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Summary

Provision of safe drinking water is a basic human right and is the
responsibility of state. More than 90% of the drinking water comes
from groundwater. However, various studies showed that more than
80% of water supplied to the people is contaminated and Pind Dadan
Khan Tehsil of Jhelum has no exemption. Infact, this tehsil is facing
both quantitative and qualitative issues. The quantitative and
gualitative assessment of surface and groundwater resources is a first

step towards providing safe drinking water to the masses.

Electrical resistivity surveys and water quality assessments were
carried out by PCRWR teams for identification of availability of water
and its quality. Vertical electrical soundings have been carried out at
82 selected points wusing resistivity meter and employing
Schlumberger electrode arrangements. Water samples from these
selected points were collected for physico-chemical and micro-

biological analysis.

The study shows that fresh water supply in the study area is scarce
and vulnerable in terms of its availability, quantity and quality. There is
only a shallow and small fresh groundwater pocket existing near
Jalalpur village, whereas the groundwater of the remaining tehsil is

highly saline and unacceptable for drinking.

Total 57 water supply schemes were reported to be existing and out of
these, 35 were found functional, while 21 schemes were non-
functional or partially functional due to drying of water source,
infrastructure problems or shortage of power supply.

Vil



The test results of al | samples <co
Drinking Water Quality Standards show that 90% of the water sources
are unsafe for drinking due to prevalence of bacteriological
contamination, turbidity, higher salt levels, fluoride, and arsenic. A
follow-up water quality assessment of water supply schemes at water
source or at point of use also declared 91% of the 70 collected
samples as unsafe for drinking due to microbial contamination,

excessive turbidity, hardness, fluoride, chlorides, TDS and arsenic.

It is advised that maximum groundwater drilling depth of 50 m (150 ft)
may be kept in the eastern part close to the River Jhelum starting from
Jalalpur Sharif to Dhariala Jaalib. To help the local communities to
overcome acute shortage of drinking water and unsafe water quality,
integrated water quantity and quality management initiatives are
recommended such as; installation of Reverse Osmosis (RO) plants,
development of rainwater harvesting techniques, installation of
skimming wells, supplying piped water from alternative safe water
sources, disinfection of water sources and water storage bodies and

regular water quality monitoring.
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2. Introduction

Safe and affordable water is a fundamental human right. After 18"
amendment in the constitution of the Islamic Republic of Pakistan,
provision of safe drinking water is the responsibility of the provinces.
However, Pakistan Vision 2025 (GoP, 2013) sets a target to ensure
clean drinking water to all Pakistanis by 2025. Similarly, Sustainable
Development Goal SDG 6.1 exclusively focuses on providing safe

drinking water to all by 2030.

The provinces are trying their best to provide safe water to their
people. However, the studies conducted by Pakistan Council of
Research in Water Resources (PCRWR) show that over 70%
sources in the urban areas and over 80% drinking water sources in
the rural areas are unsafe for human consumption. Out of 164 water
supply schemes surveyed (2006-12) in district Jhelum, 101 were
functional (62%). Out of these functional schemes, only 28% were

supplying safe drinking water (see Annexure-I).

The main reasons for the low safe drinking water coverage are:
improper identification of the sources, deferred maintenance of the
water supply schemes, intermittent supply of water, rusted and
leaked water supply lines, lack of proper treatment of raw water,
lack of professional capacity in the design of water supply schemes
and water treatments technologies etc.

The Pind Dadan Khan tehsil of district Jhelum is a classic example.
Being at the foothills of the Salt range, most of its groundwater is

saline. The drinking water to the local community is being provided



through installation of tubewells at the bank of River Jhelum and
small springs originating from the Salt range. There is acute

shortage of drinking water in the area.

This study therefore, was carried out: (i) to investigate the
groundwater to find the freshwater pockets for the installation of
tubewells (ii) to assess the quality of the drinking water being
provide by the local authorities and (iii) to propose a viable plan to

overcome the water quantity and quality issues.

