whole,-increésinq year by year mainly due to the extension of
facilities, and that the monthly variation of production is less,
The safe yield from stream surface water is, therefore, considered
to be the lowest production, for each head works, in the recent five

yvears which corresponds to once in five years level.
3.3.3. Groundwater

In thé Project area, groundwater is received from aquifers of
_graﬁel and sand layers contained in alluvium. Based on the existing
data_of wells and geclogy, seven potential zones of well field have
been investigatéd as shown in Figure III-7. Although it is
inevitable that a large scale water balance simulation of the entire
groundwater basin is to be examined to comprehend availability of
groundwater,-sﬁch data are not available for the time being sinbe
monitorings for the existing wells have not been carried out.
Available source of groundwater recharge is, therefore, estimated st
20% of annual rainfall, Among the existing developed areas, no mo}e
intensive development is desirable in the Sectoral area and
Rawalpindl area. Especially Rawalpindi area has been seriously
overdeveloped. Since waters drawn from tube wells are, from _
econoﬁic point 6f Qiew, to. he distributed nearby areas of wells,

. only Weét_Sectoral area, Southwest Sectoral area and a part of West
RaWalpindi'area have a possibility for'development by the end of the
target year of 2000 A.D. Availability of groundwater at present and

in future is estimated as shown in Table I1I-9,
3.4. Water Balance in the Year 2000

The existing and proposed yields from surface water and
groundwater are listed in Table III-10, Firm yield from surface
waters of'stfeém was estimated on the basis of the actual
achieuemént of water production under the assumption that the lowest
valué_obserVed in the past.five years would correspond tc the safe
yield of order of 5-year return period., Firm yields from the

storage reservoirs have been evaluated in detail through water
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balance-computations. Production of groundwater was estimated from
the iﬁdividual well data and possible developments in future, and
the safe yield.was obtained multiplying average production by 80%
taking.into account the reduction of produétibn during dry sumuer
;Period. |

The water demand is defined as the quantity of water to be
supplied and consists of water'consumptibn and losses. For both
islamabad and Rawalpindi, water demands have already been computed
oﬁ the basis of unit water consumétiOHJ service populatidn and

estimated rate of leakage and wastage.

Taking intc account the phasing plans ¢f water resources
development, firm yields and demands by year are compared as shown
in Figures III-8 and ITI-9 for Islamabad and Rawalpindi,

respectively.
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TABLE I¥i-10 EXISTING AND PROPOSED YTELD OF WATER
{Average per day)

Water Scurce Ezggggfgi_ ggggﬂé;g_ __Remarks
Islamabad
shahdara H.wﬂf 1.4 .
Nurpur H.W 0.5
Saidpur H.W 0.6 .
Golf Course (0ld) 2.1
- do -~ (Wew) 1.7 1.7 _
G-10 H.W 1.9 3.8 by the end of 1986
Kurang H.W. . _ 3.2 by the end of 1986
Tube Wells in National
Park Area 6.4 10.4

Taube Wells in Sectoral Area 3.0 9.0

Sub-total 17.6 $32.7

Rawalpindi

Schan Camp T.w§/ 2.8 2.8
PHED T.W 3.6 3.6
RMC T.W 4.8 4.8
cB T.W 2.0 4.4 in a few years
MES {Army) T.W 0.6 0.6 '
MES (PAF T.W 0.5 a.5%

Sub-total o143 6.7

Total 31.9 9.4

Motes: 1/ Unit in MGD.

2/ As of July, 1984. . :

3/ Production of water from storage dams are excluded.

4/ H.W.: Head works

5/ T.W.: Tube wellsg

6/ Firm yield from surface water is estimated based
on the actual achievement of water producti@n,'takinq
the lowest value obhserved in the past 5 years.

7/ Firm yield from groundwater is taken as 80% of average

o production, taking into account the reduction of
production in dry summer period.
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CHAPTER IV. ALTERNATIVE PLAN

4.1, General Description

In order to verify least cost water conveyance systems of
¥hanpur water, the comprehensive coupavison study was conducted
based on data/information collected, review of existing study
reports, detail field survey, strategies of urban water supply
development and design criteria and results of series of discussion

meetings with Pakistan Governmental authorities concerned.

Design capacities of conduction main from the Khanpur reservoir
are 150 MLD {33 MGD) for Islamabad and 316 MLD (69.37 MGD) for

Rawalpindi as annual average of daily water supply.

Available topographic maps for the study are mainly of scale 1
to 50,000 in the entire Project area and of scale 1 to 21,120 in the
majority of Project area except north-eastern part of Margala hills.
In addition to the above, aeroﬁhotogréph with a scale of 1 to 20,000

in the Project area is available.

¥Most suitable system proﬁosal from Khanpur rveservoiy up to
service reservoir through conduction main, water treatment plant and
distribution pipelines was made through several procedures such as
field reconnaissance, paper location layout, detailed field survey,

preliminary design and economic evaluation.

The conduction main proposed for the urban water supply systems
will be of a closed type such as pipe conduits, tunnels, syphons and
so on, because it prevents the supply system from dust fall, -
proliferation of water weeds and injury by cattle, and is easy to
operate and maintain. In selecting the routes of conduction mains
every endeavour has been made to shorten the length of routes as

much as possible, taking into consideration the interrelation of
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tunnel length and pumping lift since the head required for pumping
decreases as the length of tunnels increases in addition to

topography and geology.

Preliminary design of the facilities for each alternative was
carried out taking into account not conly technical and economic

aspects but also staged development plan of the water supply scheme.

Economic justification of alternative plan was made on the
basis of the EIRR (Fconomic Internal Rate of Return} which can be
estimated based on the project cost, operation/méintenance cost

including replacement cost of equipment, and benefits,
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4,2. Review of Existing Study Reports
4,.2,1, Previous Study Reports

Previous study reports on the Khanpur water conveyance project
have been issued by various agencies and consultants for cases to
convey water to Islamabad only, Rawalpindi only or

Islamabad/Rawalpindi combined.
Qutlines of major reports are summarized as below;
A. AEC (Allied Engineering Consultants) Lahore in April 1977

AEC, retained by PHED of Punjab, prepared a feasibility feport
for conveyanée of water from. Left Bank Canal taii'of Khanpur Dam
near Nicholson Monumént to Rawalpindi. The report indicated a water
demand of 69 MGD for Rawalplndl city and cantonment by the year
2000. It proposed the water treatment plant near the outlet of the
.canal and then pumping of water through Golra to Lunda village, the
bifurcation point for Rawalpindi MC and.Cantonment Area, The
projec£ wag considered by PDWP in September 1978 but was deferred
for the preparation of P.C-I for carrying out a comprehensive

feasibility report.
"B. Republic Engineering Consultants Lahore in July 1979

The study proposed storage.of raw watef, treatment plant near
raw water étqrége tank and pumping of water to Shah Allah Ditta from
where water will gravitate, In November 1979 REC submitted to
CDA a feaéibility.report of an alternate route, shifting the intake
point from Left Bank Canal tail to RD-38400 of canal, with a plan
that water is conveyed to bhah Allah Ditta through a tunnel

However, no detail study was carried out in this respect.
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¢. MNESPAK (National Engineering Service Pakistan) in June 1980

NESPAK submitted to CDA a preliminary design and feasibility
report on supply of the Khanpur water to Islamabad. NESPAK examined
various alternatives to divert the Khanpﬁr'water difectly from the
reservoir or throungh the already completed LBC and proposed a plan
with a least cost solution. Focus of the study was selection of
the least cost conveyance canal route for mainly Islamabad. area.
Five possible alternative plans were étudied, of which three have a
tunnel plan and remainder are without tunnel works. Final plan
proposed was a routé from Khanpur reservolr to Shah Allah Ditta

through Tarmakki tunnel. -

D. AESL (Associated Engineering Services Ltd.) Canadian

Consultants appointed by ADB in Augﬁst 1980

The AESL examined the problem of water supply and sewerage for
Rawalpindi and Islamabad collectively,.placinq their focus mainly
upon groundwater development. The ABESL also carried out
comprehensive studies of water supply needs for Raﬁalpindi'and
islamabad combined, in which various alternatives on water supply
from Khanpur were proposed on the preliminary planning basis with
selection of the best solution for a combined supply to twin cities.
Final proposal in the study is utilizing LBC to convey water to
Maragal treatment plant, from which water is 1lifted to Shah Allah '
Ditta reservoir for the higher zone of Islamabad and to Tirnaul and

Fomar reservoir for Rawalpindi and lower Islamabad zone.
4,2.2. Problem Area and Necessity of the Comprehensive Study

Previous study reports menticned above are very'useful for
the purpose of project justification and .implementation. The'scope
of work, strategies of development plan and basic concept df tﬁe
project, however, are quite different individually as discussed in

detail in Chapter 1 of Appendix-B.



'Major constraints of the NESPAK report are summarized as below.

- The design capacity for Islamabad and Rawalpindi is about
60 MGD and 125 MGD respectively which were calculated from
the peak summer day demand. These values are about 1.5

times of average summer day demand, and are rather over

estimates as compared to optimum values.

- The beneficiary'area of islamabad by the Khanpur water 1is
spread mainly over the sectors 10 to 12 series, whereas
for.Rawélpindi service areés are not specified due to the
conception of the Project as a supplemental water supply

.scheme.

- The several data and pieces of information are very useful
for further study and project implementation. Design
concepts, however, wouid require some modification or

chénges to meet the project requirements.

on the other hand, the AESL report has been compiled on the
basis of comprehensive study for water supply and sewerage plans in
Islamabad and Rawalpindi. Major difficulties of the proiect are

described as under.

S Available water of Khanpur reservoir is assessed to be
about 116 MGD as an average instead of 186 MGD suggested
by ﬁAPDA. Apportionment of Khanpur available water are
revised at 40,5 MGD for both Islamabad and Rawalpindi from
criginal proposal of about 33 MGD for Islamabad and 69.37
MGD for Rawalpindi.

- Some discrepancies have been notified between the

report and this study on purpose in Rawalpindi.

Overall study on the Khanpur water supply project, therefore,

is required from the viewpoints mentioned above.
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4.3. Staged Water Supply Scheme

4.3.1. General

The required urban water for the twin cities of Islamabad aﬁd
Rawalpindi is presently received from the Simly and Rawal
reservoirs, stream flows and groundwéter sources such as springs and
rubewells., Khanpur reservoir has a prdposed water supply capacity
of 308 million cubic meter per year for multi—purposa:demands and
would contribute to meefing future water demarids required in the

twin cities in the target year 2000,

The water demands to be provided to twin cities for respective
target vears have been discussed previously in Chapter 1I1I of this
report. These demands were estimated based on the projected

population and unit water demand in various sectors,

The staged supply schemes of Xhanpur water are established
taking into consideration the balance of water demands and
production capacity and water'resources'availability analyzed

thrcugh simulation of respeétive reservolyr operation.
4,3,2, Development Plan of Khanpuxr Water

The relation curve between avefage/maximum daily demands and
production capacity of twin cities in reépective target years are
shown in Figures II1I-4 and III-5. The fqllowing fhree staged
development plans of the Project up to thé target year 2000 were

made through assessment of previous plan.
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A. TIslamabad

Production Capacity of Treated Water

Phase Year werage Masximam Percent
MLD (MGD) MLD {MGD}
1st 1986-1990  67.8 (14.9) 84.2 (18.5) 50
2nd 1991-1995% 33.¢ ( 7.4} 42.3 { 9.3} 25
3xrd 1996--2000 33.6  { 7.4) 42.3 ( 9.3} - 25
Total 135.0 (29.7)  168.8 (37.1) 100
ﬁote: 1. Average production capacity is given by multiplying
average daily raw water supply by efficiencies of
conveyance and water treatment.
33 MGDh x (1 -~ 0.10) = 29.7 MGD
2. Maximum preduction capécity is giveh by multiplying

B. Rawalpindi

average production capacity by ratic of maximum
seasonal fluctuation,

29.7 MGD x 1.25 = 37.1 MGD

Production Capacity of Treated Water

Phase Year Average Maximum Percent

i MLD {MGD) MLD {MGD)

1st 1986-1990  142,0 (31.2)  177.5 (39.0) 50

2nd 1891-1995 71.0 (15.6) 88.7 (19.5) 25

3rd 1996~200Q0 - 71.0 (15.6) 88.7 (19.5) 25
Total 284.0 (62.4) 354.9 (78.0) 100

Note: Definition of production values is the same as for

Islamabad.

According to the results of Khanpur resexvoir operation,

available water resources of the reservoir is about 75 percent of

proposed water demand, that is, 33 MGD for Islamabad and 69,37 MGD

for Rawalpindi respectively.
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Therefore, supplemental water supply for 25 percent of proposed
water demand as a deficit would be procured from other water

resources.

The conclusion mentioned above has been confirmed with mutual

understanding between CDA and the Study Tean.



4.4, Desigﬁ Criteria
4,4,1, Hydraulic Design

_ The ManninQ'S formula is applied for open.channel and tunnel
where the Reynolds numbér and roughness coefficient are considered
to be relatively large, while the:Hézen~williams.formﬁla is selected
for pipeiine'where flows of transitional region between smooth and

rough are expected.

In consideration of safe and easy operation and maintenance of
conduction main and appurtenant structures and equipment, allowable
véiocity'aﬁd or standard design velocity are determined as discussed

in Chapter IXI of Appendix-B.
4.4.2. Conduction Main
A. Water Head Allocation

As a basic'conception of water head allocation, it is required
for a water conduction system that an overall construction cost is’
to be minimized, by means of allocating more head (available water
head} to such structures that need high construction costs {steep)
and allotting less head to the structures that require low costs
(gentle). The Khanpur water conduction main systems involve tunnel,
pipeline and syphon as the major structures. Among these_'
étruétures, difference 6f per unit length construction coét is
feiatiﬁely small and lifting of water by pumps inevitably be
necessarj for each alternative plan. Considering that the total
lenéth of conduction main by alternative plan varies with a range
from 6.5 km to 12.5 km with required lifting head from 70 m to 105
m, it is ciear-thét the merit of decreasing the construction cost in
terﬁs of 3116Cating additional several meters of available head to
the conduction main is_much_bigger than the demerit of increasing
éhe cohstruCtién coét of pumping stations with additional lifting

head of several meters.
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B. Tunnel

The cross-section of the tumnel is determined as standard horse
shoe Eype due to its superior workability, although from structural
point of view strength is {o some extent inferior as compared with
circular type. For mechanical construétién,:the mininun
cross—section, in ferms of a diémeter, is 2.0.m. For the Project in
consideration of velocity of flow, a'diameter of 2.10 is given for
omﬁmmytﬂmoftmmmﬂ For a long tunnel with a length exceeding
3 km, it is often necessary to construct lining concrete immediately
after excavation, because steel supports are deférmed due to
incyease of earth pressure espedially when excavation works come
across fractured fault zone. Even in this case the minimum
cross—section is requeéted to be kept after lining. A diameter of

2.40 m is, therefore, adopted for a long tunnel.

