year.

Wind speed data at Faisalabad is recorded in the table below.

Average wind Speed(January 2002 ~December 2012)

2.0

Daily Average Wind Speed(m/sec)

oo

Jan Feb Mar Apr Mary dun Jul Aug Sep Coct =t Dec

Mot

(Source: Faisalabad University Weather Station)

Figure 1-4: Wind Speed
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4) Humidity
Humidity varies depending on the season, and changes according to precipitation. The rainy
season is generally humid, and the dry season is generally dry.

Humidity data at Faisalabad is recorded in the table below.

(Source: Faisalabad University Weather Station)

Figure 1-5: Average Humidity
(2) Natural Disaster

1) Cyclone
Pakistan experiences some cyclones which originate in the Arabian Sea, most are already in a
weakened state by the time they reach the Pakistani coast, namely coastal areas Baluchistan and

Sindh provinces. Therefore, Faisalabad city is not affected by cyclones.

2) Flood
Regarding the target site of the Chenab Inline Booster Pump Station and T/R, it has been

confirmed by the staff of FWASA that it has never experienced any flood inundation damage.

3) Earthquake
The frequency of occurrence of earthquakes is high in Pakistan. Major earthquakes occur mainly
in mountainous areas of northern and western Pakistan, and have caused extensive damage in the
past. However, Faisalabad City experiences very few earthquakes. In addition, since the size of
earthquakes in Faisalabad is also small, there has not been confirmed heavy damage caused by
earthquakes in the past.
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(Source: United States Geological Survey)

Figure 1-6: Location Map of Earthquake in and around Pakistan
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Table 1-3: Magnitude of Earthquake in and around Pakistan (1900-2013)

Magnitude in Richter scale Highest

Year I known] ~ 3.0 | 3.0~39]40~49]50~59]60~69]70~79] 80~ | "°? | tremor
1909 1 1 7.0
1928 1 1 6.6
1931 1 1 2 7.1
1935 1 1 8.1
1945 1 1 8.0
1947 1 1 6.9
1966 2 2 4 6.8
1972 3 3 5.9
1973 12 8 20 5.6
1974 8 5 2 15 6.2
1975 11 5 16 55
1976 4 1 5 5.3
1977 7 4 11 55
1978 1 9 5 15 55
1979 10 10 4.8
1980 12 3 15 54
1981 14 3 17 54
1982 8 4 12 5.2
1983 1 11 12 4.8
1984 1 18 7 26 5.6
1985 15 5 20 57
1986 1 12 2 15 5.3
1987 2 13 1 16 5.0
1988 17 2 19 55
1989 15 15 4.7
1990 27 8 1 36 6.0
1991 1 24 3 28 5.6
1992 10 29 10 49 5.9
1993 1 11 5 17 5.6
1994 8 2 10 55
1995 4 14 1 19 5.6
1996 7 17 3 27 5.2
1997 81 126 9 1 1 218 7.1
1998 8 29 3 40 54
1999 3 15 6 24 57
2000 4 14 1 1 20 6.0
2001 2 16 3 21 5.2
2002 6 26 1 33 5.8
2003 1 14 1 16 50
2004 3 21 5 29 5.5
2005 288 287 46 1 1 624 7.6
2006 77 47 3 127 5.2
2007 22 33 4 59 55
2008 87 80 7 2 176 6.4
2009 1 15 6 22 55
2010 19 8 27 5.4
2011 25 3 1 29 7.2
2012 28 3 31 54
2013 1 50 7 1 1 60 7.7
Total 0 613 1171 208 14 6 2 2015 -

(3) Topographical Condition

(Source: United States Geological Survey)

Faisalabad City is located at the center of the nearby vast Indus plain made up by the Indus River and

four of its tributaries. Among them, Faisalabad City belongs to the plain called Rechna Doab,
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sandwiched by two rivers, the Chenab River to the west and the Ravi River to the east.

Indus River has a history of repetitive massive flooding, which has created the vast and flat Indus
plain from midstream to downstream. The plain continues from the Punjab Province to Sindh Province,
occupying an area of approximately 200,000 km2 of the Punjab Province. Faisalabad City located in the
center of the Rechna Doab is on the terrace where the geological epoch is older than the river plain areas
to the east and west, and is slightly higher than the surrounding area. There is a gentle slope from the city
down to the two rivers to the east and west respectively. This is why, even though it is sandwiched
between two rivers, neither the water facilities of this project nor Faisalabad City have ever been

damaged by flooding in the past.

(4) Geological Condition

The entire region of Rechna Doab is covered in thick sediment carried down from the Himalayas by
rivers on both the east and west sides. The geological foundation is consolidated bedrock of Tertiary and
Precambrian metamorphic rocks that outcrop on the right bank of the Chenab River, with
unconsolidated alluvium such as sand, gravel, clay, silt, etc. of Pleistocene epoch and Holocene epoch of
Quaternary deposited on top of this bedrock.

A hydrogeological investigation was conducted in the entire region by the "Pakistan Water and Power
Development Authority" in the 1960s. According to the results of the drilling survey, the thickness of
the alluvium on the bedlock varies by each area, but in the target areas and its surrounding is about 180
m. Regarding the constitution of these alluvium, the sand layer is the major constituent, in particular the
fine sand with less than medium grain is prominent and it is confirmed that the groundwater is mainly
found in those sand layers. In addition, in order to ensure the water source of Faisalabad City, the
hydrogeological investigations were carried out in succession in these areas, so that the hydrogeological
characteristics are reaffirmed. Through these studies, the clay layers as the impermeable layers are not
developed in any horizontal and vertical direction in the alluvium, and it is clear the clay layers exist
only partially, forming a lens. In addition, the World Bank master plan evaluates the plain forms a huge
unconfined aquifer of 200 m depth from the fact that there is no impermeable layer clearly present in the

alluvium.
1-3 Environmental and Social Considerations

(1) Environmental Considerations

The purpose of the Project is the replacement of the existing pumping facilities, and there is no
foreseen development of new water sources nor increase in well yield. Accordingly, there will be no
new impacts on the environment associated with the implementation of construction and facility
replacement in the Project. Therefore, there are no adverse environmental impacts expected to arise
from implementation of the Project, however, IEE by Pakistan side is required for the replacement of

water supply facilities of the Project.
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(2) Social Consideration

Since the replacement of the existing booster pumps will be implemented inside the Inline Booster
Pump Station, there will be no negative impact resulting from land acquisition associated with the
replacement of the facilities. In the same way, since the new pump station will be constructed in the
same compound as the existing T/R and as the site is owned by FWASA, there will be no negative
impact related to land acquisition.

The Project will implement the replacement of water facilities by utilizing the existing Chenab well
field. Since the design intake flow is calculated by available water intake from well field in
consideration of the amount of decrease in groundwater level calculated by the pumping tests and
impacts on the surrounding agricultural wells, negative impacts on groundwater resources are expected

to be extremely negligible, if any.
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Chapter 2. Contents of the Project

2-1 Basic Concept of the Project

(1) Overall Goal and Project Goal
The Project aim is to achieve sustainable and stable water supply services in Faisalabad City through
stabilizing operation of the facilities, improving efficiency of energy consumption and reducing the cost
of water supply by the replacement of the pump at the Inline Booster Pump Station and T/R Pump

Station, namely facilities with a water source in the Chenab well field.

(2) Outline of the Project

Faisalabad is the third largest city in Pakistan (population of approximately 3.1 million), however,
only 50% (1.55 million people) of the population can benefit from the water supply of 354,000 m3 of
water per day in 2013.

In Faisalabad City, the FWASA is responsible for the management of water services, which depend
on groundwater for about 98% of the water supply. In addition to the FWASA’s own project, FWASA is
developing water sources with the support of donors, water facilities such as Chenab, Jhang Branch
Canal (hereinafter, JBC) developed by the Japanese government, Jhal Water Treatment Plant and Rakh
Branch Canal Upstream Well-field financed by the French government which is currently in progress,
and so on.

However, due to the high population growth rate (about 3.2% on average during 1990-2013), the
current water sources are expected to be able to provide only about 60% of the water demanded in 2017.

Under these circumstances, the FWASA is considering development of new water sources. However,
conspicuous progress is not seen due to the concern about the impact to the local agriculture and
lowering of groundwater level around wells by groundwater development; moreover, issues
surrounding water rights need to be overcome before development of surface water can progress.

On the other hand, Chenab water facilities, which are the main facilities of the FWASA and are more
than 20 years old, provide about 55% of water distributed to Faisalabad City. Not only has the stability
of the city’s water supply service declined because of the frequent failure and performance decrement of
the pumps at the Inline Booster Pump Station and T/R due to the aging, but also the energy efficiency of
distribution by pump is getting worse. As a result, the operating cost by these pumps is increasing.

Furthermore, in recent years, the electricity price is rising because of power shortages due to
population growth and economic growth, and this has worsened the financial situation of the FWASA,
which only manages to cover about 45% of its operating costs with water and sewerage charges.
Meanwhile the energy cost has reached about 39 % of total operating costs in 2012. Under such
circumstances, renewing the pump facilities, stabilizing the operation of the existing facilities by the
elimination of old machinery, reducing water supply costs through greater energy efficiency, and

improving the management situation are the urgent issues.
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In fact, the current faulty design of the T/R causes the cavitation due to a large suction lift when the
pumps try to distribute the lower half of water of T/R to the city. Consequently only half of the water in

the T/R is available to supply to Faisalabad City, and it is not enough to meet the peak hourly water

demand.

Under such circumstances, the Project will: replace the pumps at the Inline Booster Pump Station and
T/R, construct a new pump station at the T/R, repair water leaks at the T/R, and conduct the soft
component to control the water pressure of distribution pipe in order to achieve the project goal.

Thereby, it is expected that the capacity of operation and maintenance of water facilities will improve

and that it will become possible to supply safe water continuously to Faisalabad City.

The outline of the facilities planned in the Project is shown in the following table.

Table 2-1: Outline of the Project

Chenab Well field

Design Intake Flow: 204,780 m3/day

Inline Booster Pump Station

Design Transmission Flow: 204,780 m3/day
: 10,239 m3/hour

Large Pump: 48.8 m3/min x4 nos. (3-+ 1 back up)

Small Pump: 24.4 m¥/min x2 nos. ( 1 + 1 back up)

Incidental Equipment (Pipes, Control panels, Flow meter, etc.)

T/R Pump Station

Design Distribution Flow : 161,880 m¥/day
: 13,230 m3/hour (Pump)
: 5,500 m3/hour (Gravity)
Pump Operating Time : 6 hours
Gravity Operating time : 15 hours

New Pump Station (Reinforced Concrete)

Rehabilitation of Water Leaking at T/R

Large Pump : 63.0 m3/min x4 nos. (3-+ 1 back up)

Small Pump : 31.5 m3min x2 nos. ( 1 + 1 back up)

Incidental Equipment (Pipes, Control panels, Flow meter, etc.)
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2-2 Outline Design of the Japanese Assistance
2-2-1  Design Concept
2-2-1-1 Basic Concept

(1) Contents of the Project

1) Scope of Assistance

This Project is to rehabilitate the water supply facilities in the Chenab Inline Booster Pump
Station and the Chenab T/R, which are more than twenty years old, by replacing the facilities
consisting mainly of pump equipment. Because of aging, booster pumps of Chenab Inline Booster
Pump Station and distribution pumps of T/R can’t exert those capabilities, the water from the water
source and Inline Booster Pump Station are limited. And because of the elevation of existing
distribution pumps, whole volume of water of T/R can’t be distributed by distribution pumps. In
order to distribute the whole amount of water of the current water source to the Faisalabad city and
in order to increase the hourly distribution volume and distribution hours, the need for renewal of
facilities to improve the water supply condition of Faisalabad city was confirmed. Because of this,
replacing the aging booster pumps and distribution pumps of both Inline Booster Pump Station and
T/R and repairing the leaks at the T/R will be conducted. Specifically, implementation of the
following functions can be achieved by the Project.

The entire amount of water from Chenab well field will be able to be transmitted stably to the
T/R by replacing the old booster pumping equipment of the Inline Booster Pump Station
which can’t exert those capabilities because of aging.

The whole amount of water from the Inline Booster Pump Station will be able to be distributed
stably to Faisalabad City — thereby ameliorating the situation whereby only half the capacity of
the Chenab T/R is available due to cavitation — by replacing the old equipment of the
distribution pumps at the T/R and constructing a new pump station where the replaced new
distribution pumps are installed in a lower position.

Water wasted in the distribution process will be mitigated by repairing the water leaks in the
T/R, the operation of booster pump and distribution pump will ensure the function that the
water is distributed in the city without wasting water.

In this Project, the main purpose is to build the facilities for supplying the entire amount of water
from the Chenab well field to the Faisalabad City. Operation time of booster pump of the Inline
Booster Pump Station is set as twenty hours to match the operation time of Chenab well field,
existing booster pump station is to be used, only the replacement of mechanical and electrical
equipment which is mainly the booster pump is carried out. About the T/R, it is necessary to lower
the installation position of distribution pump to utilize the existing reservoir; therefore a new pump

station will be constructed, in consideration of the workability, safety, effect of the distribution to
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the city during the water outage because of construction. About the distribution pump, the
specification will be set as to distribute the whole amount of water obtained from water sources

within twelve hours of pumping.

2) Site Selection

Project Sites are the Chenab Inline Booster Pump Station at Chiniot City and T/R, which is
located in the north of Faisalabad City. Some of work to connect the Inline Booster Pump Station to
the existing pipe will be conducted outside of the Pump Station. However, most of work will be
conducted within the compound of the Inline Booster Pump Station, therefore there is no particular
problem about land acquisition. About the T/R, the compound is a vast area of about 44,000 m2.
However, there are already existing reservoir tanks and pump stations, only a limited area will be
remained to construct the new pump station.

For the location of the proposed pump station, the land of the T/R near the entrance is determined
to be the most appropriate construction place, because the loading of materials and equipment
access from the outside is easy. Therefore it will be easy to gain the cooperation of the operation
with the existing JBC pump station, and it will be necessary to stop the water supply temporarily at
the time of construction when the pipe is switched, but this will not cause much trouble to the
operation of existing facilities.

(2) Concept for the outline design
The following figure shows the concept used when considering the effectiveness and relevance of the
content of the outline design of the Project. The outline design is considered by the following figure,
after understanding the current situation in accordance with the result of the study and clarification of

design concept.
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Understanding of Current Status and issues

v

Clarification of Design Policy

v

Flow chart of Qutline Design

1) Setting of optimum pumping yield and design
intake flow of the Chenab well field

v

2) Setting of the target to improve the water
supply service

v

3) Consideration of Specifications of Booster
Pump of Inline Booster Pump station

v

4) Pump Station Plan of T/R

6) Leakage Control at
Chenab T/R tank

5) Consideration of specification about
Chenab Distribution Pump at T/R

7) Distribution Plan from T/R and
cooperation with the French
Project

A

v

Consideration of effectiveness and importance of the project, and
improvement and strengthening of management bases

Figure 2-1: Concept for the Outline Design

1) Setting of optimum pumping yield and design intake flow of the Chenab well field

The water source of the Project is the existing Chenab well field. The Project does not renew the
well field, moreover the Project sets the design intake flow by the current situation of the facilities
of the well field. As the design concept, optimum pumping yield of Chenab well field is calculated
based on the result of the pumping tests and considering the impact on surrounding irrigation wells.
In addition, the design intake flow is set within the range of optimum pumping yield by calculating
the amount of water which can be transmitted by existing water facilities channeled up to the Inline
Booster Pump Station. This design intake flow becomes the basic value for consideration of the

specifications of the booster pump and distribution pump.
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2) Setting of the target to improve the water supply service
The design distribution flow is to be set based on the design intake flow, whole water demand
and the future plan, by clarifying how much service of the water supply would be improved.
3) Consideration of Specifications of Booster Pump of Inline Booster Pump station
The specifications and number of the booster pump after replacement is planned by the design
intake flow, the dynamic water head on the inflow side of the Inline Booster Pump Station and
operation time of the well field, etc. The amount of water supplied in relation to the water demand
of Faisalabad City reveals that about 61 % of demand is not being met (2012). Therefore, the
amount of water transmitted from Inline Booster Pump station to T/R is to be set as the whole
amount of design intake flow.
4) Pump Station Plan of T/R
Based on the design intake flow and the objective of water supply, the repair of the pump station
and the construction of a new pump station are compared, and then pump station plan is set on the
basis of the consideration results.
5) Consideration of specification about Chenab Distribution Pump at T/R
The specification and the number of replacements of new distribution pumps are planned based
on the objective of water supply.
6) Leakage Control at Chenab T/R
The measure for reducing water leakage is planned by confirming the condition of water leakage
at the existing Chenab T/R.
7) Distribution Plan from T/R and relativeness with the French government Project
Based on the planned distribution pump specifications, in addition to considering the water
distribution plan after implementation of the project, the relevance in water distribution with the

French government project (particularly newly constructed distribution pipes) is to be clarified.

2-2-1-2 Concept for Natural Conditions

The temperature of the Project site varies widely with the seasons, such as diurnal temperature
exceeds 40 degrees Celsius with high temperature and humidity in summer, while the minimum
temperature falls below 10 degrees Celsius in winter. Rainfall is relatively low, ranging from around 500
mm annually, and the area has around 100 mm a month of good rain from July to September which does
not cause adverse effects on the works of the Project.

In this climatic condition, the whole area including from the Chenab well field to Faisalabad City
belongs to the plain called Rechna Doab, which is nestled between the Chenab River in the west and the
Ravi River in the east, and which is covered in a thick bank of sand flowed from the Himalayas . The
source of groundwater is permanent water supply which originated from continuous-vast-flat land form,
the plain nestled between the two rivers and percolation from the artificial agricultural waterway. In the
Project, existing Chenab well field is taken as the main water source and the design intake flow is set to
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minimize deterioration of groundwater level in consideration of rural areas utilizing surrounding
agricultural wells.

Even though the Project site is nestled between said two rivers, incidences of floods have never been
recorded so far at the T/R Pump Station and Faisalabad City. Since the elevation of T/R Pump Station is
about twelve meters higher than the elevation of Chenab River, to consider the occurrence of flood is not
realistic. Therefore, effects of flooding are not considered in the design concept of the facilities. Even
though Faisalabad City has experienced quite a few earthquakes so far in Pakistan, the Pakistani
building code takes into account the possibility of earthquakes. The pump station at T/R is designed by
the seismic coefficient set in accordance with the building code of Pakistan taking into account the fact
that the constructed pump station in the Project at the T/R Pump Station is a core facility of Faisalabad

City’s water supply.

2-2-1-3 Concept for Socioeconomic Conditions

In Pakistan, power supply is typically scarce and rolling blackouts of 10 hours a day have been
implemented. The major facilities are powered by generators during outages in Faisalabad City.

However, regarding the water facilities, power is supplied by a dedicated power line independent of
the regular power lines from the substation because of the importance of the facilities. While sudden
power failures occur several times a month, rolling blackouts have not affected the facilities. During the
survey there was one power failure at the T/R. This was thought to be due to an accident. Accordingly,
the facilities are considered to have a stable supply of power for its operation, with the only interruptions
being from sudden and unexpected events.

In this Project, there has been a request for the installation of generators to operate the pumps at the
Inline Booster Pump Station and at the T/R. However, the Project will further investigate the actual
necessity of generators at these facilities in consideration of the fact that the water supply facilities, in
principle, receive a constant power supply and that the situation is different from in Faisalabad City. As
a result, a new generator is not considered necessary and, therefore, is out of scope of this Project.

2-2-1-4 Policy Concept for Construction and Equipment Procurement

(1) Permission, Laws and Regulations related to implementation of the Project
For the implementation of the Project, it is required to undergo a preliminary review of development
projects in Pakistan through the approval process of PC-1.
In regard of the construction authorization, FWASA would submit the necessary application forms
for construction (inclusive of layout view, plan view and elevation view) to the administration in

Faisalabad City with the cooperation of the contractor.

(2) Codes, Standards and Construction Methods in Building Design
Pakistan has its own building code (the Building Code of Pakistan) for construction of facilities. The

Project performs the facility design using the code in principle. In addition, Japanese design criteria of
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water supply is also referred to.
As for standards related to materials, because the British Standards and Bureau of Indian Standards

are widely used, the Project adopts them.

(3) Procurement of Construction Materials and Equipment
Main construction materials, such as cement, aggregates, reinforcing bar, electric cables and pipes are
to be procured in Pakistan as local procurement. It is planned to use pump equipment that is made in
Japan, because of its low failure frequency, its excellence in energy efficiency and product quality. The
materials and equipment procured from Japan, mainly pump equipment, are expected to be shipped to

Karachi, which is the international port of Pakistan, and then be transported by road on a truck or by rail.

2-2-1-5 Concept for Utilization of Local Contractors

Local construction methods will be adopted in order to utilize local contractors. Local contractors in
Pakistan are categorized by the Pakistan Engineering Council as C-A, which is the top, followed by C-B,
C-1, C-2, and so on. Contractors categorized as C-A can participate to offer a tender of all the public
construction works, contractors categorized as C-B can offer a tender no more than two billion Rs,
contractors categorized as C-1 can offer a tender no more than 1 billion Rs, etc. Contractors in Pakistan
have enough technical capabilities related to the construction of infrastructure such as highways.
Contractors between C-A to C-2 have the capabilities and sufficient construction machines for
subcontracting work under Japanese contractors if the construction is done using general methods.

Since grant aid projects have been implemented in Pakistan in the past, and some by FWASA such
as "Faisalabad water supply improvement plan”, “Faisalabad water supply expansion plan”, it is feasible
to implement the Project construction by employing local constructors and local workers in accordance
with the system of grant aid of Japan. Therefore, local contractors would be actively adopted in the
Project in consideration of clarification by the above categories.

There are constructors who have experience implementing general construction works and civil
engineering works and engineers who can perform supervision of construction works, however, there
are no engineers that have experience installing the same type of pumps and associated machines and
electrical equipment as those to be used in the Project. Thus, execution management engineers in charge

of pumps installation work are to be dispatched from Japan.

2-2-1-6 Concept for Operation and Maintenance

FWASA, the executing agency has operated Chenab water facilities that started operation in 1992 and
JBC water facilities that started operation in 2012, and has provided water supply services to Faisalabad
City. The purpose of the Project is the replacement of the existing Chenab water facilities at the Inline
Booster Pump Station and T/R, and the Project does not change the base of distribution systems.
Therefore, it is expected that FWASA would be able to operate and maintain the facilities by making
good use of its experience and knowledge even after completion of the Project.

On the other hand, since the distribution water volume per hour from the T/R will increase after
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completion of the Project, FWASA will be given training on how to control the number of pumps for
operation according to distribution water volume through trial operation and initial operational guidance
on the completed facilities.

And since the increase of pump distribution volume, and main distribution pipeline will become two
lines, the existing main distribution pipeline and the ones of the French government Project, water
pressure in the main distribution pipe is necessary to be controlled in accordance with the volume of
water distribution. For this reason, together with the initial operational guidance, the training of

advancing skill for water pressure reduction will be conducted by the technical assistance.

2-2-1-7 Concept for Facility Design

It is prioritized that facilities are to be easy to operate and maintain so as to secure sustainability and
continuation of the facility operation. And the new pumps and related equipment of the Project to
replace existing facilities are to be selected by referring to the specifications of the existing equipment.
In particular, the JBC reservoir and pump station were completed in 2012 at the T/R. Regarding the
replacement of the T/R pump station, the basic structure of the Chenab pump station and its pump
facilities are determined with reference to the JBC pump.

2-2-1-8 Concept for Quality Control and Responsibility

This Project does not require any unusual nor difficult construction methods. The work schedule is
unlikely to be affected by the climate in Faisalabad City thanks to the low rainfall throughout the year.
However, a delicate quality control by a Japanese company is expected especially to set an appropriate
work schedule in order to ensure quality of construction in consideration of deterioration of work
efficiency and negative impacts on concrete during hot summer.

Though the Project has two distant sites, the Inline Booster Pump Station and T/R, integrated service
of both facilities is required for distribution of water to the city. As such, in order to secure smooth
interaction of both facilities and to realize the responsibility, this Project should be handled by a

contractor and, consequently, without dividing in several lots nor construction periods.
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2-2-2  Basic Plan (Construction Plan)
2-2-2-1 Setting of the Optimum Pumping Yield and Design Intake Flow of Chenab Well
Field
(1) Setting of the Critical Yield

The results of the pumping tests conducted at the time of Chenab well construction that were obtained
in the Project show that, although pumping more than 600m®hour was carried out by the step drawdown
test, a rapid change of the groundwater level accompanying the increase in a pump discharge was not
seen, and the critical yield could not be confirmed. It means that the critical yield was more than
600m*/hour.

About the result of the data for pumping discharge and groundwater level at the rehabilitation which
was conducted for wells in 2009, aquifer loss coefficient is approximately the same as that of
construction time, and the lowering of groundwater levels to pump discharge is almost equal. Therefore,
it can be judged that critical yield of 2009 was almost equivalent to that at the time of well construction.

Based on the results of the pumping test conducted in this study, in the case whereby the aquifer loss
coefficient is calculated similarly, the value was less than that at the time of construction and
rehabilitation, it can be estimated critical yield has not changed even in the present. Therefore, the

critical yield in the Project will be set at 600m® / hour, to proceed with further study.

(2) Setting of the Optimum Pumping Yield
By estimating the critical yield of Chenab well field as 600m* / hour or more, the optimum pumping
yield is calculated as 420m*hour as 70% of the critical yield. Although this value is calculated by the
current groundwater potential of Chenab well field, since the Chenab well field was designed using
400m®fhour, the Project will set the maximum value of the optimum pumping yield as 400m*hour.
Moreover, the optimum pumping yield of the Project is calculated in consideration of : the amount of
pumping of Chenab well field corresponding to the groundwater level that can be pumped from the
irrigation water well, and the pumping amount corresponding to the structure of the transmission line
and Chenab well field.
1) Target Year
In case that the Project is carried out, the pumps of the Inline Booster Pump Station will be
replaced and operation will be restarted in 2017. Just as the Inline Booster Pump Station sees the
time of replacement after 20 years from the start of service, it is assumed that replacing time for
new pump facilities will come around the year of 2037, 20 years after 2017. In addition, it is said
the life of the well is around 30 to 50 years, and the age of the existing wells, which were
constructed in 1992, will exceed 40 years in 2037. Therefore, the timing of when the pump
facilities of the Project and existing wells will need to be replaced next are substantially overlapped.
This means the possibility that next extensive replacement of the facilities will be carried out after

20 years, which in turn means that the facilities which are replaced by the Project will be utilized
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for another 20 years from now. Therefore, the Project will consider the target year as 2037, for
calculating of the optimum pumping yield.
2) The Range of the Permissible Dynamic Water Level
The pumps installed in the existing wells are turbine pumps manufactured by KSB. It is
necessary to secure the following water levels, from the bottom of the upper casing for the

permissible dynamic water level of the pump.

Table 2-2: Acceptable Length from the Bottom of the Upper Casing

Required minimum height from the first pump of the pump | 450 mm

to the water surface

Height of the pump inlet 365 mm
Clearance from the bottom of the pump inlet to the bottom | 200 mm
of upper casing

Total 1,015 mm

Among 29 wells, permissible dynamic water level of 5 wells shown in the construction record of
FWASA at the time of the well construction is as follows. As well, according to the data in 2009, at
the time of the rehabilitation of the pump except TW11 and from TW26 to TW29, the dynamic
water level is in the range of 22.8 m to 31.7 m.

Table 2-3: Acceptable Dynamic water level of the Wells

Well Well Upper Casing Acceptable Dynamic
Number Depth Depth Water Level
(m) (m) (m)
TW2 114.17 46.52 45,505
TW7 105.48 34.48 33.465
TW12 124.00 46.53 45,515
TW13 122.75 44.13 43.115
TW22 135.31 47.57 46.559

Among the 5 wells above, the well which permissible dynamic water level is shallowest is TW7
and the value is 33.47m. The data of the other 24 wells do not exist, therefore the Project will
consider on the basis of TW?7.

3) Calculation of the Amount of Decrease in Groundwater Level
The Project will conduct the long-term forecast of decrease in groundwater level by the Cooper

Jacob method which took into consideration interference of 29 wells of the Chenab well field.

a) Pumping Discharge
Although the Design intake flow is 400m*hour per well, 20 hours operation per day, and
8000m?/day, as far as operating record, it is rare for all the wells to operate for 20 hours or more per
day.
According to the “Basic Design Study Report on the Project for Improvement of Water Supply
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in Faisalabad (2004)”, appendix 8-12, the average daily pumping amount is 158,946 m*/day in
December 2001, 162,916 m3/day in June 2002, it can be surmised that the facility has been
operating with the pump discharge of about 160,000m*/day up until now.

There is no record about pumping discharge in FWASA, many of water meters, which are set in
the wells have failed, or have not been calibrated, therefore to grasp the right pump discharge in
each well is difficult. But pump discharge assumed by consideration based on the pump discharge
from T/R included water leaks of around 130,000 to 170,000m3/day. This seems to be the reason
also for the lowering of groundwater level of Chenab well field, but since 6 hours per day of pump
operation is conducted from the T/R, it is considered that only the amount of water required was
pumped up. From the above, it is assumed that 6000m*/day on the amount of water from one well
was pumped up in the past.

In addition, 400m*/hour of water is set as maximum pump discharge from one well, the Project
will decide the volume of pump discharge as a value of 2037, with the condition that dynamic water
level of TW7 will not become less than permissible dynamic water level.

On the other hand, groundwater level was measured in the observation well during the pumping
test, the groundwater level of the observation well is shallower than the estimated groundwater
level of the production well, measured at about 8m to 14m, and the static water level in the
observation well is constant around the range of 14m to 19m. In addition, the drawdown of
groundwater level is estimated to be about 2.0m in the future, as a result, in irrigation wells, it is
necessary to take into consideration the existence of the well exceeding groundwater level GL-21m
required for operation of the irrigation pump.

In order to use the irrigation wells continuously, it is necessary to suppress the groundwater level
to less than GL-21m. In that case, on comparison of the possible pumping discharge and optimum
pumping yield in TW?7, definitive optimum pumping yield is made as a small value among both in

the Project.

b) Transmissibility Coefficient, Storage Coefficient

Transmissibility coefficient and storage coefficient are the values calculated from the result of
continuous pumping test and recovery test, and are values that represent the properties of the
aquifer that are saturated with groundwater.

The amount of decrease of groundwater level of each well after pumping of a fixed amount for a
fixed period from 29 wells of Chenab well field can be calculated by the Cooper Jacob formula, by
using both coefficients obtained by pumping test of the study. In this way, it is possible to calculate
the amount of decrease of groundwater level for each well in chronological order.

Transmissibility coefficient and storage coefficient calculated from pumping test are shown as
follows.

Transmissibility Coefficient : 21164m*day
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Storage Coefficient : 0.00151

4) Result of Calculation
The result of the calculation, the maximum pump discharge in which the dynamic water level of
TW?7 is not less than allowable dynamic water level in 2037 is 7700 m®/day. Since the pump
operating time in Chenab well field is 20 hours per day, pumping discharge has been 385m*hour.
In addition, the maximum pump discharge which can be found from the groundwater level required
for irrigation well is 7200m*/day per well, therefore the pumping discharge is 360m%hour.
Therefore, in this Project, optimum pumping discharge of one well is planned as 7200m®day. The

total pumping discharge from the 29 wells is 208,800m*/day.

(3) Setting of the Design Intake Flow

From the previous section, although the total amount of 208,800m>/day of water is possible for taking
from all of the wells, it means 360m*/hour from each well. On the other hand, the groundwater level of
the Chenab well field is lower than at the time of construction, with the lowering of the groundwater
level, amount of water pumped from the wells is limited.

The possible pump discharge of each well was calculated based on: the specifications of existing
pumps installed in the wells, groundwater level of each well, and the specification of transmission line
from each well to the Inline Booster Pump Station, if the amount of water intake which is determined by
the property of current structure, and flow of the water in the transmission pipe are calculated by the
hydraulic analysis. The results are shown in the following table.
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Figure 2-2: Layout of wells and transmission line
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Table 2-4: Optimum Pump Discharge from each Well

Node Pumping Amount Pump Head D{Zirz;c @::Oa:tof ®Ni|zzzsary D-@

Num | (m3/h) (m3/s) (m) (m) (m) (m) (m)
1 464 0.13 33.27 . -27.384 5.09 5.06 0.03
2 458 0.13 3431 -27.97 6.01 5.86 0.15
3 458 0.13 3431 -27.36 6.62 6.60 0.02
4 450 0.13 35.64 | -28.00 7.32 7.25 0.07
5 444 0.12 36.57 | -28.43 7.83 7.82 0.01
6 438 0.12 37.50 | -28.27 8.92 8.82 0.11
7 431 0.12 38.54 | -28.36 9.88 9.80 0.08
8 419 0.12 40.29 . -29.20 10.81 10.70 0.11
9 369 0.10 46.28  -27.28 18.78 18.68 0.10
10 348 0.10 4754  -2599 21.35 21.31 0.03
11 309 0.09 48.25  -25.84 22.24 22.23 0.02
12 407 0.11 42.00 . -29.90 11.84 11.75 0.09
13 396 0.11 43.46 . -30.47 12.74 12.72 0.01
14 391 0.11 4408 @ -29.68 14.16 14.06 0.09
15 383 0.11 4497 -29.51 15.22 15.15 0.07
16 376 0.10 4566 @ -29.38 16.05 16.00 0.05
17 356 0.10 4715 -28.85 18.09 18.08 0.01
18 336 0.09 4791 -28.12 19.60 19.57 0.04
19 302 0.08 48.29 -27.42 20.71 20.67 0.04
20 284 0.08 48.41  -26.83 21.44 21.44 0.00
21 264 0.07 48.73 . -26.20 22.41 22.40 0.01
22 253 0.07 49.04  -25.14 23.79 23.76 0.03
23 253 0.07 49.04  -24.45 24.48 24.44 0.04
24 255 0.07 4898  -23.82 25.04 24.98 0.06
25 393 0.11 43.83 | -24.59 18.99 18.85 0.14
26 316 0.09 48.20 -22.22 25.81 25.78 0.03
27 242 0.07 49.52 @ -20.15 29.26 29.22 0.05
28 224 0.06 52.78 | -19.68 33.01 30.75 2.26
29 220 0.06 52.78 | -19.58 33.12 31.17 1.95
100 |Inline Booster Pump Station 5.00 0.00

Pumping Amount: 10239  (m®/h).  204780(m3/day: 20 hours operation)

The above table shows pumping discharge of each well at Chenab well field that are calculated based
on the specification of the transmission line from each well, as water head at the inflow side of Inline
Booster Pump Station is about 5 m. The number of each well for calculation is same as well number, the
number of Inline Booster Pump Stations is set as 100.

