increase of earth pressure especially when excavation.works come
across fractured fault zones. Even in this case the minimum
cross-section is requested.to be kept after lining. A diameter of
2.40 m is, therefore, adopted for a long tunnel. According to
design criteria prepared by United States Burcau of Reclamation as
well as by Japanese Ministry of Agriculture, Fishery and Forestry,
three types of standard cross sections of tunnel are established.

{Refer to Table B.II1I-1)
3.2.3. Tunnel Geology
A. General GedlC_JgY

Geological.formations exposed in the ?roject Area, in and
around the Margala hills, as investigated by Geological Survey of
Pakisfan, are presented in Table B.III-2. Among these, such
formaticns belonging to Jurassic to Eocene age are, as they had been
called "Hill Limestone", distributed in the hilly areas of Margala,
¥ala Chitta and Kalri Murat, and are marine deposits éomposed mainly
of limestone, Strata of Miccene age and onward, on the contrary,
are all nonmarine deposits and are spread in the fldt areas which
lie between the hilly areas. Outline of the geology in the Project

Area ig shown in geological maps as attached Appendix D . (Drawing).

Among Jurassic to Eccene formations, Patala, Chor Gali and
Kuldana formations contain a considerable amount of relatively soft
argillacecus rocks as represented by shale and mafl, while most of
the other formations are composed mainly_qf'liméétone. _
Exceptionally in the area, Chichali formation comprises sandstone
and, therefore, this can be an effective Key bed. With excéptién of
Chichali formation, it is difficult in the field site to classify

geological features.

Among formaticns belonging to Miocene to Holocene age, Murree
formation of Miocene age and so-called "Alluvium® of Pleistocene to
Helocene are distributed widely in the Project Area. Murree

formaticn consists of alternating beds of sandstone and mudstone.
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This sandstone looks gray to reddish brown in colour and is
claésified into two types, namely very hard type and rather soft
one, Mudstone is_generﬁlly soft and reddish brown in colour. In
tﬁe area whére'Muriee'formation dominates,'there exist some strata
which contdin limestone. Formerly this strata were considered to be
a part of Fathehjang member which formed the base of Murree
formation ahd were considered as the secondary deposits derived from
the oider marine formations, but it has become considered recently
_that the strata are constituents of Kuldana formation or Chor Gali

formation of Eocene age.

- Alluvium consistsﬁof alternating beds of Silty clay and gravel.
Silty'clay is composéd mainly of secondary deposited loess and
sometimes called as "Potwar Toessic Silt" due te the fact that it is
distribqted widély in the Potwar basin. With exception of small
amdunf’of'concretions of carbonates, this clay little contains
coarse grains but consists mainly of silt particles showing uniform
fadies. The gravel layers, which exist not only intercalated in
clay layers but also spread on a terrace, consist mainly of pebbleé
-of limestone. Such layers which are relatively consolidated and
found nearby Lei Malla are called "Lei Conglomerate". There exist a
number éf terraces with various elevatlon on the foot of the Margala
hills and along Nilan Kas; Haro and Soan'rivers. Generally
speaking, stratigraphy of'Quaternary strata in this area has not yet
been established, and 8o, it is difficult to classify alluvium into

further sub-members.

Kamlial formation to Soan formation overlying Murree formation
" are predominant nearby and south of the Soan river, and contains

soft sandstone, mudstone and Conglomerates,

Major geclogical structures in this area have a trend of ENE to
WSW., Among these structures, a thrust which lies on the southern
foot of the Margala hills and on which formations of Jurassic to

Focene age are in contact with Murree formation {(partly with Kuldana
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formatioh) are called as"Margala Fault". From_strﬁctural.and
geological point of view, this fault is classified as one of the
greater faults which are situated in the thrust zone spread in ‘the
front of Himalayan mountalns. At.present;.there is ne xeliéble
evidence showing that the fault is active.. Except alluﬁium, all
strata in the area are folded. Accompanied by bvefturned folds and
thrusts, strata of Jurassic to Eocene aqe_aré tightly folded with an
interval of several hundred meters, while ratﬁer.opeﬁ folds aré
found on the strata of Murree fbrmation with an interval of the

order of several kilometer.
B. Geology arcund Tunnel Routes

~ Investigated routes of tunnels pass through the range of
Margala-ﬁills between Khanpur dam and the points of Shah-Allahditta
and/or Golra. Geologic sections and conditions along and around the

selected routes of tunnels were investigated employing the following

procedures;
- Review of NESPAK (1980) report

~ Study on a geological map (1/50,000 scaled) compiled by

Geological Survey of Pakistan

- Collection of informations mainly provided by Geolegical

Survey of Pakistan
- knalyses based on aerophotographs (1/20,000 scaled)
- Surface geological reconnaissance survéy mainly along

Libana~Khurram Gujar route, Shah Allahditta - Sabra -~

Tarmakki - Choi routé and around Portal and Shaft sites
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Geology of Margala hill consists mainly of limestone
subordinated by marl and shale with a trace of sandstone. These
strata are folded and faulted, and divided inta zoﬁes by three major
thrusts which extend from east to west or northeast to southwest.

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

whole the layers are folded scutherly overturned,

Thiee major thrusts run along the southern foot.of Margala
hills, Khurram Cujar - Bol - Sabra Valiey,.Nilan Kas Valley near
Gramthun'(Tarmakki),_ These thrusts are named'tentatively in this
repdrt as Margala,”Sabre and Gramthun faults. Between Gramthun and
'Sabra faults, there may exist one more small scaled thrust. Margala
_féult;mey not be'simple and single fault, but may be estimated to be
a grou? of faults aligned in echelon. Thickness of fault has not
been investigated clearly. However, it is estimated on a basis of

outcrops to be more or less 20 to 30 meters.

As concerns geological distribution, Margala hill limestone,
Chor Gali formaﬁion and Kuldana formation belonging to Eocene age
are distributed in the area between Khanpur dam and Gramthun fault,
composed wainly of limestone thh an unnegllglble amount of
argillaceous rocks. Between Cramthun and Sabra faults, Samana Suk,
Chicﬁali; Lumshiwal foimations and Lockhart limestone of Jurassic to
Palaeocene age are domlnant and their main constituent is limestone.
In the area between Sabra and Margala faults, all strata formed in
Jurassic to Eocene'age are_dlstrlbuted and the greater part is
oceupied by strata belonging to Palaeocene to Eocene age. They are
malnly composed of llmestone and marl, and shale is also distributed
around a valley along Sabra fault, where xuldona and Chor Gali
formatlons are found, and on the flat mlddle ridge where Patala
formatlon dominates. In the southern flank of Margala hills and
between Gramthun and Sabra faults, sandstone layers of several ten
meters w1de, belonglng to Chichali formation, are found. To the
south of Margala hllls, Murree formation consisting of alternating

beds of sandstone and mudstone is predominant.
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Limaestone in this area is gcnéra]ly hard aﬁd gray in colour,
and contains abundant fossiles of fo;aminifers and, sometimés,'of
vivalves., Based on the condition of crack, limestohe is CIassified
into three types; namely massive limestone, cracked limestone and
noedular limeéﬁone. Massive limestone has sparse cracks and used to
form a cliff. Nodular limestone is composed of alternating beds of
iimestone and subordinate shale, and because that limestone is more
competent than shale when folded, limestone layers are deformed and

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

Mari is gray in colour and likelf appears soft rock, cOhtaining
abundant foraminifer fissiles. . This is classified into two types,
namely massive Ltype and filssile type; Shale'is.brown to gréénish
brown in colour, fissile and easily eroded, Sandstone contained in
Murree formation is gray to reddish brown in colour and classified
into two types., very hard type and reiatively.sdft'type. Mudstone
is generally reddish brown- in colour and soft. . bips of strata
varieg from 20 to 90 deqtées, and in general, they are steeper in

the north side of the fault and gentle in the south side.
C. Groundwater Condition around Tunnel Routes

Licng the valleys in the area of Margala hills, with éxception
cf a few rivers, there cexists no stream which keeps_flow dufing'the
reriod of nc rain. Groundwater flows are appeared as spring waters
#t the Limited points spread along valleys and on the foot of
Margala hills. This means that rain'water is concentrated deep
inside the hill body, and would suggest the fact that some waﬁer
ways exist tc convey groundwater to the above springs. The most
important springs are found at Khurram Gujar and Shah Allahditté,
and the former is proud of the spring water discharge of 93veral.
thousand cubic meters per day, espe@iéliy dﬁring rainy season.
Accordingly, there are some ﬁdssibilities of happenings that the
tunnel comes across masSive volume of.groundWater dﬁrihg the course
of excavation work and/or spring'watér discharge is infiﬁénCed by

that.
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D, Engineering Consideration

Rock Type

From viewpoint of tunnel engineering, rocks are classified into

four types;

Type I : Massive limestohe; almost no support needed.
Type II :; Cracked limestone, alternation of limestone and
marlfshalé, massive marl, sandstone (cretaceous);
'Suppoits partly needed,
Type III: Shale, alternation of shale and marl, fissile marl,
' alternation of sandstone and mudstone {(Murree
_ formation); supports needed.
Type IV : Overburden {clay and gravel); supports heavily

needed.

Special. Problems

Aé mentioned previously, there exist three major faults aiong
the routes of tunnel, Dimensions and conditions of these faults are
not clear, but much care should be taken in excavating the faults
because they are rather big scale from every aspect of structural

'geolégy and much earth pressure may occur. It is also probable that
the tunnel may come across a big scale ground agquifer and, to cope
with such situation, a countermeasure should be worked out in
advance. Problem would be less against such an accident in the case
when the tunnel is excavating the type I or II rocks and, on the
other'hand.in cases of type 1II or IV rocks, the tunnel wall is
quite_dangéroﬁs against a breakdown. FEspecially when excavation
work is progressed through fault cray or shale which could be

impermissible layer, much attention should be paid.
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3.3. Raw Water Reservoir
3.3.1. Necessity of Raw Water Reservoir

The Left Bank Canal has been constructed for most of its length
along the foot hills of Margala range. There are a number of cross
drainage structures and small tunnels including Hard river syphon
along the canal alignment. Although the canal itzelf is iined for
its entire length, but closﬁre of the canal for the. periodic
maintenance and possible repair of various stxuétures must be
envisaﬁed. 1n adédition to this poSsibilityHOf blockage due to rock
slides caused by adjacent hill torrents'cannot be ignofed in aﬁ open
canal. Therefore, adequate provision for the raw water reservoir

durlrg canal closure shall be required.
3.3.2. Dbesign Capacity

Under the major'premise of additional constructions of culvert
at the portions of deep-cut, slope proteétion works, spillway or
wasteway and other overail improvement works for the existing Left
Bank Canal, design capacity of raw water reservoir was determined as
2 days capac1ty, which is reselved for general works of operatlon
and maintenance, rehabilitaticn works and disaster rehabilitation

works.
3.3.3. Structurai Design

Geological foundation at and around the proposed sites of raw
water reservoir is found tc be alternation of silty ¢lay layer aﬁd
sand gravel layer, of which silty clay layer is hsable as impervious
materials for embankment. However this materlal is easily erosive
and thus protection works on the surface of embankment was de51gned
to be accompanied. In addition, to prevent water leakages_through
sand gravel layers, earth blanket was designed on the bottom surface

of reservoir.
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3.4. Pumping Station
3.4.1. Selection of Pump

High pumping heads of more than 30 m are mostly.required for
the'projegt. In view of required discharge and head, double suction

voiute pump was selected to be used.
3.4,2, Control Method

Considering operatiénal and economic advantages as well as
operation:and mainteﬁénce,'fldﬁ control ig primarily based on the
simplest method.of control by charge of operating pump number and
on-off control in terms of water level Control.in the discharge

- pool. Accofdingly HWI. 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 discharye.
3.4.3. Number of Pumps

Number of pumps are determined in consideration of the

“following factors;

A. For easy operation and maintenance, the number of pump
units should be as small as possible and ones of equal

capacity should be adopted.
B. The larger is the delivery, the higher the pump
éfficiency, so the ones with the largest delivery should

be used.

