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ABSTRACT 

Isotope hydrological investigations were carried out in two selected areas 

of Indus Basin viz. Haripur Area and Chashma-Taunsa Area for 

elucidating various aspects of surface water and groundwater interaction. 

Groundwater samples were collected on seasonal basis (low and high 

river discharge periods) while surface water samples were collected 

more frequently (weekly or monthly basis). Isotopic data suggested that 

there is no contribution of surface water to groundwater recharge in 

Haripur Area and rain is the prevailing source of groundwater recharge. 

The data further revealed that isotopic values of the Haripur pocket of 

Tarbela Lake are higher than those of Main Lake / Indus River meaning 

that there is a significant contribution of baseflow in this pocket Indus 

River appeared to be the dominant source of groundwater recharge at 

most of the locations in Chashma-Taunsa Area. Isotopic data of Indus 

River showed an increase at Taunsa as compared to Chashma in low 

flow period indicating the high contribution of baseflow at this point in 

time. Stable isotopes were successfully used to quantify the baseflow 

contribution. 
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SURFACE WATER AND GROUNDWATER INTERACTION IN 
SELECTED AREAS OF INDUS BASIN 

1. INTRODUCTION 

Water in rivers/streams has two main components: surface and near-surface 

quick flow in response to rain or snowmelt, and baseflow, which is water that enters 

from persistent, slowly varying sources and maintains streamflow between water-

input events [1]. Their respective contributions differ in each system and depend on 

physical settings of the drainage basin as well as on climatic parameters. Baseflow 

generally comes from shallow unconfined aquifers containing water less than 50 

years old in depths between 10 and 100 m and enters the river through the 

riverbanks and the bottom of river beds [2,3]. Baseflow is an important component 

of the water in rivers/streams. Quality of river water is deteriorated due to discharge 

of poor quality groundwater from saline zones, industrial effluents and urban 

contamination. This implies that shallow groundwater needs to be studied as a part 

of the catchment and improved understanding of the role of the baseflow in overall 

catchment vulnerability is a key need towards water resources management tools 

and best management practices on large scale [4], 

Pakistan is an arid to semi-arid country and suffers from general shortage of 

water. The quest for rapid social and economic growth gives great boost to the 

development of water resources. Most of the rainfall occurs in monsoon and due to 

inadequate storage facilities, significant quantity of precious water is lost through 

drainage in to sea. At high discharge level, the river water is recharged in to 

groundwater, while during dry seasons when flow reduces significantly, shallow 

groundwater discharges in to the rivers in high water table areas. In order to 

manage the water resources, information on interaction between the rivers and 

groundwater is needed. Isotopes provide useful tools for such investigations. 

Under the IAEA CRP, study was undertaken in two selected areas of Punjab 

to investigate various aspects of surface water and groundwater relationship. 
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2. STUDY AREAS 

Areas selected for the present study included Haripur Area and Chashma-

Taunsa Area. 

2.1 Haripur Area 

Haripur Plain is a part of Abbotabad District and is located about 160 km 

northeast of Peshawar. This plain is situated between latitude 33°50' and 34°06' 

north and longitude 72°46' and 73°12' east. The Haripur Plain is bounded by the 

river Doar in the north, mountain ranges in the east and west, while the river Haro 

flows a little away from its southern boundary. The surface is gently undulating 

except along eastern and western boundaries where badland topography exists. 

The plain is dissected by numerous gullies. Elevation ranges from 915 meter 

a.m.s.l. in the north eastern part to 442 meter a.m.s.l. in the southwestern part. 

Total catchment area of the plain is 622 sq. km. of which 422 sq. km. is alluvial fill. 

Depth of water table varies widely ranging from 18m in the north, north eastern and 

western parts to 76m in central and southern parts. 

Haripur Plain is extensively covered with alluvial fill. The western, eastern 

and southeastern parts of the plain are covered by thick clay deposits which have 

been eroded and gullied extensively by numerous nalas. Over most of the area, the 

clay cover varies in thickness from 30 to 60 m. This clay cover is underlain by sand, 

gravel and boulders of considerable thickness with some layers of clay in between 

them. The layers of sand, gravel and boulders between Hattar and Dingi in the 

southern part of the plain, are highly permeable. In the north and northeastern part 

(between Havalian and Sarai Saleh), the clay cover is comparatively less thick and 

overlies the boulders and gravels of considerable thickness. These boulders and 

gravel are highly permeable and form a good aquifer [5]. 