C. Tunnel Geology

Geological investigation around proposed tunnel routes was made
emﬁloying such procedures as the review of existing reports and
geological maps compiled by Geological Survey of Pakistan; analyses
based on aerophotographs and so on, Surface geological
recoﬁnaissance survey was made maihly-along Libana - Xhurram Gujér
routé, Shah Allah Ditta - Sabra - Tarmékki - Choi route and around

Portal and Shaft sites.

Geology of Margala hill cqnsisfs mainly of limestone
subordinated by marl.and shale with a trace of séndstone. These
strata are folded and faulted, and divided into zones by three major
thrusts which extend from east to west Or nbrtheaSt to southwest.

In such zones in general, the older layer is found to the south
while relatively new layer exists to the north of the area, and as a

whole the layefs are folded southerly overturned,
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Three major thrusts run along the southern feoot of Margala
hills, Khurram Gujar - Bol - Sabra Valley, Nilan Kas Valley near
Gramthum (Tarmakki). These thrusts are named tentatively in this
report Margala, Sabra and Gramthum faults. Between Gramthum and
Sabra faults, -there may exist one more small scaled thrust. Margala
faﬁlt méy not be simple and single fault, but may be estimated to be
a grbup of faults aligned in echelon. Depth of fault has not been
inVestigated clearly. However, it is estimated on a basis of

outcrops to be more or less 20 to 30 meters.

as céncerns'geoldgical distribution, Margala hill limestone,
Chor Gali formation and Kuldana formation belonging to Eocene age
are distributéd in the area between Khanpur dam and Gramthum fault,
composed mainly of limestone with an unnegligible amount -of
argillaceous rocks, Between Gramthum and Sabra faults, Samana Suk,
Chichali,.Lumshiwal formations and'Lockhart limestone of Jurassic to
‘Palaeocene age are dominant and their main constituent is limestone,
In the aréa'betwéeh Sabra and Margala faults, all strata formed in
Jurassic to Eocene age are distributed and the greater part is
occupied by strata belonging to Paléeocene to Eocene age. They are
mainly composed of limestone and marl, and shale is also distributed
around a Vailey along Sabra fault, where Kuldon and Chor Gali
formations are found, and on the flat middle ridge where Patala
formation dominates, In the'southern flank of Margala hills and
betwéen'Gramthum and Sabra faults, sandstone layers of several ten
.meiers-wide, belonging to Chichali fdrmation, are found. To the
south ‘of Méréala,hilis, Murree formation consisting of alternating

beds of sandstone and mudstone is predominant,

| Limestone in this area is generally hard and qfay in ceolour,
and contains abundant fossiles of foraminifers and, sometimes, of
.vivalVesl 'BaSEd on.the condiﬁion of crack; limestone is classified
into three types;'namely massive limestone, cracked limestone and
nodular limestone. Massive limestone has sparse cracks and used to

form a cliff. Nodular limestone is composed of alternating beds of
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limestone and subordinate shale, and because limestone is more
competent than shale when folded, limestone layers are deformed and

_subdivided into small nodules with diameters of five to 20 cm.

Marl, gray in colour, likely belongs to. soft rock, containiné
abundant foraminifer fissiles. This is classified into two types,
namely massive type and fissile type. .Shale is brown to greenish
brown in colour, fissile and easily eroded. Sandstone contained in
Murree formation is gray to reddish brown in.colour and classified
into two types, very hard type and relatively soft type. Mudstone
is genérally'reddish brown in colour and soft. Dips of strata
vary from 20 to 90 degrees, and in general, théy are sfeeper-inzthe-

north side of the fault and gentle in the scuth side.
D. Groundwater Condition around Tunnel Roules

Along the valleys in the area of Margala hills, with éxception
of a few rivers, there exists no stream which keeps flow during phe.
period of no rain., Groundwater flows are appeared as spring waters
at the limited peoints spread along valleys and on the foot of
Margala hills, This means that rain water is concentrated deep
inside the hill body, and would suggest that some water wayé exist
to convey groundwater to the above springs. The most impoftant '
spxinés ére found at Khurram Gujar and Shah Allah Ditta, and the .
former is proud of the spring water discharge of several thousand
cubic meters per day, especially.during rainy season. Accordingly;
there are some possibilities of happenings that the tunnel comes
across massive volume of groundwater during the course of excavation
work and/or spring water discharge is influenced by tunnel

excavation.
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E. Engineering Consideration
a. Rock Type

From viewpoint of tunnel engineering, rocks are classified into

four types;

Type I : Massive limestone;.almost no support necded,

Type'II : Crackea limestone, alternation of limestone and
marl/shale, massive marl,\sandstone
(cretaceous); supports partly needed.

Type IIL : Shale, alternation of shale and marl, fissile
marl, alternation of sandstone and mudstone
(Murree formation); supports needed,

Type IV : Overburden {(clay and gravel); supports heavily

needed.
b, Special Problems

As menfioned previously, there exist three major faults along
the routes of tunnel. Though dimensions and conditions of these
faﬁlts are not clear, much care should be taken in excavating the
faults because they are rather big scale from every aspect of
structural geology and much earth pressure may occur. It is alsc
probable that the tunnel may come across a big scale ground aquifer
and, to cope with such situation, a countermeasure should be worked
out in adﬁance. Problem woﬁld be less against such an accident in
the case when the tunnel is excavated through the type I or II rocks
and, on the other hand in cases bf'type_lil or IV rocks, care muasit
be given.to tunnel walls against a breakdown. Especially when
éxéévatioh'work.is progressed fhfough fault clay or shale of

impermissible layer, much attention should be paid,
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4.4.3. Raw Water Regervoir
B. Necessity of Raw Water Reservolir

The Left Bank Canal has been constructed for most of its length
along the foot hills of Margala range. There are a number of cross
drainage structures and small tunrels including Haro river syphon
along the canal élignment. Although the canal itself is lined for
its entire length, but closure of the canal for the periédic
maintenance and possible repair of various structures must be
envisaged. In addition to this possibility of blockage due to rock
slides caused by adjacent hill torrents cannot be ignored in an open
canal. = Therefore, adequate provision for the raw water reservoir

during canal closure shall be required.
B. Design Capacity

Under the major premise of additional constructions of culﬁert
at the portions of deep-cut, slope protection works, spillway or
wasteway and other overall improvement works for the existing Lefr
Bank Canal, design capaéity of raw water reservoir.was determined as
2 days capacity, which is reSefved for general works of ogeration

and maintenance, rehabilitation works and disaster rehabilitation

works.
C. Structural Design

Gedlogical foundation at and around the proposed sites of raw
wéter reservoir is found to. be alternation of silty clay layer and
sand grével layer, of which silty clay layer is usable as impervious
materials for embankment, However this material is easily erosive
and thus protection wofks on the surféce of embankment was designed
to be accompanied. In addition, to prevent water leakages through
sand gravel layers, earth blanket was designéd'on the bottom surface

of reservoirs.
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4.4.4, Pumping Station
A, Type of Pump

In view of required discharge and head for the Project, double
suction volute pump was selected to be used because most of proposed

pumping plants require more than 30 m pumping heads.
B. Contrel Method

Considering operational/maintenance and economic advantages,
flow control is primarily based on the simplest method of control by
charge of operating pump number and on-off control in terms of water
level control in the_discharge pool. Accordingly HWL and LWL are to
be éstablished in both suction and discharge pools, providing proper
capacities which are determined as 30 minutes capacity of the

maximum design discharge.
C., Number of Pump Unit

in general, the number of pump unit is determined in

consideration of following concepts.

~ "  For easy operation and wmaintenance, thé nuwber of pump
units should be as small as possible and ones of equal

capacity should be adopted.
- The larger is the delivery, the higher the pump
efficiency, so the ones with the largeét delivery should

be used.

- At least one spare unit must be provided. If the total

number of pump units is small, spare unit will be costly.
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- The number of units should be determined so as to operate
effectively corresponding to seascnal charge of

water-load, ranging from 1.25 to 0.8 of avérage.

- Number of units should be deéided_conforming to the phased
plan of facility installation. Rate of required capacity
is approximately 2:1:1 corresponding to phase I, II, and

III respectively.

Installation of five pumps will finallysbé_ﬁost suitable from
the operational point of view. Aalthough a_plan.with four units of
punp is most acceptable when phased schedule of facility
installatior is taken into considefation; but this'plan is inferior
when necessary cost allocation for spare unit is accounted. '
Consequently, including one spare unit‘of'pump, number of pumps is
determined at six. As concerns booster pumps_reqﬁired for
distribution systems, since the design capacity is small, numbers
are determined at two units for ordinary uses plus one unit for

spare.
4.4.5, Water Treatment Plant
A. Raw Water Quality

The result of.water quality analysis for which the water
samples were taken three times during field survey period at four

points shows the following characteristics:

- Values of turbidity and color were low at every four

sampling points.

- Iron and manganese were not found at every sampling point.
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- Every sampled water shows high values of pH and alkalinity
which is considered to be caused by soil conditions of

limestone strata of mountain behind the dam.

- A few numbers of bacteria and coliform groups were found
in every sampled water, Pollution of water is considered
as low, which is supported by the low contents of chloride

and nitrogen.
B. Water Treatment Process

On the basis of'the water cuality analysis, the treatment
prdcess‘is.examined. However, considering insufficient period and
number of_sampling and the faéts that the Khanpur dam was

- constructed recently, and watex quality might be changed in the
future, the water quality observed at the Simiy and Rawal Lake
filtration piants are taken into account for the determination of

the treatment process in this study.

Considering that fhe turbidity shall increase during wet season
és shown in the water quality of the existing treatment piant, the
rapid filtration method is employed as the general concept. The
chemicals applied ét the plant are planned to be Alum for
coagulation and Chlo:ine for disinfection as used in the existing
piant. Pre~chlorination will be applied considering that algae
grQWth:miéht occur in future due to big volume of the regervoir
resulting in long.retention time and higher temperature in dry

season.,

_ The following treatment process is proposed considering the
characteristics of raw water and practice of the existing treatment

plant:

" Pre-cholorination: Pre-chlorinaticon is employed for the
purpose of destruction of algal and

oxidation of dissolved organic matters.
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Color of
raw water is considered to be increased
according to algae growth. Dosage of

chlorine is made at receiving well.

Coagulation : Alum is used for coagulation and dosed at

mixing well.

Fleocculation : Suspended solid is flocculated by slow
mixing.
Sedimentation : Most'suspendéd solid is removed in the

sedimentation basin with the optimum °

retention time.
Filtration : Remained suspended solid in the clarified
water -is removed by the allowable range of

less than 5 ppm.

Post~chlorination: Filtered water is disinfected by chlorine

dosage.
C. Design Capacity
Design capacity of the plant is planned at 121.6 MGD {553,000
m3/d). Five percent of water loss will be allowed for the treatment

including washing water of filter bed, desludging in sedimentation

basin, chemical solutién and other usages within the plant.
4.4.6. Service Reservoir
A. Site Seléctidn
In principle in_order to expect unifoﬁm rate of watér héad.in

the service area, the service reservolr is desirable to be situated

near the center of the service area. However for theAProject, since
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the service areas are located on the sloping surface extending from
north to south, the proposed site of service reservoir is selected
as near from the service area as possible in consideration of the

following conditions;

- Conduction pipeline up to the service reservoir is
designed with design capacity equivalent to the maximum

daiiy distribution requirément.

- Downwarxds, distribution facilities are designed with the
maxi.mum houfly regquirement, which is equivalent to 1.5

times of daily maximum.
B. ' Capacity

The effective capacity of the reservoir must be enough to
maintain balance between demand and supply. The capacity can be
obtained by totalling such hourly maximum amount plus hourly
margins. It shall be about six hours amount of planned maximum
daily water supply, making provision for regulation of purified
wateﬁ and supplied water for fire fighting, power stoppage and
unforeseén accident. Detailed discussion on this is made in Chapter

11T of ﬁppendix B.
C., . Effective Depth

Effective depth of service reservoir is defined as a distance
between HWI, and LWL, Sincé the service reservoirs are of gravity
style and it is difficult for dynamic water pressures in pipes
distributed in the service area to be kept within a certain
' accebﬁable range, in general, effective depth is desirable to be
ﬁhrée to six meters. Every service reservoir for the Project is of
a large scale and therefore the effective depth is taken at six

meters in consideration of structure and its floor area,
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D. Water Level

Basic concepts for determination of optimum water level for

each service reservoirs are summarized as follows:

- Estimation of projected population and unit water demand
in target year of 2000 is worked out based on'available
census and data collected., Distribution of popﬁlation and
total water demand within each sector and ﬁajof water
supply networks is made following urbah develbpment plans

and future watey regquirements tendency.

- Major water supply pipelines are aligned based on the
topographic conditions of each distribution block, water
demand and distance from supply pipeline up to the '

distribution points,

= Treated water supply from the service reservoir to

consumers shall be of gravity flow as much as possible.

E. Structure

in view of shape and structuye, service reservoirs are

¢lassified inte the following three types;

Flat slab type of reinforced concrete
B. OGverhead type of reinforced concrete

C. Ground type of prestressed concrete

The flat slab type is in common use for this purpose and the
most ecopomical in cost in case that suitable'construction site is
found. Overhead type is also commonly used in Pakistan. The
allowable maximum capacity of this type is, however, restricted from
technical point of view within the limit of about 5,000 cu.m.

Ground type PC tank is very popular in the world but construction

cost 18 slightly higher than that of flat slab type.

