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Margalla hills have numerous streams which carry appreciable runoff and it
can be stored in check dams and later can be used for recharging the
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groundwater body in Islamabad city. Figure 1.4 shows the drainage areas
in Margalla hills, a source of surface runoff for groundwater recharge. These
drainage areas will be marked on the map and their surface runoff available

for recharge is calculated.

The Margalla Hills is part of the Himalayan foothills located within the
Margalla Hills National Park, north of Islamabad, Pakistan. The Margalla
range has an area of 12,605 hectares. The hills are a part of Murree hills. It
is a range with many valleys as well as high mountains. The formation of
the Margalla Hills dates to the Miocene epoch. The dominant limestone of
the Margalla is mixed with sandstone and occasional minor beds of shale.
(Source: Post-Earthquake explorations of human remains in Margalla hills
project) (Wikipedia 2018)
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4. SCOPE OF WORK
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5. DATA COLLECTION

Reliable data collection, procurement from industries and its proper
utilization is the backbone of appropriating locating the dug wells site for
inducing recharge and or rehabilitation of existing Check Dams along Trail 5
and Trail 3 or proposing new sites where substratum hydraulic conductivity
(K) of the material is good enough to take in infiltrating water through the
different horizons of soil profile within the top portion of zone of aeration
(unsaturated zone).

Hydraulic characteristics (Transmissivity T and Storativity S), and hydraulic
conductivity K are mandatory features to be used for locating a new source
recharging area. Such information will lead towards identifying a successful
location on priorities where Nestle Pakistan Ltd may be able to demonstrate
these activities of recharging the aquifer system in collaboration with CDA
followed by our advice of consultants would may turn into a best practice of
making a balance between the recharging and discharging components.

Hydrological environmentally friendly study searching through the literature,
reports and periodicals, water-table, elevation, latitude and longitude,
groundwater quality, and aquifer type (confined or unconfined) and their

thicknesses are essential for demarcation of a new suitable site.

6. HYDROLOGICAL ELEMENTS FOR THE GROUNDWATER
RECHARGE STUDY
Following are the important hydrological elements for the study of

groundwater recharge:

1. Precipitation

2. Air Temperature

M
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Evaporation

Groundwater levels

Surface Geology

Subsurface Geology and Aquifer Strata

Tectonic Features/Faults Contributing Recharge to Groundwater
Topography, Slopes and Pervious Potential Recharge Zones
Land Use and Soil Type

Hydraulic Conductivity/Porosity of Aquifer Material

Existing Streams, Rivers and Lakes for recharge

Potential Sites for Check Dams for Recharging Aquifer

Design of Check Dams and Injection Wells

The above elements are studied in the following sections;

6.1 Precipitation

Precipitation is the main source of recharge to groundwater. Therefore more
emphasis is made to find the ways to cater precipitation water to be used
for groundwater recharge. Location of climate station with long term

precipitation data is shown in Figure 6.1. These stations are maintained by

Pakistan Meteorological Department (PMD)




Figure 6.1 Location of climate stations with long term record (in red color)

Precipitation data is available for 58 years from 1959 to 2017 at Islamabad
Airport station from PMD (Pakistan Meteorological Department). It reveals
an annual average rainfall of 1175 mm. Minimum annual rainfall is 576 mm
in year 2009 and maximum rainfall 1952 mm occurred in year 2013
(between period 1959 and 2017). Most of this precipitation occurs between
June and October (826 mm). In this period (summer season), about 70 % of
annual rainfall occurs. While between November and May, precipitation is
about 350 mm (Table 4.1). Therefore 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 (see
Figure 6.2). There is also a winter monsoon, much smaller than the one in
summer, peaking in March. Long term annual precipitation at Islamabad

airport station (1959-2017) is shown in Figure 6.3.

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

Normal precipitation for 30 year period (1987-2017) is computed and shown
in Figures 6.4 and 6.5, which shows the comparison of mean monthly
precipitation at Islamabad airport station for 1959-1986 and 1987-2017
periods. It reveals that rainfall in 30y segment 1987-2017 is higher than the
segment 1959-1986. It is also reconfirmed from Figure 6.6 that increasing
trend in precipitation tends to prevail at Islamabad Airport (1959-2017).
Moreover, rainfall projection up to 2040 as shown in Figure 6.7 also
indicated increasing trend, which means that the chances of recharge and

runoff are more as compared to previous years.

