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What is groundwater? (zerzamini pani kiya hota hey?) 
 

Groundwater is found in the saturated zone 
below the earth’s surface.  
 

What is the saturated zone? 

When you drill a well the first several metres 
may be dry or moist if it does not have enough 
water. As you drill deeper, you may encounter 
a layer where there is sufficient water (usually 
in a sandy or sand and gravel strata). This zone 
is known as the saturated zone. 

 

 

 

Groundwater collects in tiny pores (spaces 
between the smallest soil or rock particles) or 
in narrow cracks in the rock itself.  

 

 

Aquifers can also gain water from rivers and streams 
draining into the ground.  

 

Rocks and soils 

that hold and 

transmit usable 

quantities of water 

are called aquifers. 

The top of the 

saturated portion of 

ground is known as 

the watertable. 
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Groundwater underneath your farm 

– how does it get there? 

Groundwater is actually 
water from rainfall, seepage 
from canals and excess 
irrigation that has migrated 
through the ground and 
become stored in porous soils 
and rocks. 
 
This water seeps into the soil until it reaches the 
watertable in an aquifer.  
 
 
 

The Water Cycle 
 

 
 

 

How does water get into aquifers? 

 
Aquifers can gain water from rivers, 

canals, irrigation and floodwater 

draining into the ground. 
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Groundwater – Its importance in 

Pakistan 
Groundwater is used for agriculture, 
drinking water supply and industry in Pakistan. 
Thirty-five percent of agricultural water 
requirements in Pakistan are met from 
groundwater. Most of the drinking water 
supplies are also drawn from groundwater. 

 
Almost all main cities either solely or partly 
depend on groundwater whereas about 80% of 
the rural population uses groundwater for 
drinking purposes. Demands on groundwater in 
Pakistan has increased due to expanding 
agricultural, industrial and domestic water use. 
Increasing population and lack of surface water 
storage exacerbates the development pressure 
on groundwater.  

 
 

Role of groundwater 
Groundwater has played a major role in increasing the 
overall cropping intensity in Pakistan from about 63% in 1947 
to 150% in 2015. Over 60% of irrigation water at farm gate is 
being met from groundwater. There were about 88,000 tube 
wells in 1970 which are now over one million. In some regions, 
the annual pumpage has already surpassed the safe yields 
resulting in watertable decline. According to some reports, out 
of 43 canal commands, the watertable had declined in 26 canal 
commands due to rapid increase in groundwater abstraction. 
Based on IWASRI Classification, the groundwater depletion 
issue mainly exists in Lower Bari followed by some parts of 
Rechna doabs. In Balochistan, groundwater has reached 
critically low levels. 
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Wells and drilling techniques 

 

 

 

 

 

 

 

 

 

 

 

 
  

Dug wells have a 
large diameter 
and expose a 
large area to the 
aquifer. They are 
shallow and they 
go dry during 
periods of 
drought. 

Driven wells are 
constructed by 
driving small 
diameter pipe 
into shallow 
water-bearing 
sand or gravel. 
They can tap 
only shallow 
water 

Drilled wells are 
constructed by 
either 
percussion or 
rotary-drilling 
machines. They 
can be drilled 
more than 1,000 
feet deep.  
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Tubewells and pumping 

Water is present at almost any location but at 

different depths. Obtaining an adequate water 

supply from a tubewell depends upon how 

‘permeable’ the rock is – that is, how easy it is 

for the water to move through the rock. 

If permeable rock is within 10 or 20m from the 

land surface, a shallow tube well be adequate. 

However, if the permeable rock is from 30 to 

60m, the driller will have to go much deeper. 

Pumping a well lowers the water level around 

the well to form a cone of depression in the 

watertable. The cone develops in both shallow 

watertable and deeper aquifer systems.  

 

 

 
                 Cone of depression caused by pumping 
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What does it mean when a tube 

well runs dry? 

Sometimes a tubewell can stop producing 

water, this has been quite frequent in parts of 

eastern Punjab and Balochistan. Tubewells 

run dry when the watertable has dropped to 

near or below the pump intake.  