Climate of the area is semiarid with hot summers and mild winters. Mean 

maximum temperature in the hottest month (June) is 44°C while the minimum 
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temperature in the coldest month (January) is 3°C. The mean annual precipitation 

is about 910mm while that at the adjoining hills is about 2000mm [5], 

2.2 Chashma - Taunsa Area 

The area around the river Indus between Chashma and Taunsa Barrages is 

the second area selected for this study. This area is a part of Thai Doab. It is 

underlain by unconsolidated Aeolian and alluvial deposits of Quaternary age. The 

Aeolian deposits overlie the alluvial sediments in the form of sand dunes. Due to 

agricultural extension, sand dunes are gradually disappearing and now exist in 

patches. Unconsolidated sediments have been deposited on semi-consolidated 

Tertiary rocks or on a basement of metamorphic and igneous rocks of Precambrian 

age. Sand formations are intercalated with lenses of silt and clay of variable 

thickness and aerial extent. The climate of the area is, in general, arid and hot. 

Average annual precipitation is about 300 mm, about 60 - 70 % of which falls 

during monsoon. According to old records, the area lies between the precipitation 

range of 300 to 380 mm [6]. 

3. SAMPLE COLLECTION 

First set of water samples was collected from 47 stations in Haripur Area in 

April 2005 (dry season) when the river Indus was in low flow and level of water in 

the Tarbela reservoir was also low while second set of samples was collected in 

October 2006 when the river flow and the reservoir level were high. The sampling 

points included open wells, hand pumps, tube wells, spring and surface waters 

(Haripur pocket of Tarbela Lake and Main Lake). Open wells and hand pumps 

represent shallow groundwater while tube wells represent deep groundwater. 

Location of sampling stations is shown in Fig. 1. 

From Chashma-Taunsa Area, samples from Indus River were collected at 

Chashma and Taunsa Barrages on weekly / monthly basis. Shallow (hand pumps, 

motor pumps) and deep groundwater (tube wells) samples were collected from 
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different stations in the area around the Indus River between the above mentioned 

stations in dry season / low river discharge (February 2006) and monsoon season / 

high river discharge (August 2007, July 2009). Location of sampling stations is 

shown in Fig. 2. 

4. ANALYSIS 

Surface water and groundwater samples were analyzed for environmental 

isotopes (2H, 3H, 180). Methods used for sample analyses are given below. 

4.1 Stable Isotopes 

The environmental stable isotopes (61sO and 52H) in surface water (Indus 

River water) and the groundwater samples were measured on isotope ratio mass 

spectrometers (modified GD-150 Varian MAT, Germany) [7]. For 61 80 analysis, 

water samples were equilibrated with C02 gas samples of known oxygen isotope 

composition for a period of 12 hours at 22 co and this C0 2 was then analyzed on a 

mass spectrometer with standard error of measurement as ±0.1 %o. For 62H (or 

deuterium) analysis, the samples were reduced with high quality zinc shots to 

produce H2 gas for introduction to the mass spectrometer inlet system. Standard 

error of measurement is ±1%o. Samples were measured against PINSTECH internal 

water standard and the results were calibrated as per mill (%o) values relative to the 

international water standard namely Vienna Standard Mean Ocean Water, 

V-SMOW. 

4.2 Tritium 

Tritium (3H) content of water samples was determined by liquid scintillation 

counting after electrolytic enrichment. The enrichment was carried out by using 

cells with stainless steel anodes and phosphated mild steel cathodes [8]. Starting 

with 250 ml of initial volume, about 20-fold enrichment was done for subsequent 

measurement by liquid scintillation counting. Concentration of tritium is expressed 
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in tritium units (TU), which is equal to 3H/1H ratio of 10"18 and 1TU is equivalent to 

0.12 Bq/kg of water. The standard error of measurement is of the order of ±1 TU. 

5. RESULTS AND DISCUSSION 

Isotopic data of the two study areas is given in Table 1 - 6 . 

