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CHAPTER VII. WATER ‘RESOURCES DEVELOPMENT PLAN

7.1, Besic Concept of Plan Formulation
7.1.1. Target Years

The target year of the study is 2610. "Also, the study team is
requested to make recommendation regarding water resources

development potential beyond 2010 up to 2030.

The study of course concerns those water resoufces which have
been already developéd and those which are to be developed sooﬁ by
fixed plans. It also contalns comprehensive development plan for
the years 1987 (current) and 2000 (the target year of the already

existing plans) based on the same policy. regarding water balance.

7.1.2.__Pfior1ty among Propesed Water Resources

The priority of development among the proposed water resources,
especlally storage water, have those which will produce maximum

éffec; at minimum investment, .

- A water resource should be newly developed about one year

before the demand exceeds the supply. 

- The implementations order should in principle follow the
‘order of economy of "Unit Water Costs", except for the

~already existing projects.
- Small schemes ghould be given priority in case that the

supply may exceed much the demand,

appropriate small scale scheme will have a priovity.
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7.1.3. Optimum Dam Sizing

From the viewpoint of effective use of water resources on a
stfeam, the dam size should be as large as possible within the

engineering limits,

Howevetr each damsite has its ﬁroﬁer tendency about rates of
investment and effect, ahd~if'this_faét is not taken inte account,
some of investment may turn futile in case ﬁhat_the’éiﬁe is too
large and some of resources may be of no use if the size is ﬁeb

small,
Following is the manner of approach proposed in this study:

- On each proposed damsite, a relation curve between
investment and effect (unit water cost curve) should be

made.

- At the stage 6f selection ‘of the damsite among those
nominated on a stream, live storage capacity of a dam

will represent the above-mentiloned effect factor.

- -At the next stage, érohable water produétion'of the dam

will represent the effect on a sélected damsite.

- Dam construction costs and operation/maintenance costs

will be adopted as investment factors.

- On the unit.water cost curve made as mentioned above,
the appropriate dam size will be.poihted_ouf. Shape of
curve describes & parabola having the minimum point of

‘unit water cest of the dam.
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An approprilate dam size should be close to this minimum
point, while having as, large capacity as possible. When

the maximum size is limited by engineering technology, the
technology limits should be given priority. '

The purpose of this study is to establish a comprehensive
developuent plan of various water resources for varlous users, 8o

that the analysis by "unit water cost curve" could be more
significant.
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7.2, Assessment of Water Resources Development and Current

Development Plan
7.2.1. Assessment of Water Resources Developed

For water supply to Islamabad/Rawalpindi at present, the
developed and functioning facilities are all in the Soan basin.
This is summarized in Table D-4-1 (Islamabad) and D-4~2
(Rawalpindi) of Appendix D. '

Bésides, the'Khénpur dam was completed but its conduction main
to the twin city was completed only up to the Nicholson Monument.
The cbndﬁction main should be top priority scheme in order to meet
acute water demand in'tﬁe—twin city. 'The Government of Pakistan

considers the fimancial aid from the international organizations.

On the other hand, Taxila/Wah area has been alsc developed
wéter fésources for their water use. The development of water
resources for this area is concentrated to groundwater and spring
water in the Jhablat Kas basin, Water supply in this area is
described in Table D-4-3 of Appendix D.

7.2.2, Assessment of Current Water Resburces Development Plan up to
the Year 2000
The current plans for Islaﬁabad and Rawalpindi are as follows.
Among these plans, some of these plans are already fixed and some
are only early conception.

A, Current Plans of Islamabad

- Construction of the Khanpur Conduction and its Terminal
Facilitles
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- Extension of the Existing Head Works (Shahdara, Nurpur
etc.) (including rehabilitation works to keep facilities
with originally projected capacities)

- Laying of 3rd conduction pipeline from the Simly dam and

reopening of the Kurang Head Works.
~ . Installation of additional tubewells. .

B. Current Plans for Rawalpindi

Constructions of the Khanpur Conduction and its Terminal
Facilities

-  IExtension of the Rawal Lake Filtration Plant
~ - Rehabilitation of the Hailay Water Works

- Installation of additional tubewells.
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7.3, . Construction Cost and Optimization
7.3.1. Counstruction Costs and Operation/Maintenance Costs .
A. Basic Concept of Cost Analysis

Construction costs of the proposed facilities. storage dams,
diversion dams and conveyauce systems are estimated using unit

prices as of January 1987,

Materials ‘and labour costs are determined using the market

costs and the next references.

- Schedule of Rates (Building and Roads) 1982

(Government of Paklstan)

- Final Report for Feasibility-Study on the Conduction of
Water from'Khanpur'to Islamabad/Rawalpindi 1985
(The Japan International Cooperation Agency)

a, Construction Costs of Storage Dams

Dam construction costs are estimated for the dam bodies,
spillways and outlet works, which are the main components

of dam construction,

The construction costs of dam bodies are estimated for
each damsite by using rough dambody volumes and unit

costs,

The construction éqsts of spillway and outlet works are
determined using the component ratio of the costs for each

work, considering the difficulties of each work.
Unit prices are determined using a rough break down and

taking into account recently constructed dam projects in
Pakistan,
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b. Construction Costs of Diversion Dams and Conduction Mains

Construction cost of conduction mains ig estimated by
multipling unit cost per linear meter of a facility by
its length.

The costs of pumping station is also estimated based on
discharge wise and/or motor -output wige unit cost in
relation to the proposed capécity of the facility.
Construcﬁion'cost of diversion dam is calculated from the

rough volumes of its dambody and appurtenant structures.
¢. Operation/Maintenauce Costs

Annual operation/maintenance costs -after completion of
construction are obtained by applylng certain ratio to the
‘construction costs, and electric power costs are added for

pumping stations.

B. Construction Costs and Operation/Mainteénance Costs of Proposed
Facilities ' - ' ' '

Cost estimation has been carried out for storage dams,
diversion dams and conduction mains based on the procedures and

methodologies described above.

Table Vi143;1 shoWé the cbnstruction costs and‘operaiion/

mainteﬂance_cost_of'the'propoéed'f&tilitiesJ
C. 1Unlt Water Cost
As a factor of evaluation of proposed water resources

facilities in the study either of simple structure or of system

structures, the "unit water cost" will be defined as follows:
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Unit Water Cost at the terminal point of facility/system = C/B
Where,
¢ : Total annual cost of the facility/system (M.Rs.)
= Ic x (AN + (1 + AN)Y) /({1 + AN)Y —1)"-;— oM
IC : Initial cost of the facility/system (M.Rs.)

Annual interest from those investments.
In the study, the rate of interest is assumed to be
5%,

CAN

Y : Economic life (years) of the facility/system which
is assumed as follows for those respective
structures:

Dam, Head Works and Intake ; 50 years
Conveyance facilities 1 40
Lifting facilities s 200"

Annual OpératiOn/maintéhance cost. (M.Rs.)
It includes fuel and power expense.

oM

.o

B : -Annual water production or conveyance of the -
facility/system, (MCH)

Unit water cost, therefore, can be calculated dividing total

annual cost (C) by annual water production or comnveyance (B)

7.3.2. Proposed Storage Dam Size

Fighre ViI—3~1 shbws the sizing curvesrof thefséven poténtial
dams. Unit water cost increases rapidly corresponding to the
increase in dam size when dam size is extremely 1arge. The optimum
size for any dam is the point of the lowest unit water cost at the

highest possible water pfnduction.

From Figure ¥ii«3-1, there are two dam _groups, one having
comparatively low unit water costs (D— s S-1, 8L-1, KLwi Dams and -
the Shahpur Heightenlng Scheme) and the.other having relatively high
unit costs (H-4 and L-1 Dams).

The former may Be:increased in sizé up to the limits of dam

construction technology and compensation for land.
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From the technical point'of view, there may not: be much of a
problem in increasing the slzes of the dams, but $=1 Dam will have a
rapid increase in objects which will be submerged at Cherah Village.

located just upstream of the damsite.
As for KL-1 dam and Shahpur dam, their height is determined by
considering the upper limits to compensate for lands, as shown in

Appendix D.3.,2,

Therefore, the dam sizes shown in Table VII~3-2 ghall be

recommended

Table VII-3-2. - Recommended Sizes of Potential Dams

Annual Effective
Dam Name - Production Capacity
: : - (McM) . (MCM)
D~1 (Rajola) 107 60
H-4 (Pina) 80 125
§-~1- (Cherah) - : : 80 66
L~1 (Dadhochat) 70 . 91
KL-1 (Lohi Bher) 34 16.3
§L~1 (Dhok Shaban)’ : " 40 ‘ 62
Shahpur _ 17.3 .40

Helghtening

7.3.3. Diveféiqn Pam and Water Intake Tower

' The diversion facilities will be constructed across the Dor and
Jhablatrfiﬁéré; and their height.was'so determined in due
considerétion'df fhé intake ﬁaéer ﬁeloéity that the water flow
should not transport fine particle sand. At the immediate upstream
of the intake works, a flushing gate will be provided for
eliminating sediment, The. structure of the proposed intake
facilities was designed with the concrete fixed welr type in stead

of the gated welr type whose construction is very expensive in cost.

On the rivers Dor and Jhablat, the diversion dam should be of

floating tY?e because of the river bed with sand and gravel.
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Furthermove, rviver bed‘ﬁrotectidn works were designed in optimum
length at the imnediate downstream 6f the fixed welr, For the
proposed Dor divergion dam, a sedimehting basin should be
constructed at the dbwﬁstxéam of the diversion works for easy
operation and maintenance Sefvices of the facilitiés because the

26.5 km long.canal is to be branched off from the diversion point,

The proposed new intake tower, which will serve to take fyom .
the Khanpur reservolr an additional amount of water available by
development, will be constructed so that the Khanpur reserveoir will
remain filled with water and the works should be carried out with
temporary close of the inlet at about 500 m east of the
saddle~embankment on the left bank.

7.3.4. Pumping Station and Conduction Main

The plans for the conduction mains and the pumping stations
have been worked out through in the confirmation by field
investigation accordiug to the topographic maps in the scale at
1:50,000 as the base maps.

The water 1ift pumps for municipal water supply will consist of
four or six units including one stand—by unit, while those for -

irrigation with tvo or four units without any stand- by units.

The intake poini fof.the irrigation=aféaxdn thé.right bank of
the Sean river shall be located at immediate downstream of the '
confluence with the Lei Nala flowing through the central .part of.
Rawalpindi and the eondult type will be employed far taking the

filerated water so as to avoid polluted urban sewwrage.

The water resources developed by storage dams and diversion'
dams can be easily conveyed from the sources to ‘their respectiVE
consuming areas by comparatively simple method because these water

sourcesa and consumers can be épnnécted in simple and direct lines

Vii-12



:independently. In the Haro river System; however, various methods
must be considered for water conveyance because of so intricated

. conditions.

