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1. Introduction

1.1. Context of theSudy

Nesté WatersA & LINBPRdzOAy 3 o62G0Gf SR 41 GSNJ at dzNB [ AFS¢
in Pakistan.

Groundwater resources studidmve been conducteth 2013 and 2014 by two external
consultants Both studies ended up with divergent conclusions and recommendations. In
this context,NestléWaters want to carry on the groundwater resource assessment and
asked Antea Group to provide atizal review ofthe two previous studies in order to
have a more comprehengvstudy including water balancaguifer sustainabilityand
water stewardship recommendations

The present reporttreats the desktop study for which available information on
geological and hydrogeological contexts was compiled and analyzed

This draft report concludes ordetailed recommendations in termaf water stewardship
and aquifer sustainability
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1.2. Referencedocuments

The studies and documentsviewedfor the hydrogeologicatesourceassessmenare
listed below:

[1]

[2]
[3]

[4]

[5]

Estimation of water sustainability within 30 km radius in Islamabad/Rawalpindi
using hydrological&geophysical historic data (HESC, 2014)

Hydrogeological study for a deep wellgtamabad (NESPAK, 2013)

Environmental Geology of the IslamabBRdwalpindi Area, Northern Pakistan
(Sheikh and al., 2007, U.S. Geological Survey)

Geological Map of the Islamab&walpindi Area, Punjab, Northern Pakistan
(Williams and al., U.Se@logical Survey)

Geology of Pakistan (Bender, Raza, 199&trédge zur regionalen Geologie der
Erde, Gebriider Borntraeger)



Antea Group
Nestlé PakistanIslamabadwater Factory
Constructive critical review of hydrogeological repqrfs83640C

2. Description ofthe Sudy Area

2.1. Loation of the NestlélslamabadwWater Factory

The Nestlé Water Factory liscatedin the Islamabad watershed (cf. Figure 1) and more
specificallyin Sector410/3 of Islamabad.

Abore wellis installed in this industrial arehaving a capacity of 25%h.

Themapin figure 2shows the Islamabad Waté&iactory inrelation to Rawalpindi in the
south, the Marg#a Hills in the north and the Murrekotli Hills in the nortiwest.

Legend
W Meteological Station

¥V Gauging Station 32
B 420 -517 m PAKISTAN
[ 518 - 561
1562 -614 . -
[1e15-779 76°
I 780 - 1,080 1em=4km
N 1,090 - 2,260
MU LI IKiometers u-J_ 24
024 8 12 16 84* 720

Figurel - Locationof the Islamabad watershedsource: HESC, 2014)
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Murree-Kotli Hills

Margala Hills
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Figure2 - Locationof the Nestlé Islamabad Water Factory

in Sector 1-10/3, Islamabad (source: Google Earth)
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2.2. Land use

The Nestlé Waters factory is located within an urbanized.area

2.3. Landforms

The study zoe covers an area o$everal hundreds okm? and is located within the
Potwar Plateauand particularly the Lei Nullah Basitt is composed of plains and
mountains whib do not exceed an elevatioof 1240m. The terrain generally slopes
from the northeastto the southwest (cf. figure 1).

Four physiographic zones can be pointed out feast-northeast to westsouthwest:

- the Margdla Hills
- the Higher Plain,
- the Lower plain,
- the Valley area.

The ground elevation of the Lei Nullah Basin is from 420 m at olskream end of
the basin (confluence of Lei Nullah and Soan River) up to 1240 m at the upstream end (a
mountain top in the Margha Hills).

Rawalpindi city area is covered with alluvium and eddieposits and is part of dissected
basin plain formed by Lei Nullah and its tributaries.

2.4. Soils

Soil in the area can derived from rocks in the province, as well as originatesluvial
deposits In zones where depositional landforms are present, théase can be:

- without any soil development (stream beds, low islands and bars),

- covered withfine sand, silt and clay with a relatively high organic content and
fertile soil (stream flood plains),

- covered with ahin layer of finetextured soil overlying channel deposits of sand
and gravel (stream and fan terraces),
- covered withfertile and easy tilled soil overlying fine silt and clay deposits (loess
plains).
In areas where erosional landforms gueesent, the arface can be covered witthin

sandy soil derived from weathering of the underlying rock (conglomerates of the Soan
formation or Lei conglomeratKamlial formatioh

This chapter needs further current information about agricultypmacticesto deliver
workable outcomes foan IntegratedResourceWater Managemenistudy.
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2.5. Climate

The IslamabadRawalpindi area is located in a monsoonal climate zone with rainy hot
summers and cool dry winters. The monsoon period usually starts in June, peak in
August and end by September. There is also a winter monsoon, much smaller than the
one in summer, peaking in March.

