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This Knowledge Exchange Water Brief was produced as an output of the
IUKWC pump priming project on “Improving our understanding of the aquifer
system in the Sundarbans” undertaken in 2019.
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1. Background

The India—UK Water Centre (IUKWC) funded a project under its pump
priming project (PPP) initiative on “Understanding aquifer systems
of Indian Sunderbans”. The project was led by National Institute of
Hydrology, Roorkee in collaboration with British Geological Survey, UK
and Rajarhat PRASARI and was funded for a period of 6 months, from
June to November, 2019.

The Indian Sundarbans, a UNESCO World Heritage site is home to 2.79
million people with majority of the population living in acute poverty with
marginal living conditions. Increasing population pressure, demand-
supply gap in fresh water aquifers, unsustainable harvesting of ground
water, mixing of wastewater pollutants from urban industrial belts and
coastal oil spill from non-regulated water transportation system on
the coastline, increased farming, has led to severe degradation and
destruction of fresh water reserve of the region.

Majority of the population depends on agriculture for its livelihood; while a
significant part of the population living on the forest fringes is dependent
on forest resources for their primary livelihood. Agriculture offers limited
livelihood potential for communities due to high sodic salinity levels (up to
16dS during summer). This condition is accentuated by the fact that the
Sunderbans is reported to be sinking due to sea level rise of about 12mm
(since 2006) every year . The sea level rise also results in increasing the
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vulnerability of the area to sea water intrusion and contamination of its
unconfined aquifers and agricultural lands. With increased crop demand,
ground water demand has also risen as the limited rainfall (1600-2000mm
per annum) fails to meet year round fresh water demand in the region. As
a result, ground water abstraction has become a regular practice, over
abstraction often leads to severe water crisis during summer in the region.

Given the very fragile nature of the ecosystem and the state of surface
and ground water resources the current project thus aimed to :

i. Improve the understanding of the aquifer system in the Sundarbans
by understanding the practicality of artificial aquifer recharge and its
potential contribution to aquifer sustainability.

ii. To identify the scope for Aquifer Storage and Recovery; injecting
fresh water into the saline shallow aquifer system during monsoon
months and recovering it for dry season. This approach could possibly
avoid risks of aquifer degradation or contamination associated with
conventional recharge of the freshwater aquifers.

By developing an understanding of the above, the project envisages
to work towards improving the livelihood of the people in the region in
a sustainable manner and ensuring water security and balance in the
ecosystem.
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The project objectives are to:

» Develop a conceptual model of the island aquifer systems and collate
available evidence on aquifer extent; - that is through - Aquifer Storage
and Recovery System

* Collate aquifer property data on the aquifer systems, including data on
the shallow saline aquifers; - through primary data collection

* Review the potential and cost/benefits of aquifer recharge and aquifer
storage and recovery; - Economic aspects of the ground water recharge
(cost benefit ration)

2. Key Findings

To work towards livelihood sustainability and improving water security
in the region, ensuring sustainable and secure supply of fresh water
for drinking and agriculture purposes is thought to be key. The current
project first aimed to understand the hydrology and sub-surface aquifer
system of the region to contribute towards exploring the potential of rain
water harvesting in the region. The following section summarises the key
findings of the above goals

2.1. Water sources
Gosaba and Sandeshkhali Il blocks of the Sundarbans region was
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selected as the study area given the acute water crisis related to water for
drinking and irrigation in the region. A household survey was conducted
in villages of these blocks to identify options sweet/fresh water currently
being utilised in the lean period. These include:

1. Pumping of ground water using submersible pumps
2. Import water from outside using pipes
3. Desalinisation of the saline water using appropriate equipment.

These methods were identified to be expensive, unsustainable and
vulnerable to impacts of climate change in nature. The water scarcity
issue is driving up the number and depth of tube wells in recent decades;
tube wells were reported to become increasingly dry in summer months
or with increased salinity levels, making it unfit for use (Figure 1).