In details, the amount of water increased by dgvelopmént will
‘be taken out of the Khanpur reservoir through an intake tower
proposed in the reservolr. There are.basically two alternatives of
conveyance method for the above.
¢ .
i) The water should be released to a stream to flow down
about six killometers through the Haro river, and should be
conveyed by the proposed new canal after re-intaking by

newly constructed intake facilities, or

ii)_ Immediately -after being taken out of the Khanpur
reServoir5‘the-water'sheﬁld be conveyed to the finél
'destinétibn thféugh the pipeline to_be-néwly-?rotided in
- the Project. ' ' .

Theré are problems of selection of the proposed two plans
‘and of the use of the new water conveyance system for urban water or

irrigation water.

.uA.coﬁp&rativéﬁstﬁdy of the construction costs based on the
preliminary design has revealed that the pipeline system as per (ii)
altefnative is advantageous when the discharge is less than 4

_m3/sec,

Since the exiéting left bank canal is. concurrently used for the
supply 0f;urban water, industrial water -and irrigation water. The
newly developed irrigation water (1.0 m3/sec) ghould flow down
through the aforesaid'left bank canal, while that of urban water
(2.7 mslsgc) should run through the proposed pipeline system.

The plan of specific utilization of the canal and pipeline will
effectively serve for maintaining favorable the water gquality and
dispersing risks and troubles with the left bank canals in emergency
like floodings.
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7.3.5. Preliminary Design of Facilities
A, Stbrage Dams
a, General Features of Selectéd Damsg

The general features of the seven selected dams which have
the optimum sizes described in 7.3.2, are shown in Table
VI1~3-3, and their preliminary design drawings are shown
in DWG.No.l to 7 in Appendix D,

b. Engineefing-Considerations

Preliminary designs of storage dams are carried out based
on the design criteria described in 6.1.4. - This chapter
describes the engineering considerations of the
preliminary designs based on topographical, geological and

soil mechanical reconnaissance.
1)  .Selection of Dam Type

The type of dam is selectéd insaccordance with .the
topographical, geoclogic and hydrological conditions
of the damsites, Such techaical characteristics at
dam. foundation and distribution of construction

materials are especilally lmportant factors for the

 selection of the dam type.
The results. of the geological surveys and the

construetion materials for.Seleéted damsites are
sumnarized in Table VII-3-4,
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ii)

Judging from the technical chéiacteristigs of dam’
foundatibns,'only the S8~1 damsite, comprised of
Rawalpindi group sandstone and shale, has enough
strength for the foundation of a concrete gravity

dam.

‘The bedrock of the H-4 damsite consists of limestone |

and might have enough strength for a concrete gravity
dam of moderate size, but an embankment dam would be
more suitable when the existence of thick river

deposits and terrace deposits is taken into account.

The foundations of 6ther damsites consist of thick
terrace deposits (the D-1 damsite) or highly sheared

‘and weathered bedrock (the L-1, §L-1 and KL-1

damsites). These'fouhdations are not satrong enough

for concréte gravity dams, but will su?port

- embankment - type dams,

As for the censtruction materials, concrete aggregate
and embankment matefials, gquality materialS'afe'
expeétéd to be available in the near vicinity of each
of the proposed damsites. However, there are some
materials for some damsites which must be brought

from a distance of over 10 km,

“Foundation Treatment

The foundatibns of selected damsites can be

classgified into three groups by foundation treatment.
(1) Rock foundations (5-1, L-1, KL-1l, SL-1)

(2) ‘Pervious gravel foundations {D-1)
{3) Combinations of (1) and (2) (H-4)
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1it)

Rock Foundations .

Grouting 1s usually pexformed to seal flssures,
jointe and other cracks in the foundation rock and to

improve thelr watertightness,

In the case of limestone layers, it 1s very important

to select injection materials and perform injeétions

. gradually using coarse to fine materials.

As for soft rock foundations, injections using low
pressures are adequate and do not destroy the

foundation rock.

Pervious Gravei Foundatilons

If a sand or gravel layer in the foundation is not
very”ﬁhick and a sufficient impervious layer
underlies it, the cut-off wall is_designéd to reach
the impervious layer.

When there 1s a thick sand or gravel layer
foundation, séépage may gemerally be controlled by
providing an upstream impervious blanket to reduce
the hydraulic gradient;

The blanket method is not a direct measure to insure
the watertightneSSIOf pervious foundatious, but an
indirect measure to ﬁfevent high velocity and large
quantity seepage through the foundation by reducing
the hydraulid gradient. '

Types of Spillways

In this study ungated and overflow type épillways are
ugsed for the damsites proposed in 6.1.4.
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. It 1s necessary to use not only center overflow types
but also side overflow types. This 1s decided upon
conslderation of the topographical conditions of each

damsites,

B, Diversion Dams, Intake Towers and Conveyance' Systems including

Pumping Stations

All proposed facilities to be constructed are tabulated in
Table VII-3-5,

a.

Diversion bam

The main_functicns of diversion dams are to Intake surface
water from rivers, to intake water released from upétreams

dams and to stabllize stream flow for pumping-up.

In the study, diver51on dams are planned to be constructed

by one each on the Dor river and the Jhablat Kas. A few

_ prospective sites are selected on the topographical map in

the scale at 'l to 50,000 in consideration of selection
criteria described in D.3,3. The detailed field

investigation clarifies that a proposed site is at Nikapah

12,5 km east of Haripur on the Dor, at 4 km downstream of
Hussan Abdal on the Jhablat Kas. An a floating type

‘diversion dam is planned on the Dor and Jhablat Kas.

Selection of the prospect site, geology and basic approach

to structural design can be referred to D.2.2.

The intake point of the irrigation water to the Soan river
right bank suburban areas of the Capital shall be located
about 8.0 km downstream of the confluence with Lei Nala,

It is recommended however, that the percolation conduit

‘system’ should be adopted.for collecting infiltrating water

due to heavy river water pollution by urban sewage.
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b. Intake Tower

The.watér stored in the Khanpur reservoir is conveyed out

through intake facilities provide at the right saddle,.
‘The intake capacity of the facilities is 15.57 cu.m (550 -

cq.seg), which is equal to the total capacity of water

conveyance through the canals for the both banks,

Consequently, new intake facilities mﬁst be provided to
meet the increased urban water and irrigation water

requirements for the commanded areas to be developed.

The constructlon Qf_the new intake wqus,'however,_will be
technically intricated and troﬁble some "as the works must
be implemented with the reservoir storing water. Aﬁd the
nev facilities will be provided at the inlet about 500 m

| _eﬁst;of the 1eft_éaddle and the water taken out of the
reéervoir will be conveyed through 770 m long preséure

~ tunnel to cross the ravine to the southern side, (Refer

. to phe_Feasibiiity-Study Report on the Water Conduction

. from the'Khanpur to Islamabad/Rawaipindi)

c. Pumping Station
Nine pumping stations will be constructed Vithin proposed
.water supply areas, of which six is for supplying urban
water to the Metropolitan area, three for supplying
irrigation water,
(1) Type of Pump
The pumping heads higher than 30 m are mostly required for the

Project. In view of the required discharge and head, double suction

volute pump has been selected.
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{(2) Control Method

Considefing operational and economic advantages as well as
operation and maintenance, flow control is pfiﬁariiy‘bssed on the
simplest method of contrel by charge of operating pump numbeér and
on~off control in terms of water level control in the discharge
pocl., Accordingly HWL and LWL are to be established in both suction
and discharge pools, providing proper capacities which are

determined as 30 minutes capacity of the maximum design discharge.
(3) HNumber of Pump Units

The number of pump units is determined in consideration of the

following factors,

- For easy operation and:maiﬁtenaﬁée, the number of pump
~ units should be as small as'ﬁossible and the equal
Capacity units should be adopted. o

- The 1arger'the”delivery.may be, the higher the pump .
efficiency, so that possibly larger units should be used.

- For those of urban water supply, at least one stand-by
unit must be provided; If the fotal punp units are small,
the stand-by will be coéﬁiy; 'Staﬁdnby pumps will-not.be
installed for the irrigation pumps; however total
interruption of pumping operation shall be avoided by any

means with more than two units installed.

- The number of units should be determined so as to be
operated effectively corresponding to seasonal water—load
fluctuation. (Fluctuation rangs from 1.25 to 0.8
ordinarily in urban water supply).
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As a conclusion, the number ¢f the pump units for the
urban water supply Is vecommended by four or six including :
one stand-by unit, while that for irrigatiou is four or

two without uging any stand-by units.
(4) Rising Main
The appropriate conveyance pipe diameter ranges between 800 m
and 1;350 mm, and steel pipes or ductile iron pipes shall be
employed for those portions where high hydraulic pressure works.
7.3.6. Accumilated Unit Water:Cqst
. From the cost data of,prb?dse& fﬁCilities selectéd_finally in

previous clauses, each dnit'watet_cost and their compositions as of

respective systems are_listed up in Table VIT-3-6 (AN=5%),

VIiI-23



Table VII-3-6,

———

. e s
faciiity Nome Mam O-1 I Tw-{]Eni e T
Initial Cost M.Rs. 11173 I 225.8
Annueal O/M Cost MRS, 5.5 2.2 2.3
Durable Years oo 50 50 10
wnual Cost M.Rs. 69.8 6.3 15.4
fat er Productioun MCW/yrx. 107 .
Unit Water Cost - Rs./m® 0.65 | 0.06 0,14
Ditto accumulated 0,65 [ 0,71 Q.85
Note: These unit water- Dam H-4'] Khanpue Dam
costs are for 1689 935
rosources development | 7.1 2.3
sl conveyance only., | 50 -+ 50
Water treatment costs. | 99.7 ! -53.5
are not imncluded. |'8e 160
1.25 0,33
(1)-{5) #re economical [ 1,75 | TTe.33

order by unit water-
costs for urban supply

Eni.kc-2 [0nl Ec-4
108.7 119.6
1,09 1.20
40" “40
7.43 RV

Jeaz.2 11741
0.03 | 0.05 ]
0.74 NI

e
Ttk K- 2| P L &pe g}
56.5 - A76.7
2.0 4.8
50 40
5.1% 32.6
67.1

_0.08 0.49

a.79 1,28

m—— ———— —_—— ——

W Jw-T[LEC Jp-1{ PL.Jc- 1] Reg. Pud | Do §-1]F.

27.2 116.1 42.7 418.0 381.5

2.0 13.3 0.4 .} 2.5 2.5

50 20 40 50 50

3.49 22.6 2.89 25.4 23.4 . .
70.8 ] 60 .