Iv-20



Conseqﬁently, the flat slab typé is adopted under the study in
principle except for the case that topographic and water level
condition is not suitable for this type. Ground type PC tank is

applied for the specified construction sites.
4.4.7. Distribution Main
A, Pipelines up to Service Reservolr

Water is sﬁpplied to.pipelines by gravity and by pumping,
cate@orizing them as gravity mains and force mains respectively.
The force main is a pipeline to be laid between a suction pool of a
pumping station and a delivery pool or a service reservoir, while
the gravity main is a pipeline to connect a service reservoir with a
clear water reservoir at a water treatment plant, or a delivery pool .
at a pumping station. According to water levels in a service
resexrvolir or a discharge ?ool, pumps are controlled by means of
operating pump number and on-off control. Considering thé emergent
case of Sudden-stop of operation due to power stoppage, dynamic
water pressure should be taken into account for design of pi?eline

material .-

CGravity pipeline system may permit easy operation and
prevention of oversupply of water by closing a valve when the water

level in the service reservoir reaches a designed full water level.

Pipeline is subject to transient pressures when valves are
alternately open or closed or when pumps are alternately started or
‘stopped. Such transient phenomena must be considered in designing
the inner pressure of pipes.

B, Pipeline from Sexrvice Reservoix

In principle pipeline which connects the service reservoir with

a unit of distribution network is of gravity flow type. Water level
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in the service reservoir depends upon status of water consumption in

the distribution unit. Diameter of pipe is determined on a basis of

the maximum hourly water consumption,

Effective water head at the site of water treatment varies
depending an respeétive alternatives. Accordihgly, distribution
system up to the ending point of Service area is needed to be
differentiated, including routing of distribution main and necesslty
of installation of booster pumping statiocn. Aiming at economic
comparison study, it is therefore.needed that the cost evaluation
of construction as well as operation and maintenance for
distributieon facilities between the service reservoir and the ending
distribution network be involved in principle in the study, even
though it is excluded in the "Scope of Work"”. However the same
system of the smallest unit of distribution networks can be

applicable for every alternative plan for the purpose of comparative

study, and so it is excluded from the comparative study.
C, Pipe Material

Diameter of pipe for the on-going Project varies from 300 mm to
1,650 mn. Design internal water pressure, inclusive of water hammer
pressure, varies with a wide range between about 3 kg/sg.cﬁ and 18
kg/sq.cm.  In consideration of diameter as well as water pressure,

pipe materials applicable to the Project are as under:

- PrestresSed=Conbrete Pipe {PRCC)
- Prestressed with Steel Sylinder {PRCC)
- Asbestos Cement Pipe (aCp)
- Steel Pipe (SP}
- Ductile Iron'Pipe {(DIP}

In gonsideration of econcmy, strength, durability éhd

workability, pipe materials are selected for the Project as under:
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Diameter and Design Pregsure Pipe Materials

For Pressurc FPipe
biameter 1,350 mm Steel Pipe
1,350 mm Ductile Iron Pipe
For Gravity Flow Pipe
Design Pressure - 12 kg/sg.cm PRCC (with steel sylinder)
12 kg/sq.cm Ductile Iron Pipe

b. Aligmment

Pipeline is aligned on the route which is most econcomic, safe
and easy in operation and maintenance. Based on the above
conception, pipelines downstream of treatment plant have been
aligned on the routes along main roads, which have been planned in

the city development plan.
E. Design Pressure

Water hammer pressures vary depending on pipe 1ength, velocity
of water, hydrostatic pressure, pipe material and others. However

the following empirical values have been adopted in the study.
{1} Pressure Pipe

Water hammer pressure is taken as 100% of dynamic
water pressure when it is less than 4.5 kg/sq.cm, and when-
dynémic pressure exceeds 4.5 kg/sq.cm the bigger value of

either 60% of dynamic pressure or 4.5 kg/sq.cm is taken.
(ii} Gravity Flow Pipe
Water hammer pressure is taken as 100% of hydrostatic
pressure when it is below 3.5 kg/sq.cm, and as the bigger

value of either 40% or 3.5 kg/sq.cm when hydrostatic

pressure exceeds 3.5 kg/sg.cm.
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F. Distribution Unit
é. Structure and Flevation of Smallest Distribution Unit

‘The smallest distribution units are'partiﬁioned according to
divisions on which estimates of population as well as water demands
have been based. With exception of some local part of high .
elevation for which water is boosted by additional booster pumps,
.ground elevation at each partition is set at such elevation that

about B80% of service area is situated below that elevation,

b. Required Effective Head

after considering size of distribution unit and pressure
required at each house, the following walter head has beén_giVen in

the study at the inter-conmection point of each distribution unit.

Islamabad : 120 ft
Rawalpindi : 100 ft

¢. Zoning of Service Area

Ground elevations in the service area vary with a relatively
wide range of 400 ft from 1,600 £t to 2,000 ft above mean seéa levél.
In this case it is advantageous to divide the distribution area into
two zones, namely high zone and low zone, in order that running'cost'
could be reduced in case of boosting up, pipeline structure would be
more economic and safe due to deduction of water pressure, and that
leakage losses of water would be less and operation & maintenance
works would become easy as the fluctuation of distribution pressure

decreases.

Topography of Rawalpindi is generally flat, excepting for some
elevated area, Zoning was made depending on the available water
head at service reservoirs concerned that is determined by

topographic conditions.
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4.5, Alternative Plan
4.5.1. General Description

The alternative study of Khanpur water supply systems was
carriéa out in review of previous study reports, data and
information collected and design critéxia as mentioned in the
previous section of the report in order to verify the least cost for
the water conveyance systems including water treétment plant and
appurtenant structures related, as well as operation and maintenance

cost.

Design capacities are 150 MLD (33 MGD) for Islamabad and 316
MLD (69.37 MGD) for Rawalpindi as an annual average of daily water
demands. Available topographic maps are of scale of 1:50,000 and
1:21,120 for entire and/or ?art of the Project area as well as

aerophotograph with a scale of 1:20,000,

The conduction mains proposed for the urban water supply
systems would be of a closed type.such as pipe conduits, tunnels,
syphons and so on, because it prevents the suﬁply system.from dust
fall,;proliférations of water weeds and injury by cattle, and is
easy to operate and maintain. Most of conduction wmains will be of
low pressure pipes for its low cost. Tunnels will be constructed to
penetﬁaté Margala hills to shoften the route and to conserve the

“head. Syphons will be proposed to crosé river channels.

In selecting the routes of conduction mains every endeavour has
been made to shorten the length of route as much as possible, taking
into consideration the interrelation of tunnel length and pumping

1ift as well as topcgraphy and geology.
In designing hydraulic gradient of the conduction mains being

composed of three elements'of low pressure pipes, tunnels and

syphons, careful examination was made in ordexr to minimize the cost
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cf the conduction mains by optimizing the distribution of the

available head among component portions.

4.5.2,

Alternative Plan

A. General

Based on the design criteria and general description mentioned

in Chapter III and IV of Appendix B, three alternative plans on the

water conduction main and appurtenant facilities have been basically

proposed as follows:

Alternative I

ii.

iid.

The major purpose.of this plan is to make the fullest use
of the existing Left Bank Canal; muitipurpose wéter
conveyance canals for irrigation, industry and urban
water, the downstream portion of which was constructed for

exclusive use for urban water.

The project could be completed in a short periocd so as to

meet the urgent water needs in Rawélpindi.

The proposed water conduction system starts from the end
of the existing canals near Nicholson Monument, lifts
water at Sang Jani, and terminates at the beneficiary

areas.

Alternative IT

ii,

The major purpose of this plan is to make the better use

of the existing multipurpose canals,

As a result of the study, the route that takes water just
downstream of Khanpur reservoir has béen selected, which

has a shorter length among several possible plans in the

Alternative II.
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iit. The conduction main conveys water by means of tunnel and
pipeline, after lifting it at the left bank of Haro river,

to the beneficiary areas via Shah Allah Ditta.

Alternative III

i, The major purpose of this plan is to connect the
beneficiary areas with Khanpur Reservoir by the shortest

route of tunnel and pipeline.

ii. Potential water head can be conserved and as a result
water can be conveyed by gravity to the beneficiary areas

to a maximum extent,

iii.  The conduction main directly diverts water at Khanpur

reservoir to convey it to the beneficiary areas via Gelra.

Each of the alternatives mentioned above was sub-divided into
two to four, and eight alternatives in total were finally warranted

. for further studies as discussed in the succeeding sections.
B. Alternative I

Water supply system arrangement of the Alternative I starts
from the end point of existing Left Bank Canal near Nicholson
Monument , reachlng the twin cities of Islamabad and RaWdlplndl

through water treatment plant and pumping station.

Special consideration shall be made on the improvement of

exlisting Left Bank Canal for the proposed alternative I.

The Left Bank Canal was constructed under the Khanpur Project
for multlple use of urban water supply, industrial water supply and
irrigation. Huqqlng the foot of Maragal hills, the Left Bank Canal
is subijected to inflow of rainstorms and soils resulting from

rainstorms.
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When the existing Left Bank Canal is used@ for urban water
supply; every effort must be made to reduce outbreaks of accident in
conveyance systems, for which there axe two possible
countermeasures. One is to prevent the systems from accidents
through the rchabilitation and impfovement_of the sysﬁem,ftogether
with careful operétion and mainterance of the systemS. Another
countermeasure is to provide at the end of the Left Bank Canal a raw
water reservoir with a storage Capacity enough to meet requirements

for several days.

In this Project, the following works for the rehabilitation and

improvement of the Left Bank Canal are proposed;

{1} Canals that were constructed in deep cut of more than 10 m
height near a tunnel, will be remodeled into a culvert or

be covered with reinforced cement concrete plates.

{2) Side slope in cut of more than.4 m height will be
protected with stone masonry or cement concrete blocks for

the height equivalent to 1/3 to 2/3 of the cut heiéht._

(3) Mortar spraying will be made to such side slopes of rock

as are exposed to weathering.
{4} Shoulder ditches will be provided fér the reaches where
rain water flows in, and lined with cement concrete blocks

in case of sharp slopes.

{5) Berm ditches in long reaches in cut will be'lihéd with

cement concrete.
(6} sand traps will be constructed at the berm inleté of the
exlsting lined canals and the canals proposed to be

improved under item (5).

{7) Vegetation will be made to side slopes of soils,

v-28



In_adéitidn to the rehabilitation and improvement of the Left
Bank Canal, cdnStfuction of a raw walter reservoir is proposed, in
order to make pfé?iéidn for unforeseen trouble in the canal systems,
beCaﬁse éompléte prevention of acecidents is impossible, even though

the improvement works are undertaken..
Three sub-alternatives for this category were set up based on
the]tdpogiaﬁhic conditions and location of beneficiaries area

concerned. Brief descriptions for this are as belows:

Alternative I-A

"

(Saﬁg Jani-Shah Allah bitta-Islamabad and

Rawalpindi)

Distribution point Near Shall Allah bittia

Facility : Raw water reservoir, water treatment plant,
pumping'station, pipeline, discharge pool
“and service reservoir
Alternative I-B : (sang Jani-Tirnaul~Islamabad and
Rawalpindi)
Distribution Point :  Near Tirnaul
Facility :  Same as Alt, I-A.

Alternative I-C {Sang Jani-Shah Allah bitta and/or

Tomar-Islamabad and Rawalpindi)

"

bDistribution point Sang Jani

Fadility : : Same as Alternative I-A.
C. Alternative II

Water suéply systems arrangement of the Alternative II is
basicéily from the intake points of Existing Left Bank Canal and/or

 Khanpu£ Reservoir to twin cities of Islamabad and Rawalpindi through

' shah Allah Ditta water treatment plant.
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Four sub-alternatives for this category are set up as follows:

Alternatiﬁe II-A (LBC - Khuram Yaracha-Shah Allah Ditta)

Intake Point : LBC at RD 40,800
Raw water reservoir : ‘Approx. 1.1 MCHM
Facilities : Feeder conduit, pumping station, pipeline,

tunnel, water treatment plant and service

reservolr
Alternative 1I-B : {LBC -~ Julian-Shah Allah Ditta)
Intake Point : LBC at RD 13,500
Raw water reservoir : Approx. 0.55 MCM
Facilities : Feeder canal, pumping station, pipeline,

tunnel, conduit, water treatment plant and

service resexvoir

Alternative 1I-C : {Head regulator R & LBC of LBC -~
Tarmakki-Shah Allah bitta)

Intake Point : Head requlator at Main Canal or LBC at RD
9,100 '
Facilities : Feeder conduit, tunnel, syphon, pumping

station, pipeline, diversion dam, water

treatment plant and service reservolr

.

Alternative II-D {Khanpur dam~Tarmakki-Shah Allsh Ditta)

Intake Point : Khanpur reservoir

Facilities : Intake pit and pumping_station, pipeline,
tunnel, diversion dam, water treatment

plant and service reservoir

Special consideration shall be made on the construction of
Tarmakki intake works for this alternative. 1In Alternatives I1-C
and I1-D, the proposed route of conduction mains closélj approaches
to Wilan Kas which is one of the tributaries to drain intéthéﬁpur;

reservoir, The proposed water level of the conduction maing at this
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point is EL. 642.0 m (2,105 ft), while the elevation of river bed of
Nilan Kas is EL. 640.5 m (2,100 ft). Alternatives IT-C and II-D
convey water to Shah Allah Ditta through Tarmakki, after Lifting
water at Khanpur reservoir. Tarmakki intake works that divert the
river flow of Nilan Kas, being located at elevated point higher than
Khanpur reservoir, will save about 2.3 millior Rupees per year of
electric costs required to operate proposed pumping plants at

Khanpur.
D. Alternative 11X

Water supply systems arrangement of the alternative II1 is
foundmentary from the intake point of the existing diversion work
and or Khanpur reservoir to beneficiary area through long tunnel
under Hargala hill and Golra water treatment plant.

