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Abstract. Investigation of spring and well waters of the Peshawar Intermontane basin and its surroundings in the
Himalayan belt of Pakistan revealed that their temperature, pH, total dissolved solids and electrical conductivity values
fall within the permissible range of drinking and irrigation water except the waters in vicinity of exposed faults. Minerals
in the spring water are in the order of Ca > Mg > (Na + K) with bicarbonate as the dominant anion, whereas in the well
water, the order is reversed, with sulphate as the dominant anion.
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Introduction

Investigation was carried out to determine the field character-
istics and major ion chemistry of spring and well waters. The
study site covered the Peshawar intermontane basin (PIB)
and its surroundings in the Himalayan foreland fold-and-thrust
belt of Pakistan (Fig. 1). The area, located between latitudes
33.5°N-34.7°N and longitudes 71°E-73°E, is characterized by
steep topography and V-shaped fluvial valleys in the north,
which are drained by the river Indus entering from Indian
Kashmir and the river Kabul entering from Afghanistan. Cold
winters and warm, dry summers characterize the climate of the
study area. June through August are the hot months,
during which the daily mean maximum air temperature is about
40 °C. The mean annual potential evaporation ranges from
85 cm in the northern part of the study area to 130 cm in the
centre of the basin. Snowfall occurs in the mountainous
north during the cold months of December to February, when
monthly mean minimum temperatures are several degrees Cel-
sius below the freezing point.

Peshawar valley is home to two million plus inhabitants with
ever growing demand for water for drinking, industrial and
irrigation purposes. Every water usage (human, industrial, ir-
rigation etc.) requires a set of hydrochemical characteristics,
suited for that particular consumption. The hydrogeo-logical
data for the region is scattered and scanty (Shah and Tariq,
2007; Tariq, 2001) and this research is the first attempt to fill
this gap. The broader study conducted for this research is the
first of its kind in that it synthesizes field, laboratory and simu-
lation data to bracket the hydrochemical speciation in the PIB.
This paper presents the field and laboratory data for ground-
water in the study area.
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General geology. Information on subsurface geology of the
study area has been derived from the lithological logs of bore-
holes drilled by WAPDA, Pakistan, and made available
through various information releases. These data indicate that
the quaternary sediments vary in thickness from few meters
to more than 150 m. However, the total thickness of quater-
nary sediments is not known because none of the boreholes
penetrates the bedrock. The coarseness of these sediments
increases from north to south in the basin (Tarig, 2001). In the
central part of the basin, the alluvial sediments consist of a
relatively large proportion of fine-grained material, where the
sandy silt is interbedded with discontinuous alluvial sand and
thin gravel layers of various thickness. The main rock types in
this area are slates, phyllites, various types of schists, para-
gneisses, sandstones, and quartzitic crystalline conglomerates,
all of which are intruded by basic-to-acidic igneous rocks.

Hydrogeology. The study area can be divided into two
hydrogeological provinces. The basin is bordered by moun-
tains of the Lesser Himalayas on three sides while the south-
eastern side is a fluvial valley carved at the confluence of
the Indus and Kabul rivers. In the mountainous region, the
water table varies in depth in different intermontane valleys,
suggesting hydraulic discontinuities. In fact, water table
elevation varies considerably within the area, ranging from
less than 100 m in the basin centre to more than 1600 m in
the mountainous north in relation to mean sea level (Fig. 2).
Abundant springs (both normal and high temperature) are
present in this part of the study area, and locally they consti-
tute an important source of drinking water in addition to
dugwells. The outflow from these springs ranges from less
than one I/sec to more than 2000 I/sec. The field investiga-
tions indicate that most of the springs have good quality
water, and according to local authorities, there are no water-
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borne diseases in these areas. Most of these springs flow
from unconsolidated or semi-consolidated fluvial deposits or
talus surrounded by various types of hard rocks. The PIB
sediments consist of mainly sand and gravel formations that
serve as productive aquifers in the north and south of the
basin. The main sources of recharge to the aquifers are pre-
cipitation, seepage from rivers, surface storage reservoirs
and irrigation networks. A large number of drilled wells and
dug wells are present throughout the PIB. These wells are
extensively used for irrigation, industrial and domestic pur-
poses. Drilled wells range in depth from 50 to 150 m, whereas
the wells dug are up to 20 m in maximum depth.