5.1 Haripur Area 

Isotopic characteristics of surface water and groundwater are discussed 

below. 

5.1.1 Isotopic data of rain 

To find the isotopic index of rainfall on nearby mountains, the river Doar 

(draining mountain rain) was sampled near Havalian. Its 51sO and 52H values were 

found to be -5.21 %o and -28%o respectively. In a previous study [5], mean values of 

this river over the period October 1987 to June 1990 have been reported to be -

5 . 2 9 % o and - 2 8 . 1 % o for 6 1 8 0 and 52H respectively. They determined that the true 

and more representative isotopic index of mountainous rainfall is indicated by three 

wells located close to the mountains. Their mean 5 1 8 0 and 62H values are - 5 . 3 8 % o 

and - 2 9 . 9 % o respectively. They have also reported that isotopic index of local rains 

is -5%o and -30%o for 51 80 and 62H respectively. 

5.1.2 Isotopic data of surface water 

Results of stable isotope analysis of water samples collected from the 

Tarbela reservoir on weekly basis during Sept. 1987 to Sept. 2001 [9] show that 

isotopic values vary with time and are closely related to the reservoir level. It has 

most depleted values in August-September when the reservoir is full and most 

enriched values in April-May when the reservoir level is minimum. The mean 

isotopic indices of river water stored in Tarbela reservoir for 51 80 and 62H are -
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1 2 . 5 % o and - 8 7 % o respectively. Water sample collected from the reservoir during 

low reservoir level in the present study shows values of - 1 0 . 8 % o & - 7 3 . 7 % o for 5180 

and S2H respectively while that collected at high reservoir level shows depleted 

values (6180 = - 1 2 . 3 % o and 52H = - 8 9 . 7 % o ) . Samples were also collected from the 

pocket of the Tarbela reservoir extending towards Haripur where groundwater 

discharge (baseflow) is expected to take place. At low reservoir level, 61 80 and 62H 

values of Haripur pocket of the lake were - 7 . 6 1 % o and - 4 4 . 3 % o respectively while at 

high reservoir level these values were - 1 0 . 9 % o and - 7 5 . 3 % o respectively. 

5.1.3 Isotopic data of groundwater 

5180 and 52H of groundwater samples (shallow and deep) collected during 

April 2 0 0 5 (dry season) vary from - 5 . 7 4 % o to - 4 . 2 1 % o and - 4 1 . 1 % 0 to - 1 6 . 7 % 0 

respectively. Tritium concentrations lie in the range of 11 to 22.7 TU. 61sO and 62H 

values of groundwater samples collected during wet season (October 2 0 0 6 ) vary 

from - 5 . 6 5 to - 4 . 2 4 % o and - 3 9 to - 1 9 . 3 % o respectively. The data clearly indicates that 

isotopic values of groundwater in both the seasons are almost similar. Hence, there 

is no seasonal effect. 

5.1.3 Surface water and groundwater interaction 

Isotopic data of surface water and groundwater samples collected in April 

2005 clearly indicate that groundwater and the water in the Tarbela reservoir (Indus 

River) have very different values. Groundwater shows higher values as compared 

to the reservoir water. This means that there is no contribution of Indus River 

towards groundwater recharge. Frequency distribution of 51 80 values of 

groundwater is given in Fig. 3. It can be seen from the figure that the distribution 

has maximum frequency close to the isotopic value of rains ( - 5 % o ) . Hence, major 

recharge to groundwater is from rainfall. 5180 and 52H values of surface water and 

groundwater have been plotted in Fig. 4 which shows that data points pertaining to 

groundwater and river water are well apart. The sample from the pocket of the 

Tarbela Lake towards Haripur has higher values than the parent river. If this pocket 

had received water only from the main river, its isotopic values would have been 
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close to the reservoir water. Enriched values (6180 = - 7 . 6 1 % o , 52H = - 4 4 . 3 % o ) 

suggest that this pocket receives water from some other source also having high 

values which is groundwater i.e. baseflow. Position of this point being away from 

the river and close to groundwater (Fig. 4) reveals the significant contribution of 

baseflow from the surrounding area. 