Two.sub—alternatives for this category are considered as bhelow:

Alternative ITI-A : (BExisting diversion work-~Tarmakki and Golra

Shaft-~Golra)

Intake point ' H Existing diversion work

Facility . - Conduit, syphon, pipeline, tunnel and
vertical shaft, pumping station, water

treatment plant and service reservoir

Alternative III~B 3 (Intake tower on Khanpur Reservoir -

Tarmakki and Golra Shaft-Golra)

Intake point : Khanpur reservoir

Facility ' : Iﬁtake tower, pipeline, tunnel and vertical
shaft, pumping station, water treatment

plant and service reservoir

Blternative II1-B has been selected as the optimum plan of
Alternative‘III taking into account the length of conduction main
and its coét, water level of receiving well at Golra water treatment

plant as is discussed in detail in Chapter IV of A§pendix B,
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FIGURE 1IV-1

SCHEMATIC MAP OF KHANPUR WATER CONDUCTION SYSTEM
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4.5.3. Preliminary Design of Alternatives
A. Raw Water Reservoir

Proposed raw water reservoirs are located at Sang Jani for
Alternatives I-A, I-B and I-C, Khuram Paracha for Alternative II-A
and Jullian for Alternative TII-B. The effective regulating

capacities are as below;

Name of Reservoirs Capacity
Sang Jani 1.1 HMCM

* Khuram Paracha 1.1 MCM
Jullian 0.55 MCM

B. Tunnel

Nunber of route and total length of proposed tunnel for
Alternatives II and I1I except Alternative I are summarized as

follows;

Altérnative' No. of Route Tofal'Length
(m)
CII-A 1.0 2,600
11-B 2.0 6,200
I1-C 3.0 5,510
II-D _ 1.0 5,000
III 2.0 11,700

‘Alternatives II-B, I1I-C and TII-D require aﬁ inclined shaft and
Alternatiﬁe III requires two vertical shafts. The diameters of
tunnel cf §tandafd horse shoe type for Alternative 11 and of
pressﬁre tﬁnnel for Alternative IIIL are 2.10 m and that of free flow
tuﬁnel for Alternative'III is determined at 2.40 wm taking inteo

account the workability as well as economic advantages.
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c.

Water Treatment Plant

Location and design capacity of water treatment plant are

described as under for each alternative.

Capacity

Alternative Location
-(ms-ﬁer'daf)
Alt. I San Jani 553,000’m§
Alt. II Shah Allah Ditta 553,000 m}
Alt. IIT Golra 553,000 m
Major componénts of the plant are as follows:
~ Receiving well 1 unit
- Mixing well : 4 wells
- Flocculation basin : 8 basins
- Sedimentation basin : 8 basins
- Rapid Sand Filter : 40 beds _
-~ Clear water reservoir : 4 reservoirs
~ FElevated tank -1 tank
- Waste water basin : © 2 basins
- Chemical feeding facility : 2 units

D.

Pumping Station

The specifications of respective pump plants to be installed

are summarized as below;

Alternative

I-A

II-A

Station Name

Specification

Sang Jani
Shah Allah Ditta

- Tomar.

Sang Jani
Tirnaul
E~-14
Tomar

Sang Jani
"
Shah Allah Ditta
Tomar
Khurram Paracha

Shah Allah Ditta

I-13

V-34

700 mm x 1,830 kw

350 - %
250 ¥

700
400
350
350

i

KoM X

400
600
350
350 -
800
350
250

1

L

800
18.5

, 380

220
230
100

690
910

- 150

100
200

160

18.5

Mok oM oMK N X

Wy o

MM N %
W dHh oo,

WM Wwh oD

unit



ir-cC

II-D

I1Y

E. Pipeline

Julian .
Shah Allah Ditta
I-13

Mohra Gota
Shah Allah Ditta
1-13

Khanpur
Shah Allah Ditta
I-13

Golra

i
J=11
Westridge

800

350
250

800

-350

250

800

. 350

250

350
250
250
350
350

_ Design lengths of pipeline with diameter

are calculated as under:

b

W

x 1,720 X
X 160 x
X 18.5 X 3

[=ai o]

1,450 X

6

X 150 X 6
X 18.5 X 3
1,390 x 6
X 160 x 6
x 18.5 x 6
x 430 X 6
X 150 X 6
x . 15 Xx 3
X 220 x 3
X 100 x 3

400 ﬁm.upto 1,650 mm

Alternative Main Distribution Total
' (k) (k) (km)
I-A S 31.2 65,3 96.5
I-B 41.9 60.4 102.3
1i~C 43.2 61.1 104.3
II-A 22.4 65.3 87.7
I1-8 18.4 65.3 83.7
1I-C 24.0 65.3 89.3
1I-D 26,5 65.3 91.8
16,3 66.1

-IIX

F. Service Reservoir

Two types of service reservoirs of flat slab

concrete tank (PC) have been proposed as follows:
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Capacity

Alternative _ Name Type Bffective Design
' ' {cu.m) (cu.m)
I-A Shah ‘Allah Ditta PC 26,100 18,800%2
D-13 RC 14,100 " 15,300x1
G-13 . . PC 84,400 27,100x4
1B E-14 : " PC 14,100 26, 100x1
Shah Allah Ditta PC 26,100 18,800x2
Tomar RC 84,400 23,000x4
1-C "~ Shah Allah Ditta PC 26,100 . 18,800x2
D=-13 RC 14,100 15,300x1
Tomar RC 84,400 . 23,000x4
Ii-p,B,C,D Shah Allah Ditta PC 26,100 18, B00x2
p-13 ' RC . 14,100 15,300x1
G-13 PC 84,400 27,100x4
ITI " . Colra (1) RC 26,100  16,500x2
Golra (2) RC 14,100 15,300x1

H-11 RC 84,400 23,000x4
4.,5.4, Preliminary Cost Estimate
A. Construction Costs

The preliminary cost estimates were made for major works such
as tunnels and pipelihes on the basis of work quantity calculated
and unit prices provided by authorities concerned, and for othef'
works such as buildings and service reservoirs relative costs
cbtained from similar works were applied. Prices of materials and
equipment to be imported from foreign countries were estimated.
Duties and taxes to be levied on such imports are included in the
cost estimates in accordance with Pakistan Customs Tariff and Import

Trade Guide.

The estimated costs include costs for construction works and
procurement of materials and equipment. For the sake, of comparative
study of alternatives, the expenses needed for preQCOnstruction
works are not included in these cost estimates} théy are costs for

topographic and geological surveys, detailed design, consulting
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services, administration, supervision of construction works and so
on, Physical contingencies (10%) were added to the construction

costs.,

Cost. summary of alternatives is given in Table IV-1; Details

are indicated in Chapter IV of Appendix-B.
B. Operation and Maintenance Cost

The running expenses for opération and maintenance of the
proposed water supply systems include.electric power cost, labour
wage, materiai supply, repairs of equipment and construction works,
and administration, Electric power costs are estimated in
accordance with WAPDA Tariff B-3, and labour wage and material for
 water treatment are caiculatgd on the basis of quantity and unit
prices. For repairs of equipment and construction works and
administration, 1% of the construction costs including procurement
costs is éssumed. Yearly operatidn and maintenance costs at the

target year are.given.below.

Construction Costs O &M Coét/Year

Alternative . (Rs. Million) Ratio {Rs. Million) Ratio
I-A _ 2,055 1.19 71.75 1.53
I-B 1,977 1.15 69.49 1.48
1-C 1,917 1.11 67.61 1.44
1I-A 2,070 1.20 73.82 1.58
II-B - 2,021 1.17 70,15 1.50
11-C 1,971 1.14 63.16 1.35
ITI-D 2,612 1.17 62,81 1.34
111 1,72 1.00 46.83 1.00
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4.5.5, Selective Comparison of Alternatives
A. DPreliminary Comparison of Sub-alternative
a. Economic Consideration

Fconomic internal rate of veturn (BIRR) as one of the indexes

of economic evaluation is computed below.

-Alternative EIRR (%)
I-A 6.88
I-B 6.97
I-C 7.05
II-A 6.69
11-B 6.83
TI-C 7.02
II-D 6.98
111 _ 7.56

Note: -In computing EIRR costs of distribution networks were
not incorpeorated in the pr03@ct costs.

b. FEngineering Consideration

Alternative.l

Alternative I-C is proposed to provide separate distribution
systems of treated water to both cities, while common use systems
are proposed for Alternatives I;A and I-B. Separate systems may
permit easier operation and maintenance than the systems of
Alternatives I-A and I-B. Hence, Alternative I-C is recommendable

amonyg three alternatives.

Alternative 131

- The construction of main pumping station in Khanpur reservoir
for Blternative I1I~D will need somewhat skillful engineering
works compared to the construction of other pumping stations

for Alternatives II-A, II-B, and 1I-C.
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B.

1}

2}

3)

4)

5)

- Operation and maintenance of vertical shaft type pumps
proposed in Alternative II-D is relatively difficult as
_COmpared to horizontal shaft type pumps proposed in

Alternatives II-a, II~B and TI-C.

- Alternatives II-A, II-B and II-C rank same from a
viewpoint of engineering; However, Alternative II-C is
recommendable in consideration of EIRR, though difference

in EIRR is slight.

Conclusions

From technical point of view, all of Alternatives I, IT and III

are feasible.

It will take five years under Alternatives I and II to complete

the first phase in which fifty percent utilization of Xhanpur
urban water is envisaged. Whereas, in case of Alternative II3I,
it will take six years., However, this one year delay will not

bring a serious problem for the staging plan of water supply.

. Operations of Left Bank Canal under Alternative I may raise

technical problems for urban water supply, arising from the
control of water diversion to irrigation and industry. In
contrast, in Alternaﬁives 11 and ITI, water is directly taken
from the reservoir and, therefore, diversion operations for

urban water supply will be easy.

In Alternative I1I, out of the total amount of the water to be
distributed to Rawalpindi area, about 78% would be served by
gravity. It puts this alternative in an economically

advantageous position in an indisputable manner.

The table below shows a summary pictu're of the three

alternatives:
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 (Upit: Rs. Million)

_ Construction S
Alternatives EIRR (%) Cost O/M Cost/Year
I 7.0% 1,917 68

II 7.02 1,971 63
111 7.56 1,726 _ 47

Note: BIRR (Economic Internal Rate of Return) is an index
expressing a degree of feasibility in economic terms,

A clear grasp can be had of the situation where Alternative III

is recommendable as the most optimum plan.

It might be emphasized that anhual recurring costs are the
least under this alternative, which will lessen and relieve
burdens on water supply organizations and on the users_és well

for the project life of half a century.
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CHAPTER V., PROPOSED PROJECT

5.,1. Project Formulation
5.1.1. WNecessity of the Project

According to the Sixth Five-Year Plan (1983-1988) which has
been set up by the Federal Government of Pakistan, it is clearly
mentioned that the lack of potable water suppiy and sanitation
facilities is a major cause of many serious diseases. Although
reliable statistics regarding the incidence of water borne diseases
afe'not available, it is well known that contaminated drinking water
is one of the principal agents 6f disease and death in the coﬁntry.
The pro#ision of potable water supplies and proper sanitary
facilities to the population at large should, therefore, help bring

down appreciably the incidence of diseasc in the country.

The capital city of Islamabad is, after recent completion of
Simly Dam, getting about more than 30 MGD of water which is adequate
to meet the presenf needs of the developed/developing sectors of
Islamabad. However, additional water supplies would be needed as
and when development of new sectors is taken in hand. This
additional requirement including for ﬁawalpindi will be wet by the

Khanpur water which will be initiated during the Sixth Plan,
5.1.2. CObjective of the Project

The main purpose of the project is to provide improved living
conditions fhrbugh stabilized water supply for people living in the
project area. . In addition to the above, the related objectives are
to support growth of industries, commercial enterprises and

institution such as school and hospitals etc.



There are many constraints and difficulties on thé water supply

aspects which were discussed in the previous chapters. The major

objectives and strategies of the project implementation are

summarized as under.

ii.

iii.

The situation of Islamabad is that it is beiﬁg developed
and this water supply project is one of the important-
sector for new city development scheme because water
supply scheme must go side by side with the deﬁéiopment
plan along with housing and rcad construction.'_Besides,
the water demand incréasing in Rawalpindi ‘as a part of
Metropolitan area is faced with serious problems the year
round.  Stabilized water supply for twin citieés of
Islamabad and Rawalpindi, therefore, is obviouSIy and
urgently reguired. The Fhanpur water supply projedt as
a regional development scheme will contribute to meetihg

human needs of the people in the project area.

Upgrading of service standard, sﬁéh as houée.connectioq,
stand post, commercial and industrial_water supply is also
a fundamental requirement of the project target. Serveé
population in Rawalpindi as of 1984 is about 70 percent of

total population while it is almost 100% in Telamabad.

. Approximately 70% of total served population receives

clear water from house connection system. The final goals
of service standard of Rawalpindi in the year 2000 are
proposed to provide water to 90 percent of total

population.

Bnother aim of the project is to assist the twin

cities in improving water supply service to allxthe
consumers through a net 420 MLD (92 MGD} increﬁeﬁﬁrof
productioh, better control of distribution_thrbugh wastage
and leakage losses reduction.and introducing hSuSehold
metering to monitor patterns of demand with a view to

ultimately achieving more rational water use.



iv. The project wiil support and strengthen the new water
supply entity .in its effort to become operationally aad
financially viable by providing it management assistance
to improve management information systems, accounting
VproCedures and billing and collection by the
computerization. The final térgets of the aspect are to
collect 100 peréent water charges from consumers concerned

and to reduce wastage losgses,
5.1.3. Scope of the Project

The project:scope is new construction of intake tower which
will be made in the Khanpur reservoir, conduction main consisting of
pressure and free flow tunnel with_energy dissipating facility,
Golra water ﬁreatment plant, pumping stations, service reservoirs
and pipelines upto respective service reservoirs from clear water

reservoir at water treatment plant and or pumping stations.