141

Khyber, Attock-Cherat and Lower Swat-Bunner piedmont
aquifers occur on the periphery of the basin, whereas flood
plain and lacustrine aquifers occupy the central part of the
basin. Depth to the water table is less than 5 m, except on the
margins of the basin and in the southeast where it ranges from
5 to more than 30 m. Hydraulic conductivity ranges from
30-60 m/day and the average specific yield is 12% (Rathur,
1987); these values indicate a potentially high-yielding
aquifer with substantial storage capacity. There is general
groundwater flow from the margins of the basin towards the
centre, with an average gradient of 0.004 (Bundschuh and
Balke, 1991). Robberts (1988) estimated the total recharge to
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Fig.1. Topographic map of the Peshawar Intermontane Basin (P1B) showing major localities and rivers. Contour elevations
are shown in meters.
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the basin as 923 Mm?®/year over a 6270 km?area. The main
contributors to this recharge are precipitation (151 Mm?/year),
surface water irrigation (734 Mm®/year), groundwater-based
irrigation (15 Mm?®/year), and runoff water (23 Mm?/year).
The discharge of the groundwater takes place mainly along
the downstream part of the Kabul river and its tributaries
(Fig. 2). Additional discharge occurs through subsurface
outflow into the basin, pumping for irrigation, drainage, and
water consumption for domestic and industrial purposes.
The total estimated discharge from the basin is 891 Mm?®/year,
of which base flow constitutes 713 Mm?®/year (Rathur, 1987).
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Materials and Methods

A total of two sets of 71 water samples were collected from
water wells, springs and seepages throughout the study area
and data from 32 samples spanning the PIB are presented in
this paper (Fig. 2). Each sampling site was mapped with a
Garmin GPS V with a position accuracy of less than £ 3 m.
General physicochemical parameters were determined in the
field using Technika Water Quality Meter 850081 with dedi-
cated sensor probes. All the water samples were filtered in the
laboratory with a 0.45 um pore diameter filter, and the samples
for cation analyses were acidified with nitric acid. Cations
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were analyzed using Perkin EImer Optima 3300 DV ICP-OES
with an AS90 plus autosampler. Precision errors were less than
+ 6% for trace elements and less than + 3% for the major
cations (95% confidence). Multi-element stock solutions of
20 pg/ml were used as standards for trace elements. Standard
solutions for major elements consisted of 1000 mg/l of single-
element solutions. Anion concentrations were determined
using dionex DX 120 ion chromatograph with an AS50
autosampler. Precision errors were less than + 3% for all the
anions (95% confidence). Anion standard solutions consisted
of 1 mg/l, single-element solutions. Bicarbonate ion (HCO;)
was indirectly derived from total carbon analyzed by Shimadzu
TOC 5000 instrument with precision error less than + 2% (95%
confidence). The charge balance (cations-anions/cations +
anions) was less than + 5% for all the samples.

Temperature, pH, total dissolved solids (TDS) and electrical
conductivity (EC) were measured as part of the hydrochemical
field work for this research.

Results and Discussion

The physicochemical data for springs and deep and shallow
water-wells are presented in Table 1 and 2 alongwith the
hydrochemical data. These values fall within the accepted
range of values recommended for water used for drinking and
irrigation purposes.

Water surface temperature. Temperature ranges from 14 to
29.5 °C for the well waters and from 8 to 38 °C for
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the spring waters. Groundwater temperature generally
equilibrates itself with the mean annual air temperature for a
particular locality. The mean annual air temperatures in the
study area range from 13 to 25 °C (NASA, 2005). The
regional distribution of differences between the water
surface temperature and mean annual air temperature,
designated here as AT °C, is given in Table 1 and 2. It can be
noticed that most groundwaters show some surplus over
the mean annual air temperature. This surplus is a result of
the deep circulation of the regional groundwaters to a depth
of about 4 km (‘Yousafzai et al., 2006).

pH distribution. The values of pH exhibit a rather narrow
distribution in the study area, as shown in Table 1 and 2. In
particular, the well waters range in pH from 7.1 to 8.6, whereas
pH values of the spring waters range from 6.7 to 8.7. More-
over, the groundwater tends to be more acidic away from
most major fault zones (except the MCT and MBT) and more
alkaline groundwater in the vicinity of these fault zones
(Yousafzai et al., 2006). Also, higher values of pH are
noticed in the centre of Peshawar basin (> 7.8) as compared
to the low values on its margins (< 7.6).