Isotopic data of water samples taken in October 2006 (high river discharge 

and high reservoir level) also indicated that values of groundwater are quite 

different than the river water in the reservoir. Reservoir water acquires highly 

depleted isotopic signatures when reservoir level is high but this depletion is not 

reflected in groundwater and the isotopic composition of groundwater remains 

unchanged. This means that there is no contribution of Indus River towards 

groundwater recharge even at high discharge (high reservoir level). 5180 and 52H 

values of surface water and groundwater have been plotted in Fig. 5 which 

indicates that data points pertaining to groundwater and river water are still apart. 

This figure also shows that groundwater samples are generally located along the 

meteoric water line. 

Water sample from the pocket of the Tarbela Lake towards Haripur has 

enriched values than the river Indus even when the reservoir level and river 

discharge are quite high. Different values than the reservoir water even at high 

reservoir level suggest that this pocket receives water from some other source 

having enriched values which is groundwater i.e. baseflow. Different position of this 

data point in (Fig. 4 and 5) clearly shows the varying contribution of the baseflow at 

different reservoir regimes. When reservoir level is low, the point shifts close to 

groundwater values showing the major contribution from the baseflow whereas at 

high reservoir level it lies close to river indicating the major contribution from the 

river water. 

5.2 Chashma - Taunsa Area 

Chashma is a shallow storage reservoir on the main Indus River and Taunsa 

is next downstream station at about 200 km. Due to storage at Chashma, 
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sometimes no water is released downstream yet Taunsa receives considerable 

inflow. As this river section (between Chashma and Taunsa) does not have any 

perennial tributaries and inflow from link canal, therefore it is only the baseflow 

contributing to the river. 

5.2.1 Isotopic data of rain 

Local rain samples were collected at Chashma. 61 80 values of local rainfall 

range from -7.2 to +6.8%o with weighted average of -3.8%o while 62H values range 

from -45.7 to +29.7%o with weighted average of -22.3%o. If we consider only those 

events when rainfall is more than 5mm, weighted averages of 610O and 52H come 

out to be -4.2%o and -23.6%o respectively (Table 3). Isotopic values are plotted in 

Fig. 6. Regression of the isotopic data gives the Local Meteoric Water Line (LMWL) 

as represented by the following equation: 

62H = 7.4 5180 + 6.4 

5.2.2 Isotopic data of Indus River 

6180 and 52H of the river Indus at Chashma vary over a range of -12.9 to 

- 8 . 8 % o and - 8 5 to - 7 2 % o respectively. At Taunsa, this river shows ranges of - 1 2 . 4 to 

- 7 . 8 % o and - 8 5 to - 5 3 % o respectively. The data reveal an inverse correlation 

between stream flow and the isotopic content. At high flow, values are more 

negative whereas values are higher at low flow. 

5.2.3 Isotopic data of groundwater 

Isotopic data of three sets of groundwater samples (2 in high river flow 

condition and 1 in low river discharge condition) are given in Table 4 - 6 which do 

not indicate significant temporal or seasonal variation in groundwater isotopic 

composition. 61sO and 52H of first sampling carried out in March 2006 when the 

river flow was quite low range from -11.7 to -2.6 %o and -86 to -13 %o respectively. 
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In case of second (August 2 0 0 7 ) and third (July 2 0 0 9 ) samplings carried out in 

monsoon season (high river discharge), 5180 ranged from -11.5 to -2.7 %c and 

-10.9 to -3 %o while 52H ranged from -85 to -13%o and -78 to -16%o respectively. 

However, some spatial variation was depicted by the data of different locations but 

this trend was similar in all the samplings irrespective of the river discharge and 

season. 

5.2.4 Surface water and groundwater interaction 

Stable isotope values of shallow and deep groundwater on both sides of the 

river Indus between Chashma and Taunsa at different times are plotted in Fig. 7 -

9. These figures reveal similar trends. Most of the points tie close to the meteoric 

water line. Data points representing the groundwater samples from left side of the 

river (Side-A) generally lie close to the river index except three samples. This 

implies that groundwater at most of the locations is mainly recharged by the river 

water. The two points located between the river and rain indices show the mixed 

recharge from these two sources while the third point having isotopic values quite 

close to the rain index indicates rain recharge. Groundwater samples from right 

side of the river (Side-B) show quite large variation in oxygen-18 and H-2 and their 

points are located close to the LMWL from its one end to the other. Samples having 

depleted values and located close to the river index indicate the river influence 

while the samples having higher values (-4.1 to -2.6 %o) show the recharge from 

local rains. Although the sampling stations represented by these points are located 

quite close to the river, there is no contribution of river water to groundwater 

recharge at these locations. The remaining samples whose points lie between 

these two circles indicate mixed recharge i.e. contribution from both sources. 