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

number of pump units is small, spare unit will be costly.
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D, The number of units should be determined so as to be
operated effectively corresponding with water-load
varieties of seasonal changes. (Varieties range from 1.25

to 0.8 of average)

E. Number of units should be décided conforming to the phased
plan of facility installation.. Rate of required capacity
is approximately Z:1:1 corresponding to phase I, II, and

I11 respectively.

DISCHARGE RATE OF
WORKING_PUMP_UNITS

gLy
W (/5 AVERAGE
S A i e IS
=3
m - —— - ——— —
i
Lel .
= .
F - (REQUIRED. )

- DISCHARGE

6 5 7i9iotal gty Taligia’
{ MONTH )

The required monthly average discharges ére'plotted cn the
above figure in order from the maximum in’ june to the minimum in
January. ‘The figure indicates relation between the required :
discharges and controlled discharges for cases that the number of .
pump units, excluding spare one, is given as 4, 5 and 6. From the

operaticnal point of view, installation of five gumps will be most
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suitable. Although a plan with four units of pump is most
acceptable when phased'schedule of facility installation is taken
into consideration, but this plan is inferior when nécessary cost
"allocation for spare unit is accounted. Consequently, including one
spare unit of pump, nuﬁber of pumps are determined at six. As
concerns booster pumps required for distribution systems, since the
design capacity is small,.numbers are determined as two units for

ordinary uses plus one unit for spare.
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3.5. Water Treatment Plant
3.5.1, Raw Water Quality

Raw water was taken three times during field'survey period from
August to October, 1984 at four points as shown in Flgure B.II~ 8
The sampled water are from sulface water of the Kampur Reqervolr,
canal water at the branch to the Right Bank Canal and the division
works for irrigation and the Haro river water at about 0ne kilometer
upstream cf the dam. Sampled water was analized at the iabbratbry
of CDA as shown in Tables B.TII-2. 1In addition, water of the
reservoir and canal (at point 4) was brought to Japan to check the

existence of algae (see Table B,II-3),

The result of water qﬁality analysis shows the following

characteristics:

A, Values of turbidity and color wexe low at every four
sampling peints, .

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

limestone strata of mountain behind the dam.

L. A few numbers of bacteria and coliform groups were found in
gvery sampléd water. Pollution of water is considered as
low which is supported by the low contents of chlbride and
nitrogen. '

E. In surface water of the reservoir 25 nos/ml of algae was

found. This content is considered small.
From the above, water quallty at four pOlntS is con51dered to

have similar characteristics and no special treatment will be

necessary.
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3.5,2., Water Treatment Process

Cn the basis Qf the water quality analysis, the treatment
process is examined. However, considering insufficient period and
number of samplihg and the facts that the Khanpur dam was
cbnstructed recently, and water guality might be chaﬁqed in the
future; the water Quality observed at the Simly and Rawal lLake
filtration'plahts are taken into account for the determination of

the treatment process in this study.

Considering the turbidity will increase during wet season as
shown in the water qUaiity of the existing treatment plant, the
rapid filtration method is employed as the general concept. The
chemicals applied at the plant are planned to be Alum for
coagulation and chlorine for disinfection as used in the existing
plant. Pre-chlorination wiil be applied considering that algae
growth might be occur in future due to big volume of the reservoir

resulting long retention time and higher temperature in dry season.

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

plant:

Pre-chlorination: Pre-chlorination is empolyed for the

purpese of destruction of algae and
oxidation of dissolved organic matters.
Color of raw water is considered to be
increased according to algae growth,

Dosage of chlarine is at receiving well.

Coagulation :  Alum is used for coagulation and dosed at

mixing well.

Flocculation : Suspended solid is flocculated by slow

mixing.

B.IIT-19



Sedimentation T Most suspended sclid is removed in the

sedimentation basin with the optimum

retention time.

Filtration :  Remained suspended solid in the clarified

water is removed by the allowable fangé of

less than 5 ppm.

Post-chlorination: Filtered water is disinfected by chlorine

dosage.

The chart for the propesed water treatment process is shown

boelow,

RAW WATER [RECEVING|__[Mixing|__[FLOCCOLATION]_ [SEDIMENTATION]  [RAPID SAND]___fCLEAR WATER]
WELL. wELL [ lBaSiN BASIN FILTER RESERVOIR

.

PRE - CHLORINATION— —
ALUM DOSAGE — —
. POST CHLORINATION — = —]

PROPOSED WATER TREATMENT PROCESS

3.%.3. Design Capacity

Design capacity of the plant is planned at 121.6 MGD (553,000

2 : : . Lol :
m /d}. Five percent of water loss will be allowed for the treatment

ircluding washing water of filter bed, desludgin§ in sedimentation

basin, chemical solution and cther usages within the plant.
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'3.5.4, Facilities

The design criteria on the major Facilities of the treatment

plant is examined and proposed as follows:

-ijing well

: . . \ -1

Energy dissipation : apout 300 sec

Mixing methoed : mechanical mixing
Retention time : 2 min, .

Flocculation Basin

: . L3 > = l
Energy dissipation 70 ~ 20 sec *, more than three stage
‘'Flocculation : by over-and-under baffles
Retention time : 30 min.

Sedimentation Basin

Type : - rectangular horizontal flow
Overflow rate H 1.0 m3/m2 hf

Mean velocity - : less than 0.4 m/min

Retention time : around 4 hrs

Deslﬁding : by scraper

Effluent : effluent trough at basin end, weir

. 3
load is less than 300 m /m day
Rapid Sand Filter

Type : declining rate filtration
Filfration rate : 120 m3/m2 day
Filter media : thickness 70 cm
Supporting gravel  : thickness 25 cm
Water depth
above sand : 1.5 m
Washing o backwashing 0.6 m3/m2.min.

3,2
surface washing 0.2 m /m .min.
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Chemical Dosage

average dosdage rate 2 ppm

Pre-chlorine :
maximum dosage rate 5 ppm
Alum : average dosage rate 20 ppm

maximum dosage rate 60 ppm
Post-chlorine : avérage dosage rate 1 ppm

maximum dosage rate 2 ppm

where average turbidity of raw water is assumed as 20 units and

that of maximum is 200 units for planning of Alum dosage rate.
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3.6, Service Reservolr
In principle, service reservoirs are of gravity flow type.
3,6.1. BService Reservoir Site

In piinciple in order to expect uniform rate of watéx héad in
the service area, the service reservoir is desirable to be situated
near the center of the service areca. However for the project, since
the service areag are located on the sloping surface extending from
north to south, the proposed site of service reservoir is selected
as near from the service area as possible in consideration of the

following conditions;

A. Conduction pipeline up te the service reservoir is
designed with design capacity equivalent to the maximun

daily distribution reguirement.

B. bownwards, distribution facilities are designed with the
maximum hourly requirement, which is eguivalent to 1.5

times.of daily maximum.
3.6.2. Capacity

In géneral, filtration facilities are operated on the standard
Oflplanned maximum daily supply, anrd so in each hceur, a fixed amount
of'purifiéd.waterjis sent to the sefvice reservoir, ©On the other
hand, as there is hourly change in the distributed amount, such
amount of the water as exceeds that of the hourly delivery is stored
durihg-the ﬁight houré when consumption is low and made to meet the

_demaﬁd3dUriﬁq thefdéy'hours when the consumption rises for balance
of demand and supply. The effective capacity of the reservoir,
therefore, must be enough to maintain such balance. The effective
Cépaéity éan be obtained by totalling such hourly maximum amount

plus hourly margins,
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The proposed hourly change in the water supply has been assﬁmed
as illustrated in Figure B,I11I-2, after congideration of water use,
leakage and etc. in the area; because the.édﬁual'condifion'is hardly
known as mentioned above. The capacity of a service reserveir shall
be based on 6 hours supply of planned maximum daily water supply,
making provision for regulaticn of purified water andISUpplied
water, fire fighting, power stoppage, unforescen accident, and so on

(vefer to Figure B,ITI-2),

Fstimation of Capacity of Service Reservoir

Capacity of'Serviée'Reservoir
- angwering the houriy variation
{Balance of Demand and Supply)
+ Fire fightingiwater
+ (Capacity for'powex.suspenSidn
- 4.05hr + 0.3 hr + 1.0 to 2.0 hr
6 hr

+ b

Fire fighting water shall bécome felatively Smail in guantity
as the scale of communities becomes 1érge} The.water re@uired for
fire fighting in the Islamabad Low Zone'that shall need relativély
rarge amount of water for fire fighting against the total Qater

cemand, has been assuned . as summarized below;

2. The proposed population in 2000 in the Low zone is 220,000,
while 620,000 in Islamabad. |

B. Fire iighting water vs. population is given in Figure B.III
-2, from which the fire fighting water is derived at 13

cu.mt/min.

C. The hours required for fire fighting is assumed to be one
hour, thus, the reguired water comes to 720 cu.m (13

cu.m/min x 60 min).
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D. It needs 0.3 hours to store the proposed fire fighting

water (780/39 cu.m/min = 0.3 hours),
3.6,3. Effective Depth

Effgctive'depth of service rescrvoir is defined as & distance
between HWL and LWL. - There is an economic depth of sexrvice
reservoir for any given site. For a given quantity of water, either
a shallow reservoir having long walls and a large floor area may be
constructed or alternatively a deep reservoir constructed with high
retaining walls and a smaller floor area, resulting in structual and
engineering pioblems of 1e§5 waterproof and less quakeproéf,. Since
the SérviCC reservoirs are of gravity style and it is difficult for
éyﬁémic water pressures in pipes distributed in the service area to
be kept within a certain acceptable range, in general, effective
depth is desirable to be three to six meters. FEvery service
reservoir for the project is of a large scale and therefore the
effective depth is taken at six meters in consideration of strucfure

and its floor area.
3.6.4. .Watér Level

Basic concepts for determinaticn of optimum water level for

each service reservoirs are summarized as follows:

- Estimation ef.projeqtéd population and unit water demand
in target year éf 2000 are worked out based on available
census and data collected. Distribution ot population and
total water demand within each sector and major water
supplj netwofks are followed to urban development plans

and future water requirements tendency.

- Major waterzsupply pipelines are aligned based on the
topog}aphic conditions of each distribution block, water
demand and distance from supply pipeline up to the

distribution points.
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- Treated water supply from the service reservoir to

consumers shall be of gravity flow as much as possible.
3.6.5. Structure

In view of shape and structure, service reservolrs are

classified into the following three types;

a. Flat slab type of reirnforced conérete
B. Overhead type of reinforced concrete

', Ground type of prestressed concrete

The flat slab type is in commor use for this purpose and the
most economic in cost in case that suitable ¢onstruction site is
found. Overhead type is alsé commonly used in Pakistan. The
allowable maximum capacity of this type is, however, restricted fEOm
technical point of view within the limit of about 5,000 cu.m (0.1

million gallen).

Ground type PC tank is very popular in the world but

construction cost is slightly higher than that of flat slab type.

Consequently, the flat slab type is adopted under'ﬁhe-étudy_in
principlie except for the case that topdgraphic and water level
condition is not suitable for this type. Thus, ground type PC tank

is applied for the specified construction sites.
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3.7. Distribution Main
3.7.1. Pipelines up to Service Reservolr

Water is supplied to pipelines by gravity or by pumping,
categorizing them gravity mains and force mains reépectively; The
force mains is a pipeline to be laid between a suction pocl of a
pumping staticn and a delivery pbol or a Service.reservdir, while
the gravity mains is that to connect a service reservoir with a
clear water reservoir at a water treatment.plant, or a deliveryupool

at a pumping station.

(i} Force Mains
Service Reservoir
-~ —_Hydraujic Grade | i or Discharge Fool

e——= e :

: RN, M

e e e e

Suction Pool
Check Valve

= .--, {/_

FloN .