Conductivity and total dissolved solids. Conductivity, which
is also known as electrical conductivity (EC), specific con-
ductivity or conductance, is the reciprocal of the resistance in
ohms between the opposite faces of a one cm cube of an
aqueous solution at 25 °C. The International Unit for conduc-
tivity is the Siemens, which is numerically equivalent to the

Table 1. Hydrochemical data for groundwater samples from drilled and dug wells (concentration in mg/I)

SampleID Ca Mg Na K Cl NO, SO, HCO, pH TDS EC(uS/cm) AT°C Balance
KPW-01 1278 425 544 34 1471 1685 1486 1983 73 810 1210 6.3 -33
KPW-21 414 118 202 27 66 274 116 210 77 24 330 29 -4.0
PSW-51 576 251 346 38 506 9 87 2301 76 423 632 6.9 5.6
PSW-55 659 213 408 24 724 974 63.3 161.9 74 453 680 59 -39
PSW-57 381 162 563 43 142 16 323 2854 75 33 530 6.6 -18
PSW-61 1106 212 37 33 593 1163 892 158.2 75 53 801 73 55
CSW-71 649 67 105 44 55 12.7 477 2313 75 284 426 6 -4.3
PSW-22 756 223 237 42 2719 574 1293 2036 76 441 431 51 -38
PSW-23 2 119 264 48 85 14.3 138 183 79 218 328 5.7 0.7
PSW-24 183 103 276 57 112 102 15.2 1523 77 198 297 4.7 29
PSW-53 612 635 1156 148 299 77 3927 4006 76 709 1061 13 -38
PSW-60 54 237 206 25 151 179 874 2029 74 3% 504 6.6 21
PSW-62 236 34 6.3 32 55 43 404 60.1 8.1 100 151 8.1 -5.8
PSW-67 148 216 5 54 96 92 298 2834 8 308 463 5.7 59
CSW-69 706 73 73 24 126 62 104 205.3 7.7 5 52 6.4 5.6
CSW-70 629 89 33 21 46 5 383 2284 75 272 408 6.8 -4.2
CSW-72 1303 267 3B5 25 1018 1044 1107 2387 73 765 1148 6.6 0.0
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Table 2. Hydrochemical data for groundwater samples from springs (concentration in mg/I)

M. Asim Yousafzai

SampleID Ca Mg Na K Cl NO, SO, HCO, pH TDS EC(uS/cm) AT°C Balance
CSs-38 63 257 78 25 28 8.7 1298 1643 72 417 623 0.2 32
CSs-48 292 71 9 35 04 54 237 1279 82 121 18 05 -4.2
PSS-54 593 235 158 18 173 362 74.1 2194 73  3HL 5277 7.7 -4.8
PSS-56 266.7 55 584 115 124 48 962 1458 76 982 1475 5.7 53
PSS-59 52 186 264 23 68 125 1149 1847 78 311 467 19 -4.2
CSS-68 9%54 291 148 34 85 78 2521 1783 76 3712 559 2 41
CSS-73 568 156 66 13 37 42 29.1 1959 81 255 3 05 43
CSS-74 825 158 137 47 183 526 56.1 2083 7.3 389 584 12 16
CSS-75 556 124 86 27 101 144 279 2118 74 266 402 0.7 5.0
CSS-76 726 31 45 05 62 112 54 1666 73 303 457 37 47
CSS-78 6.1 03 41 1 14 74 42 34 75 2 4 28 52
CSS-79 422 245 69 11 31 16.7 95 2405 78 264 3% 26 20
CSS-80 2718 61 6.2 14 66 48 13 84.1 67 124 182 11 5.7
CSss-81 304 98 78 22 63 173 125 1133 72 152 227 1 28
CSs-82 102 09 29 14 33 4 46 26.3 81 27 40 0.6 47

mhos (Hounslow, 1995). The EC values indicate a general
impression of the chemical behaviour and chemical quality
of the groundwater in an area and are linked to the quantity
of salts dissolved in the groundwater (Bundschuh, 1992).
A usual rule for drinkable water is 10 mhos or 1000 micro
Siemens per cm (uS/cm). The EC values range from 151 to
1210 uS/cm in the well waters, and from 40 to 584 puS/cm in
the spring waters with the exception of one sample (S2, Fig. 2)
which shows an EC value of 1475 uS/cm.