3.  Study Area Characteristics

The study was conducted in Pind Dadan Khan Tehsil of Jhelum
district located at 32°35'16 N 73°2'44 E in the foothills of the Salt
range on the bank of River Jhelum and nearby Khewra salt mines.
The Salt Range is a strip of hill system between the valleys of the
Indus and Jhelum rivers, located in the northern part of Punjab region
and derived its name from one of the richest salt fields in the world.
The range extends from Jhelum River to Indus across the northern
portion of Punjab Province. This region is bounded by district Chakwal
in the north, Khushab in the west, Bhalwal in the south and Mandi
Bahauddin in the east. The most populated areas in the salt
concentrated strip are Khewra, Pind Dadan Khan and Choa Saiden
Shah (Figure-1).
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Figure 1: Map of district Jhelum

Tehsil Pind Dadan Khan with population of over 0.7 million people is
an administrative subdivision of Jhelum District and consists of 16
union councils, out of which 13 union councils are rural and 3 union
councils are urban (PMSIP, 2011).

The climate of Salt Range is arid to semi-arid with average annual
rainfall at Jhelum (close to tehsil Pind Dadan Khan) is 889 mm
(Pakistan Meteorological Department, 1989-2010). Mining is a major
activity in this region linked with salt range. In addition to the salt
deposits mined from ancient times, the Salt Range contains coal,

gypsum, and other minerals. Large deposits of high-grade gypsum



and anhydrite, an important calcium mineral, are found near Jalalpur.
Economically, the salt and coal mines and limestone quarries are the

most important.

4.  Water Availability Challenges

The area is affected by heavy salinity and the condition is
deteriorating overtime with the use of brackish groundwater. Mostly,
groundwater is highly saline having Total Dissolved Solids (TDS)
above 4000 mg/L except eastern region having some groundwater
potential to be utilized through modern well designing techniques.
Small areas on the slopes and in the longitudinal valleys are being
terraced for irrigation using the water of lakes and springs but in the
limited quantity.

The area lying between river Jhelum and Salt range is comprised of
virgin land. The groundwater and discharge brought by hill torrents are
saline, therefore irrigation is being practiced just on edge of river
Jhelum, whilst remaining area of about 160,000 acres is deprived of
any irrigation supply. Therefore, farmers are mainly practicing rainfed

agriculture.

In tehsil Pind Dadan Khan, almost 90% of the total population is
dependent on Public Health Engineering Department ( P H E Dwatérs
distribution system for drinking and other domestic purposes. PHED
and Community Based Organizations (CBOs) are supplying water to
the population through 60 water supply schemes which are not fully
functional, whereas functional schemes are providing un-treated

contaminated drinking water. The main sources of water on which



these schemes depend are Jhelum River, boreholes and natural

springs.

5. Methodology

5.1 Groundwater Investigation

The current survey was conducted for investigating subsurface layer
properties and groundwater potential using resistivity technique viz.
Vertical Electrical Sounding (VES). Since this method is appropriate
for hydrogeological surveys in sedimentary rocks, the subsurface
characterization was determined on the basis of change in resistivity
values with depth. Range of specific resistivity value indicates the

presence of certain rock mass characteristics.
5.1.1 Study Design

In total, 82 VES stations were conducted to investigate the subsurface
geology and aquifer potentials by establishing a regular grid size of 3 x
3 km? (Figures 2 and 3) and using Schlumberger electrode
configuration with maximum current electrode separation (A and B) of

600 m and depth of resistivity information up to 300 m.
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Figure 2: Study design for establishment of VES and sampling
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Information regarding depth to water level was also collected to
understand the existing variations in water table level over the study

area.

5.1.2 Working Principle and Procedure of the Electrical
Resistivity Technique

The technique i s bas eicurentis@pladte
the ground at two points and potential drop is measured at another
couple of points. The resistivity (resistance per unit cube) calculated
from these measurements is used to map the sub-surface geological
formations and demarcate the freshwater aquifer. The resistivity of
any formation is mainly dependent on two factors, viz. the porosity of
the formation and the salinity of the solution held in the pores. Dry

rocks are poor conductors.