. _
- TR Qutlet

Pump

Cutline of force main pipeline system is illustrated as above,
According to water levels in a service reserveir or a disoharge
pool, pumps are controlled by means of 6perating pump'number and
on-off control, Considering the emérgent case ofISQdden stép'df
operation due to powex stoppage,_dynamic'watér preésure should be

taken into account for design of pipeline material.
(1i) Gravity Pipeline
Gravity pipeline system is illustrated as below:

Discharge Pool _ _
< |l Hydrostatic ‘Head

=

S NS

- Diétribuﬁon
> System




This sgystem may permits ecasy operation and prevention of
oversupply of water by closing a value when the water level in the

service reservoir reaches a designed full water level.

Pipeline is subject to transient pressures when valves are
alternated open or c¢lose. Such transient phenomena must be

considered in designing and inner pressure of pipes.
3.7.2. Pipeline from Service Reservoir

In principle pipeline which connect the service reservoir with
a uhit of diétribution network is of gravity flow type. Water level
in the service reservoir depends upon status of water consumption in
the distribution unit. Diameter of pipe is determined on a basis of

the maximum hourly water consumption.

Effective water head at the site of water treatment varies
depending on respective alternatives. Accordingly, distribution
syétem up to fhe ending point of service area is needed to be
diffefentiated,.including routing of distributicn main and necessity
_ for installation of booster punmping station. Aiming at economic
comparison study, it is therefore needed that the cost evaluation
fcr constructlon as well as for operation and maintenance for .
dlstrlbutlon fac1llt1es petieen the service reservoir and the ending
dlstrlbutlon network be involved in the study, even though it is
éxcluded in'the "Scope of Working", However the same system of the
smallest unlt of distribution netw01ks can be applicable £0r every
alternative plan for the purpose of comparative study, and so it is

excluded from the study.
3.7.3. Pipe Material

Diameter of pipe for the on-going project varies from 300 mm to

1,650 mm. Design internal water pressure, inclusive of water hammer
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pressure, varies with a wide range between about 3 kg/sq.cm and 18
kg/sqg.cm. In consideration of diameter as'weil as water pressufe,

pipe materials applicable to the Project are as under:

-~ Prestressed Concrete Pipe . (PRCC)

~ Prestressed with Steel Sylinder {PRCC)

- Asbestos Cement Pipe (ACP)
- Steel Pipe (SP)
-~ Ductile Iron Pipe (DIP)

A. Prestressed Concrete Pipe

In generai considering'joint structure, PRCC is usable within a
limit of design pressure of 6 kg/sq.cm and static pressure of 4
kg/sq.cm. This type is Adurable and nonexrosive, and £iexib1é at a
joint. Weight is heavy. This type of pipe has been manuféctured at
two factories around Islamabad, however, leakage may occur because

of inferior guality control., This type is therefore nct usable.
B. Prestressed Concrete Pipe with Steel Sylinder

This type of pipe is manufactured.according to AWWA Staﬁdard,
and utilized for the Simly conduction main piﬁelines. Diamétér'Of
pipe is available between 400 mm and 1,800 . Spigot»typé joint-is
mostly used and allowable maximum static and design pressures are 10
kg/sq.cm and 12 kg/sq.cm;-réspectively. This type is usable for

gravity tlow pipeline.

C. Ashestos Cement Pipe (ACP)

Diameters up to 400 mm are available. ACP has excellent
durability but has little resistance to impact. Many accidents have
been reported during construction works as well as during'opération

and maintenance, and therefore ACP is not recommendable in use,
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D. Steel Pipe (SP)

- 5P has excellent strength, durability, flexikility and
elongatign, and alsc has rich impact strength. Weight is relatively
light. -The‘joints of SP have excellent water tightness and strength
equal to or more than that of pipe body, if welding work is carried
out pfoperly; This type is suitable for the Project, esp801ally for

pressuxe pipeline.
E. Ductile Iron Pipe (DIiP)

DIP is one of the:sfrongest pipes against external lcad and is
durable. Jointing.works are simple and easy as compared with that
.for steel pipe. The gap between socket and spiqot is sealed with a
spec;al shapeq rubber oasket and, as a result, the joint has
excellent water tightness and high resistance to both shearing and

bending loads.
F. Selection of Pipe Material

in consideraﬁion of ecdnomy, strength, durability and

workability, pipe materials are selected for the Project as under:

Diameter and Design Pressure Pipe Material

Foxr Pressure Pipe

Diameter > 1,350 mm Steel Pipe
< 1,350 mm _ Ductile Iron Pipe
For 6rav1ty Flow Pipe
Design Pressure <12 kg/sg.cm PRCC (with steel sylinder)
- 512 kg/sq.cm puctile Iron Pipe

3.7.4.  Alignment
Pipeline is aligned on the route which is most economic, safe

~and easy in operation and maintenance. Based on the above

conception, pipelines downstream of treatment plant have been
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aligned on the routes along main roads, which have been planned in-

the city development plan.
3.7.5. Earth Covering

Since groundwater levels are relatively low aroﬁnd‘the
construction sites, it is not needed to consider additional earth
covering against lifting pressures. However, ¢onsiderable portions
of pipeline are placed beneath roads and thus the minimﬁm earth

covering has been taken as 1.2 m in the design,
3.7.6. Design Pressure

Water hammet pPressurcs vary dependiﬁg on. pipe length, velocity
of water, hydrostatic pressure, pipe material and others. However

the following empirical values have been adopted in the study.
(1) Pressure Pipe

Water hammer pressure is taken as 100% of dynamic water
pressure when it is less than 4.5 kg/sq.cm, and when dynamic
pressure exceeds 4.5 kg/sg.cm the bigger value of either 60%

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

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

exceeds 3.5 kg/sq.cm.
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3.7.7. Distribution Unit
A.  Structure and Elevation of Smallest Distribution Unit

The sﬁailést distribution wnits are partitioned according to
diviSions'on_which estimates of population as well as water demands
have beenrbased; with exception of some local part of high
elevation f@: which waters are boosted by additional booster pumps,
grbﬁﬁd’éleVation at each paftition is set at such elevation that
about 80% of service area is situated below that elevation. (Refer

to Figure B,III-3).
B. Reqguired Effective head

After considering size of distribution unit and pressure
requiréd at each house, the following water head has been given in
the study at the inter-connection point of each distribution unit.”

{Refer to Figufe B,III~-3)

Islamabad : 120 ft
.Rawalpindi : 100 ft

C. Maximum Hourly Water Supply

A ratio of maximum hourly water supply to average hourly water
supply at the time of max imum daily water supply generally tends to
decrease as maximum daily water supply increases (refex to Figure
below) . Due to habitual watér shortage.in the Project Area, no
record on the méximﬁm hourly water supply is available. Hence,
proposed maximum hourly water supply has been estimated basing on
the:pfoposed maximum daily water supply in 2000 and the ratio of
max imum ﬁourly Qater‘supply to the average daily watexr supply
iiluétréteé in Figure below, in which Amount the ratio was assumed
to be 1.5 for conservative estimation. Amount of water distributed

to each unit is shown in Figures B.III-3 as well as in Tables B.1IX-

-

-3 and B.IIT-4,
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Maximum hourly water supply is expressed by the following

eauation:
g = K x Q724
Where, g = maximum hourly water supply {(cu.m/hour)

Q
K

4

i

planned maximum daily water supply (cu.w/day)

hourly coefficient

i

= the ratio of maximum hourly water supply to

average hourly water supply

K value might be obtained to be 1.363 from Figure. For the

project plarning purpose, K value of 1.5 has been proposéd'.

10 . - - : — — -

H u [
5 ';\ IREE] - - B l___ — B EEE
6} e e - s -
o . N - rQ\-a0ia. K; Time coeflicient, € m?/day
. K =2.4988 (—A)
é._f j————fdj-1- —-‘ —J A 24 -+ F——4— -1-4-H-
AN N O B 2 1 1 IO M IR R R A 14 - 1
b - - .
) [ i s W A 3o VI %
E ol N * =i . ; _.___,j‘iw %f‘ P ﬂx._é:,-tz w._..,i_h:_é. - |- & 3.2
s kN LI P Y RPN T e O ot alal |
' AN A p o 'n: ST s = L
i S
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10 L o) 50 1,060 5,000 10,000 30,000 100,000
{m3/hour)
[ B IR RN ] [ NN EL | ik B 1] _1 1 £ 1 3 E1l} _
©X 1.0 300 5800 M0 WK 50,000 00 2004 SO0,000 JIEETALSS]
(m?/day)

Daily consumption (£)

fNotes) @ Residencial area
x All or partly high and mxdd[e resndcncnal area
A Al or partly commercial area

Relations between Daily Consumption and Time
Coefficient in 19 Cities 129 Service Areas

I}. Zoning of Service Area

Ground elevations in the service area vary with a relafively
wide range of 400 £t from 1,600 ft to 2,000 Ft above mean sea level.
In this case it is advantageous to _divide the distribution area into
two zones, namely high zone and low 'zpné, in order that running cdst

could be reduced in case of boosting up, pipe'].ine structure would be
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more economic and safe due to deduction of water pressure, and that
leakage losses of water would be less and operation & maintenanco
works would become easy as the fluctuation of distribution pressure

decreases.

Proposed sites of service veservelrs for Islamabad are shown in
Figuré B.III-4, marked as (A}, (B) and (C). Giving a hydraulic
gradient of 1/500 to the wmain distribution lines, designed water
levels at the respective service reservoirs are indicated also in
Figure B;III-4. The site ‘(A) corresponds to Shah Allahditta
treatment plant, and the designed water level at () shall be around
EL. 2,050 ft depending on the topegraphic conditicn of thé site,
while EL. 2,020 ft at the site (B). For the Sectors where need
designed water levels of more than EL. 2,020 or 2,050 ft lifting of
wateﬁ is necegsitated, The low zone that can receive water by
gravity from the reépective treatmént plants includes sectors of
F-11, G-11, H-11, I-11, H-12, ard 1I-12, each of which is about 50 ft
lower in elevation than that of other sectors. So far as elevation
is concerhed, both sectors of G-14 and G-15 can be classified into
ldﬁ ZOne,_however, these sectors are classified into high zone
because théy are located far from the service reserveirs, and hence
they heed'high construction cost and complicated distribution

networks.

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

topographic conditions.

B.I¥I~35



AOEVHISIO

JHEN0H ANWIXYIN OGNV 12A37T H3L1oM 038iN03Y “T3A37T ONNCYS  ¢-Im-g menor

; .
sz @usesron @
oo T.E...nﬂi:ﬂr:ﬂhn.

. L)
SOV | SO S s

P ey e ——

[ i SEi Bt w2

l
1681 ) 1F tgiel |
ZE6L VeEoe
CS2Et) L1 {g6E;) )
! 9956 PRree ) A it i
2 It NS O S Y o b e nnd
[orm e s e sy e o i ———— ree———— Fe——————
I I | 1 i
{9881} ' (QLOZT) |
n 6EOS || pIES
14 (o881 Ul {086ty |
! } " 3 ¥ P og2ss tl ‘mess |
[ SURRNUPYN Jy SVUPUSPU. f [PRUR VU B RPN B SVORPUNUINE Jf SURSou g Uos i St [ Syt 3y SR oGS I SO Py | N,
oSy e D g
g6 ¢ vz ) 68
(S9611 1 (DR08) 1) (S60T)
Ress 11 gaze |
(ReBil | toesyy
LTHT g A1BC )
R I A |
poesosse= ﬁll!MN.. | i | H
€2z ! 1o 6%
= ' o(os02) | (OL0T) o,
vloEB29 ries 1
Do foesr) | tos81) i
(RIS K 868 {1

SLINM NOILNEIHLSIO 40

%)

e .
o S
ST
/ Comel N
- i (oELt | 8RS /. M
\ fey { 08B ) BROT 1
: - s toe w1 @ L.
o s N S _u_
Y (osLIY BESE Ty Yy ./\..\.,.. {
Nond tossineses Y \ B0 = .
- s @ Ty qoeLl) 5 RER Y . : - : :
v . J tos9!) £'%0¢ . .,,. E IPUIIDMDY  Jo JEQWAN' BUOT
( / /A ﬁnm.ﬁ,a‘ﬂ.m_v 3 { SHUN UOUNGLLSIQ 0 10QWAS
3 s TGN e &~ N . :
{ . s : —_ i / W@e AW v abvouosig AIINGH  WDWXDY |
L { h N et .
‘_. .l:;ts 1 rocal) €z 0 ' B (5504 _._:. S - bo. poImbEy
y 1) B'eEc o ) 1RART) RIDM  POUTRRY -
: /..,., 1108912 £'508 S, (0581 E-egs / ;
. Vo et , 285 U
¥ SgeeT @ L (o) eees (44985 UF ). Bl ! [ay pUnGID
o ‘f K ._ / .
ﬂ 1961, “, (Sm L ez Y
0Lt} 665 |, o821 o
-~ goa 1)
(ecstivens A:.mwwm gEre % ® .~ . /
(e © B ooy ior
SIS RIS N S (o

o)t

GG L
BRI WL
RAdr R/

n.mhoz !