The highest values of EC are clustered around two centres
in the Kohat-Pothohar basin. Groundwater in the vicinity of
these centres is salty in taste and may cause longterm health
problems. Generally, the distribution of EC values corre-
sponds to the depth of groundwater levels; that is, the shal-
lower the groundwater, the higher the conductivity
(Bundschuh and Balke, 1991). No such correlation was ob-
served in the groundwater of the studied area, however. The
use of highly mineralized groundwater for irrigation pur-
poses in some parts of the study area may lead to an
increasing salt content of both the soil and groundwater
(Bundschuh and Balke, 1991). Total Dissolved Solids (TDS)
is calculated by adding the mass of ions to that of SiO,. TDS
ranges from 101 to 810 mg/l in the well waters and from 27 to
982 mg/l in the spring waters (Table 1-2).

Regional abundance of major elements in the groundwater
samples are presented in Table 1-2, and the analyses are plot-
ted on discriminant diagrams in Fig. 3 and 4. Conclusions can
be drawn from these discriminant diagrams regarding water
type, precipitation or solution, mixing and ion exchange

(Hounslow, 1995). The diamond part of the diagram may be
used to characterize different water types. Most of the spring
water is typically characterized by elemental abundance in the
sequence Ca>Mg>(Na+K), with bicarbonate as the dominant
anion, suggesting young and fresh recharge. However, two
samples exhibit (Na+K)>Ca>Mg, with sulphate as the domi-
nant anion (Fig. 3); both samples also show anomalous
temperatures. The linear trend on the discriminate diagram for
spring water- taken together with high TDS values indicate

Springs

Na +K*  COS +HCO, cr

Fig. 3. Discriminate diagram for spring water samples.



Hydrochemistry of Peshawar Groundwaters

Deep and shallow wells

&

Na +K*  CO3 +HCO3 cr

Fig. 4. Discriminate diagram for well water samples.
Open circles represent shallow wells while deep
wells are shown by triangles.

dissolution of Ca?*, Mg and sulphate (Fig. 3). Examination of
Table 2 indicates that Ca?* is the dominant cation in these
samples, suggesting dissolution of chlorites and related rocks
which are abundant in the region. The linear trend stretches
all along the left axis of the plot, indicating mixing of two
types of waters.

The trends for both the shallow and deep water samples
exhibit ion exchange in which calcium and magnesium in
solution are being replaced by sodium. The trends start
parallel to constant magnesium and then curve towards the
sodium apex, suggesting that more calcium is being exchanged
than magnesium (Hounslow, 1995). Most significantly, water
samples from one shallow well and three deep wells, all
located in an immediate vicinity of the major thrust zones
(MBT and MMT), demonstrate clear imprints of admixture of
oil-brines. All of these samples also show a significant
surplus temperature over the local mean annual ground
surface temperature (Table 1-2). The surplus temperature over
the local mean annual ground surface temperature (AT °C)
shows several positive anomalies. One such anomaly is
located along the MKT, and another is located along MCT
and MBT. All of these samples exhibit temperatures of at least
6 °C above the local mean annual temperature (Table 1-2).
Furthermore, all samples with such significant excess tem-
perature over the local mean annual air temperature also have
anomalously high concentrations of SiO,, whereas those
along the MKT are also characterized by anomalously high
concentrations of boron and strontium (Yousafzai el al., 2008).
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Conclusion

Most of the Peshawar Basin aquifers are unconfined.
Temperature, pH, total dissolved solids (TDS), and electrical
conductivity (EC) values of the groundwaters fall within
the normal range for water used for drinking and irrigation
purposes with the exception of a few samples (KPW-01,
PSW-53, CSW-72, PSS-56). These samples represent waters
which are in the vicinity of exposed or blind faults and may
indicate thermal waters which have excessively dissolved
materials while ascending to shallow levels. Results from
water chemistry indicate that the spring water is dominated
by the sequence Ca > Mg > (Na+K), with bicarbonate as the
dominant anion, suggesting young and fresh recharge.
However, the well water exhibits the reverse order of pre-
ference for these cations indicating the process of ion
exchange. Cation exchange processes play an important role
in controlling the chemical composition of groundwater in
addition to dissolution processes (Grasby et al., 1999; Cerling
et al., 1989). There are several possible explanations for the
variation in the groundwater chemistry such as the mixing of
waters of different origins, dissolution of the clastic sediments
composing the aquifer systems, precipitation of minerals from
the water and cation exchange with clay etc.
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