For identifying the baseflow contribution to the river, isotopic composition of 

the river at upstream (Chashma) and downstream (Taunsa) stations as a function 

of river discharge (high and low flow periods) was investigated. 
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Station Period Average 5 O Average 52H 

Chashma 
High flow -12.1%o -83%o 

Chashma 
Low flow -10.8%o -80%o 

Taunsa 
High flow - i i . 9%o -79%o 

Taunsa 
Low flow -9.7%o -68%o 

It can be seen that the Indus River has similar isotopic signatures at Chashma and 

Taunsa during high flow period. However, data show enrichment at the downstream 

station during low flow period. Similarly, there is significant increase in the isotopic 

concentrations at Taunsa during low flow period as compared to those during high 

flow period at the same station. This implies that there is a considerable inflow in 

this river section during low flow period from a source having higher isotopic values 

which is groundwater. 

5.2.5 Tritium dating of groundwater 

Rain samples collected from Multan which lies very close to the study area 

show the tritium concentrations ranging from 10-15 TU, Groundwater samples have 

tritium in the range of 0.6 to 25 TU indicating different ages and residence time of 

groundwater at different locations. Samples with no tritium (0.6 to 1 TU) indicate 

long residence time which means that they were recharged before 1953 [10]. 

Generally the river Indus has tritium higher than 15 TU. The groundwater having 

tritium from 10 to 15 TU or slightly more than 15 TU is very young. Residence time 

of such waters is few to few tens of years. Samples with tritium much higher than 

15 TU reflect the recharge during peak concentration of tritium (1963). 

5.3. Baseftow Quantification 

Two component mixing model was applied to quantify the baseflow 

contribution using average isotopic data of groundwater and surface water in 

different periods. 
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C180 (mixture) = x. 5180(A) + (1-x). 5180(B) 

where A (river water released from u/s station) & B (baseflow) 

are the two components of river discharge received at the d/s 

station. 

Calculated baseflow percentage (%) in the two rivers (selected sections) is given 

below. Results show that baseflow % calculated by the two isotopes is close. It can 

also be noted that baseflow contribution is more when the river has low flow. 

Isotope Period 
Baseflow Contribution (%) 

Isotope Period 
Haripur Pocket 
(Tarbela Lake) 

Indus River 
(Chashma-Taunsa) 

8 0 
High flow 18 6 

8 0 
Low flow 45 34 

2H 
High flow 21 13 

2H 
Low flow 51 41 

6. CONCLUSIONS 

Haripur Area: Groundwater and Tarbela Lake have quite different isotopic 

signatures even when the lake is at very high level and there is no contribution of 

river to groundwater recharge. Rainfall is the major source of groundwater 

replenishment. Haripur pocket of Tarbela Lake receives significant baseflow. At 

high lake level, this contribution is about 20% which increases to about 48% when 

lake level drops. 

Chashma-Taunsa Area: At most of the locations around this section of the 

river Indus, river water appears to be the dominant source of recharge to 

groundwater. The area on right bank of the river near Taunsa is mainly recharged 

by rain. Although this area is located near Taunsa Barrage, there is no interaction 
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between surface water and groundwater even when the river has very high 

discharge. Isotopic data of the river shows an increase at Taunsa as compared to 

Chashma in low flow period indicating the high contribution of baseflow at this point 

in time (34-41%). 
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Table 1. Isotopic data of Haripur Area (April 2005) 