In water bearing formations such as sand, sandstone or
gravel/admixture, the current is carried entirely by the dissociated ions
of the salt held in solution. Thus, the resistivity of the formation is not
characteristics of the formation itself and any one formation may have
a wide range of values, depending upon its nature and the quality of
water, which is influenced by such factors as porosity and the amount
of salts, held in solution. Considering these factors, it is possible to
classify the resistivity of the formation in terms of its textural and

lithological character.

For example, a particular formation with constant porosity will have
different resistivity values depending on (a) its moisture, and (b) its
salt content. The moisture content in a formation is directly

proportional to the porosity of the formation, and hence, under given

7
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conditions the resistivity indirectly may reflect porosity. There exists a
sufficient resistivity contrast between sweet and saline water. This
contrast provides the basis for use of the electrical resistivity survey
technique to delineate the freshwater aquifers. Saline water conducts
electric current more quickly, and its resistivity, therefore, falls sharply
as compared with the geological formation holding sweet water;
whereas sweet water conducts electric current in a smaller amount,
given its increased value of resistivity. From the gradient of the
resistivity field curve, the quality of water in the area can therefore by

inferred easily.

When the medium is not homogenous, the observed values of
resistivity are not in general the resistivity of any particular formation
and hence instead of true resistivity (R), we get apparent resistivity

(Ra).

In conducting resistivity surveys, a commuted direct current is induced
into the ground via two electrodes (A & B). The potential difference is
measured between a second pair of electrodes (M & N). The four
electrodes are arranged in any of several possible patterns. The
current & potential measurements are then used to calculate apparent
resistivity values. During the c ur r e nt fiekworkdSghfusmberger
electrode configuration was applied. This configuration is the most
widely used in the world for conducting electrical resistivity survey.
Four electrodes are placed along a straight line on the earth surface in
the order of AM NB with AB 2 5 MN. The general setting of the
potential and current electrodes and distribution of current as well as

potential lines is shown in Figures 4 and 5.



Figure 5: Depth to water table measurement




5.1.3 Electrical Resistivity Survey Equipment
Terameter SAS 4000 was used in the area to collect the field data.
This instrument works on the basis of Ohm's laws using Equation 1

R V/I Equation (1)
The Equation-1 can be rewritten as:
R=K*V/I Equation (2)
where:

R : Resistivity; Ohm-meter

V : Voltage (potential drop) mili-Volt
| : Current; mili-ampere

K : Constant of proportionality

2 2
K = p (ABI2-(MN/2)

Equation (3)
MN

Where:
p : Constanti.e. 3.14159

AB: Spacing between the current electrode meter
MN: Spacing between potential electrode meter

5.1.4 Field Procedure

The Sounding Atechniqueso of expandi
fixed center was used to obtain quantitative information on the
variation of resistivity with the depth. The Schlumberger configuration
was preferred for logistical simplicity and because of its relative

insensitivity to the lateral variations with the superficial deposits.

10



Current electrodes separation was increased from 2.0 to 160 meters
in the ratio of 1:1.2. The potential dipole length varied between 0.5
and 20 m in three steps with overlapping of one point to define any
consequent offset in the apparent resistivity values. The ABEM
Terrameter SAS 4000 used for the survey transmits current pulses of
alternating polarity to rescue electrode polarization to offset the
naturally occurring currents and voltages within the ground. The
voltage signal is measured after a short delay from the onset of the
plus to allow time for transient effects, such as eddy currents, and
induced polarization to decay. By integrating the response and
averaging the results of successive measurements, the signal / noise
ratio is further enhanced so that even with Schlumbergher array and

relatively low currents the depth of investigation can exceed 100 m.

The field curves were interpreted through partial curve matching with
the help of master curves and auxiliary point charts. From the
preliminary interpretation, initial estimates of the resistivity and
thickness of the various geo-electrical layers at each VES location
were obtained. These geo-electrical resistivity curves were later used
as starting model for PROGRESS software which produces thickness
and resistivity values of each geo-electrical layer by using forward and

inverse modeling methods.