B.III-36




{ i9m4 ul)
— Q¥s o " NG
60z Q@ e e )
8502 (@ @ys io ” C®
2002 (@) (Y'SiD 18na7] Iaiom paiinbay :
008l 99 1294 U1 jsa8T puneld : T9
2ziz O 1902 @ iz 3
9602 @ - oz0E @ ozez @
§012 6502 8502 &
0561 49 cigl 9 giel 19
—aa— I* .—.
_ vz 3 siz O Lprz ﬁ
9602 @ 050z @ zgoz @
1212 8802 _ 1212
_ G161 79 0ES | .n_aw# 058 | @
_ 6502 © z80z @ v512 O @ 091z @
_ _ 2102 § £L0z2 ® ziz ®| HS 280z @
LLOZ () vLi02. vEL2 21z
l” 0%61 19 Ob61 .@ 0002 mw 0881 .n_,w
r|||.|\||||:I::F
gilg W -
. : ) e @
‘ w2 @
szoz 9
| %% 172N Gi

VIOV TOTAYIS OVEUAY IS 90 ONINOZ  rmes swona

B.I11-37



Table R.IOL-3 TSLAMABAD WATER SUPPLY IN THE YEAR OF 2000
(Distribution of Khanpur Dam Water)

(1) (2) {3} : (4)

Max . Daily Max. Daily Max. Hourly
fector _Demand Percent Discharge _bischarge
(cu.m/D} {cu.m/D) {cu.n/D)
D-11 2,345 1.62 2,600 7 0.045
E-11 _ 11,631 8,02 12,870 0.223
F-11 10,064 6.94° . 11,137 0.193
G-11 8,953 6.17 9,901 0,172
H-11 8,054 5.55 8,906 0.155
i-11 9,474 6.53 ° 10,479 0.182
£-12 4,003 2.76 4,429 0.077
B-12 6,359 4.39 7,045 0.122
F-12 6,443 4.44 . 7,125 " 0.124
G-12 10,615 7.32 11,747 0.204
H-12 6,512 4,49 7,205 o 0.125
1-12 7,855, 5.42 8,698 - 0.151
D-13 _ 972 0.67 1,075 0.019
E-13 2,091 - 1.44 2,311 0.040
F-13 _ 4,643, 3.20 - 5,135 0.089
G-13 _ 8,530 5.88 9,436 0.164
H-13 . 4,887 3.37 5,408 0.094
E-14 3,002 2.07 3,322 0.058
G-14 7,951 5.48 8,794 0.153
E-15 3,054 2.1 3,386 10.059
F-15 5,025 3.47 5,568 0.097
G-15 012,550 8.66 : 13,896 0.241
Total 145,013 100.00 160,473 _2.787
S
{2y = Total (13 % 100
(3) = 33 MGD x 2225 % 0.95 x 0.90 x 1.25 x ;3-—'1'604 73x (2)
’ 1,000 o ) e oo T

(4) = (3) x 1.5/86,400

il
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Table B.IE-4

RAWALPINDI WATER SUPPLY IN THE YEAR OF 2000

{(Distribution of Khanpur Dam Water)

(1)

(4) = (3) x 1.5/86,400

B.III~39

_ (2} (3) {4}
_ Max.Daily Demand Max.Daily Max.llourly
Yone  Scctor M.D.D, Total - Percent Discharge Discharge '
- {cu.m/D) {cu.m/D) (cu.m/D) fcu.m/S)
1 28,938
2 32,804
A 3 22,656 161,347 - 43.9 69,898 1.213
8/2 . 6,663
R 9 10,286
13 79,220 :
i ’ 90,2 . . 1
. B 14 - 11,054 274 39.1 62,255 1.681
i 11 9,694
= ! 7, . 0.210
. C 12 7,679 17,373 7.6 %?,101 .
‘ 10 18,226 _
r ~ O -
D 25 931 21f6/6 9.4 14,9§/ 0,260
' 0. 230,670 230,670 100.0 159,221 2.764
Sub-total (47.2%) ) -
4 9,434 )
E 15 14,788 51,078 20.1 35,800 0.621
17 27,656
16 807
: . 9 0.14
. F 30 11,550 12,357 1.8 8,54 _8
5 9,879
. 6 3,246
B 7 8,353
8/2 6,662
G . 18 3,250 109,277 42.3 75,341 1.308
19 66,870
20 3,759
21 654
D22 5,234
23 1,370
24 44,645 } ,
! 49 19.1 34,019 0.591
H 290 4,848 49,493 .
I 28 . 19,821 19,821 7.7 13,715 0,238
Jg 27 15,609 15,609 6.0 10,687 0.18%
258,435 258,435 100.0 178,111 3.092
-t 1 [ ’
Sub-tota (52.8%) ) o B
: 489,105 489,105 337,333%* 5.856
Total (100%) B
"+ 69.37 MGD x i.25 x 0.95 x 0.90 x 4.55 x 1,000 = 337,333 cu.m/D






CHAPTER IV.  ALIERNATIVE STUDY






CHAPTER IV, ALTERNATIVE STUDY

4.1, General Description
4,1,1, Given Conditions and 5tudy Procedures
A. General

The comparative study of XKharnpur water supply systems was
carried out_based on review of existing report concerning project,
data and information collected and following conditions/procedures
in order to verify least cosi water conveyance system, water
treatment plant and other appurtenanf structures related including

operation and maintenance cost.
B. Given Conditions
a. Available Maps

Design capacities are 150 MLD {33 MDG) for Islamabad and 316
MLD (69.37 MGD) for Rawalpindi as annual averaged waler demands,
respectively. Possible conduction main routes are existing Left
Bank Canal up to the Nicholson Monument and new construction of

tunnels and pipe lines.
Topographic maps so far collected are as follows:

Scale 1:50,000 : Entire project are concerned

Scale 1:21,120 : Majority of project area except north-eastern
_ part of Margala hill.

Scale 1: 4,000 : Mainly Tslamabad ciity development area

Scale 1: 6,000 In and around Khanpur dam site

In addition to the above, aerophotograph with a scale of

1:20,000 in the project area are available.

B.IV-1



b. Basic design discharge

Basic design discharges releasing from the Khanpur reservoir

are defined aé below:

*
Islamabad : 33 MGD x 1.25 = 41.25 MGD

k2,17 cu.m/sec

Rawalpindi: : 69.37 MOD x 1.25'% 86.71 MGD
%'4.57 Cu.m/sec
Total discharge : 102.37 MGD x 1.25 % 127.96 MGD

N

6,74 cu.m/sec

Note: * Design discharge in summer peak is assumned to be

1.25 time of annual average water'demand
¢. Design discharge of major facilities

(1) From Khanpur dam up to the receiving well of water

treatment plant,
 Islamabad : 2.17 cu.m/sec
Rawalpindi: - 4.57
Total : 6.74 "

(2) At receivirg well of water treatment plant

Canal, conduit and tunnel conveyance water losses are

assumed to be about 5 percent of total dischafge.

2.06 cu.m/sec

4,34 "

-l

Islamabad : 2.17 x 0,95

Rawalpindi: 4.57 x 0.95
Total 6.40 v
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{3) Treated water from the clear watcr reservoir at the plant

Water losses at water treatment plant as washing sand
filter and wastage are assumed to be about 10 percent of

inflow discharge at receiving well.

{i

‘Islamabad : 2.06 x 0.90 £+ 1.85 cu.m/sec
Rawalpihdi: 4.34 x 0.90 £ 3,91 "
Total : 5.76 w

C. Study Procedures
The study has been conducted based on the following procedures.

lst Step: Data collections and review of existing reports were

conducted in initial stage of the survey period,

2nd Step: Field reconnaissance was carried out to get general
information of the project area and existing

facilities concerned.

3rd Step:  Paper location layout was also prepared based on the
results of review of existing report, field

reconnaissance and collected data/information,

4th Step: Detailed field survey and inspection was carried out
to confirm actual field conditions and geological
constraint and to re-examine technical consideration

as well as economic aspects.

5th Step: ‘Mést suitable alternative plans were set up based
' on paper location and field survey taking into
Conéiderafion'topographic, geological, hydraulic
conditions, construction manners and economic point

of view,
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4.1.2. Approach to Selection of Conduction Route
A. General

The conduction mains proﬁosed for the urban water supply
systems.would be of a closed type such as pipe_condnits, tunnels,
syphons and so on, because it preveﬁts the supply systém from dust
fall, proliferations of water weeds and injury by cattle, and is
easy té operate and maintain. Most of conduction mains will 5e of
low pressure pipes for its low cost. ‘Tunnels will be consﬁructed to
penetrate Margala hilis to sherten the route and to conserve the

head. Syphons will be proposed to cross river channels,

In selecting the routes of conduction mains every endeavour has
been made to shorten the length of route as much as possible, taking
into consideration the interrelation of tunnel 1éhg£h and pﬁmping
1ift that lift required for pumping decresses as length o tunnels

increases, as well as topography and geology.
B. Distribution of available head

In designing hydrauiic gradient of the conduction mains being
composed of three elements of loﬁ pressufe'pipes, tunnels and
syphons, careful examination was made in order to minimize the cost
of the conduction mains_by optimizing thé_distributiqn of the
available head among ccmpbnent portions, The higher the drop, the
smailer the conduit, and the lower the cost, however, velocity under
as given head must fali'within a technically reasonable range,
Pumping of water is inevitably required for the water suppiy system

due to limited available head.
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Standard velocity for conduit component is given as follows;

o _ Hydraulic
Conduit . Velocity (m/s) Gradient
Pipe, @1,650 mm Approx. 1.60 1:800
@1,500 mm 1.90Q 1:500
Tunnel, D2,100 mm. 1.80 1:650
b2,400 mmn 1.50 1:1,500
Siphon, D2,000 mm . 2,20 - 1:600

C. Tunnel
‘a. Water depth

For a tunnel to connect directly Khanpur reservoir with a water
treatmenﬁ plant, because there are no dust fall, nor inflow of
rainstorm, water depth is designed to be 0.9 x D (tunnel diameter)
with a slight allowance against the depth of 0,94 x D that gives

maximam discharge.
. Length .

As the length of tunnel increases, the time of construction
becomes.long and the construction cost per unit length becomes
expensive, Furthermore, in case of accident, restoration works
_shall need not only time but also difficult countermeasures, and
resulting in high costs, when compared to short tunnels. Although
it differs depending upon the size of tunnel, geological conditions,
and voldme of groundwater, optimum length of a tunnel, when drived
from one side, may generally falls within 1.0 to 1.5 km, When the
length-is.more than 1.0 - 1.5 km, careful studies shall be made
whethef provision of an inclined or vertical shaft is advantageous

to the project economy, or not.
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When proposed tunnels are connected with én intake tower to be
censtructed in Khanpur reservoir, inner pressure of tunnels will be
as high as 3.1 kg/sq.cm, which shall cause_increasé iﬁ construction
cost to provide'high pressure grouting and reinforcement}
Therefore, in order to save the construction costs of tunnéls,

generally, structure of tunnel is proposed to be of a free flow

type.
D, FPipeline

Conduction mains are composed of a head regulator, short length
culverts, tunnels, syphons and a pumping station, and léng pipelines
after lifting. The conduction mains of a closed type are deéigned

for pressure flow that has'the_following advantage

- 1) it permits gquick delivery.of water on demand because there
is no time lag in conveyance for on-off operation of
closed pressure ceonduits, while there is a long time lag

in free flow conduits.

i1} Easy operation and maintenance and less trouble could be
expected because they will not need any gates nor will

they need a structure to be overflowed.

iii) Given about 1.0 kg/sg.cm of maximum inner preséure, the-
construction cost of closed pressure conduits shall be

almost same as the costs of free flow conduits.