In addition to the coﬁstruction of wain facilities incorporated
in this Project, distribution systems including distribution
networks upto house connection will have to be implemented in
parallel with main facilities implementation as associated project

in order to realize guick benefit,
.5.1.4. Project Description
The components of.the proposed project are summarized below;
i. Raw Watér.éonveyance:
- Intake Tower: -Proviéing intake tower in the Khanpur

reservolr with about 6.74 cu.m/sec

maximum intake capacity;



- Conduction Tunnel and Conduitsy Proﬁision of about 13,1
km 1éhg conduction main, includirg
preséure tunnel of 824 m with breaking
pressure basin, concrete culvert
conduit of 106 m, free flow tunnel of
11,480 m, pipe conduit of 650 m,

respectively.
ii. . Water Treatment Plant:

- Plant capacity and location: Provision of about 553,000
cu.m (121.6 MGD) production capacity

at E-10 sector of Golra area.
iii, Pumping:

- Pumping Station: Provision of Golra pumping station at
near water treatment plant to raise
cleary water to Islamabad high and low

zone beneficial area;

- Electric Power Line: Provision of about 25 km 11 KV
electrical transmission sysiems

including substation,
iv. Distribution Main:

- Golra to.l Main: Providing about 1.5 km long and 700 mm
diameter of twin pipelines for high

zone of Islamabad

- Golra No.2 Main: Providing about 1.6 km long and 800 mn
Qiameter of pipeline for low zone of

Islamabad



~ Rawalpindi Main: Providing about 6.5 km long and 1,500
mm diameter of twin pipelines for

Rawalpindi
v. Service Reservoir:

~ Golra No.l Service Reservoir: Provision of PC type tank
‘with 26,000 cu.m capacity for high

zone of Islamabad

~ Golra No.2 Service Reserveir: Provision of PC type tank
with 16,600 cu.m bapacity for low zone

of Islamabad

~ H~11 Service Reservoir: Provision of flat-slab type tank
with 89,200 cu.m capécity.for.

Rawalpindi
vi. Procurement:

- Eguipments: Procurement of equipment on project
implementation and operation and
maintenance including vehicles and

office equipment.
vii. Services:

~  Consulting Services: Assisting in projech
| implementation, including geoleogical
investigation for tunnel works,
preparation of detail desigr and
tender documents as well as

construction supervision.



5.2, Preliminary Design

5.2.1. Intake Towér and Conduction Main

A. Intake Tower

The. intake tower will be constructed at a small bay of Khanpur
reservolr, 500 m east of the left sub-dam, which is convenient for
construction of a coffer dam and is safe for leakage of storage

water of reservoir.

The elevation of lowest inlet sill corresponds to the proposed
sediment level of Khanpur reservoir. The intake tower has four
inlets at different elevations, and each inlet is equipped with two

gates of 1,30 m wide and 2.60 m high (Drawing No.ll, Appendix D).
B. HNo.l Tunnel and Pressure Break Basin

‘Water taken from the Reservoir with intake tower is led in the
pressure break basin through No.l pressure tunnel having a length of

770 m,

Jet-flow gates are employed to‘dissipaté energy for its good
water measurability and less loss-head, For safety against
emergency, two-way flow system has been employed, and butterfly
valves have also been designed at upstream of jet~flow gates for

inspection and repair (Drawing. No.12, Appendix D).

Cross-section of No.l TUnnel, as same as that of No.2 Tunnel,
is standard horseshoe-shaped with 2.4 m diameter. - Though inner
' . ' 2 o : '
pressure is as low as 2,8 kg/em , supplemental reinforcement steel

bar for lining concrete and grouting between lining concrete and



excavated cross section has been planned. Furthermore water-stop
_grouting along tunnel lining has also been planned (Drawing No.l3,

Appendiz D).,

In addition, a gate (2.7 m x 2.7 m) has been designed at

entrance of the tunnel to enable inspection of the pressure tunnel.
C. WNo.2 Tunnel and Culvert

Stilled water with energy dissipator is led to Golra thiu 106 m

of culvert and 11,480 m of connected No.Z2 Tunnel.

No.2 Tumnel is a free-flow tunnel with standard horseshoe shape
(diameter 2.4 m). Three types of the tunnel have been designed,

corresponding to rock class (Drawing No.1l4, Appendix D).

The area is located at west end of Himalaya Mountains and No.2
Tunnel has to pass fault belt, which is geologically considered as
structural fault, at three places. Height of groﬁnd above tunnel is
less than 500 m so0 that earth pressure will not be much. However,
becauée of liméstone, much ground water flow and intensive

resurgence while construction are anticipated.

For safety against the said earth pressure and intensive
resurgence, Chemical grouting at the three faults in advance to

excavation has been planned to stabilize earth body.

No.2 Tunnel is as long as 11,480 m, and two vertical shafis are
designed for quick construction. Depth of No.l and No.2 vertical
shaft are.97 m at Tarmakki and 59 m at Golra respectively.
Cross~section has béeh designed circular with 6.0 m diameter so as
to accommodéte two skip lifts, one lift for equipment and materials
and athher iiff for staff by taking account of volume of muck and
tranéportation of constfuction ecquipment. The vertical shaft will

he so decisive to control tunnel construction that it will be a



concrete structure, and will be in operation for four years.

culvert connected to entrance of the tunnel has been designed

square-~shaped (2,4 m x 2.4 m) for simplicity of construction.

p. Pipeline

A 650 m pipeline between outlet of No.Z2 Tunnel and Golra Watef
Treatment Plant has been designed as twin steel-cored PRCC pipelines

(#1,650 mm) .

E. Effects on Existing Diversion Works (for irrigation and

industrial water) along Left Bank Canal

Three existing diversion works are located along Left Bank
Canal. With the proposed project, water level in the Left Bank.
Canal shall be lowéréd due to less flow discharge caused by ho water
reiease for domeétic water. Therefore improvement works to lower
elevation of diversion crest by 0.63 m (2.1 £t} shall be carried

out.

Diversion work at entrance of Mohra Muradu Tunnel {RD 29,000}
is equipped with check gate, and other diversion works are equipped
with diversion pipes at the sill of main canal. Therefore,

improvement of these diversion work will not be necessary.
5.2.2. Water Treatment Plant

In BCCOfdance with the design criteria and the staéed water
supply scheme, the preliminary design was-prepared.. The details of
major facilities for Golra water tfeatment plaﬁt'ére presented in
Table V-1, and the general layout and the hydrauiic profile of the

plant are shown in Drawing No.l16 - 23, Appendix D,



A. Condition of the Preliminary Design

a. Capacity of the plant
- treatment capacity : 121.6 MGD (553,000 m3/d)
- produétion capacity 115.5 MGDB (525,500 m3/d)

. Intake and Conduction

-~ intake .: at intake tower in Khanpur

' reservoir
~ conduction : by gravity flow through tunnel
- receiving water level: +1,878 ft (+572.7 m)

B. Overview of the Preliminary Design

Proposed plant site is placed at the location of about 700 m
east from the main road betweéen 10 and 11 series in E~10 Sector, and

along the main road between E and T series.

Abéut a half of the proposed plant site is presently used for
cultivation and the rest area is vacant. The present ground |
elevation varies from about +1,860 to +1,880 ft. Planned ground
elevation is +1,870 ft for treatment facilities and +1,860 it for

the clear water reserveir and adjacent pump station,

According to the soil investigation of the plant site, the
formation is favorable for construction of civil structure, and no

special substructure will be neceéssary.

A total head loss for the various treatment process is 18 ft
based on the hydraulic analysis (see Appendix-B). And, water level
of the clear water reservoir is +1,860 ft at high water level and

+1,847 £t at low water level.
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TARLE V-1. WATER TREATMENT FACILITIES

* expanded capacity
unit in meter

Phase I Phase II  Phase III
Item Degcription : (60.8 MGD) (30.4 MGD)* (30.4 MGD)*

Receiving Well W 8.0 x L 15.0 x D '5.0, 1 well - ~
RC made :

Mixing well W6,0x L6&6.0xDSK.0, 2 wells 1 _ 1
RC made, with vertical :
type flush mixer

Flocculation Over~ahd—§nder vaffles, 4 basins 2 2
basin V 1,430 m” /basin, RC made

Sedimentation Rectangular horizontal 4 basins 2 2
basin flow type, W 32.0 x L 90.0

x D 4,0, RC made,
V 11,500 m~, with bridge
type travelling girder sweeper

Rapid sand Single media declining =~ 20 units 10 10
filter rate giltration, Rg mgde, :
128 m Junit, 120 m /m .4,
Perforated plate underdrain,
backwashing together with
surface washing

Clear water w 40,0 = 40.0 x D 4.0, 2 reservoirs 1 1
reservoir V 6,400 m~, RC made
Elevated tank Dia. 1935 XD 2.5, 1 tank 1 -
v 700 m~, RC made
Waste water W 15.0 x % 27.0 x D 2,5, 2 basins - -
bhasin v 1,000 m~, RC made i
Buildings Administratjon, 1,510 m’ 11S - -

Alum: 860 m

Chiorination: 540 m2
2lum feeding ) 1 LS 1 .-
facility
Chlorination 1 1Ls - -
facility
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5.2.3. Pumping Station, Distribution Main and Service Resexvoir
A. Service Reservolir

Service area of the twin cities is divided into three zones:
namely, Islamabad High Zone, Islamabad Low Zone and Rawalpindi. One
service reservoir is proposed to be constyructed in each zone.
Control water level in each servicé reservolr is determined so that
water is delivered to the terminal unit of distyibution. In
consideration of required capacity corresponding to the hourly
change of water demand as well as éffective capacity to cope with
power stoppage, capacity of the service reservoir is taken as six

hours capacity of the projected maximum daily water supply.

In review of capacity, wéter level, distribution area,
tépographic and other conditions concerning the service reservoir,
Golra—-1l and Gol£a~2 service reservoirs respectively for Islamabad
High and Low %ones are proposed with PC tanks at the sites situated
on hill-tops located to the north of the treatment plant in Sector

'E—lO.- A RC flat slab type service reservoir is also constructed in
Sector Hrli to distribute water to the service.areas of Rawalpindi.

Major diwensions of service reservoir are summarized as under;

'DIMENSTONS OF SERVICE RESERVOIR

Service _ _

Reservoir Effective Capacity Structure HWL LWL

Golra-1 13,000 cu.m x 2 P.C 673.0 m 663.0 m
(2,207 f1) (2,174 1)

Golra-2 16,600 cu.m x 1 P.C 624.5 614,5
(2,048 ft) {2,015 £t)

H-11 22,300 cu.m x 4 R.C 557.0 551.0

(1,826 ft) (1,807 ft)
BR. Distributioan Main

Distribution main pipelines to convey water from treatment
plant up to service reservoirs for both Islamabad High and lLow Zones

are pressured by pumps. Taking water pressures to be operated,



workability_fdr construction, economy and back-up in case of

emergency into consideration, the following dimensions are given;

DISTRIBUTION MAIN FOR ISLAMABAD

Distribution Main Diameter x No. of ILine  lLength
For Islamabad High %Zone DIP 4700 mm x 2 line 1,530 m
For Islamabad Low Zone DIP 800 mm x 1 line 1,550 m

Distribution main pipeline for Rawalpinai service area is
proposed as gravity flow type. Water pressures operated are
relatively low, therefore, PRCC (with steel core)=is selected for
its low cost. From hydraulic point of view, twin pipeline system

with a diameter of 1,500 mm is proposed.

DISTRIBUTION MAIN FOR RAWALPINDI

bistribution Main Diameter x No. of Line Length

For Rawalpindi PRCC (with steel coxe)gl,500mmx2 6,500 m
C. Pumping Station

Water conveyed to the service reservoirs for Islamabad is
preSSUfed by pumps. Pumping station is proposed at the site
situated in the compound of the treatment plant. In review of
operation, convertibility, economy and others, number 6f pumps axe
determined at five units of equal capacity. 8Six unit of lifting
pumps inclusive of one spare unit ave installed in each pum?ing
station., Horizontal Shaft Double Suction Volute Pump is selected in
congideration of the required capacity and total pumping head. In
addition to the lifting pumps, back-wash pumps and surface-wash
pumps for the use of treatment.plant are also installed in the

pumping station.
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Bore

DIMENSION OF PUMP

Capacity Total Head Motor

Pump {mmn) (cu.m/min) {(m) - (xw)

No.l (High Zone) #300 x 200 14,32 117.5 400
No.2 (Low Zone) @300 x 200 9,22 68.0 150
No.3 (Surface Wash) - @450 x 350 25.00 20.0 132
No.4 (Back Wash) g450 x 400 23,30 15.0 20

units
6 (1}
6 (1)
4 (2)
3 (1)



5.3. Project Implementation and Cost Estimate
5.3.1. Project Implementation

The project would be implemented over a 14 year periéd,
starting in 1987 with implementation of Phase I project being
followed by Phase II project in 1992 and Phase III projecf in 1997
to end in 2000 (Table V-2). By this, the project could supply bulk
water to meet the water demand prospected in the target year of

2000,

The Cépital Development Authority would be responsible for
overall planning and coordination of the project. BA Project
Coordination Committee, comprising representatives from CDA, WAPDA;
PHED, MES, RMC, CB and other authorities concerned, would be
established to coordinate their aétivities related to the project

(Figure V-1).
5,3.2. Cost Estimate

The total project cost in August 1984 prices, including
phyéical contingencies and price escalation, is estimated at Rs.
2,900 million, of which Rs. 1,925 miilion is for Phase I project,
Rs. 558 million for Phase 1I project and Rs, 417 million for Phase
ITI project. The foreign exchange component for the ﬁotai project

is Rs. 1,171.5 million, or 40% of the total cost (Table V-3 - 10}.

Engineering and administration costs amount to Rs. 183.2
million for detailed investigation, detail design, and superfisioﬁ
and administration of the project. Physical contingencies of lb%
have been addeﬁ to all estimated costs, Price increases were
estimated by applying the annval rates of price escalation of 10%

for local costs and 6% for. foreign costs,
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Construction works would be carried out by international
competitive bidding. CDA would retain consulting firms, composed of
foreign specialist in association with local consultant to assist in
the detail desién of project, preparation of design and contract

documents, and supervision of construction.

The total project cost of Rs. 2,900 million was allocated to
the respective areas of Islamabad, Rawalpindi Municipal Cooperation
{RMC) and Rawalpindi Cantonﬁent Board (RCB) on condition that costs
of common use facilities are allocated.to areas concerned in
prdpdrtioh to respective water production, and other costs (project
officeé, land écquisition, office equipment, engineering,
administratidn and contingency) are allocated in proportion to
respéctive construction costs of facilities. BAllocated costs are

summarized as under (refer to TABLE C.I11-22-25, Appendix);

SUMMARY OF COST ALLOCATION

- Unit: Rs. Million =~

Brea Phase 1 Phase II Phase III Total
1. Islamabad 779, 7 173.0 125.1 1,077.8

2.  Rawalpindi

- RMC - 546.6 184.1 138.9 869.6
- CB - 598.7 200.9 153.0 952,86
Total 1,925,0 558.0 417.0 :2,900.0
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10.