 

When water levels decline the well on the 

left will run dry 

This may happen because the pump intake has not been 

set deep enough to allow for potential water level 

decline. These declines may be due to many farmers 

pumping groundwater for irrigation, or neighbouring 

wells that are deeper and are taking out water at a rate 

where watertables are declining continuously. If the cone 

of depression extends to other nearby wells, the water 

level in those wells will be lowered.  
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When the well runs dry - farmers 

need to deepen wells 

There may be other reasons why a well 

runs more slowly or goes dry.  The filter that 

covers the end of the pump intake could be 

partly clogged so that it takes longer to pump 

the same amount of water. Thus when the 

pumping rate exceeds inflow to the well, air 

is pumped and no more water is produced 

until the pump is shut off and the well 

recovers 

Another reason why wells may run dry is that 

less water goes into the ground because of 

drought. This lowers the watertable. 

Usually farmers respond to drought by 

pumping more groundwater to meet crop 

water requirements. 

 

 



Groundwater a valuable resource for Pakistan 

 

11 

Reasons why wells go dry 

 

Wells may also "go dry" when the 

watertable is lowered by increased pumping 

of groundwater in the immediate area by 

multiple wells placed close together. 

 

The well on the left is deeper and has more chance of 

producing water when water levels decline due to drought 

conditions and when farmers with deeper wells pump 

groundwater to meet their needs. Otherwise well runs dry 

and won’t produce water. 
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How do we monitor GW? 

Monitoring groundwater is beneficial to 

learn about the depth to the watertable, 

watertable and salinity trends, causes of 

salinity and how we can manage 

groundwater to minimise salinity impacts on 

crops. 

Monitoring wells measure the level of the 

local watertable and can help farmers 

understand how fast the groundwater is 

depleting due to pumping. Monitoring wells 

placed at several locations can provide an 

overall picture of groundwater levels in an 

area to assist in making groundwater 

management decisions. 

 

 

 

 

 

 

 

 

 

 

 

 Depth to water level from Feb-2018 to Sep-2018 for Malwa 

distributary in Sindh showing decline in water level due to 

pumping 
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Salinity increasing with 

depth below ground at 

the mid portion of 

Cheeho distributary in 

Naushero Feroze 
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Salinity of your groundwater 

When the salt content of groundwater 

reaches certain thresholds it becomes 

unsuitable for some uses. Saline water can 

damage soil, be unpalatable to drink and 

affect the growth of crops and pasture. 

In Pakistan, 13 % of all irrigated agricultural 

soils were classified as strongly saline, 

totalling some 6.8 Mha. 

About 17 percent area of Punjab and 75 

percent area of Sindh province are underlain 

by saline groundwater. About 70 percent of 

tube wells in these areas are pumping 

brackish water for irrigation use. 
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How salinity impacts on crop yield 

 

Decrease in yield potential 

with increasing  

EC (mS/cm) -----------------> 

0% 10% 25% 50% 100% 

FIELD CROPS ECw ECw ECw ECw ECw 

Barley  5.3 6.7 8.7 12 19 

Cotton  5.1 6.4 8.4 12 18 

Wheat  4 4.9 6.3 8.7 13 

Groundnut (peanut)  2.1 2.4 2.7 3.3 4.4 

Rice (paddy)  2 2.6 3.4 4.8 7.6 

Sugarcane  1.1 2.3 4 6.8 12 

Corn (maize)  1.1 1.7 2.5 3.9 6.7 

 

 

 

 

 

 

 

The table shows how the 

potential yield of different crops 

can be reduced with increasing 

salinity of irrigation water. The 

table shows that barley and 

cotton are more salt tolerant 

than maize or sugarcane.  So if 

you are using groundwater 

where salinity levels are high, 

then you may want to consider 

which crop is suitable for you to 

grow. To get maximum yield 

from your crops you should 

minimise using water of high 

salinity, and where possible use 

surface and groundwater 

conjunctively to minimise the 

risk of salinity build up in your 

root zone. 
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Drinking Water and health 

For drinking water, you have to be more 

careful. The Pakistan Water Quality standard 

for drinking water is 1000 mg/l. Drinking 

water with high salinity can lead to health 

problems such as blood pressure, headaches, 

seizures and kidney failures.  

Testing the quality of your drinking water is 

important for your family’s health. You can 

get your tubewell water tested from PCRWR 

laboratories (cost Rs 200/-). This will tell you 

if your tubewell water is safe to drink – giving 

you peace of mind to know that the water you 

drink is safe for your children and you. 