Although the pumping discharge from each well is designed as 400m®hour at Chenab well field, at
present, pumping discharge from each well have varied by lowering of groundwater level and loss of
water head of transmission line. The result of calculation makes the total pumping discharge from each
well 204,780m*/day.
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Table 2-5: Hydraulic Calculation of the Transmission Line
H-W Hydraulic
Coefficient | Gradient
Start | End (m) (m) (m3/s) (m/s) C (%o0) (m)
24 | 23 04| 3970 0.07 056 | 100 1.377 0.55
23 | 22 05 4070 0.14 0.72 100 1.662 0.68
22 | 21 05| 387.0 0.21 1.08 | 100 3511 1.36
21 20 0.6 384.0 0.28 1.01 100 2.507 0.96
20 | 19 07| 4130 0.36 094 | 100 1.860 0.77
19 | 18 07| 405.0 0.45 116 | 100 2.731 1.11
18 | 17 0.7 384.0 0.54 1.41 100 3.877 1.49
17 | 16 0.7 ] 3930 0.64 1.66 | 100 5.290 2.08
16 | 15 09 4140 0.74 1.17 100 2.058 0.85
15 | 14 09| 4110 0.85 1.34| 100 2.635 1.08
14 13 09 4070 0.96 1.51 100 3.291 1.34
13 | 12 1.0 4040 1.07 1.36 100 2.408 0.97
12 | 8 1.0 361.0 1.18 1.51 | 100 2.901 1.05
11 10 04 464.0 0.09 0.68 100 1.964 0.91
10 9 04| 3320 0.18 1.45 100 7.931 2.63

Line | Node Num [Diameter| Length [Flow Rate| Velocity Head loss

9 8 04| 4410 0.29 2.27 100 18.090 7.98
8 7 1.2 ] 440.0 1.58 1.40 100 2.050 0.90
1 6 1.2 4200 1.70 1.51 100 2.346 0.99
6 5 12| 3730 1.83 1.61 100 2.665 0.99
5 4 141 399.7 1.95 1.27 100 1.420 0.57
4 3 14| 4140 2.07 1.35 100 1.593 0.66
3 2 14] 4120 2.20 1.43 100 1.778 0.73

2 1 14| 408.0 2.33 1.51 100 1.973 0.81
29 28 04| 4000 0.06 0.49 100 1.048 0.42
28 @ 27 04 4000 0.12 0.98 100 3.841 1.54
27 @ 26 04| 4000 0.19 1.52 100 8.590 3.44
26 . 25 04 4000 0.28 2.21 100 17.315 6.93
25 1 04| 4320 0.39 3.08 100 31.935 13.80
1 100 1.4 20.0 2.84 1.85 100 2.859 0.06

=
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The above table shows the flow volume, velocity, hydraulic gradient and loss of water head of each
transmission line that is calculated based on the specification of the transmission line from each well of
Chenab well field to the Inline Booster Pump Station. Fluctuation of the pumping discharge of each well
has an impact on loss of water head on each route, and the head loss of routes where the hydraulic
gradient exceeds 5 per cent is more than 2 meters. This is the reason why the pump discharge from
Chena well field is limited.

Analysis is carried out based on the expected water level in 2017 when the facilities of the Project
start service. Since the current groundwater level is down compared to the groundwater level of 1992,
when the service of Chenab well field started. The water head at the spout of the pump is expected to
decrease, and the diameter of transmission pipe from wells to Inline Booster Pump Station is too small
for the water head of 2017. In addition, even though the optimum pump yield from the well is
360m*/hour, some pumps cannot discharge 360m%hour of water when every pump is operated.
Therefore, the facilities cannot meet the specified optimum pumping yield of 208,800m%day of
groundwater.

In order to pump up the optimum pumping yield, 208,800m®/day, it is necessary to upgrade the intake
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pump to bigger pump than existing pump, or upgrade the transmission line to a bigger diameter.
However, there is no plan regarding the upgrade of these facilities in FWASA, therefore, as the design
intake flow of the Project, it is appropriate not to set the plan at the optimum pumping yield of
208,800m*/day but 204,780m%/day which can be determined by the institutional structure.

Therefore, the Project will carry forward the facilities planning that design intake flow is 204,780

m®/day.

2-2-2-2 Target Setting of the Water Supply Services in the Implementation of the Project

The water demand of Faisalabad is increasing, however, the amount of water supply is insufficient.
Therefore, the total amount of design intake flow from Chenab well field needs to be distributed to the
city at least. However, at T/R which is the main water supply facility, distribution pumps installed in the
existing Chenab pump station cause cavitation because of the water level situation of T/R and the
current installation height of pumps. Because of the need to avoid this cavitation, the Chenab T/R has
been able to use only about half of its capacity.

If the effective capacity of T/R tank cannot be used adequately and in case the hourly distribution
volume is less, it is possible to distribute the total design intake flow with sufficient water pressure by
operating the pumps for a longer period of time. However distribution to meet peak demand is not
possible. Further, increasing the distribution flow from the pump to match the demand of the peak, the
operating time of the pump is restricted, water distribution is possible by gravity flow, but it means that
the amount of water with secured water pressure that can be distributed in one day is limited. At present,
although it takes six hours to distribute the water by the pump to the city because of an increase in
electricity prices and financial circumstances of FWASA, and due to the current water level of the T/R
tank and distribution volume from the T/R by the distribution pump, it turns out that about 21% of

design intake flow cannot be supplied, as shown in the following table.

Table 2-6: Distribution Flow from T/R

Current Water Distribution
Operation

Water Supply time (Pump distribution) 6 hours
Pump Distribution Amount per Hour 10,422m3/hour
Number of Operating Pump Large Pump:3 nos, Small

Pump: 1 nos
Distribution Hours by Gravity Flow 18 hours
Pump Distribution Amount 62,532 m¥/day
Distribution Amount by Gravity Flow 99,000 m¥/day
Total Distribution Amount 161,532 m3/day
Design Intake flow 204,780 m3/day
Percentage of Distribution Amount with Design | Approximately79%
Intake Flow
Minimum Water Level of Reservoir Tank GL+185.60m
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To solve this problem, if it is possible to take full advantage of capacity of T/ R tank and it is possible
to supply the total amount of water from T/R tank that flows from water source to T/R, it will be possible,
under current conditions, to improve the water services. Namely, it will be possible to increase the
supplied water volume at a stable pressure and expand the water supply time using the distribution
pump.

Therefore, as targets of water supply in the Project, three years after the completion: “Expansion of
operating hours to 9 hours from the current 6 hours of JBC distribution pump and increase of the water
volume per hour from Chenab distribution pump”, and in the future: "Expansion to 12 hours from the
current 6 hours of the Chenab distribution pump” is set for improvement of water supply services which
will increase the amount of water distributed by the pump and expand the pump operating time. In this
case, if the replacement distribution pump will be on the same floor level as the existing pump station, it
is not possible to avoid cavitation during the pump operation. Therefore, in order to take full advantage
of the effective capacity of T/R, the floor level of the existing pump station needs to be lowered, or a new

pump station that can ensure the building depth to avoid cavitations will be needed.

2-2-2-3 Specifications of Booster Pump at Inline Booster Pump Station
(1) Setting of Number of Pumps and Discharge Rate

The design transmission flow to determine the specification of the booster pump is 204,780m*/day,
same as the design intake flow.

The number of the existing booster pumps is seven, but 4 large pumps and 2 small pumps would be
installed for the Project in consideration of the set designed volume of delivering water and the
discharge volume per one booster pump.

With regard to the discharge rate, the longer pump operation time per day means a lower transmission
flow per hour. As a result, head loss becomes small and pump head can be suppressed. By taking into
account operational aspect of the Chenab well field and Inline Booster Pump Station, operation time
would be set at 20 hours a day.

If the discharge volume of booster pump is regulated at the same level as the existing booster pump,
and one small pump is to be installed (two pumps including a back up), the discharge volume of small
pump is regulated to half of the large pump, discharge volume and number of large and small booster
pumps are shown in the table below. As well, since the space for the possibility of expansion is secured

at the Inline Booster Pump Station, future expansion is possible.
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Table 2-7: Design Transmission Flow, specification and Number of Booster Pumps

Specification of the Existing Booster Pump Specification of the Replaced Booster Pump
Large pump 51.0 m3/min x4 nos. (3 + 1 back up) Large pump 48.8 m3/min x4 nos. (3 + 1 back up)
Small pump 27.2 m3/min x3 (2 + 1 back up) Small pump 24.4 m3/min x2 (1 + 1 back up)
Pump Head:20m in the specification Design Transmission Flow; 204,780 m3/day
Design Transmission Flow: 12,444 mé/hour 10,239 m3/hour

(2) Setting of Total Pump Head

The total pump head of the booster pump is set at 34 m, as per the following table.

Table 2-8: Setting of the Total Head of the Booster Pump

Specification Remarks
Design Transmission Flow per Hour 10,239 m3/h
@ Gross Head 8.79m H.W.L (188.2m) at T/R — Elevation (179.41m) of
Booster Pump
(2 Head Loss of Transmission Line 29.0m Length:17,100m, Diameter:1500mm
(@ Head Loss of around the Pump 121
@ Water Head of Inflow side 50m Water head of inflow side of the booster pump
Total Head 340m D+@+B3®—@

(3) Installation of a Flow Meter for Transmission Line
At present, flow meter is installed at neither inflow side nor the outflow side of the Inline Booster
Pump Station. Since the flow meter installed in each well in Chenab well field hardly works due to their
breakdown, flow volume from water sources and transmission flow from Inline Booster Pump Station to
T/R are not able to be checked directly. Therefore, the system that transmission flow to T/R is able to be
checked directly would be established by installing a new flow meter at the second side of the Inline

Booster Pump Station.

(4) Consideration for Setting of Generator
At the request of the Project, generators are required in the Inline Booster Pump Station to operate the
booster pump. Although rolling blackouts are conducted for up to 10 hours a day in Faisalabad City,
Chenab well field and Inline Booster Pump Station have the independent power line laid from the
substation, therefore they experience no rolling blackouts. Actually, a few accidental blackouts occur in
a month, but in principal, the electricity is always delivered. In this situation, installation of generators is
out of target on replacement of facilities due to its low need.

2-2-2-4 Pump station Plan of T/R

The current operation time of distribution pumps at T/R is 6 hours per day, in order to supply the total
amount of the design intake flow to the city, the maximum distribution flow is 17000m3/hour over 12
hours operation of the distribution pump in a day. Then, Figure 2-3 shows the water level of Chenab
T/R; 1) when the connection pipe between Chenab and JBC T/R is closed (the minimum water level of
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the reservoir is GL+182.90) and 2) when the connection pipe between Chenab and JBC T/R is open (the
minimum water level of the reservoir is GL+184.00).

In both cases, water level becomes lower than the operating water level (water level that cavitation
occurs). Therefore, the setting level of distribution pumps replaced by the Project should be lower than
the current water level. In order to lower the installation position of the distribution pumps, as described
later, there are two proposed methods, one is to construct a new pump station with lower floor and

another method is to lower the floor of existing pump station. These two proposals are compared.

Figure 2-3: Temporal variation of Water Level of T/R by the Situation of connection Pipe

(1) Comparison of the Methods due to the Change of the Installation Position of the Distribution
Pump

In order to lower the installation position of the distribution pumps, two methods are considered: to
build a new pump station with a lower floor and alternatively to lower the floor of the existing pump
station. In case of excavation to lower the floor of the existing pump station, poor construction quality
and deterioration of facilities, which was confirmed in the field study, is a concern. And also, it is
necessary to consider the length of the water supply outage for replacement of pump equipment. In the
following table, the construction of a new pump station and excavation of existing pump station are
compared from three points of view, construction performance and safety, economy, and the length of

the water supply outage.
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Table 2-9: Comparison of construction of new pump station and excavating existing pump station

Digging Existing Pump station

Construction of New Pump Station

Workability, Safety

Not Good

Good

Facilities decrepit
Work in narrow places
Cumbersome temporary works

General Construction

Economy

Good

Not Good

Water supply outage

Not Good

Good

About six months

About one month

As shown in the table above, the construction of a new pump station is advantageous, except from an
economic perspective. When considering excavating the floor of existing pump station, the following
can be said as specific problems about workability and safety, economic efficiency, and water supply
outage.

1. The existing pump station is more than 20 years old, so there is concern that vibrations from
demolition of concrete and digging up the floor during rehabilitation will affect the structure of
the building. Since the wall of the existing pump station is constructed of brick, in particular, the
possibility of collapse of the wall by the vibration cannot be ruled out.

2. In the case of digging the existing pump station, it is necessary to dig and replace the pumps one
by one, and it is necessary to dig the floor of existing pump station in a limited space. In that case,
temporary works that take into account the influence of the pump is required, and it becomes
very complicated. Thus, for dealing with lowering the floor level, digging the floor after
removing all of the existing pumps is suitable, in which case, it is necessary to secure the
amount of distribution water separately, now it is distributed from the Chenab distribution
pump.

3. The construction cost of a new pump station is 1.3 times higher than the cost of digging the
existing pump station. About economy, although the cost of a new pump station is larger, the
existing pump station is more than 20 years old. Therefore, if lowering the floor of existing
pump station is selected by the Project, the repair of brick wall and roof will be needed on a
regular basis because of deterioration of the existing pump station. For economic efficiency by
comparing construction costs, the digging of existing pump station is advantageous, but if it
considers even the maintenance costs for the future, it cannot be said that the digging of the
existing pump station would be more economically advantageous.

4. The period of the removal of all distribution pumps, digging the existing pump station, and
installing the new distribution pumps is six months. During this period, only JBC distribution
pump is running. In this situation, if all of the pumps including the back up pump of JBC are

operated, only 15,168 m*hour of water can be secured, and the maximum flow rate record of the
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past of about 16,000 m*/hour to 21,000 m*/hour cannot be secured.

5. In order to ensure the amount of distribution water during the construction period, it is necessary
to install the additional pumps in the JBC pump station or temporary pumps outdoors. However,
it takes a long period to procure and set up temporary pumps, and there is concern that this will
cause delays to the start of construction and cause a major impact on the entire construction
period.

Since the potential risks associated with the renovation of old facilities like the existing pump station
are high, it is necessary to increase safety measures and temporary works for minimizing risks, which
results in higher construction costs. Therefore, it is cost effective to construct a new pump station instead

to improve the position of distribution pump.

(2) Facility Location Planning
For construction of a new pump station, as candidate sites, it is considered in three places, 1. Open

space near the entrance, 2. Land adjacent to the existing pump station, 3. Land on the south side.

Figure 2-4: Candidate Sites of New Pump Station

The comparison table of the three candidate sites is shown as follows.
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Table 2-10: Comparison of three candidate sites

2. Land adjacent to the existin .
1. Open space near entrance ) ) g 3. Land on south side
pump station
Good Not Good Not Good
Traffic line Close to the entrance Far from the entrance Far from the entrance
Close to the JBC pump station Far from the JBC pump station Far from the JBC pump station
Good Not Good Not Good
Loading of equipment is easy The construction site is small, the | The construction site is small, the
Workability Good for access of heavy size of the temporary works | size of the temporary works
machinery becomes large becomes large
Not good for access of heavy | Not good for access of heavy
machine machine
Moderate Moderate Not Good
Necessary to break a part of | Necessary to replace the | Necessary to replace the
Other existing pump station connecting pipe connecting pipe
concerns Necessary to replace and There are concerns about
removal of some pipes security (access from the outside
can be easily)

If the new pump station is planned at the open space near the entrance, it is near to the JBC pump
station, so movement between both facilities becomes easy. On the other hand, the land adjacent to the
existing pump station and the land of south side are not good with regard to traffic access when
maintenance is needed. In addition, every candidate site needs the removal of existing facilities,
replacement of pipes, therefore construction scale of them is comparable. As a result of the overall

judgment based on the above, the location of the new pump station will be planned to be in the open

space near the entrance.

(3) Building Plan
1) Architectural Plan

In order to achieve the necessary capacity of facilities under a limited budget, the target facility
will be composed of the minimum rooms required. Specifically, it will be made up of a pump room,
platform and electrical room.

Pump room will be designed as subsurface structure to set the level of distribution pump as same
level as existing distribution pipe from Chenab T/R. At this time, center level of distribution pump
will be designed as the same level as the center level of distribution pipe from Chenab T/R.

The platform for loading and unloading of distribution pump due to malfunction, repair, etc. will
be set. In order to ride in the trucks directly in a pump station and in order to make the structure
which can load and unload the pump by hoist crane, the platform will be designed as an overhang
from inside of pump station.

The electrical room will be designed in order to place the pump control panels that control the
distribution pumps. Distributing pumps are operated every day, and the electrical room needs to be

accessed frequently, therefore the placement of the electrical room will be planned on the ground
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2)

3)

4)

floor. At this time, the walls between the pump room and electrical room will be designed with
glass windows, so that the visibility of the distribution pumps becomes possible from the pump

control panels.

Table 2-11: Summary of Planned Facilities

Room name Utilization Floor size (sq.m)
Pump station Pump room To be used for setting the distribution pumps 622.5
(basement) and pipeline.
Sub total 622.5
Pump station Platform To be used for riding in the truck, loading and 75.0
(Ground Floor) unloading of distribution pumps.
Electrical Room To be used for setting the power receiving 156.0
equipment and pump control panels.
Sub total 231.0
Total 853.5

Section Plan

In a section plan, securing natural ventilation and natural lighting, and the prevention of intrusion
of rain water will be considered. In order to secure the space to lift and move the distribution
pumps and natural ventilation, the sufficient ceiling height will be secured.

Movement to the pump room corresponds by installing steel stairs in a platform. Moreover,
pipeline from each distribution pump will be set in the pump room, therefore, movement on the
basement floor will be difficult. For this reason, the steel catwalks will be connected to steel stairs,
to make the movement to each distribution pump easy.

Structural Plan

The Project will adopt the Rahmen (rigid frame) structure with column and beams made by
reinforced concrete for the construction. In terms of the roof of pump station, the Project plans flat
roof with reinforced concrete. As for its foundation, the Project uses spread foundation generally
adopted in Pakistan, because the soil condition of the Project site has been recognized as sandy soil
including silt and there is plenty of soil bearing.

The Project will determine the wind load and seismic load of facilities based on a structural
statement in Japan using concerned coefficient defined in Pakistani standard.

Building Equipment Plan

a) Lifting equipment
The distributing pumps installed by the Project are heavy machines, and since those pumps are
set in a basement, it is necessary to consider the loading and unloading of distribution pumps.

Therefore the Project will plan the installation of a hoist crane.

b) Electrical Power Supply
Currently, 11kV electric power line is drawn to both the Inline Booster Pump Station and T/R
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station to run the pumps. Since even after the replacement of the facilities by the Project, the
electric power supply from the existing power line is possible, no new electric power line is
planned to be installed. Therefore, the existing power line will be used to supply electric power in

the Project.

c) Lighting Fixtures
About lighting fixtures, the Project will adopt mercury lamp installed in the pump room, as is the
case at existing pump stations, since the height of pump room is high. Fluorescent light will be

adopted in the electrical room.

d) Water Supply System
The project will adopt the water tap in front of the pump station to supply water to the pump
station.

e) Drainage System
The Project will plan a drainage system to discharge the water from pump room. The catchment
for drainage will be installed beside the pump station, and drainage will be connected to the

existing ditch.

f) Ventilation System
The structure of the new pump station will employ natural ventilation, i.e. wind, through the
installation of louvers on the upper sections of the walls.
Construction Material Plan
The Project will adopt the design concept as below with consideration of the climate of
Faisalabad, natural features, construction situation, construction period, construction costs,
maintenance system of FWASA, etc.
The Project will aim to shorten the construction period and reduce construction costs by using
local materials as much as possible.
The Project will aim to reduce maintenance costs by selecting the materials which suit the
climate and natural features, have excellent durability, and are weather resistant and are easily

maintained.

a) Roofing Material
Asbestos is used for the roof material in the existing pump station. However, because it has a
serious impact on human health, the Project will adopt reinforced concrete for the roof. The roof of
reinforced concrete is a common method in Pakistan, therefore there is no problem for the

construction.

b) External Wall Material
The Project will adopt reinforced concrete for the structure of external walls, adopt brick finish
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according to the existing pump station.

¢) Internal Wall Material

The Project will adopt reinforced concrete for internal walls.

d) Fixtures
The Project will design windows on the external wall for lighting, ventilation of the pump station,
and design windows on the internal wall between pump room and electrical room for confirming
the situation of distribution pumps from the electrical room while the distribution pump is operated.
The Project will adopt steel material for window frames, doors, etc. which are commonly available

in Pakistan.
Table 2-12: Comparison Table of Methods and Materials
Member Example of Similar | Design for Project Reason for Adoption
Facilities
Roofing | Concrete Reinforced concrete They have the advantage for heat
Corrugated slate insulation, noise reduction and
Metal sheet weather proofing
External | Concrete Reinforced concrete They have the advantage for quake
Wall Brick masonry resistance and durability.
Internal | Concrete Reinforced concrete They have the advantage for quake
Wall Brick masonry resistance and durability.
Fixtures | Steel fixtures Steel fixtures They have the advantage for
Wooden fixtures durability and weather resistance.

Table 2-13: Summary of Planned Facilities

Building Item External Finishing
Pump station Roof Reinforced concrete slab
External Wall Reinforced concrete, Brick finish
Internal Wall Reinforced concrete
Doors and Windows Steel door, steel sash

2-2-2-5 Consideration of the Specification of the Distribution Pump at T/R
(1) Facility Capacity of the Existing Chenab Distribution Pump
Chenab distribution pumps were designed as 7 large pumps and 3 small pumps in the construction
period, however, now over 20 years has past, and the current facility capacity of Chenab distribution

pumps, which is past the appropriate time to be updated, is as follows.
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Table 2-14: Facility Capacity of Chenab Distribution Pumps (Current conditions)

Original Specifications Current Conditions
Specifications and | Q=37.7m3/min, H=45m (Large Pump: 7) Same as on the left
number of Pump Q=27.2m3/min, H=45m (Small Pump: 3)
Number of pumps | Large Pump: 7 (5+2 standby) Large Pump: 4 (3+1 standhby)
that can operate Small Pump: 3 (2+1 standby) Small Pump: 2 (1+1 standby)

(3large pumps, 1small pump are breakdown)
Distribution 14,574 m3/hour 8,418 m3/hour
capability of pump

In the current situation, 4 distribution pumps out of 10 pumps are not operational due to breakdown.
Therefore the current Chenab distribution capability, which is calculated by the distribution pumps that
can be operated, is 8418 m®hour. However, even the distribution pumps that are running, the life
expectancy of normal machinery is about from 15 years to 20 years, so those pumps are past the period

of time that can be used and have almost no residual value, which is calculated from the life expectancy.

(2) Setting of Design Distribution Flow based on the Distribution Time of Pump

Currently, operating time of existing Chenab and JBC distribution pump is six hours per day. The
JBC distribution pump was designed as twelve hours of pump operation, but it is not operated for twelve
hours per day because the significant cost of electricity is a management burden to FWASA. For
payment of electricity charges, what was 319 million Rs in 2011, has become about 1.5 times, 470
million Rs, in 2012. In addition, for water charge, FWASA has applied for the price increase of water
rates to the Punjab government. But it has not been approved, and currently the decision is on hold.
Therefore, the operating balance (income minus expenditure) of FWASA has been negative in both
fiscal years of 2011 and 2012. (Minus 76 million Rs in 2011 and minus 104 million Rs in 2012)

On the other hand, water supply quantity of all water facilities FWASA managed is only about 61%
for the water demand of Faisalabad City, and Chenabu water facilities have about 55% of the water
source. Although the improvement of business management is an important challenge for FWASA, it is
also the important issues to ensure the water source for better service to the city and to distribute the
water properly to the city without waste.

Therefore, in this project, the plan is determined to distribute whole of water from the Inline Booster
Pump Station to the city, and this volume is set as design distribution flow. In addition, the operating
time of the distribution pump is 6 hours per day at present, the rest of the time, water is distributed to the
city by gravity flow from the T/R. As a result, including the eastern part of the city, water pressure is
very low, it is a situation whereby adequate water pressure cannot be secured.

To improve this situation, as the water distribution plan in the future of this project, the operation time
of Chenab distribution pump is set as twelve hours per day. This takes into consideration the
replacement of the pump with the ability of distributing the design distribution flow by 12 hours.

However, in the current business management conditions of FWASA, which is a negative balance of
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payments, it is difficult to distribute the water to the city by the pump operating 12 hours in a day
immediately. For this reason, water facility is planned as a pump operation of 12 hours, however, in
order to realize this pump operation, the water distribution plan is set taking into consideration
increasing the pumping time and distribution volume by pump to the city in a step-by-step manner,
along with the improvement of business management.

Distribution flow, which the time of pump distribution is expanded to 12 hours and which fully
exploits the effective capacity of the T/R, is 17,000m*/hour. In this case, the daily maximum distribution
amount is almost the same as the design intake flow, about 100% of design intake flow can be
distributed to the city. Further, the lowest water level of T/R becomes 182.9m. This means about 88% of
effective capacity of the T/R is utilized, and that it is possible to improve the current state (about 50%)
significantly. However, as described above, it is difficult to distribute the whole amount of the design
intake flow to the city by the pump immediately, therefore the Project will make the distribution plan

from T/R as follows.

Table 2-15: Setting of the Design Distribution flow

Design Intake Flow 204,780 m3/day
Design Distribution Flow
Pump Distribution 13,230 m3/hour
Gravity flow 5,500 m3/hour
Pump Operation Time 6hours
Gravity Flow Time 15hours
Daily Maximum Distribution Amount Total 161,880 m3/day
Pump Distribution 79,380 m3/hour
Gravity flow 82,500 mé/hour

The height of the connection pipe is GL+184.30m at the top of the pipe. In the future, if the hourly
distribution flow is increased, the water level of T/R will become lower than the height of connection
pipe. Therefore, if water is pumped with the vent pipe in its existing location, air will be mixed into the
connection pipe from the vent pipe, and the distribution pump will not be able to operate while the water
of both T/R flow freely. Therefore, the new valve will be set in the vent pipe so as not to mix the water
and the air from the vent pipe. In addition, if the air accumulates in the connecting pipe, it is possible to
discharge air by opening the valve set in the vent pipe. In this way, the function of the vent pipe can be

secured as before.

(3) Setting of the Specifications and the Number of Pumps
If the Project selects large capacity pumps, it can decrease the number and setting area of pumps, but
the adjustment to the time change of water distribution is difficult. On the other hand, small capacity
pumps can adjust to the time change of water distribution, but it requires the larger area and complicated
operation due to increased pumps. In consideration of the above and the specifications of JBC pumps,

the specifications and number of the distribution pumps of T/R are determined as shown in the following
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table. The total head of the pump will be 45m in accordance with the JBC, but since the current water
distribution is provided by the water head of 20m, the distribution pumps are planned to be operated at
45m or less of the total head in order to reduce the energy consumption. Specifically, it is dealt with by

replacing the head of the pump with an impeller head when the total head becomes 35m or less.

Table 2-16: Setting of Numbers and Specification of Chenab Distribution Pump

Specifications Remarks
Large Pump Q=63.0m3/min: 4 units. 3+1 back up
Small Pump Q=31.5m3/min: 2 units. 1+1 back up
Extended Pump Large Pump:1 To be extended in the future
Design Distribution Flow 13,230 mé/hour Large Pump:3, Small Pump:1

When the management of FWASA has been enhanced and the design distribution flow has been
provided in the future, large pumps will be operated without a spare pump. In the Project, the spare
pump space for extension is provided in order that the large spare pump can be installed by FWASA in
the future.

(4) Transmission and distribution planning

In the future, the pump operation time will be set as 12 hours, however from the current situation of
management of FWASA, to implement this pump operation immediately is difficult. Therefore, it is
considered best to increase the distribution volume by pumps and distribution time in stages.

The following tables show 1) the distribution and transmission flow based on the current facility
capacity (2013) and 2) the distribution and transmission flow based on the facility three years after
completion of the Project (2020). In the current situation where the total amount of design intake flow of
the Chenab and JBC does not meet the water demand of Faisalabad City; and moreover there is a limited
number of working pumps and there is insufficient budget to cover electricity costs, it is judged that only

about 73% of design intake flow can be used.
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Table 2-17: Transmission and Distribution Flow at the Present, 2013

Operation Condition of Transmission

Hourly Transmission Flow Operation time Daily Transmission Volume
mIh) (hd) m’rd)
Chenab 8,076 20 161,520
JBC (from operation record) 51,988
Total 213,508

Operation Condition of Distribution

Hourly Distribution Flow o Daily Distribution Volume
3 Operation time 3
(m’/h) (a) (m/d)
Dist Pump | Gravity Flow Dist. Pump | Gravity Flow

Chenab 8,418 6 50,508
5,500 18 99,000

JBC 9,480 6 56,880
Total 17,898 5,500 107,388 99,000
Daily Volume (Total) 206,388
Daily Volume (Chenab Total) 149,508
Daily Volume (JBC Total) 56,880

In order to improve the current situation and to use the water of water sources effectively, the water
distribution plan three years after completion of the Project (2020) is set. As the water distribution plan,
based on the six hour operation of the current state, the amount of water distribution per hour of the
Chenab distribution pump will increase to 4,812 m*hour (from 8,418m*hour to 13,230m*hour), the
amount of the hourly water distribution from the T/R will increase by 27%. And, in order to improve the
situation of JBC distribution pump, which was planned in 12 hours of operation per day, but is running
only six hours, the operating hours of JBC distribution pump will be extended from six hours to nine
hours per day with the aim of increasing the total amount of water supply per day (see the table below).

Table 2-18: Transmission and Distribution Flow Three Years after Project Completion, 2020

Operation Condition of Transmission

Hourly Transmission Flow Operation time Daily Transmission Volume
m’Ih) (hd) m’rd)
Chenab 10,239 20 204,780
JBC (from operation record) 70,000
Total 274,780

Operation Condition of Distribution

Hourly Distribution Flow o Daily Distribution Volume
3 Operation time 3
(m°/h) (o) (m°/d)
Dist Pump | Gravity Flow Dist. Pump | Gravity Flow

Chenab 13,230 6 79,380
5,500 15 82,500

JBC 9,480 9 85,320
Total 22,710 5,500 164,700 82,500
Daily Volume (Total) 247,200
Daily Volume (Chenab Total) 161,880
Daily Volume (JBC Total) 85,320
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In the future, the repair of water leaks in pipelines, facility improvements such as installation of water
meters, financial improvement by the loan from the World Bank and the subsidy from the Punjab
government, and revision of water charges and improvement of the fee collection rate will be gradually
conducted in order to improve the facility management and increase the operating time of facilities.

Finally, the total amount of the design intake flow will be distributed to Faisalabad City.

(5) Consideration for Setting of Generator
As with the generator in the Inline Booster Pump Station, generators to operate for the distribution
pumps are also requested in the T/R pump station. However, the T/R pump station is continuously
supplied with power from an independent electric line from the substation so that the scheduled
blackouts have not been planned. Moreover, in the T/R pump station, some limited volume of water is
supplied to the city by gravity flow when the pumps are stopped. From the above, there is no need to
install generators in the T/R pump station and the generators are excluded from the component of the

Project.

2-2-2-6 Leakage Control of T/R Pump Station
(1) The Necessity of Leakage Control

At present, the daily water leakage from the T/R tank of the Chenab is recorded at least about 600 ~
900 m3.

This leakage has occurred in the joints of the concrete wall, and the leakage is caused by deterioration
and damage of joints and waterproof lining of the tank. Water leakage of 600 to 900 m3/day in the
amount is less from the viewpoint of the design distribution flow, but the amount of water leakage from
the T/R tank corresponds to about 5,300 to 8,000 people on the basis of the 112L/person/day, and loss of
electricity equivalent toabout 23MWh~ 35MWh per year.

The water leakage has occurred in the pipelines of Faisalabad City rather than from the T/R so that the
repair of T/R will not have a dramatic effect on the overall improvement.

However, in spite of the replacement of existing pumps, the construction of the pump station and the
construction of facilities in order to take full advantage of the effective capacity of the Chenab T/R, to
leave the water leakage is to reduce development impact of the Project, which is intended to reduce the
power consumption.

The reduction of water leakage of the T/R contributes to effective use of water resources and the
reduction of power consumption. Therefore, this Project includes repair of the existing T/R to reduce
water leakage.

(2) The method of waterproofing for leakage of water

By the visual inspection of leakage of water, it is found that the main leakage of T/R is from concrete

joints, the Project will achieve the reduction of the total amount of leakage of water by conducting the
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repair of concrete joints. The T/R is separated into two rooms by a partition, and the repair of leakage of
water will be conducted one by one. Concrete joints and waterproof coating will be removed after
emptying one of the T/R (the other continues to supply water), and then, concrete surface and joint
portion are cleaned. After that, target parts will be kept dry and the joints filled up with silicon, etc., and
a waterproofing coat will be painted. After finishing repair of one of the rooms, the repair of the other
room of T/R will be carried out similarly. During the period of repair, the amount of distribution water in
the T/R will be limited because of drying one of the T/R. Therefore, the schedule of repair of T/R will
coincide with that of other work that also necessitates stopping of the water supply so that this period of

stoppage is minimized.

2-2-2-7 Relevance of French government Project and distribution plan from the T/R
(1) Outline of French government Project

Currently, the French government is providing financing to support FWASA to improve water
facilities of Faisalabad City. In this French project, in addition to construction of the new surface water
treatment plant, the expansion of the well, the plan to set the new water distribution mains of 2000mm
are also included. This distribution mains is connected to the pipe from JBC pump station, the water is
also distributed to the city as a separate line. For this reason, T-shaped member (1500mm x 1200mm)
was installed at the time of the JBC pump station was constructed, by connecting the French distribution
mains to the branch pipe, the water of existing distribution main flows to the west side of the city, the
water of distribution mains by the French project flows to the east side of the city, it is planned to supply
water to the east side that were not previously able to have enough water and water pressure. While two
systems of water facilities are running, because it is not possible to supply the design distribution flow to
the city only using the existing 1600mm distribution main, by using a double distribution mains it will
be possible to improve the water distribution situation in Faisalabad City.

According to the confirmation in this Study, the schedule of the construction of distribution mains of
1000mm is delayed, the construction will start in Feburualy 2015.

The outline of the French project is as below.

« Surface Water Treatment Plant (LOMGD): Jhal Khanuana

* New Arterial Main (1,000mm, L=7.2km): Connected to JBC pipeline

* Well Field (10 units, 5SMGD): Rakh Branch Canal

* Transmission Main (300mm-600mm, L=13km): Rakh Branch Canal

* Replacement of Pumps (12 units.)

« Leak Detection and Repair studies for improvement in network efficiency (L=1,056km)
» Bulk Flow Meter with Data Loggers (51 units.)