0.5 { 0.32 1.0.04 0.36 8.39. . 0.68 {\{0.18 |
0.05 0,37 0.41 0.77 038 0.47 !1 0.65
Shahpur H Lift Np-ifP.L.Hc-1 om L-1fLAft hLp-1 e~ 1]
60.0 73.3 22.0 1576 | 1115

2.50 7.1 0.7 6.7 10.9

‘50 20 . o4d 50 20

5.79 13.0 1.48 93.1 19.8

17.3 70

0,33 0.75 0.09 1.33 0.28

0.33 1.08 1.17 1.33 1.61

—— —ye - Al m—

Dam SL-1 {i.ift SLp-I] F.L.§hc-1 Mam KL-f|Lift KLp-1
415.5 70.5 77.0 303.4 50.5

2.5 10.3 0.8 2.5 3.8

50 20 4D 50 20

25.3 16.0 5.29 - 19.1 7.85

40 34.0 :

0.63  §0.40 013 | 0.56 0.23

0.63 1.03 1.16 (4) 0.56 0,79
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Compositions of Unit Water Costs of Potential Resources

e

Dam K-2 [P L.K2c-1

{expected)}
-
- + L —* T
H.W.Sw-1] Lift Swp-1 P.L.Rc-3
76.8 | .36.5 28.1
2.3 4.1 0.28
50 24) 49
6.51 7.03 1.92
~ (succeeded by KL-1}
- . - .
TR I
S — - R
WoSw-ELife Sip-1 fEnf.§ic-1
1.1 - 23,0 Existing
2.30 nil
50 20 40
-0.05 4.95 nil
6.4 -
0. | 0.77 nil
0.01 .78 0.78




7.4, Recommended Plan of the Water Resources Development
7.4.1, Water Demand and Supply Balance in Target Years
For the these water demands of years 1987 (current) 2,000, 2010
" and 2030, resources development of which the basic concept is
mentioned in Chapter 7.1, is programmed in such manner and described
in_Tablé VIi-4~1 to VII-4~4 and also in Figures VII-4-1,
Figure'VII—4=2'indicétea_i@plemeﬁtation schedule of respective
proposed facilities construction in - accordance with the supply and

demand balance.

In order to realize these water balances, the following

enforcements shall be wost dIndispensable,
A. Indispensable Measures for the Year 2000

- Khanpur Conduction Project shall start very soon and’

finish by the end of 1991,

~  Cherah (8~1) dam shall be studied, designed and commenced
‘the works., $il Kas (SL-1 or Dhok Shaban) dam shall be
studied, designed and to be réady for constructiom. .

- Programmed projects in the twin city such as extention -
scheme of ékisting facilities shall be performed without
delay. '

B. Indispensable Measﬁres for the Year 2010

- KL-1 dam shall be comﬁleted by the end of 2005,

- 811 Kas (SL~1) dam shall start the construction and '
finished by the end of 2009.
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- After. the year of 2001, Rawalpindi which can be
~profitably supplied from S- 1, KL-l, and SL-1 shall reduce
the receipt:water from Khanpur dam to about 57 percent of
58.7 MCM per year, The'surplus water shall bé'deiivered
to Islamabad which may be in vary need in thesa Yeprs.
‘The distribution of such water is made at proposed Sang

Jani filtration plant.
C. Indlapensable Measures for the Year 2030
. Rajola (D-1) dam, Nikapah (Dw~1) Head Worke and Dor (De~1)
Conduction shall be studied, designed and completed by the

end of 2015.

- Pina (H-4) dam shall be studled, designed and completed by
the end of 2019.

- bPadhochal (L—l) dam shall be studied, de¢igned and
completed by the end of 2025.
7.4.2, Chronological Development Plan
As explained in the previous clause, the order of.
implementations of facilities have been arranged according to the

concepi of priority mentioned in Chapter 7.1.2,

As contrasted with the chronological growth of the demand, it

is shown in Flgure VII-4-3.
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Flgure VII=4-1,

Schematic Flow of Proposed Water Supply
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{(MCM/YT)

Water Resources Development

Figure VII-4-2. Development Scheme of Water

Resources
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7.4.3, Alternative Plans to the Restriction of Dor River and Kurang

River
A, Alternative Plans to Dor Conduction

The study team was requested,Jagainst their proposal of Dor
Transbasin Conduction in the first stage of the study, to
investigate the alternative in case that the Dor river will not be

available,

The proposal is to produce an amount as big as 107 MCM in
annual average or about 16 percent of the total production of all
the proposed resources (656 MCM). It is hard to find any other
possibility than the Indus and the Jhelum lying on both western and

northern borders of the study area.

However, if it is said that this necessity of alternative
depends‘on the situation and possibleiwafer right of the Dor river
which iz pouring into the Indus upstream of the Tarbela dam, the
alternatives of Indus and Jhelum alse involve much problems.

Therefore, they will be rough studied here only in technical manner,

Locations of these two alternatives are shown in Drawing No.8,

9 in Appendix D. Respective costs are roughly estimated as follows,

Costs for Comnstruction and Operation/Maintenance

Dor Canal Jhelum Canal Tarbela Canal

Construction Construction Construction
Cost - O/M Cost O/M Cost O/M
Dam 1,173 5.5 - - - —
Diversion Dam 131 3.9 - L - -
Pumping Station - - 374 54 179 69
Canal 703 7.0 1,722 17 2,506 25
Total 2,007 16.4 2,096 71 2,685 94
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B."Effective Utilization of Water Resources in Kﬁrang River Basin

The study team has been requested to consider the optimum

utilization of the Kurang river for the following two alternatives.

B, On the basis of exi&ting production capacity of facilitles
' of CDA, PHED and SDO (Irrigation)

b. Oa the baéis of existing pfoduction and future ektension;
proposals of CDA and PHED.

) Although the watex respurceé ?otential of the Upper Kurang
river is being initially studiéd fdr frrigation scheme, it is véry
necessary to éOnsider.its comprehensive development so that any '

surplus water could be allocated for_tﬁe‘Urbén Water Supply.

Hence the production ‘balance between (a)and (b) is only 11.4
MCH a year in an average which is within the allowance of the total
water- supply for the total demand of Islamabad in these target years

2010 and 2030, there may be not any serious drought even in case of

(a).
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CHAPTER VILI, IMPLEMENTATION PROGRAMMES

8.1. Staged Development Plan of the Water Resources

As described in the previous chapter, the staged development
pla of the water resources in thefMetfopolitaﬁ area should be
established taking into account the water de&aud-of respective
sectors, economic stand~ point of facility construction and other
soclal infrastructures related. The project would be implemented
over a 43~year period, starting in 1988 with the implementatiom of
the first phase being followed by the second phase in 2001 and the
gﬁird phase in 2011 to end in 2030. The phase-wise plans of water

resources development can be summarized as follows.

(unit: MCM)

Target Year Storage Dam Diversion Dam Tubewell Total
1987 (Present) 136.5 15,1 99.3 250.9
2000 (lst phase) 173.5 83.6 29.4 286,5
2010 (2nd phase) 91.3 - 5.4 96.7
2020 (3rd phase) 257.0 - 0.8 257.8
Total ‘658.3 98,7 134,9 891.9

(Composition) (73.8%) (11.17%) (15,1%) (100.0%)

Around 100 MCM of the developed volume from tubewell sources as of
1987 ineludes 40 MCM of groundwater for both Wah and Texila industrial
complexes, Total volumes of 83.6 MCM from diversion,dam in the year of
2000 consist of 77.2 MCM foxr irrigation water and 6.4 MCM for urban
water supply.

As can be judged from the above table, most of the water resources
to be developed are storage water from the main river and its
tributaries, The shares of new storage water to those of total are
about 81.4 percent. Technology of the dam planning and designing aspect
as well as constructlon supervision in Pakistan is at a quite high level
with many experilences, especially in Water and Power Development

Authority., The schemes recommended in the report are rather on a
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preliminary.study basis, The detailed investigations, survey,'analfsis
and designing, therefore, should Be carriedIOut before the éommencément
of dam construction, The said comprehensive high technology shall be

transferred from WAPDA'to.the impleméﬁtiug égencies concerned gradﬁally

based on the development time schedule,

Another.importanf aspect to be considered is effective utilization
of limited water resources.. The allocation of river discharge in the
Haro river.basin, especially, is comparatively more complicated than 4n
other river basins. The: negotiation among béﬁeficiﬁries concerned for
the deﬁeiopment scheme shall be done smpothiy in accordance with the
laws and regulations of the éountfy'and comprehensive plan on- the water

resources development availability.
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8.2, Investment Cost .

The total investment costs which consist of construction cost, land
acquisition, office facility, administration/engineering, physical
contingencies and thé cost of terminal faciiity are estimated at Rs.
16,500 million, of which Rs. 5,340 wmillion is for the first phase, Rs:
2,200 million for the second phase, Rs. 8,960 million for the third
phase, respectively. The summary of required investment costs by phase

is tabulated as follows.

Summary of Investment Cost
_ ~(unit: Rs, million)
Item First Phase Second Phase Third Phase - Total

A. Major Facility 2,926.2 1,107.8 5,618.6 9,652.6
B, Land Acquisition 63.3 19.3 - 75.8 158.4
C., Office Facflity 15.0 “ 47 28.3° 48.0
D. Engineering/Admin.  295.2 2 91,2 - - 538.2 924,6
E. Phys. Contingency  329.3 - 122.0 . 625.1 1,076.4
_ fotal  3,629.0 1,345.0 6,886.0 11,860.0
F. Terminal Fggiiity S _ A L L _
- Urban Water 1,378.2 726.9 . 2,009.6 4,114.7
- Irrigation 328,7 123.6 ' 60.3 " Bl12.6
- Alrport Water 4.1 4,5 o 4,10 12,7
- ‘Total : 1,711.0 - 855.0 2,074.0 4,640.0

Grand Total (A to F) - 5,340.0 2,200.,0 5,960,0 16,500.0

Also, the summary of required construction costs for water

resources development facilities by source i1s tabulated as follows.

Construetion Cost for Water Resources Development
Facilities by Source .

_ _ (unit: Rs. million)
Items E/C 1./G Total

1. Storage Dams 2,350.0  3,197.7 5,547.7
2. Head Works 83.8 75.3 159,1
3. Conductions 1,023.8 1,586.4 2,610,2
4, Lifts 436.3 ©  398.1 B34.4
5. Expansion Works 324.8 176.4 501.2

Total 4,218.7 5,433.9 9,652.6
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8,3, Organizational Setup for Project Implementation
8.3.1. Basic Concept on the Organizational Setup of the Project

Implementation programmes of water resourcea development in the
Metropolitan area are based upon an:extra long-—term councept with
intermediate and ultimate target years set at 2010 and 2030, |
respectively. The development of the Metropolitan aveas is expected to
be increasingly_stepped-up in line with such a concept, At the same
time, the administrative functions of Islamabad will necegsarily be
broadened and enhanced in parallel with such a development, Including

utilization and management of developed facilities.

In this connection, 1t Will.not be long before the need arises to
consider the adjoining city of Rawalpindi functionaliyfé part of the
Metropolis or the Metropolis itself.