11,

12,

13.

TABLE

Item

Conduct;on main
Watef treatment plant
Pumping station
Distribution main
Service reservolir
Electric works
Sub-total (1% 6)
Projéct office
Land acquisiticon
Office eguipment
Engineering
Administration

Sub-total (7™ 11)

Base Cost (1 11)

V-3

COST SUMMARY (1)

Foreign

FPhysical contingency
Price escalation

Total Cost

.Local Total Foreign
--~— Rs. Million -—---- (%)
2497 177.8  427.5 42
190.3  184:9  375.2 49

51.6 54.1  105.7 51
70.5 70.5 - 141.0 50
112.8 77.8 190.6 41
13.8 23.3 37.1 63
688.7 . 388.4 1,277.1 a8
12.0 - 12.0 -
35.6 - 35.6 -
2.2 6.3 8.5 74
3.2 116.4  147.6 79
35.6 ~ 35.6 -
mee 1227 2393 %1
805.3  711.1 1,516.4 47
80.5 711 151.6
842.7  389.3 1,232.0
1,728.5 1,171.5 2,900.0 40



10.

11.

12.

13.

TABLE V-4

Item

Conduction main -
Water treatment plant
Pumping station
Distribution main
Service reservolr
Electriﬁ works
sub-total (17 6)
Project cffice’
Land acguisition
Office eguipment
Engineering
Administrétiop

.Sub—total (7~ 11}

Rase Cost (17 11)

Physical contingency
Price escalation

Total Cost

COST SUMMARY (2)

(Unit: Rs, Million)

Phase T Phase @ Phase II Total
427.5 - ~ 427.5
196.1 10l.2 77.9 375.2
89.4 10.4 5.9 105.7
76.0 65.0 - 141.0
124.6 43.0 23,0 190.6
32.2 3.4 1.5 37;1
945.8  223.0  108.3  1,277.1
12.0 - - 12.0
35.86 - = 35.6
8.5 - - 8.5
121.1 17.8 8.7 147.6
27.8 4.5 3.3 35.6
2050 22.3 12.0 2393
1,150.8 245.3 120.3 1,516.4
115.1 24.5 12.0 151.96
659.1 288.2 284.7 1,232.0
1,925.0 558.0 417.0 2,900.0




TABLE V-5
Iten | Local
1. Conduction main 249.7
2. Water treatment plant _ 99.6
3. Pumping étation 44 .2
4. Distribution main 38.2
5. Service reservoir .72.1
6. Electric works 11.9
Sub-total (176) 2157
7. Project office : . 12.0
8. Land acguisition 35.6
9. Office eqguipment 2.2
1G. Engiﬁeering 25.8
il. Administration 27.8
sub-total (7% 11) 103.4
Base Cost (1711} 619.1
12, Pbysical contingency 61.%9
13. Price escalatién 448 .4
Total Cosé . 1,129.4

COST SUMMARY - PHASE T

V-20

Million)

(Unit: Rs.
Foreign Total
177.8 437.5
96.5 196.1
45.2 89.4
37.8 _7é.o
52.5 1246
20.3 32.2
430.1 243.8
- 12.0
- 35_6
5.3 8.5
95.3 121.1
- 27.8
101.6 205.0
531.7 1,150.8
53.2 115.1
210.7 659.1
795.6 51925.0




10.

11.

12,

Item
Condﬁction main
Water treatment plant
Pumping station
Distribution main
Service reservolr

Electric works

Sub-total (1n6)

Proiect office
Lénd acquisition
Office equipment
Engineering
Administration

Sub~total (77 11)

Base Cost {17 11)

Thysical contingency
Price escalation

Total Cost

TABLE V-6 COST SUMMARY —~ PHASE

(Unit: Rs. Million)

Local Foreign
51.4 49.8
4.6 5.8
32.3 32.7
26.4 16.6
1.3 2.1
6.0 107.0
3.6 14.2
4.5 -
B 142
1241 121.2
iz.4 12.1
193.4 94.8
329.9 228.1

To;ik

101.2

22.3

245.3

24,

wn

288.2

558.0




TABLE

Item EQEEL

1. Conduction main -

2. Water treatment plant 39.3

3. Puﬁping station 2.8

‘d, PDistributien maln -
5. Service reservoir 14.3

6. Electric works | 0.6

sub-total (1%6) 57.0

7. Proiject office -

8. Land acquisition -

2. Office equipment -

10. Engineering 1.8
1l. Administration 3.3
sub-total (77 11) 5.1

Base Cost (1% 11) 62.1

12. 'Physical contingency 6.2
13. Price escalation 250.9
Total Cost 269.2

V-7

COST SUMMARY -~ PHASE I

V=22

(Unit: Rs.

Foreign

147.8

Million}

Total

77.9

12.0

120.3

12.0
284.7

417.0
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5.4. Operafion and - Maintenance

5.4.1. Basic Concepts of Organization Set-up and Operation and

Maintenance Activities

Thé organization of operation and maintenance on the Khanpur
Water supbly project shall be considexed comprehénsively from _
viewpcints of function of existing organizations related, poliéy of
future metropolitan area development, modernization and.efficiency
of their activities, and water resources availabilify for twin

cities of Islamabad and Rawalpindi.

Water resource of this project, as discussed in previous
sections, is storage water of Khanpur reservoir which was
constructed for the purpose of irrigation, industrial and urban

water supply.

The present operation and maintenance of water supply systems
in the twin cities are basically performed by CDA and PHED for bulk
water supply. The O/M of distribution systems are undertaken by CDA

for Islamabad and RMC, MES and CB for Rawalpindi.respectively.

The crganizations which are illustrated in Figures V-2 - 5 axe
proposed to operate and maintain the existing and planned facilities
in the most effective and efficient manner based on regional scope

and perspective encompassing both Islamabad and Rawalpindi areas.

Ultimate targets of respective aspects on operation and

maintenance are summarized as under.



Budgetary Managemcnt

- Bﬁdget for the development of water resources as well as the
operatlon/malntenance of water supply systems will be
.regularly compiled.

~ Budget will be formulated on the premise that this
qrganization is financially on its own feet.

- Finahciél resources will be mainly derived from its 6wn
coffer. But, some of them will be in the form of tax on

citizens and or loans.
Operation and Maintenance

-~ Bulk and other water supply facilities will be operated and

maintained.

_ ~ Total and complete metering of connection will be attained,

-~ Alsc, water supply 24 hours all the year round will be
attained.

-~ fThe date on which a pipeline is laid, its materials, quality,
quantity and economic life will be recorded, and maintenance
will be performed accordingly. Repairing of pipelines as
needs be and their replacement in accordance with their life
will be strictly observed.

~  Vigilance will be maintained to detect system leakages and
pfompt measures and actions will be taken to correct and
remedy the situation.

~ Personnel and wages & salaries will be established so that
rélevant facilities will be attended to in an optimal manner.

- Materiéls and spares will be effectively and efficiently
managed and controlled.

~ Water quallty will be tested, analysed and assessed regularly
‘at each stage of water intake, conveyance, treatment and
consumption,'ahd necessary measures will be taken.

- Quality control of material and equipment will be strictly

coserved.
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Water Tariff

- Tariff.will be determined and will be_changed based on.the

cost analysis of water supply services as well as on_the
C paying ability of consumers. .

- .Flat rate system will be abolished and in 1ts ‘stead a tariff
.system under which charges will be imposed proportionate to
the volume of waterx consumed will he totally éqd cowpletely
applied. _ '

- A progre551ve tariff system under which the more water is
consumed the more expensive the charges on unltary

" consumption of water will be 1ntroduced.

- One and the same tariff syStém will be introduced to be
uniformly applied to the respective.citizens of Islamabad,
Rawalplndl city and Cantonment,

-~ Ways to compromise with Islamlc concept .and bellef on water
will be sought. N

- Waker tariff éystems in other major cities in Pékistan will
be constantly monitored to maintain a balance with them.
Charges on unitary volume of water will be examined énd
assessed from international standpoint. ' '

-~ Water chargés will be evaluated in terms of the ratio of
water charges payment vis-a-vis income, Water charges will
be analysed from the angle of basic human needs. '

~ Billing and collection will be rationalized and ultimately

computerized.
Financial Management

-~ Operation and maintenance costs inqluding'depreciation and
interest payment will be calculated’bn a monthiy basis.

- Water'charges and other receipts will be monthly computed and
matched with corresponding expenditures. | '

-~ Irregular and/or abrupt increase of éosts and or degrease.of
revenue will be intercepted; exaﬁined and anaiysed, and

countermeasures will be taken.



- Statistics on population, water consumption, production,
‘revenue, coéts, etc. will be historically recorded and
maintained. |

- Financial statements including profit and loss statement,
cash flow and balance sheet will be regularly reported and
‘assessed.

- Pinancial viability will be attained.
5.4.2. Proposed Organization and Functions
4. Boards

" The Water Management Boérd on the Khanpur water will be
organized. consisting of the representatives of Ministry of Water and
Power, Ministfy of Agriéulture, Ministry of Industry, Ministry of
Defence, Capital Development Authority, Water and Power Development
. Bathority, Government'of_Punjab and Government of NWFP. The major
purposes of the board are to decide on water allocation of Khanpur
water for'réspective coﬁsuﬁers, to direct revision for seasonal
fluctuation of water requirement'and pricrity of water release from
Khanpur reservoir during drought period, to decide on water charge
revision if required and other political matters concerning Khanpur

vater.

Under:the supervision of thé water management board, Regional
Water Supply-SyStem Operation and Maintenance Board (RWSSB), which
will be consiéted of Capitél Development Authority (CDA}, Public
Heélfh Enéineering Department (PHED) of Punjab Government,
Rawalpindi Municipal Corporation (RMC), Cantonment Board (CB) and

Military Engineering Services (MES), will be organized.

Major functions of RWSSB are to decide on treated water
allocatioh and adjﬁstment for common use water supply system between
Islamabad and Rawalpindi, to decide on water charges and tariff

system for respective consumers, to deliberaté and evaluate annual



gperation and maintenance pudget, to evaluate operation and

maintenance activities on the water supply systems.

B. Committees

The Water Supply System Coordinating Committee on the Khanpur
Water (CCKW) is established to undertake the following activities,
~ Members of CCKW consist of WAPDA, CDA, PHED, RMC, RCB, MES,
Irrigation Department of Punjab and NWFP Government, POF and PIDC éf

Industry.

- To prepare annual operation and maintenance programmes on
the Khanpur water | _

- To prepare annual water supply programmes including seasonal
requirements _ _ '

- To decide on and afrange detailed watér release.plan for
each consumers based on the direction of Water Managément
Board on Khanpur water on the revision of water allocation
and release schedules _

- To evaluate annual dperation and maintenance cost of raw
water and treated water including repairing works for common
use fadilities ' | .

- To prepare annual and periocdical assessment reports which
will be directed by the Boards

- To function as working group for the Boards

Another committee concerned is Water Supply System Coordinating
Committee on other water sourées such as Simly and Rawal dams,
groundwater developed in the twin cities and surface water in
Islamabad area. Functions of this committee will be similar to

those of CCKW.
C. Operation and Maintenance Offices

Under the control of Regional Water Supply System Operation and

Maintenance Board and Water Supply System Coordinating Committee on



Khanpur Water, three offices are proposed, namely WAPDA Khanpur Dam
O0.M Office, Islamabad Water Supply O.M Office and Rawalpindi Water
Supply 0. M Office. Major function and responsibility of divisions

in respective offices are described in Appendix C.
a. WAPDA Khanpur Dam Operation/Maintenance Office

Under‘the WAPDA Superintendent, three divisions are organized
such as Administration ard Finance, Khanpur Dam and Canal Control

Division.

The Office, headed by the Superintendent of WAPDA will take
care of overall operation and maintenance work on the Khanpur dam
and Left and Right Bank Main Canal as well as related appurtenant
facilities including operation of intake tower, diversion facilities

~.and head regulators along the main ganals.
b. Islamabad Water Supply Operaticon/Maintenance Qffice

Under the CDA Superintendent, five divisions are organized such
-as Administration and Finance, Khanpur dam, Simly dam, Headwork and

Tubewell, and Distribution Division

The_Offiéé, headed by the Superintendent of CDA, will take care
'of_overall operaticn and maintenance work on the water supply

systems within Islamabad Capital area for the time being.
c. Rawalpiﬁdi Water Supply Operation/Maintenance Office

Under the PHED Superintendent four divisions such as
Administration & Finance, Khanpur Dam, Rawal Dam, and Distribution

Divisions are organized.

The office, headed by PHED superintendent, will take care of
overall operation and maintenance works on the water supply systems
upto main distribution points and instruct operation and maintenance

manners for respective terminal consumer agencies concerned.,
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CHAPTER VI. PROJECT JUSTIFICATION

6.1. General

The primary objective of this study is to find out the optimum
route from the Khanpur reservoir up to the service reservoir as
studied in detail in the previous sections. In this regard, the
present study does not cover the entire water supply system and,
therefore, it is not easy te discuss the cost and benefit of the
whole water supply. However, if the cost of distribution system is
included in the project cost, benefit/cost analysis can be made

using benefit derived from water sold.

Hereunder, the Project will be evaluated in terms of economic
and financial aspects incorporating approximate cost of the

distribution system estimated for the purpose of the analysis only.
6.2. Project Benefit
6.2.1. Overall Effects of Urban Water Supply

Urban water is essential for human life as a basic human need.
At the same time, industrial and commercial development hinges cn
the supply of water. It is weil'known that ancient c¢ivilizaticns
arose and prospered on the great rivers. Water holds a key for

human existence and industrial activities.
A. Intrinsic Utilities

Water is a prerequisite for living things. For human life
urban water is vital because of its intrinsic utilities: we need it
for drinking, cocking, bathing, washing, draining and other uses.