 

Measurement of salinity 

 

The salinity of groundwater and canal water can be tested 

using an EC meter. The EC meter measures the electrical 

conductivity of water. As the salts in the water become 

higher the EC value also becomes higher.  
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Conjunctive Use of Water 

 

Conjunctive use is the blended use of 

tubewell and canal water. In Pakistan, canal 

water used for irrigation is of better quality 

(low in salts) compared to groundwater 

which can vary from fresh to brackish to 

saline.  

When using groundwater, farmers need to be 

aware of the total quantity of water they 

want to apply.  

Volume of canal water (VCW) 

Volume of tubewell water (VTW) 

Salinity of canal water (S/cm) ECCW 

Salinity of tubewell water (groundwater) (S/cm) 
ECTW 

Desired salinity of blended water for application 
(S/cm) ECBW 

Blending of canal and tubewell water  

2:1 ratio 

For every acre-inch of tubewell water use two acre-inches 
of canal water 

    

Total water 
(conjunctive 
water) 

 

The use of blended water in the right quantities minimises 

the build-up of salts in the crop root zone. 

Different forms of conjunctive use practiced by farmers 

Another form of conjunctive use practiced by farmers in 

Pakistan is to use tubewell water when canal water is scarce 

and to apply canal water for the last irrigation which helps 

flush out salts accumulated in the root zone. 

In Sindh, farmers at tailend of canals apply two irrigations 

with tubewell water and then the third irrigation with canal 

water to minimise build-up of salinity.   
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Example - Estimating the mixing 

ratio of canal and tubewell water 

• Salinity of canal water ECCW = 250 

(S/cm)  

• Salinity of tubewell water ECTW = 2500 

(S/cm) 

• Desired salinity of blended water for 

application (S/cm) ECBW = 1000 

• Now calculate the ratio for the two 

waters 

• Vcw

VTW
=  

ECTW− ECBW

ECBW− ECCW
 

•  
𝑉𝑐𝑤

𝑉𝑇𝑊
=

2500−1000

1000−250
=

1500

750
=  

2

1
 

 

The use of blended water in the right 

quantities minimises the build up of salts in 

the crop root zone which supports in 

increasing crop growth and crop yields. The 

calculations (above) show how to calculate 

the ratios for blending irrigation water and 

the table (right) provides a simple ready 

reckoner to estimate these ratios based on 

salinity of canal water and groundwater. Farmers can also 

think of these ratios in terms of acre inches so for example 

a 2:1 ratio means that for 1 acre inch of tubewell water the 

farmer needs to use 2 acre inches of canal water to keep the 

salinity of irrigation water to 1000 S/cm.  

 

Desired salinity of  irrigation water 1000 S/cm 
Ratio of canal water to tubewell water 

 Salinity of canal water (S/cm) 
Salinity of tubewell 

Water (S/cm) 200 250 300 

2000 1.5 1.5 1.5 

2500 2.0 2.0 2.0 

3000 2.5 3.0 3.0 

3500 3.0 3.0 4.0 

4000 4.0 4.0 4.0 
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What’s happening with 
groundwater today? 
 

Unplanned groundwater abstraction has 

caused excessive lowering of the watertable 

in certain areas, mobilisation of deeper saline 

groundwater, secondary salinisation and 

higher pumping costs. More than 80 percent 

of groundwater exploitation is being done by 

private sector farmers. 
 

There were about 88,000 tube wells in 1970 

which are now over one million and over 

100,000 tubewells in Sindh.  
 

 
 

In some regions, the annual pumpage has already surpassed 

the safe yields resulting in a decline of the watertable 
 

In Balochistan, groundwater has been declining in all 

major basins, including the Pishin Lora basin, where levels 

have declined by several hundred metres. The growth of 

tubewell-led agriculture has increased agricultural 

production, but this has resulted in tremendous pressure 

on available groundwater resources in many basins of 

Balochistan. Watertables are declining sharply at the rate 

of 2 to 5 metres annually. This is a very alarming situation. 

The result is that many areas are running out of water and 

causing tubewells to dry out. Farmers are losing their 

sources of livelihood and are abandoning agriculture. This 

has been further exacerbated by the long drought that 

Balochistan is experiencing. Wise and judicious use of 

groundwater is in the best interest of all farmers. 

 
 
 

 

  



Groundwater a valuable resource for Pakistan 

 

20 

Mapping groundwater in Punjab 

 

 

Mapping groundwater in Sindh 
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CONTACT US 
To learn more about improving 
groundwater management 

 
www.aciargw.com 
aciargw@gmail.com 
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