‘The water resources development for urbhn'beneficiaries of the twin
cities will center on the construction of dam for the storage of surface
water. Such a deﬁélopment is, at the same time, inseparably _
iﬁterconnected with other kinds and purposes of water utiiizaiion and it
is thus considered to be imperative that an integrated implemeﬁtation_
organ for the coordinatioﬁ and adjustment of varlous conflicting factors
will be established.

In this light. the expected urban functions of Islamabad and . : .
Rawalpindi in the said target years will be studied on the premise that
the twin cities will be merged into a single capital city in accordance
with the request of the Pakistan Government,

8.3.2. Organization for Project Implémentation

At present bulk water supply prdjects in Islamabad and Rawalpindi

are executed by CDA and PHED, respéctively. However, 1f the development
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of such large storage dams, as deseribed in 8.1. of this chapter, is to
be implemented, appropriste reorganizatiocn of related administrative
organs and suffilcient aéquisition'of competent engineers are

indigpensable as primary conditions,

WAPDA, which is one of the governmental authority under the
Ministry of Water and Power, partock partially or wholly in the
planning, designing #nd supervision of the construction of the three
existing damns (Simly, Rawal and Khanpur), because domestlc law and

regulations dictated it and also they required advanced technology.

Urban watetr supply facilitiﬁsiiuclnde conduction facilities leading
to filtration plants, and distribution systems besldes water resources
facilities. It is essential at the initial stage to draw up-a
construction plan that will enable those facilities to organically
functiqn-as‘a single entity. With this in view, it would be necessary
to examine an organization in the shape of a comprehensive organ
" encompassing operation and maintenance of constructed facilities or,
further, a reorganization of urban water departments based on a "Greater

Islamabad! concept.

The said reorganization will be executed stage by stage (up to
1990, 2000, 2010) taking into consideration the federal policies and
urban development plan’ and its development progress for the Metropolitan

area.
1 First Phase (up to 1990)

- As described in the previous chapter, the Khanpur bulk water supply
projecﬁ 1s a joint construction programme of twin cities of Islamabad
and Rawalpindi. Existing executlon agencies of bulk water supply are
ChA for Islamabad and PHED for Rawalpindi and they have their own
expansion programmes of the Simly and Rawal filtration plants,

respectively,

VIII-5



In parallel with the implementation of these expansion programmes,
the Khanpur Bulk Water Supply Project Office will be newly established
under Member Enginecering of Capltal Development Authority. It will .
perform planning, designing and construction supervision of the Khanpur

Bulk Water Supply Project.
2) Second Phase (up to 2000)

Metropolitan Bulk Water Development Office directly under the
control of CDA Chairman will be newly established (veorganized from
Khanpur Bulk Water Supply Office) to perform planning, designing
and construction supervision of the prbpoSed dams -(5-1, KL-1, SL~1
and heightening of the Shahpur dam) to be developed in and around
the Metropolitan areas.. - It will be an organization independent and
different from the existing one (first phase organization), and -
also. it will absorb and incorporate development projects of other

sources {tubewells and head works).
3)  Third Phase (up to 2010)

An independent organization technologicaily, financilally and
administratively capable of executing all projects related to water
suppiy.and sewerage will be established as a congummatibn of
reorganizations in the preceding phases. It‘may be named Metropolitan
Water Supply and Sewerage Board (MESSB)._:AS shown 1n.Figure viii-3-1,
Managing Director tops this organization, who appoints four General
Managers -under him. They manage the respective fields of
administration/finance, ﬁlanning/designing and bulk water supply, water
distribution and operation/mainteémance (Islamabad and RMC 1n Rawalpindi
only} and sewerage facility development.

The existing organizational -seét~ups for water supply and sewerage
in both Karachi and Lahore, which have revolved over many years resemble
the proposéd organizational set«up.. It is proposed that the envisaged
organizational set-~up under the Project be expanded/elevated through

gradual processes and that particular emphasls be placed on the
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devélopment/acduisitidn of sufficlent number of competent personnel and

the elevation of technology im éVery,related field,

MWSSB will be organlzatiomally piaced dirvectly under the Chajirman
of CDA, but at the same time it will be independent from CDA in respect
of.finénce, personnel, technolog} and project implementdtion. If such a
situétipn 18 to be realized, consolidation of financial basis will be a
prerequisite along with organizational expansion, Such a con?olidation;

:shall be accomplished by the end of the second phase.

In developing water resourcés for the Metropolitan areas the needs
will ariée for adjustments/coordinations among various Interested
parties, divisions and ministries. To facilitate the execution and
managemént of projects Metropolitan Water Managenment Conmittee will be
established as the supreme advisory and decisionuﬁaking organ. This
committee, besides pexforming the said function, wiil make deiibefations'
and dec%éionwmaking on such. important matters as budgetary plan, '
financial/investmentlborrowing plans, various development plans and
execution of water supply and sewerage projects.__Furthermore;
Coordination Cémmiﬁtee'will be established ﬁndér'the Managing Director
of'MWSSB.as'an brgan:in charge of mulfiQﬁurpose dams, cbérdiuation with
administrative organéiin Rawalpindi Cantonment, adjustments of interest

uamong various related beneficiaries and consultations on project

" execution.
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8.4, Special Aspects to be Improved on Operafion and Maintenance.

1

8.4.1. Sediment Control

- The amount of sediment discharge to a river will be Ilncreased
depending on the topography, geological features, foliege

characteristics, land use and so on In the river basin.

With the development - of  reserveir dams the control of sediment
discharge has become a major problem. Looking at resexrvolrs there is a
close.connection between the size of thelr storage capacities and the
number of years they have been imbedded by sediment and the length of
thelr lives.

Concerning the reservoir sedimentation problem, it 1s said that
"preﬁehtioﬁ is the best cure",  When gediment accumulates in a reservolr
'its removal. is generally difficult and costly. A watershed management
scheme for the preﬁeﬁtion of sedimentation should, from the point of
view of the environment, be implemented taking into account the amount
of sediment discharged. The amount of sediment discharged is an

indicator of a measure's effectiveness.

The main details .of currently ilmplemented or planned watershed
management programs.in the three catchment areas have been brought

together under the following headings.

1) Forest Plantatioﬁ
2) Forest and Fruit Nurseries .
3) Soil and Water Conservation

4}  Pasture Management

The followings are considered to be the main problems, from the
point of view of the progress status of the watershed management
programs and conditions in the areas concerned, in the implementation of

the programs,
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The main components relating to sediment discharge in the basins.

are as follows;

(i).

(11)

(iii)

(iv}

The progress of terracing, which was proposed as a measure to
prevent the discharge of sediment. from the'agriculturaljareas,
has been slowed down because of the absence of farmers from

their lands.

Along with the immediate implementation of soil relatiﬁg works
and protective construction at the sites of collapses and land
glides the excavation (illegal extraction) of aggregate at

quarry site should be regulated and wasted lands replenished.

The trend 1s for sediment yield and discharge per unit area to
become larger from the urbanlzed areas which accompany the
construction of housing areas than from agricultural areas.

Therefore, it is necessary to regulate the expansion of urban

and agricultural areas.

For denuded lands without surface covering sodding work and
mulching to breed effective vegetation should be employed and
surface covering provided. Erosion of the land due to water
and wind progresses when vegetation is lacking, - The land
should be covered with bushes, various trees, grasses or
vegetation to prevent erosion due to raln. This will increase

infiltration into the ground and decrease runoff.

The following items are related to sedimentation in reservoirs and

the monitoring of sediment runoff,

(1)

(11)

(ii1)

The establishment of monitoring facilities for precipitation,

river discharge, suspended sediment load, and water quality.
The analysis of observation resulits,:

Knowledge of sediment conditions,
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The results of the above investigations will be analyzed to

facilitate the planning and implementation of more appropriate measures.

The following are suggestions concerning the management of

gedimentation:

8

(2)

Continuous Planning.

It is necessary that plans for afforestation and soil
conservatlon in a watershed management scheme is prepared in
steps, that each step is carried out continuously and over a

long period of time, and that each step is expanded.

Monitoring and Evaluation

There is'a ciose_connectian,betweenlthe hydrological
characteristics of a basiﬁ and sediment yield, transportation
and accumulation, These are_;hought to be the main factbrs
determining a baéin's'hydrologicél charactéristics; Discharge
observa;ioﬁ and analysis of the data obtained are necessary to

shed light on how to reduce sedimentation.

Hatershed management programs are implemented for the purpose

of preventing sediment_diséharge. ‘Sediment yield is

considered to be a scaleﬁby which to measure the effectiveness

 of the works implemented. A program may be evaluated using

the relationship between the amount of work done in the

catchment area and the amount of sediment dischérgéd°

Tn order to know how much sediment is discharged it is
necessary to estabiish gauging stations and collect rainfall,
discharge and sediment accumulation data. This 1s then
analyzed and the watershed management program may then be

evaluated to assure a dam's functioning.
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A monitoring system flow chart is’ shown in PFlgure VIII-4-~1 and
a study of monitoring and sedimentation is shown in Table
VITT=4-1,

Along with a monitoring system, the use of Landsat data will
make 1t possible to obtain a wide variety of information on
sedimentation, sediment discharpge, topography, geological

features, and changes in foliage, etc. Thils data will prove

valuable in the planning of a watershed management program.

Sediment Removal

The method used to remove sediment depends on the distribution
state of sediment in a reservoir. Before plamnning is done it
is necessary to conduct a sedimentation study. 1In selecting a

method,‘fgasibility;-effectiveness and construction costs need

to be considered and the most feasible methed employed.
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Table VIII-4-1.

Monitoring and Survey of

Sedimentation

method -

- friction loss
.~ critlical veloclty
- abrasion of pipe

- workability

RAWAL SIMLY. KHANPUR e
Existin 60 Bari Kangran| 533 Murree 62 Barkot
Rainfall { " & | 651 Raval dam | 383 Khanpur
gauging ) - ) _ ) 2
station 3 stations’ 2 stations 5 statlons
_ Proposed
newly newly nevly
KRGO 2. 50N0 1.
Water Existing ;gg;t;ar Chanlot Khénpur
level Bari Kangran
gauging
stations L Lo 2
. Proposed 1 station 1 station ~Haro R. 1 station
pos: newly ‘newly Nilan K. 1 statien
' Near.by water _
.Suspended sediment level gauging Same as Rawal Same as Rawal 2
observed and test ) . : :
S A station '
Water Quality - do - - ~do - - do — 3
Watershed Need to be . Continuation As soon as
Management continued with | of program possible 1
Program maintenance ‘ :
Hydro- . L
graphic Complete survey of reservoir 2
Survey ' | survey of — {Longitudinal and cross-section)
of reservoir :
sediment [ ; T _
-d t — . . .
eposi s'_ggiiigtgi ‘Boring or trenching, sampling, testing (Density . 3
deposits an¢'&??§§t1°n> ' ;
; Dredging Dfeégiﬁg‘ Dry excavation
Apply to removal nethod method -method. 4
+1. Disposal area 1. Disposal area
_ : : 2. Tranafer distance 2. Access road
Survey of applied 3. Fleld test 3. Field test . 5
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Figure VIII-4-1. Monitoring System

Equiinnent
- Rainfall Gauging
- Water-level Gauging
- Sediment

- Meteorological Equipment

Watershed
Management’

- Program

Information

- Mean raiﬁfgll-

- Conversion from water
level to discharge

- Suspended sediment and
bed load ' '

- Water quality.

