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Case studies on groundwater
salinity

- Dr. Gopal Krishan, Scientist - ‘C’
National Institute of Hydrology, Roorkee

- Email: drgopal.krishan@gmail.com
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STUDY AREA
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Punjab comprising 1.5% (50,362 sq. km)
area of the country contributing 40-50%
rice & 60-65% wheat to the central pool
since last 3 decades.

3 perennial rivers : Satluj, Beas & Ravi
1 seasonal river: Ghaggar.

Water potential all rivers : 14.54 Million
Acre Feet (MAF) managed through well-
organized canal irrigation system.

However, the available surface water
resources of the State are fully committed
even though unable to meet further demand
of water in irrigation for agriculture which
increases the pressure on groundwater
resources
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1.Generate groundwater
level scenarios based
on historical data




Data Collected/Analysed/
Maps Prepared

- Rainfall variations

- Digital Elevation Model (DEM)

- Soils

- Geomorphology/Lithology/Aquifer systems
- Land use/Land cover maps

« Groundwafter level variation
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Rainfall trend analysis =
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Trend detection analysis of rainfall of Punjab has indicated an increasing rainfall trends
in annual, monsoon, pre-monsoon and post-monsoon seasons.

Winter rainfall is found decreasing in 11 districts. In future, the variability of rainfall is
likely to increase in Punjab. Rainfall has a rising trend at some districts in south-west
Punjab namely Bhatinda & Moga which currently receive low annual rainfallkrishan et al., 2015
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/anjab is an extensive alluvial plain gently
sloping from about 650 metres above sea-
z| z [level in the northeast and the north
” ® | adjoining Himachal Pradesh and Jammu
and Kashmir to about 180 metres in the
southwest.
Z £
The south-western fringe of the region is
desertic and undulating, but has gradually
. ¢ |- (been becoming level with the extension of
3 <o \cultivation and irrigation. /
[ 200- 250
[ ] 250-300
SRS S mme
Il > 550
74°E 75°E 76°E 77°E DEM downloaded from USGS Earth Explorer (https://earthexplorer.usgs.gov/)

Mapped using ArcGIS 10.4
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Aquifer systems

AQUIFERS IN PUNJAB
0 _m 100 _L E G E N D
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In general single and
multiple aquifers
systems have been
identified

In major part of the

state multiple aquifer
system exists

Source: CGWB
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Stage of Ground water developmentin Punjab(%)
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Stage of groundwater

development

Taran Taran
SAS nagar
SBS Nagar
Sangrur
Ropar
Patiala
Pathankot
Muktsar
Moga
Mansa
Ludhiana
Kapurthala
Jalandhar
Hoshiarpur
Gurdaspur
Fazilka
Ferozepur
Fatehgarh Sahib
Faridkot
Bathinda
Barnala

Amritsar

Source: CGWB
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Groundwater level spatial =
variation (2000-2019).
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2. Assess the extent of
water logged and
groundwater saline
zone at various aquifer
depths,
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3. Investigate and
identify the cause of
salinity problem and its
expansion in the area,




Methodology/ Data

- Jons distribution
- Hydro-geochemical processes and indicators

- Isotope characterization



Analytical Results
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Entire state was divided into
10x10 km?2

groundwater sampling was

grid and
carried out in each grid
Canal sampling at an

interval of 20 km
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lons concentrations

Ca?*
D1 D2
Min 52 7.8
Max 5974 1148
Mean -0, 379
[
HCOs-
D1 D2
Min 108.0 553
Max  os47 7113
Mean 43654 3253

D1 = Depth < 200 ft, n= 270; D2= Depth 200-500 ft, n=202; D3= Depth > 500 ft, n= 60

D3

10.3

81.3

328

D3

114.3
619.7

270.1

mg/l
Mg?* Na*
D1 D2 D3 D1 D2
1.0 36 3.7 1.0 2.5
21454 885 864 21454 5903 6046
2465 260 273 2465 1133
mg/]|
F- cl-
D1 D2 D3I D1 D2 D3 D1
0.1 002 0.1 2.2 19 13.6 5.7
95 79 47 40408 17501 6046 49339
17 14 12 2152 804 1853 3749

D3

13.6

1853
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1814.4
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K+
D1 D2 D3
0.5 0.7 0.9
4893 1518 889
16.1 6.3 6.5
NOs
D3 D1 D2 D3
5.0 0.6 0.3 0.8
1091.2 4970 2700 88.0
2209 58.1 355 271



Hydrogeological processes
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Hydrogeological processes =
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Shallow groundwater samples (<200 ft) fall under the category of permissible to
doubtful and doubtful categories for irrigation use while majority of samples fall under
the category of good to excellent.
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4. Identify the most
vulnerable zone(s) of
advancing groundwater
salinity




5. Investigate Impact of
excessive groundwater
pumping in central Punjab
on the movement of
increased groundwater
salinity, and
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Groundwater modeling

The overall groundwater flow direction is towards
the SW direction.

20000 440000 460000 0 540000



6. Suggest cost effective and
eco-friendly management
strategy for control of
groundwater salinity
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Types and Causes of salinity

Concentration of salts in water;
contains significant amounts (referred to as "concentrations") of

dissolved salts,
the most common being the salt we all know so well—sodium chloride

(NaCl).