Table 4.1
Station Islamabad A.P
(19592017)
Period Rainfall
mm

Jun-Oct 826
Nov-May 350
Annual 1175

Ba



Mean Monthly Precipitation
Islamabad Airport (1959-2017)
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Figure 6.2 Mean Monthly Precipitations (1959-2017)
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Figure 6.3 Long Term Annual Precipitation (1959-2017)
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Figure 6.4 Mean Monthly Normal Precipitations (1987-2017)
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Figure 6.6 Increasing trend in precipitation Islamabad Airport (1959-2017)
Rainfall Projections

To find the impact of climate, rainfall was projected for next 40 years.
(Source: Islamabad, Pakistan - Climate Change Vulnerability Assessment
United Nations Human Settlements Program (UN-Habitat) First edition 2014)

Rainfall Projection shows a slight annual increase up to 2040. Projections
also show increasing rainfall variability (Figure 6.7). The overall increase in
average rainfall, with increasing urban growth, means that although urban
flooding will be increased but it will also increase the recharge due to

increase in runoff.




Figure 6.7 Projected increasing trend of precipitation for future years up to
2040

Source: Islamabad, Pakistan - Climate Change Vulnerability Assessment
United Nations Human Settlements Program (UN-Habitat) First edition 2014

6.2 Air Temperature

In recharge process in a watershed, temperature plays an important role for
the loss of water from reservoirs, ponds and soil moisture. In water balance
calculation for recharge, temperature is an important element to estimate
recharge. Mean monthly maximum and minimum temperature was
computed with the help of recorded long term data 1959-2015 of Pakistan
Meteorological Department (PMD) at Islamabad Airport station. Figure 6.8
shows mean monthly maximum and minimum temperature at Islamabad
Airport. To understand the impact of climate change on hydrologic regime of
the area, series of mean annual maximum temperature and mean annual
minimum temperature were computed and trend line analysis was carried
out. Increasing trend of temperature was observed from the two graphs
(Figure 6.9 and 6.10). These preliminary results have shown the existence

of impact/effect of climate change on hydrological regime in this area.
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Figure 6.10 Increasing trend in minimum temperature, Islamabad Airport (1959-
2017)

6.3 Evapotranspiration

Evapotranspiration plays an important role in term of water losses from
rainfall which is the major source of recharge to groundwater in addition to
the existing reservoirs/dams around the study area. Data have been
obtained from Pakistan Meteorological Department (PMD) by HESC. A
mean daily data of evapotranspiration is provided on a monthly basis from
2006 to 2015. Daily evapotranspiration varies between 0.9 mm and 6.8 mm
corresponding to a mean annual evapotranspiration of 1283 mm (Table
6.2).

Table 6.2 Meteorological Data of Evapotranspiration (mm/day) Rawalpindi

Year Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
2006 1.3 2 34 | 57 | 66 | 52| 27 | 26 | 43 | 48 | 34 | 21
2007 2 13| 28 | 55| 68 | 58 | 35 | 23 | 3.2 | 46 | 3.7 | 29
2008 22 | 16 | 24 | 51 | 6.2 | 53 | 41 | 26 | 3.7 | 39 | 39 | 31
2009 27 | 23 | 09 | 33 6 64 | 59 | 38 | 25 | 32 | 35 | 3.1
2010 32 | 23| 24 | 32 | 67 | 61 | 55| 34 | 23 2 34 | 3.2
2011 29 | 23 | 24 | 18 | 39 | 59 | 49 | 41 | 27 | 1.7 | 22 | 29
2012 27 | 27 | 27 | 19 | 27 | 46 | 57 | 47 | 32 | 16 | 1.7 | 23
2013 28 | 27 | 35 | 31 | 22 | 39 | 46 4 39 | 26 | 14 | 23
2014 2.4 3 33 | 32 | 25 | 21 4 54 | 42 | 29 | 1.2 | 13
2015 1.9 3.2 3.7 4.6 4.1 3.4 3.1 4.8 54 4 1.8 1.1

B




Source: Nestle water (2016) Islamabad water factory constructive critical
review of hydrogeological reports.

6.4 Groundwater levels

Decline of Groundwater Level

Groundwater in Islamabad is being depleted on a gradual pace. Figure 6.11
shows decline of groundwater levels in Islamabad (1986-2015). This is
linked to the unsustainable use of water, increased ground water extraction
and reduced water percolation in soil due to urban expansion and
increasing population. On average, groundwater is depleting at the rate of
1.7 meters per year. A maximum 20 meters drop in groundwater level was
noticed in Gulshanabad Mohallah. The drop in groundwater level correlates
positively with the density of the distribution of wells in the area. This not
only makes groundwater harder to extract but also decreases the ability of
ecosystems in and around Islamabad and the Islamabad Capital Territory to
utilize groundwater for their survival. Source: UN-Habitat, 2014

To determine the future anticipated drawdown in groundwater levels, a best
fit trend line was drawn through the recorded data. Figure 6.12 shows
anticipated decline of groundwater levels in Islamabad up to 2025. It is
inferred from the graph that approximately, the water table will be depleted
up-to 46 m (151 feet) in 2025.