Analjs%éﬁ

- Rating curve

1 L1

Survey

Sediment deposits
of reservoir

Characteristics
of deposits

Evaluation

- Amual sediment yieid

- Annual runoff

- Mean rainfall

Control Measures'

- Soil. conservation
method

-~ Dredging method
- Intercepting method

|
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8.4.2, Recommendation on the Fuﬁure Operation/Maintenance for thé

Fxisting Daﬁs (Rawal, Simly and Khaﬁpur)-
A, . Present Status on the Operation/Maintenance of the Existing Dams

The three existing déms were constructed in adjacent river basins
and have functioned as independent dam projects for the purpose of urban
water supply and or ilrrigation to each beneficiary. The dams have not
functioned as one of the dam series which have been proposed in this
Report for the water resources development for the Metropolitan area of
Islamabad/Rawalpindi.

.- The organizations of each beneficiary are complicatedly consisted
of several organizations. . For inétance, the Khanpur Dam has been
constructed to.provide water to Islamabad and Rawalpindi for domestic
purpeses,; to the various industries at Wah and Taxila for industrial
purposes and to culturable command areas of both the Left and: Right Bank

Canal for irrigation purposes..

Generally speaking, the operation of reservoirs is carried out in
order to satisfy the purposes of the projects, such as water supply,

hydro-electric geperation and flood control, ete.

" Because the three dams have only the purposes of water,supply, the
operation of intake gates and spilllway gates is required for the

operation of the reservoirs.

_-Intake gates are operated im accordance with the operatiuu rules
based on seasonal water demand. flunctuations. They are operated
manually because. the size of intake gates is rather small and daily
changing of gate openings and the operation to correspond to inflow
discharge into the reservoir are not required. For these reasons, the
overall catchment area hydrological data collection systems have not

been prepared.
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Spillway gates are operated In accordance with the operation rules

corresponding only to fluctuations in reservelr water level,

.Data collecting systems which would enable inflow discharge Into a

reservoir to be forecast are lacking as mentioned previously,

The hoists of spillway gates are both automatic and manually
operated, but auxiliary power systems, such as engine generators in the.

case of electric failure, are not provided at present.

The maintenance of dam facilities is carrled out in orde¥ to secure
the functions of facilities necessary for satisfying the purpose of the
dam projects. The facilities to be maintainéd'are dambodies,-spillways;
intake structures, outlet works and mechanical equipuents, eté. Besides.
these facilities, the prevention measures for securing the storage
capacities and the water qualitjies, described in 8.4.1, are to be

considered.

Maintenance works are mainly consisted of dally patrol, routine
inspection, special inspection, monitoring and remedial works for

dambodies and appurtenant structures,

Maintenance of the three dams 1s appropriately carried out
corresponding: to the types of dams and the passage of time after

completion,
B. Assessment of the Present Operation/Mainténance System

It is recommended that the three existing damS'be:pfovided with -
modernized dam opératian/control systems including hydrological gauging
stations with telemetering systems, dam data processing systems and
discharge warning systems in the finsl stage, and that the present gate
cperation rules shall be improved to includé the rules relating to

inflow discharge into the reservoir.
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The major reasons for these recommenddtions are summarized as

]

follows;

- To uvtilize water resources effectively by reducing
undesirable spillage.during moderate intensity floods through
the integrated gperation of dam series including the dams
newly proposed in this study. o

- To obtain data nseful to the dam discharge warning system
vhich are expected to be greatly required in near future at
downstream of dam.

- To -obtain déta useful to judge the fluctuations of water
demands at each beneficlary, especially dutring rainy '
seasons.

- To secure the safe operation of spillway gates by
preventing rapid increases in reservoir water level by
forecasting inflow discharge into the reservoir during
extraordinary floods which will have flashy flows with
high peaks of short duration. '

C. Improvement Schedule of Dam 0perétion/Control System

The three existing dams are expected to: function not only as
individual -dams, but also as one of the most Important parts:of dam.
series necessary for water resources development to serve the

Metropolitan area.

The schedule for the improvement of dam operation/control systems.

should follow the schedule for the water resources development programs.,

Table VIIi-4-2 shows the items to be improved and schedules of dam

operation/control systems of the existing dams.
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(1) First Stage {Up to 1990)

The year of 2000 is consldered to be the target year for the
extension program of the three existing dams. The sald dams will
function as individual water supply dams up to this year,
Therefore, a modernization of dam operation/control systems is not

necessarily required,

-But, the safe operation of spillway gates is indispensable to the

safety of dam itself.

1990 shall be the farget year for improvements taking the safety of

the dams into consideration.
(2) Second Stage (Up to 2000)

The extension program for the three existing dams will be completed
by the year 2000, The construction of the proposed dam series will then

be commenced.

After the year 2000 the existing dams will play important parts in
the dam series for water resources development. They shall be provided
the modernized dam operation/control systems S0 that water resources

developed may be utilized effectively.

Such modernized systems shall also be provided for the proposed new

dam serles.
(3) Third Stage (Up to 2010)
The eight dams including the three exlsting dams will be completed

by the year 2010, contributing to water supply for the Metropolitan

area.
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~Around this veay several dam series 1un a same river bhasin will
be completed and necessity of dam series operation will be

emphﬂsized.

The Central_Dém Operation/Conﬁrol Office will integrate all
informations on dam Operation/cbntrol for the related river bﬁsins.
Theyishall be eatablished under the'supervisioﬁ.of the Integrated
organization described in 8.3 at proper locatlons in the river '

basiné.

The Central Dam Operation/Control Office which integrate

conéerned dams, will be-estabiished in the following two river

basins.
- Haro & Dor river basin Khanpur, D-1, H-4, Shahpur

‘Soan river basin :  Rawal, Simly, §~1, L-1, KL-1, SL-1

At this stage the forecasting of rainfall in the'catchmént
area concerned will becomé a very important factor in the effective

utilization of watexr resources.

It is-:eéommended that the'hydrological data collection
systemé be connéqtgd with the existing hydrolégical'transmission
netwo:ks estﬁblishéd by such organizations as WAPDA and Pakistan
Meteorological .Department (PMD), and be utilized either for
efficientiutilizéﬁion of water resources, or for £1ood forecasting

and warning in conjunction with:the Féderal Flood Commission (FFC).
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EVALUATION OF THE WATER RESOURCES DEVELOPMEN







CHAPTER IX, EVALUATION OF THE WATER RESOURCES DEVELOPMENT PLAN

This 1s the master plan study of a multi-project consisting of.
sevenlmajor components which 1s estimated to require the initial
cost of Re. 16,500 million and spans the implementation period of

over forty years.

.Financial ‘analysis will be necessary as well as useful to grasp
the overall picture on the viability of the Master Plan from the.
standpoint of actual project implementation as related to the

executing organization,

Assessing the viability of the Plan piece by piece by
separating each component will lead one to an erroneous conclusion -
that $ome components are viable, while others are not, thereby

disrupting: the notion of the Plan as one entity.

Furtheimore, the Study Team deems it most important for water.
authorities which will directly get in .touch with the implenentation
and operation/maintenance of the Project to place themselves.
financially on a sound-bésisfin-light of a problematic financial
status of:.the éxisting Metropolitan water supply authorities.  The
fact that the'Project'is_a water supply project and as such. involves
basic human-neéds5does not justify a lack of finéncial-disciﬁline_on
the part of the authorities concerned. . Especially, it is estimated
that over forty percent of the inftial cost will be met through -
external loans and it 1s essential that the authorities concerned
will have clear~cut basic policies and eventually set fhéir'houses
in order 1n pursuance of them to induce or convince international or

foreign lenders Into 1§aﬁ agreements in a smooth, favorable manner,
In line with the above concept, the Study Team tried to provide

basic guidelines on such finarncial matters as water tariffs, ability

to pay of households as percentage of their income, the standard
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FIRR and relending termns on whihh'the'Government will provide.

capital to the water authorities,
9,1, Project Benefits

The benefits to be brought forth by the vealization of the
Project can be divided into urban water benefits and irrigation
benefits in accordance with the ultimate ﬁsages of develdped ﬁater
resoufces. These two kinds of benefits are further divided into

fiﬁancial-benefits and econcomic benefits.

Financialibenefits of urban ﬁater take tﬁe form of‘thé.income
to he received by the organiﬂations in charge of constfuction and
operation/maintenaﬁcé of the facilities for water resources’
&evelopment and water supﬁiy in exchange for the supﬁly sérvice.of'
urban water. Financial-benefits of irrigation are an incremental .
income for'ihe farming beneficiaries,.deriviﬁg-from a greater '
agricﬁltuial/iivestoﬁk pfoducé, -Econoﬁic benefits are the benefits
to be brought forth.by the stpply of urban and irrvigation water

which are assessed in terms of national economy.

The facilities to be constructed under the Project do not ..
include distribution and other facilities for urban water as well as
channel and other facilities for irrigatioﬁ. However, benefits of
the Project will be realized only when the above facilities are
constructed.. Therefore,'iﬂ projegt evaluation it {s necéssary to
estimate the initial and operation/ﬁaintenance costs of those:

terminal facilities and incorporate them into project costs,

9,1.1. Urban Water
A, Financial Benefits

Financial benefits of urban water depend on the water rates

water supply authoritles will impose on beneficiaries per unit
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quantity of consumption. Such water rates must be determined in the
most appropriate manner by assessing both beneficlaries' paying
ability and financlal position of water supply authorities,

Assuming that the price‘of'the urban water to be supplied under
the Project is Rs,2.53 per 1,000 lit, (Rs.11.50 per 1,006 gal.),
then households will ?ay Rs.2.09 per 1,000 lit, (Rs.9.50 pexr 1,000
gal.) on the premise that the price for commercial/industrial users
is twice as high as that for domestic/public users. ' In such
circumstances households will allot 2.5 percent of theilr income for
water payment. Upon these conditions financial internal rate of

return {(FIRR} is calculated at 3.2 percent,

The value of 2.5 percent ags the ratio of water payment to
income in home-eéonbmy is.coﬁsidered to be one of the most
ﬁppropriate_standard'values: It is within the maximum limit of 5
percent recbmmended'by World Bank and also within the realistic and
reasonable limit_qﬁ:3 pertent.r,Acgor&ing to the.same bank, water
supply projects seldom have internal rates of return equal to or
greater than 6 to 8 percent. It would not be reasonable, mor
realistic to apply long-term interest rate of 14 percent in the
country to water supply projects as the acceptable FIRR, as such
projécts are highiﬁ‘SDCial in nature, 1nvbiving basic human needs.
5.2 percent is considered to be one of the most appropriate‘standard
valuéé 6f FIRﬁ for ﬁater supply authérifies. | '

it'is thus decided tﬁat financiéi benefits of urban water to be
supplied under the Project will be Rs.2.53 per 1,000 1it. {(Rs. 11.50
per 1,000 gal.) as of 1987, Unit benefits will grow in future in
parallel with the growth of beneficiaries’ income.