Therefore, looking at the future options Aquifer Storage and Recovery
system was thought to be a feasible option offering dual benefits of
maintaining ground water levels for lean period and benefiting ecosystem
flows.
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Figure 1: Depth of tubewells and water struck in one of the GPs (Korakati GP) of the study area
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2.2. Hydrogeology of the area

With inputs from local stakeholders and from discussions with the parahydrogeologists the below conceptual
aquifer model was developed for the region to understand the aquifer profile and water storage

Tushkhali Dhuchnikhali Kaorakati

—_ =
2

Figure 2: Conceptual Models of Aquifers in the study area: Gosaba and Sandeshkhali Il blocks, Sundarbans
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In the above figure, Aquifer1 is to be found between (341 to 450 feet),
aquifer 2 in between (571 to 650 feet in Dhuchnikhali and 571 to 700 feet
in Tushkhali & Korakati) and aquifer 3 placed between (881 to 950 feet)
deep from mean sea level. All the three aquifers represent potentiometric
water level ranging from 3 to7m below mean sea level (msl).

Maximum numbers of hand pumps and irrigational tube wells are tapping
aquifer1 found in the range of 360 to 420 feet depth where fresh water
is available. Some government hand pumps are also tapping deeper
aquifers.

2.3. Water quality data

Water sampling for assessing its quality was undertaken in the aquifers
of the study area to identify its suitability for consumption and for artificial
recharge along with assessing the diversity in quality across aquifers. 12
representative samples were sent to the regional laboratory for detailed
analysis. The parameters assessed included physio-chemical parameters
like iron, magnesium, calcium, arsenic, hardness and TDS, electrical
conductivity and pH.

Most of the tested water samples are represents highly mineralised
water; whereas few samples are fall in between fresh and mineralised
water category. The Wilcox diagram below shows all the water sources
falls under medium salinity and low sodium absorption ratio (SAR) thus
representing high salinity levels.
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Figure 3: Wilcox diagram for water quality of aquifers in the study area
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2.4. Artificial recharge of saline aquifers;

This technique is useful as an alternative to building surface storage for
the dry season along with repairing ‘damage’ to an aquifer from over
pumping or changes in land use.

3. Specific Knowledge and Data Gaps

As per assessment undertaken in this project considering the region and
its people, there are three main aspects that need to be deeply understood
in connection with adopting the framework as represented in Figure 4.

3.1. Understanding fresh water resource and aquifer
characteristics

a. Quantitative assessment

An understanding of aquifers requires a quantitative assessment of both
water inputs (recharge) and outputs (discharge). Since assessment of
groundwater balance of confined aquifer is not possible through water
level fluctuation method; factors like aquifer storage and total groundwater
abstraction have been used to calculate groundwater balance. Aquifer
storage was calculated through aquifer thickness and storability of the
aquifer. The value of storability of the aquifer was taken from pumping
test carried out. There is huge gap between potential aquifer storage and
probable aquifer storage, which can be fulfilled through more groundwater
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*An adequate source of fresh water of suitable quality: Rainfall, River overflow, etc.
Water Source

sHarvest fresh water in the rainy season/ floods

Water
harvesting

T E i i i3 E By
»dentifying suitable aquifers; aquifer should have capacity to accept substantial amount
of water
Water

%o *Injectharvested water into the aquifer

* Since the region has predoiminantly saline quifers, some water will be lost to mixing,
however, 50 to 80% should be recoverable

i=-0 ) #The water can be used in lean season as required or fo supplement pond water

*Once the technique is successfully tested on one site, it can be replicated in other sites

Replication sCost/benefit ratio needs to be calculated

Figure 4: Framework for artificial recharge of aquifers
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augmenting and quantification programs.

b.  Water Quality related issues (related to aquifers)

There should be periodic assessment of water quality parameters such
as: pH, TDS, turbidity, iron, arsenic etc. Arsenic in groundwater has been
reported in this basin by many researchers and there is a need to identify
possible long term measures for its treatment.

c.  Agquifer resistivity to drought and cyclone

Sundarbans area is prone to frequent drought and cyclones. In ASR,
deeper aquifers are targeted as opposed to shallow aquifers which
increase resistance to drought and cyclones and portray a lesser
possibility of saline water intrusion.

3.2.  ASR system: Implementation, maintenance and performance
a. Cost of artificial recharge

The overall cost of developing an ASR system maybe high initially but
the same is significantly low from long term perspective and from taking
into considerations costs for importing water. If we calculate approximate
costs for recharge

\ , * Drilling a borewell and casing to 40/50 metres, INR 40,000

» Use the solar pump and tank system introduced for the drip irrigation
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system
* Pump and tank circa INR 15,000
* Area ‘irrigated’ increases from 750 m2 to 3000 m2
* ‘Added value’ of Rs 3000 to 27,000
+ Key sensitivity is crop profitability
b.  Technology transfer: mechanism, management and maintenance

This system has been tested under laboratory conditions in small scale,
so there is a need to test it under field conditions on a larger scale. The
key factor affecting the extrapolation if this technology is mainly the
lithology (small volume “fresh water bubble’ will have high surface area to
volume ration in a thick aquifer).

c.  Quality control

Artificial recharge requires filtration system to be added to aquifer; this
may require additional costs

d.  Agquifer heterogeneity and fluid-rock interactions can greatly affect
ASR system performance.