We all remember that helpless feeling when water supply is
inferrupted, and also that relieved sentiment when water starts

coming again.
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Similarly, urban water is indispensable for manufacturing,

service, commercial and other industries as raw materials and other

similar uses and purposes.,

To measure these utilities in economic terms, house visit
inquiry investigations were conducted by the Study Team. The result
is that domestic énd commeréial/industrial users who are satisfied
with the present water charges are willing to pay ‘Rs. 6.80 and Rs.
5.62 per.thousand gallons of water respectively.. This, further,
boils down to the weighted average value of Rs. 6.49 per thousand

gallons of water.
B. Health Benefits

Tt is noticed in the developing countries that there is a high
incidence of diseases in rurél‘areas, contrasting with_the situation
in urban areas. Usually in villages and small towns the ratic of
the population served with urban water is much lower than in big
towns and cities. From this it is inferred that there is a strong

association between the reduction of diseases and water supply.

However, a difficulty is encountered when one attempts to
quantitatively link them, for there can be other éauses for biinging
down the occurrence of diseases. Due to this limitation coupled
with lack of sufficient data, quantification of health benefits has

not been performed.

It cannct be denied that health benefits are a principal motive
behind the construction of water supply infrastructure. According

to some sources they are the ultimate project benefits,

vVI-2



C. Saving of Labor and Time

The provision of more house connections and standpipes will
free many people from the daily labor of fetching and carrying

water.

1f evidences of the time consumed, the unitary value of time,
etc, were provided, the economic value accruing from the saving of

labor and time could be calculated.

However, due to unavailability of sufficient authentic data and

information it was not done.
b. Indirect Benefits

All the benefits described above can be realized or expected
immediately after a water supply project is completed. There are
other benefits that will come later, but their effects will be

far-reaching.

The improvement of people's health is inseparably connected
with the enhancement of human rescurces, which in turn is conductive

to socio-economic development.

The provision of domestic water will lead to an elevation of
~the quality of domestic ‘and social life, and the supply of
commercial/industrial water will accelerate and eventually multiply

economic activities in and arcund the areas.

The labor spent for water fetching can be usefully channellied

for more productive uses.
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6.2.72. Environmental Assessment

‘a5 has been already mentioned, the supply of urban water is
contributive to the reduction of water-borne diseases, although'it

is difficult to quantitatively single out its part in effecting it.

By controlling the incidence of diseases the Project saves the
costs of constructing and maintaininq'hoépitals and c¢linics for
generations to come.  From the standpoint of home economy, it

relieves households of medical expenses.

Also, it eventually increases socio-economic potentiality by

creating healthier and happier people.
6.2.3. Project Benefit

Indirect benefits of the Project described above have not been
guantitatively assessed, as it invelves a complex socio-economic

system medel,

As has been already mentioned, field surveys were conducted to .
know how much the beneficiaries in the Project areas are willing to

pay for water supply service.

This willingness toc pay pertains to the direct benefits, and
will incorporate intrinsic utilities of urban water. It may also in

some degree contain health and labor/time saving benefits.

The number of samples subjected to the surveys reached
approximately 3,000. The areas visited were Islamabad, Rawalpindi
City and Rawalpindi Cantonment, and both domestic and

commercial /industrial users were covered.
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Analysis of answers has disclosed that the beneficiaries are on

the average willing to pay Rs., 5.37 per thousand gallons of water
cénsumed. In other words, the urban water in the Project areas has

an economic value of Rs, 5.37/000 gal.

_ when analysis is confined to those consumers who voiced their
satisfaction with the present water charges, the willingness to pay
works out to Rs. 6.49 per thousand gallons. Since those who are
dissaﬁisfiéduwith'the existing status of water supply, be it water
charges or_otherwise, will not express the true and real level of
their willingness, the latter figure has been ultimately adopted as
representing the uhitary economic value of urban water. Those who
are satisfied with the present water charges comprise 73,9 percent

of the total cconsumers.

To calculate the total yearly economic value of the Khanpur
water, the volume of the water to be consumed in a certain future

vear is mutiplied by this unitary economic value of water.

However, the benefit of water will increase as years go by,
even on the assumption that the volume of water to be supplied
-remain the same. This is because people attach more economic value
ﬁer unitary consumption of water as their income grows. In
economists' jargons, it is calléd the income elasticity of economic
value of water. As a result of the surveys, it has been found that
the elasticity is fifty percent, with means that when income
increases by ten percent the economic value of water will increase
hy five pefcent. This income elasticity factor has been intergrated
in the computer programs to determine the economic benefit of the

suppiy of the Khanpur Dam urban water.

"~ In doing so, it was assumed that future annual growth rate of
the national economy of Pakistan will be 6.5 percent on the basis of
tﬁe Sixth Five Year Plan and also that income growth in the Project
areas will go éide by side with economic growth. (Refer to Table

C.Iv-1)



As mentioned above, the willingness to pay of Rs. 6.49 per
thousand gallons of water will incorporate the intrinsic utilities
of urban water, namely the USes.for drinking, cocking washing,
bathing, draining and others. .Alsb, it may partly ihciudé the
penefits of the reduction of water-borne diseases and the saving of

labor and time, though they should be basically treated separately.

if one piles up the benefits ofnﬁiéeaSe ieducfion and time
saving on top of the williﬁgness to pay, éhd.again the indirect
benefits of socio-economic impacts'0n t0p of ‘them, then the result
will be much higher than the value 6f willingness to pay. That is
to say, Rs. 6.49/000 gal. represents the very minimum of the

economic benefit of the Project.
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6.3. Financial Analysis and Tariff
6.3.1, Water Tariff

Economic analysis is an analytical process to see if a given
project is feasible from the standpoint of the national economy., In
contrast, financial analysis is an assesgsment of the financial

situation of an organization directly involved in a project,

_ In maklng a financial analys;s one of the most important
aspects is to dec1de on the water tariff. Flrstly, it will be
determlned in the form of the average water rate per thousand
gallons._ Then, it will be structured so that it may integrate the
fundamental concept that water is a basic human need and the modern

notion that water is an economic commodity.
A. Average Water Rate

To determine the average water rate per thousand gallons, in
the first place Che must see if it can cover the project costs under
" a reasonéble financial internal rate of return. Here, the project
costs depend td a very great exteht.upon the lending'terms under
which investment capital is loaned. If the terms are hard to this
particular project, it will'inevitably push up the water rate to
make hoth'ends meet resultiﬂg in a situation where it is

unacceptable in terms of consumers' paying ability.

After extenéive simualation analysis, it has been assumed that
the lending terms are 5% annual rate of interest, the repayment
period of 30 years-and'the grace pericd of 10 years for foreign
exchange portion of the construction costs, and 11% annual rate of

_lnterest the repayment period of 25 years and the grace period of
years for local currency portion, The prevailing bank rate per
annum in Pakistan is around 14%, and the difference of 3% will be

borne by the central government.
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If the average water rate is set at Rs. 9.0 per thousand

gallons under this assumption, it produces the FIRR value of 6.6%.

It is to be remembered that in computlng the above value thc
costs of distribution fac1llt1es 1nclud1ng mainsg and networks have

been incorporated in the projects costs.

A household in the Project areas on the average earns Rs. 1,890
per month, It monthly consumes 4.2 fhousand gallons oﬁ'water on the
average. If the above water rate is adopted; it will spend Rs. 37.8
per month as a water bill payment, which correspbnds'to 2% of its
monthly income. In other words, water charge under the proposed

rate is well within the paying ability of a household.

However, the water rate of Rs; 9.0 (/000 gal.} is by Rs. 2.51
higher than the willingness to pay of Rs. 6.49 (/000 gal.}. Also,
it is higher than the existing water rates of Rs. 3 to Rs. 6. An
effort has been made to absorb the difference thrdugh tariff
structuring. Nevertheless, it cannot be denied that some compulsory

elements are involved in the proposed water rate.

So far as average water rate is concerned, it is assumed to be
uniformly applied to both domestic and commercial/industrial users,

although tariff structuring should he different between them,

Supposing the costs of distribution facilities are deducted
from the project costs because of uncertain factors associated with
their estimation, the average water rate per thousand gallons is
calculated at Rs. 6.03 (= Rs. 6.0) by applying to Rs. Q.O fhe
coefficient of 0.6705, which is the ratio of the césté'upltb service
reservolr to be incurred over fifty years of project life (= Rs.
11,426 million) to the costs incorporating distribution to be |

required over the same pericd {= Rs. 17,040 million).
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If this water rate is adopted so as to cover the cosis up to
service reservoir, FIRR works out to 6.9% under the aforementioned

lending terms.
B. Water Taxiff Structure

Under the average water rate of Rs. 9.0 per thousand galicns a
househoid'pays the water bill corresponding to two percent of its
monthly income. It is known that a household has the ability to pay
for_water 4% to 5% of its income. 'In this regard the rate is not an

unduly hard one for the beneficiaries,

'Thé water tariff proposed here is based on this average water
rate and is S0 structured that up to a certain volume of water to be
consumed unitary charge is low,'and from there on unitary charge
brogréééivély goes up in parallel with the rise of water

consumption,

As shown in Table VI-1l, water charge per thousand gallions is
Rs. 2 up to two thousand gallons of water to be consumed per month.
If monthly water consumption exceeds two thousand gallons, for the
third one thousand.gallons Rs. 4 are charged. Likewise, for the
fourth, fifth.énd.sixth one thousand gallons Rs. 20, Rs. 36 and Rs.
46 are charged. -For instance, when a household consumes five
thousand gallons of water-a month, it shall pay Rs. 64 (=2 + 2 + 4 +
20 + 36).

This volume-related progressive water tariff is so intended
that the notion of water as a basic human needed will be met, and at
fhe'same time the costs of water supply service will be borne
according to the'siée of incoﬁe as is clearly evinced in the lattex

half of Table VI-1.

it is to be remembered that the water tariff will be applied

only to domestic users.
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C. Subsidizing of Water Rate

It is true that the beneficiaries are able to pay the bill
under the proposed average water rate of Rs. 9. 0/000 gal. in terms
of international standard. But, it is also true that the rate is
unusually high compared with the prevailing doméstic standards. - You
car bring a horse to a pond, but you cannot force it to drink.
However a water rate is theoretically justifieéd, it is of llttle use
if the beneficiaries are opposed to it., In that case, the average
 water .rate will be Rs. 6.49 per thouéand gallons since this is_thé'
rate they are willing to pay. And the differenée'of Rs. 2.51 per
thousand galions will be sibsidized by the Government. The sdbSidy
will amount to Rs; 67.7 million (=102.37 MGD x 1,000 x OQQS ®x 0.95 x
0.80 x Rs. .2.51 % 365 days/1,000,000) per annum. ‘

The water tariff under the average rate of Rs. 6.49/000 gal,

will be structured as shown in Table VI-2.
6.3.2. Financial Rnalysis

As has been mentioned, a financial analysis is an analysis of a
project from the viewpoint of a particular organization directly
involved in the Project. It has been stated that the project costs
are dependent upon the terms under which the lending agencies loén
investment funds, and they are already fixed. On the other hand,
project benefits are determined by water rate and volume, both of

which are already known.

In this section, in the first half the flows of costs _
and benefits will be analysed, and in the second the discount factor
that renders the present worths of costs and benefits equal will be

found.
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A. Cash Flow Analysis

Project costs are composed of the costs of raw water,
construction, operation/maintenance and replacement, whercas project
benefits are water charges receipts. Incremental benefits result by

subtracting the former from the latter.
a. Costs

Réw water will be purchased from WAPDA at the rate of. Rs. 2,711
per thousand gallons. This rate is necessary to cover the financial
costs for the construction and operation/maintenance of the Khanpur
Dam, (Refer to Table C.IV—2) The volume of water to be supplied
will be 51.185 MGD from 1992 to 1995, 76,778 MCD from 1996 to 2000
and 102:370 MGD from 2001 on.

The capital for the construction of Khanpur water conﬁuction
facilities will be invested during the constrﬁction period of 1985
to 2000, Tt will be borrowed from external and domestic sources.
.Lending texrms for foreign exchange componeﬁt will be 5% annual rate
' of interest and the payback period of 30 years with 10 years grace
period. Terms for local currency component will be 11% annual rate
of inﬁerest and the payback period of 25 years with 5 years grace
period. Financial costs arise in the form of principal and interest

to be repaid to the lenders,

The costs for the maintenance and operation of the facilities
concerhed will arise from 1992 when water will start to be supplied,

recurring over the whole period of project life.
Lastly, the capital for the replacement of some equipment in

pumping stations and treatment plant will be required during 50

years of project life,
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b. Benefits

Benefits are calculated by multiplying the volume of water to
be consumed by water rate. The average rate will be Ré. 9.0 pexr
thousand gallons. From 1992 to 1995 30.4 to 35.9 MGD, from 1996 to
2006 48.6 to 59.0 MGD and from 2001 on 70,9 to 73.9 MGD will be
consumed. It is assumed that the rates of conveyance, treatment and

distribution losses are 5%, 5% and 20 to 27% respectively.

c. Cash Flow Table

The third page of Table VI1-4 shows the cash flow'Of'the‘Pioject
over 50 years of project life. It can be observed in the téble that
for 28 years since the commencement of the Projéct'incfeméntal
benefits are negative, but from'the 29nd yeér on they are positive
and increase as years brogreés. So far as accumuléted incremental
benafits are concerned, they. continue to be negative until the 37st

years. That is to say, the capital recovery period is 36 years.

Further, it is to be observed that at the end of the project
life accumulated costs and benefits come to Rs, 17,040 million and
Rs. 27,260 million respectively. It means that accumulated '
incremental benefits are Rs. 10,219 wmillion, and the benefits/costs

ratio is 160%,

B. FIRR

a. Computation of FIRR

FIRR (financial internal rate of return) is a discount rate
{(discount factor) at which the present worth {present value):Qf.
financial costs equals that of financial benefits. That is to say,
when the FIRR value is applied as the discount rate the accumulated

incremental benefits in the cash flow table are rendered zerd.
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As shown inlthe first page of Table VI-4, the value of FIRR for
the Khanpur water conduction facilities construction project works

out to 6,6%.

At the same time, the water price covering the costs wp to
service reservoir has been calculated in order to put benefits in a

balanced position.

If distribution costs are excluded, and along with it water

rate is proportionately cut, the resultant FIRR value is put at 6.9%

as shown in the first page of Table C.TV-11,

Generally speaking, a project can be said to be financially
‘viable if the value Of FIRR is beyond the annual rate of the
oppoftunity cost of capitai. It varies from one country to another,
and from one period to another. It can be known from the prevailing
annual rate of interest in bank leoans. 1In Pakistan it is now around

- 14%.