Constituent units are steel, ductile, PRCC with steel core,
Tunnels are best desiéned to the full projected capacity of fhe
system., This is not necessarily so for pipelines. Parallel lines
will ke built according to the time phase of the Project:. Twin
lires will be laid for large capacity pipelines in ordér to overcome

pessible failure of pipelines.
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E. thping station

The volute type of horizontal or vertical shaft is adopted for
pumping stations. - Nuwber of units of pumps is decided in
consideration of_characteristics of urbéh water supply, changes in
water demand, interchangeability of spére parts, operation and
maintenaﬁce,.technical and economical advantage, and supply of spare
parts. For large scale pumping stations, six units of pumps will be

installed including one stand-by unit,
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4,2, Alternative Plan and Preliminary Design

4,2.1,

Alternative Plan

A, General

Based on the. design criteria and general descriptidn mentioned

in Chapter XII and IV of this appendix, three alternative plans on

the water conduction main and appurtenant.facilities have been

hasically proposéd as follows:

Alternative I

ii.

iii,

The major purpose of this plan is to make the fulleét'use
of the existing Left Bank Canals; multipurpose water
conveyance canals for irfigation,_industry and urban
water, the downstream portion of which was constructed for

exclusive use for urban water,

The project ébuld be completed in a short period so as

tc meet the urgent water heeds in Réwalpindi.

The proposed water conduction system starts from the end
of the existing canals.near'Niéolsén Monument, lifts water

at Sang Jani, and terminates at the beneficiary areas.

Alternatiﬁe 11

ii,

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

of the existing multipurpose canals.

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

has a shorter length amoﬁg several possible plans in the

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

to the benefibiary areas via Shah Allal Ditta.

Alterﬁativé 111

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

route of tunnel and pipeline.

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

to a maxiimum extent.

iii. The conduction main directly diverts water at Khanpur

reservoir to convey it to the beneficiary areas via Golra.

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

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

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

through water treatment plant and pumping statien,

Special consideration shall be made on the improvement of

existing Teft Bank Canal for the proposed alternative I,
The Left Bank Canal was constructed ﬁnder_the Khanpur Project

for multiple use of urban water supply, industrial water supply and

irrigation. Hugging the foot of Margala hills, the Left Bank Canal
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is subjected to inflow of rainstorms and soils resulting from

rainstorms,

when the existing Left Bank Canal is used for urban water
supply, every effort must be made to reduce outbreaks of accident in
conveyance systems, for which there are two possible _
countermeasures. One is to prévent the systems from.accidents
through the rehabilitation and improvement of the system, tbgethef
with careful operation and maintenance of the systems. - Another
countermeasure is to provide at the end of the Left Bank Canal a réw
water reservoir with a storage capacity enough to meet requirements

for several days.

In this project, the following works for the rehabilitation and

improvement of the Left Bank Canal is proposed;

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

be covered with reinforced cement concrete plates.

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

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

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

as are exposed to weathering.

{4) Shoulder ditches will be provided for the reaches whére
rain water flows in, ‘and lined with cement congrete blocks

in case of sharp slopes.

(5) Berm ditches in long reaches in cut will be lined with

cement concrete,
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15 _Sand traps will be constructed at the berm inlets of the
ex1st1ng lined canalsg and the canals propooed to be

improved under item(5).
{7) Vegetation will be made to side slopes of soils.

In addition to the rehabilitation and improvement of the Left
Bank Canal} construction of a raw water reservoir is proposed, in
order .to make provision for unforeseen trouble in the canal systemns,
because complete prevention'of'accidents is impossible, even though
thé'improvement works:are'undertéken Furthermore, for convenience
of operatlon and malntenance and to assure the safefy of canals,

'cross_regulatord will be prov1ded as follows;

(1) An over flow type by pass will be annexed to the existing
regulatlng works at the diversion site for the Left Bank

Canal.

(2)  Gates will be installed in the escape fall of the Haro

river syphon.

(3) Bn over flow type bypass and a spillway for release of
flood water caused by rainstorm will be added to the

regulating gate of Mohra Morado tunnel,

{4) An . over flow type spillway will be added to the cutlet

works of Karam Whal tunnel.

Those_wdrks are involved in the rehabilitation and improvement
of the'EXiStiﬁg éanal system for urban water supply purposes, and
are applied to'the reéches between Xhanpur dam and a proposed
diversion site to Islamabad and Rawalpindi. Details are shown in.

Table B,IvV-1.
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a. Sub-alternative plan’
Three sub-alternatives for this category were set up based on
the topographic conditions and location of beneficiaries area

“concerned, Brief descriptions for this are as belows:

Alternative I-A: {8ang Jani-sShah Allah Ditta-lslamabad and

Rawalpindi)

nistribution point: Near Shah Allah Ditta
Facility: Raw water reservdir, waler treatiert plant,
pumping station, pipeline, discharge pool- and

service reservolr

Alternative I-B: {Sang Jani-Tirnaul-Islamabad and Rawalpindi)

Distribution point: Near Tirnaul

Facility: Same as Alt. I-A.

Alternative I-C: {Sang Jani-Shah Allah Ditta and or
Tomar-Islamabad and Rawalpindi)
Distribution point: Sang Jani

Facility: ' Same as Alt. I-A.
b. Optimum water level for service reservoir
As a result ot hydraulic computation and supply pipeline

alignment depending upon the basic concepts the following could be

obtained as optimum water levels of respective reserveirs:
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: Unit: Meter (feet)
Alternative: High Water Level Low Water Level
Alt. 1I-A '

-~ Islamabad

High zone _ 664.3 (2178) . 658.3 (2158)
Low zone 620.2 {2034) 614.2 (2014)
- Rawalpindi 605.5 (1986) 599.5 (1966)
© g-13
Alt, I-B

~ Islamabad .
High zone 664.3 (2178) . 658.3 (2158)
Low zone 624.1 (2046) _ 618.1 (2026)

- Rawalpihdi

Tomar _ 581.8 (1908}  575.8 (1888)
_Alt. I-C
- Islamabad 664.3 (2178) - 658.3 (2158)

High zone 620.2 (2034) _ 614.2 (2014)
- Rawalpindi ]
Tomar 581.8 (1908) _ 575.8 (1888)

c¢. Alternative I-A.

Water supply pipelines along Margala hills foot which convey
waﬁer.to Islamabad low zone and Rawalpindi by gravity flow have two

possible routes as illustrated in the following figure.
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- Alternative I-A-1:

The pipeline route will pass through hilly side from discharge
poﬁl to the service reservoir of Islamabad low zone and
Rawalpindi after pumping up to discharge pool with EL 640 m

line from Sang Jani Pumping Station.
- Alternative I-A-Z:-

Pipeline route for this alternative will be aligned along with
Capital Boundary road of Islamabad from Sang Jani Pumping
Station up to service reservoirs cf lslamabad low zone and

Pawalpindi directly.
Results of comprehensive comparisocn
~ BAdvantages and disadvantages of Case I-A-1

{1} It requires slightly large number of appurtenant
structures such as bend pipes, air valves and pipe
anchor concrete due to complicated topo—¢dnditiohs and

vock bed foundation of pipes.

{?2) Construction works, especiélly rock excavation and pipe
installation, will be rafher difficﬁlt than Alt, I-a-2.
Furthermcre, temporary access rcad and opération and
maintenance road will be reqguired during and after

project.

{3) Total length and weiqht of supply pipeline are slightly
larger than aAlt., I-4-2. .

Alternative Pipe Length Weight
I-a~1 9,0 km 7,900 ton
1-A-2 6.4 km 6,100 ton
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~ Advantages of Case I-h-~2
(1) Pipeline alignment alohg with Capital boundary read is
most suitable for future operation and maintenance and
easy construction works in case that these road
construction is completed in advance.
Therefore, case I-A-2 is recommendable for Alternative I-A.
Layout of respective alternatives are illustrated in Figure
B.IV-1, B.IV-2 and B.iV-3. Flow diagrams of I-A, I-B and I-C
attached in Figure B, IV-4,
C. Alternative IX
a. General description
Water Sﬁpply systems arrangement of the Alternative II is
basically from the intake points of Existing Left Bank Canal and or
Khanpur Redervoir to twin cities of Islamabad and Rawalpindi through
Shah Allah Ditta water treatment plant.

Four sub—alternatiVeS'for this category are set up as follows:

- Alternative II-A: (L.B.C - Khuram Paracha-Shah Allah Ditta)

Intake Point: - L.B.C. at RD 40,800

'Raw'water reservoir: A?prox. 1.1 MCM

Facilities: Feeder conduit, pumping station,
pipeline, tunnel, water treatment

plant and service reservoir

~ Alternative II-B: (L.B.C. - Julian-Shah Allah Ditta)

Intzke Point: L.B.C. at RD 13,500

Raw water reservoir: Approx, 0.55 MCM

Facilities: Feedexr canal, pumping station,
pipeline, tunnel, conduit, water

treatment plant and service reservoilr
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- alternative 1I-C: (Head regulator R & L.B.C or L.B.C. -
Tarmakki-Shah Allah Ditta) -

Intake Point: Head reqgulator R & L.B.c. or L.B.C, at
RD 9,100 _
Facvilities: Feeder conduit, tunnel, syphon,

pumping station, pipeline, diversion
dam, water treatment plant and service

reservoir

- Alternative TI-D: (Khanpur dam-Tarmakki~Shah Allah Ditta)

Intake Point: Khanpur reservoir
Facilities: Tntaoke pit and pumping station,
pipeline, tunnel, diversion dam, water

treatment plant and service reservoir

Speciél'consideration shall be made cn the construction of
Tarmakki intake works for this alternatiﬁe. In Alternative II-C and
TI-D, as will be discussed in this section, the proposed route of
conduction mains closely approaches to Nilan Kas which is one of the
tributaries to drain into Khanpur reservoir. The proposed water
level of the.conduction mains at this.point ig EL. 542.0 m (2,105
ft}, while the elevation of river béd of.ﬁilan Kas is EL. 640.5 m
(2,10O it). Alternative II-C and II-D convey water to Shah
Allah Ditta Lhrough Tafmakki, after lifting water at Khanpur
resérvoir. Tarmakki intake works that divért the river flow’of
Nilan Kas, being located at elevated peint higher than Khahpur'
reservolir, will save electric costs required to operate proposed

pumping plants at Khanpur.

The catchment area of Nilan Kas at Tarmakki is 53 sq,km or
corresponding to 7% of the catchﬁént area of Khanpur reservbir of
798 sq.km (308 sg.mile). The intake weir will be seven meters high
and 80 m long. the construction costs are Rs. 8.34 million,
including canals and a gilt basin, while eleétric costs to be saved
will amount to Rs. 2,33 million per year. This may proves that the

construction of Tarmakki intake works is economically feagible.
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b. Alternative II¥-A
This alternative ig further sub-divided into two plans.
Summary of facilities concerned and water level for both plans are
shown in Figure B.IV-5 and Table B,IV-2.
Results of comprehensive comparison:
- Disadvantages of cases TI-A-2 are;
(1) Pump lifting head is about 18 m higher than cases II-RA-1.
{2) Pump delivery pipeline is about 150 m longer than I7-A-1.
{3) Inlet and outlet of tunnel are not necessarily suitable
for construction works due to flow down of spring water
near inlet and extremely narrow construction space at

oullet tunnel.