The metaphoric "ASR bubble" has been burst with the realization that
ASR systems are more physically and chemically complex than the
general conceptualization. To counteract this, in this study we have
gathered as much lithological data as possible to generate first hand data
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and validate the same through participatory aquifer storage and recovery
system. The same will be useful to run solute-transport ground water
modelling required to predict how stored water will migrate over time,
given different conditions and how saline aquifer properties will affect the
quality of stored water

4. Social awareness and capacity
development requirements

Ensuring participation from the society is very crucial for successful
understanding of the ground water dynamics and planning activities for
improved water use efficiency and conservation. This section highlights
the key facets that need to be considered in this context.

4.1. Community data sharing platform

A participatory data repository along with community data sharing
platform needs to be created with water users to regulate and maximize
optimal use of fresh water. Simulated model on artificial recharge (ASR) in
this regard will be very useful to generate alternative water source option
in the Indian Sundarbans
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4.2. Awareness on resource conservation

Facilitating resource availability needs to be complimented with
generating awareness amongst masses on resource conservation to
ensure conservation of water in aquifers and avoid over exploitation. A
social mechanism on resource sharing also needs to be developed and
propagated in the region.

4.3. Knowledge sharing and Skill development

Stakeholders, including the society need to be involved since inception
of such a water conservation measure. This will not only facilitate adhoc
participation but also generate awareness on using water in an efficient
manner amongst the users.

Frequent training and skill building amongst the society to monitor,
manage and maintain the artificial recharge system, data platform and
water sharing platform would be key to ensure smooth and long term
functioning of the system for a sustainable future.

Organization of frequent participatory groundwater management (PGWM)
workshops and mass awareness programmes is tough to be quite useful
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5. Future

Aquifer storage and recovery (ASR) is a way of managing water resources to meet existing and future
freshwater demands. It is the direct injection of surface water supplies such as potable water, reclaimed water
(i.e. rainwater), or river water into an aquifer for later recovery and use.

It has been well-demonstrated, by model generated using Jupyter Notebook (python as the backend
programming language), that ASR systems can provide very large volumes of storage at a lesser cost than
other options in Indian Sunderbans. The challenges moving forward are to field test the success of ASR
systems, optimize system performance, and set expectations appropriately.

In phase Il: Conceptualized ASR technique will be executed in the field conditions under different scenarios
testing the model performance.

Further reading

1. Dasgupta, Purnaba, Mackenzie, Andrew, Krishan, Gopal. 2019. Feasibility of water storage in saline aquifers
for drought resilience. Water Future Conference towards a sustainable water future at Bangaluru, September
24-27,2019

2. Krishan, Gopal, Dasgupta, Purnaba, Mackenzie, Andrew, Kumar, CP, Burman, D, Mandal, UK, Chaudhary,
Anju. 2019. Sunderban Kshetra mein mitti pani ke mudde aur sambhavit prabandhan. In proceedings of
“Rastriya Hindi Jal Sangosthi”, December 16-17, 2019 at National Institute of Hydrology, Roorkee
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5. Hidsg
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1 TS RIDT 5| Tg 1 B 31 g 3R IuahT & 1w Tag & ot &bt myfed S 3 o9 v oreft, g ot et it
SRR BT U, 1 ¢ & O B Siayd H 96d ol g

R Areqd (HUS VIR 4T & T § UrayH) ST IUN $3% 30 Hisd gR1 I8 o] avg 9 UeRfd i
a1 8, fh TueiR Rewt YR Yera & 3 faswedl &t gaT & &1 HIAd IR 9gd 981 71 & HSRUI UM &R
Tl g | 3 Tg arall gl TUHSR RIeH & qoherd] &1 TI&0 $H3, Riked & UG &1 SHa H 3R
Irfidl &1 IR U A Rufkd # & R 8

Tl =RUT & AT USRI T URI&UT - aral faftre uRe<al & ded &= ! fRUMGT! & S[auURUMHS TTH3IR doh-ilh
P! fAsarfe fopar Smam|
STl A
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