B. Economlc Benefits

. Economic benefits of urban water are not calculated on the

basis of unit cost of production.. They are basically determined by
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beneficiaries' willingness to pay for unit Quantity'of consumption.
Such & willingness to pay can be regarded as an expression of
intrinsic values or benefits beneficlarles attach to the urban’
water. The greatest and foremost benefit among them is a reduction
of diseases to be brought about by the Introduction of clean water.
The second benéfit 1s a saving of the time that 1s spent every day
in fetching water from rivers, ponds, etc, There are other benefits
like the benefit to derive from the use of water for'firééfighting;
If these individual benefits were expressed in quantitative.or money
terms; it.would_ﬁroﬁide.the most accurate picture of economic.

benefits of urban water.

But it is difficult in reality and thus beneficiaries'
willingness to:pay is substituted as an all inclusive expression of

those benefits,

According to socio~economic surveys conducted by the Study
Team, 'the beneficiaries in the Metropolitan areas are on average

‘willing to pay Re.1.77 per 1,000 1it. (Rs.8.05 per 1,000 gal.).

Table IX-~1-i. Wiliingness to Pay

(unit: Rs./i,OOO 1it, (Ré./i,ﬁdﬁ gal.)j'

_ _ Commercial/ _
1. User ' Domestic Public Industrial Average
2. Willingness to Pay 1.44 . 1.77 2.61 1.7
(6.55) (8.05)  (11.87) (8.05)

Source:i_EC—l_.

User wise willingness to pay are shown in Table IZ~1%1,

Domestic users are willing to pay Rs.l.44 per 1,000 lic,
(Rs.6.55 per 1,000 gal.). It means that they will spend 1.7 percent
of their income as water payment., It is assumed that their
willingness to pay will grow in future in parallel'wifh the growth
of their income. This will also be applied to other users. '
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9.1.2, Irrigation Water
A. Tinancial Benefits

-1t is expected that agriculture in the beneficiary areas will
wltness a remarkable growth of incdme through the elevation of
cropping Intensity, improvement. of cropping pattern, increase of
production per unit cropped area, etc. when Iirrigation water is

supplied to those areas under the Project.

Table IX~1-2, ¥Financial Benefits of Irrigation
{unit: Rs. million)

Item Gross Income Net Income

1. "Without" Situation 73.51 27.67
2, "With" Situation 548.48 - 207.94
3. "With" - "Without" . 474.97 180.27

Source: EC-1

Itfis e§timateﬁ that_when_irrigatién water of 120.3 MCM is
supplieg ﬁef aﬁnum tg the service areas of 17;000 ha.under the
Project, cropping intensity in the areas will go up from the present
111 percent to 140 percent, the present cropping péttern where wheat
and other grains are dominaﬁt ﬁill be transformed into the pattern .
that gives priority to high income crops such as vegetables,
orchards, sugarcane and fodder, and unit production of crops will
shoot up two to four fold As a result, as shown in Table 1X-1-2,
annual gross income from agriculture in the areas will grow. by
Rs. 474 97 million (646/) ‘and in parallel w1th it annual net income
will grow by Rs 180,27 mlllion (651%)..

_ In short the annual financ1al benefits of irrigation under the
Project will be Rs.180.27 million° It means that annual financial
benefits per farming household will be Rs.16.886. Also, financial
benefits per 1 000 1it. (l 000 gal.) of irrigation water will be
_ Rs 1.50 (Rs 6, 82)
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B, FEconomic Benefits

Sometimes it happens as & result of conversion processes that
Significant.diffefence arises between actual output prices/input
costs and economic counterparts depending on the presence/amount of
agricultural subsidies, economic environment exemplified by
unemp loyment rate, etc., welght/importance of imports in.iaputs and
so. forth. . In such cases, ultimate economic benefits from irrigation

may significantly differ from financial ones,

However, the factors that will significantly change financial
benéfits are considered unde§=the present circumstances to be
non—existent; Actually, there is no significant difference between
the agricultural pricés adopted by the Study Team and corresponding
world prices. Moreover, there is an inherent limitation on the
depth of analysis for this study in that it is a mastef pian study
and not a feasibility study. . ' b 7

Because of the above reasons, so far as irrigation is
concerned, economic benefits are considered to be equal to financial

benefits.

9.1.3. Airport'Water

The New International Airport, the user of thé:ufbén water to
be supplied belongs to”public institutions and'éccordiﬁgly in
accordance with the custom in the countxy financiél:ﬁénefits of the
urban water for the user are assumed to be the same with those for
the domestlc user, i.e, Rs.2,09 pet 1,000:11t. (RS,Q.SO per 1,000
gal.). Unit financial benefits are assumed to grow in future in

parallel with the growth of the'uéer's'income.

Economic benefits of the air?brt water are assumed to be equal
to the willingness to pay of Metropolitan public beneficiérieé; i.e.
Rs8,1,77 per 1,000 1lit, (Rs.8.05 per 1,000 gal,). Unit economic
benefiis are assumed to grow in future in parallel with the growth

of the user's income.
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9,2, Water Tariff
9,2.1, Water Tariff for Urban Water

It ig assumed that under the Project the charges for the
consumption of urban water by the beneficiaries will be collected

under a single and Complete quantity rate system.

. The total average unit rate of urban water will be Rs.2.53 per .
1,000 1it. (Re,11.50 per 1,000 gal;) as of:1§87. User wise, on
domestié/public.uqérs Re.2.09 per 1,000 litf(Rs.Q.Sﬂ'per 1,000 gal.)
and on commercial/induétriél users Rs.4.18 per. 1,000 1lit. (Rs.19.00°
per 1,000 gal,) will be imposed., Household income is estimated to
grow at an average annual rate of around 3 perceﬁt in future in
parallel with the growth of the economy. Water rate for domestic
users, 1.e. househblds will grow at an average annual rate of around
2 percent in parallel with the growth of household’ income on the
premise that water péyment 1s 2.5 percent of household income,

Water rates for other users are assumed to grow in a similar way as

the growth of domestic water rate,

What 1s degeribed above is total and user wise average rates of
urban water. The Study Team would like to emphaéize here that as
urban water is one of basic human needs establishment of an
elaborate tariff based on the quantity of consumption is called forx
eSpeéially for domestic'useré. At present Metropolitan households
on average consume 32,54 m3 of urban water per month, If minimum
requireﬁent.of‘urban,water per capita per day ls assumed to be 20 to
50 1it., requirement per household per month works out at 4.37 to
10,92 m3 as average number of.household members is 7,28, It is
recommended that extremely low rates will be imposed up to this -
range, but once it is exceeded rates will be progressively raised.
But, the tariff will be so structured that average rate for the
total quantity of urban water to be consumed by domestic users will
be as mentioned above. To make such a tariff statistics on the

number of households by monthly quantity of consumption is required.

IX-1



9,2.2. Water Tariff for Irrigation Water

As already described the irrigation water to be developed under
the Project will bring forth the benefits of Rs,1.50 per 1,000 1lit,
(Rs.6.82 per 1,000 gal.). There arilses a problem that out of that
amount how much the. authorities should collect from farmers,
Analysis reveals that out of Rs.1.50 Rs.0.37 is made up of operation
and maintenance cost. - And the rest is consisted of investment cost
and profit, The Study Team proposes.that fafmers bear the cost
corresponding to 80 percent of O/M cost, i.e. they pay Rs.0.30 per
1,000 11t.'(Rs,1.36 per 1,000 gal.) and the remaluning Rs.l.20 pexr
1,000 1it. (Rs.5.46 per 1,000 gal.} be shouldered by the Federal . .

Government. in the form of subsidy.

Average annual water requirement and gross income per farming
household are estimated at 11,268‘m3 and Rs.,56,375, respectively. .
Consequently, a farming household will on average spend Rs.3,365 or
6.0.perceht of its iﬁcome per amnnum as water payment upon the ébove

premise,
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9.3, Prdject‘Evaluation

It is estimated that undexr the Project annual end demand for
water amounting to 551.0 MCM will newly arise during the period 1988
to 2030, and to cope with it initialtand 0/M costs related to water
resources deveiopment facilities amounting to Rs.11,860.0 million
and Rs.189.0 million, respectively will be required.

Furthermore, it is preliminarily estimated that initial and O/M
costs related to distribution and other facilities amcunting to.
R5.4,640,0 million and Rs.162.6 million, respectively will be

required.

Project life 1s assumed to be 50 years, ranging from 1988 to
2037.. ?roject implementation period is assumed to be 43 years,
starting in 1988 and ending in 20630, '

 Financial evaluatlon is an analysis from the standpoint of
water authorities, Whereas, economic evaluation is an analysis from

the viewpoint of national economy,

When ihitial éésts for water resources development facilities
and the same cOsts for distribution and other facilities are
converted into economic values by subtracting transfer payment such
as customs duty and’ taxes from then, one gets Rs. 8, 865 8 million and
Rs.3, 859 6 million (preliminary estimate), r33pectjvelyg Theilr
respective conversion factors are 74,75 percent and 83.18 percent.

Conversion operations were not performed on O/M cost.

.Evélugfibns are.doﬁé by target‘yéar and by be@eficiary. That
is to‘éay,'financial andneconomic evaluations ‘are conducted for a
project with the target year of 2010, a projest with the target year
of 2030, an urban water supply prOJect, an irrigation water supply

project and an airport water supply project.
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On the ground already menticned, the Study Team proposes: the
value of 5 percent as the standard FIRR for a water supply project.
As the economic opportunity cost of capital the Team adopts the
value of 12 percent which Planning Commission in the cbuhtry

recommends.

5.3.1, Financial Bvaluation
A. Evaluations by Target Year
a. Target Year; 2010

Demand for urban, irrigation and airport water in the
inteimediate'target vear of 2010 under the Project is
estimated to add up to 334.9 MCM.

To meet it initial cost of Rs,7,540.0 million and O/M cost
of Re,233,1 million will be required as shown below.