- Disadvantage of Case II-A-1 is that the length of pipelines

is 100 m longer than Case II-A-2 of tunnel construction.

Therefore, Case JI-A-1 is selected as a suitable plan of Case

¢, Alternative II-C

This alternative is sub-divided into three plans depending upon
intake method and construction of diversion dam at Tarmakki as
supplemental water supply to conduction main. Summary of facilities
and watef lével for respective plans'are.shown in Figure B.IV-5 and

Table B.IV-3.

Result of comprehensive comparison:
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~ Disadvantages of Case YI-C-l are;

{1} Intake point from L;B.C. is just downstream of outlet
of Haro river syphon. Total head losses from dam
intake up to the proposed-ihtake point afe sone 19;? m
with 2.9 w length due to topo-condition and drop

structures constructed.

(2) Total lifting head of pumps is about 17 m higher than

alt. 11-C-3.
- Disadvantages of Case I1-C-2 are;
(1) Same as item (1) of Alt. II-C-1.

{2) Total lifting head of pumps is about 19 m higher than

Alt, II-C-3.

- Dpisadvantage of Case 1I-C-3 is only total length of
cbnduction main proposed.  These are 1.2 km and 0.4 km

longer than the Alt, II-C-1 and Alt. II-C-2, respectively.

However, differences of operation cost of'pump'are 5.7 million
rupees for Alt. II-C-1 and 6.7 million rupees for Alt. II-C-2,
respectively. On the other hand, increaéing construction costs
compared to two alternatives are about Rs. 21.l.million for Alt.

IT-C~1 and Rs., 7.1 million Rs. for Alt. II-C-2 respectively.

Alternative I1-C-3 is recommendable as an optimum plan of case

T1-C accordingly.
d. Alternative I1I-B and II-D

Alternative II-B and II-D are possible ones. - Result 6f

comparison for Case~II are summarized in Table B,IV-4.
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. Layout and flow diagram of supply system for alternative-I11 are
given in Figure B.IV-6 and B.IV-7. Summary of major conduction main
are also shown in Table B.IV-4,

D. Alternative IIT
a. General description

Water supply systems arrangement of the alternative I1II is
fundamentally from the intake point of the existing diversion work
and or Khanpur reservoit'td beneficiary area through long tunnel
under Margala hill and Golra water treatment plant.

Two sub-alternatives for this category are considered as below:

~  Alternative III-A: {Fxisting diversion work~Tarmakki and

_ Golra Shaft-Golra)
Intake point: Existing diversion work
Facility: Conduit, syphon, pipeline, tunnel and
. ' . vertical shaft, pumping station, water

treatment plant and service reservoir

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

Tarmakki and Golra Shaft-Golra)

Intake point: Khanpur reservoir

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

treatment plant and service reservoir
' The'submélternative 11I-B will be further divided into two

pléns-such_as with two vertical shaft for Alt, ITI-B-1 and with one

vertical shaft for Alt. III-B-2 respectively.
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b, Alternative III-B

Summary of facilities concerned and water level for both two

plans are shown in Figure B.IV-8 and Table B.IV-5,
Results of comp;ehénsive comparison:
- Disadvantages ané advantages ol Case IiI«B—E are;
a) Disadvantages

(1) construction period of iong tunnel would be one and

half years longer than Alt. ITI-B-1.

{2) There are some unexpected factors such as drainage of
spring water and its rehabjlitation works, prevenﬁion
and recovery of such accident.

b) &Advantages

{1} Total length of conduction main is about'SOO m shorter

than Alt. 1II-B-1.
{2} There are no first vertical shaft.with 97 m height.

Bs a resulit of the comparison, Alt. II-B-1 is slightly
advantagecus than Alt, III-B-2, '

¢. Altérnative III-A

Summary of facilities and water level comparison for two plans

are alsc shown in Figure B.1V-8 and Table B,IV-5.
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Results of comprehensive comparison:
-~ Advantages and disadvantages of Case~II1LI-B are;
a) Advantages

(1) Total length of conduction main and cost are slightly

smaller than Alt., III-A,

(2} Water level of receiving well at Golra water treatment
plant is about 5.1 m higher than Alt, III-A,
Operatioh cost at Gblra pumping'station can he saved
approximately 1.6 million rupees per annum.

b) Disadvantages

(1) intake tower and pressure breaking facility shall be

constructed in Khanpur reservoir.

(2) Remaining technical matters for the construction are

almost same level.

Therefore, the recommendable alternative for long tunnel

systems is Case-I1II-B, accordingly.

Layout and- flow diagram of alternative III are shown in Figures

B,IV—? and B.IV-9, respectively.

4.2.2, Preliminary Design of Facilities

Raw Water Reservoir

‘Proposed raw water reservoirs are located at Sang Jani (for

Alt. I-a, I-B; I-C)}, Khuram Paracha (Alt. II-p) and Julian (Alt.

II-B) sites and their effective regqulating capacities are as below:
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Name of Reservoir Capabity

Sang Jani 1.10 MCM (Two days)
Khuram Paracha 1.10 MCM (Two days)
Julian : 0,55 MCM (One day)

A typical section of the reservoir is as shown ih Figure

B.IV-1C.

Geology around the proposed Sang Jaﬁi Raw Water Resexvoir.
consists mainly of silty clay:with intercalated gravel beds. Silty
clay is massive and compact, and its moisture content varies dry_to
wet, It is classified into CL-ML in terms of the:ﬂhified Soil
ClassificationIShowing similar graih'size distribution at any place
with Little amount_of coarse grains excépt coﬁcretion. It is
available for the impermeable material_aﬁd iﬁs amount is sufficient
for comstruction of the dam,'whereas it is needed to protect the
surface of dam because the clay is subjected to éfosion. Any
sealing treatment over the bottom oﬁ.the reservolir ié needed because
the gravel layers may be permeabile. Geology and foundation at

Khuram Paracha and Julian are smillar to Sang Jani.
B. Feeder Facility

Feeder facilities consist of head and cross regulators, feeder
conduit, syphon, intake tOWer,-diversion'dam'and'improvement'and
rehabilitation works of Left Bank Canal. Layout plan of intake
tower is illustrated in Figure B.IV-11,
C. Tunnel

a. General description

Short and long tunnel plans are proposed as follows:
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Alternative No. of Route Total length

m (mile)%—
11--A 1.0 2,600 (1.62)
II-B 2.0 6,200 (3.85)
11-C 3.0 5,510 (3.42)
II-D 1.0 5,000 (3.1
11¥ 2.0 11,700 (7.27)

Alternétive II-B, II-C and IT-D require an inclined shaft and
Alternafive 1I1 reguires two vertical shafts. The diameters of
tdnnél of standard horse shoe type for Alternative II and of
pressure. tunnel for Alternative IIT are 2.10 m (7 feet), and that of
free flow tuhnel for Alt. I11 is determined at 2.4 m (8 feet) taking
into account the workability as well as economic advantages.

Typical cross-section ané,consttuction schedules are as per Figure

B.IV~12 to B.IV-15.
b. Type of tunnel

Three tuhnel types have been established for the study as given
in Table B.IV-6, in which characteristic and standard measures of
rock load and necessity and form of tunnel supports are also
indicated for each'tunnél type. As is explained in detail in the
séction of geology, rock classification is categorized into,
including unconsolidated sediment layer, four types. Tunnel type
éuitable for each category of rock classifications is examined

through field investigations as below;

Rock Type o Tunnel Type

Type ‘T ' Type A : 100%
Type . II Type A : 50%, Type B: 50%
Type III Type B : . 30%, Type C: 70%
Type v - Type C 100%

In geheral the fault zone is assumed to be several to ten
several meters in thickness and, in many cases, organized by several
adjdiniﬁg layers of fracture. The thickness of the fractured fault

zones are estimated at 20 wmeters in the study per location that is
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observed in the field or on the 1:20,000 scale aerophotes.

Among these fractured'fault zones, those observed at Tarmakki
and Shah Allah Ditta are worthy of special mention from geological
point of view. Although it is posgible to confirm its scale and
surface structure at the site for Shah Allah Ditta, it is impossible
for Tarmakki to investigate in detail because of Qell coated
vegetations, and hence it is recommendable to.Bé furtﬁer examined by
means of seismic survey and core bbring. For theIOn-géing
feasibility study the thickness of the fractured faults zone was

assumed as 50 meters for both Shah Allah Ditta and Tarmakki.

Engineering teatures of the fault zone vary in a wide range
with slight to heavy earth pressure'ahd; on the occasion of veﬁy
high earth pressure during implementation, éstablishmenf of a
dgifferent type of tunnel in consideration of increase bf lining

thickness, additional steel reinforcemnt and so on, would be needed.
c, Preparatory works for fractured fault zone

Existence.of several fracture zones has been inveétidated for
each alternative plan of tunnel. Among these fracture zones, those
situated at Tarmakki vertical shaft, Bol ihciined shaft.and-ouﬁlet;
of shah Rliah Ditta tumnel are important from geologicél structural

point of view.

Alternative plans II-A, II-B, II-C and.ilmD pass'two fracture
zones at Bol and Shah Allah Ditta. Since earth coveriﬁg is as
shallow &s 20 to 40 meters and the inclined shaft or outlet of
tunnel is located near from those points, amount of spriﬁg water
from the excavated surface of pit would rélatively be small and .

method of sealing such water could be simple.

However for Alternative plén IIT, thickness of stratum aquifer.

as well as amount of spring water would be great due to the fact
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that the thickness of earth covering is as large as 100 to 200
meters at the passing point of these fracture zones. In the case
tunnel excavation meets with such zones, spring water would increase
in volume and continue for a longer period. These walers are
requiréd.to be drained out through Tarmakki vertical shaft (97
meters in dépth) or Golra shaft (59 m deep) and when the case of a
large qﬁantity of water extending over along peried of time happens,
tunnel excavation works would be discontinued causing not only
prolongation of construction period but also considerabie expenses

for sealing works and for other miscellaneous treatment works.

These fracture zones should theréfore be examined in detail by
means of seismic survey and core horing to grasp their scales,
strﬁctures“and enginéering characteristics, and to pass in safety
these points; preparatory works for excavating such fractured fault
zones should bé preceded. Among various methods available, taking
into account that earth covering is as deep as 100 to 200 meters,
horizontal boring and chemical grouting method from pit-side is

recommended.,

There are three major faults as mentioned above. Among these,
tunnel routes of Alternative Il-A, Alternative II-B, C, D and
Alternative ILI go across one, two and three faults respectively.
Dimensions and conditions of these faults are not clear, but much
care should be taken in excavating the faults because they are
rather big from the aspect of structural geclogy and much earth

pressure may oCcur.

Iﬁ the clear days,.there flows no water in the valley of
Margala Hills except big ones and almost groundwater discharge
occurs as springs ‘around hills. This fact suggests the presence of
routes in the mountain body, through which rain water is collected
to springs. This means that if a tunnel route encounters and cuts
this routéé, issﬁe'of'a considerable amount of groundwater may

occur., Therefore, it is necessary to prepare some sealing method
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bhefore excavation. Especially tunnel of Alternative~IIT have more
possibility to encounter big issue of groundwater becatse it runs

across under Nilan Kas river and under bigger mountain body.

Tunnel excavation may affect amount of spring water in Khurram
Gujar on Alternative II-A, and in Shah Allah Ditta on Alternative

11-8, C and D.
d. Designed tunnel type for each alternatives

Proposed types of tunnel crosgs section and length based on the

design criteria and tunnel geology are summarized as below.

{Onit: m)

Alternative Type A Type B Type C ‘Total

iT-A 1,555 543 502 - 2,600
11-B 3,200 1,860 1,140 6,200
I1-C 2,970 1,446 1,094 5,510
I1-C ' 2,715 1,191 1,094 5,000

ITx 5,0€0 3,906 - 2,734 11,700
D. Water Treatment Plan
a. Facilitjes and capacity

Dimensions, specifications etc. of the major facilities of the
trecatment plant are proposed in accordance with the design criteria
described in the preceding chapter. Figure B.IV-17 and B.IV-18 show

the layout and the flow diagram of the proposed treatment plant.