Decline of Groundwater Levels in Islamabad (1986-2015)
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Figure 6.11 Declines of Groundwater Levels in Islamabad (1986-2015)

Anticipated Decline of Groundwater Levels in Islamabad upto 2025
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Figure 6.12 Anticipated Decline of Groundwater Levels in Islamabad up to 2025

6.5 Surface Geology

The study area is located in the Pothwar plateau of Pakistan. In the north
and northeast, it is bounded by the Margalla and Murree hills, which are
covered with mixed scrub and coniferous forest. The dominant formations
(e.g., the Murree and Kamlial belonging to the Rawalpindi Group of
Miocene age) are composed of sandstone, shale, and lenses of
conglomerates. The Lei Nullah conglomerates of Quaternary age consist of
poorly sorted pebbles and boulders mostly of Eocene limestone strata
Alichin (1981).

6.6 Subsurface Geology and Aquifer Strata
The aquifers are mostly composed of gravels and boulders in the

unconsolidated sediments of Pleistocene and Recent age. Alluvium (the

channel-fill deposits) consists of dominantly silt and clay with subordinate

Bl



amount of gravel and sand. The soils are mainly gravelly, medium to fine
textured over calcareous material in the north and northeast and medium to

coarse textured over sandstone in the south.

Stratigraphy and groundwater elevation in Islamabad/Rawalpindi area was

discussed by Abbas et al. 2012. Figure 6. 13 s hows the | ine (DD®&)
which subsurface aquifer strata were drawn. Figure 6.14 shows ground

surface (red line) and water table levels in 1998, 2003 and 2007. Local

recharge from Lei nullah is obvious along cross sectionlineDD& i n Bangash
colony near Bokra Road (Abbas et al., 2012)

The cross section (Figure 6.15) shows a thick clay layer sandwiched
between first and second aquifer layer which are composed of
boulder/gravel. Thick clay layer could be one possible reason of fast
depletion rate of water table in eastern locations along the Murree road.
(Abbas et al., 2012)

Hydrogeologic frame work of Islamabad/Rawalpindi area was studied by
Ahmad et al. (2016). Their studies reveal that silt and clay dominate the
subsurface lithology where boulder/gravel deposits are present in
discontinuous layers with silty clay. The gravel beds are generally 11 20 m
thick and are composed of limestone and sandstone pebbles mixed with

sand.
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6.7 Tectonic Features/Faults and Stratigraphy

The information in this section is extracted from already published material
(Ali, 2014). The geological structural of the study area is mainly controlled
by the Main Boundary Thrust (MBT) (Figure 6.16). Ali 2014 carried out
detailed study of geology/tectonic of Margalla hills. The fault plays an
important role in the fracturing of the rocks and consequently a source of
recharge to groundwater. After the Main Mantle Thrust (MMT), MBT is the
major south verging thrust stretching in east-west direction starting from
Afghanistan in the west and across Pakistan enters into India towards east.
It occupies the topographic front of the southern Hill ranges of the Lesser
Himalaya in North Pakistan and is found to be juxtaposing the Jurassic to
Paleocene age platform strata of the Indian Shelf over the Miocene
sediments of the Sub Himalaya derived mainly from the erosion of High
Himalaya. The Main Boundary Thrust occupies the base of Margala Hills in
the south (Figure 6.17). The hanging wall stratigraphy of MBT at Shah
Alladitta is comprised of a thin succession of Samana Suk Formation
overlain by Chichali, Lumshiwal, Kawagarh Formation which is
unconformably overlain by the Hangu and Lockhart Formations of
Paleocene age along the KT Boundary. The Paleocene sequence is in turn
overlain by Margala Hill, Chorgali and Kuldana Formation of the Eocene
age (Ali, 2014).
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Figure 6.16 Tectonic features of the region, study area (source: Ali, 2014)
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Figure 6.17 Land cover Google map and tectonic features of the region, study area
(source: Ali, 2014)

6.8 Topography and Slopes

Topographic map with the help of 30m DEM (acquired from Earth Explorer using Aster
data) is further constructed / prepared in ArcGIS and shown in Figure 6.18. The map
shows the characteristics of slopes and facilitates in finding the direction of surface
runoff. Highest elevation was observed at top of Margalla Hills. Figure 6.19 shows the
topography in watershed area of Trail 5 in Margalla Hills. Topography of the area
indicated that part of runoff from these small streams in Margalla hills may be used to
cater rainfall/spring water to recharge depleting groundwater with the help of check
dams. Therefore area at Trail 5 and adjacent Trail 3 was studied in details by field
work, satellite data and processing in GIS. Maps showing topographic contours in Trail
5 and adjacent/nearby streams are shown in Figures 6.20 and 6.21.
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Figure 6.18 Map showing topography in the study area with the
superimposition of watershed over Trails 5 and 3
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Figure 6.19. Map showing topography in watershed, Trail 5
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Figure 4.20. Map showing topographic contours, Trail 5 (source: Google 2018)
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Figure 4.21. Map showing topographic contours, Trail 5 and adjacent streams
(Source: Google 2018)
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6.9 Physiography, Land Use and Soil Type