The following subchapters presetiata ofrainfal, evaporation and temperature

2.5.1.Rainfall

Rainfall data is available from 1959 to 2012 (Islamabad Airport Station). It reveals an
annual average rainfall of 1172 miMost of this precipitation occurs between June and
October. In this period, 69 % of annual rainfall (812 mm) is measured. Between
November and May, precipitation is about 360 mm.

A record of a rainfall breaking 620 mm in just 10 hours occurs on July 2001.

The monthly rainfall dathetween 2006and 2012 reveal an annualean rainfall in the
watershed ofl246mm.

2.5.2.Evaporation

Seconday information about evaporation in the study area originate from HESC report
of 2014.Accordingo their report, evaporation in the area is about 560¥%mean annual
rainfall which comes to be 654 mnfrom our experience in similar contexts, we
consider this value as low.

Further data have been obtained froMeteorological Departmenby Nestlé WatersA
mean daily data of evapotranspiration had been providedamonthly basisrom 2006
to 2015 Daily evapotranspiration varies betweer®@m and 6.8 mmcorresponding to
a meanannual evapotranspirationf 1283 mm(see table below)
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METEQRLOGICAL DATA OF EVAPOTRANSPIRATION (mm/day) FAWAT PINDI
YEAR. | JAN FEB MAR APR MAY JUN JUL AUG SEP oCcT NOV DEC
2006 13 2.0 34 57 6.6 52 27 26 43 48 34 21
2007 20 13 28 53 6.8 58 33 23 32 46 37 29
2008 22 L6 24 il 6.2 33 41 26 37 9 3.9 3l
2009 27 23 09 33 6.0 6.4 59 38 23 32 33 3l
2010 32 23 24 32 6.7 6.1 53 34 23 20 34 32
2011 29 23 24 18 3.0 5.9 49 41 27 17 22 29
2012 27 27 2.7 19 2.7 46 3.7 47 32 1.6 17 23
2013 28 27 35 il 22 3.9 46 40 39 26 14 19
2014 24 3.0 33 32 25 21 40 54 41 19 12 13
2015 19 3.2 37 416 41 34 31 418 34 40 18 L1
Note: This 15 real time data and not meant for ihgation.

Tablel - Meteorological data of Evapotranspiration (mm/day)

2.5.3.Air temperature

The mean minimal and maximal temperatures for each month between 20062815

show that the monthly amplitude is very important (between 5.3 and 20.4 °C). The
average amplitude is about 14.4 °C. The highest temperature measured between 2006
and 2015 is 42°C in May 2011, the lowest temperature was measured in December 2011
(0.5°C)(see tables below)

METEOQORLOGICAL DATA OF MEAN MAXTMUNM TEMPERATTURE (°C),RAWALPINDI
YEAR JAN FEB MAR AFR. MAY JUN JUL AUG SEP OCT NOV DEC
006 183 150 26.2 327 0.1 377 346 329 337 33 24.1 123
2007 19.7 103 23.1 339 373 316 35.2 3432 328 315 26.1 20.1
2008 152 193 20.8 20.7 36.9 34.7 351 333 331 310 25.2 20.1
2009 180 20.4 25.0 20.4 36.6 38.0 38.2 350 340 321 243 20.7
010 0.9 10.5 104 34.2 36.3 384 36.4 315 319 308 6.2 0.3
011 16.8 17.0 16.5 20.6 42.0 353 34.0 340 334 30.5 253 0.9
2012 17.0 18.0 25.6 20.8 36.3 30.7 38.9 345 324 30.1 25.1 13.9
2013 178 18.8 25.7 30.5 374 37.7 353 314 314 30.5 241 19.9
014 19.0 193 2.0 20.6 333 40.0 36.2 350 314 0.0 150 19.1
015 18.7 0.0 23.0 2.1 35.6 353 34.0 343 342 0.9 13.0 19.5

Note: This is real time data and not meant for litigation.