Table IX-3-1. Project Cost, Target Year: 2010
(unit: Rs., million)

Item Initial Cost 0/M Cost

Water Resources Development 4,974,0 144.,2
Distribution & Qthers 2,566.0 88.9
(Preliminary Estimates) o

' Total  7,540.0 233.1

Source: EC-1

Financial analysis reveals that the project has the FIRR
of 5.0 percent; It is equél.to‘the standard FIRR and
ghows that this project, incorporating wafér'éupply'sectér
as a major component can be said_to be feasible upon the

above~mentioned premises on benefits.
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b. ‘Target Year: 2030

The ultimate target year for the Project 1s 2030.
Therefore, the ultimate financial justification of the

Project is done for this case,

The combined;demand'for urban, irrigation and airport
water -in 2030 under the Project is estimated at 551.0 MCM.

To meet it inltial cost of Rs.16,500.0 million and O/M
cost of Rs.351.6 willion will be required as shovm below.

Table 1X~-3-2, 'Project Cost, Target Year::.2030

{unit: Rs. wmillion)

Item . . Initial Cost O/M Cost

Water Resources Development 11,860.0 189.0
Distribution & Others : '

{Preliminary Estimates) 4,640,0 162.6

| Total _16,500.0 3516

Source: EC~1
Financial-apalysis_reveals_thaf the Project has the FIRR of 5.4
percent, It is higher than the standard FIRR of 5 percent by 0.4
percent and shows that'the Project,_incorporating_watgr supply
sector as a major component has a sufficient viability upon the

abovefmentioned premlses on benefits.
B. Evaluation by Beneficiary

_ Demand for urban, irrigation énd_aifport water.in 2030 under
the Project is estimated at 428,2_MCM, ‘120.3 MCM and 2.5 MCM,
respectively. To meet it the resﬁectivg iﬁitial_costs of
Rs.14;989.3‘million, Rs.1,493.6 million and Re.17.1 milliom, and the
respective 0O/M costs of Rs.305,6 million, Rs.44.9 willion and Rs.l.l

million will be required as shown below.
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Table 1X-3~3, Project Cost by User
(unit: Rs., million)

Item: . Citizens Farmers Alrport

1. Initial Cost
1} Water Resourcés Development 10,874.7 980.8 4.4
2) Distribution & Others 4yll4.6 512.7 12,7
~ (Preliminary Estimates) P :
1 Total 14,989.3 1,493,6 17.1
2. O/M Cost ‘ ~
1) Water Resources Development 155.4 33.0 0.6
© 2) Distribution & Others 150.2 S 11.9 0.5
(Preliminary Estimates)
Total 305.6 44.9 1,1

Source: EC-1

Financial analysis reveals that urban, irrigation and airport
water supply projects have the respective FIRR's of 5.2, 6.3 and
19.0 percent.

Thé urban water supply project occupiesna dominant pesition in
the Project and consequently has an FIRR similgr to that of the
whole project. It is almost equal to the standard value of 5
‘percent and ‘shows that the project 1s feasible if aforementioned
premises are applied to benefits. The.irrigatibn-wéter supply
project has an FIRR by 7.7 percent below the long-term iénding rate
of 14 percent in the couitry, However, the project’ is vitél for the
everngrowing future population in the Metropolitan areas in that 1t
will supply them with ample fresh vegetables and fruits, thereby
promoting.and ensuring their nutritionai'balénce and health,
Consequently, it is ultimately Judged to bé financially feaéible.
This project has an FIRR greater than that of the urban water éupply
project and therefore it has a higher pfiority than the latter from
the standpoint of financial analysis. The FIRR of airport water
supply project ig by 5 percent higher than the long-term lending
rate in the country. The beneficiary is to engage in an
international business and its profitability is considered to be

high and as such the above value can be regarded as reasonable.
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9.3.2. Economic Evaluation
A. Evaluations by Target Year
a. Target Year: 2010

Demand for urban, irrigation and airport water in the
intermediate target year of 2010 under the Project is
estimated to add up to 334.9 MCM.
To meet it initial cost of Rs.5,997.2 millibn and O/M cost
of Re.233.1 million in economic terms will be required as

shown below.

Table IX-3-4, Economic Project Cost, Target Year: . 2010

“{unit: Rs, million)

" Ytem . Initial Cost O/M Cost
‘1. Water Resources Development -  3,862.8 144.2 .
2, Distribution & COthers 2,134.4 88.9
(Preliminary Estimates) C

3. - Total ' ' 5,997.2 - 233.1

Source: .EC-~1

Fconomic analysis reveals that this project has the
7économic:intéfhal rate of return (EIRR) of.3;8'pefcent.
It'is'1owerlthan the-opportuﬁity cost of capital of.12
~ percent. by 8.2 pefcent; However, because of the reasons
" enumerated in'h. this project is judged to be economically

| feasible. | | |

b. Target Year: 2030
The ultimate fafget'year for the_Project is 2030.

Therefore, the ultimate economic justification of the

Project 1s done for this case.

IX-13



The combined demand for urban, irrigation and ailrport
water in 2030 under the Project is estimated at 551.0 MCM,
To meet it imitial cost of Rs.12,725.4 million and O/M
cost of Rs.351.6 million in economlc terms will be

required as shown below.

Table IX~-3-5. 'Economic_Project Cost; Target Year: 2030
(unit: Rs. willion)

ILtem ' Initial Cost 0/M Cost

1. Water Resources Development .  8,865.8 189.0

2, Distribution & Others 3,859.6 162.6
{Preliminary Estimates) o

3. Total 12,725.4 -~ 351.6

Source: EC~1

Econoﬁic'analysis reveals that the Project has the EIRR of
ﬁ;Z peféent. It is.lower than.tﬁe opportunity cost of

| cépifal of 12 percent by 7.8 pércent. However, as'already
- described, 1t is rare that a water supply project has an
internal rate of.return equal to or ﬁore_than 6'pércent.
Also, it is difficult to directly quantify economic
Benefits and when beneficiariesizwillingness to pay is
substituted for them, it tends to be lower thén thé real
level, Furtﬁermore, a water supply project inQolves basic
human need and can not be.left'undoﬁe ifapéople are to
lead hygienic, healthy and modefn lives, 'Fﬁr these
reasons the Project, incbrporating water supply sector as

a major component is judged to be: economically feasible,
B. Evaluations by Beneficiary
Demand for urban, irrigatioﬁ and airport water in 2030 under

the Project is estimated at 428.2 MCM, 120.3 MCM and 2.5 MCM,

respectively,
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To meet 1t the respectiveuinitial costs of Rs.11,530.6 million,
Rs.1,180.6 million and Rs.l4.2 million, and the respective 0/M costs
of Rg.305,6 million, Rs.44.9 million and Rs.l.l million in economic

terms will be rveguired as shown below. .

Table 1X~3-6. Fconomic Project Cost by User

(unit: Rs. million)

Ttem '  ' '_ Citiaens Farmers Air?ort
I. Initial Cost B o N
1) Watef Resources_Deveiopment 8,108,0 754.2 3.6
2) Distribution & Others 3,422.6  426.4  10.6
{Preliminary Estimates) _ ' ' '
Total U 11,530.6  1;180.6  14.2
2. O/M Cost ' o N
'i):Water Resources Development 155.4 33,0 0.6
2) Distribution & Others 150.2 11.9 0.5
(Preliminary Estimates) . _ S
Total - L 305.6 44.9 1.1

Source: -EG~1

Economic analysis reveals that urban, ifrigation-and airport
water supply projects have the respective EIRR's of 3.7 percent, 8.1

percent and 16,0 percent,

The urban water supply project occupies a dominant position in
the Project and consequgntly_has'an EIRR not too different from that
of the whole project. It is lower than the opportunity cost of.
'capital by 8.3 percent. However, for the reasons already described,
‘the project is judged to be economically feasible.  The EIRR of the
irrigation water supply project is by 3.9 points lower than the
opportunity cost of capital. However, because of its highly social
nature as described in 9.3:1, the project is judged to be
economically feasible, The EIRR of the airport water supply project
12 higher than the-oppotﬁunity'cost of capital by 2 percent.
Therefore, it is economically feasible without any additional

explanation.
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9.4, Tinancial Support’
9.4.1. Devélopment Budget of Water Sector and Initlal Cost

The gross domestic product (GDP) of Pakistan in 1985-86 was
Rs.527,792 million at market prices., The Annual Development
Programme (ADP), which is the development budget of Pakistan was
Rs.39,398 million in the same year. Consequently, ADP as percentage
of GDP comes to 7.5 percent. Out of the total amount of ADP,
Rs.5,197 million or 13.2 perceﬁt was appropriated for water sector.
At Federal level the appropriation for the same sector was Rs¢4,001
million. Developing countries on average allocate 4 to 5 percent
of national budget for the development of water sector. When one
thinks of it, one gets aware of a great extent of the emphasis the

country places on the development of this sector,

The average ratioc of ADP to GDP for thé last 7 years ffom
1979-85 to 1985-86 was 8.2 percent. Also, during:tbe lést_lo years
from 19?6~77'to 1985-86 water sector on avérage accounted-fdr 10.4
percent of ADP.  1In other words, the country has consistently

pursued the policy of "high priority to water sector" ih.the past.

On conditions that the above relationships:coﬁtinue_in the -
future and the average annual growth rate of GDP during the project
implementation period 1988 t0.2030 is 4,887percent_the.cuﬁulaﬁivé
amount of water sector dévélopmént-budget for thé éame-périod works
out at Rs.715,289 million. At Federal level it is roughly_estimated
at'Rs.550,6?8'million5 On the other hand, initial cost for the -
water resources development project dufing tﬁe:éame,period is
estimated.at Rs5.,11,860.0 ﬁillion. Also, 1nitial cost for the
construction of distribution and othef facilities ié_preliminarily
estimated at Rs.4,640.0 million. They add up to RS.IG,BO0.0. ~Thus,
the share of the total initial cost in the corresponding water

sector development budget works out at 3.0 percent.
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Population and GDP.of the Project Region as the administrative
fegion encompassing beneficiary areas in 1981 occupiéd 4,3 percent
and 4.5 percent of national population and GDP, respectively. The
above share is,-therefofe, considered to be reasonable and |
realistic. ' Thus, the Projéct is judged to be an ﬁndertaking the

country can sufficiently cater for im budgetary/financial terums.

9.4.2, Filnancing Terms for Executing Agency

So far the Federal Government has provided CDA with financial
resources for the development of bulk water resources in the shape
of granfs. It is only & quarter of a century since the capital of
the country was moved to Islamabad and under such clrcumstances it
is appropriate as well as necessary that the fiqanting terms for the
developmeﬁt of the capit&1 éhou1d be as soft as-péssible. However,
it ié proposed that undér-the.frbject where the ﬁltimate target year
is set at 2030 a centralized execution and O/M organization for
. water resources- dévelopment, water supply and irrvigation unifying
Islamabad and Rawalpindi will be established at an appropriate time.
And, it 1s reasonable as well és normal to assume that such an.

organization will be ultimately managed on self-financing basis.