5.2  Water Quality Assessment

Following the American Public Health Association Protocols (APHA,
2012) for sampling, laboratory testing and quality control, 82 water
samples from each VES station were collected mostly from

groundwater sources including springs, tube-wells and water supply

11



schemes. Accordingly, four types of samples were collected from each
site, preserved and transported to National water Quality Laboratory.
The details of these samples and preservative used for each sample

are given below:

Type AT All sites i Pre-sterilized sampling bottles for microbiological
analysis;

Type B i All sites i 2 ml/liter Nitric Acid (HNO3) as preservative for
trace elements;

Type C1 All sitesi 1 ml/100 ml, 1 Molar Boric acid as preservative for
Nitrate

Type D T All sites i No preservative for other water quality
parameters.

Samples types B, C and D were collected for physico-chemical and
microbiological analysis in polystyrene bottles of 0.5 litter capacities.
Before collecting these samples bottles were washed properly and
rinsed thoroughly several times with water. For microbial analysis,
samples were collected in pre-sterilized bottles of 200 ml volume.
Water samples (B, C and D) collected for chemical analysis were
transported to laboratory without ice boxes, whereas samples type A
were transported to the PCRWR water quality laboratory Islamabad
under controlled temperature (2 and 8 °C) in the insulated ice boxes.
Field blank and replicate samples® for quality control purpose were

also collected.

! Field Blank is a blank solution (Deionized water) that is subjected to all aspects of sample
collection, field processing, preservation, transportation, and laboratory handling as an
environmental sample.

12
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Figure 6: Water quality sampling from water supply scheme

Figure 7: Water quality sampling from tubewell

Ten sites were selected for replicate and were analyzed to evaluate
the reproducibility of analytical results. Field observations and

13



information regarding each sample (such as sample types, sample ID,

sample code given to the sample, GPS reading, date and time of

sample collection, physical conditions like water table depth etc.) were

recorded on the Sample Collection Proforma. Using American Public
Health Association (APHA) standard methods (APHA, 2012) as listed

in Table 1 all samples were analyzed for physico-chemical and

bacteriological parameters.

Table 1: Water quality parameters and methods used for analysis

I\Sl(r). Parameters Analysis Method
1 | Alkalinity 2320, Standard method (2012)
(mg/l as CaCOs)
2 | Arsenic (ppb) AAS Vario 6, Analytik Jena AG (3111B APHA)
2012
3 | Bicarbonate (mg/l) 2320, Standard method (2012)
4 | Calcium (mg/l) 3500-Ca-D, Standard Method (2012)
5 | Carbonate (mg/l) 2320, Standard method (2012)
6 | Chloride (mg/l) Titration (Silver Nitrate), Standard Method
(2012)
7 | Conductivity (n5/cm) | E.C meter, Hach-44600-00, USA
8 | Hardness (mg/l) EDTA Titration, Standard Method (2012)
9 | Magnesium (mg/l) 2340-C, Standard Method (2012)
10 | Nitrate as Nitrogen | Cd. Reduction (Hach-8171) by
(mg/l) Spectrophotometer
11 |pH pH Meter, Hanna Instrument, Model 8519, Italy
12 | Potassium (mg/l) Flame photometer PFP7, UK
13 | Sodium (mg/l) Flame photometer PFP7, UK
14 | Sulfate (mg/l) SulfaVer4 (Hach-8051) by Spectrophotometer
15 | Phosphate (mg/l) 8190 and 8048 Colorimeters (HACH)
16 | TDS (mg/l) 2540C, Standard method (2012)
17 | Turbidity (NTU) Turbidity Meter, Lamotte, Model 2008, USA
18 | Fluoride (mg/l) 4500-FC.ion-Selective Electrode Method
Standard (2012)
19 | Bacteriological PCRWR Qualitative field testing kit
Contamination
(presence/absence)

(presence/absence)

14




All test results were compared with the permissible limits of National
Drinking Water Quality Standards of Pakistan (Table 2) to evaluate the
degree of fitness of water sources for drinking purpose.