Sample # Source 6180 (%P) 62H <%O) Tritium (TU) 
1 RW (Haro) -5.21 13.9 
2 TW -5.6 -27.3 16.3 
3 OW -5.38 -29.1 18.5 
4 OW -4.68 -28.5 17.1 
5 OW -5.34 -30.7 12.9 
6 OW -4.86 -33.7 16.8 
7 OW -4.68 -37.6 20.3 
8 T LAKE (HR) -7.61 -44.5 16.2 
9 OW -4.74 -18.9 17.6 
10 TW -4.8 -36.2 14.3 
11 HP -42.9 20.4 
12 TW -41.1 20 
13 TW -40.9 15.8 
14 TW -4.59 -25.2 17.6 
15 OW -4.31 -23.1 17.8 
16 OW -5.25 -29.6 16.8 
17 TW -4.96 -22 
18 TW -4.99 -26.6 20.6 
19 OW -4.8 -27.8 20.3 
20 TW -4.63 -27.6 
21 TW -4.8 -28.8 
22 OW -5.04 -25.1 20.1 
23 TW -5.47 -34.4 
24 TW -5.59 -32.5 
25 OW -5.39 -31.9 14.8 
26 OW -5.65 -32.2 
27 TW -5.19 -32 17.7 
28 TW -5.32 -30.5 
29 TW -5.23 -31.3 19.5 
30 OW -5.75 -39 11 
31 OW -5.05 -36.3 21.7 
32 TW -5.04 -31.7 20.6 
34 TW -4.4 -21.1 17.2 
35 OW -4.66 -19.4 18.4 
36 MP -5.51 -39.9 11.5 
37 TW -4.69 -28.3 18.9 
38 HP -4.82 -21.4 19.7 
39 TW -5.04 -31.9 15.8 
40 HP -4.42 -31.7 17.6 
41 MP -4.21 -23.4 18.8 
42 OW -4.36 -27 19.9 
43 OW -4.7 -28.8 22.7 
44 MP. -4.69 -17.2 19.1 
45 OW -16.7 19.9 
46 OW -5.1 -21.9 8.5 
47 OW -4.71 -22.3 20.3 

OW = Open well, HP - Hand pump, MP = Motor pump, TW = Tube well 



Table 2. Isotopic data of Haripur Area (October 2006) 

Sample No. Source 6 1 8 0 (%o) 5 2 H (%o) 

2 Tube Well -5.38 -29.5 
3 Open Well -5.28 -26.1 
4 Open Well -4.59 -28 
5 Open Well -5.31 -30.7 
6 Open Well -4.96 -34.1 
7 Open Well - 4 . 7 4 -38.6 
8 T LAKE (HR) -10.9 -75.3 
10 Tube Well -4.59 -32.2 
12 Tube Well -4.5 -28.8 
13 Tube Well -5.24 -32.9 
14 Tube Well -4.58 -27.2 
15 Open Well -4.24 -22.7 
16 Open Well -5.2 -29 
17 Tube Well -5.09 -24.7 
18 Tube Well -4.58 
19 . Open Well -4.68 -28.6 
20 Tube Well -4.88 -30.2 
21 Tube Well -4.92 -27.3 
22 Open Well -5,04 -25.1 
23 Tube Well -5.23 -36.6 
24 Tube Well -5.5 -31 
25 Open Well -5.37 -31.2 
26 Open Well -5.6 -30.4 
27 Tube Well -4.87 -34.6 
28 Tube Well -5.54 -29.5 
29 Tube Well -5.09 -28.6 
30 Open Well -5.7 -39.4 
31 Open Well -5.7 -38.3 
32 Tube Well -5.24 -31 
34 Tube Well -4.52 -21.8 
35 Open Well -4.6 -20.4 
36 Motor Pump. -5.41 -38 
37 Tube Well -4.6 -24.4 
38 Hand Pump -4.63 -20.4 
39 Tube Well -5.33 -30.7 
40 Hand Pump -4.62 -30.2 
41 Motor Pump. -4.42 -24.8 
43 Open Well -4.9 30.5 
44 Motor Pump. -4.59 -22.5 
45 Open Well -4.8 -19.7 
46 Open Well -5.32 -19.3 
47 Open Well -4.41 -22 

Main Lake -12.3 -89.7 



Table 3. Isotopic data of rain at Chashma (5 mm or more) 

Date Amount (mm) 5 1 8 0 (%o) 6 2 H (%o) 