The Covernment of the Pﬁnjab at times finaﬁces a water supply
project of a city under its jurisdiction at the interest rate of 11
toiié'pércént. “Long-term lending rate in the ‘country is estimated
at 14 percent; and if a p;oject is to be financially oriented such
interest rate will be unaveoidable. Howevér, a water supply project
involves basic human need and'can.not be left un&one if peopie are
to enjoy hygienic, healthy and modern lives. Actually, World Bank
_ says out of its consultation experlences that such a project rarely

has an internal rate of return equal to or exceeding 6 percent.

Analysis reveals that when the urban water supply project under

the Project has the FIRR of 5.2 percent, water payment as percentage
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of household income will be 2.5 percent: -Practically, the maximum
limit of the ability to pay for water of a household is consldered
to be 3 percent of its income. Therefore, under the above FIRR

households can reasonably and realistically bear water cost.

The Study Team' thus proposes that the Federal Govermment will.
provide the executing agency of the Project with the development

funds at the annual Interest rate of 5 percent ox less.
9.5. Recommendation

In case the;beneficiaries are resistant to or reluctant for the
payment of water charges as recommended by the Study Team and also
in case.billing and collection ave not pérfect the water authorities
will tend to immediately go into the red. Besides, for the first
one decade or two the authorities will be financially negative even .

if the above conditions are met.

Therefore, 1t is preferable that the Federal Government will
provide the water authorities with the development funds at the
interest rate of less. than 5%, or if adoption of such a rate is
inevitable the Government will assist the said authorities with

subsidies enough to compensate for the loss as 1t arises,
This recommendation shall be applled especlally in the initial

years of project implementation and it-shall be withdrawn when and

if the water authorities financilally stand on their. own feet.
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Table IX-3-7.

Code Table for Cost Benefit Flow

_Code Meaning
1., CcCl Investment cost for development and supply of urban
water
2. GCoz2 Investment cost for dévélopment'aﬁd supply of
irrigation water ' -
3. CGC3 Investment cost for development and supply ef ailrport
: water :
4, OMl 0/M cost for devélopment and supply of urban water
5. O0M2 0/M cost for development and supply of irrigation
water ' : '
6., OM3 0/M cost for development and supply of airport water
7. BFi Benefits accruing from supply of urban water
8. _BF2: -Benefits accruing from supply of irrigation water
9, BrF3 Benefits accruing from supply of airport water
10. SscC " Investment cost fof“dévelopment and suppiy of urban,
irrigation and alrport water
11. SOM o/M cost for development and supply of urban,
irrigation and airport water
12. 8BF Benefits accruing frcm supply of urban, irrigation
and airport water
Note: 1) Investment cost includes initial and replacement

cost for water resources development and

distrlbution.

2)  0/M cost includes O/M cost for
-~ development and distribution.
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CONCLUSION' AND REGOMMENDATION =







CHAPTER X. CONCLUSION AND RECOMMENDATION .

The water resources development plans proposed in this reéport

are based on the projected population and water demand at the
target year of 2010 and 2030, - Tslamabad metropolis ia

. expanding as the new capital of Pakistan in accordance with the

federal government policy and CDA's development plan, so that
the water resources development plans should be lmplemented
following the revision of natlonal policy or urban development

plan as well as that of urban water supply scheme,

The urban water supply area covers both Islamabad area where a
new capital is under construction and Rawalpindi area which is

an old city. The both areas have different dévelopment

‘history, but will develop their administrative functlons

complementary to 2ach other in future.

As development progresses, the urban development plan covering
two clties will'be'compréhensively formulated and revised as
rvequired, ' Consequently, urban water supply scheme should

adjust itself to the revision,

The 1rrigatidn.development plan on' the proposed area should he
undertaken in due consideration of farmer's needs, prospect of

suburban agriculture, its profitability and economics. -

On lmplewmenting the plan, elaborate siudy on the existing water
rights and prior intake methods should be made with the

authorities concerned,

‘For surface water resources development, hydrological data

-should be regularly observed at the proposed dam sites and

intake points, For groundwater development, on the other hand,

the water level and yield in the existing wells should be
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continuously gauged'in order'td evaluate available yield and

influence of new wells on the existing wells,

Judging f£rom such natural features as topography, matedtology

and geology, and expected function and scale of the capital,
water resources for urban water will be devéloped mainly by
déms'reserving surface water, Gxoundwatér, spring and lifting
scheﬁeé (especially for_irrigation.purpose) are other potential

water. resources for alternatives.

Groundwater,'especially; should be utilized as provisioﬁal water
regsource or water resource alternative for extraordinary drought

year appearing once in more than 10 years.

In wet year, therefore, surface water should be efficieﬁtly

utilized for saving groundwater resources.

The groundwatér'investigatioﬁs'ﬁerfofmed-in_this'study only
delineate an ocutline pf,the'hydrogeologicalzconditions of the

study area. - It has not been made clear in this stﬁdy-that even

the present groundwater abstraction amount is optimum or not

because of the lack of data. For the.reaSOQS-mentiOned=above,'

further studies should prdceed for more accﬁrate estimation of
the area's groundwater'dgvelopmént potential based on more
detailed and reliable data. Such data would include long-term

hydrographs of the'groﬁndwater tables.,

~Bagic approach to water resources development is to undertake

higher_priority;schemés whiQB have 1ess-ﬂiéadvaﬁtages'from

technical and economic points of view.

Detailed water resources development plan should be formulated
within the framework allowable, examining compensation for the
existing water rights, evaluating effects on the rights and

coordinating various development plans in the same basin.
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D1 and H«A,dams related to the Khanpur dam are multi-purpose
dams, requiring not only large sum of investment, but also

understandings and consensus from various consumers,

Water allocation of the Khanpur dam should be revised when
necessary by evaluating present water use, potential of other

water resources and their economics.

As for water use plan of the Kurang river basin, optimum water
allocatlon should be Formulated by elaborately examining present
urban water supply and the on~golng irrigation development

project (covering 6,600 ha).

Technically and economically appropriate watershed management

- schemes should be formulated by evaluating the characteristics

of river basin.

Intensive administrative guidance should be exerted to implement
the schemes, examining_countermeésures'and regulations on water

pollution.

It will not be. far away before the urban development plan can

not function without uniting two clties into one

gdministration.

Expansion of the development will.in¢rease administrative tasks
in CDA, Taking it into consideration that the Khanpur
conduction project is needed to be implemented by joint venture
by the both cities, the constiuction and 0/M of water supply
facilities should be administered by the united organization in

future.

Intricate urban water system in the both cities should be

phased out into a singie_organization"-The reformed

organization will promote. engineers who can deal with

construction of large~scale dams and urban water system.
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15.

As water resource development progresses and urban water supply
system expands; operation and malntenance works will extend to

wide area and become intricate.

Since the multimpurﬁose dam and single-purpose dam co-exist

having different water use patterns in various consumeyrs, water
utilization and operation plan of dams should be formulétéd on
a iong"term basis in due consideration of technical innovation

and coordination with medium-term plan.

The Metropoliﬁah population to be served with urban water in the
ultimate target year of 2030 is estimated at 3,267;000. 'And per
capita demand in the same year is forecast to be 475 lit.
Consequently, the annual total demand for urban water works out
at. 566.4 MCH. Furthermore, irrigétion water of 120;3-HCM't0
serve the farming areas of 17,000 ha lying adjébent to the
Hetropolié and urban water of 2.5 MCM to serve the Wew

International Alrport will be required under the Project,

The construction cost for the development of water resources to
meet the aﬁove demands ié estimated at Rs. 9,652.6 million.

Out of it, Rs. 4;218.7 million or 43.7 percent will be catered -
for by foreign exchange component, and the remaining Rs.

5,433,9 million or 56.3 percent will be met by local currency.
Along with it, the cost for land acquisition, office facilities,

—engineering/administration hnd-physiéal cbhtiﬁgencies is

preliminarily estimated at Rs. 2,207.4 million.i'Furthérmore,

‘the cost for terminal facilities is preliminarily calculated at

Rs. 4,640.0 million. Thus; the total investment cost necessary
to meet water requirements under the Project works out at Rs.
16,500.0 million.

The project has the EIRR of 4.2 percent. ‘It is by 7.8 percent
lower than the opportunity cost of capital at 12 percent in the
country. However, the Project will provide urban wateér to the
ever-growing Metropolitan population and also irrigation water

to the adjacent areas for the period of half a century.

X-4



16,

17,

. The urban water ids essential and indispenéable for the future

Metropolitan citizens to énjoy hygienié,'healthy_and modern
llves, and irripgated farmlands will supply them with ample
fresh vegetables and fruits, thereby prqmoting_and maintaining

their nutritional balance and health. That 1s to say, the

~Project 1s a fundameﬁtally social undertaking, concerning

itself with basic human needs. The Project 1s thus judged to

be economically feasible.

Under the FIRR of 5.4:percent water supply authorities can

formulate a water tariff under which metropolitan households
will spend 2.5 percent of their income on water. The
percentage is within the maximum 1limit of ability to pay at 5

percent and also within the practical limit at 3 percent.

A higher FIRR is likely to put undue stresses on beneficiaries'
home econcmy. While the long-term interest rate in the country
ig 14 percent, it is not reasonable, nor realistic to aﬁply
such a value in assessing the financial feaéibility of a .
project with a highly social meaning and impbrtance._ Because
of its crucial implicétions in the welfare of the future
Metropolitan households, the Project is judged to be feasible
at the FIRR of 5.4 percent.

It_is preliminarily estimated that fhe Federal Government will
have enéugh_budgetafy means to finance the Project, judging
from the budgetary scale yeérly growing in parallel with the
national economy and a fair share water sector enjoys in

budgetary allocations.

The Federal Government is strongly recommended to provide the
executing agency of the Project with the necessary development
funds at the annual interest rate of 5 percent or less on the

above mentioned ground,
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Urban water is an economic commedity, and it is at the same time
one of basic human needs. The accommodation of these two sides

can be attadined through a water tariff structure where charges

‘will be nominal up to the limit of a basic consumption, but

beyond it they will progressively go up. Formulation and
adoption of such a structure is highly recommended to reconcile

Islamic teaching with modern economics.

For proper management of the urban water supply system,
self-financing basis should be set up by introducing optimum
water tariff system as well as levying the taviff compatible
with Islamic belief. '

The water tariff system will be set up by coordimating such
programs as ralsing of consumers’ consciousness, provision of

service facilities and prevéntion of water leakage.

Increase of the consumers' iﬁcome-willrimprove their living
condition as well as their payable amount for water, but ‘a
sufficient financial support from the federal government is

indispensable at the same time.

These recommended projects should be phased on long-term basis.
In order t0 meet_acute urban water demand at the present
moment, construction of water treatment plants and distribution
facilities cdﬁnébted to the Khanpur dam and expaﬁsion of both
Simly and'Réwal water treatment ‘plants should be commenced. as

early as possible, '
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