Table2 - Meteorological data of mean maximum temperature

10
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METEORLOGICAL DATA OF MEAN MININMUM TEMPERATTURE (*C).RAWALFPINDI
YEAR | JAN | FEB MAR AFR MAY TUN JUL AUG SEP OCT NOV DEC
2006 3.8 9.7 11.4 153 23.0 230 14.0 233 20.5 5.9 9.4 4.1
2007 0 6.6 9.0 159 19.8 230 115 218 19.5 2.6 8.2 5
2008 3.0 49 11.5 158 20.7 222 2.8 23.0 19.7 5.4 8.1 5.5
2009 EX 6.4 9.9 14.2 187 21.6 24.7 283 211 4.0 7.5 3E
2010 34 79 14.3 17.8 22.0 236 4.5 272 213 17.5 9.9 3
2011 2.8 6.8 11.9 15.5 23.0 258 154 243 227 16.1 11.2 0.3
2012 2.0 4.5 9.8 16.1 19.6 21.5 16.2 24.0 20.6 5.3 8.4 5
2013 24 69 11.7 16.1 20.8 249 4.0 23.2 21.0 7.7 7.1 EX]
2014 2.2 5.5 9.0 144 19.2 232 3.9 25.1 19.0 53 6.5 43
2015 44 84 11 172 2 239 14.0 24.6 218 2.1 10.3 54

Note: This is real time data and not meant for litigation.

Table3 - Meteorological data of mean minimum temperature

11
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3. Water Resourcesn the IslamabadRawalpindi
area

Three water resources are used in the IslamaRaavalpindi area: dams, headworks and
groundwater.They are detailed in the following subchapters.

3.1. Surface water resources

Due to thelocationof Islamabad athe foot of the MargallaHills on the north and the
Murree and Kotli Sattian Hills on the easlie area benefits from the natural slope in
terms of surface water resources. In fact, various streams flow in and around the city of
Islamabad. The main rivers are the Soan and theduRiver which are draining the
area up to the Murree Hills. Both are dammed at Rawal and Simly, respeciively.
stream Lai Nullah is draining southward into the Soan River from the mountain front of
the MargallaHills.

Headwork water is diverted fro springs located at Saidpur, Nurpur and Shahdara.
Furthermore, Kurang River seemshie discharged at another locatidhan the Rawal
dam.

The different surface water resources are subject of the following subchafter map
on figure 3 shows thicaion of these resources.

3.1.1.Soan River

Soan River rises ned#ne small village Bun in the foothills of Patriata and Murree and
drains much of the water of the Potohar region. Its water is stored in the Simly Dam
which is illustrated afterwardsfter treading a long path of 250 km, this relatively small
stream falls into the Indus River near by the Kalabagh Dam close to Pirpiyahi.

3.1.2.Kurang River
Kurang River is the main stream draining the area of Islamabad. Its mainly tributary is

Gumrah Kas which drains stevard into the Kurang River from the area between
Kurang and Soan River.

12
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3.1.3.Lai Nullah

Lai Nullah stream flows from the Margalla Hills dothmough the city of Rawalpindi
discharging into Soan Rivdihe stream carries most of the liquid waste from Rawalpindi
and contributes greatly to the pollution of the Soan River below their confluence.

3.1.4.Rawal Lak®r Rawal Dam

Rawal Lake is an artificial reservoir located in an isolated section of the Mardhdla Hi
bFrGA2YylFf tFEN]J® LGQa TSR o6& 41 G§SNI FNRPY YdzNI y3
the Margalla Hills like the Jinnah Stredts.storage capacity is about 58,600,008 the

discharge capacity of its spillway is about 2,300smt provides drinkng water for the

population of Islamabad and Rawalpindilean annual water available is 72 MGD

(million gallons per day).

3.1.5.Simly Dam

Simly dam is located on the Soan River at some 30 km east of Islaraabddd by

melting snow and natural springs of kfee Hillsb LG Q& GKS f I NHSaid NBaSN
water for the population of Islamabad. The storage capacity of the dam is about

35463,000 i with a spillway of discharge capacity of 1,27%snMean annual water

available is 681GD.

3.1.6.Khanpur Dam

Khanpur Dam is located on the Haro River in the north ofMaegallaHills at about

40km of Islamabadlts stored waterprovides domestic water to Rawalpindi and
Islamabad asvell asirrigation water for agriculture and industriestine surroundings of

these cities. The storage capacity of the dam is about 140,000,00ean annual

water available is 198 MGD.

3.1.7.Headworks
The capacity of the four headworks sources mentionabifollows:

Kurang River: 4 MGD,
Saidpur: 0,8 MGD,
Nurpur: 0,7 MGD,
Shahdara: 1,6 MGD.

= =4 —a -

The exact positions of these discharges are not known due to a lack of information.

13
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;

Légende ? 0 7.5 15 km
o City [ —
== River N

Figure3 - Location of the different srface water resources in the Islamab&®lawalpindi area

14
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3.2. Groundwater

Groundwater resources in the IslamabBdwalpindi area are mainly contain@dand
dischargedfrom the recent Quaternary alluviurdeposits Several aquiferdying upon
another, are locaed in the sector: a superficial aquifer and a deeper aquifer. The
presence of these aquifers is conducted by iheercalation of large clayey lenses
causing dissection and therefore an insignificant connectivity in some seRecbarge

is principally de to precipitation and supjdd by nearby streams.