The following material is taken from previous published material (Ahmad at al. 2016, and
JICA, 2003). On regional scale, the area may be divided into four physiographic zones.

- the Margalla Hills,
- the Higher Plain,

- the Lower plain,
- the Valley area.

Margalla hills are located in the North of the area. The dominant formations are
composed of sandstone, shale, and lenses of conglomerates and are covered with
permanent mixed scrub and coniferous forest. The ground elevation is up to 1240 m at
the upstream end. There are three major tributaries of Lai Nullah namely Saidpur Kas,
Tenawali Kas and Bedarawali Kas, which originate from the Margalla Hills forming a
very steep channel bed slope of about 1/10.

The higher plain expands over the built-up area of Islamabad City with a gradual slope
from North to South. Saidpur Kas, Tenawali Kas and Bedarawali Kas run southward in
the plain and finally flow into Lai Nullah just upstream of Kattarian Bridge.

The lower plain extends over the upper part of the Rawalpindi area above Chaklala
Bridge. This area is flatter than the upper Higher Plain and the lower Valley Area
forming a bowl-shaped topography. Rawalpindi city area is covered with alluvium and
eolian deposits and is part of dissected basin plain formed by Lai Nullah and its
tributaries.

The valley area is located below Chaklala Bridge. The valley area, falling down to the
Soan River is composed of gravel/boulder and sand/silt (JICA, 2003).

Soil Type

Alluvium (the channel-fill deposits) consists of dominantly silt and clay with subordinate
amount of gravel and sand. The soils are mainly gravelly, medium to fine textured over
calcareous material in the north and northeast and medium to coarse textured over
sandstone in the south. Due to high urban sprawl, a major area has been converted into
various degrees of built-up category (Ahmad at al. 2016). Land use maps are presented
in section 7.
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6.10 Hydraulic Conductivity/Porosity of Aquifer Material

Aquifer material is composed of gravel, sand, sandstone and limestone with clay layers.
Typical values of specific yield of gravel, sand, sandstone and limestone are 19, 22, 18
and 6% respectively. Porosity varies between 6-22%. Hydraulic characteristics obtained
from the analysis of pumping test data are provided in Table 6.1. The mean water table

depth was 28 m.

Table 6.1 Hydraulic characteristics of the aquifer in the study area.
Test Easting Northing | Transmis- | Permeab- | Storage Specific
hole sivity ility coeff. coeff. capacity
m2/s m/s m3/day/m
TH-1 3214782 1053687 1.50E-02 5.60E-04 7.00E-02 607
TH-6 3211368 1048417 3.60E-03 1.50E-04 2.00E-03 116
TH-8 3212866 1047817 1.40E-03 6.90E-05 2.00E-04 116
TH-9 3212299 1049052 1.30E-02 4.60E-04 5.00E-02 840
DW-02 | Nestle Factory-10/3 | 4.68E-03 | 4.92E-05 - -
DW-03 | Nestle Factory-10/3 1.00E-03 5.90E-04 - -

Source: Ahmad et al., 2016 and Nestle, 2018

6.11 Existing Streams, Rivers and Lakes for recharge

On regional scale the main perennial stream in the area is the Soan, whose primary
tributaries are the Ling, Gumrah Kas, Korang, and Lei Nullah. Figure 6.22 shows stream
network in Margalla hills and Islamabad. Table 6.2 gives the catchment areas of these
streams. Three dams Simly, Khanpur and Rawal dams are supplying water in the area.

(Figure 6.23). Figure 6.24 presents stream network in Trail 5 and adjacent area.

Table 6.2 Catchment areas of the streams located in Islamabad

Location Of_ No. and Name of Tributary Catchment
Conﬂuence with Area (k_m:)
Main Stream No Name
Saidpur Kas 24.7
Islamabad Tenawali Kas (lucludmg Kanitawali Kas as the s:econdm_’y tributary) 39.7
Bedarawali Kas (Including Johd Kas as the secondary tributary) 799
Sub-total 1443
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Data Source: JICA 2003

Figure 6.22 Stream network in Margalla hills and Islamabad. (map source: JICA, 2003)

































































