» Commercial/ Domestic Meters (17-3”, 585 units.)

* Domestic Meters (1/2”, 20,000 units.)

2-32



Chapter 2 Contents of the Project

About double distribution mains by the French project, it is not possible to distribute the water from
the JBC pump station to the city by only 1000mm of new arterial main, it is necessary to distribute water
from both of the water distribution mains. Therefore, in this Project, the pipe connected from the JBC

pump station to the Chenab distribution main is continued to be used in the future.

(2) Hydraulic situation of distribution pipes in the city

When the pump head of the distribution pump of T/R is assumed to be 45m, the maximum static head
of the distribution pipes in the city is calculated as 48.4m.

It is also about 45m near the outlet of the T/R as dynamic head, but maximum dynamic head in the
city is about 36m, most of the city is less than 20m. Ductile cast iron pipe and asbestos-cement pipe
(ACP) are mainly used in the city, about 45m - 55m is expected in general as water hammer pressure
associated with the operation and stopping of the distribution pump. For cast iron pipe, even in the water
pressure of about 100m, which is sum of water hammer pressure and static water head, almost no impact
to cause the rupture of the pipe. But about asbestos pipe, in view of the fact that leakage is occurring at
this time and the pipe is aging, if the water pressure is raised in the city under the current conditions,
there is a greater risk of leakage and damaging pipes than the currently level. Therefore, at this time, it is
necessary to keep the discharge pressure of about 20m from the T/R, and along with the replacement of
the ACP in the city, it is necessary to raise the pressure gradually to eliminate the negative pressure in

the water pipe in the city.

2-2-3  Outline Design Drawing
The following pages present the outline design drawings of the facilities by the Project.

Table 2-19: Outline Design Drawings

Drawing Title

Z
o

© |0 ([N | (0|~ (W ]|N (-

Plan of Pipe Works for Inline Booster Pump Station

Single-line Diagram for Inline Booster Pump Station

Control Panels for Inline Booster Pump Station

Plan of Terminal Reservoir

Elevation of Terminal Reservoir Pump Station

Plan for Basement Floor of Terminal Reservoir Pump Station

Plan for Ground Floor of Terminal Reservoir Pump Station

Section Details A-A of Terminal Reservoir Pump Station

Section Details B-B of Terminal Reservoir Pump Station

[En
o

Plan of Pipe Works for Terminal Reservoir Pump Station

[N
=

Single-line Diagram for Terminal Reservoir Pump Station

[EnY
N

Control Panels for Terminal Reservoir Pump Station
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Figure 2-5: Plan of pipe works for Inline Booster Pump Station
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Figure 2-6: Single-line Diagram for Inline Booster Pump Station
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Figure 2-10: Plan for Basement Floor of Terminal Reservoir Pump Station
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Figure 2-14: Plan of pipe works for Terminal Reservoir Pump Station
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Figure 2-15: Single-line Diagram for Terminal Reservoir Pump Station
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Figure 2-16: Control Panels for Terminal Reservoir Pump Station
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2-2-4  Implementation Plan
2-2-4-1 Implementation Policy

(1) Basic concept

The Project shall be implemented in accordance with the scheme of the Japanese Grant Aid. The
Grant Aid shall be used for the procurement of the products and services for the Project which is agreed
upon in the Exchange of Notes (hereinafter referred to as the “E/N”") between the Government of Japan
and the Government of Pakistan.

Following the E/N, the Grant Agreement (hereinafter referred to as the “G/A”) of the Project shall be
concluded between the Government of Pakistan and JICA. The application of Grant Aid to a particular
project funded by the Grant will be stipulated in the G/A.

The rights and obligations of the Government of Pakistan and the providers of the products and
services for the Project are governed by the tender documents, and by the contracts signed by the
Government of Pakistan with the providers of the products and services.

The roles of the concerned parties, including the Government of Japan, JICA, consultants and
contractors in relation to the implementation of the Project under the Grant Aid are understood as
follows.

1) The Government of Japan decides the Grant to be extended to the Government of Pakistan in
accordance with the relevant laws and regulations of Japan.

2) JICA extends the Grant to the Government of Pakistan in accordance with the relevant laws and
regulations of Japan and within the scope of the E/N and pays serious attention to ensure the
accountability on proper and effective use of the Grant for the Project.

3) The Government of Pakistan is the recipient of the Grant, and is responsible for the execution of
the Project. As the client or the buyer, the Government of Pakistan conducts the procurement of
the products and services necessary for the Project implementation using the Grant provided by
JICA.

4) The Consultant is the firm who renders services to the Government of Pakistan with regard to
designing, cost estimating, tendering and supervising the procurement and the construction works
for the Project in accordance with the contract with FWASA.

5) The Contractor is the firm who provides the products and services necessary for the Project in

accordance with the contract with the Government of Pakistan.
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Figure 2-17: The Roles of the Concerned Parties

The major components of the Project are shown in the following table.

Table 2-20: The Major Components of the Project

Item Facilities Specification

Work in the Inline Booster Replacement of inline booster pumps and incidental | 48.8m3/min: 4 units.

Pump Station facilities: 6 units. 24.4m3/min: 2 units.
Pipeline work Dia. 500 to 1600mm

Work in T/R Pump Station Replacement of T/R pumps and incidental facilities :6 | 63.0m3/min: 4units.
units. 31.5m3/min: 2units.
Pipeline work Dia. 350 to 1600mm
Building work of T/R pump station Reinforced Concrete,

Total floor area: 870.81 m?

Repair of water leakage of T/R tank Repair of concrete joints: 102m
Consultancy work Detail design Civil and building work

Supervision Civil and building work

Soft component Training of operation

The construction period is planned as 22 months, including a preparation period in Japan for one
month. The critical path is the period required to manufacture and install the pump and ancillary

equipment.
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(2) Implementing Organization of the Pakistani Side
The executing agency of the Pakistani Side of the Project is HUD&PHED and the implementing
agency is FWASA. For the smooth progress of the Project, the Pakistan Side shall contact and consult
closely among the Consultant and Contractor. Accordingly, the Pakistani Side shall need to assign
responsible persons in charge of the Project. Responsible persons shall understand the roles and duties

of the Project and to implement Pakistani obligations such as land clearing.

(3) Consultant
The Consultant of the Project shall conclude a contract regarding services for detail design study,
tendering and construction/procurement supervising works with FWASA. In accordance with Japan’s
Grant Aid scheme, the Consultant shall form a project team in order to design and supervise the correct
progress of the construction works, following the prescriptions made at the point of outline design. The
service contents of each step shall be as follows.

1) Services before the tender
The Consultant will review the Study results produced by the outline design of the Project, and

carry out the detail design and cost estimation with a consistent level of service.

2) Services in the tender stage
The Consultant will execute the following services in the tender stage of the Project;
= Compiling service of the tender documents
= Supporting service of the tender
= Supporting for clarification and amendment of the tender document
= Evaluation and reporting of technical proposal

= Evaluation and reporting of financial proposal and supporting of the contract negotiation

3) Services in the stages of construction supervising works

The Consultant will dispatch Japanese engineers to Pakistan to ensure the construction qualities
of the Project. Therefore, the Consultant will place a resident engineer in Pakistan for coordinating
work among concerned persons on the Pakistani Side and the contractor’s side, and also for
supervising works of the implementation stage of the Project.

The consultant will supervise the contractor in order to execute the Project properly and
smoothly. The objective of the supervision will be to supervise work in conformity with
specifications and drawings and to control the quality, specifications and progress in conformity
with the contract.

In addition, the consultant will supervise the contractor’s documentation such as quality control,
site photographs and progress record. The consultant will inspect the materials and equipment to be
produced, manufactured and procured in order to prevent troubles after delivering the materials and

equipment.
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(4) Contractors
According to Japan’s Grant Aid scheme, Japanese contractors who are selected through a tendering
procedure will implement the construction works and equipment procurement for the Project.
Even after the handover of the facilities, it is still necessary to contact the contractor for one year

warranty period for repairs and maintenance.

1) Necessity of Engineer Dispatch
The construction works in the Project include material and equipment procurement,
transportation and construction, which require coordination between the parties concerned. Also, it
is necessary to dispatch a chief engineer from Japan to manage and supervise construction,
including the schedule, quality, and safety. This person will also arrange and manage the schedule
of sub-contractors, in order to make the most effective use of them under the Project.

2) Policy to Ensure the Construction Works
The Project policy to ensure the construction work goes smoothly in a timely manner and that
costs are kept to a minimum is to use local materials and construction methods whenever possible.
In line with this policy, it is recommended that the Japanese contractor will use sub-contractors as
there are companies capable of conducting the type of large-scale construction work necessary in

Faisalabad, Lahore and Islamabad.
2-2-4-2 Implementation Conditions

(1) Construction Condition
It is possible to procure general construction materials, equipment and machines around the Project
site. However, there are no concrete production plants in Faisalabad so it is necessary to procure the
concrete by job mixed. Besides, the Project will need to carry out advance preparations carefully to
prevent the delay of procurements because the Project will use much of cement, aggregate and
reinforcing bars.
To avoid delays to these material procurements, it is required to prepare systems for their orders in the
early stage of the commencement of construction works. Thus, on the consideration of the production
terms of materials to be used for the Project, it will be important to urge the contractor to start their

advance preparations for the procurement of the materials and equipment.

(2) Safety Measures

At construction sites, it is necessary to consider safety measures for construction workers. The
construction works will involve work in high places such as roofing, so there is a possibility of falling
accidents. Consequently, the Project will need to prepare concrete measures to ensure worker safety,
such as the work will be prohibited downstairs below where work is being conducted directly upstairs to
prevent accidents caused by falling objects, installation of a safe handrail and a safety net, and the

wearing of helmets, safety shoes and safety belts.
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The Project places the security guard in order to prevent the accident with the third person at the
entrance of the Inline Booster Pump Station and T/R by the construction vehicle. In addition, the staff of
FWASA is operating the pumps near the construction site, the Project manages so that the staff of

FWASA can not approach the construction site.

2-2-4-3 Demarcation of Works

(1) Demarcation of Works for Construction

1) Preparation of the Project Site
The Project site is possessed by FWASA so that there is no disadvantage for utilization.
However, since there are trees around and within the site, the Pakistani Side will need to remove

them.
2) Infrastructure

a) Electric Power
There are existing electric distribution facilities on the site, which will be used for the project
continuously. However, incoming panel, which Faisalabad Electric Supply Company (hereinafter,
FESCO) manages, is installed in the existing pump station. FESCO will need to relocate this
incoming panel to the new pump station, therefore it is assumed that the Pakistan side will pay the
necessary expenses.
In addition, installation of power distribution facilities and wiring work except for that which
FESCO manages will be included as scope of works.

b) Water Supply
The Project will provide the water supply system in the new pump station. The pipeline between

the main pipe to the water tap in front of the new pump station is included in the scope of the work.

¢) Drainage
The Project will provide the drainage system from the inside of the new pump station at the T/R
Pump Station to existing drainage in order to pump out discharged water from the new pump

station.
3) Application for Permission

a) Construction Permission
The Pakistan side shall be responsible for applying for and obtaining the construction permits.

The Japan side will be responsible for preparing drawings only.

b) PC-1

In the implementation of the Project, it is necessary to obtain the approval of the PC-1 by CDWP
(Central Development Working Party). The Pakistan side shall be responsible for obtaining the
PC-1.
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(2) Demarcation of Works for the Project

Demarcation of works is shown as below.

Table 2-21: Demarcation of Responsibilities of Works to Be Conducted by the Japanese and
Pakistani Sides

Works Japan Pakistan

1. Securing of the Project site, Removal of the existing facilities and trees at the Project o
site, Leveling of the site

2. Construction

(1) Inline Booster Pump Station (booster pump)
2

(3) Terminal Reservoir (Distribution pump)
(4)

(

Terminal Reservoir (Pump station)

4

5) Terminal Reservoir (Repair of water leakage of tank)

0|0 0|0 |0

(
Terminal Reservoir (Pipes)
(

3. Infrastructure

(1) Electric power

1) Installation of the transformer at the Project site, site wiring, lighting/outlets O
(2) Water Supply
1) Water supply facility (Pump Stations) O

(3) Drainage
1) Drain facility (Pump Stations) O
(4) Furniture and equipment @)

4. Transportation, Customs clearance

(1) Marine transportation of the Products O

@)

(2) Tax exemption and customs clearance of the products at the port of disembarkation

(3) Internal transportation from the port of disembarkation to the Project site O

Exemption of customs duties, internal taxes and other fiscal levies

To accord Japanese nationals for their entry into Pakistan and stay therein

Proper and effective use of facilities and equipment of the Project

0|0 |0 |0

Other necessary procedures and expenses for the project

© |0 N oo

Banking Arrangement, Authorization to pay

(@)

(1) Advising commission of A/P

O

(2) Payment commission

10. Procedures concerning environmental and social consideration @)

2-2-4-4 Construction Supervision

(1) Basic Concept
In order to complete the whole schedule of the Project, it is important to confirm and supervise the
progress of each construction work. Moreover, it is also important to always confirm the working
progress to be borne by the Pakistani side because such tasks are vital to the smooth progress of the
whole schedule. For example, if the hand-over of the site to the contractor delayed, the whole schedule is

delayed. So it is necessary to carry out the ground leveling quickly.
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The Project will include various types of works such as material and equipment procurement work,
temporary work, foundation work, structural work, mechanical work, finishing work and so on. The
consultant will execute their supervising work in cooperation with the implementing organization of the
Project.

(2) Construction Supervision Plan
1) Dispatch of the Consultant
As regards the consultant supervision of the Project, the consultant will assign a resident
supervisor who has experienced construction supervising works abroad. The consultant will also
dispatch the engineer properly in accordance with the type of works as described in the following
table.

Table 2-22: Dispatching of the Consultant for Construction Works

Consultant Working Contents Timing (Total Term)
Project Manager Supervision of the whole project, attendance at the commencement, | When necessary
final completion of the Project, etc. (1.0 MIM)
Resident Supervisor Supervision of the whole construction work, negotiation and During The Project
consultation with organizations concerned with the Project, implementation
confirmation of design / shop drawings and specifications.
(21.0 M/M)
Mechanical and Supervision of pump systems When necessary
Electrical Engineer (2.0 M/Im)
(for pump equipment)
Architectural Engineer | Supervision of building works When necessary
(1.0 MIM)
Mechanical and Supervision of equipment and electrical system of building works When necessary
Electrical Engineer (2.0 M/M)
(for building works)
Completion inspector Final inspection after the completion When necessary
(0.23 MIM)

2) Construction Management by the Contractor

In order to control the quality of the works within the work period, it is desirable for the work to
be managed by a Japanese engineer. Therefore, an experienced Japanese engineer will be stationed
at the construction site for the whole period of construction. Moreover, particular engineers such as
mechanical and electrical engineer will also be dispatched according to the progress of the Project.
Other necessary engineers will be hired locally. During the construction period, the Japanese
engineers are expected to transfer their construction skills and technology to Pakistani engineers.
Considering the scale of the construction in this Project, at least the engineers listed below will be

necessary.
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3)

4)

Table 2-23: Personnel Dispatching by the Contractor

Contractor Working Contents Timing (Total Term)
Project Manager Manage the whole work, obtain approval, manage During the Project
(Site Representative) procurement of material, equipment and accessories, implementation
manage workers, and site works (21.0 M/M)
Architectural Engineer Supervision of building works During the work
(13.0 M/m)
Mechanical and Electrical Supervision of equipment and electrical system works When necessary
Engineer (building work) (1.0 MIm)
Civil engineer 1 Supervision of civil works of Inline Booster Station During the work
(4.8 MIM)
Civil engineer 2 Supervision of civil works of T/R station During the work
(10.9 M/m)
Mechanical Engineer Supervision of pump systems During the work
(7.0 MIMm)
Electrical Engineer Supervision of pump systems During the work
(7.0 MIMm)
Administrator Manage procurement of material, equipment and During the Project
accessories, workers, and do the accounting implementation
(21.0 M/m)

Schedule Control
The consultant will compare the implementation progress of the construction to be planned at the
time of their contracts with those to be carried out actually in order for the observance of deadlines
prescribed in the contracts signed by the contractors of the Project. The consultant will encourage
the contractor to keep strictly to the schedule and request the contractor to submit proposed
measures and implement these against the issues when schedule delays are predicted, in order that
the construction and equipment delivery can be completed on time. The items to be compared with
the schedule are as follows.
Overall progress (progress of the material and equipment procurement, and construction
work)
Material and equipment delivery (material, equipment and accessories for construction)
Temporary work and provision of construction machines (accordingly)

The number of engineers, technicians, general workers, etc.

Quiality Control and Inspection of Actual Shape

The consultant will supervise whether or not the facilities to be constructed by the Project and its
construction materials meet the required quality, specifications and actual dimensions as per the
contract documents. If the consultant finds any issues with the quality or faults in the contractor's

workmanship in the process of their confirming and inspecting work, the consultant will require the
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contractors to correct, change and modify them immediately. The items to be controlled are as
follows.
Examination of shop drawings and specifications of construction work
Examination of shop drawings and specifications of materials and equipment
Attendance to the production place of the materials and equipment or examination of the
inspection results
Examination of plans and methods of equipment installation

Inspection and confirmation of performance and actual dimensions

5) Safety Control
By discussing and cooperating with the responsible persons of the contractors for safety control,
the consultant will supervise the contractors to prevent industrial accidents, injuries and accidents
to third persons at the Project site during the implementation term. Important points for the safety
control at the site will be as follows.
Formulation of safety control regulations and selection of responsible persons for safety
controls
Avoidance of accidents by the regular inspection of construction machines
Formulation of the operational routes of vehicles for construction and transporting
machines and thoroughness in their safe driving
Setting of facilities and equipment for safety controls and their regular checks

Welfare measures for construction workers and encouragement to take days off

2-2-4-5 Quality Control Plan

It is feasible to procure the materials, equipment and machines for the construction domestically.
However, as Pakistan has imported many goods from neighboring countries, the quality of them varies.
Therefore, the specifications and performance of the materials, equipment and machines used for this
Project require careful examinations before they are approved. For the quality control of reinforcement
bars, concrete, mortar, etc., which will be processed at the construction site, must follow the rules
specified in the construction method to be specified during implementation of the Project.

When concrete temperatures are high, there is a possibility of increased risk of slump declines and
cracks by rapid vaporization of surface moisture on the concrete. Accordingly, the Project will need to
reduce the temperature of the concrete by placing concrete in short time, adjusting the placing volume of
concrete and keeping the concrete wet condition by watering during curing works.

To examine concrete quality, the Project will carry out the compressive strength test of concrete at
public institutions in Pakistan. In terms of reinforcement bars, the Project will carry out their quality
controls by confirming their inspection certificates. As for the tensile strength test of reinforcing bars,

the Project will carry out the test at public institutions.
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To ensure the quality of the construction works, the Project will need the following quality controls in

terms of the major works of the construction.

Table 2-24: Items of Quality Controls and Methods of Major Works

Works Item of Quality Control Method of Quality Control

Locations of the permanent and ] ] ) o

Temporary work . Staking out inspection, confirmation of benchmark
temporary facilities, etc.

Earth work Excavation Confirmation of bearing stratum

] Material Tensile strength test, confirmation of inspection certificate

Reinforcement bar work — ] —
Arrangement Confirmation of diameter, numbers, binding, etc.
Fresh concrete Confirmation of slump, air content, temperature, etc.
Concrete placement Confirmation of placing situation

Concrete work — . ]
Formwork Visual inspection of forming
Concrete strength Confirmation of compressive strength test

Roofing work Water leakage Visual inspection, sprinkling inspection

Plastering work Flatness, unevenness Visual inspection of finishing

Door and window work Installation Visual inspection

Painting work Surface finishing, color Visual inspection

Electric power system work | Performance, operation Confirmation of factory inspection result, operation test

Piping works Bending, twist, support pitch Visual inspection

Wiring work Damage Measurement of resistance value, visual inspection

Lighting work Performance, operation Visual inspection

2-2-4-6 Procurement Plan

(1) Procurement Method

Most of the materials, equipment and construction machinery needed in the Project are possible to be
procured in Pakistan. However, pump facilities at the Inline Booster Pump Station and the T/R Pump
station will be procured from Japan because these are impossible to procure in Pakistan and the quality
of such products should be kept high.

Main materials such as cement, aggregates, reinforcement bars and forms will be procured in Pakistan.
The decision on which cement is to be adopted will be based on the results of concrete quality tests of the
applicable materials procured in Faisalabad. Faisalabad is an industrial city and materials distribution is
always stable, therefore there should be no particular problems regarding the procurement of materials.

There is a large quarry where aggregates can be obtained about 30 km from Faisalabad down the
stream of Chiniot Bridge on the Chenab River. In Faisalabad and near Chenab River there are companies
that can supply aggregate of sufficient quantity and quality to satisfy the specifications of the Project.
The contractor will select and procure aggregates in conformity with the specifications of the Project.

The raw materials for reinforcing steel bars are imported and processed by domestic manufacturers to
meet the demand. In this project, the domestic products will be used. Forms for concrete structure will

be easy to procure in Pakistan. They can be fabricated by processing the materials that are domestically
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available.

As a construction situation of Pakistan, since large scale civil engineering and construction projects
have been implemented in recent years, it is possible to procure construction machinery in Pakistan. In
addition, Japanese manufacturers assemble vehicles and trucks locally, therefore there is no particular
problem for the procurement. The Japanese contractor is expected to procure or lease these machines,

such as backhoe, crane and batcher plant.

Table 2-25: Country of Origin
Country

ltems ) Third Remarks
Pakistan Japan
country

Cement @)

Fine aggregate

Coarse aggregate

Steel products

Formwork

Wood materials

Pipes

O|0|0|O0 |0 |0 |0

Valves
Pumps O
Control panel O

(2) Transport Plan

As a transportation method for procurement of materials and equipment from Japan, there are
shipping service and aviation service. However, the transportation of materials and equipment from
Japan normally uses shipping service unless there are special circumstances. Therefore, in this Project,
since the materials and equipment procurement from Japan are large and mainly they are pump
equipments, transport plan will be shipping service.

The procurement time of materials and equipments for pump facilities will be in the last half of the
Project. It will take about eight weeks by the shipping service, from departure of Japan to arrive in
Pakistan. The customs clearance is carried out in Karachi which is the port of discharge.

Customs clearance, disembarkation and inland transportation of materials and equipment
procurement from Karachi to Faisalabad will take around four weeks because of the large quantity of
materials and equipment and equipment such as the pumps are large and pump control panels are
precision instruments, therefore there is a need to pay attention to the transport. The distance from
Karachi to Faisalabad is around 1200km. Therefore, it will be expected to take totally three months for
the transportation from Japan to the sites.

2-2-4-7 Operational Guidance Plan

The Project involves the replacement of existing water facilities at the Inline Booster Pump Station
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and T/R Pump Station, therefore the main water supply system of the Project is same as the existing
water supply system. The staff of FWASA is operating the existing facilities so far, it is considered that
the current skill level of FWASA can operate the facilities after the new facilities are installed. However,
in the Project, it is planned to increase the volume of water for distribution from the T/R Pump Station.
Therefore it is necessary to control the distribution flow rate and number of operating pumps in
accordance with the distribution amount. For this reason, when commissioning by the contractor,
operational guidance for the control of water distribution flow rate should be given due to a change in
the number of operating units of the pump.

Further, in this project, it is expected to install impellers with low pump heads in addition to normal
impellers, therefore it will be necessary to dismantle the pump and replace the impeller. FWASA has
been in charge of repairing the pump so far and has a repair technology and knowledge, including the
ability to dismantle pumps. Replacement of the impeller is possible with current technology of FWASA,
however, because it does not have any actual experience in this it will be undertaken under the guidance

of the contractor.

2-2-4-8 Soft Component (Technical Assistance) Plan

(1) Background of Soft Component

This Project aims to reduce the cost of distribution of water through stabilizing operation of the

facility and promoting the efficiency of energy consumption by the replacement of the pumps at the
Inline Booster Pump Station and T/R where originated from Chenab well field in Chiniot City. The
scope of the Project consists of the replacement of the pump facilities at Chenab Inline Booster Pump
Station, replacement of the pump facilities and corresponding construction of the pump station at T/R
and repair of water leakage at T/R.

1) Current Situation

Chenab systems targeted in the Project pump up the water from Chenab well field to T/R through
the Inline Booster Pump Station, and then distribute the water to the city from T/R. In addition to
the Chenab water facilities, T/R and pump facilities of JBC water facilities are located in the same
compound of T/R. In the future, water originated from both Chenab system and JBC system plans
to be distributed to the city from the T/R Pump Station in two distribution pipes upon completion of
the ongoing project financed by the government of France in contrast to the current single
distribution pipe.

Now some of the pumps installed at Inline Booster Pump Station and T/R Pump Station are
suspended due to breakdown as they were installed more than 20 years ago and are overdue for
replacement. The booster pumps at the Inline Booster Pump Station do not meet the needs for entire
available water intake in Chenab well field due to a decrease in pump efficiency and stabilization of
supply is deteriorated at T/R Pump Station due to the high occurrence frequency of breakdown of

distribution pumps. Some of the pumps are no longer operational due to cavitation caused by the

2-58



Chapter 2 Contents of the Project

improper location of distribution pumps at the T/R Pump Station, and therefore do not meet the
demand for water supply at peak times of the day.
2) Necessity of Soft Component

The Project will aim to improve the operation skill of the counterparts in reducing the water
pressure of the being distributed from the T/R pumping station in the soft component of the Project.

It is essential to assist in launching the facility smoothly through the training of parallel operation
of Chenab and JBC water supply facilities and dual systematization of main distributing pipe and
control of pressure of water distribution as well as the training of the said initial operation in order
to distribute water to the city with proper water pressure.

The Project will enable the entire available water intake from Chenab source system to be
distributed to the city by distribution pump and accordingly water supply environment would be
improved. In this case, the amount of pump distribution and number of operating pumps per hour
are different from the current operating situation, so that the trial and initial operation after
installation will be trained to FWASA members in order to operate and maintain pumps based on
the amount of water distribution and number of operating pumps per hour. Although water is
distributed to the city after depressurizing it up to around 20m against the pump head of 45m in
order to reduce water leakage when distributing pump water, it is necessary to appropriately change
control of depressurization by valves because the volume of water distribution in the city increases
owing to the Project. The current volume of water which is distributed through only Chenab
distribution pipes would be divided into the current distribution pipe and the other pipe financed by
the government of France. For the reasons above, the current volume of water flowing through
distributing pipes would be changed, the control of pressure is necessary based on volume of water
distribution. Even though currently the respective pumps at the T/R Pump Station of Chenab and
JBC are operating, technical level is not sufficient enough in order to practice parallel operation
with pressure of control of water distribution and control pressures of water distribution owing to
converting to the dual system.

(2) Purpose of Soft Component

The purpose of the soft component of the Project is to give assistance in controlling water pressure in

accordance with the volume of water distribution. As a result of the counterparts of gaining such skills it

would enable the implementing agency to distribute water to Faisalabad city in a stable manner after

completion of the Project.

(3) Outputs of Soft Component

The outcome of soft component is that that implementing agency personnel acquire the skills

necessary to manage the water pumping pressure (by reducing it as appropriate) from the T/R pumping

station.

(4) Means of Output Verification

Indicators and means to verify the said achievement of outcomes are as follows.
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Table 2-26: Means of Output Verification

Outputs Objectively verifiable indicator Means of verification

Reduction of water To understand the relationship between volume )
i o Comprehension test
pressure leaving the T/R | of water distribution and water pressure

pumping station is To operate valves for depressurizing in line with | Measure for volume of water distribution
conducted appropriately | the volume of water distribution and water pressure

(5) Activity of Soft Component (Input Plan)
1) Besic concept
The person in charge of soft components will implement the soft component to control the water
pressure in conjunction with the operation of the JBC distribution pump, and confirm the
achievement of outcomes about soft components and submit the completion report of the soft
component to Pakistan responsible authorities, implementing agencies and authorities of Japan.
2) Summary
The practical training of valve operation and regulation of the service pressure in line with the
volume of water distribution will be implemented through on-the-job training as part of the soft
component. The following table shows the planned activities to achieve the outputs of the soft

component.
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Table 2-27: Activities of Soft Component

Output: Reduction of water pressure leaving the T/R pumping station is conducted appropriately

Implementation year: the final year of the Project

Required skill and field of expertise of the | Water distribution planning, experience of management on water pressure
Japanese side expert(s)
Technical level required of the Pakistan | The counterparts will need to have experience of valve operation and

side counterparts to participate in the soft | knowledge of the relationship between opening/closing of valves and water

component pressure.
Participants Operation department (valve operation planning(1 person), valve operation (2
person))
Method of implementation On-the-job training
Activities Preparation of Drawing up plans of soft components
documents - Explaining soft components to FWASA

- Verifying existing facilities, review of the operating manual of the JBC-based
distribution pump
- Drawing up plans and approved by FWASA
Drawing up questionnaires and comprehension tests
Lecture on theory for water distribution plans, management of water pressure
-Explaining facility outline, facility capacity
- Explaining water distributing plans of facilities
(Chenab, JBC)
- Explaining water volume and water pressure on water distribution plan
- Explaining way to reduce service pressure, according to water volume
Clarifying roles and areas of responsibility of person in charge
Conducting questionnaires and comprehension tests
Planning of valve operation instructions (valve operation planning)
= Confirming condition of the existing valves
- Developing plan of valve operation
- Drawing up operation instructions
Developing a system of recording valve operations
Practical guidance on valve operation (mainly for the participants of valve
operation)
-Regulation of valves in line with volume of water distribution
-Managing water pressure associated with valve operation
+ Guidance on how to take records of valve operation
Operating by the FWASA staff
-Regulating of valves in line with volume of water distribution
~Managing water pressure associated with valve operation
- Completing records of valve operation
Drawing up valve operation manual
Reviewing the records of valve operation
Confirming through valve operation
Conducting comprehension tests

Introduction

Planning and drawing
up way of water
pressure management

Guidance for valve
operation

Do, monitoring

Verification of outcome
and recommendation
to implementation

agency Recommending to FWASA
Implementation | Person in charge Japanese consultant (1 person)
resource
Period In Faisalabad: 1.00 M/M
Type of Outcome Valve operation manual, result of questionnaires to the staff of implementing

agencies, final report (completion report of the soft component in English),
completion report of the soft component in Japanese, documents to verify
implementation of activities (inclusive of photos of soft component
implementation)

(6) Procurement Methods of Implementation Resources of Soft Component

The Japanese consultant in charge of water pressure reduction will be assigned to the soft component,
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because valve control to manage the pressure of water distribution in accordance with the existing
facilities, and determination of the pressure of water distribution in accordance with condition of
facilities and volume of water distribution requires the advanced knowledge and skill. The person in
charge of the soft component of FWASA will be assigned individually, because duty, position and
expertise for each staff under the FWASA operation system are clarified.
(7) Implementation Schedule of Soft Component
Soft components are implemented upon a trial operation of the pump facilities after completion of the

construction. Outline of the implementation process is as follows.

Table 2-28: Implementation Schedule of Soft Component

Outcome Contents Activities

©
©
N

D12E3E4§5|6!7 it ffzfziz]2]2

Departure Return

2E2E2E2 3 Remarks
617:8(9:0

Local business

- Creating a software

preparagtion of component plan

documents

= Creating questionnaire, of
comprehension test

»Conducting questionnaires
and comprehension tests

Introduction
-Lecture of theory for water

distribution plans, management
of water pressure

- Creating records of valve
operation and valve
operation instruction

= The guidance by practice in
accordance with the valve
operation

Planning water pressure
management

Outcome 1

Guidance of valve
operation

Implementation+ = The operation with FWASA
monitoring staff

-Reviews of valve operation
records

Technology on reduction of water pressure after distribution

Verification of outcome
and recommendation to
implementation agency

= Confirmation by the
implementation of valve
operation

Reporting, proposals to
FWASA

(8) Output Materials of Soft Component

Output of soft component is as follows.
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Table 2-29: Output Materials of Soft Component (Draft)

ltem Submission to Remarks
Final report (completion report of soft component in English) FWASA, JICA
Completion report of soft component in Japanese JICA

Documents to verify implementation of activities (inclusive of local photos) | JICA

Result of questionnaires and comprehension tests to participants JICA

Valve operation guidance Client, JICA Refer to attached sheets

The valve operation manual for managing water pressure is an effective documents to enable the
acquisition of basic skills and knowledge in the soft component. They are to be compiled in Urdu as well
as in English to be used for soft component.

(9) Responsibilities of the Implementing Organization of the Pakistan side

The following activities are needed to be continuously implemented by Pakistan side in order to

achieve the goal of the soft component.

» To secure personnel and training facilities required for the soft component
» To keep the staff trained in the soft component employed at the same facility in the long term

 To comply with way to reduce water pressure in line with valve operation guidance

2-2-4-9 Implementation Schedule
As the Project is implemented under Japan’s Grant Aid, the implementation schedule until the
commencement of construction works is as follows.
» E/N is signed between the government of Pakistan and Japan, and G/A is signed between the
government of Pakistan and JICA.
- JICA recommends a Japanese consultant to the government of Pakistan.
» The agreement of consulting services for the Project is concluded between FWASA and the
consultant.
= The construction work is commenced after the detailed design, tender in Japan and conclusion of

the contract with the Contractor.

(1) Detailed Design Phase
The consultant prepares the detailed design document and the tender document based on the Outline
Study, which consist of detailed design drawings, specifications and tender documents, etc. The
consultant has close talks and meetings with FWASA at the beginning and the end of the detailed design

phase, and completes the detailed design after submission of the work products.

(2) Tender Assistant / Supervision Phase
After detailed design phase, the prequalification (P/Q) of the facilities construction tender will be

announced in Japan. According to the result of evaluation of P/Q, FWASA will invite construction

2-63



Chapter 2 Contents of the Project

contractors. Then FWASA will conduct the tenders in the presence of persons involved. The tenderer

who bids the lowest price will make a contract as the winning bidders with FWASA.

(3) Construction Phase

The contractor will be verified by JICA and commence the construction work. It will be needed
smooth procurement of building materials and equipment, prompt execution of relevant procedures by
the Pakistani Side and implementation of the tasks demarcated as being the responsibility of the
Pakistani side.

The implementation schedule of the Project is shown in the table below. Seven months are expected
for the detail design, tender and contract, twenty two months are expected for construction after the
contract. Twenty two months are required for the production, transportation and installation of booster
pump and distribution pump, it is critical in the whole process. For this reason, the prior works such as
building frame of the pump station and pipeline work will be completed prior to the procurement of the

said equipment.