What is to be stressed here is that the ultimate objective of
 the Project is to supply urban water to the public and industry, and
in this sense it is basically different from an undertaking in the

private sector.

If "no loss, no profit" principle is to be followed as a public
pﬁoject, fheoretically the value of FIRR for the Project should be
zero; Howevexr, to meet unexpected expenditure in the unforeseen
future and to alieviate financial losses in the first half of
project life, that is to say, to maintain financial satety and
secufity a certain level of FIRR will be necessitated. It is to be
determined side by side with water rate and lending terms on
investment capitai so as to keep a balance among them. Ultimately
Sit settléd down to about half the value of the prevailing bank rate

in Pakistan.
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b. B/C Ratio and NPW

FIRR is a discount rate at which benefits to costs ratioiis
one, and the net present worth is zero as described above. At . zero
percent discount rate B/C ratio is 160% and NPW'RS;IIO,ZlQ million
as alyeady observed {The net preésent worfh { —'neﬁ présent Qalue)

or NPW {= NPV) is another expression of accumulated 1ncrementa1

benefits.)

B/C ratzos and NPW at aifFerent dJscount rateo falllng between

5% and the FIRR value are as shown in the first page of Table VI- 4.
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1.

Consumption

TABLE VI-1

Water Tariff Structure

{000 gal.)

Rate/000 gall

(Rs.)

Charges
(Rs.)

PROPOSED WATER TARIFF STRUCTURE

© ~ AVERAGE RATE: Rs. 9.0/000 gal. -

36

46

(46}

28

654

2. Water Charges by Income
Income Share of Water Cons. Water Charges Waﬁer Charge
No. (Rs./M) Household - /M(000 gal.) -~ /M (Rs.) /000 gal. (Rs.)
1 300 4.4 2.9 7.6 2.6
2 750 22.3 3.6 20.0 5.6
3 1,500 38.0 4.1 31;6 7;7
4 2,500 "17.9 4.3 38.8 9.0
5 3,500 9.8 4.8 56.8 11.8
6 4,500 3.5 5.1 8.6 13.5
7 5,270 4.1 7.1 160.1 22.5
Ave. 1,890 - 4.2 37.6 9.0
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TABLE VI-2 - PROPOSED WATER TARIFF STRUCTURE

- AVERAGE RATE: Rs. 6.49/000 gal,-

1. Water Tariff Structure

Consumption
{000 gal.)

Rate/000 gal 1.5 1.5 3 16 28 34 (34)
{Rs.) .

Charges
{Rs.)

2. Water Charges by lncome

Income Share of Water Cons. Water Charges Water Charges

No. (Rs./M) Household /M(000 gal.) /M (Rs.) /000 gal.(Rs.)
1 300 4.4 2.9 5.7 2.0
2 750 22.3 3.6 15.6 4.3
3 1,500 38.0 4.1 24.8 6.0
4 2,500  17.9 4.3 30.4 7.1
5 3,500 9.8 4.3 44.4 ' 9.3
6 4,500 3.5 5.0, 53.4 10.5
7 5,270 4.1 7.1 121.4 17.1
ave. 1,890 - 4.2 27.3 6.5
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TABLE VI-3 ABBREVIATION TABLE

-~ FINANCIAL EVALUATION -

Abbreviation Meaning

WP Water Price per Thousand Gal. (Rs.}

CCF Const:uct%on_Cost, Foreign Exchange Component (Rs.mln)
CcCL o Construction Cost, Local Currency Component (Rs.mln}
oM Operatlons and Maintenance Cost (Rs.mln)

MM Number of Replacement Years

RY _ - "Replacement Year :

RCE ' Replacement Cost, Foreign Exchange Component {Rs.mln)
RCL *Replacement Cost, Local Currency Component (Rs. mln)
11 Annual Interest Rate, Foreign Exchange Component
PB1 Payback Perlod, Foreign Exchange Component (Years)
GlL Grace Perlod_ Foreign Exchange Component {Years)

12 Annual Interest Rate, Local Currency Component

PB2 ‘Payback Period, Local Currency Component (Years)

G2 Grace Perijiod, Local Currency Component (Years)
DC.RT : Discount Rate

PW.BF Present Worth, Benefit (Bs.mln)

PwW.CW Present Worth, Raw Water Cost (Rs.mln}

PW.CC1 Present Worth, Construction Cost-Foreign Exchange
o Component (Rs.mln)

PW.CC2 ~ Present Worth, Construction Cost-Local Currency

" Comporent (Rs.mln)

PW.CC " Present Worth, Construction Cost {Rs.mln)
T PW.RC Present Worth, Replacement Cost (Rs.mln)

PW.OM : Present Worth, Operations and Maintenance Cost {Rs.mln)
PW.CS = Present Worth, Cost (Rs.mln)

PW.NPW Net Present Worth (Rs.mln)

BC,RT Benefit Cost Ratic (%)

X Discount Rate

YR Year -

BNFT Benefit (Rs.mln)

CW . " Raw Water Cost (Rs.mln)

cC '~ Construction Cost (Rs.mln)
" RC Replacement Cost (Rs.mln)

oM Operations and Maintenance Cost (Rs.mln)

-COST ‘Cost’ (Rs.mln)

C5FL Incremental Benefit (Rs.mln)

AC.BF “Accumulated Benefit (Rs.mln)

AC,CW Accumulated Raw Water Cost (Rs.mln)

AC.CC " Accumulated Construction Cost {(Rs.mln)

AC,.RC * Accumulated Replacement Cost (Rs. min)

AC.OM - Accumulated Operations and Maintenance Cost {Rs.mln)
AC.CS * Accumulated Cost (Rs.mln)

AC.CF Accumulated Incremental Benefit (Rs.mln}
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TABLE VI-4

-~ WP=9, Il=5%, I2= 11% -

FINANCIAL EVALUATION (1)

[ FINANCIAL EVALUATION ]

{ FIRR COMPUTATION >

DC.RT

0.0%0

0.0s0°

g. 070

Pu., BF

823
4477
3492

PuW. Cl

1094
874
711

< INPUT >

wP= 9

CCF .1 = 22,44
CCF 2 = 27.26
CCF 3 = 29,981
CCF 4 = 47.373
CCF 5 = 170,672
CCF & = 305,324
CCF 7. = 237,137
¢cF 8 = 103.059
CCF 9 = &7.234
£CF 10 = 113.59
CCF. 11 = 1fiZ.d4
ccF 12 = 3§

CCF 13 = Q

CCF 14 = 19,524
CCF 15 = 59,351
CCF 16 = 40,98
CCF 17 = 14.9
&M a8 = 32,81

am 9 = 37.371

oM 10 = 42.001
oM 11 = 44,301
aM 12 = 55.79%
M 13 = S7.239
6M 14 = 57,239
eM 15 = 59, 339
arl 186 = &1.439
aM 17 = &7.425
aM 18 = 48,19

gM 19 = &8. 294
FM= 2

RY 1 = 22

RY 2 = 24

RY 3 = 27

RY 4 = 31

RY S = 34

RY 6 = 37

RY 7 = 41

RY 8 = 44

RY 9 = 47

11= 0.05

12= Q.11

PUW, CC1

1032
843
727

coL
ccuL
cel
ceL
ceL
ccL
CCL.
ceL
CCL
s CCL
$  CCL
cCL

ceL

ccL

ceL

- coL
ceL

RCF

RCF
RCF
RCF
RCF
RCF

RCF

RCE
RCF

PHL=
PBZ=

PW, Ccc2

2308
1911
1590

1 = 10,978
2 = 12,318
3 = 45,109
4 = 110. 853
5 =. 187 499
& = '312. 888
7 = 244.048
a = 116.825
9 = &7.206
10 = 118,334
11 = 104,871
12 = 34

13 =0
14 = 18.415
1S = 44,935
16 = 42,171
17 = 15.2

1 =20

2 =0

3I=20

4= g

5 =0

4 =0

7 =0

8 =0

9 =Q

30

25

PW, CC PU. RC

3340 118
2774 a1
2318 94

VI-i8

"RCL

RCL -
RCL
RCL

RCL.
RCL
RCL
RCL
RCL

WP I D N -

Gi= 10
G2= 5

Pul. OM
732
405

C 492

o a o n g

&3. 499
28.728
42.32
24,3599
11,701
&3, 479
28.727
7. 343
42, 32

PW. C3

5304
4337
3579

NPW BCiRT

+519
+139
~87

Cont'gd -~

109
103
@7
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TABLE VI~5 ABBREVIATION TABLE

= ECONOMIC EVALUATION -

Construction Costs (Rs..million)
Number of Replacement Years
Replacement Year

Replacement CoétS'(Rs. million)

Operation & Maintenance Costs (Rs. million)

IRR Computation

DC.RT:
PW.BF:

BW.CS:

"NPW

BC.RT:

Cash Flow

YR

.

BNFT

Cost
CSFL :
AC . BF:
AC.CS:

AC,.CF:

Discount Réte (= Discount Factor)

Present Worth (= Present Value) of Benefit

(Rs. million)

Present Worth (= Present Value) of Cost (Rs. miilion)

Net Present Wotth (= Net Present Value)
(Rs. million)

Benefit Cost Ratio (%)
Analysis

Year

Benefit (Rs. million)

Cost (Rs, million)

Cash Flow (Rs, million)
Accumulated Benefit {Rs. million)
Accumulated Cost (RS. million)

Accumulated Cash Flow {Rs. millionj}
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TABLE VI-6 ECONOMIC EVALUATION (1)
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TABLE VI-6 EONOMI}; EVALUATION {2}
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6.4, Project Justification
6.4.1., Economic Justification

A. Economic Evaluation

The internal economic rate of return (= EIRR} is an index
assessing the feasibility of a project from the viewpoint of

national economy.

Annual benefits are computed by multiplying the volume of water
to be scold in a given year by the unitary economic value of water (=

Rs. 6.49/000 gal.}. They are added toﬁether over the entire period

- of project life.

Project costs are composed of construction,
operations/maintenance and replacement costs of Khanpur water

storage, conduction, treatment and distribution facilities.

The construction costs, allocable to urban water, of Khanpur
Dam including Left Bank Canal is incorporated in the costs. They
amount to Rs, 876.106 million at 1984 prices. {Refer to Table
C.IV-2)

Costs are estimated on a yearly basis and ultimately aggregated

over the entire period of project life.

In totalizing yearly benefits and costs a discount rate that

equalizes the present worths of both of them is sought and found,

The value of EIRR .for the Project has been computéd at 6.2% as
shown in Table Vi-6. If the costs of distribution facilities
including mains and networks are excludea from the project costs
because of uncertain elements involved in their estimation, then it
works out to 5.5% as shown in Table C.VI-5. It is to be remembered
that the unitary economic value of water is cut to Rs; 3.75 in |

calculating the second value of EIRR.
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The costs over the entire period of project life amount to Rs
6,410 million. When distribution costs are excluded they come to
Rs. 3,705 million. The coefficient of 0.578 deriving from the cost

ratio {3,705/6,410) is applied to Rs. 6.49, resulting in Rs. 3.75.

The EIRR value of 6.2% is low compared with standard levels of
the rate of the opportunity cost of capital which fall between 8 and
15%, It is to be stressed, however, that 5 to 6% is a standard

level as an EIRR value for a project in water supply sector.

‘The value is based upon the project benefits calculated from
consumers' willingness to ﬁay for water supply service. It is, as
has been seen, Rs, 6,49 per thousand gallons. It is to be reminded
that it expresses the very minimum of the unitary value of water,
because such major benefits as health and time saving benefits may
not'bé inéluded in it, and also because indirect benefits in the

form of far-reaching socio-economic impacts are excluded from it.

Supposing all the benefits deriving from water supply are
quantitatively expressed, the unitary economic value of water will
be pushed up to a much higher level, which in turn will bring up the

value of EIRR to a proper and reasonable height.

It is pot uncommcon in a project for the construction of a
social infrastructure and whose primary objective is the provision
of pubiic seivice t6 have an EIRR value in the range of 3 to 5%, and
in spife of it to be judged feasible because of the magnitude of

ekpected intangibie'benefits.
B. Sensitivity Analysis

'Senéitivity analysis has been conducted to see how the value of
EIRR is affected if conditions and premises under which it is
computed are changed. This is necessary because a project is a
future uhdertakiné and there are inevitably a lot of uncertainties

in the future.
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Firstl&, an analysis has been made to observe the effect to
EIRR if the completion of the first phase of constructioﬁ“works is
.delayed As a result of the ahaiysis it has béen found that one
year delay lowers EIRR by 0.1% to 6. 1%, and 2 years delay brlngs
down the index by 0.2% to 6.0%. Thls comparatlvely light negative
impact of the delays in tunnel construction will be maiﬁly accounted
for by the fact that dnly 50% of Khanpur urban water will be

supplied at the end of Phase I.

The second analysis is to find how it will affect EIRR if an
OVerruﬁ of coﬁstruction costs occurs. The result.reﬁeals that the
overrun by 10% reduces 'EIRR by 0.3% to 5.9%. If if'is by 20%, the
index goes down by 0.5% to 5.7%. 1t shows a considerable extent to
which BIRR is affected if estimate of CDDSLIUCthh costs is not
proper and exact. But the Study Team is confldent that its estlmate

is correct and firm, and any overrunnlng will not happen.

The third analysis is based on the supposition that Khanpur
water is not sola 100%. Supposing_it is demanded by 90%, EIRR is
reduced by 0.6% to 5.6%. If only 80% is sold, the feasibility index
is further reduced by 1.3% to 4.9%. It testifiés to the importance

of the study of water demand and supplyf

Lastly, an analysis has been performed,.supposing the situation
where all the negative aspects in the preceding three cases are
compined together. One instance is thé'combination of one year
completion delay of Phase 1, 10% overrun of construction costs and
water sale ratio of 90%. In the next one, 2 years delay, 20%

overrun and water sale of 80% are put together,

Computation resulted in the BIRR value of 5.3% for the first
instance, and 4.3% in the second. If tﬁings.go bad aé.in the two
instances, the feasibility of the Project wiil be stronély affectéd,
though not to the extént that it is rendefed'nii,. Besides, it is
improbable that things will turn out altogether‘adverse ana

negative.
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