1 3 - 3 - 0 6 1 0 - 3 . 3 0 - 1 4 . 2 4 

1 9 / 2 0 - 3 - 2 0 0 6 2 8 - 2 . 8 0 - 6 . 0 0 

2 9 - 8 - 2 0 0 6 8 - 3 . 3 0 - 2 0 . 7 2 

3 1 - 8 - 2 0 0 6 6 - 1 . 3 5 - 2 . 8 6 

2 2 - 9 - 2 0 0 6 1 0 0 . 6 9 4 . 8 8 

1 3 - 1 0 - 2 0 0 6 1 4 - 1 . 8 3 - 9 . 9 6 

1 6 - 1 1 - 2 0 0 6 5 - 1 . 8 4 - 1 0 . 2 7 

1 2 - 1 1 - 2 0 0 6 1 2 - 2 . 0 2 - 1 5 . 9 4 

2 - 2 - 2 0 0 7 1 0 2 - 7 . 2 0 - 4 5 . 7 2 

3 - 9 - 2 0 0 7 7 3 . 1 0 2 9 . 7 1 

3 - 1 1 - 2 0 0 7 6 - 0 . 8 3 9 . 2 5 

2 - 1 2 - 2 0 0 7 5 - 6 , 2 9 - 4 4 . 2 8 

1 9 - 0 3 - 0 7 2 6 - 2 . 6 7 - 1 3 . 7 6 

4 - 1 - 2 0 0 7 7 - 1 . 3 2 - 0 . 1 2 

Weighted Average - 4 . 1 7 - 2 3 . 6 



Table 4. Isotopic data of groundwater in Chashma-Taunsa area (February 2006) 

Sample # Source 8180 (%O) 62H (%O) Tritium (TU) 
1 Hand pump -11.6 -76.3 1.4 
2 Tube well -10.0 -70.6 
3 Hand pump -9.6 -68.0 21.2 
4 Hand pump -11.1 -78.5 25 
5 Hand pump -11.1 -79.1 9.8 
6 Hand pump -11.7 -85.9 14.4 
7 Hand pump -10.8 -69.7 9.7 
8 Tube well -6.5 -42.6 1.0 
9 Hand pump -7.0 -46.4 16.6 
10 Hand pump -3.3 -18.6 
11 Tube well -2.6 -12.7 1.8 
12 Hand pump -2.8 -15.8 
13 Hand pump -3.2 •„ -16.7 1.1 
14 Hand pump -2.8 -19.5 0.8 
15 Hand pump -2.6 -18.4 14.9 
16 Hand pump -4.1 -29.7 1.6 
17 Hand pump -3.3 -13.3 
18 Hand pump -3.3 -16.5 
20 Hand pump -3.5 -24.4 1.3 
21 Hand pump -3.4 -20.4 0.9 
22 Tube well -7.1 -49.4 1.1 
23 Hand pump -7.9 -49.5 1.2 
24 Hand pump -8.4 -58.9 2.2 
25 Hand pump -11.0 -68.0 2 
26 Hand pump -9.9 -63.9 1.4 
27 Hand pump -11.6 -72.4 
28 Hand pump -9.9 -66.7 
29 Hand pump -9.9 -60.2 5.9 
30 Hand pump -7.8 -63.2 13.9 
31 Hand pump -11.4 -72.0 
32 Hand pump -9.7 -76.4 
33 Tube well -10.0 -78.7 
34 Hand pump -9.5 -59.6 
35 Hand pump -9.9 -73.6 11.1 
36 Hand pump -7.8 -63.4 10.4 
37 Hand pump -9.7 -63.1 12.3 
38 Hand pump -9.5 -70.1 18.8 
39 Hand pump -10.4 -73.8 2.1 
40 Hand pump -9.3 -66.1 13.6 
41 Hand pump -10.2 -69.7 20.4 
42 Hand pump -2.7 -18.9 
43 Hand pump -11.2 -83.2 1.4 
44 Hand pump -10.9 -75.8 
45 Hand pump -10.1 -79.0 11.9 
46 Hand pump -7.7 -52.1 15.6 
47 Hand pump -6.9 -46.0 4 
48 Tube well -11.1 -83.5 2.5 
49 Hand pump -11.5 -75.4 1.6 
50 Hand pump -10.7 -79.7 14.3 
51 Hand pump -11.1 -73.8 1.8 