Table 2-30: Implementation Schedule of the Project
Month | 1 2 3 4 5 6 7 8 9 10 11 12
Field survey [ E
Analysis and detailed design T AT T I
Tender documents created TTTTITTTT

Tender documents approved [}

Explanation at Local o
Tender A
Tender evaluation W (7 honths)
Contract [ 4

Detail Design

Month 1 | 2 [ 3 ] 4 [ 5 | 6 [ 7 1 8 [ o [ 1o 11 ] 12]

Building work e
Civil work [T ]
Inline Booster Pump Station

Terminal Reservoir I
Repair of Water Lekage at T/R
Mechanical and electrical work

Drawing preparation and approval [TTTT]TTTT
Production and inspection T O T L T T O T T T T T T TTTT

Transport

Installation

Test run

Completion inspection

Month 13 14 15 16 17 18 19 20 21 22 23 24
Building work m
Civil work [ T 1 1

Inline Booster Pump Station ”

Terminal Reservoir

Repair of Water Lekage at T/R “
[

Mechanical and electrical work

Drawing preparation and approval

Production and inspection

Transport (Total22ménths)

Installation

Test run

Completion inspection I [ —

N Field work
MM Domestic work
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2-3 Obligations of Recipient Country

(1) Special Items for the Project

The following special items are required to be undertaken by the Pakistani Side when carrying out the

Project.

1)

2)
3)
4)
5)

6)
7)

8)
9)

To submit the application for construction works, and others related to the Project if any, and
to obtain permission for these.

To conduct the Initial Environmental Examination.

To prepare the land, remove trees and other preparatory construction related to the Project.
To relocate the incoming panel managed by FESCO

To secure the personnel to operate and maintain the facilities and equipment related to the
Project.

To procure furniture and equipment related to the Project.

To secure the budget to operate and maintain the facilities and equipment related to the
Project.

To atend the beginning, mid term and complete inspection of the construction.

To secure the land for office and storage of materials and equipments to the contractor.

(2) General Items

In the implementation of Japan’s Grant Aid Scheme, the Pakistani Side is required to undertake

certain measures as follows. To contact and make delineation to the related institutions concerned

directly or indirectly with the Project.
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1) To contact and explain the outline to related jurisdiction involved directly or indirectly in this
project

2) To provide the data necessary for the Project and permit the Project team (consultant) to take the
data back to Japan.

3) To ensure prompt execution for unloading, customs clearance at the port of disembarkation and
internal transportation of the products purchased under the Grant Aid.

4) Toexempt from customs duties, internal taxes and other fiscal levies, this will be imposed in the
recipient country with respect to the supply of the products and services under the verified
contracts.

5) To accord Japanese nationals, whose services may be required in connection with the supply of
the products and services such facilities as may be necessary for their entry into the recipient
country and stay therein for the performance of their work

6) To assure the safety of the said Japanese nationals and provide full-time police accompaniment
at sites where security is highly suspicious.

7) To assign the staff necessary for the operation and maintenance and to operate and maintain the
facilities constructed under the Grant Aid properly and effectively.

8) To bear all the expenses except those covered by the Grant Aid.

9) To not re-export the products and materials which are purchased on the basis of the Grant Aid to
any other countries.

10) To bear the commissions paid to the bank for banking services based upon the B/A.

(3) Operability for Obligations of Recipient Country

This project contributes to human security and is regarded as the project with high priority in the
Pakistan government. For the budget according to project implementation, it will be ensured by the
approval of PC-1 by CDWP. PC-1 will be prepared by FWASA. FWASA has experience of preparation
of the PC-1 in a previous project, “the Project for the Expansion of Water Supply System in Faisalabad
in Islamic Republic of Pakistan”, and the project was conducted after approval of PC-1. In view of the
circumstances that the PC-1 for water supply project has been approved without particular trouble so far,
it is considered that the possibility of approval of PC-1 and ensuring budget for this project is high. In
addition, this PC-1 system is in conformity with Japan’s Grant Aid scheme, and it is considered to be

appropriate.
2-4 Project Operation Plan

(1) Organization and Staff Plan
The purpose of the Project is to replace the Chenab existing water facilities at the Inline Booster Pump
Station and T/R, and there is no change in the fundamental distribution system. Therefore, the same
system and personnel in the existing water facilities will be applied for the operation and maintenance of

the facilities after the completion of the Project.
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(2) Budget
Currently, a large part of expenditure of FWASA is made up of the personnel cost (payment of salary
to the staff) and electricity charges, and the income from water and sewerage charge receipts, a major
revenue source, covers only the personnel cost. Even though some of the shortfall of the financial

balance is covered by the Punjab government subsidies, the balance is still deficit.

Table 2-31: Balance of FWASA's Operating Expenses for the Past Two Years and for the Next

Fiscal Year
Million Rs.
2011-2012 2012-2013 20152014
(Plan)
1. Income
Water and sewerage charges 431 543 630
UIP Tax 140 224 300
Subsidy from the Punjab government 179 262 262
Subsidy from World Bank - — 292
Other revenue 83 70 83
Total 833 1099 1567
2.Expenditure
Personnel cost 420 543 587
Electricity charge 319 470 510
Operation and maintenance expense 170 190 220
Total 909 1203 1317
Balance -76 -104 250

Source: Financial data of FWASA and direct interviews

The above table shows the balance of FWASA'’s operating expenses for the past two years, that is
fiscal years 2011 and 2012, as well as the planned balance for the next fiscal year of 2013. In fiscal years
2011 and 2012, the subsidy of 179 million Rs and 262 million Rs was obtained respectively from the
Punjab government, however, the operating balance was still in deficit. In fiscal year 2013, a loan from
the World Bank was obtained in addition to the subsidy from the Punjab government so that surplus in
the operating balance is expected. By the implementation of the Project, it is possible to contribute to
reducing electricity charges by reducing power consumption, but their contribution is not large from the
viewpoint of FWASA'’s overall electricity charges. It is vital to improve and strengthen both facilities
and management through the surplus of the operating balance with the subsidies from the Punjab
government and the World Bank. For the improvement and strengthening of the operation and

maintenance system, it is necessary to implement the measures to increase the income of FWASA.

(3) Collection of Water Charge
The current ratio of collection of water charge by FWASA is about 40% (2012/2013: FWASA). Such

a low ratio is considered to be due to the unpaid customers including illegal connections without using
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a water meter (ratio of collection of water charge: the proportion of the paid customer for all households
including the households use the water by illegal connections. However, FWASA does not grasp the
number of illegal connections, so actual ratio of collection of water charge is the proportion of the paid
customer for registered customer). The invoice is delivered every two months to the customers, and
overdue fees are demanded in cases of delays in payment. However, even if the delinquency is
continued, FWASA does not stop water supply, therefore the customer can use water despite not having
paid their water charge.

Moreover, although the payment system of water charges is set according to a metered rate at some
factories, the payment system for most factories is that they pay water charge at a flat rate in accordance
with the size of their premises. For this reason, even if the customer uses the more than necessary water,
consumption is not reflected to the water charge. Such an unfair water charge collection system with a
flat rate depending on the size of the premises regardless of the quantity of water consumed is thought to
be resulting in an unwillingness to pay water charges by some. In addition, this is also thought to be
exasperating the current situation whereby the amount of distribution of water to the city is not
satisfying the water demand and where there is not enough water available because of low water
pressure.

(4) System of Collection of Water Charge

In order to improve the water charge collection, it is necessary 1) to increase the unit price of water, 2)
to improve the bill collection method, and 3) install water meters and apply volumetric rates. At this
moment, it is necessary to compensate for the shortfall of operating balance by subsidies from other
agencies, including the Punjab government. Currently, it is unlikely that the operating balance will not
be fall into deficit because the facilities of FWASA are operated with the subsidies from the Punjab
government and the World Bank. However, the subsidy from the World Bank is limited to a fixed period
of five years. Therefore, FWASA should increase the income in order to be able to manage the water
facilities independently. To increase the unit price of water charges requires the permission of the
Punjab government. However, the Punjab government has rejected the application of price increase of
water charges by FWASA in spite of the increased electricity and gas rates. Under such circumstances
whereby it is difficult to increase the unit price of water charges, the alternative is to increase the
collection rate of water charges in order to improve the management situation of FWASA. The increase
of the collection rate of water charges requires the appropriate pricing according to the actual water
consumption. Therefore, the collection of water charges at the metered rate is needed. About 20,000
water meters will be installed in some areas by the project assisted by the French government. The
necessary measures for further installation of water meters and early change to water charges at a
metered rate should be taken, which, together with the subsidies, will cover the operating cost, and

thereby achieve independent management.

2-68



Chapter 2 Contents of the Project

(5) Level of Skills and Technology

New operating skills are required for the Project, such as corresponding to the increase of volume of
distribution water and the water pressure management of the dual distribution main system. For this
reason, enough technical level is ensured by the implementation of distribution flow control at the initial
operation guidance at the time of trial operation after the completion of construction and service
pressure control at the technical assistance as soft component. In this way, operation and maintenance of
facilities would be possible. However, it is necessary to keep the operation and maintenance
management system fully functional and pass on the necessary skills in the long term to ensure

sustainability of the Project.
2-5 Project Cost Estimation
2-5-1 Initial Cost Estimation

(1) Cost to be borne by the Pakistani Side
The costs to be borne by the Pakistani Side are shown in the tables below. Those cost have been

estimated with the conditions mentioned below.

Table 2-32: Approximate Estimation of the Costs Borne by the Pakistani Side

Price
Items
(Rs)
Electrical work to install incoming panel of FESCO 1,600,000
Land clearing 3,000,000
Environmental impact assessment 1,000,000
Bank commission 5,000,000
Total 10,600,000

(2) Condition of Cost Estimation

1) Time of Cost Estimation
The Project cost was estimated in September 2013 when the field survey of the Outline Survey

was completed.

2) Exchange Rate
The Project cost was calculated using the average rate in three months from June 1, 2014 to
August 31, 2014.
USD 1=99.38 Yen
PKR 1=0.05 USD
PKR 1=1.13 Yen

3) Schedule

The schedule is shown in the implementation schedule in chapter 2-2-4-9.
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4) Others
The project cost was estimated according to the Guideline of Japanese Grant Aid.
2-5-2

(1) Effect and impact of the Project by reduction of power consumption

Operation and Maintenance Cost

Results of provisional calculations of power consumption and electricity rate of the Project
components, calculated under four scenarios; the current operation before the Project (case 1), the
operation situation after the Project has been completed (case 2), and when the service hours are
extended (3 years after the Project is completed) and a water supply equivalent to the designed capacity
is distributed (case 3), are shown in the following table. In addition, the result of 12 hours operation of
the Chenab distribution pump is shown as case 4. As can be seen by comparing cases one and two, there
is a power saving obtained through the Project, however, with the extended distribution hours and the
distribution designed volume of water, the power consumption would be increased and eventually
increased electricity costs would be inevitable (case 3).

Table 2-33: Power consumption and electricity costs of each case

Casel Case2 Case3 Cased

(2013) (2018) (2020) (After 2020)

After implementation Reference
i N Same Operation Operation of Water Chenab Dist. Pump

Pump Operation Current Situation with Current Supply to its Designed Operation:12h/d
Situation Capacity

7588m3/h 7588md/h 10239mé/h 10239mé/h

Chenab Booster Pump 20 hours/d 20 hours/d 20 hours/d 20 hours/d

0.101kW/m3 0.109kW/m3 0.109kW/m3 0.109kW/m3

Water 8418mé/h 8418md/h 13230mé/h 13230mé/h

Distribution [ Chenab Dist. Pump 6 hours/d 6 hours/d 6 hours/d 12 hours/d

Conditions 0.158kW/m3 0.123kW/m3 0.123kW/m3 0.123kW/m3

7140m3/h 7140mé/h 9480mé/h 9480md/h
JBC Dist. Pump 6 hours/d 6 hours/d 9 hours/d 9 hours/d
0.170kW/m3 0.170kW/m3 0.170kW/m3 0.170kW/m3
Pump efficiency 77.4% 85.0% 85.0% 85.0%

Chenab Booster Pump 2,615 2,810 3,792 3,792
POWer I~ chenab Dist. Pump 2,667 2079 3.267 6,535
Con(imﬁ;'o” JBC Dist. Pump 2182 2182 3273 3273
Total 7,464 7,070 10,332 13,600
Electricity cost (million Rs.) 97.0 91.9 134.3 176.8
Unit cost (Rs./m3) 2.85 2.70 2.23 1.98

Reference : Drawn on the basis of FWASA'’s operation management record

Remark 1) Electricity charges are estimated with 13Rs./kWh of unit rate.

The following diagram shows the electricity costs of cases 1, 2 and 3 against the total expenditure and
the effects of the expenditure reduction based on the expenditure of the year 2012. From the following
diagram, the electricity costs of the Project components are about 8 % of the total expenditure, thus the
reduction of power consumption in the Project will not have a significant enough impact to improve the

current management situation. However, the operating cost of FWASA can be reduced by providing
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assistance in improving energy efficiency. Therefore, the necessity of replacing the facilities in the
Project is important to provide sustainable water services.

In addition, in the future, in case FWASA aims to increase the length of time it offers water supply
services (case 3), despite the increase in FWASA’s expenditure on electricity, it will also receive about
25% additional income from water charges as a result of the increased water distribution volume.
Therefore, it is calculated that it will be possible to cover the electricity costs of the Project and labor
costs of FWASA.

However, as a prerequisite of the calculation above, it is necessary to abolish the current flat rate
system and to introduce comprehensively the volumetric water rate system. Moreover, the installation of
water meters at some areas is planned by the French project, therefore, the early transition to the
volumetric system is strongly required.

In addition, if it is possible to improve the fee collection rate as a result of the installation of water
meters, it can also be envisaged in the future that it will be possible to improve the current situation
whereby FWASA can only cover about half of its operating expenses on water and sewerage from the
fees it collects for water and sewerage services. This is understood from the result of case 4; the increase
of the water and sewerage charges is higher than the increase of electricity charges expected with the
increase of the amount of water distributed by pump. Therefore, it will be necessary to work to improve
and strengthen the management foundation along with the drastic improvement of the water supply

services in the future.

1400
1200 - 176.8 B Electricity charge (Project)
1000 - EdElectricity charge
&
g 800 1 ; / 789 ElOther expenditure
S i
g
g 600 7 E Personal Cost
[
400 = =\\ater charge income
200 A
0

Casel Case2 Case3 Cased

Figure 2-18: Reduction Impact on the Total Expenditure through the Japanese Grant Aid

(2) Necessary Actions for Improvement and Strengthening of Management and Impact through the
Project
As mentioned above, the water and sewerage rate income against the management expenditure are not

enough and it is necessary to significantly increase the water and sewerage rate income and reduce the
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expenditure as much as possible in order to improve and strengthen the management foundation.
Currently FWASA’s water charges are charged at a flat rate according to the size of one’s residence and
its collection rate remains at about 40% against the number of water bills, and non revenue water rate is
also high, at about 38% (2012/2013: FWASA).

The increase in the water charge income is expected if the collection rate of water charge is improved
from the current rate of about 50% to 100%. However, in fact the water supply facility in Faisalabad is
not capable of supplying sufficient amount of water to meet the demand and it does not provide a
satisfactory service such as the quantity of water and water pressure to the users.

Under such circumstances, it is obvious that the users are not willing to pay the bills even if they are
forced to pay water bills with a flat rate under the condition of insufficient service. The improvement of
collection rate is not expected due to the fact that the users are not willing to pay for the water supply
service unless the service is improved (quantity of water and water pressure). A flat rate system charges
a fixed fee regardless of the quantity of water used. In this case, areas close to the water distribution
bases are at an advantage because of a greater water pressure and quantity of water, while areas nearer to
the ends of water supply pipes rarely will be able to use running water due to shortages of quantity of
water and water pressure. In the situation that there is such an inequity even in the same areas, the
introduction of a flat rate system would lead to much discomfort of users and it could reduce the
collection rate as well.

In this context, in order to fundamentally improve and strengthen the management foundation, it is
essential to shift to a metered rate of water charge system and penalizing those who do not pay, namely
“soft” or non-physical measures, as well as improving water supply services such as by improving
quantity of water and water pressure on the “hard” or physical side to satisfy the users (refer to the

following chart).

“Hard” (physical) measures [::j> Improvement and stabilization

This Project of water supply services

B Renewal of decrepit facility iL Strengthening and
(Booster, distribution pump, etc.) !ncrease of water rates |:l‘> stabilization of operation

B Renewal of decrepit facility income and management

(well pump, others, etc.) TT

Expansion of the facility i el e
French Project -

B Review of the water charge
system

B Improving the collection rate

B Responding to illegal connection

B Understanding of facility
operating conditions

B Management of proper water

Construction of well
Construction of treatment plant
Detection and repair of leakage
Construction of main water pipe
Procurement and installation of
water meters

Figure 2-19: Action for Improvement and Strengthening of the Management Bases and Status
of the Project
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Under such a situation, JICA dispatched experts as an organizational improvement advisor of
FWASA. Two-year plan to work with the aim of strengthening the management of water services of
FWASA (first year: planning, second year: implementation) is presently being implemented.

Currently, the work of the first year has been completed, including: development of organizational
management structure, improvement of financial structure, identification of problems and
understanding the current situation on strengthening customer responsiveness, formulation of a midterm
management plan, financial analysis, creation of a roadmap of water rate revision and establishment of a
customer care center. Based on these plans, specific activities aimed at the improvement of the business
management and the financial strength of FWASA will be carried out in the future. And also,
improvement and strengthening of FWASA’s management foundation will be implemented.

Construction is costly due to the large scale of FWASA'’s infrastructure. Currently, FWASA’s
financial condition is so unstable that it is not able to secure the replacement costs of its core facilities. In
particular, the purpose of the Project is to recover the capacity of facilities to initial conditions and to
improve the infrastructure for water supply services for the citizen. The facilities, especially machinery
equipment such as pumps, which is the target for replacement are aging, so that the replacement of those
facilities is needed immediately. These facilities account for approximately 86% of the total water
supply and if the water supply from the core facilities needs to be suspended for some reason before such
facilities are replaced, there would be a significant negative impact on citizens of Faisalabad City and
FWASA.

In the situation in which FWASA is not able to handle the situation due to its unstable financial
management, it is crucial to implement the Project to improve facilities in order to secure stable water
supply and strengthen the management foundation. The project financed by France is also assisting to
improve the facilities such as construction of tubewells at Rakh Branch Canal, treatment plant of Jhal
Khanuana and new distribution main, procurement of water meters and investigation of water leaks in
distribution main (FWASA is responsible for the implementation of repairs). In this way, improvement
of water supply service by the abovementioned construction and that FWASA takes ownership for
managing the services are required in the situation that water facilities of FWASA is gradually enhanced
by other projects not only this Project. As the project of France is loan aid and requires reimbursement,
in particular, it is necessary to carry out the reimbursement by steadily increasing the revenue of water
and sewerage bills.

So far, FWASA has compensated the fund shortage by grants from the Punjab government. However,
it has been determined under the five-year plan that a loan from the World Bank will be available from
2013. By allocating these grants to the cost of operation and maintenance, it becomes possible to aim for
the immediate financial improvement of FWASA. In addition, FWASA can improve and distribute the
amount of water from the water source to the city by proper operation of water supply facilities after the
replacement and improvement of facilities by this Project and the French project. After the current

situations regarding water supply facilities and management are improved, the rate of fee collection will
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be improved with the review of water rates and repair of pipelines. Accordingly, further improvement of
management foundation and further improvement of the water supply service is achieved through the
increased incomes. Thus, it would become possible in the future to provide adequate service of both
water distribution volume and water pressure, by distribution of the whole of the designed distribution

flow and extension of pump operating time that is the final goal of this project.

2-6 Other Relevant Issues

Another relevant issue affecting smooth implementation of the Project shall be considered as follows.

(1) Customs Clearance and Tax Exemption
The facilities to be constructed and the equipment to be procured by the Project shall be used to
resolve an issue of urgency in Pakistan. It is necessary to take care so that customs clearance and tax

exemption procedures may be carried out promptly and implementation schedule may not be affected.

(2) Securing the Project Site
It is necessary to secure the Project site including leveling and removal of existing facilities and trees
located in the construction area of the Project prior to the commencement of the construction works of

the Project.

(3) Securing Safety on the Project Site
The construction works of the Project will be executed on the site where existing facilities are located.
It is necessary to secure safety in the construction area, as well as neighboring areas and existing

facilities in the Project site.
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Chapter 3. Project Evaluation
3-1 Recommendations

3-1-1  Precondition to Implement the Project

For the smooth implementation of the Project, the Pakistani Side shall be responsible for the
preconditions listed in the table below. It is necessary to be implemented with certainty and at the
appropriate timing.

Table 3-1: Precondition to Implement the Project

Contents Timing

To Submit applications for construction works, and others related to the | Prior to the commencement of construction works

Project if any, and to get those permissions.

To remove existing trees on the Project site Prior to the commencement of construction works

To secure the personnel who will be assigned to the Project, and to | Before implementation of soft component (technical

secure assistance)

To procure furniture and equipment related to the Project Before the completion of construction works

To secure the budget to operate and maintain the facilities and | Before the completion of construction works

equipment related to the Project

To attend the inspections at the beginning, mid-term and completion of | Accordingly

the construction

3-1-2  Preconditions to Achieve Project Purpose
For preconditions to achieve and sustain the Project effect, the Pakistani Side shall solve the issues

listed below.

(1) Establishment of Operation and Maintenance System
The Project will newly establish water supply facilities. It is necessary to establish a new operation
and maintenance system to realize adequate and sustainable operation and maintenance of the facilities

and equipment after the completion of the construction works of the Project.

(2) Establishment of Technology for Water Pressure Reduction
The amount of water distributed by pump will increases by renewal of the distribution pump
implemented by this Project and two distribution mains from the Terminal Reservoir developed by the
French Project. For this reason, it is necessary to reduce the pressure by valve control suitably. Although
the soft component will be conducted after the completion of the construction as technical assistance, it
is expected to establish their own appropriate pressure reduction techniques depending on the

distribution amount through the operation and maintenance after the completion of the Project.

3-1-3  Important Assumptions to Achieve Project Purpose
As the external conditions to achieve and continue the effect of the Project, the followings are

mentioned.
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(1) Prerequisite for Project Implementation

The procedure to secure the budget for this Project (PC-1) will progress smoothly.

(2) External Conditions to achieve the overall plan of the Project
It is required that the public peace and political conditions should not be extremely deteriorated. And
it is also required that the service of water supply should be continued. For example, if there are electric
power shortages or power cuts, electric power will be supplied preferentially as is the present case, and if
there are extreme rises in electricity charges, the provincial government will pay the electricity charges
that exceed the capacity of FWASA, etc.

3-2 Project Evaluation

3-2-1 Relevance of the Project

Under the current conditions that the booster pumps and distribution pumps are aging and can’t exert
their capabilities, this Project is highly relevant to meet the high priority needs of maintaining stable and
sustainable water supply services and reducing power consumption by installing the new pumps. The
Project aims to contribute to water supply sustainability and stability by reducing the operating costs
through improving energy efficiency by replacing the pumps at Inline Booster Pump Station and T/R.

There is a possibility that the total electric consumption in the future will increase according to
increase of the distribution amount of water after the Project. However, electric consumption to produce
a unit water volume will be slightly reduced and stable operation of facilities will be expected by
renewal of aging facilities.

The rationale behind this Project objective lies in the fact that high operating costs, particularly
electricity costs, of WASASs as a result of soaring power bills is hindering the implementation of the
Punjab Drinking Water Policy (2010). This policy comes under the National Drinking Water Policy
(2009) of Pakistan, which aims to provide safe drinking water to all citizens by 2025. The Punjab policy
aims to protect water sources from water pollution, prioritize water resources to be used for the supply of
drinking water, and to conduct organizational reform so that the WASAs of five cities in Punjab
Province become independent agencies, both executively and organizationally.

In this Project the existing pumps are replaced at the Inline Booster Pump Station and Terminal
Reservoir. The existing pumps were made in Japan, so in this Project, it is considered to adopt the
Japanese product with low failure frequency and excellent in energy efficiency and quality. Therefore,
there is a necessity and advantage of using the technology of Japan to conduct the Project. In addition, it
does not require an excessively advanced technology in the construction and operation of the target
facilities. Also, the Project will not cause adverse environmental or social impacts. Therefore, it is
possible to carry out this Project by the Japanese grant aid. In addition, after the completion of the
Project, the operation and maintenance of the aforementioned facilities by the human resources and
funds of Pakistan is possible.

Japan has made "ensuring human security and improving social infrastructure™ as priority areas of its
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Pakistan assistance strategy. This Project is positioned under the "program of ensuring water and

sanitation” under the development challenges of the policy of "health and environmental improvement".

Under this program, this Project aims at improving access to safe water and improving the hygienic

environment. This Project is supporting water and sewage facility development, organization

management improvement, securement of financial soundness, improvement of operation and

maintenance, and the strengthening of planning capacity.

Moreover, the implementation of the Project is expected to have the following impacts:

1)

2)

It is possible to avoid the situation where most of the water supply is stopped immediately due to
the failure of aging pumps.

The durability of the machinery is usually from 15 to 20 years. However, more than 20 years has
passed since 1992, the completion of construction of the target facilities of this Project. The time of
renewal of facilities has already passed. Also, every pump of the Inline Booster Pump Station and
T/R was repaired according to its malfunctions. Especially, the Chenab distribution pump of T/R,
pump body is cracked due to the influence of cavitation, and the crack damages are repaired by
backing process. These pumps are in a condition whereby they could stop working anytime due to

malfunctions.

Management improvements in the future and the installation of a water distribution pump which
can respond to the expansion of water supply capacity by leakage control.

The concrete plan to improve the water facilities of FWASA could not be confirmed. However,
it is confirmed that FWASA is working on repairs of the pipelines that were abandoned in the city.
If the reparation of the existing facilities continues to be carried out, it will make possible to

develop the water facilities by this Project and will fully meet its function.

In this way, this project is consistent with Japan's assistance policy and development needs and policy

of Pakistan. Therefore, it is judged that the validity concerning enforcement of this enterprise is high.

3-2-2  Effectiveness

Following the above policy, target facilities are expected to contribute to the human security of

Pakistan. By implementation of the Project, the following quantitative effectiveness is expected.

Table 3-2: Quantitative Effectiveness of the Project

Target Value
Reference Value ]
Index (2020:3 years after project
(2013) .
completion)
Power Consumption of Booster, Distribution Pump 0.259 0.232
(kW/m?3)
Hourly Maximum Water Supply (m/h) 8,418 13,230
Daily Maximum Water Supply (m3/d) 149,508 161,880

As qualitative effectiveness, it is expected that the financial situation improvement of FWASA by
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reducing power consumption, reduction of maintenance costs and stable operation of the equipment by
the update of the pump equipment, reduction of the areas which cannot use water, and appeasement of
climate change, etc. Since the above quantitative and qualitative effectiveness are expected, it is

considered that the validity of the project is high.

3-2-3  Conclusion

It is judged that the relevance of the Project is high and the Project is expected to be effective.
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1. Member List of the Study Team
(1) Field Survey (from August 21, 2013 to October 13, 2013)

Name

Job Title

Organization

Mr. Yoshiki OMURA

Team Leader

Japan International Cooperation Agency

Mr. Hidetake AOKI

Planning Management

Japan International Cooperation Agency

Mr. Kenji SHINODA

Chief Consultant / Water Facility Planning /
Opertion and Maintenance Planning

Kokusai Kogyo Co., Ltd.

Mr. Takeshi ABE

Sub Chief Consultant / Construction and Supply
Planning / Cost Estimation

Kokusai Kogyo Co., Ltd.

Mr. Tamotsu ISHII

Machinery Equipment / Electrical Equipment

Ogino Kenko Co., Ltd.

Mr. Daisuke SAKAMOTO

Facility Planning, Design 1 / Temporary Work
Planning

Kokusai Kogyo Co., Ltd.

Mr. Satoshi ISHIDA

Facility Planning, Design 2 / Groundwater
Management

Kokusai Kogyo Co., Ltd.

(2) Explanation of Draft Outline Design (from April 9, 2014 to April 19, 2014)

Name

Job Title

Organization

Mr. Hidetake AOKI

Team Leader

Japan International Cooperation Agency

Mr. Kenji SHINODA

Chief Consultant / Water Facility Planning /

Opertion and Maintenance Planning

Kokusai Kogyo Co., Ltd.

Mr. Takeshi ABE

Sub Chief Consultant / Construction and Supply

Planning / Cost Estimation

Kokusai Kogyo Co., Ltd.
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2. Study Schedule
Field Survey (from August 21, 2013 to October 13, 2013)

M)

JICA

Consultant

Chief Consultant /
Water Faciity Planning /

Sub Chief Consultant /
Construction and Supply

Machinery Equipment /

Facility Planning, Design 1 /

Facility Planning, Design 2 /

N Dati N
° ate Team Leader Planning Management Operation and Maintenance Planning / Electrical Equipment Temporary Work Planning | Groundwater Management
Planning Cost Estimation
Mr. Omura Mr. Aoki Mr. Shinoda Mr. Abe Mr. Ishii Mr. Sakamoto Mr. Ishida
1 21-Aug Narita to Lahore
2 22-Aug Courtesy call and meeting with HUD&PHED, P&D, Lahore WASA, Faisalabad WASA, Lahore to Faisalabad
3 23-Aug Courtesy call and meeting with Faisalabad WASA
4 24-Aug Site Visit (Chenab well field, Inine Booster Pump Station, Terminal Reservoir, Existing Water Faciities of Japan's Grant Aid)
5 25-Aug Internal Meeting
6 26-Aug Meeting with Faisalabad WASA, Faisalabad to Lahore me:é;zg with Faisalabad Meeting with Faisalabad WASA, Faisalabad to Lahore
7 27-Aug Meeting and signing on of Minutes of Discussion with HUD&PHED Existing faciity survey L ocal subcontracting preparation
Lahore to Islamabad, . Lahore to Islamabad,
Signing on of Minutes of Discussion with EAD,
Signing on of Minutes of Discussion with EAD, . Local subcontracting preparation,
8 28-Aug  |Meeting with ADB, Existing faclity survey
Meeting with ADB, Lahore to Faisalabad
Report to Japanese embassy and JICA
Report to Japanese embassy and JICA
Islamabad to Narita
_ Interviews with the Japanese companies,
9 29-Aug to Narita lslamabad to Faisalabad Existing faciity survey Collecting data Collecting data
10 30-Aug Existing facility surve Existing facility surve Existing faciity survey Collecting data Collecting data
11 31-Au Existing facility surve |Existmg facility surve: Existing faciity survey Existing faciity surve; Existing facility survey
12 1-Sep Internal Meeting, Material review
Faisalabad to Lahore,
13 2-Sep Existing facility survey Existing facility survey Existing faciity survey Local subcontracting Existing facility survey
preparation
Local subcontracting
14 3-Sep Existing facility survey Existing facility survey Existing faciity survey preparation, Existing facility survey
Contract
15 4-Sep Existing facility surve Existing facility surve: Existing faciity survey Lahore to Faisalabad Existing facility survey
Faisalabad to Lahore,
16 5-Sep Other donor survey Existing facility survey Existing faciity survey Other donor survey Local subcontracting
preparation
17 6-Sep Operation and Maintenance |Local subcontracting Existing faciity survey Existing facity survey Local subcontracting
system surve management contract
18 7-Sep Operation and Maintenance |Local subcontracting Existing facility survey Existing facility survey Lahore to Faisalabad
system surve management
19 8-Sep Internal Meeting, Material review
20 9-Sep Well field survey Local subcontraoting Existing facility survey Well field survey Well field survey
management
21 10-Sep Well field survey Local suboontraoting Existing faclity survey Well field survey Well field survey
management
22 11-Sep Well field survey Local suboontraoting Existing faclity survey Well field survey Well field survey
management
23 12-Sep Existing faciity survey Faisalabad to Lahore, Existing facity survey Local subcontracting Local subcontracting
Market surve management management
Local subcontractin Faisalabad to Lahore,
24 13-Sep Existing facility survey Market survey Existing faciity survey 8 Local subcontracting
management
management
Faisalabad to Lahore, Local suboontractin Local subcontracting
25 14-Sep Local subcontracting Market survey Existing facility survey s management,
management
management Lahore to Faisalabad
Local subcontracting | ahore to Islamabad
26 15-Sep management, ' Internal Meeting, Material review Material review
Market survey
Lahore to Faisalabad
27 16-Sep Existing facility surve Market surve Existing facllity survey Existing facility survey Existing facility surve
_ . Market survey, y . .
28 17-Sep Existing facilty survey lslamabad to Faisalabad Existing facility survey Existing facility survey Existing facity survey
29 18-Sep Existing facilty surve Procurement surve Existing facility survey Other donor surve Existing facility surve
30 19-Sep Existing faciity surve Procurement surve Existing facility survey Existing facility survey Existing faciity surve
31 20-Sep Burden matter review Burden matter review Existing facility survey Existing facility survey Existing faciity survey
32 21-Sep Burden matter review Burden matter review Existing faciity survey Existing facility survey Sl:)rnvs;rucmon planning
33 22-Sep Internal Meeting, Material review
34 23-Sep Project contents survey Construction planning Faciities and equipment Fadility planning survey Local subcontracting
survey planning surve preparation
35 24-Sep Project contents survey Construction planning Facilities and equipment Facilty planning survey Local subcontracting
survey planning surve preparation
36 25-Sep Local subcontracting Construction planning Facwlmes and equipment Facilty planning survey Local subcontracting
contract survey planning surve contract
37 26-Sep Project contents survey Construction planning Facilties and equipment Facility planning survey Well field survey
survey planning surve
Faisalabad to Islamabad, y
38 27-Sep Project contents survey Report to JCA Material review Material review Well field survey
39 28-Sep Project contents survey Market survey, Faisalabad to Lahore, Lahore to Narita Well field survey
Islamabad to Narita
40 29-Sep Material review to Narita to Narita |to Narita Material review
41 30-Sep Material review Local subcontracting
management
42 1-0Oct Material review Local subcontracting
management
43 2-0ct Local subcontracting Local subcontracting
management
44 3-0ct Local subcontracting
management
45 4-0ct Local subcontracting
management
46 5-0ct Local subcontracting
management
47 6-0ct Local subcontracting
management
48 7-0ct Local subcontracting
management
49 8-0ct Local subcontracting
management
50 9-0ct Local subcontracting
management
51 10-0ct Local subcontracting
management
59 11-0ct Local subcontracting
management
Faisalabad to Lahore,
53 12-0at Lahore to Narita
54 13-0ct to Narita
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(2) Explanation of Draft Outline Design (from April 9, 2014 to April 19, 2014)

JICA Consultant
Chief Consultant / Sub Chief Consultant /
No Date Team Leader Water_ Facility Pl_annlng / Construotlorj and Supply
Operation and Maintenance Planning /
Planning Cost Estimation
Mr. Aoki Mr. Shinoda Mr. Abe
1 9-Apr Narita to Lahore
Lahore to Faisalabad,
2 10-Apr Courtesy call to Faisalabad WASA and FDA,
Meeting with Faisalabad WASA
3 11-Apr Meeting with Faisalabad WASA
4 12-Apr Meeting with Faisalabad WASA
5 13-Apr Faisalabad to Lahore
6 14-Apr Narita to Lahore Courtesy call and meeting with HUD&PHED
v 15— Apr Courtesy call and meeting with HUD&PHED,
P Courtesy call and meeting with Faisalabad WASA
Lahore to Faisalabad,
Meeting with Faisalabad WASA,
8 16-Apr Courtesy call to FDA,
Faisalabad to Lahore
Meeting with P&D, HUD&PHED, Faisalabad WASA,
9 17-Apr Signing on of Minutes of Discussion,
Lahore to Islamabad
Courtesy call and meeting with EAD,
10 18-Apr Report to JICA, Japanese Embassy,
Islamabad to Narita
11 19-Apr to Narita
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3. List of Parties Concerned in the Recipient Country
(1) Faisalabad Water and Sanitation Agency (Faisalabad WASA)

Mr. Syed Zahid Aziz Managing Director

Dr. ljaz Ahmad Randhawa Project Director (JICA)

Mr. Muhammad Aslam Deputy Managing Director (Engineering)
Mr. Waseem Ahmad Hashmi Deputy Managing Director (Service)
Mr. Muhammad Shoukat Deputy Managing Director (Service)
Mr. Pervaiz Igbal Director, Planning & Design

Mr. Muhammad Ashraf Director, Water Resources

Mr. Noor Muhammad Director, Water Resources

Mr. Usman Latif Deputy Director, Water Resources
Mr. Asghar Ali Director, Construction II

Mr. Fagir Muhammad Ch. Project Director (French)

Mr. Muhammad Adnan Assistant Director (JICA

(2) Faisalabad Development Authority (FDA)
Mr. Noor ul Amin Mengal District General

(3) Lahore Water and Sanitation Agency (Lahore WASA)

Dr. Javed Igbal Managing Director
Mr. Aftab Ahmad Deputy Managing Director (Engineering)
Mr. Shakeel Ahmed Kashmiri Director (P&E)
(4) Housing Urban Development and Public Health Engineering Department (HUD&PHED), Government of Punjab
Mr. Waseem Mukhtar Secretary
Mr. Liagat Ali Khalique Additional Secretary (A&H)
Mr. Muazzam Jamil Deputy Secretary (UD)
(5) Planning and Development Department (P&D), Government of Punjab
Mr. Afir Anwar Baloch Secretary
Ms. Bushra Aman Member (Social Infrastructure)
Mr. Sohil Akhtar Shahzad Senior Chief (UD)
Mr. Khalid Sultan Chief (ECA)
Ms. Aatga Mahmood Assistant Chief (ECA)
Mr. Amjad Duraiz Assistant Chief (ECA)
(6) The Urban Unit, Planning and Development (UU), Government of Punjab
Dr. Kiran Farhan Senior SWM Specialist
Mr. Farhat Saeed Senior GIS Specialist
Dr. M. Tahseen Duraiz Senior WS Specialist

(7) Economic Affairs Division (EAD), Government of Pakistan

Mr. Iftikhar Amijad Deputy Secretary
Mr. Qumar Sarwar Abbsasi Joint Secretary
Mr. Asghar Ali Section Officer
(8) Asian Development Bank
Mr. Mian S. Shafi Unit Head, Urban, Water, and Emergency Assistance Pakistan Resident
Mission

(9) Faisalabad Electric Supply Company (FESCO)
Mr. Pervaiz Akhtar Shah Managing Director
Mr. Muddassan Sahail Director (Grid Station)

(1 0) University of Agriculture, Faisalabad-Pakistan
Dr. Muhammad Arshad Mirza Professor, Department of Irrigation & Drainage

(1 1) Embassy of Japan in Pakistan
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Mr. Akira Kono Minister DCM
Mr. Yuichi Kuroda First Secretary
Mr. Naoki Kamoshida Counselor (Economic & Development)

2) Japan International Cooperation Agency Pakistan Office

Mr. Mitsuyoshi Kawasaki Chief Representative
Mr. Ken Kato Senior Representative
Mr. Tomohiro Azegami Representative

Mr. Satoshi Hamano Representative

3) JICA Expert (Institutional Improvement)
Mr. Kunimasa Nishigaya JICA Expert
Mr. Yarai Sato JICA Expert
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4. Minutes of Discussions
(1) Signed Minutes of Discussions on August 27, 2013 at Field Survey
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(2) Signed Minutes of Discussions on April 17, 2014 at Explanation of Draft Outline Design
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5. Soft Component (Technical Assistance) Plan
5-1Background of the Soft Component (Technical Assistance)

This Project aims to reduce the cost of distribution of water through stabilizing operation of the
facility and promoting the efficiency of energy consumption by the replacement of the pumps at the
Inline Booster Pump Station and T/R where originated from Chenab well field in Faisalabad City,
the third largest city of Pakistan. The scope of the Project consists of the replacement of the pump
facilities at Chenab Inline Booster Pump Station, replacement of the pump facilities and
corresponding construction of the pump station at T/R and repair of water leakage at T/R tank.