¢CKS FY2dzyld 2F GKS I @FAflI0ftS ANRdzyRgl SN AayQi
an availability of 86 MGD (HESC, 2014).

The extraction of groundwater is realized by a pulidmre well network whichis
supposed to be made up of about 2B0re wells. The amount of private wells is difficult
to estimate, but NESPAK study identified 129 tube virlisliamabadlt is supposed that
privatewater wells are common butwrent information is requested.

3.3. Water resources use and water demand

The last population census of Islamabad has been held in 1998. The next population
census is scheduled for March 2016 (Pakistan Bureau of Statistics). In 1998, population
has been 805,235. Th@apital Development AuthorityCDA published in 2013, that
present population of 1.757 million is likely to increase to 4.443 million in the year 2050.
According to the CDAh¢ growth rate is about 5.7 % per year.

Average vater demand is given by the CDA andugentlyexpected b bel176 MGD.

The global wate groundwater NB & 2 dzNXO S avditab; holvévef, ONespak study
collected information about 129 groundwater tube weltslslamabad Theirtotal daily
discharge is about 6BIGD. HESC stughpinted out a groundwater resourcase of 34
MGD provided by some 180 public tube wells (2007).

This chapter needs current information to deliver workablgcomes for the present
report: current and future water demand is necessary as well as information about the
water resource use (domestic, agricultural, industrial) and the part of groundwater
employed by these different sectors.

15
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4. Geology and Hydrogeology the study area

4.1. Geological context

The geological structure and stratigraphy of the IslamaRadalpimdli area is very
complex due to the convergence of the Pakistadia and Eurasian tectonic plates and
their collisionthat beganabout 20 million years ago.

The geological history recasé long period of gentle geological fluctuations and slow
depositin in the study area while the Pakisthémdia plate drifted northward. This
period is followed by more vigorous tectonic processes and rapid deposition since the
convergence of the Pakistdndia and Eurasian plates. Therefore, the period from the
Middle Juassic to the Lower Miocen@d50 million yearsjs represented by only 675 m

of primarily marine sedimentary rocks, whereas the last 20 million years are represented
by more than %570 m of continental sedimentary rock.

The last 1,9million years are characterized by a domination of erosion over deposition,
hence, the preserved sediments are thin and discontinuous alluvium and eolian silt.

The sedimentary rocks exposed in the Islamabad area date from the Middle Jurassic to
the Quaternary. Three structural zones can be pointed out in the study area:

- Mountainous Margalla Hills in the north Jurassic through Eocene limestone
and shale complexly folded and thrust along the Hazara fault zone;

- South of the Margalla Hills: the southwardsloping piedmont bench (piedmont
fold belt) is underlain mainly by truncated folds in the sandstone and shale of
the Rawalpindi Group;

- Southernmost area fluvial sandstone, claystone and conglomerate deposits
along the axis of the Soan syncline westithwegward.

The Hazara fault zone is located in the north of the Islamd®adalpindi area and
affects a scope of about 25 km of width and 150 km of length. The area is convex to the
south and extends westouthwestward away from the Himalayan syntadience, the
thrust and fold structure of theMargalla Hills immediately north of Islamabad is
complex: there are at least five principal thrust sheets repeating theMioeene
marine section.

In the piedmont fold belt area, Pleistocene conglomerategriying sandstone of the
lower Miocene, is folded in the broad anticline at Shakar Parian Park in Islamabad.

The Soan syncline is an asymmetric, faulted fold of regional extent, plunging west
southwestward where fluvial sandstone, claystone and conglameewere deposited.
The maximum width of the synclinal in the study area is about 11 km, but the fold
extends 100 km to the southwest.

16
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Four different main lithological units are present in the IslamaBaavalpindi area:
- Sandstone and limestone Qfretaceous age,
- MargallaHill imestone of Eocene age,
- Nimadrics of Miocene to Lower Pleistocene,
- Deposits of Pleistocene ai@uaternary age.

The stratigraphic section of consolidated rocks in the Islamidt@valpindi area is
shown infigure 4 below.

17
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Figure4 - Generalized composite stratigraphic section of consolidated rocks in the Islamabad
Rawalpindi study aredsource: Environmental Geology of the IslamabBawalpindi Area,
Northern Pakistan Sheikh and al[reference 3}

18































