Following this first monitoring of groundwater sources, water supply
schemes in tehsil Pind Dadan Khan were also monitored. In total 57
schemes were reported to be existing and out of these, 35 were
functional, whilst remaining 21 schemes were non-functional or
partially functional due to drying of water source, infrastructure
problems or shortage of power supply. From functional schemes, 70
samples from multiple sources such as tubewells (29), springs (04)
and pond (01) were collected at source and at point of use (POU) and

analysed for physico-chemical & microbiological parameters.

15



Table 2: Water quality permissible limits for drinking water

Sr. Parameter Units Permissible Limits
# WHO NSDWQ
1. | Alkalinity mg/| NGVS NGVS
2. | Bicarbonate mg/l NGVS NGVS
3- | calcium mg/| NGVS NGVS
4. | carbonate mg/l NGVS NGVS
5. | Chloride mg/| 250 250
6. | Colour TCU 15 Colorless
7. | Conductivity uS/cm NGVS NGVS
8. | Fluoride mg/l 15 1.5
9. | Hardness mg/l NGVS 500
10 | ron mg/I 0.3 0.3
11. | Magnesium mg/l NGVS NGVS
12. | odor - Odorless |  Unobjectionable
13. | Nitrate-N mg/l 10 10
14. | bH - 6.5-8.5 6.5-8.5
15. | potassium mg/I NGVS NGVS
16. | sodium mg/| 200 NGVS
17. | sulfate mg/| 250 NGVS
19. | 1ps mg/| 1000 1000
20. | Turbidity NTU 5 <5
22. | Arsenic Ho/l 10 50
23. | Total Coliforms CFU/100ml 0 0
24. E-Coli CFU/100ml 0 0
WHO  World Health Organization,

NSDWQ National Standards for Drinking Water Quality

CFU:
NGVS:
TCU:

Colony Forming Unit
No Guideline Value Set,

Total Color Units




0. Results and Discussions

6.1 Groundwater Investigation

A vertical electrical sounding method has been applied and the results
were able to delineate different geo-electric sections which were
correlated to determine their corresponding geological formations. The
promising area was mapped based on the nature and properties that
constitutes the aquifer layer and the overburden material and
thickness. The study area was divided into four groundwater quality

zones based on Electrical Conductivity (EC) as given in Table 3:

Table 3: Water quality criteria based on electrical conductivity

Category EC Level (dS/m)
Fresh quality <1.5
Marginal/slightly saline quality 1.51-2.50

Saline quality 2.51-4.0

Highly saline zone >4.0

Considering above listed categories, the groundwater investigation
data was compared with respect to variation in water-table depths.
Figure 8 shows that mostly the groundwater is shallow except some
parts of the Lilla. Most of the groundwater is in the range of 3m to

12m. Some isolated pockets of waterlogging are also found.

17
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6.1.1 Groundwater Quality vs. Water Table Depth

The lateral extent of groundwater quality to the depth of 15 m is
depicted in Figure 9 The fresh groundwater with acceptable quality for
drinking and irrigation exists mostly near the River Jhelum starting
from Jalalpur Sharif to Dhariala Jaalib. The groundwater quality in the
remaining area of Pind Dadan Khan is saline to highly saline having.
The thickness of the freshwater pockets further reduces horizontally
and vertically with increase in depth (Figures 10 to 14). Interestingly,
groundwater along the bank of the River Jhelum is also highly saline.

This has also been reported by Ashraf et al (2012).
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Figure 10: Groundwater quality at 30 m depth)

19



27T 72500 ™o 737008 Eee ]
i L i L 3

W2WTN
NHUN

CHAKWAL

KALLAR KAHAR

CHOA SAIDAN SHAH

TN
1

MAND! BAHAUDDEN

@
F 3 «
3 % 31-50 Meter Depth || =
A Settlements b
[] Tehsile Boundary
{____| District Boundary
BHALWAL MALAKWAL B Ruver shelum
Electrical Conductivity (dS/m)
B o.15-150
g [ ]151-250 I
5 [ |251-400 L2
? 20 Kiometers / - 410-6.36 #
T2 arre THTE TFOTE e TISTE nRTE

Figure 11: Groundwater quality at 50 m depth

Figure 12: Groundwater quality at 70 m depth













