(1) Current Situation

Chenab water supply facilities targeted in the Project pump up the water from Chenab well field
to T/R through the Inline Booster Pump Station, and then distribute the water to the city from T/R.
In addition to the Chenab water facilities, T/R and pump facilities of JBC water facilities are located
in the same compound of T/R. In the future, water originated from both Chenab system and JBC
system plans to be distributed to the city from the T/R Pump Station in two distribution pipes upon
completion of the ongoing project financed by the government of France in contrast to the current
single distribution pipe.

Now some of the pumps installed at Inline Booster Pump Station and T/R Pump Station are
suspended due to breakdown as they were installed more than 20 years ago and are overdue for
replacement. The booster pumps at the Inline Booster Pump Station do not meet the needs for entire
available water intake in Chenab well field due to a decrease in pump efficiency and stabilization of
supply is deteriorated at T/R Pump Station due to the high frequency of breakdowns of distribution
pumps. Some of the pumps are no longer operational due to cavitation caused by the improper
location of distribution pumps at the T/R Pump Station, and therefore do not meet the demand for
water supply at peak times during the day.

(2) Necessity of Soft Component

The Project will enable the entire available water intake from Chenab source system to be
distributed to the city by distribution pump and accordingly water supply environment would be
improved. In this case, the amount of pump distribution and number of operating pumps per hour
are different from the current operating situation, so that the trial and initial operation after
installation will be trained to FWASA members in order to operate and maintain pumps based on
the amount of water distribution and number of operating pumps per hour. Although water is
distributed to the city after depressurizing it up to around 20 m against the pump head of 45 m in
order to reduce water leakage when distributing pump water, it is necessary to appropriately change
control of depressurization by valves because the volume of water distribution in the city increases
owing to the Project. The current volume of water which is distributed through only Chenab

distribution pipes would be divided into the current distribution pipe and the other pipe financed by
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the government of France. For the reasons above, the current volume of water flowing through
distributing pipes would be changed, the control of pressure is necessary based on volume of water
distribution. Even though currently the respective pumps at the T/R Pump Station of Chenab and
JBC are operating, technical level is not sufficient enough in order to practice parallel operation
with pressure of control of water distribution and control pressures of water distribution owing to
converting to the dual system.

It is essential to assist in launching the facility smoothly through the training of parallel operation
of Chenab and JBC water supply facilities and dual systematization of main distributing pipe and
control of pressure of water distribution as well as the training of the said initial operation in order to
distribute water to the city with proper water pressure. Thus, “improvement of operation skill in
reduction of water pressure on secondary side after distribution water” as a soft component, will be
conducted by the Project.

5-2 Purpose of Soft Component

It would be feasible to distribute water to the city with the management of the water pressure
through continuous activities practiced by the implementing agency after completion of the Project.
Therefore, “Assistance in controlling of water pressure in accordance with the volume of water
distribution” will be set as objective of the soft component.

5-3 Outputs of Soft Component

The outcome of soft components is “Skill to manage the appropriate reduction of water pressure
in secondary side after distributing water is acquired”
5-4 Means of Output Verification

Indicators and means to verify the said achievement of outcomes are as follows.

Table 1: Means of Output Verification

Outputs Objectively verifiable indicator Means of verification
Reduction of water To understand the relationship between
pressure is volume of water distribution and water Comprehension test
appropriately pressure

practiced in secondary
To operate valves for depressurizing in line | Measure for volume of water
side after distributing
with the volume of water distribution distribution and water pressure

water

5-5 Activity of Soft Component (Input Plan)
(1) Besic concept

The person in charge of soft components will implement the soft component to control the water
pressure in conjunction with the operation of the JBC distribution pump, and confirm the
achievement of outcomes about soft components and submit the completion report of the soft

component to Pakistan responsible authorities, implementing agencies and authorities of Japan.
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(2) Summary
The practical training of valve operation and valve regulation in line with the volume of water

distribution will be implemented through on-the-job training as soft component. The following

table shows input plan and activities.

Table 2: Activities of Soft Component

Output: Reduction of water pressure is appropriately practiced in secondary side after distributing water
Implementation year: the final year of the Project
Required skill and field of expertise from | Water distribution planning, Experience of management on water pressure
Japanese side
Current technical level and required Water is distributed to the city with regulation of valves fixed at present. The
technical level from the Pakistan side required technical level is operating experience of valve and knowledge of the
relationship between opening/closing of valves and water pressure.
Trainee Operation department (valve operation planning(1 P), valve operation (2P))
Method of implementation On-the-job training
Activities Preparation of Drawing up plans of soft components
documents - Explaining soft components to FWASA
- Verifying existing facilities, review of the operating manual of the JBC-based
distribution pump
- Drawing up plans and approved by FWASA
Drawing up questionnaires and comprehension tests
. Lecture on theory for water distribution plans, management of water pressure
Introduction -Explaining facility outline, facility capacity
- Explaining water distributing plans of facilities (Chenab, JBC)
- Explaining water volume and water pressure on water distribution plan
- Explaining way to reduce water pressure, according to water volume
Clarifying roles and areas of responsibility of person in charge
Conducting questionnaires and comprehension tests
. Planning of valve operation instruction (valve operation planning)
Plann_lng and = Confirming condition of the existing valves
drawing up way - Developing plan of valve operation
of water - Drawing up operation instruction
pressure
management Planning and drawing up records of valve operation
. Practical guidance on valve operation (mainly valve operation)
Guidance . for ~Regulating of valves in line with volume of water distribution
valve operation ~Managing water pressure associated with valve operation
- Completing records of valve operation
o Operating by the FWASA staff
Do - monitoring | .Regulating of valves in line with volume of water distribution
~Managing water pressure associated with valve operation
- Completing records of valve operation
Drawing up valve operation instruction
. Reviewing the records of valve operation
Verification  of Confirming through valve operation
outcome a_md Conducting comprehension tests
recommendation
to Recommending to implementing agencies
implementation
agency
Implementation | Person in charge Japanese consultant (1P)
resource
Period Local: 1.00 M/M
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Type of Outcome Valve operation guidance, result of questionnaires to the staff of implementing
agencies, final report (completion report of the soft component in English),
completion report of the soft component in Japanese, documents to verify
implementation of activities (inclusive of local photos)

5-6 Procurement Methods of Implementation Resources of Soft Component

To manage the pressure of water distribution appropriately by controlling valves in line with the
volume of water distribution is required in order to implement water distribution in accordance with
the plan into the future. Since valve control to manage the pressure of water distribution in
accordance with the existing facilities, and determination of the pressure of water distribution in
accordance with condition of facilities and volume of water distribution requires the advanced
knowledge and skill, the Japanese consultant will be assigned to the soft component. Duty, position
and expertise for each staff under the FWASA operation system are clarified so that the person in
charge of the soft component of FWASA shall be assigned individually. A Japanese consultant is
assigned as a person in charge of water pressure reduction.
5-7 Implementation Schedule of Soft Component

Soft components are implemented upon a trial operation of the pump facilities after completion

of the construction. Outline of the implementation process is as follows.

Table 3: Implementation Schedule of Soft Component

M 1
Outcome Contents Activities [ERERE]
1(2§3(4i5

)

<
)
Y
~
o
S
Y

zlziziz 3 Remarks
6i7t8i9(0

Local business Departure Return

- Creating a software

preparagtion of component plan

documents

- Creating questionnaire, of
comprehension test

=Conducting questionnaires
and comprehension tests

Introduction
*Lecture of theory for water

distribution plans, management 2
of water pressure

- Creating records of valve
operation and valve 10
operation instruction

*The guidance by practice in
accordance with the valve 5
operation

Planning water pressure
management

Outcome 1

Guidance of valve
operation

Implementation* = The operation with FWASA
monitoring staff

*Reviews of valve operation
records

Technology on reduction of water pressure after distribution

Verification of outcome |+ Confirmation by the
and recommendation to |implementation of valve 2
implementation agency |operation

- Reporting, proposals to
FWASA

5-8 Output Materials of Soft Component

Output of soft component is as follows.
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Table 4: Output Materials of Soft Component (Draft)

Item Submission to Remarks

Final report (completion report of soft component in English) Client, JICA
JICA

Completion report of soft component in Japanese

Documents to verify implementation of activities (inclusive of | JICA

local photos)

Result of questionnaires to office staff of implementing | JICA

agencies

Valve operation guidance Client, JICA Refer to attached sheets

The guidebook for managing water pressure is an effective document to enable the acquisition of
basic skills and knowledge in the soft component. They are to be compiled in Urdu as well as in
English to be used for soft components.

5-9 Responsibilities of the Implementing Organization of the Pakistani Side
The following activities are needed to be continuously implemented by Pakistani Side in order to
achieve the goal of the soft component.
e To secure personnel and training facilities required for soft component
» To keep the staff trained in the soft components employed at the same facility in the long
term
e To comply with way to reduce water pressure in line with valve operation guidance
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Annex 1

Valve Operation Manual (Draft)

The plan of valve operation manual includes the following items.

Table 5: Valve Operation Manual (Draft)

Item

Contents

Measures for valve

operation management

Appointed valve operation planning, valve operation

Responsibility of the person in charge

Supervision, operation, guidance and reporting of the entire valve
operation

Operation of the valve, industrial accident prevention, guidance and
training of workers

Preparation of valve operation records

Plan of valve operation

Short—term fluctuation of water demand, method of operation for
water pressure management and valve operation associated with the

seasonal variation

Implementation of valve

operation management

Confirmation of valve operation ( Operation date, Valve No,

Distribution volume, Water pressure, etc.)

Emergency measures

Contact system. Response to factors

Preparation of
documents, account

books

Completing records of valve operation
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Commercial and Industrial

Agency, FDA, Faisalabad

. References
No Title Type Original/Copy Issuing Institution Year
Book/Video/Photo/Etc
1 Presentation on WASA(FDA) Faisalabad | Book Copy Water and Sanitation 2013
Agency, FDA, Faisalabad
2 | Presentation on Project for Extension of | Book Copy Water and Sanitation 2013.1
Water Resources for Faisalabad City Agency, FDA, Faisalabad
Phase-I (French Funded Project)
3 | Presentation on Project for Extension of | Book Copy Water and Sanitation 2013.7
Water Resources for Faisalabad City Agency, FDA, Faisalabad
Phase-I (French Funded Project)
4 | Arterial Main Additional Calculation Note | Book Copy Water and Sanitation 2013
Agency, FDA, Faisalabad
5 | Extension of Water Resources for Book Copy Water and Sanitation 2009
Faisalabad City Phase-I, Modified PC-| Agency, FDA, Faisalabad
6 | Plan of Arterial Main Book Copy Water and Sanitation 2013
Agency, FDA, Faisalabad
7 | Pakistan Economic Survey 2012-13 Book Copy Ministry of Finance 2013
8 | Faisalabad Environmental Infrastructure | Book Copy Water and Sanitation 1993
Master Plan Study Final Report Agency, FDA, Faisalabad
9 | Contract 12W-A, Chlorination Facilities Book Copy Water and Sanitation 2011
Agency, FDA, Faisalabad
10 | Contract 12W-B, Inline Booster Pump Book Copy Water and Sanitation 2011
Station Agency, FDA, Faisalabad
11 | Contract 16W, Terminal Reservoir Pump | Book Copy Water and Sanitation 2011
Station Agency, FDA, Faisalabad
12 | Electric Bill for JBC Booster Pump Station | Book Copy Water and Sanitation 2012
and TW Agency, FDA, Faisalabad
13 | Electric Bill for ADB Booster Pump Station | Book Copy Water and Sanitation 2013
and TW Agency, FDA, Faisalabad
14 | Electric Bill for TR (ADB and JBC) Book Copy Water and Sanitation 2012
Agency, FDA, Faisalabad
15 | Executive Summary of Annual Book Copy Government of Pakistan 2012
Plan_2012-2013
16 | Punjab Drinking Water Policy Book Copy Government of Punjab 2010
17 | Monthly Progress Report Book Copy Water and Sanitation 2013
Agency, FDA, Faisalabad
18 | Summary of Development Budget Book Copy Water and Sanitation 2012
Agency, FDA, Faisalabad
19 | Water Supply Sources, Current and Book Copy Water and Sanitation 2013
Proposed Agency, FDA, Faisalabad
20 | Connection Details Domestic, Book Copy Water and Sanitation 2013
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Agency, FDA, Faisalabad
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7. Other Relevant Data
(1) Topographic Survey Result
1) Plan View : Chenab Inline Booster Pump Station
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2) Plan View : Terminal Reservoir

Topo Survey of Terminal Reservoir Pump Station Faisalabd
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3) Lateral Profile : Terminal Reservoir
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(2) Geographic Survey Result
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(3) Pumping Test Result




85 -V

L

{H ) = deimiederi (i) i e il

[1] = Mschsarge of will

) nranTE

T wiranrmanub iy of the souter
[ iame o pumplng

WU Thels weoll fursction snel b espresid by “the folloeing Lorie;

W) = DS TR N e I T e {Eq2)
Aplatioerhip of demsvdown in an olrenanion well & 8 dsance “r~ from the purped wel is:

v O aT Wi 1.3

At T g

Ll T L]
Aplytionrhip for orage coelfioken: *5° R
5= A’ (a5}

Analyis ©f thed CONSEN pumpHng Test data, By using Thels medhod, i ghen in Graphs 1 m &
Sirrdlwrhy, analwnis of hee e pramiping test daca, by using. Theis marthod, b given in Grapha 5 io B

a2 Coopeer-lacek Stralght Line MeSad

Thas veslusm o W8] It thas num off an infindte wevien. Whan he velue of "u° i amall lein than 001, the
highiet (vhed miren o infeWle deries e neegbgible ancl cwn be igroned Witk the CooperJaols
atmargrion, dr gsdown ik

e QTS T ] LLLE]
(Hehw QT * (2 25Ty [T% )]

Thar Pt of thinl drmplification i that She integral cpresiion of The Thall equation i repleced by &

mich gimplefunoion. The oo benefiz of this implfication i that the plot of T on oo 35 =
legarithmis seale and crpwddomn on the y-auhi 84 & Inear icale ghee vraight e which s ea S

wakTe
Foor thee e irastion o Dr e sty thet Polioiing relatoechip i maed.

T=2.80/ldndn) LLLE

Dt 350 L 30 N 3

Wi

B o ki i Lol eled &1 plet
Fir storege Coed Soien:

5= LISTLAT [ ]
Whaae:

*, i b for sers desmwrdown bn the chaervations well

' i the dint e of obderratiosn well rom the prarmped well
Amlyun of (B EonUL oA pumgsng 00 dits by iing Coopir Jceh methed, i g in Grapld 0 10
I25amdaty, arabaic of the siep pumping fess dats, by wing. Cooper-faoeh meshod, i given Bn
Grapht 11 50 16
4.5 Thalsi Msthods Uilng Reosvery Duts

Trarnrmicibility can B eitimazed from the follewing roll b by wriing: w datic

T = R bR (B389
‘W

0 b whe dischaar g o vl darineg, paaTgping phase

{ i S Mo pUImEng 15

' Is i tinesr pumipineg 1550t

' i the revildemnl drawclown
Aaaliyo o THe GENETENT pUISDERE TeSt bry using recovery data is given in Graph 17 20
5 PURSF OUT TEST REDUILTS

Aypd'er parsmwters eoimated Brough e shove cated methorh we ghevn in Table & Sumimany of
e et i

el | Mursber 3 T ranine ity vaburt range Tror 1RSS5 10 50030 m' (o, ~eemulls condustnaty 14
worked oun atter dieiding rarembsheliny vahses by acuiter thackres whith b ssumed o be S0
e The Bydredic conducaty valies range frome 338 % 5008 mudey. Vialues o esimated
lerage e Tichent fmrge oo, 8. TSE-009 1 1 4500,

Well Mumbser & Trammbobdty valued fanpe from 10123 me TS mifdey The Indeaulic
oonakictiviny values range froam 362 G0 676 mudey, Ve of stimated sionge ooefliclent range
S 5.R0E-LOw SREE S

Daca collectnd during. conEMNT pumging i not rolisble i thive H 160 ruch Mecustion of derwdewn.,

Geie MRERINT [

e1RQ JURAS|9Y B0 /-XIpuaddy



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 60



19-V

TAELE: % WATERLEVEL DATA FOR COMSTANT FUMPMNG TESTS

Elsgmaind Wireme Dgwed e [ristiona)
(rmin] -2 -8 T™W-21
[ [ a0 ]
1 3.160 ilfi] [ ]
[l [ T ] (LR
2 [ 031 Q570
f] [T AR [T
B [CETT 0310 50
a [l 0310 Q50
k] 337 o310 2280
1 Sz | amm | oem
[ ITE 03m QLD
15 Rkl mril LLD
iz 5.155 I T
14 [ 31 [l i)
18 J88 £ QU0
1E [T [ETT) =T
a0 [ 7] EET] eI
3 30 n3m Q30
80 3308 [EET] EED
36 BELD 033 QuBE0
40 [EIT] a3m Q20
5 S PET] ﬁ
B [ 0310 [T
1] I o3 &
[T [T FET] ]
7 [F oz BP0
1] B300 0 BE3 L0
[T [ Y] DEFD
300 [F [T [T
1la 3330 o3 DD
156 A0 am o0
[F] [ EET] [T
140 [EID L] [ 355
186 [ KT ] Iy
165 B30 7o) T 1835
F [ 2R '] EFF]
=0 [ £ 0.0 I
0 [EI 033 0.7 ase
Dl 18 I RE @

TABLE-2: WATER LEWEL DATA FOR STEP PURIIFNG TESTS

Htied Tirvs [ e ——
fmin) W e Tara -2
o a0 (] 0300 [
1 010 R aam Doen
2 0160 9150 0370 0310
3 0160 X [ 0163
4 0160 2150 FEr D153
5 a1kl 9.1 0260 0,129
[] 0185 A150 [EE] [T
? 0.170 2150 [E) D110
3 a1 R [E [
o aim X o270 [
10 0.170 2200 o D110
o] atm a2 [Lb ] B11a
u oS X 07 0400
1 n1r 0.210 8375 0200
0] 0190 .30 0275 0,308
% 0190 8220 0780 D110
3% n1% 5220 B350 100
% e [T 5390 a0
0] 030 8125 [Er) .30
] 0.200 9225 o 0,100
[ 8.20 0235 0350 0,300
2] L5 LR 5354 0.0
[ 0.210 2230 8350 0,100
® 4210 .20 2% 0,200
i W11 1

rIRQ 1URASIDY B0 /-XIpuaddy



Appendix-7 Other Relevant Data

A- 62



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 64



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 66



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 68



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A-70



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A-T72



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A-74



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 76



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A-78



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 80



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 82



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 84



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 86



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 88



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A-90



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A-92



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A-94



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A- 96



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A-98



Appendix-7 Other Relevant Data




Appendix-7 Other Relevant Data

A-100



Appendix-7 Other Relevant Data

A-101



¢0T -V

DESIGN & INSTALLATION OF PIEZOMETER

w6 imialled cacks one (L) Fepomechor il TWEZ, TWEG, TVWaa, TWes, TWali,

8, TWE22 amd TWH2T s por required specifications in order 4o meaasrs water vl daring
[EIEpnE Dot eL

e1RQ JURAS|9Y B0 /-XIpuaddy



Appendix-7 Other Relevant Data

A-103



Appendix-7 Other Relevant Data

A-104



Appendix-7 Other Relevant Data

A-105



Appendix-7 Other Relevant Data

A- 106



Appendix-7 Other Relevant Data

(4) Meteorological Survey Result
1) Air Temperature

a) Daily Maximum Temperature (deg C)

e/ miR Day) 1 2 3 4 5 6 7 8 9| 10} 11§ 12¢ 13} 14} 15} 16| 17} 18 19} 20| 21} 22| 23| 24} 25} 26| 27| 28 29} 30| 31 |Average
Jan 12202151210 119.0 200 {195 120.0 {20.0 {20.0 {205 {175 20,0 {200 {19.519.0{19.0 {1190 {19.0 {119.0 119.0 119.0 {20.0 {20.0 {21.0 {21.0 {20.0 {24.5 {24.0 250 {26.0 |26.0 20.7

Feb 255 :25.0 {26.0 {25.0 :25.0 {22.0 {20.0 {23.0 {22.519.0 }18.5 :19.0 {15.0 {16.5 {17.0 {18.0 {18.0 {19.0 {20.0 {18.0 {20.0 }20.5 {22.0 {22.0 }23.0 {23.0 {122.0 {17.0 208

Mar 119.0 {20.0 123.0 1230 :24.0 1220 }25.5§27.029.0}20.0{22.0 {17.5}18.0 {205 }21.0 {22.5 {23.5 {26.0 {27.0 {27.0 {26.0 {23.0 {27.0 {29.0 }30.0 {30.0 {30.0 {30.5 {33.0 {34.5 |35.0 253

Apr 1325 [31.530.0 129.5 :32.5 {32.5 {325 :33.5 {34.0 350 |36.5 [37.5|39.5 [40.5 |40.5 |41.5 [42.0 |39.5 [37.5 |38.0 [38.0 |38.5 |39.0 [40.0 |39.0 [39.0 |41.0 |41.5 [43.0 |44.0 315

May 450 [450 |44.0 |37.5 |38.0 |40.5|41.0 [41.5 {39.5]37.0 |40.5|39.0 |40.0 |41.5 [45.0 |42.0 |41.5|42.0 |41.0 [40.0 [40.0 |39.0 |41.0|39.5[39.0 {36.5 {37.0 {36.0 [39.5 380 |39.5 402

S |..Jun 1405 |43.0 [43.0 [41.0 [40.0 |41.5|40.5 |42.5 [45.5 |48.5 |48.5 |45.5 |43.0 |43.0 [43.0 [35.0 [35.0 |31.0 |35.0 [34.5 [37.0 |39.0 |38.5 |37.5 [39.0 [40.0 [36.0 [37.0 [39.0 |32.5 39.8
& [[Jul " J40.5[36.0 [36.0 [35.5 [35.5 [40.0 [37.5 [34.5 133.0 [355 [38.0 [38.5 [40.0 [35.0 [36.0 [32.0 [355 [36.5 [37.0 [37.0 [36.0 [36.0 [34.0 {34.0 } 335 [38.0 [37.0 [38.0 [375 [37.5 [36.5 364
Aug [39.0 37.0 135.0 {33.0 |36.0 |37.5 |36.0 |38.0 {38.5 [38.0 |37.5 [37.0 |36.0 {38.5 [37.5 |38.0 {38.5 |34.5|38.0 [37.5 |36.5 [37.5 |37.5 |38.0 [37.5 |39.0 [36.5 |36.5 37.2
Sep_|37.0 39.0 134.0 {131.0§34.0 350 |36.5|36.5 [32.5{34.5}345 |35.0|355 [35.5 [36.537.0 |37.0 [37.0 |36.5 [28.0 {30.0 }34.5 {34.0 |36.0 [36.0 |33.5 345 35.0

Oct 1340 X 2451345 (3451340 :340 /340345 330 {340 {330 (340330 {340 (325 {320 /320 {31.531.0:305 {320 {325 :33.0}325:33.0:315 315315 328

Nov [31.0§30.5 131.5}31.5:30.0{29.0 }130.0 {29.5:30.0 /129.0}27.0:280 }27.0{26.5[26.526.0 {26.5 265 :26.0 }26.0 {250 [26.526.5 126.5}260 :255 250|240 :260 {235 274

Dec |21.5:22.0 {220 {225 :23.0{21.5{20.5}20.5 {20.0 {19.0 {19.0 {17.0 {17.0 {19.0 19.0 {20.5 {20.0 {21.5 {18.5 {19.0 {21.5 [{22.5 {23.0 {24.0 {24.5 {24.0 {21.0 {20.5 {20.0 {19.0 {19.0 20.7

e/ mih Day) 1 2 3 4 5 6 7 8 9f 10} 11§ 12¢ 13} 14} 15} 16| 17} 18 19} 20| 21} 22| 23| 24} 25} 26| 27| 28: 29} 30| 31 |Average
Jan [19.0:19.5 /185180 :19.0 /150 /185185 :14.0/17.0/16.0:16.0 /180 {18.5[19.0{21.517.0 (130160 (175165150 (150 {14.5}17.0:14.5}15.5/16.0:17.0{19.0{19.0 170

Feb ]18.5:19.0 {16.0 {13.5 ;145 {16.0 | 16.0 {11.5 {14.5 16.0 {119.0 195 {19.0 {19.5 {22.5 {24.0 {235 }23.0 {24.0 {26.0 {27.0 {121.0 {20.5 }22.0 {23.5 {23.0 {255 {28.0 [295 205

Mar 129.5 28.0 128.5}29.0 :28.0 30.0 }30.0 {280 i27.529.0129.5 :29.0 {30.0 {30.0 }130.0 {31.0 {133.0 {33.5{33.0 133.0 131.5 30.5 {31.0 {32.0 }33.0 {33.0 {32.5 {34.0 {32.5 |34.0 |35.0 309
Apr_130.0 :132.0 {315 1225 :26.0 {250 {25.0 {29.0 {325 {31.531.5:32.0 3351315315315 ({285 :31.0:340)36.5[36.5)37.5]40.0 [37.5)|40.0 [40.0)39.5[38.5 [41.0|41.5 33.3

May (430 142.0 [43.0 |44.0 1425 (41.0 |138.5 [40.5 |36.0 {33.5 [37.0 |39.0 {40.0 |38.0 [37.0 [40.0 |42.0 [43.0 |42.0 [38.5 |36.0 |36.5 [33.5 |36.5 {35.0 |33.0 {33.5 {32.0 |35.5 [39.0 |40.0 384

& [ Jun [41.0[39.036.5|40.5 |41.5 |41.0 [40.0 [40.0 [40.5 [37.5 |36.0 |38.5 |39.5 [39.5 [40.5 [38.5 [34.5 [40.0 |36.0 |37.0 |31.5|39.0 [35.0 [38.0 [38.5 |40.0 [42.0 |39.0 |37.0 |34.5 384
& [ Jul [36.5 [37.0 [40.0 [41.0 [39.0 [39.0 [37.5 [35.5 [36.0 [ 34.0 [37.0 [37.5 [31.5 {345 [35.0 [38.5 [39.0 [38.0 [38.5 [39.0 [37.0 [34.5 [36.0 [38.0 [38.5 [385 |39.0 [40.5 [37.0 [39.0 [40.0 375
Aug [36.0 [29.0 1345345 :335 1295 335 [36.0 (355340350 350 [30.0 {32.0}33.533.0 335 }335 [37.0[36.0|36.5]37.0 380 |38.0 .0 139.5 [39.0 |37.0 [36.0 |34.0 35.1

Sep |32.5 :34.0 |36.5 [36.5 [37.0 |37.5 [30.0 £30.0 :{33.535.0 |36.0 [36.0 |37.0 [37.5 |38.0 [36.0 [37.0 |33.0 {34.0 {34.0 33.0 340 {330 {30.0{31.5:335 345 340 :31.036.0 344

Oct 136.0 [36.537.5 [36.5 [36.0 |36.0 335345 :34.0 340 350 [35.0 |36.0 [36.0134.0 1280 {295 3053251305 1320320325 {325 }320:320 3151295 :31.5130.0 {295 33.1

Nov 1300 132.0 13251320 :32,0 {315 13151310305 1310295 :30.0 280 }26.0 {235 {230 1235240240 1255 (2151240245 1245255 i250 1250 }24.5:260 {27.0 213

Dec [27.0 {26.0 {24.5[24.0 {25.0 {19.0 {25.0 {24.0 {21.0 {22.0 {22.0 {23.0 {21.5 {22.5 {22.0 {21.5 {20.0 {24.0 {27.5 {20.0 {20.0 {21.0 {21.0 {21.5 {22.0 {21.5 {20.5 {19.0 {19.0 {15.0 {18.0 219

e/ miR Day) 1 2 3 4 5 6 7 8 9} 10} 11§ 12¢ 13} 14} 15} 16| 17} 18 19} 20| 21} 22| 23| 24} 25} 26| 27| 28 29} 30| 31 |Average
Jan 1210:2201220}180:17.518.0 1180175 :18.0 {17.0 {205 20,0 {20.0 {205 22,0 {200 {150 {195 :17.5 1180 {19.56{21.0 {220 {22.0{230 19,5 16.5 (19,5 :21.0 {220 {21.0 19.6

Feb 123.0 {23.0220 {230 :235 {19.5120.0 {205 {225 200 {18.5:20.021.0 {22.021.0 1205 {215 $22.5 23.0}200 1220250 {220 {260 {240 {245 240250 22.1

Mar 1250 :27.0127.5126.0:280 27.5129.0}26.0 280 250 }27.0:27.5}285 {31.0 {30.0 {29.5 {31.0$29.5:31.0 {30.0 {29.0 {280 {28.0 {29.0 {245 :24.5}27.0 {225 :21.0 {27.0 {275 215

Apr 1295 :34.0 130.5 {31.5 :30.5 {30.0 {25.0 {29.5 {23.5 | 26.0 {30.0 :33.535.0 [35.0 |37.0 [32.0 {33.0 {34.0 [36.0 |39.0 [37.5 345 |35.0 [35.0 350 [37.0|38.5[38.5 {385 |39.5 335

May (405 |41.5 [40.5|39.0 132.0 {31.0 |32.5 [36.0 |37.0 [40.0 {37.0 |37.5 {39.0 |42.0 [43.0 |41.0 |42.0 [43.0 |44.0 [45.0 |41.5 [44.0 [43.0 |142.0 [42.0 |37.0 |40.0 (43.0 |43.0 [43.0 | 400 40.1