1) Receiving well
a., HNo. of wells : well

B.Omx L 15.0 m x D 5.0 m

=

k. Dimensions H

il

600.0 cu.m.
c. Retention Times: T = 600 x 1/383.8 = 1.6 min
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2}

3}

4)

Mixing well
a. No. of basins

Dimensions
Retention time
Flocculation basin

Nb.'cf hasins

b. Dimension

¢. Retenticn time :

and loss of head:

to be given {(h)

Sedimentation basin
a.

b.

No. of basins

Dimensions

¢. Retention time

Overflow rate

Rapid Sand filter

Baffled channels:

= s

H

% ®

I

2 = = 4

w oG ®

N

Average flow rate: V

wells
6. 0mx L 6.0mxD
180.0 cu.m

U

= 180.0 x 4/383.8

hasinsg

32.0m x L 2.8 m x
1,433.6 cu.m
1,433.6 x 8/383.8

1

1.5 m.x 2 channels,
2.0 m x'2 channels,
2

.9 m x 2 channels,

basins

32.0m x L 90.0m x
11,520 cu.m

11,520 x 8/23,025

0.017 m/min

i

#

0.37 w/min .

383.8 x 1/(B x 32.

o =

1l

.9 min

29.9 min

i

34 ¢cm

= 14 cm

[t

3 cm

4.0 hr
%x 90.0)

383.8 x 1/(8 x 32.0 x 4.0)

a. No, of filter beds: 40 beds-inciudihg spare beds

b. Filter area per one bed: W. 8,0 mx 1L 16.0m
= 128 sgq.m
¢, Washing rate Backwash 0.8 cu.m/min/sq.m
. Surface wash 0,2 cu.m/min/sqg.m
d. 2.0 m

Loss of head
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&) Clear water reservoilr

a. No. of reservoirs: 4 reservoirs

b, Dimensions WAa40.0m x I 40.0m x D 4.0 m
= 6,400 cu.m
¢. Rentention time : T = 6,400 x 4/23,025 = 1.1 hr
75 Elevated tank for backwashing
a. No. of tanks : 1 tank
b. Dimensions . pia 2.0 m %x D 3.0m = 1,039 cu.m
8) Waste water basin
a. No. of basins : 2 basins _
b. Dimensions s WI0.0mx L 25.0mx D 4.0m
= 1,000 cu.m
9; Administration bullding
a. Components - :  Administration Officé, Laboratory;

Chemical storage, Codnference rooms,
etc,

L., Area : 6,000 sq.m
16) Chemical feeding facility
Alum and chlorine feeding, feed
systems which are shown in Figure
B.IV-19 and B.IV-20.

b. Geolouy of proposed site

Sang Jani {Alternative I) and Golra (Alternative III)

hccording to the survey, the geology of the proposed treatment
plant sites is alternating hed of silty clay and gravel or sand.
Silty clay is massive and is well compacted. N valves of foundation
indiéate 20 to 30 which means that the foundation has enoﬁghlbéaring

capacities for the water treatment plant (4 to 8 ton/sg.m}. N
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valves obsérved at the sites suggest thal, no special foundation
treatment is taken. However, when heavy structuies are mounted
ACYOS8Ss the clay layers and gravel layers, differencial settlement
may oceurs, Detail survey and studies are required in detail design

of siructures.

Shah Allah Ditta (Alternative TI)

Geology of the site.is bedrock composed of sandstone ang
mudstone, however, some unconsolidated sediménts develop at
depression of mudstone. Boring and test pit survey was carried out
in order to clarify the characteristics and depth of such
unconsolidated sediments. It is learnt from the survey that the
unconsolidated deposits consist of well compacted clayey sand, being
associated with pebble of séndstone. Gererally they secm to have
enough bearing capacities, however, when heavy structures are laid
across the unconsolidated deposits and bedrocks, there exists the
possibility of differencial settlement in case of thick

unconsolidated deposits.
“E. Pumping Station

Layocuts of the following three water scurce pumping stations

are given in Figure B.IV-21 to B.IV-23,

~ - Alternative 1I-A: Khurram Paracha Station
- Alternative II-B: Julian Station

-~ Alternative II~C: Mohra Gota Station

In Alternative II;D, & Khanpur pumping station will be
. constructed ir Khanpur reservoir, layout of which is illustrated in
Figure'B.iV—22. Figure B.IV-2Z3 gives typical layouts of pumping

stations to be installed in water treatment plants,
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The specification of respective pump plants to be installed are

sunmarizaed as below:

Alternative . Station Name Specification

I-A Sang Jani 700 ww x 1,830 kw x & unit

Shah Allah Ditta 350 X 800 % 6

Tomar ' 250 x 18.5 ®x 3

I-B Sang Jani 700 -x 1,380 x 6

Tirnaul 400 X 220 X 6

w-14 350 % 230 % 6

Tomar 350 X 10¢ x 3

i-C sang Jani _ 400 x 690 x 6

' " ' : 600 % 910 X b

Shah Allah Ditta 1350 x 150 x 6

Tomar 350 X 100 X 3

I1-A Khurram Paracha 800 x 1,900 X 6

Shah Allah Bitta - 350 X 160 x 6

1-13 250 x 18.5 x 3

IT-B Julian , 800 % 1,720 6

shah Allah Ditta 350 x 160 x 6

I-13 250 x 18.5 x 3

I1-C Mohra Gota 800 x 1,450 x 6

Shah Allah Ditta 350 X 160 X 6

I-13 250 Xx 18.5 X 3

II-D ¥hanpur 800 % 1,330 X 6

Shah allah Ditta 350 X 160 X 6

I-13 250 x 18.5 x 6

IIX Golra 350 x 430 x 6

" : 250 X 150 x 6

J-11 250 X 15 X 3

Westridge 350 X 220 . X 3

® 1Q0 x 3

"o _ 350
F., Pipe Works

The pipeline systems consist ofudischarge {rising) main;
gravity méin and main distribution line.. The main distribution
lines within the Project commanded area are excluded_ffom the scope
of this study, but included here £or'£he purpose of comparison

study.
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The materials and grades of pipe were selected based on the
allowable desigh pressure, earth pressure, and updown surging
pressure in gohsideration of economic advantages. Suitable pipes
selected for the system, as a consequence, are sumnarized as

follows;

Discharge main:

Steel pipe: Diameter more than 1,350 mm

Ductile cast iron: Diameter less than 1,200 mm

Gravity main (Gravity flow):

PRCC: prestressed reinforce cement concrete pipe with steel

core with diameter ranging from 1,650 mm to 400 mm

DPistribution line:

Ductile cast iron: Allowable design pressure mere than 12 kg

per sq.cm.

PRCC (Qith steel core): Allowable design pressure less than 12

kg per sqg.cm

Costs for miscellanecus appurtenant structures, such as stop
value, air value and interconnection facilities, etc. are assumed at

ten percent.of the entire cost of pipe works.

Quantity of pipe works is summerized as follows:

(Unit: meter)

Diameter bischaxge Gravity

Alternative {mm) Main _Main Distribution Total
I-A 400-1,650 13,500 17,700 65,300 96,500
I-B " 22,500 - 19,400 60,400 102,300
I-C " 20,700 22,500 61,100 104,300
1T-a “ 1,900 20,500 65,300 87,700
II-B " 1,900 16,500 65,300 83,700
II-C " 2,300 21,720 65,300 89,300
1I-D " 1,660 24,860 65,300 91,760

111 " 3,300 13,000 66,100 82,400

B.I1v-31



G. Service Reservoir

Two  types of service reservoirs of flat slab type (RC} and
prestressed concrete tank (PC} have been proposed. Selection of
type depends on topographic conditions and economy of construction

works. Proposed type and capacities of service reservoirs are given

below;
o '.'Cépacity'.
Alternative ___ Name - Type Effective - Design
(cu.m) (cu.m)
I-A Shat. &llah Ditta -PC - 26,100  18,800%2-
D-13 : . RC 14,100 15,300x1
. G-13 PC 84,400 27,100x4
1-B E-14 pC 14,100 26,100x1
Shah allah Ditta  PC 26,100 18,800x2
Tomaxr ) RC 84,400 23,000x4
I-C Shah aAllah Ditta PC 26,100 18,800%2 -
D-13 _ RC 14,100 15,300%1
Tomar RC 84,400 - 23,000x4
T7-%,B,C,D Shak Allah Ditta PC 26,100 - 18,800%2
D-13 _ RC 114,100 15,300x1
B 6-13 ' PC 84,400 27,100x4
171 Golra (1) - PC 26,100 16,500x2
Golra (2) RC 14,100 15,300x1

H~11 RC 84,400 23,000x4

Typical layouts of RC tank and PC tank are illustrated in

Figure B.T1v-24 and'B.1V—25, respectively.
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Figure B.V-2
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FIGURE B.IV-5%
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FIGURE B.IV-8 POSSIBLE ALIGNMENT OF ALT. TI1TX
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Figure B.V-10
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Figure B.I1V-25

TYPICAL DRAWING OF SERVICE RESERVOIR
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LTI-A)

TABLE B,IV~2 FACILITY AND WATER LEVEL (ALT

Faciltity

—

of L.B.C,.

Pipeline (1)

Tunnel

Pipeline (2}

Pipeline (3)

Total

Specification - II - A - 1 I - A2
: Length Water Length Water
) Level Level
m m m m
Intake point 548.41 548.41
Head regulator 30 _ 30
548.10 . 548.10
Feeder Conduit 2.50%2.50™ 820 820
547.60 547,60
Pumping Station 30 _ 30
| (HT=105™ (Hr=121"
Delivery Pipeline Dia.1500™ " 'x2 500 _ 650
649.70 665.10
Discharge Pool Effective‘deptﬁ 40 40
(H=6.0m) 643.20 659.10
Dia. 1650M"x2 800 1,000 _
642,00 657.10
pia. 2100™" 2,600 2,500
| 640.10 655.75
Dia. 1650™"x2 1,000 1,400 .
| | 638.60 653.65
Pipe Aquiduct Dia. 1650™"x2 30 | -
| . 638.55 -
Dia. 1650™x2 700 -
637.45 . 653.65
(637.45)
6,550

{Reference)
Pump Capacity
{0=6.40 cu.m/sec)

6 Units

pia.800x500™" Dpia.g800x500™"
Output 1800 KW Output 2100 KW

6,470

B.IV-62

e



"SY W 76 T=

"SH pSEX88Y 'S

HMX000°88%°S

Lad BRI 3

- sy9

ezarg

HMX 00Q'9799°9

"W OEE'Z

sd "W ££°Z
Sy 0GEXP99°9
HMY 000°%99°9

E™

E

w-nd 9p9’y
sxy xad-des dung
w o000 "006 8T

WRD USTEIDAID
THHRWIDI AQ 3503

o NOPTXSIY 076" ©317Tg MY QOLTXSIY 076°¢ SWNTOA UOTIDUDAN uoctaexzadg bButonpsy 7
M% 00¥T Indano M¥ 00LT 3ndanc M3 00LT ‘3andang {998 /w 0D Oy 9=D)
wmUppSX00E CeTd WWOHSXO0s CETd WUQOEXO08 2Ty S3ITUN 9 &xroeden dung -1