Table 5. Isotopic data of groundwater in Chashma-Taunsa area (February 2006) 

Sample # Source 51bO (%O) 62H (%O) 
1 Hand Pump -11.68 -78.3 
2 Tube Well -9.86 -70.9 
3 Hand Pump -9.72 -68.01 
4 Hand Pump -10.9 -77.45 
5 Hand Pump -11.2 -79.06 
6 Hand Pump -11.5 -84.8 
7 Hand Pump -11.2 -71.9 
8 Tube Well -6.22 -42.7 
9 Hand Pump -7.29 -48.53 

10 Hand Pump -3.86 -23.3 
11 Tube Well -2.91 -12.91 
12 Hand Pump n -3.9 -19.76 
13 Hand Pump , -4.13 -19.8 
14 Motor Pump -2.71 -18.3 
15 Hand Pump -2.89 -19.62 
16 Motor Pump -4.74 -30.4 
18 Hand Pump -3.02 -16.94 
20 Hand Pump -4.2 -30.36 
21 Motor Pump -3.78 -25.1 
22 Tube Well -7.08 -50.87 
24 Hand Pump -8.93 -59.9 
25 Hand Pump -10.96 -68.03 
26 Hand Pump -9.85 -64.7 
27 Hand Pump -11.49 -72.1 
28 Hand Pump -9.98 -63.68 
29 Motor Pump -9.8 -61.23 
30 Hand Pump -7.96 -62.17 
31 Hand Pump -11,42 -74.76 
32 Hand Pump -9.69 -75.89 
33 Tune Well -9.78 -73.6 
35 Hand Pump -9.67 -72.16 
36 Hand Pump -8.2 -59.39 
38 Motor Pump -9.74 -70.4 
39 Hand Pump -10.62 -76.83 
40 Hand Pump -9.47 -65.12 
41 Hand Pump -10.2 -68.65 
42 Hand Pump -3.14 -19.9 
43 Hand Pump -11.34 -85.16 
44 Hand Pump -10.8 -74.77 
45 Hand Pump -10.06 -75 
46 Hand Pump -7.94 -54.05 
47 Hand Pump -7.02 -45.7 
48 Tube Well -11.18 -82.8 
49 Hand Pump -11.56 -75.9 
50 Hand Pump -10.8 -79.35 
51 Hand Pump -11.25 -76.2 
52 Hand Pump -10.5 -65.38 



Table 6. Isotopic data of groundwater in Chashma-Taunsa area (February 2006) 

Sample # Source 5180 
(%o) 

62H 
(°/oo) 

4 Hand pump -9.63 -70.75 

5 Hand pump -8.92 -64.96 

6 Hand pump -9.76 -64.14 

44 Hand pump -9.47 -72.28 

45 Hand pump -10.36 -72.6 

49 Hand pump -15.5 -78.48 

50 Hand pump V. -10.48 -75.52 

51 Hand pump -10.73 -81.32 

52 Hand pump -9.6 -73.89 

2 Tube well 

10 Hand pump -3.06 -23.28 

13 Hand pump -2.15 -17.48 

14 Hand pump -3.18 -16.02 

16 Hand pump -9.69 -68.27 

20 Hand pump -3.47 -21.37 

21 Hand pump -3.77 -19.5 
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Fig. 1. Location of sampling points in Haripur Area 



T A U N S A M l l i l 

Fig. 2. Location of sampling points in Chashma-Taunsa Section (o = shallow 
sample, A = deep groundwater sample, • = City/Town) 
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Fig. 3. Frequuency histogram of S1 80 of surface water and groundwater in Haripur Area 
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Fig. 4. 6 l 8 0 VS. BLH of groundwater and surface water in Haripur Area (April 2005) 
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Fig. 6. Isotopic data of rain at Chashma 
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Fig. 7. Isotopic values of groundwater in Chashma-Taunsa Area (Feb. 2006) 
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Fig. 8. Isotopic values of groundwater in Chashma-Taunsa Area (August 2007) 
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Fig. 9. Isotopic data of groundwater in Chashma-Taunsa Area (July 2009) 