& [.Jun [39.0 [38.5 |40.5 |40.0 [42.0 |41.0 [38.0 [40.5 [41.5 [41.5 |42.5 |42.0 |41.0 |41.5 |37.0 [35.0 [34.0 [36.0 |39.5 |40.5 |41.5 |42.0 [45.0 [45.0 [43.5 [37.0 |43.5 |45.0 |45.0 |43.0 40.7
& [[Jul [37.035.036.0 [34.0 [37.0 [39.5 [42.0 [43.0 [435 [40.0 [38.0 [38.0 [40.0 {395 [32.0 [39.0 [39.0 [41.0[38.0 [39.0 [40.0 [40.0 [38.0 [31.0|37.0 [395 [39.5 [38.0 [355 [32.5 [36.0 380
Aug 385 [39.0 |39.5|39.5|39.0 |39.5 (385 [37.5 [40.0 |39.0 |40.0 |40.0 [41.0 {39.0 [37.0 [37.0 |36.0 |335 :33.0 {32.0 [36.0 | 26.5 {34.0 {33.5 }34.0 [38.0 [30.0 {34.0 [35.0 |39.0 |36.5 36.6

Sep |30.0 1345345 {345 315340 {340 355 [35.0 350 |36.0 [33.0 {340 [37.0 |36.0 |36.0 [37.0 |38.5 [40.0 |38.5 [38.5 |38.5 |38.5 [41.5 |41.0 38.0 |35.0 [37.0 [36.0 |39.0 36.3

Oct 138.0 [37.0 |36.0 |[37.0 {285 {31.0 132.0$32.0 |35.0|33.0 {340 :34.0 1345 1340|350 340 {340 {320 13201320 325320300 130.531.0:31.0}31.0130.0:31.030.0 300 321

Nov 1320 :31.0130.0}29.0 29.0 {280 129.0 {280 250 {230 {240 :250 {265 {235 {255 {250 {255 {250 i24.0 1240 {24.0{240 {240 1225245 2501235 225 240245 257

Dec [255 {23.0 {25.0 [26.5 {26.0 {22.5 [22.5 }23.0 {25.5 {24.0 {21.0 {122.0 {20.5 {22.0 {20.0 {22.0 {22.0 {23.0 {22.0 {22.0 {20.5 }21.5 {215 {22.5 }21.0 {21.5 }{20.0 {20.0 {18.0 {18.0 {19.5 22.1

e/ miR Day) 1 2 3 4 5 6 7 8 9} 10} 11§ 12¢ 13} 14} 15} 16| 17} 18 19} 20| 21} 22| 23| 24} 25} 26| 27| 28: 29} 30| 31 |Average
Jan 1210:210120517.0:175{150 {115§115:14.0/140135 125100 {18.0(16.518.0 119.0 {145 125! 151135120165 {16.5117.0:200 2151230 :225 {210 {21.0 16.2

Feb 121.0:215}21.5 1220 :220 1205200170175 17.0 118.5 :20.0 121.0 {20.5{22.0 {220 {190 {21.5 {22.0 {235 {24.0 {265 {25.5 {26.0 {26.5 {25.0 | 26.0 {26.0 220

Mar 128.0 128.0 }27.0 120.0 :23.0 {25.0 {20.0 {23.0 {26.0 {27.5 }28.0 {129.0 }28.5 {29.5 }31.5 {33.0 {33.0 }33.0 {33.0 {32.5 [35.0 |35.0 [36.0 |35.0 |34.5 [36.0 |34.5 {34.0 |35.0 |35.5 [34.5 304

Apr 1340 [35.0)32.5[36.0 {350 |35.0 365 |38.0 [40.0 |39.0 |39.5 [40.5 |38.0 [40.0 |41.5 |43.0 [42.0 |43.0 [40.0 |40.0 [38.0 |37.0 |35.0 {37.5 |38.0 [41.0 |41.0 [39.0 {395 |38.0 384

May 355 [38.5 |42.0 |43.5 |43.5 320 33.0[38.5 [37.038.0 |40.0|39.0 [41.0 {38.0 {41.0 |42.5 |44.0 140.0 |36.0 {39.0 [41.0 |45.5 1455 |455 |45.0 [45.0 [48.5 |46.0 |38.0 |40.0 |40.0 40.7

S [ Jun [43.0 [43.0 [43.0 |38.0 |39.0 |37.0 [38.5 [35.5 [35.0 [37.0 |38.0 |40.5 |41.5 [42.0 |34.0 [36.0 [38.5 [40.0 |42.0 |45.0 |46.0 |47.0 [42.0 [40.0 [40.0 [37.0 |40.5 |42.0 |42.5 |40.5 40.1
& [TJdul [370 40.0 |40.0 [36.0 |36.0 |36.5 [39.0 |41.5 [42.0 |37.5 |32.0 {33.5 |355 [39.0 |39.5 385 [37.5]36.5 [27.5{30.0 {30.0 {33.5[35.0 [40.0 [36.531.5 :30.5 {32.5 {345 360
Aug [39.0 34.5 136.0 |35.0 {32.0 [37.0 |33.5 {35.0 |36.5 {34.0 [35.0 |36.0 [34.5 {33.0 {32.5 [35.5 |35.0 [35.0 |36.3 |37.0 {37.0 |36.0 [36.0 |30.0 {30.0 {34.5 |35.0 [36.0 |35.0 349

Sep |35.0 36.0 |34.0 135.0 {35.0 [37.0 |32.5 }34.5 350 [36.0 [33.5 }{34.5{31.0 325 {340 :33.0 {320 {31.0}32.029.0 {325 {32.5{32.0 330 |35.5[36.0 (355 [345 339

Oct 1355 36.0 |35.5 135.0 [35.0 |35.0 |34.0 {34.0 1335 325 }34.0 |35.0 [35.0 350 [35.0 [34.0 {1325 {33.0 {33.0 1325 {28.0 {29.0 {28.0 :30.0 {131.0 {29.0 {295 {30.0 {29.5 329

Nov 1305 2902951295 13051280 i30.0 1280 285 :270127.0:27.0265 1275 127.01280 2651265 {265 }26.5 230 2401245250260 124.0:240 {235 21.1

Dec |24.0 23.0:i21.0 §21.0 {24.0 £21.0 {20.0 {20.5 {20.0 :23.0 {20.0 {21.0 {21.0 {21.0 {20.0 {20.0 { 19.5 {20.0 {20.5 {22.0 {19.0 {18.5 {20.0 {21.0 {20.0 {19.0 {21.0 {19.0 {17.0 208

e/ miR Day) 1 2 3 4 5 6 7 8 9| 10} 11§ 12¢ 13} 14} 15} 16| 17} 18 19} 20| 21} 22| 23| 24} 25} 26} 27| 28 29} 30| 31 |Average
Jan (1501601100 }10.0 10,5 {10.0 110.5{10.0 {10.0 {12.0 {14.0 {117.0 {20.0 {1200 {150 {15.0 {155 {155 i16.5 {18.5 {18.0 119.5 {19.5 {20.5 {20.0 {18.5 {19.0 {20.0 :120.5 {17.5 {18.5 15.9

Feb 121.0 2152401240 :220 122012104190 180 195220 :22.0119.5 185 :19.0119.5 {195 $20.0 {20.0{19.0 {14.519.5:20.5 {19.0{20.5:20.0 200195 202
_Mar 116.0:17.5114.0118.0 :20.0$22.0 {123.0}235 {23.0 /26.0 260 :26.0}280 /280 {29.5:29.5 {29.5:31.0:280 }29.0129.0}30.0:30.5{30.0}30.0:31.033.0{33.0:27.528.0 |28.0 264
Apr_130.0 :285 {26.0 128.0 :29.0 {28.0 {27.0 £29.0 {31.0 {29.5 127.0 :23.0 {29.0 {32.0)355 |33.0 {285 {28.5:31.0{30.5 33.0:335 |35.0 (380 39.0 [40.0 |40.0 [39.0 [40.0 |39.0 320

May [39.0 139.0 [40.5 |43.0 |142.0 [40.0 |34.0 [36.5 |40.0 [41.0 [40.0 |41.5 [41.0 |40.5 [41.0 |44.0 143.5 [45.0 |46.5 [46.0 |40.0 [39.0 [34.0 |38.0 [40.0 |42.0 |40.5 [39.0 |40.5 [43.0 | 40.0 406

= |.Jun 141.0 1280 /340 |38.5 |40.5|43.0 |44.0 (440 |40.5{39.0 |38.0 |140.0 |38.5 |41.0 {43.0 |40.0 |40.0 |38.0 |32.0 {39.0 |32.0 {39.0 |39.5 |41.0 |42.0 |40.5 [38.0 |37.0 |33.0 {33.0 386
& [ Jul 36028071330 31,5 1340|375 [37.0 [32.0 130.0 |32.0 {345 |36.5 [38.5 [39.0 [34.0 |31.5 [31.0 [35.0 [36.5 [36.5 [39.0 [36.5 [38.0 [38.5 [35.0 [35.0 [35.0 [37.0 [32.0 | 34.0 | 33.0 347
Aug 136.0 [38.0 |38.5 |37.5 |35.0 |35.0 [35.5 350 [29.0}32.5)35.0 |34.0 /320 1295335330 {300 {315 345 [350[32.0)36.0)36.0 385|330 :33.0}34.5|36.5 300 335|350 34.1

Sep |36.0 [33.0 1350 [36.5 [36.0 |30.0 {305 §31.0 {32.0 133.0 132.0 :34.0 {34.0 [35.0|32.5{33.0 {245 {30.0 :31.5}305 {31.5}345 {345 {340 345 345 {335 340 :335 330 329

Oct 1340 [35.5 350|345 :340 {345 {335 330 3303301330 :340 1340 13403401330 {335 1335 :325 1330 13303201290 {245 280 :280 {290 1300 300 300 305 322

Nov 1300 {295 1295 31.0 29.0 {31.5132.0{30.0 30,0 {25.0 {290 :30.0 {305 {285 275280 {260 {280 i27.027.0}27.5:26.5 {265 {26.0 250 250 {245 {230 :220 {240 21.6

Dec [25.0 {23.0 {23.0 {28.0 {27.0 {26.0 {25.0 }22.0 {22.0 }22.0 {22.0 {22.0 }22.0 {20.0 {22.0 {20.0 {19.0 {19.0 {20.0 {19.0 {17.0 {17.0 {17.5 {17.5 {18.0 {18.0 {20.0 {18.0 {16.0 {19.5 [ 20.0 209

e/ mih Day 1 2 3 4 5 6 7 8 9} 10} 11¢ 12¢ 13} 14} 15} 16| 17} 18 19} 20| 21} 22| 23| 24} 25} 26| 27| 28: 29} 30| 31 |Average
19.0 119.5:19.0 119.0 180180 {150 145 :14.0 /150 {1150 {16.0 {180 }185 {175 17.0 {16.5{17.0 117.0 116.5 150150150 {17.0 }116.5:20.0 119.0 {18.5 :20.0 {20.0 {20.0 173

19.5 200210 }19.0:100:16.5 {180 150 :19.0 /1210 :185 :18.0{20.0 {195 (17.0 {165 {17.5}17.0 {117.0 {185 {19.0 1200 ;18,0 {185 {18.0 :18.0 {21.0 }22.0 :22.0 184

240245 12451260 :250 {235 24.0:240:21.0}220}250 2501210220 }220 {255 27.5}29.0:30.0}320 /1952201280 {29.0:29.0 300 /30.0128.0 280 :30.0 330 259

33.0 133.5 {34.0 {34.0 |36.0 [36.0 |35.0 |35.0 [35.0 |35.0 [33.5 {30.0 {31.0 {31.0 {31.0 {32.0 {29.5 {31.0 :{32.0 {32.0 {33.0 {33.0 {33.5 {32.0 {32.0 {32.0 {32.0 {31.0 :31.0 {32.0 321

34.0135.0 135.0 {35.0 |38.0 |38.0 [38.5 |38.0 {38.0 |40.0 |39.5 |40.0 |36.0 [36.5 [37.0 |39.0 |41.0 |40.0 {40.0 {39.0 |40.0 {39.5 |39.0 {40.0 |41.0 |38.0 {39.0 |40.0 {43.0 [44.0 |46.0 389

S| Jun [45.0 [45.0 [43.0 |45.0 |43.0 |42.0 [38.0 [39.0 [40.0 [40.0 [39.0 |41.0 |40.0 |39.0 [43.0 [44.0 [44.0 [44.0 |45.0 |44.0 |44.0 |44.0 (435 [44.0 [43.0 [39.0 [40.0 |40.0 |41.0 |39.0 420
& [ Jul_[430 (4307440 [46.0 [450 [42.0 [42.0 385 |37.0 |365 [36.5 [36.5 [39.0 [35.0 [34.0 |34.0 [38.0 [39.0 [38.5 [38.0 [38.0 [38.0 [38.0 [40.0 [39.5 [38.0 [35.0 [38.0 [400 [41.0 [40.0 39.1
Aug 140.0 [39.0 |38.0 |37.0 |36.0 |33.0 [35.0 [39.0 [38.0 |37.0 |36.0 |34.0 34.0 |36.0 [33.0 {32.0 {330 |38.5 [38.0 [39.0 [36.539.0|39.0 |38.0 [36.0 350 [35.0 |34.0 {330 |35.0 |36.0 36.2

Sep [34.0 |36.0 |37.0 |35.0 [33.0 {30.0 {27.0 {32.0 {30.0 |30.0 {33.0 :34.0 [35.0 [35.0 |34.0 {33.0 {30.0 {27.0 {30.0 {31.0 {34.0|35.0 [35.0 [35.0 [35.0 [35.0 |35.0 |33.0 :335 350 33.1

Oct |36.0 [35.0 |35.0 [35.0 [33.0{33.0 1340330 32013201320 :31.0131.0132032.0:20.0 {260 {28.0:29.0 280 {27.0}27.0:280 260280 :290 290290 285 285 {280 302

Nov 1280 :280 {280 {280 :280 {27.0 1270260 {260 {26.0 {250 :25.0 }250 {24.0 {240 {240 1240 {240 2451240 {240 {230 {230 {230 {230 230 {220 1220 :220 {23.0 248

Dec [21.0{21.0}21.021.0 {22.0}23.0 {23.0 {24.0 {25.0 {24.0 {23.0 {18.0 {18.0 {18.0{14.0 {17.0 {18.0 {17.5{18.0 {19.0 {19.0 {19.0 {19.0 {20.0 {20.0 {20.0 {145 {11.0 {110 {115 {115 18.8

A -107



Appendix-7 Other Relevant Data

b) Daily Minimum Temperature (deg C)

Day|

e/ miR 1 2 3 4 5 6 7 8 9f 10 11§ 12¢ 13} 14} 15 16} 17} 18} 19} 20| 21} 22} 23} 24} 25} 26} 27| 28} 29 30| 31 |Average
Jan | 50| 40f 15] 20| 20| 10| 10f 08| 05f 15| 3.0| 40| 30| 30| 50| 35| 30| 30| 40[ 60| 60| 50| 40| 50f 50| 80[100| 7.0| 95[105] 80 43

Feb | 80] 95[100| 9.5]10.0 [11.0 |10.0 [11.0{14.0 {140 {12.012.0:110¢105)| 90| 80| 85| 85| 80| 80| 80| 90| 80|10.0 |11.0{11.0:14.0{13.0 102

Mar 1120100 (12,0120 {115 :11.011.5 105150 (1101135135 [100] 95| 9.5 [10.0[14.5 /140110150 {160 1120 {145 1160 (140140 150 {16.0118.0 i20.0 {22.0 13.4

Apr 1200240140 /16,0 {17.0 1175180 {19.5 {20.0 {20.0 {20.0 }20.5 {20.5 | 20.0 }20.0 :23.0 }22.56 {25.0 {225 {215 230 {235 220220 {20.021.0{21.0 {220 240 245 208

May 1240240 :26.0|22.5[25.0 {260 {255 {27.0 {250 {240 {21.5}230:26.0 127.0 1280 :285 }28.5 300 :26.0 {250 1230 {250 {27.0 230 {260 }240 {240 {225 {235 ;240260 252

S |.Jun |26.0$27.0 1240 129.0 {27.0 {285 1280 {31.5}32.0 33.0 {33.0132.0:31,0133.01280 :23.0123.0 240250 {27.0 1260 :29.0:29.023.0 {31.0130.0 12901300250 :255 28.1
& [T Jul_|27.071260 1280 280|285 300 |31.0 |25.0 | 265 |27.5 30,0 }29.5 (230 |23.0 | 21.5 (245 |27.0 | 29.0 295 | 29.0 | 300 {26.0 | 25.0 | 29.0 | 26,5 | 30.0 | 27.0 | 285 {27.0 {295 | 28.0 274
Aug 13101300 :27.0280 1260 280 1255 129.0§30.0 290 305300 :26.0 285 280 :29.0}270310:280 1280 1270280 {265}27.5280}27.5:280 1280290245 280 28.1

Sep (285285 (280 129.0:30.0 {26.0 225 {250 {255 {26.0 {22.0 {235 {24.0{26.0 {26.0 {27.0 {280 {27.0{26.5{28.0 {260 {26.0 {21.0 {245 {23.0 {230 {240 22,0220 {23.0 254

Oct [21.0£200{2101210!190:18.0}180{17.017.0:150 {16.0 {16.0(17.0116.0 {150 150 }15.5{17.0 16,0 /185 {160 180 {16.0 1160 {17.0:17.0:17.0 {160 150 (140 13.0 16.9

Nov 1130130145130 4145 140 {180 170150 {140 {145 140 i140 145 {145 135120 125120125 {11.011.5 11.011.0 1120115120 130120 {13.0 133

Dec [120}120115f 85) 80| 75| 80| 65| 90130 80| 95| 70| 70] 70| 60| 55| 70| 45) 60| 65| 6.0| 55[ 65| 60| 50| 55| 50| 40| 40] 30 71

e/ miR Day 1 2 3 4 5 6 7 8 9f 10 11} 12¢ 13} 14| 15 16} 17} 18} 19} 20| 21} 22; 23| 24| 25} 26} 27| 28} 29} 30| 31 |Average
Jan | 30) 30f 25] 30| 70| 55| 80[100]110:105| 50| 60 40] 60| 40| 90[110f 75] 00 0.0 { (0.5} (1.0) (0.5} (2.0)i (15) (3.0} 00f 40] 20[ 10| 05 3.7

Feb | 00| 35) 50| 70| 20| 50| 90| 75| 20| 30| 05| 15) 25| 35| 45| 70| 80| 80| 80| 60| 95| 80| 85| 75| 65| 80| 75| 80| 95 5.1

Mar 1115125 13511401125 1120 }145 120125125 {13.0}14.0:135 1150150 :14.0}17.0 {180 {14.5:14.5 145 }13.5:14.016.0 116.0 116.0 }17.0118.0 1155 :15.5 |18.0 145

Apr 1170190 {150 /135 }14.5 :13.0}16.0 {120.0 {18.0 {19.5 {19.0 {19.0 {20.0 {1 20.0 {200 :15.5 {150 {16.0 }18.0 {20.0 {20.0 }27.56 {21.0 }21.56 }{20.5 {220 {1200 |19.5 {215 i215 18.8

May 1230250 :230 250 }27.0 2452401260210 :220 220240 :260 180 {250 :250 250 255280 :27.0 1250 }21.0:2452301220}19.0:245 210:230:250|255 239

& |.Jun |28.0128.0 265 280 [30.0 32,0 [30.0 129.5}28.5127.5 1230280 (29.0 250 1285 :27.0127.0 280 [23.0 240 1235 24,0280 1285295305 (320 2802701215 27.4
& [ Jul [27.07129.0 31,0 |31.5 1305 1285 | 26.0 | 29.5 | 26.0 | 27.0 | 28,5 | 23.0 | 23.0 | 24.0 {27.0 130.0 [30.0 {30.0 }30.0 |30.5 |245 | 24.0 {285 |29.0 |30.0 | 28.0 |30.0 [30.0 }29.0 {305 | 30.5 283
Aug 1260255 280 265240 265280 {285 270270 {280 240230 /265 !255 :27.0}26.5 2602701290 {280 {280 (275280 270}270:27.5 /285275280 230 268

Sep [24.0 255 {26.526.5{27.0 {120.0 {21.0 {21.0 122.0 {230 {24.5 {240 {245 {255 {26.0 {27.0 {250 {250 {235 {21.5{21.0 {240 {18.0 {220 {23.0 1240 {235 |23.0 {255 {24.0 23.7

Oct [250 1250 (250 12451260 {250 245240220210 {220 }215:2101215/210:19.0}17.0{17.0:18.0:180 {180 :19.0 {185 {17.5:17.0}16.5:16.0 {16.017.0:17.0{17.0 202

Nov 1150 155 :15.516.0 {14.0 {14.0 {155 {14.0 }14.0 {140 /15.0 {140 {150 {135 {11.0 :11.5{105 {110 | 95110 | 90) 90| 95| 90]105| 95100 | 85 10.0 |10.0 122

Dec | 85| 80| 70| 80) 80| 9.0]12.0{14.010.012.0{11.0]100| 75| 75| 70| 75100 [14.5}16.0 {14.5[100| 80| 80| 60| 70| 65| 65| 65| 65| 80| 80 9.1

e/ miR Day 1 2 3 4 5 6 7 8 9f 10 11§ 12; 13} 14} 15 16} 17} 18} 19} 20| 21} 22} 23} 24} 25} 26} 27| 28} 29 30| 31 |Average
Jan | 7.0] 40| 80| 85| 60| 50| 40| 35| 40| 35| 6.0| 50 60| 65| 85/12.0!105{11.0] 85[ 65| 55| 55| 55| 75[11.0}110:110| 85| 85| 9.0]10.0 13

Feb | 85| 80) 90/115125) 95| 70] 60f 95] 90| 95| 90]100/110) 75| 80| 851100105110 125120 | 7.0 /140120125 :11.0 {11.0 9.9

Mar 112.012.5:155}13.0/13.0 130160 }135) 80 |12.0 |10.0[11.5:12.0{14.0 150 :145}15.0 {155 }17.0116.0 {145 }15.0:150 /185 {14.5 135 }16.514.5}14.0:14.0116.5 14.0

Apr 1175180180 /180 {200 :17.016.0 {155 150 {145 {145 19.56 {21.0 /1235 }20.5 :18.0 }17.0 {18.0 {20.0 {23.5 {235 {120.0 {180 |17.5 {17.519.0 {19.0 |23.0 {250 ;240 19.1

May 1235240 250200 {200 :19.01230 12402401220 1225 }21.5:230}255 230 :280 2751270305 2951280 2701270270260 230250 250250 :26.0 |27.0 248

S | Jun 1255 128.0123.0129.0 }30.0 26.0 1250 {24.524.01250 1250 [29.0 :31.0{31.0127.5:23.5124.0 255250 {215 {250 }27.0:28.0127.0}305 260 }31.0129.5[32.0:29.5 21.0
& [ Jul_|2201260 1235 2501250 265 29,0 132.0 1305 290 129.0 129.0 1290 23.0 26,0 :29.0 |30.0 1305 130.5 |32.0 1300 129.0 126.0 1280 131.0 31,0 131.0 1300 | 240 | 24.0 240 219
Aug [29.5 1285 {300 1305 1305 :30.0 1300 {27.0}29.5 300 {300 }31.0 300300 {310 :26.0 280 {27.5[230 {250 {21.0}215 2651230 1260 (27.5!250 1270280 280 {250 276

Sep [26.0 £26.5 {21.0121.0 220 {225 240 {240 :26.0 {250 {24.0 {240 {24.0 {26.0 {240 :26.5 {235 {24.0 250 {255 {26.0 {265 ;26.0 {250 {26.0 {250 {24.0 |24.0 {235 {22.5 244

Oct |23.0}25.5:26.0116.5:19.020.521.01200}19.5:20.0 /180 }18.0:17517.0!17.0:175}17.0{17.5}16.0 {155 {145 }15.0 {13.012.0}12.0$12.0}12.0 {13.0 }14.0 145150 17.1

Nov 114.0 150 :i15.016.0 {150 {15.0 {14.0 {120}11.0 {115 | 90| 701201504120 | 75)120105| 95| 70| 80| 90| 90| 80)110/100)| 60| 75| 75| 6.5 108

Dec | 85| 80| 75| 85) 90| 60| 50| 50| 80]105| 80) 80| 90| 80| 95| 70) 65| 60| 70| 70| 55| 85| 60| 65| 55| 60| 60| 60| 50| 50| 55 70

e/ miR Day 1 2 3 4 5 6 7 8 9f 10 11} 12¢ 13} 14| 15 16} 17} 18} 19} 20| 21} 22 23| 24| 25} 26} 27| 28} 29 30| 31 |Average
Jan | 65| 50| 55| 55| 60| 65| 75| 75| 60| 60| 7.0| 35) 60| 30| 60| 50| 60| 65| 60f 35| 45| 60| 6.0| 60 40| 50| 60| 9.0]110[ 80| 7.0 6.0

Feb | 65| 65) 70| 80| 90]105130413.0/100) 50| 50| 60| 70| 80)100| 70| 55| 60| 80 80 [125}11.5 135125 {13.014.0 {150 15,0 9.5

Mar 115.5116.0 :16.0114.5:13.0 114.0}12.013.0}13.0:14.0{14.0}14.0:145 160 }16.5:15.5}16.517.0$17.0:19.0 /119.0 17.0:20.0 120.0 {19.0 }119.5}19.5{18.0 }119.0 {20.0 |18.5 16.5
Apr_|18.0 119.0 {18.0 {20.0 }20.0 {18.5 {17.0 {19.0 {20.0 {21.0 {21.0 {26.0 {20.0 {21.0 {21.0 :23.5 {23.5 {25.0 {24.5 {25.0 {23.0 {22.5 {19.0 {20.5 {22.0 {22.0 {22.0 {25.0 24.0 {22.0 214

May 1230 $29.0:24027.0}29.0 1215230195230 1250 1240230250230 127.0:255 250 1260 240240 1230 }29.5:31.0}280 {27.5}250:31.0 295240 240|245 254

S | Jun |26.5131.026.0 1280 (250 245 [24.0 124.0126.01240 {27.027.0 28012751255 :26.0126.0}27.0$30.0 3101300 {33.0:32.5127.5265}27.0{31.5130.0}325 1250 27.1
& [Jul _[3751395 250 127.0 126.0 26,0 |27.0 130.0 1310 | 31.0 132.0 1235 1220 |26.0 | 28.0 130.0 |31.0 1295 29,0 | 235 (240 22,5 250|255 280 29,0 285 260 1260 1265 29.0 219
Aug 1260 :27.0 1285280 {285 :280127.0 2501265 {280 {285 240255 2751280 :26.0 }26.0 {280 290 1280 {260 {24.5{265 2152201220 :225 2302452701270 26.1

Sep [27.5 1275 {27.0 1285 {255 {27.0 {285 {245 250 {220 {240 {230 {225 1225 {17.0 {23.0 {240 {18.0 {18.0 {19.0 {245 {240 {250 {235 {23.0 1220 {210 {21.0 {205 {21.0 233

Oct [22.01230 (23012201220 225220 {220 1220 :220 {21.01215 {200 119.0 {210 :22.01220 {220 :23.0:22.0 {21.0:20.0 {140 {150 (140140 :14.0 {150 150 (16.0{16.0 19.7

Nov 1155180 i13.5 /135 {145 {13.0 {12.0 {113.012.0 {12.0 {10.5:12.0:130/11.0100| 80) 80| 80| 85| 80| 70) 85[100| 80 80100 70| 80| 80| 7.0 105

Dec | 70| 70] 60| 65) 60| 60| 65| 55| 55| 50| 65) 65| 65| 7.0| 50| 60) 55| 55| 6.0| 45| 50| 55| 60| 70| 50| 50| 40| 45| 50| 75| 7.0 5.9

e/ miR Day 1 2 3 4 5 6 7 8 9f 10 11§ 12 13} 14} 15 16} 17} 18} 19} 20| 21} 22} 23} 24} 25} 26} 27| 28} 29 30| 31 |Average
60] 55| 70f 80) 55| 05| 20| 60f 45] 15| 30| 30| 60f 60) 20| 20| 10| 05f 25| 40| 70| 55| 55f 40) 40| 60| 60| 50| 50| 50| 45 43

50] 80| 85[11.0) 90(120]10.0| 70 65| 90| 80[11.0:125/115) 90| 70| 75| 70f 70] 90| 75| 90| 95| 70]10.0| 65| 90| 85 8.1

90] 90| 90 80 80 [10.0]10.512.0[10.0 |10.0 [100| 9.0 |105}12.513.0:14.5 165180 17.5135 1185 }18.0 {17.5}130 {185 }150116.0 /175140140150 13.1

14.0 $145:10.5 /140 {150 {14.0 {14.0 {140 155 {18.5 {16.0 { 14.0 {16.0 {16.0 {21.0 :16.0 {19.5 {17.0 {15.5 {15.5 {19.0 {18.0 {18.0 {18.5 | 19.0 {20.0 {24.0 {22.0 }24.0 {22.0 17.2
2202103240240 1250220 {205 1210230 255 {240 {255 :250 215 124.5:26.5{27.027.5:27.0:29.5 {290 {20.0:225 1250 {28.027.0 {250 {26.0 290 :27.5255 249

= 18.0 1200 (22,0 1240 129.0 28.0 126.0 {28.0 1280 {260 128.01240 260 290 {290 2801290 {235}255 280 210265 :{30.0}31.0 1300285 27.01220:225 230 260
5 215§230:26.019.0 255 280 {290 270230 {260 {27.0 {280 :29.0 129.51225 ;240 {26.0 {26.0 }126.5 }28.0 {285 {29.0 280 /270 {28.0 1270 {280 {225 225 :27.523.0 260
25.01280 2902801230 :250127.0127.0}230:27.0126.5}26.5:230 12401245 :235}19.0120.0 }26.0 }26.0 {260 {26.0:27.0}285 255270 }26.5}27.0}245:26.0 |265 255
25.0§25.0:27.027.0}24.0 {1215 {24.0 {255 [24.0 {24.0 {26.0 {26.0 {25.0 {26.0 {25.0 :23.0 {20.0 {22.0 }24.0 {22.0 {24.0 {22.5 {21.0 }21.0 {23.0 }22.0 {23.0 {225 220 :21.5 236
2252253200 2201215 :21.0 {225 210200 :21.0{21.0{19.0:17.5180 16.0 :16.0 {150 {14.5 150 155 {16.0 {16.0:18.0 {150 {14.0 1120 {11.013.0 120 :11.5{13.0 17.2

135135 :16.0 116.0 {165 145 17.0 {16.0 :16.5 180 16.0 {112.0 {130 112.0 /140 :13.0 112.0 (120125 120 125125 {125:13.0}11.5/10.5 105 {10.5]10.0 |10.0 133

11.0] 90| 85| 80| 85[10.0]| 75| 85| 50| 45| 40| 40| 45| 50| 20| 20| 25| 40| 35| 60| 40| 10| 10| 10| 00f 05] 10| 05| 10| 10[ 1.0 4.2

\r/mih Day 1 2 3 4 5 6 7 8 9f 10 11} 12¢ 13} 14| 15 16} 17} 18} 19} 20| 21} 22 23| 24| 25} 26} 27| 28} 29 30| 31 |Average
10| 20] 15) 40f 45| 50 30] 20) 10| 05) 15| 30] 20] 40| 60| 90| 50| 20) 40| 20| 05f 25| 55| 20| 50| 30 40| 40) 30| 30| 35 32

40| 50| 70] 60f 60) 30| 00| 05] 05 15] 35)| 65| 85] 80f 10] 10| 20| 50) 60 70]10.0| 85| 40) 30| 30| 30| 40| 80| 7.0 46

85| 70| 75| 85)120| 90| 90| 80| 70| 90| 90| 9.0|100| 9.0)130:125}13.0 /140150130 {11.0411.0:120}125 1301401180 1185}16.0:16.018.0 11.7

18.0 £18.5 {17.5120.0 {18.0 {18.0 {18.0 {18.0 {18.0 {21.0 {16.0 }18.0 {19.0 {18.0 | 16.0 :15.0 { 18.5 {20.0 19.0 {17.0 {16.0 }{16.0 {16.5 {18.5 {18.0 {19.0 {19.0 {19.0 18.0 {17.0 18.0
15.0$17.0:18.0 119.0 122.0 122.0 123.0 {22.5 220 {270 1250 {24.0 i23.0 {230 {23.0 :26.5{27.0 {24.0 ;240 {24.0 {240 {250 :23.0 123.0 {26.0 {38.0 {39.0 {40.0 143.0 {440 |46.0 26.5

& | _Jun_]28.0129.0130.0 1300 {26.0 i25.0 {27.0 123.0125.0 1250 {22.0 |27.0 {28.0 128.0 127.0 129.0 131.0 32,0 {26.0 129.0 129.0 {29.0 30,0 {30.0 {26.0 }30.0 {28.0 {28.0 {21.0{27.0 215
& [ Jul_[270127.0 29,0 1290 131.0 1310 | 31,0 |20.5 1220 | 28.0 25,0 } 250 29.0 | 24.0 | 24.0 1240|260 |27.0 127.0 |27.0 1230 1250 127.0 129.0 |29.0 1 27.0 | 26.0 |29.0 130.0 130.0 |29.0 210
| Aug 12801290 :29.0129.0}23.0:250}27.0}28.0 (280 {250 1220240240 /280 {270 :26.026.0 285280 {30.0 245 26.5 285260 1280260 {250 250260 260|220 264
Sep [25.0§27.0 127.0127.0 {240 {250 }24.0 {26.0 ;240 {240 {250 {250 {27.0 |27.0 |28.0 {24.0 122.0 {22.0 {22.0 {22.0 {21.0 {21.0 {21.0 }21.0 {20.0 {20.0 {21.0 {230 $220 i21.0 236

Oct [21.0$20.0(19.0119.0 1185 :18.0 117.0 {17.017.5:17.0 {185 }19.0 {200 119.0 {15.0 :15.0 }16.0 {16.0 {15.0 {15.0 {150 {15.0 {16.0 {11.5 {135}13.5 {13.0 {13.0 13.0 {12.5}13.0 16.2

Nov 1130130130135 {13.5 {130 {140 {13.013.0 {130 {120 11.5:115}11.0 1100 [10.0 [11.0 |10.0 [10.0|110{120] 90| 90 80 70| 65| 70| 90 80| 7.0 108

Dec | 50| 45| 40| 45| 45| 45| 80] 70| 50| 50| 50] 90130 90| 90| 70| 65| 90| 70| 65| 60] 50| 50| 50| 50| 50| 60| 80| 35| 30 35 6.1
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Appendix-7 Other Relevant Data

2) Humidity (Daily Average Humidity :%)