[ sousixaiay)
UFPS 01 grt ol 0%l 6
09°L€9 09-Lg9 09-L£9
007 0GT Qo1 CRUMGEGT "eITd (g3 autTedrd
SLTLES SL°LES SLLES
0002 000’z pee’e wadQITz "eTd {¥) Tauuny,
- . = - IFRYS
0Z"6ES 0z 6E9 0Z°BED
(o] +Te R Q00°¢€ goo0°¢g ‘UM QTT Cerd (g) T=uung
v Tvs CY " TVv9 1R 4] . :
01§°C 0T6'¢C _ o¥é6'T gRUMQGET “RTQ {z) suttadia
CT 5%9 0T " 4qv9 DE " VFP9 ,
01?¢ 0tz o0E T W 00T "ETJ {z)] Teuuny
0L 8ve 0E"S¥9 -
00& ‘008 - rumGgg9T teTd {1) surTedtdq
gl "9%9 05 9%9 ) QgE"G¥ve {(wg 9au)
. oy o¥ oy yidsg aaT30873X Tood sBxewysstqg
QT "Zg9 08° 759 ’ CE-"T59 .
CoL Q06 008 X 00ST "BTY surTodTgd Axaatrg
{woRuLH) ofg {, 66=LH) og (pt6=LH) Of uotiels Burdemg
Q7 GLE - - .
. GoL - ~ wmupg oz "erd {xwata oxeH) ucoydLg
0T LLs - _ .
00¢f . - . - WUGRIZ "BIq (1) Touuny
0L LLS (o} ¥R =4+ 05°L8& ’ .
Q0% acs aavr LlETTxeE"T ITOPUSD I2p83J
Q9°LLS 08° LSS 08*L89
i 0s og 0% ToaRrTnS9X pESY
TT1°8LS 08 Yy gss by RSG "37ECT IO IUTOog SYRIUT
w w u w w w
e q3buar 1M 43BuaT i H3buan wotaeonryToRds £ o
£ -3 - I1 z T -5 < 11 A AFiToRd

=2 = II

AD=TI3TV) TIAZT WALYM GNY ALITIOVd . £-AI°9 aTgey

B.IV-63



20t 0T 0ys° 0T 819’11 v66' €1 2105 EuRid
- (-3 {g1T1 v} (pty 2T) {Yy3Buag TRURD Nued 13737)
0GT ' 01 ovc 01 005 "L 0559 TRICL
09°L£9 09 LES gy LEQ 13 A
001 goT 00T 00L THAUNQOGY9 T "ETg sucyedtd
SLTLEY SL7LEY §9TLEY - . )
000°7 _ 0002 L 000z B - WwooT 'z CPId Tauung
- - . - - - 1JBUS. PIUTIOUT
0Z°6ES 0Z'6€Y 0T°6€9 . - ‘ )
oooe 0p0°¢ 0082 - gtz CETQ tauuny
- - CLTOPY GG BES woe"7T X 0671 :
- - o gov ¢ X009 T "®Id SATnpuoc) o iaapsnby
- 0P 199 - 0g-8e£9
- 0152 - . ) 00077 TXxuWQSH'T “RIQ sutTadig
- 0T G%9 g0 "1%9 0T°C¥9 . :
- OHN Oom.._” OOW.N EEOOH.N “2IJ TIUUNL
OF 179 : QL S%9 05°¢k9 P00 7Fe
08s ‘Y _ 005 - 008  TXWWQSS T TeId surTadtd
0T 8%9 GT°9%8 05" Zv9 QzZ-Lv9 o
. 0¥ 0F . 0% ov 1004 °2BxrycsTg
07" vs49 0T°2%9 s 8vS 0Z-6¥%9
nce 0oL 00¢ : 0Gs TXURIQOST "®BTQ surTadtd Arxaatiad
(GLL=IH) (;08%LH) (L SBFLH) {,S0T2LH}
0F 0g _ o€ o€ wot3eds burdung
- = 087968 - .
- - 007 - w0072 ¥ 0g°¢ TRURD IX9poag
- 07" 5LS - -
- nocL - - wugon ‘g BT voudig
- 0T LLS - -
- 00¢t - - wuigQt 'z "RlIda Tauung
- 0L LLS - 09°LvsS
- 00¥ - oee L0672 ¥ 0572 ATRPUQD I2pSad
- 09 LLS 08°"9%5¢% 0T "BV¥S
- . 0% ot ot xoaernSax pesy
Z1° 08¢ T1°8LS £T° LSS Tr-grs 1uTod eyeaul
et yibua7 7tm yzbusq M yibuan M yabuan
g -II D - II 4 - II ¥ - II voT1eaTITod8 AarTroRd
IDADW - aTtun
{11717V T3AYT ¥EAIYM ANY ALITIODYA

F-Al 9 STd=L

B.IV-064d



000721 pos‘zt 00621 TE30L
CL FLS 9 ¢Lls 0L TLS
nez 052 062 ZRUWOGYT TR autradld
SLTFLS $0°7LS 0L°TLES : : .
0no’e 0012 0012 Wwugorz Terd (%} touunyg
- - = wwgone "wid (Z) 33=Us T1e0TIIaA
- 07°GLE gL TLS
- 008’ % 008 "% wugoyz "®Id {¢) Touung
- - - wweeg9 C®Ig (1) 3F8YS Te2TIIBA
G- gLc 0L79L¢ S8TELS
008’9 001" ¥ 0ot ' ¥ wuGoyE CPId {73 Touuny
G0 8LS L0 8LS - ITNPUGD PUR UTSRG:
UGS 0cs - W gz X 097 He23Iq SINSSDIF
- - 0T 5LE
- - 00¢L wweooz T eTg (x8aT1 o1vY) uouydaAs
0€°6LS DE°6LS 0T LLS ]
00L ) _ 00¢L 00€E wwootz “eTd (1) Teauunyg
- - 07 LLS
- - . cov W QgE'Z X 0E'E 1TRPUO)
08°6L¢ 0g 6.6 097LLS xemo} exeIUT
- - 0% Jo icaRInbeI pesy
TT°08¢ 117085 Z1°8L¢ 1UTod Sxelul
T M y3bua] T Uaibus] T M yLbued
¢-g8-IT11 T-g-111 ITT : .
: uoT1eoTIToads A3TTTDR2
I53IBNK aTun

(TII LIY) TIAFT ¥II¥M GNY ALITIOVS

§-AT°d FTEVI

B.IV-65



. . vmsmu
Butaizoddns Te93s JO TEAI®IUT UYL ‘(H+d) 8°0 uryl I530215 proT xoou

UOTIBAROXS3 I2UUNT JO va.suﬁﬂz

{T2arab 'AeTO A3TTS) UmpINQIBAQ ‘IUBWIDIS p2lepITOosSuaIun
R 2U0z IT0E]
‘Taew 2TTSST;F 'Taepw % STPYS Jo - "3T1e ‘91eud

‘TIeW 'y DUOISSWIT JO "ITP ‘DUOISIBWTT PI¥IBRID

AmCOuWﬁmE.w SUO3SPURS) wj 28IIN
JUOJISPURS “Tivw ATSSPW,

BUOISIUTT BATSSER

ucweaﬂmm
(H+g) H 1 P2IEPTICSUODUN pUR BUOZ

03 3ITNPI peIniowIi JO TV . aHo peIepIIosuUeDd
(H48) o°g ¥008 111 ®dAl 30 ISOW Jo suoz uﬂj@m ‘3o01 pwIsyleaM
(49} €79

. ﬂﬂOm
pP231epIiosuod AIwa 10 ‘SSPW }OOX
psrsyleam ATIYBITS puep pay)zwiDd

23 ¥o0d 111 ®dAL 3o 3aeg
{H+8) §7°0 ¥ooy 11 2dAL 3o saxmg

ooy 11 ma%& jo jie4 peiutol ATs3B2IRpoWw “SSBW %DO3
8 ¢7°'9 03 Mooy 1 2d4A1 jJo TV PITOS pox0ORIT B{ITT

Ioys..2q vazonw
yatm D 8ddl 31

pue (H) 3ubtey

AT
¢ I
FTI

1 @dAl 3208

WoS"0-0h0 B
8/9XQQTXQ0T-H
1103dns 129318

wpg -1 9
8/9%X00Tx00T~H
110d8dns 12935

4708 %Doy A0
Butyroddng oN

/T :e30N

fz{w)dy _ : e e -
tybrzanl TIey
WoI3 pE0T1 %o0oy

/T =2dAl Mooy uotlipues Tentbotcey

FdAL TINNNL 40 NOIIVOIJISSY1D

sy 10ddnsg

9-ALTE 1€V

adAlL Tauung

B.IV-66



-papsau ATTavay s3xoddaos :{Taaexb 3 Aern AITTS) uspanq

a9a0 -pl

popaey sizoddns {{UOTIRWIOY a9XXNK) TICW T BUOISPURS

JO UOTIVUIIITE ‘TIEW ITTSSTI ‘TIBW 2 STERYS JOo uoTivIalTe

‘pepesu Ar3aed sszoddns {SnoaDEILID)

‘aTeys -ITT
suolspues

‘TIRW IATSSEW ‘TIRW § SUOIFSWTIT FO UOTIBUISITR ' SUCISIWUTT PIYIRID -II

‘papsau 1Ix0ddns oU 3SOWtE fIUOCLISBUIT SATSSEW - 2dLl X%0¥ ¢ 330N

0O0L T 0L grL'e e 089'z7 _ 1230
3072 00L 00T ocE 0 (xomd7) 7~
008" Y 0 0LZ°T 0EG'T 00e’'T  (=2TPRPTW) -
00T " ¥ : G nee _ 0LE"' T 08l {asddn) z-
0oL 0 0 00L 0 1- TIuunL
III 2ATIBUIBITY
000§ 0 00b'T 0£9°T 0LE T Tesol
600" 2 g 091 06T ' T 06& {I2m0T) I-
000"t b ove _ 08y 086’7 (asddn) T-tauung
G-II 2ATIRUIBITY
015°% 0 0¥ ‘1 0¥1°Z 0L6°T T230]
wmmm 0 0o 0§T"T 06€ (x2m07) ¢~
, by VY6 fh]:3 0B8&°T (xaddn)e-
01z 0 0 cre 0 z-
[oLs33 0 0 00¢ 0 I-Tauung
5-IT SATIBUISITY
0oz 8 0 QLy T gfe ‘'z 0081 : Ie30L
0002 0 ooy 08T'T 06€E (x3m07) ¢- :
00E°T 0 01L 081 1% 1 {zeddn) z- _
006°1 0 00¢€ 009°T 0 I-Tauung
g-II ®ATIBRUIBITY
009°2T o 089 0oL 0zTT'T _ T®301
0082 ‘ 0- 089 0oL 02T T-Tauung
‘  Y-II SATITUIIITY
TR30L AT -~ III L LI I 33noy
sd&L Yooy . T9uuny
Ie2W ¢ 3TUN .

S3LN0O¥ TANNNL DNOTV TMITINNCIONT STAXL AD0¥ L=AT"E STIRL

B.IV-67



4.3, Preliminary Cost Estimate

A.3.1, Construction Costs

The preliminary cost estima;éé were made for major_wdrks,such
as tunnels and pipelines on the basis of.work quantity calculated
and unit prices provided by authoritiés concéined, and for other
works such as buildings and service reservoirs relative costs
obtained from similar works were applied. Prices of materials and
cquipment to be imported from'foreigh countries wére estimated by
the Team. Duties and taxes to be levied on such imports are
included in the cost estimates in accordance with Pakistan CUSfoms

Tariff and Import Trade Guide.

The estimated costs include costs for cohstruétidn works and
procurement of materials and equipment. For the sake of comparative
study of alternatives, the expenses needed for prevconstrUCtiOBI
works aré not included in these cost estimates: they are costs for
topographic and geclogical surveys, detailed design, consulting
servicés, administration, supervision of consttucﬁien works and so
on. Physical contingencies (10%) were added to the constrﬁctiqn

costs.,

Cost Summary of alternatives is given below; details are shown

in Table B.IV-8 to 15.

For reference, total project costs of the répresentativé'three
alternatives of I-C, II~C and IIXI were calculated by adding costs
for project offices, land acquisition, office eéuipment, engineéring.
and administration, and.contingencies; Physicai contingencies (10%)
were added to the estimated costs, and price inéreases were
estimated_by applying the annuai rates of price escaiatioh.of i0s
for local costs and 6% for foreign costs. The total project costs

are summarized below {refer to Table C.IV-18 to 20) .
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