- natural/primary salinity caused as a result of dissolution of minerals (e.g. halite,
anhydrite, carbonates, gypsum, fluoride-salts, and sulphate-salts) from bedrocks or
accumulation of salts from rainfall built up over time, hence the residence time of these
may be quite long ranging from thousands to million of years

- dryland/secondary salinity caused due to rising water levels which bring salt to the
surface, In high rainfall areas the salts are percolated down while in arid and semi arid

regions these remain on the surface

- tertiarylirrigated salinity caused as a result of repeated multiple irrigation of water
where salts remain after evaporation and accumulate over time. These accumulated
salts leech down to groundwater with rainfall.



Types and Causes of salinity ~

Reviewing of the suggested causes
paleohydrological link with the Arabian sea;
evaporative enrichment of salts and
anthropogenic pollution
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Proposed recommendations

Augmentation of groundwater

Water management options

Conjunctive use (or blending) in terms of water quality could be practiced to meet demand for non-drinking purpose. This
could be achieved by blending poor quality water (brackish) groundwater with better quality water from canals to dilute the
salinity. Such water could be used for horticulture, overland applications, gardening and cleaning purposes. This option
can be tried in South west Punjab area where groundwater with EC < 4000 uS/cm is available. The saline water that will be
pumped out could be replaced in due course of time by the freshwater through precipitation recharge or subsurface flow;
this can be done by a careful planning and execution.

Regulation and limiting groundwater usage by enforcing groundwater legislation for future expansion of construction of
wells farther inland, educating the farmers to reduce their present withdrawal to achieve groundwater balance and adopting
water saving practices

Crop adaptation or change in cropping pattern to manage salinity in soils and water, through introducing crops with lower
water requirements; introducing salt tolerant and semi salt tolerant crops may be one of the options

Aquifer Storage and Recovery (ASR) can first of all be approached as a storage technique where the aquifer is used as an
underground reservoir.

Changes in vegetation can also help improve the water and salt balances in soil, the vadose zone, and shallow
groundwater. Since deep tree roots can efficiently pump underlying shallow
groundwater, afforestation of grasslands reverses the vertical flux of groundwater from the soil to the saturated zone

Mass awareness programs
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Variations in Salinity
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Ground Water Recharge, Reduction in Soil Salinity solutions
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Ground Water Concerns in
Indian Sundarbans

- Increased pressure on sweet water sources lead to ground
water exploitation by farmers (Ground water de‘rletlon rate
is 3m and 2.5m per annum in 1t and 2" aquifer,
respectively) (cGWB Report, 2019)

- Increased salinity (2.2-4.1 dS/m) in shallow aquifers with
increased abstraction

- Alteration of the nature of surface water from sweet to
brackish (>15-20ppm) during summer and winter seasons

- Toxic effect of salinit¥ on farm lands impacting towards
crop loss (34-40% crop loss occur during summer seasons)

- Presence of sodic-soil layer at 6-8ft depth (CSSRI Report,
2016) in majority of the islands

- Periodic inundation b¥ saline water in every 5 years leads to
river embankment Ttailure in Indian undarbans (IPCC
Dissemination Report, 2019)

- Piezometric heads failing from as early as Mid-February to
Mid-June every year

- Trading of irrigation water taking place from ground water
and )surface water sources (during February to June every
year




Geographical area

- Sundarbans - the mangrove delta of Ganga - Bramhaputra
- Spread across India and Bangladesh - it constitutes 9 % of total area of West Bengal
- Two districts- North 24 Parganas (9 blocks) and South 24 Parganas (13 blocks) -

54 habituated islands

- Mangrove coverage 4463.89 sq. Km. in Indian Sundarbans _
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Surface water management under saline conditions

Why Five-square model relevant for the area?

- Five-square model is known for salinity check and reducing water
stagnation in Indian Sundarbans’ context

- Model is included as one of the scheduled activities under
MGNREGA

- Known for creating impact on cropping intensity and non-cyclic
salinity reduction as well

- Positive impact on reducing forced migration and diversifying
livelihood vocations

- Stable source for water supply for ASR during rainy season



Economics of Surface Water Management

- Land use management cost for 0.34acre land is INR 90,000/- at
current price

- Benefit out of the farming system is expect INR 65000-70000/-
per annum

- Break Even in one and half years
- Annual maintenance of the system is as low as INR 5000/-
- Benefit cost Ratio for the system is 2.88 per Ha

- Increase in cropping intensity for the system is expected 30-
35% per Ha

- Increase in total production is expected 35-40% per Ha

- Expected incremental net income per Ha is INR 2-2.5 Lacs
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- Increasing availability of surface
water

- Aquifer storage and recovery to
increase sweet water availability

in a saline aquifer _
| ASR in the coastal area; Source: BGS
- Salinity  management through
surface water management Siction N

- Crop water management

- Desalination of river water and
supply through pipes (it is not
possible in Indian Sundarbans due
to high silt content in the water)

- Protection of river embankment to
reduce cyclone/flood impact




Economics of ASR

- Sweet water production cost/ cost

calculation for ASR

- Cost of water harvesting
structure+ solar pump (0.1-
0.25HP)+ injection and recovery
pipes+ cost of valves, taps etc =
(annual operation cost+
maintenance cost) / annual total
freshwater production

- Benefit Cost Ratio per Ha =
160000/ 60000 = 2.66




Proposed benefits
Maximization of sweet water availability for critical
irrigation in summer and winter
Increased access to fresh drinking water by 30% per HH

Storage of ground water in ASR against adverse climatic
conditions common in Indian Sundarbans

Expected increase in cropping intensity by 35-43% per Ha

Expected increase in overall farm production by 23-26%
per HH

Improved net income of the farmers with cost 2.66
benefit-cost ratio per Ha
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