Yr/mtDay 1io20 30 4| 5; 6 7. 8| 9f 10| 11 12| 13} 14| 15, 16| 17 18| 19} 20| 21| 22} 23| 24| 25| 26| 27| 28| 29| 30| 31 |Average
Jan | 701 701 711 75| 13 68 721 70 75, 70 73} 75, 70 68| 65 61, 57| 55, 50} 56| 55 521 60| 70 72| 71} 67| 674
Feb | 68 70 66 62 64 721 70 72 75, 71, 80| 80| 75. 70} 70| 65, 60! 60 55, 54| 52| 511 75| 70 67.1
Mar | 80| 58 53| 50 48 55 70| 64| 46 42| 40| 50| 52 56| 58 51| 47| 42 37 33| 37| 37, 37| 35 4] 470

| Aor | 571 32| 31 40 47 381 41} 34| 50 32| 35| 34| 32 36| 49 43| 32| 33 32 30| 25 201 20| 20 35.1
May | 15| 17 211 33 27 28 25 23| 26 26 211 31, 30 31} 30, 28] 28| 28 23, 18| 15, 161 21| 26 19 250

S| dun {207 19} 22 26 27 231 29 31| 38 37, 28| 40| 38 43| 54 45| 47| 41, 46, 45| 43| 45, 53| 57 370

Q| Jul |56 59| 60 54| 53 56| 47! 49| 49 57| 56| 50| 65 52| 49 48| 47| 65 75 62| 64| 48 53| 54 49] 549
Aug | 46 45| 53 55| 6l 58 51: 53 50 51| 53| 56 44: 51| 47 50, 49} 43 59| 52| 51| 50, 40| 47 54| 513
Sep | 50 60 61| 62 46 48 61. 51| 52 49| 52| 45, 47 50| 65, 48] 53| 53 56 56| 45| 44 49| 36 514
Oct | 41 33| 30 31| 36 21 261 21| 34 34| 32| 36| 37 42| 32 34, 35| 40 35, 36| 32| 34, 33| 32 39| 326
Nov| 28} 26| 27 23| 33 46 47 53| 55 62| 57| 45, 52 51| 55 58 50| 51 57| 54| 54| 52 63| 59 470
Dec | 67| 51| 51| 33| 33 50| 50| 59| 61 48| 39| 50| 47: 56| 54| 70| 63| 60| 62| 70| 66| 56 67| 68 62] 555

Yr/mtDay T o2; 30 4, 5; 6! 7 8| 9f 10| 11 12| 13} 14 15, 16| 17 18| 19} 20| 21| 22| 23| 24| 25| 26| 27 28| 29| 30; 31 |Average
Jan | 25] 33| 36 30] 30! 44| 37 57| 63 68 57, 39| 32, 58] 50| 50, 70: 80| 54 291 29! 38 29 37| 19| 461 26| 22 27] 37| 35| 415
Feb | 28 38| 51| 50 56 38| 43 . 36| 54| 38| 25, 26| 16| 30 36 31| 30 52| 43} 49| 32 37| 36 43| 35| 26 28 37| 39 373
Mar | 44 44 48| 49| 381 40| 40 40| 45| 40 42 40| 34| 29 35, 36| 38 33| 34| 37| 44 39| 37| 30 24| 31 41 39| 34 33] 35| 378
Aor | 34 37 43 61 53 57| 56 41| 44| 40| 40 42| 40| 35, 41, 39| 34 29 26| 21| 24 23| 23| 23 20| 19 15] 17| 14, 16 336
May | 13} 16| 14, 11| 18 17) 16| 19| 44 32| 27 22| 36 35| 34 27| 23 23| 23 36| 40| 50 50| 44 42| 49| 43| 45, 33| 25 28| 302

S| Jun |30 33| 37 33| 30| 32 43 38| 43 45| 60| 48 | 47 40| 51| 50| 55. 54| 59 50 65| 45 60 52| 54 49 48| 66 66| 57 480

Q| Jul | 46 51} 43 44 51} 47, 63, 57| 63 56, 50. 56 63, 78, 71| 64 48 47| 47, 47, 58| 65, 54, 48| 47| 44, 42| 46 53| 47| 46 530
Aug | 621 67| 59 61| 69| 76| 661 70| 74 711 74. 80 84 75, 72 65| 56 64 55| 58 57 67| 52| 46 49| 55 61] 57! 70
Sep | 70| 59| 49 53| 54| 64| 62 56| 56 55 45| 50| 49 58| 50 66| 64 59| 68| 62 71, 66| 65 68, 63| 61 74| 64
Oct | 62 60| 60 52| 50| 52| 581 49 56 60 52 60 58 57| 53 55| 56| 63 59 60| 59| 63 65| 67 53] 6
Nov 62 67| 52 48] 49| 54| 58 59 60 72 71 66| 64 62| 54| 59 59| 55| 59| 62 62| 63 63] 45| 47
Dec 62 64| 61 80| 51} 71| 74 55| 54 56| 88 ¢ 69| 60} 88| 72| 65, 65, 67| 68| 69 85| 84 85| 86| 83

Yr/mtDa‘/ 1 o2) 30 4| 5; 6 7. 8| 9f 10| 11 12| 13} 14| 15, 16| 17 18| 19} 20| 21| 22| 23| 24| 25| 26| 27 28| 29| 30| 31 |Average
Jan | 81 63| 60 68| 69| 65| 60 66| 68 70| 66| 64 61 60| 54| 69| 93 74| 83 64 64| 76 65, 65| 55| 75, 81| 72 70| 66| 62| 680
Feb | 67 65, 64| 60| 61 70| 63 66 67| 81| 79 69| 62| 76, 64, 64| 58 62| 56| 71, 68, 48| 60| 54 63| 63 55, 60 64.1

Mar | 47| 48 49 60| 56 48 36 41| 40 49| 45 44| 48| 44| 43 50| 49 56 50 63| 61, 35, 61| 57, 76 63| 60| 664 81| 78 55| 535
Aor |57 54| 57| 49| 49 55| 66 61| 70| 71| 51 43| 42| 39| 42| 46| 34 31| 32| 27| 28| 34| 25| 25| 29| 27 26| 26| 25| 29 417
May | 38| 32| 34 43| 53 51| 45| 37| 40 40| 32 20| 25, 27| 31 31, 31 . 20| 27 27| 28 20| 35| 28 26| 26| 26| 23 23| 30 25| 314

Sl Jdun| 32} 371 39 291 181 36 33} 23| 211 30| 27 27 26| 28] 52} 49| 50 46 38| 43| 29 231 25| 31| 32| 39| 33| 32 36 44 336

Q| Jul |61 671 50 521 49} 49| 43 38| 44 55| 57 53 51 78| 70| 62| 57 55| 61 52| 53| 60 76 78| 73| 60 62| 60 73] 72 58] 590
Aug | 58| 56| 58 59| 59| 59| 57 61| 57 51| 56| 54| 57 56 50| 68| 89 69| 79 78| 75| 82 72| 86| 78 | 72| 82| 69 66| 59| 67| 658
Sep | 781 67| 76 691 77! 78| 84 60| 67 66, 68, 66 63 46 55| 41| 56 56| 66 57| 54| 55, 60, 58| 50| 61, 44| 57 47| 48 61.0
Oct | 471 58| 62 70| 68 68 64 62| 37 58] 46 58 56 57, 54| 61, 54, 61| 56 60 59| 67, 58 58| 58 55, 58| 60 55] 54| 56| 579
Nov | 50| 51| 68, 78| 76 77 79| 75| 66 73| 48 54| 64, 73| 75 82| 80 74| 53 52| 72 65, 75| 67 58 61| 42| 40 62| 50 64.7
Dec | 61| 67| 67, 65| 67 65| 62| 57| 61 58| 67 61| 60} 61| 65, 66| 66 54| 54; 70| 67| 55, 61| 69 69| 65| 66| 69 65| 78 79| 644

Yr/mtDay 120 30 4| 5; 6 7. 8| 9f 10| 11 12| 13} 14| 15, 16| 17 18| 19} 20| 21| 22} 23| 24| 25| 26| 27| 28| 29| 30| 31 |Average
Jan | 811 80| 77, 87) 83} 85| 871 87| 93 88] 85! 85| 90 81| 84| 79 73. 85| 90 88 82| 90 89} 86| 85 81 80| 73 73] 63| 62| 823
Feb | 62 68 67| 69 65 60| 72 85| 66| 67 65 54| 64| 62 67, 59| 55 49| 54| 47, 48 60| 58 65, 68| 66 64, 69 62.7
Mar | 72 69 59| 86 81 69| 82 63| 58| 35 54 55| 56| 52| 53| 47| 59 62| 59| 54| 58 51| 50 57 61| 45 42| 50| 51| 46 48| 575
Aor | 44 44| 48| 46| 46 44| 39 38| 35| 38 | 35 44| 43| 32 25, 26| 29 24| 30| 27| 46 40| 46 36 34| 25 27| 30! 30 53 368
May | 36| 33| 26 28] 28 57| 50 42| 39 38 42 28| 24| 28] 24, 24| 221 28| 38| 30| 26 27, 29 22| 20| 23| 25| 34 45, 38 30| 317

S| Jun |31 25| 33 37| 54| 41| 52 51| 41 45 39| 36 36 35, 48| 38| 34, 35| 34 32| 28| 30 45, 46| 52| 44, 38| 40 45| 54 400

Q[ Jul |40 49} 59 45| 53| 58| 54 59| 49 51| 55! 76| 88 66 62| 56| 57 66| 60 82, 89} 80 60, 70| 60| 59 63| 82 . 80| 75| 69| 636
Aug | 63 68| 74 67 67. 84| 79 84| 70 711 79. 84| 80 79 80| 90| 87: 72| 711 76 77} 71 64, 75| 79| 84, 76| 69 61| 62| 65| 746

| Sep | 671 65| 70 73 75 66 65 80| 71 701 70: 72 75, 76 731 68 65. 64| 56 61, 64| 78 72 73| 67| 65, 60| 46 46] 50 66.8
Oct | 56 57| 55 50] 50| 61| 53 58| 62 62| 61| 65 52, 54| 49| 51| 48 65| 74 69| 66| 58 74| 62| 61 60, 61| 64 64| 64| 61| 596
Nov| 62} 59| 55, 52| 55 61 61| 60| 59 57| 65 . 68| 65, 63| 64 66 65 65, 68 64| 69 67, 72| 72 61, 55| 54 621 61| 61 623
Dec | 61} 61| 70 71| 73} 76| 79| 79| 66, 65| 65 . 64| 63} 69| 75, 72| 74 . 79| 71 62} 72| 73| 79} 78| 69| 67| 68| 74 71| 65  82] 705

Yr/mtDay 1L o2¢ 30 4, 5; 6! 7 8| 9f 10| 11 12| 13} 14| 15, 16| 17 18| 19} 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30; 31 |Average
Jan | 921 80| 93 93] 93! 94| 901 86 86 761 701 81, 97} 61| 62 66] 57| 61, 57 62| 64 62 66| 62 58] 51| 67| 591 64| 734
Feb | 71 67, 63| 72 76 74| 86 72 66 59| 81| 87 77, 77} 73 71, 78} 78| 80, 72| 68 67, 71| 92 71| 68 730
Mar | 88 78 92| 80| 72 65| 62 64 55 53| 53| 55 53, 60| 63 61| 65| 56 46 50| 50| 46 51| 51 56 52| 65| 56 56| 598
Aor | 46 50| 47} 37| 35 41| 42 39 71751 541 41 47, 58| 72 60, 56| 49| 44 43| 41| 39 36| 30 43| 36! 35| 39 470
May | 371 34| 37 37| 41 49 51| 43 37 36| 40| 39 36, 36| 34 35, 41| 52| 53, 62| 58 49| 50| 44 48| 49| 44| 45 50| 430

c|Jun| 487 68| 51 40| 43| 44 39 45 52 53| 54| 45 47 59| 59 67| 74| 54| 65, 52| 51| 52 53| 53 65| 70| 80 68 550

QI dul [ 790 79} 72 81] 66 59 611 11 70 62| 551 58 77, 16| 79 68, 65| 64, 59 65| 61| 64 69| 69 73, 86! 75, 781 81| _ 703
Aug | 671 64| 61 671 78| 82| 74 82 70 74| 85| 82| 80, 83| 89 74, 721 72 78 64| 66 641 77| 715. 77, 84\ 711 77 73| 747
Sep | 80 74| 69 64 75| 82| 85 81 79 75| 69| 76 92 88| 98 81| 791 79| 76 70| 62 63 67| 67 74 71| 72 61 758
Oct | 66 68| 66, 62 72| 71| 65 63 60 56 46 49 56| 53| 59 60| 68 66, 66| 67 61, 60| 65| 66 66| 610
Nov | 571 61| 58, 57| 58. 52] 51| 52 57 50 61 64, 63! 60 63, 66| 71 691 68| 66 67, 68| 71 66 61.2
Dec | 49| 64| 57| 58| 59 55| 57| 54 49 58 62 68| 67| 62| 57 58| 55| 56, 62| 65 56| 63| 61| 65 65| 59.

Yr/mtDay tio2) 30 4| 5; 6 7. 8| 9f 10| 11 12| 13} 14| 15, 16| 17 18| 19} 20| 21| 22| 23| 24| 25| 26| 27 28| 29| 30| 31 |Average
Jan 75] o1 | 78| 79 70| 62 66 70} 73| 82 85| 75 71| 70} 74| 76 72 63| 69 66 71| 54| 60 54| 53 56| 696
Feb 55, 57| 48| 48 54| 66 76 66, 55| 62 58 60 66 67 77| 78 65, 56| 57, 55, 55| 59| 52 50 62.1

Mar 65 53| 50| 56 54| 59 70| 57 60| 55 55, 58 59 57 61| 59 55 56| 54 50 51| 54 55 57| 59 62

[ Aor 49 571 61| 52 65| 62 62 58 63| 69 65| 60 58| 55, 53| 52| 55, 55| 58 60, 63| 62| 69 74| 60

[ May 471 48 46| 47 44| 41 51| 47 36| 37 41| 41 41, 32 37| 34 38| 35| 34 38| 44| 48| 49 44| 45 50

o Jun 46 391 51| 43, 35| 45. 42 40, 41| 37, 45, 42 35, 33, 40| 42 47, 53| 46, 55, 52| 50| 531 61| 54

Q[ Jdui 59 56| 85 65, 63| 65. 68 74, 61| 53 56 59 52| 51 63| 64 57 51| 61, 56, 73| 61| 64 59| 56 59
Aug 64| 61| 52| 54 64| 83 67| 54, 75| 89 88| 75 62| 59 58| 65 70| 64| 68 61 59| 68| 62 69| 65 56
Sep 85, 75. 78| 92 76| 73. 701 70 67| 84 85,100 82| 75, 78| 701 69 69| 70 72 69| 69 63 67| 63
Oct 62 60| 62| 64 55| 62 62| 59 61| 93 55| 68 63, 67, 71| 711 62 64| 72 66, 63| 63 691 70| 70. 68
Nov 701 72} 74| 74 78| 80 80| 81 74| 78 74| 71 74| 71, 68| 63| 65, 72| 83| 73| 73| 72| 72 84| 16
Dec 801 73} 74| 711 70| 76 89| 89} 94| 81| 76| 78 77| 76 70| 76| 73| 73| 88| 89| 89| 97| 100} 100| 98 94
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Appendix-7 Other Relevant Data

3) Rainfall (Faisalabad University meteorological station, Unit :mm)

|&nth Day 1 2 3 4 5 6 7 8 9 10 | 11 12 {13 [ 14 15 [ 16 {17 (18 {19 [ 20 } 21 {22 {23 24 {25 [ 26 {27 {28 {29 {30 {31 Total
Jan_[200f 00} 00 00} 00} 00} 00} 00: 00} 00} 00} 00} 00} 00: 00} 00} 00: 00} 00} 00} 00} 50} 04} 00} 00} 00} 04} 70! 00} 00} 00 32.8
Feb 00} 00 00} 00} 00; 00} 80} 00: 10} 80 75; 00} 00} 00: 50} 54} 00;: 00} 02} 00} 00} 00; 00f 00} 00} 00} 00} 00} 00} 00: 00 35.1
Mar 00} 00! 00} 00f 00: 00} 00! 00} 00} 62} 00; 00} 00} 00} 00} 16} 22156} 00! 02} 26200} 02f 00! 00} 00! 00! 00} 00} 00; 00 48.6
Apr. 00 00} 00} 00} 00 00} 00! 00 00} 00} 00} 00} 00} 00: 00} 00} 00: 00} 00} 00} 00} 00} 00} 00} 00} 6.0} 48} 00 00} 00 00 10.8
May 00{ 00! 00} 00} 00} 00} 00{184{ 00} 00} 00: 00} 00! 00: 00} 00} 00: 00} 00} 00} 00{ 00} 00} 00} 00| 00f 00} 00} 00} 00: 00 18.4
o [.dun 00} 00} 00} 00} 00i 00} 00! 00} 00} 45} 00} 00} 00} 00: 00} 00} 00 00} 00! 00} 00} 00} 00} 00} 00| 00! 00} 0013901190} 0.0 625
S Jul 1182} 00} 541 00! 00} 00} 00} 00; 08} 00} 00420160} 00: 00} 00! 00: 12} 00} 00} 00} 00} 00} 44} 00} 00} 00} 00! 00} 00} 00
S A 151 85} 00} 00} 00; 00} 00126 26} 00f 00: 00} 00} 00: 00} 00} 00; 00} 00} 00} 181246} 00} 00} 00} 00} 00! 00} 00} 00: 00
Sep 00} 00! 00} 00} 00} 00} 00} 00 00400} 00: 00} 00} 00: 66} 00} 00:160} 00} 00} 00 00220} 00} 00} 00} 00} 00! 00} 0.0 00
Oct 00} 00} 00} 00} 00; 00} 00} 00} 00} 00} 00:100} 00} 00: 00} 00} 00 00} 00! 00} 00} 00} 00f 00} 00} 00} 00} 00} 00} 00} 00 10.0
Nov 00} 00} 00} 00} 00: 00} 00} 00: 00} 00} 00; 00} 00} 00: 00} 00} 00: 00} 00} 00} 00} 00} 00F 00} 00} 00} 00} 00} 00} 00: 0.0 0.0
Dec 00} 00} 00} 00} 00! 00} 00} 00;{ 00} 00} 00} 00} 00} 00; 00} 00} 0000} 00} 00} 00f{ 00} 00} 00! 00} 00} 00} 00} 00} 00} 00 0.0
Total 442.4
Month Day 1 2 3 4 5 6 7 8 9 |10 p 11 {12 13 [ 14 115 (16 [ 17 (18 |19 [ 20 [ 21 {22 |23 [ 24 |25 {26 {27 {28 {29 {30 ;31 Total
Jan 00} 82{ 00} 00} 00! 00} 00} 00; 00} 00} 00} 00} 00} 00; 00} 00} 00! 00} 00! 00} 00} 00} 00} 00! 00} 00} 00} 00} 00} 00} 00 82
Feb 00} 00} 00} 00} 00: 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00 00} 00! 00} 00} 00} 54} 00 00} 92} 00} 00} 00} 00; 00 14.6
Mar. 00} 00 00} 00} 00: 00} 00} 00 00} 00f 00; 00} 00} 52: 32} 04} 00: 00} 00; 42} 08 00! 00} 00} 00112} 00:120} 00} 00: 00 370
Apr 00} 00f 00} 00} 00! 00} 00} 00: 00} 00} 00} 00} 00} 00: 00} 00} 00! 00} 00! 00f 00} 00! 00} 00! 00} 00} 00} 00} 00} 00} 00 0.0
May 00} 00} 00} 00} 00: 00} 00} 00: 06} 00 00} 00} 00} 00 00} 00}190: 00} 00} 00} 00} 00! 00f 00} 44| 00} 00} 00} 00} 00: 0.0 240
© |_dun 08} 00f 00} 00} 00; 00} 00} 00} 00} 00} 00} 00| 48} 00: 00} 24} 00 00110} 00} 00} 00} 00} 00} 00} 00} 00} 82} 001284} 00 55.6
54 Jul 00} 00 00} 00} 00;: 00} 00} 00: 00} 00 00} 00270} 50: 00} 00} 00: 00} 00} 00} 00: 00; 00f 00} 00} 00} 08} 00} 00} 08; 24 36.0
« Aug 00} 00 00} 04} 00:280} 00102 00} 72} 00; 00} 00} 00:150} 00} 00: 24} 00} 00} 00; 00 00}F 00} 00} 00} 00} 00160} 00: 0.0 792
Sep 00:494: 00} 00} 00 00} 00! 64 00} 00} 00} 00} 00} 00: 00} 00} 00: 00} 00} 00} 00} 00204} 00} 00} 00} 00} 00} 00} 00 00 76.2
Oct 00} 00} 00} 00} 00: 00} 00} 00; 00} 00f 00} 00} 00} 44: 00} 00} 00: 00} 00} 30} 00} 00f 00f 00} 00} 00} 00} 00} 00} 00: 0.0 714
Nov. 00} 00} 00} 00} 00 00} 00! 00} 00} 00} 00} 00} 00} 00: 00} 00} 00106} 00} 00} 00} 22| 00} 00} 00| 00} 00} 00} 00} 00} 00 128
Dec 00 00;{ 00} 00{430; 00} 00} 00: 00} 00} 00; 00} 00} 00: 00} 00} 00; 00} 00} 00} 00} 00;{ 00} 00} 00} 32} 00} 00} 00} 00; 0.0 46.2
Total 397.2
@th Day 1 2 3 4 5 6 7 8 9 10 | 11 12 {13 {14 :15 [ 16 {17 (18 [ 19 [ 20 [ 21 {22 |23 [ 24 {25 |26 {27 {28 ;29 {30 | 31 Total
Jan 00} 00/ 00} 00} 00! 00} 00} 00: 00} 00} 00} 00} 00} 00: 00} 00} 00! 00} 00! 00} 00 00! 00} 00! 00} 00} 00} 00} 00!} 00} 00 0.0
Feb 00} 00} 00} 00} 00: 00} 00} 00: 00100265 00} 00} 0.0 00} 80} 00: 00} 20} 00} 00} 00! 00f 00} 00| 00} 90} 04} 00} 00: 0.0 559
Mar 00} 00} 00} 07} 00; 00} 00} 00} 00} 13} 00i114/124} 00: 00} 00} 00 00} 00155} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00 413
Apr. 00} 00 00} 00} 00; 00} 00} 00: 00} 00 00; 00} 00} 00: 00} 00} 00: 00} 00} 00} 00} 00; 00f 00} 00} 00} 00} 00} 00} 00: 00 0.0
May 00} 00} 00150} 00: 00} 00} 00! 00} 00} 08: 00} 00} 00: 00} 00} 00: 00} 00} 00} 03} 00} 00} 00} 00} 00} 00} 00! 00} 00: 00 16.1
~ [_dun 00} 00f 70} 00} 00! 00} 00} 00: 00} 00} 00} 00} 00} 00; 00125} 25! 00} 53! 00} 00} 00} 00} 00! 00} 00} 03} 05} 1.5} 03} 00 299
8 Jul 00} 50} 03} 00} 00: 00} 00} 15700} 00} 00} 00} 70} 46380} 00} 00 00} 00} 00} 00}145} 13} 00! 75| 00} 00} 00} 00} 00} 00 149.7
SN Aug 00} 00} 00} 00} 00 00} 00! 00} 07} 00} 00} 00} 00} 00: 00} 05} 00 00} 00} 00} 00} 00} 48} 00} 00| 00! 00} 00} 001135} 00 19.5
Sep 00} 00! 00} 22} 00 00} 00} 0000} 00} 78 00} 00} 00: 00} 00} 00: 00} 00} 00} 00 00} 22} 00} 00} 00} 00} 00} 00} 00 00 12.2
Oct 00} 00! 00} 00f 00: 00} 00! 00} 00} 00} 00; 00} 00} 00} 00} 00} 00 00} 00! 00} 00! 00! 00f 00! 00} 00} 00! 00} 00} 00; 00 00
Nov. 00} 00} 00} 00} 00; 00} 00} 00 00} 00} 00} 00} 00} 00: 00} 00} 00 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00 0.0
Dec 00} 00} 00{ 00f{ 00; 00} 00} 00} 00} 10} 50} 00} 00} 00 00} 00} 00 00} 00} 00} 00} 00} 00f 00; 00} 00} 00} 00} 00} 00} 00 6.0
Total 330.6
Month Day 1 2 3 4 5 6 7 8 9 |10 p 11 {12 {13 [ 14 £15 [ 16 {17 (18 | 19 [ 20 |21 |22 |23 [ 24 {25 {26 |27 {28 {29 {30 ;31 Total
Jan 00} 00 00} 00} 00;: 03} 00} 08: 684270 00; 00} 00} 00: 00} 00} 04:113} 00} 00} 00} 00 00f 00} 00} 00} 00} 00} 00} 00: 00 46.6
Feb 00} 00! 56| 00f 00: 00} 08! 04! 00} 00} 00; 00} 00} 00: 00} 00} 00 00} 00! 00} 00} 00} 00f 00! 00} 00} 00} 00} 00} 00; 00 6.8
Mar 00} 00f 00} 00} 00 00} 00f 00: 00} 00 00} 00} 00} 00: 00 00} 00: 00} 00} 00f 00} 00} 00f 00} 00} 00} 00} 00} 00} 00: 00 0.0
Apr 00} 02} 52} 00}f 14: 06} 00} 00} 00} 00} 00} 13} 00} 00} 1.2} 61} 00 00} 00} 00} 00} 00} 00} 00! 00} 00} 00} 00} 00} 00} 00 16.0
May. 00} 00} 00} 00} 00; 00} 00! 00} 19} 00} 00} 00} 00}11.0: 00} 00} 00 00} 00} 00} 00112} 00} 02} 801355} 00} 7.7} 00} 00} 00 155
o |....Jun 00} 00f 00} 00} 00: 00} 00} 00: 00} 001130} 00} 00} 00: 00} 00} 00! 00} 14{150} 00} 40} 00} 00! 00| 00} 00} 00} 83} 00} 00 417
S Jul 00} 00! 00} 00f 00: 00} 47! 00:134} 00} 00:101} 00} 00} 42} 00} 00 00} 00! 00} 12!480! 00f 00! 00} 00! 00! 00} 00} 00; 00 816
™ [TAug [545 1801 00| 002551260 00} 00 00 00} 201621 47| 00 00} 00| 00 0.0/ 00] 00} 00| 00| 00} 20} 00] 00} 00} 00| 00} 00 97 2045
Sep 00} 00} 00} 00} 00;: 69} 12} 00} 00} 00} 00 00} 00} 00: 00} 00} 00: 00} 00! 00} 00} 00207} 00 00} 00} 00} 00} 00} 00: 00 288
Oct 00} 00} 00} 00f 00: 00} 00! 00! 00} 00} 00; 00} 00} 00: 00} 00} 0000} 00! 00} 00} 00} 00f 00! 00} 00! 00! 00} 00} 00; 00 00
Nov 00} 00} 00} 00} 00 00} 00} 00! 00} 00} 00: 00} 00} 00: 00} 00} 00: 00} 00! 00} 00! 00} 00f 00} 00} 00} 00} 00 00} 00 0.0 0.0
Dec 00{ 00{00{ 00} 0000} 00} 00 29} 00 00; 00} 00} 00 00} 00} 00 00} 00105} 12} 00{ 00f 00} 00} 00} 00} 00} 0.0} 00: 0.0 14.6
Total 516.1
Month Day 1 2 3 4 5 6 7 8 9 10 | 11 12 } 13 {14 {15 [ 16 {17 {18 [ 19 } 20 [ 21 {22 {23 {24 {25 {26 {27 {28 {29 } 30 | 31 Total
Jan 00} 00} 00} 00f 35: 00} 00} 00} 00} 00} 00} 00} 00} 00; 00} 26} 27 19} 26} 00} 00} 00} 00} 00! 00} 02} 00} 00} 00} 00; 00 135
Feb 00} 00} 00} 00} 00 00} 00! 00} 00} 00} 07} 00} 004162 00} 00} 00 00} 00} 13} 00} 00} 00} 00} 00| 00! 00} 00} 00} 00} 00 18.2
Mar 00} 00 00} 00} 00;: 00} 00} 00: 00} 00} 00; 00} 00} 00: 00} 00} 00: 00} 00} 00}f 12} 00 00F 00} 45| 00} 00} 43} 40} 00: 00 14.0
Apr. 00} 00! 00} 00f 00;: 38} 261134} 21! 00} 00 00} 00} 00} 00} 00} 00 00} 00! 10} 00! 00! 00f 00! 00} 00! 00! 00} 00} 00; 00 229
May 00} 00f 00} 84} 07 00} 00f{ 00: 00} 00¢ 00} 00} 00} 00 00} 00} 00: 00} 00} 00f 00} 00} 00f 00} 00} 00} 00} 00} 00} 00: 00 9.1
o |.dun 00} 00} 52 00} 00: 00} 00} 00} 00} 00} 00} 00} 00} 44: 00} 00} 00: 00} 00! 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00: 00 96
S Jul 553 04 12} 00} 00: 00} 00} 00: 00} 00} 00; 00} 004220: 00} 00} 00: 00} 00} 00} 00; 00} 05F 02} 00} 00} 00} 00135} 02: 0.0 43.5
~ Aug. 00} 00/ 00} 00} 00! 00} 00} 00: 00} 00} 00} 00} 00} 00: 00} 00100 051250 00540 63| 00}186! 00 00} 16} 00} 00} 00} 00 116.0
Sep 00} 00114} 92} 00: 00} 00} 00: 00} 00 00} 00} 00} 00 00} 00} 00: 00} 00} 00} 00} 00 00f 00} 00} 00} 00} 00} 00} 00: 0.0 20.6
Oct 00} 00} 00} 65{110; 00} 00! 00} 00} 00} 00} 00} 00} 00: 00} 00} 00 00} 00} 00} 00} 00} 00} 00} 00| 00} 00} 00} 00} 00} 00 125
Nov 00} 00} 00} 00f 00;: 00} 00} 00} 00} 00} 00: 00} 00} 07: 00} 00} 00: 00} 00! 00} 00} 00} 00}f 00 00} 00} 00} 00} 00} 00: 00 07
Dec 00} 00} 00} 00f00; 00} 00} 00 00} 00} 00;{ 00} 00} 00; 00} 00} 0000} 00} 00} 00} 00} 00f 00; 00} 00} 00} 00} 00} 00} 00 0.0
Total 285.6
honth Day 1 2 3 4 5 6 7 8 9 10 {11 12 {13 [ 14 {15 [ 16 {17 (18 {19 120 {21 {22 {23 } 24 |25 [ 26 {27 {28 {29 {30 |31 Total
Jan 00} 00! 00} 00f 00: 00} 00} 00} 00} 00} 00} 00} 07} 00} 00} 00} 00 00} 00! 00} 00! 00! 00f 00} 00} 00} 00! 00} 0.1} 00} 00 08
Feb 00} 00f00}{ 00} 0000} 11} 20: 88} 00 00} 00} 00} 00 00f 00} 00: 00} 00} 00f 00} 00} 00f 00} 00} 00} 00} 00} 00} 00: 00 11.9
Mar 00} 00} 00} 50f 00 23} 15} 00} 00} 00} 00 00} 00} 00: 00} 00} 00: 00} 00! 00} 00} 00} 00f 00} 00} 00} 00} 00} 00} 00: 00 838
Apr. 00} 00} 00} 00} 00: 00} 00} 00: 00} 00} 00; 00} 00} 00: 00} 00} 00: 00} 00} 00} 00; 00} 00F 00} 00} 00} 00} 00} 00} 13: 0.0 13
May. 08 00! 00} 00} 00 97/ 00! 00 00} 00} 07: 00} 00} 00: 00} 00} 00: 00} 00} 00} 00 00} 00} 00} 00} 00} 00} 00} 00} 00: 00 11.2
o Jun 00{ 00} 00} 00} 00: 00} 00} 00; 00} 00f 00} 00} 00} 00 00} 00} 00: 00} 00} 00} 00} 00 00f 00} 03} 00} 00} 00} 00} 0.7: 0.0 1.0
=Y Jul 00} 43} 00} 00} 10 00} 00! 00} 00} 00} 00}16.2 1016} 00: 00} 00} 00 00} 00116730510} 00} 00} 00| 00} 00} 13167} 1.1} 00 2718
S Aug 00} 00} 10} 06f 00 02} 00i900} 00} 00} 33:507} 57} 08: 001224106 00} 00! 00} 00} 00} 0.1 {112} 66,234} 00} 00} 00} 00: 00 2266
Sep 00} 00! 00} 00f 00: 00} 00!320} 00} 00} 00 00} 001300 00} 00} 00149} 00! 00} 00! 96! 00f 00! 00} 00! 00! 00} 00} 00; 00 86.5
Oct 00} 00f 00} 00} 00! 00} 00} 00: 00} 00} 00} 00} 00} 00; 00} 00} 00! 00} 00! 00} 00} 00} 00} 00! 00} 00} 00} 00} 00} 00} 00 0.0
Nov 00} 00} 00} 00} 00: 00} 00} 00} 00} 00} 00} 00} 00} 00; 00} 00} 00 00} 00! 00} 00} 00} 00f 00} 00} 00} 00} 00} 00} 00; 00 0.0
Dec 00} 00f{ 00} 00} 00 00} 00{ 00} 00{ 00} 00} 00} 00} 00; 00} 00} 00 00} 00} 00} 00} 00} 00} 00} 00} 00{ 00} 00} 00} 10} 00 1.0
Total 626.9
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Appendix-7 Other Relevant Data

Month Day 1 2 3 4 5 6 7 8 9 {10 p 11 F12 {13 [ 14 15 116 [ 17 18 [ 19 {20 |21 |22 | 23 {24 {25 {26 {27 {28 {29 {30 |31 Total
Jan 00} 00} 00f 00: 00: 00 00} 00} 00} 00} 00f 00; 00 00} 00{ 00} 00} 00} 00: 00} 00 00} 00} 00} 00} 00: 00} 00} 00} 00} 00 00
Feb 00} 00} 00} 00: 00! 00:105} 00! 00} 00 00} 00: 06} 18} 00! 00} 00} 00} 00: 00} 45! 00} 00! 00} 00} 32: 00: 00} 00} 00! 00 206
Mar 431 00} 21f 00: 00 00f 00} 04} 00} 00} 00f 00: 00 00} 00{ 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00: 00 00} 00} 00} 00 6.8
Apr. 00} 00} 00} 00: 00; 00} 00} 00} 00} 03} 00} 06} 00} 00} 00177} 23} 00} 00: 00} 00} 00} 00! 00} 00} 00: 00} 00} 00} 00} 00 20.9
May 00} 00} 00} 00: 00; 25} 13} 00} 00} 00 0.0f 00; 02} 00} 00! 00} 00} 00} 00} 00} 00/146} 00! 00} 00 00: 00; 00} 00} 00} 00 18.6
- Jun 12311 00} 00} 00: 00} 05} 00} 00! 00} 00} 00} 00; 00} 00} 00! 00} 00}165} 00: 00} 85} 00} 00! 00} 00} 00: 00:285} 1.2} 00} 00 78.3
Py Jul 11.2 {196} 00300 00 00} 00} 00! 00} 00} 00} 00; 00} 00} 12} 76! 00} 00} 00: 00} 00! 00} 00! 00} 00} 00: 00:300} 53} 00132 118.1
h Aug 1125 00! 00f 00: 00f 75} 00} 001101} 00} 00} 00} 1.1} 00} 30195 90} 00} 00 00} 00} 00} 00} 00} 00} 50 30 35! 00} 74110 92.6
Sep. 00 00} 00f11.0:252; 48 001155 771 02} 0.0 00: 02 00} 10890} 00} 00} 05: 00} 00} 00} 00; 00} 00} 00: 00: 00} 00} 00} 00 155.1
Oct 00} 00} 00f 00: 00 00f 00} 00} 00} 00} 00f 00; 00} 00} 00{ 00} 00} 00} 00 00} 00} 00} 04} 00} 00} 00: 00: 00} 00} 00} 00 04
Nov. 00} 00} 00} 00: 00 00} 00} 00}/ 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00: 00} 00} 00} 00/ 00} 00} 00: 00} 00} 00} 00} 00 00
Dec 00} 00 00f 00: 00 00} 00} 00} 00} 00} 00f 00 00} 00} 00{ 00} 00} 00} 00 00} 00} 00} 00} 00} 00} 00: 00 00} 00} 00} 00 0.0
Total 5114
Month Day 1 2 3 4 5 6 7 8 9 {10 p 11 F12 {13 [ 14 15 116 [ 17 18 [ 19 20 {21 |22 {23 {24 {25 [ 26 {27 {28 |29 |30 |31 Total
Jan 00} 00} 00f 00: 00 00f 00} 20} 00} 00} 00f 00; 00} 00} 00{ 1.8} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00: 00: 00} 00} 00} 00 38
Feb 00} 00} 00} 00: 20 00} 00} 00} 00} 00} 00} 21} 34} 00} 00} 00} 00} 00} 00} 05} 00} 00} 00/ 00} 00} 00: 00} 00} 00} 00} 00 8.0
Mar 00} 00} 00f 00: 15 00; 00} 00} 00} 00} 00f 00} 00f 00} 00{ 00} 00} 00} 00; 00} 00} 00} 00} 00} 00} 00: 00} 00} 00} 00} 00 15
Apr. 00} 00} 00f 00: 00: 00 03} 00} 00} 00} 25 00: 00} 50} 00{ 00} 00} 00} 00: 00} 00} 00} 00} 00} 20} 07: 00: 00} 00} 00} 00 105
May 00} 00} 00} 00: 00 00! 00} 00! 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00} 00! 00} 00} 00: 00} 00} 00} 00} 00 0.0
~ Jun 00} 00} 00f 00: 00: 00 00} 00} 00} 00} 00f 00; 36 00} 00{ 00} 00} 00} 00: 00} 00 00} 00} 00} 00} 00: 00; 00200} 00} 00 238
S Jul 00} 00} 00} 00: 00: 00! 001300 00} 00} 00} 00:100} 24} 00! 00} 00} 00} 00: 00} 30! 00} 00! 00} 00} 00: 00: 00} 00} 00} 00 454
~ Aug. 00} 00} 00} 00: 55 00 00} 00! 00} 00} 50 00 00} 40} 05} 20} 00} 00} 00: 00} 70} 00} 00! 80} 00} 00: 00 00} 00} 00} 65 385
Sep, 00} 00t 00} 00:150: 47 50} 00480} 00} 0.0f 00: 00 00} 00300465145} 00: 00 00 00} 00} 00} 00} 00: 00 00} 00} 00} 0.0 163.7
Oct 00} 00} 00f 00: 00 00; 00} 00} 00} 00} 00f 00 00f 00} 70{ 00} 00} 00} 00; 00} 00} 00} 00} 45} 00} 00: 00} 00} 00} 00} 00 11.5
Nov. 00} 00} 00f 00: 00: 00¢ 00} 00} 00} 00} 00f 00: 00 00} 00{ 00} 00} 00}f 00: 00} 00} 00} 00} 00} 00} 00: 00: 00} 00} 00} 00 00
Dec 00} 00} 00} 00 00 00! 00} 00! 00} 00; 0.0} 00} 00/160} 00} 00} 00} 00} 00 00 00} 00} 00! 00} 00} 00: 00} 12} 00} 00} 00 17.2
Total 323.7
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Appendix-7 Other Relevant Data

4) Wind (Daily Average Wind Speed, Unit: m/sec)

Yr/D:nth Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1 06: 08 10 15} 16 18 24 1.1 241 08: 0.7} 0.7
2 10! 08} 08: 06 16] 36| 33| 09 18 12} 06 0.8
3 05 1.1 10/ 131 09 21 36| 12 13 09 06! 0.6
4 03: 121 12} 02} 13 28| 35| 24 15 1.1 04 07
5 03: 08, 1.1 19 13] 39| 39 25 13 13} 04 0.7
6 03: 08} 05 15} 12 28| 40| 19 08: 06: 08 08
7 04 13, 1.1 20, 19 20| 39| 24 06 08 08} 1.3
8 07: 13, 14t 15} 15| 33| 19 17 20 07 15 08
9 09 1.1 18/ 16} 07] 32| 15 18 13! 08} 12 08
10 101 11 14 10} 08] 38| 42| 14 15 08} 13 16
11 07: 12 12 08} 22} 22 22, 14 09 09 13 13
12 13/ 161 13 08 22| 5.1 231 19 141 1.0/ 20 05
13 1.0/ 16 12 1.1 08] 35| 3.1 2.1 1.5/ 09 18 0.6
14 28 14 13} 10} 15| 42| 37| 26 24 19 1.7 11
~ 15 121 10 0.7 1.7, 28 25| 35| 1.1 19! 08: 15! 0.6
S 16 1.1 10, 10 20} 13| 40| 29 11 1.1 06 1.1 0.9
N7 08 14 1.1 04, 08| 75| 26 06 1.7 06} 0.7 05
18 1.1 1.7, 15 08 09| 68| 30| 08! 20 07: 10 04
19 07 121 08} 10} 16 29 21 06! 171 06 07 05
20 06: 15 0.7 10, 03 18] 33| 09 09 16 14 05
21 06: 13! 08 10} 14 08| 42| 12 09 25 13| 0.6
22 06: 18 08: 1.1 1.1 19 39| 15 08 2.1 041 06
23 14! 10, 09: 15} 14] 37| 42| 14, 08 24 09 0.6
24 121 09 1.1 28, 08 46| 16 15! 141 09 14 21
25 141 10, 12] 3.1 12| 54| 24 21 1.7 06 10! 1.6
26 1.1 1.1 05 20} 23| 54| 3.1 19/ 131 18 13} 1.3
27 10f 15} 06 19] 3.1 39| 27 18} 1.1 06 05 1.1
28 10/ 15} 04: 18} 23] 40| 22! 09 12 07 05} 15
29 0.9 05 20] 3.1 34 29 13} 09 08: 04 10
30 0.8 08: 28} 12 20 22 21 0.7 1.1 1.0 05
31 1.2 0.8 1.7 28 22 0.8 0.5
onth
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Yr/Da
1 10f 12} 18 07} 19 15 13! 20 07, 06} 0.7 0.6
2 08: 10 25 14, 2.1 07! 10, 06: 14: 06 09 09
3 12 10} 24 15} 28 08 14 15} 16 10} 0.8 06
4 14 06 22: 19} 18 13 12 20 13 09} 0.7} 06
5 1.3/ 121 19 14 1.1 08! 20, 10 09 09 16 08
6 10f 10} 15 12} 08 07] 35 09 17, 10} 12} 1.0
7 12 08} 10 13} 12 14 14, 07 08! 13} 06 15
8 10f 10} 1.7 15, 13 19 06: 07 07 04} 06 1.0
9 1.1 14, 13 10, 09| 37| 15! 06} 08 12: 13} 1.0
10 14 10} 19 12} 13 20 18! 20 06 09} 20 1.7
11 131 06 2.1 13, 1.7 12 19! 15 08 06} 16 14
12 141 10 1.1 12, 18 16 20 07 07! 06 06 05
13 14 13} 04 06} 1.7 14 24 10} 09 06} 05 08
14 08: 13! 0.7 19, 19 08 16 10 02 08} 05} 1.2
ol 15 04: 12 12 14 18 10! 04, 06 09 08 05! 0.7
Sl 16 1.0 21 10/ 19} 10 10! 24 06 08! 06 1.1 0.3
NP7 08: 18 15} 10} 10 10! 20; 06 08! 0.7 2.1 1.4
18 08: 16, 09 13} 10, 26! 20 13 08 08 14 09
19 08: 14 10 28} 10} 12 14, 20 06 10: 15 0.6
20 10f 18} 07 20; 1.1 1.7 11 14 07, 07: 09 0.6
21 08: 10 10} 16 1.1 15/ 16, 18 10 06 09! 09
22 06 1.7: 15 1.1 10, 24} 18 09! 09 06: 06 1.0
23 06: 13, 12 13} 28 1.1 07: 06 1.1 06! 08 1.0
24 06: 08! 16 08] 36 15 10, 07 15 08 09 1.3
25 06: 09, 10 15 20 10: 14, 05 26 08: 10} 1.3
26 1.1 07 07: 22} 2.1 13/ 06 09 25 06 13 1.0
27 12 10} 08 15} 08 19 09 09 10} 06} 06 08
28 15 12 12 20} 14 24 06! 13 12 05} 06 0.7
29 1.0 151 11 15 21 20, 09 14: 05 09 1.0
30 1.0 1.1 1.1 10, 20} 20 09} 07 10: 07 1.0
31 1.5 1.3 0.8 1.1 1.0 0.8 0.9
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Appendix-7 Other Relevant Data

onth

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Yr/Da

11,08} 10, 10 15 11} 15} 19 12| 08 08 1.0
10, 164 12 12 15 .29} 15} 12 124 11 11 1.2
10 241 1.1 12, 08} 15 11 14: 12 08! 10, 06
06: 17} 10, 09} 10 11 16| 09 13 08| 08 0.6
07: 09} 20/ 09} 10 10 20} 08: 10, 10! 05, 1.5
06: 13} 10, 04} 06 19 16 12 12, 06 06 15
06: 18} 20, 13} 07: 22 10 17 13 06} 06 1.0
10, 09} 13, 16 19 13} 09} 20 09/ 11: 06 0.7
18, 204 18 12: 19 15} 19 18 10} 22 . 04 0.7
16/ 17, 16 14} 18, 09 15} 09 09| 24 06} 15
06: 16} 10, 08} 19! 15 13| 13 08, 19! 07, 0.6
10, 14} 08 08: 07: 07} 21} 12 10} 17 08 06
14, 13, 10 11: 10 14} 20} 05, 10} 08 07 04
08: 07} 10} 10} 15: 19 211 09 : 12} 11: 05 15
08; 16 08, 06} 15: 20 16 13 15 10 12} 14

IXSIXSINS IS IS ICF IO INCT [T I CY 1Y PG PG PG JUFG PG PG PG G pEIG PG
ZiojoimiNioalrwiN miolvim|wioginwiNvm{o]@ R NG =

<
§ 08: 15, 09 06} 15 14 25| 10 26| 05 07 14
19 141 06, 14 14 26 171 19 12 08 05 10
10, 16, 08¢ 14 13 29 16 20 06 0.7 03 0.6
13/ 10} 10 07! 14 28 16, 09 06 13} 05} 1.2
06 07} 10 15 13 20 22 1.1 06 13} 07} 20
08 10} 10 14 10 22 21 1.1 19 10 08 0.8
08: 13, 13} 18 09 19: 08 10 16 11 06| 0.8
10, 18, 15! 19 24 17} 10} 15 06 10 06 0.7
10 15} 15 13 25 15! 08 07 06 07 08 06
1.2 11 10, 15} 1.1 121 141 10/ 06 05! 07} 0.7
1.0, 09 07 2.1 18 12+ 13} 10} 05 09: 07} 1.0
10 20} 07 16 25 1.1 16, 10 09! 10! 08} 22
1.1 09} 06: 19: 11 12 18} 13 08 0.7 08 0.7
14 12 08: 07 10: 10} 13} 06 14} 20 1.1 0.7
1.0 07! 22 12 08 23, 08: 15 07 13! 04
1.0 0.7 1.1 241 13 0.8 1.3
onth
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Yr/Da
28 08} 09 10! 19 12 19 08 12} 07} 13} 13
06 05, 08 10! 10 08} 15} 12 13, 08} 1.2 1.1
06! 10}/ 10, 06 12 08 15 1.1 1.0 13 121 0.6
06: 06, 16 10} 15! 08 14, 16 10} 16 08 08
09 15}, 10} 171 09 07 131 14 15 10} 05} 09
1.3 06 1.1 24 10 29} 09 21 19 09 03] 1.0
10f 10} 09: 20! 141 26 1 1.1 20 18 10} 05} 05
16 06, 06 25 18 18 20 25 20 12 08 05
06 10} 10; 23! 18 17 17 06 15! 19! 05} 05
09 10} 10 18} 09 14: 15, 09 19! 09 05! 06
08 14, 06 14 11 09! 12} 12} 10, 06 10} 08
08 08! 10 1.1 1.1 12 23 13 131 19! 09} 05
08: 10 08; 11 13/ 20 14 10} 181 04: 09} 05
09 06, 09 12! 20 13 10 12 21 06 10} 13
s 10, 08, 06: 15 08 09! 19 15 26 07 05! 1.0
§ 10/ 13} 06 15! 14 15 20, 21 121 19 1.1 0.7

09: 10} 104 12} 13 10 12} 15 18 21 12} 1.0
09: 15} 20} 10} 25: 07 161 10 : 24| 08 16, 05
07: 14] 19, 09} 25 06 10 15: 10, 10 08 1.0
10, 06} 10 08! 24 05} 13| 15 08| 06 : 03 05
18 10} 12 06 12 13} 15} 17 09| 05 05 03
10, 13}, 22 10: 13 12} 18} 10, 13} 07 03 03
14 1.1 1.1 14, 191 20 17, 06: 19 08 04 04
11,09/ 07 13: 14 21} 16} 13 171 07 06, 05
10 12, 07 . 24, 09 15} 10} 15 10, 08 06 0.7
1.1 13, 11, 20, 19 10: 15 1.0} 10, 05 04, 09
1.1 13, 12, 20 15 20: 23 10/ 09 08 : 10, 08
1.2 10 1.1 15 13 17 23, 15 08} 05 14 05

(X IXIINCTINT ST INY IR IS IO} [ \CF ICY JEG (NG JG PG PG JRFG PRV JRIFG PTG PV
ZiojolmiNiojalr N —miojvimiwlogirwivimo|@R NP GAWIN =

1.0 10, 06 20, 30} 17} 15, 08| 06 18 0.6
1.1 07: 09 14, 08 16/ 12 . 05{ 13 13 0.7
0.8 1.2 1.5 07, 14 0.7 0.5
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Appendix-7 Other Relevant Data

onth Jan | Feb | Mar | Apr { May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Yr/Da
1 18 04 13 11 15 24 05 141 06: 09 05| 0.6
2 1.3 05 08 1.1 16 17 10} 16 17 07 05| 04
3 07 14 06, 1.1 14 15 12} 191 24 09! 05} 0.7
4 07 18 07, 05! 13 14 20, 17, 10} 05} 04} 14
5 25 14 05, 08 09! 13 15} 20 07 04 03} 0.7
6 141 04 12 11 10 13 191 19/ 06 03 05} 08
7 15 05 131 08, 09 13 15} 15, 09 03, 10} 0.6
8 05 08: 19, 06 09: 12 16! 10! 10! 03 08| 05
9 05! 07 18, 20 25 1.1 191 10, 08 06, 06| 0.6
10 04: 06 13 26 12 09 23, 10! 10} 08} 06} 0.6
11 12 07 141 241 10 10: 14} 06, 06 10 06} 04
12 08, 08 10, 19 10 13 10} 10 10! 08 08} 08
13 03; 10 10, 14 07 20 17} 09 08 14 10} 0.7
14 06, 06 12, 16, 08¢ 15 20} 10, 10: 25 09! 10
o 15 02 10 08} 17! 22} 15} 0.6 1.1 06! 05 10! 038
S 16 12 09 08} 22 19 18 06} 08 06 07 11 0.8
N7 07, 08: 06, 15 22| 3.1 10} 08, 10 06, 15} 08
18 05, 06 10, 13/ 13} 09 17, 06 10 06: 10} 1.1
19 07 05 14, 17 11 10 17, 08 09 06 06, 10
20 08 04 22, 17 26} 10 20| 1.1 1.1 241 151 04
21 14, 06 14} 14 10! 06: 22 20, 06 10: 1.0} 0.6
22 1.0 06 1.1 1.1 14, 08¢ 17} 10} 07: 09: 10} 04
23 15 15 14} 15 12 08 18} 10, 16 08 08| 04
24 12 08 141 14 141 12 18, 10, 06 08 10} 05
25 03, 07 14, 08 14 19 27} 13 06 09 10| 0.6
26 1.1 06 17 09 12 28 20} 12 06: 07 1.1 0.7
27 06 09 15, 09 06: 18 19} 15 12 06 10} 0.8
28 06: 16 15 06! 12: 24 20, 18 06 06 08| 0.6
29 04 1.1 14] 30] 16 20, 121 05 06, 06| 0.6
30 0.6 121 15, 20 22 18 06, 05 06 06 06
31 0.6 0.7 0.8 09| 06 0.6 0.5
onth
Jan | Feb | Mar | Apr { May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Yr/Da
1 04: 03 07, 1.1 06: 06 06| 34| 22 06} 06 27
2 04, 03 06, 1.1 08 03 03} 26 28 05 131 20
3 06 0.1 05, 1.1 25 05 08} 27 27 05 08} 22
4 06, 06 13, 03 07 08 10| 36| 12 05 12| 1.6
5 06 03: 13} 03 06 02} 09 22| 3.1 06 04} 14
6 08: 03 1.1 03 03 07 09 22| 56| 0.1 03 05
7 03! 03 1.1 04 07 08 08| 30| 45| 04 28 08
8 06 0.1 09, 03 19! 06 07 24| 3.1 03 02} 10
9 06 08 16, 06 07 02 09| 33| 20 05 05} 1.7
10 08 14 17 00 06} 07 06} 23 22: 03 03! 20
11 06, 10 14, 06 06 03: 06| 3.1 38| 03 00} 23
12 03: 03: 10, 1.1 05: 05 06 29 12 04} 10} 20
13 03 06 07, 1.1 06 08 1.1 38| 16} 03 08} 12
14 0.1 07 06, 07 06 06 1.1 38 1.1 04 06| 1.8
~1 15 03, 04 08, 07 06 1.1 1.1 43] 22 04 05| 0.6
S| 16 04, 04 05, 08 07 03: 07} 2.1 1.3 03 0.1 2.0
N7 04, 03 09, 07, 04 04 08} 22 12 05 08} 19
18 04 07 07 10! 04 05} 05] 34| 15} 01 02| 21
19 03 0.1 06} 06, 07! 03: 14} 23 2.1 03! 04} 08
20 03, 08 18, 03 06 07 10| 30| 19! 03 00} 1.2
21 03 06 09 03 06: 05 1.1 20| 3.1 03 08} 1.3
22 03 07 10, 06 05 07 12} 26 25! 07 00, 1.8
23 03: 04 09, 11 06 1.1 05| 25 12} 0.1 041 1.0
24 03 03: 10, 07! 07! 10 06} 29 13! 02: 06 1.1
25 08 03: 06 06 10 09} 06] 32| 1.1 03 05| 07
26 03, 03 08, 03 12! 09 09| 34| 09! 03 05 0.6
27 04 1.1 08, 03 08 09 09| 35| 15 03 02 10
28 03, 04 07, 14, 06 08 05 29 24: 03 04 04
29 0.3 08} 06 04: 15 09| 30| 20 02 17} 1.2
30 0.3 07} 06 06 09: 12 27| 30| 03: 20} 1.3
31 0.3 1.5 04 08} 15 0.1 1.6
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Appendix-7 Other Relevant Data

onth Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Yr/Da
1 24 15} 1.7 20} 12 20 19| 30 18 1.1 0.7 0.2
2 05 16 13 03] 24 09 15 20, 13 12 08 0.2
3 13/ 18 16 151 12 28 21 171 191 15 07 02
4 15 231 18 23}, 24 12 25 18} 23 12} 08} 0.1
5 10, 22 19 20 21 27| 30| 16} 16 24: 16 0.1
6 05: 16 13] 33| 27 19 21 161 251 25 05 14
7 05! 25 10 13} 28 10: 18 1.1 251 221 0.1 1.2
8 06: 10 20 25, 12 25 27 14 151 14 03] 3.0
9 1.1 28 15 17| 40| 36| 20| 4.1 14 13 05} 1.2
10 1.0] 39| 1.2] 3.1 18 32| 1.7 13} 16 17} 02} 1.3
11 15 28 08 22| 21 10 10} 12} 07 10 04 11
12 26 18} 14: 15| 18 20} 22 22| 09 12} 07: 10
13 1.3, 24 15 15, 20 1.7 10 2.1 1.1 101 22} 0.7
14 1.0, 08 16 14] 40| 26 21 18/ 13 15 13 05
ol 15 00 18: 14 24, 18! 21 20 13} 10| 35| 10} 0.3
S 16 02 09 17 26, 14 26 19 13} 10] 33] 05 1.2
N7 09: 19 08 23} 19 18 13 17} 13 12 06 1.1
18 19 14 13 13} 171 24 22 16 10 1.1 05 0.1
19 07: 06 13 04, 20 28 15 221 30| 12 0.1 1.0
20 1.3 07 141 1.5] 3.1 2.1 1.1 101 131 19 03 24
21 09 14 14 171 27 17 18 18} 19 15} 13} 0.7
22 13/ 121 09 16| 34| 15 20} 09 22 12} 07} 1.0
23 22 23} 10: 18| 12 20} 13! 15| 30| 05} 03: 09
24 02 2.1 1.7 14, 16 23 16 17} 10, 02 05 09
25 06: 14 15 13} 23 15 18 09, 14 05 02 09
26 09] 34| 21 271 181 2.1 22: 10| 09 05! 08: 0.3
27 2.1 26 14 14, 10 18 19 14, 05 0.7 0.1 1.0
28 15/ 15 05 13} 05| 36| 22 29, 15 05} 02} 0.7
29 121 07 20 14 06| 34| 23 16 241 25 1.1 0.5
30 0.6 03 1.1 1.1 19 17 151 16 06 09 11
31 1.6 2.0 1.5 26 16 0.7 0.7
onth
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Yr/Da
1 04 04 05 08 05 25 21 251 231 23 09! 0.7
2 07 03 03 07 13 0.1 15 19, 06 09 05 09
3 1.1 06 03 12} 09 12} 29 25| 25 14 06 08
4 05! 14 02 10} 19 09 20] 3.1 24 07} 04: 08
5 04 07: 02 13} 27| 32| 22 23, 12 02} 06} 0.9
6 0.1 121 04} 231 1.1 26 20 27| 35 041 06 14
7 04 14 041 10, 10, 10 16) 32| 03 04 08 11
8 04 13 041 29| 09 09 24 18, 08 07} 1.1 0.7
9 0.1 14 141 181 20, 29 17 29} 251 19 12} 06
10 0.1 1.3 0.1 04} 13/ 09 25 20, 10 22} 13! 0.7
11 03: 15 02 21 1.7, 08: 20 15 181 10 12 0.2
12 09 13: 0.1 09} 13, 13 19: 18} 14 09 1.1 0.2
13 04: 29 02 03] 18] 32| 23] 3.1 1.3 1.1 06 1.1
14 08] 35| 02 11 121 22 29 26, 151 09 08 09
ol 15 16 1.1 0.1 291 121 40{ 0.1 40| 1.7 12} 05 02
Sl 16 0.1 12 02 15} 13, 22 18 23, 28 08 1.1 0.2
N7 16 1.1 0.1 26/ 15 10 04 1.7, 08 10} 07: 10
18 06 0.1 05/ 14} 15, 07: 15 23} 20 14 1.1 0.9
19 141 05 13 22 1.1 08: 23] 35| 24 17} 18} 0.7
20 25! 03} 05! 04} 13! 25 29! 21 16 10 13 06
21 121 02 21 191 09| 33| 25 241 201 11 06 10
22 14, 06 05 12 29| 39| 30| 33] 11 08: 07 25
23 05 03 0.1 2.1 24 221 13 2.1 16 07 06} 0.2
24 07 13 12 121 17 28 16 1.1 151 131 11 1.0
25 05 0.1 2.1 02} 29 25} 1.7 20} 23 10! 14! 10
26 05! 04 02 05} 20 20 18 15, 14 06 14 05
27 03: 03 12 02} 13, 28 18 20} 15 09 14 0.2
28 03 04 17 05, 04, 25 29 14, 03, 09 04 10
29 1.5 06 04} 03, 20 28 14} 22 07 12} 0.7
30 1.5 09! 08} 23, 18 28 14 22 1.1 09 03
31 2.0 1.3 1.7 30| 28 1.2 1.2
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Appendix-7 Other Relevant Data

Yr/D:nth Jan | Feb { Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1 1.1 121 02, 1.1 16 191 19 14 10 06 1.1 0.6
2 10 08} 15} 16 15| 38| 3.1 15 12 05} 02 0.2
3 05! 05! 05} 13 14 24 23 21 02 06 07 09
4 1.1 05! 07 11 09 31 27 24 11 121 20! 0.9
5 16 08 07} 12 19: 24| 43| 27} 27 05, 09 1.1
6 1.1 171 17, 18} 17 13} 25! 26 17 02| 08} 05
7 08: 14, 07} 15 18: 17/ 29} 17 10; 09, 10} 1.2
8 09| 32 171 18 12 24+ 21 03] 34| 10} 08 05
9 1.3]1 39| 05 1.1 181 2.1 2.1 24 25 05 09} 23
10 08| 35| 12} 14 09| 30| 21 1.6 1.7 12 1.1 0.6
11 15/ 19} 13} 14 15 17 22 15 13} 1.1 07 1.7
12 15 09! 07} 15 16 16| 32| 27 131 21 08 12
13 23 177 13, 13} 06: 19] 3.1 22 14 16 09} 0.2
14 18 19! 05} 13 18: 29 22} 1.1 07, 13} 07 05

ol 15 15 241 1.1 2.1 121 33] 19} 17 15 03} 02} 0.2

§ 16 19! 161 21 18! 26 16 17 23} 05 07, 03 19
17 14: 16! 07} 14 25 22 16 13 09: 10} 03 24
18 17 19! 04} 25 17| 37| 15 02] 34| 05} 03 14
19 1.7: 02 14} 14 14 10| 44) 02 13} 0.1 02 0.5
20 1.1 05! 10} 22 17 05 25} 15 16! 06| 04 0.6
21 13: 07, 09 30 1.1 25, 19} 10 15 08 04} 10
22 131 1.1 131 22| 36| 21 09 14} 12 28} 02 0.1
23 1.1 181 1.1 16 13: 20} 09: 17 28 08} 08 0.1
24 15 05} 12} 15 14 22 13 23! 16| 21 04 14
25 1.2: 06! 06} 16 1.1 32| 08| 30| 15i 10, 141 0.7
26 06! 07! 03] 13 18 2.1 2.1 29 251 09 13! 05
27 02! 06 12} 16] 32| 23| 32| 241 1.2 0.1 1.5 04
28 02 05! 15} 16 23 2.1 3.1 26 20, 13 07! 08
29 2.0 14, 18 13| 3.1 32| 24 171 1.1 05 0.2
30 1.0 12 1.7 13: 03¢ 13 12} 13 07 03 1.7
31 1.3 0.3 3.6 1.1 2.3 0.5 1.8
onth

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug i Sep | Oct | Nov | Dec

Yr/Da
1 221 171 23, 2.1 19 28, 26 08 10 1.1 08 0.5
2 15! 18/ 13| 32| 17 23 06 14 07! 13} 06 0.6
3 12 10, 05| 40| 13: 12} 29} 20 08 13 06} 1.0
4 15! 02} 07} 17 20 10; 06 23 16 14} 08 04
5 1.7 19 141 36| 16 1.7, 15} 09! 07 10} 06} 0.3
6 121 2.1 1.1 27| 33| 21 13/ 16 07 08} 13} 0.6
7 09 121 16} 13 27 12} 22 11 03 12} 10 0.8
8 03 22 15} 18 07 17 19 18: 08 03] 09 07
9 07 16 30| 26 15 06 13 07 13! 07} 06 0.6
10 12: 16/ 25} 10 27 1.7 09} 17 05! 08} 09 1.6
11 07 20! 07} 29 28 13: 10, 15: 04 16} 19 10
12 04 271 1.1 28 29 28} 15} 24 13 12, 1.7} 09
13 06 25 12} 12 29 17} 14 13} 18! 12} 08 0.6
14 12 23 22} 10 12: 05} 24 13! 08 09 08} 0.6

—i 15 17] 32| 19} 07 18 07 15 13: 14 08} 09 0.2

é 16 16 231 18] 42| 21 13, 16 11 111 08} 12} 1.9
17 08 171 10} 25 20 17 16 1.1 07: 09 09 24
18 02 12 171 1.7 19| 35| 11 14: 09 08} 03: 14
19 23 18 15, 17, 20: 18 10 09 19 08| 06 05
20 1.1 19 29, 07} 10 21 19/ 26 08: 13 07} 0.6
21 16! 25 21} 05 19 1.1 14 03! 08 05 08: 10
22 12: 18 22} 16] 55| 10{ 10} 08 12: 13} 0.1 0.1
23 05 07 17} 12 21 08, 22 13} 18 20} 03 0.1
24 07 174 16} 17 17 04 22 24 11 08} 03 14
25 10 16, 14} 20| 52| 03} 22 14: 14 09, 06} 0.7
26 13 16} 12} 22 17 20} 11 05 10 09} 03 05
27 2.1 1.0 13, 13| 40| 21 1.1 18 13 16} 05 04
28 23 07 22 23} 1.7 24% 14 15 14 08} 04 08
29 1.3 14, 22 20: 13} 10 12} 15 09 06 02
30 1.2 16, 18 19: 17 06} 0.1 15{ 10} 06} 04
31 0.9 1.8 1.0 0.7 05 0.8 0.6
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Appendix-7 Other Relevant Data

onth

Yr/D3 Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

05 13} .09/ 07} 11| 32] 06} 19 15, 06} 07 1.5
06;: 141 11 11,05 19 18, 25: 10} 10 09 05
10/ 09, 10 08} 06 20 214 29} 10} 10 14} 05
07: 12} 22} 11, 07 19 25{ 21 13, 08 09 1.2
03 2.1 16, 11 14 19| 33| 12 111 07 12 14
08: 22| 14} 12, 06 21 18 06 11, 14 07, 1.0
08: 24) 32| 10, 09 11] 31| 09 : 13 13! 081} 1.1
0.1 1.7, 15 11, 06, 08 10} 12 28, 10 07} 08
1.1 19, 10 11, 18 20: 09} 16/ 08, 11: 13| 06
08: 14} 08/ 11} 09 25 11 19: 21, 17: 08 08
1.3, 09, 09 16} 13 11} 22} 13: 08 06 05 0.7
15 121 1.1 14, 211 10 13 16: 07} 11 04, 10
05: 13} 13/ 12, 09} 15 . 191 12: 09, 15 03 1.2
05, 08, 12 11 11, 22 21, 18 16, 08: 10} 03
16 191 11 14, 25 15 21 15 24} 19! 11, 0.7
09, 13, 09 20 09 18 12 09 18 04 06, 0.7
09: 11} 06, 15, 09 23 15: 09 : 11, 06} 05, 13
15,20, 06, 09: 08 18} 25, 15, 04| 08 07 09
08: 14} 241 10/ 09 09 21, 23 05} 08 12} 19
06: 09) 31| 29} 11: 18 20} 10 11 03} 15} 1.1
09: 10} 10} 11} 07 24) 35| 21 11, 09 07} 1.1
08, 19, 18;: 21: 07, 28 13, 27. 12, 08: 09 09
17,12, 09 . 17: 05 20} 11 18 04} 16 09 : 08
06 2.1 18, 09/ 07, 27 21 10: 09} 06 . 08 0.7
1.1 16, 07 10 16 16 16 17} 11, 08 13, 09
13, 23/ 11. 09 04 13} 18} 19 13| 03 : 06 08
181 .24 1.1 1108 14 09, 13 . 09} 04 13 08
16, 1741 14, 10: 07 11} 09} 24 10} 07 09 08
13, 12} 21..27:. 07 14} 111 12: 09} 08 11, 06
1.6 13, 16: 09 . 21 10, 08 06, 06 14 05
1.3 1.8 0.9 117 11 0.6 0.7
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Appendix-7 Other Relevant Data

5) Natural Disaster
The Number Classified by Seismic Intensity of the Earthquake Observed in Pakistan (1900 to 2013)

Magnitude in Richter scale Highest

Year [ known] ~ 3.0 |3.0~309]40~49]50~59]60~69]70~79] 80~ | '°? | tremor
1909 1 1 7.0
1928 1 1 6.6
1931 1 1 2 7.1
1935 1 8.1
1945 1 8.0
1947 1 1 6.9
1966 2 2 4 6.8
1972 3 3 5.9
1973 12 8 20 5.6
1974 8 5 2 15 6.2
1975 11 5 16 55
1976 4 1 5 5.3
1977 7 4 11 55
1978 1 9 5 15 5.5
1979 10 10 4.8
1980 12 3 15 5.4
1981 14 3 17 54
1982 8 4 12 5.2
1983 1 11 12 4.8
1984 1 18 7 26 5.6
1985 15 5 20 5.7
1986 1 12 2 15 53
1987 2 13 1 16 5.0
1988 17 2 19 55
1989 15 15 4.7
1990 27 8 1 36 6.0
1991 1 24 3 28 5.6
1992 10 29 10 49 5.9
1993 11 5 17 5.6
1994 8 2 10 5.5
1995 4 14 1 19 5.6
1996 7 17 3 27 5.2
1997 81 126 9 1 1 218 7.1
1998 8 29 3 40 54
1999 3 15 6 24 5.7
2000 4 14 1 1 20 6.0
2001 2 16 3 21 5.2
2002 6 26 1 33 58
2003 1 14 1 16 5.0
2004 3 21 5 29 55
2005 288 287 46 1 1 624 7.6
2006 77 47 3 127 5.2
2007 22 33 4 59 55
2008 87 80 7 2 176 6.4
2009 1 15 6 22 55
2010 19 8 27 54
2011 25 3 1 29 7.2
2012 28 3 31 5.4
2013 1 50 7 1 1 60 7.7
Total 0 613 1171 208 14 6 2015 -
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