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ABSTRACT

The water sector in India is highly dynamic and spatially heterogeneous
such that there is a complex interlinkage with the other resources of
energy, land and the climate. With climate change exerting additional
pressures and uncertainties on these interlinkages, the consequent
unprecedented levels of resource depletion have catalyzed increasing
scarcity and conflicts across the country, necessitating urgent research and
policy interventions. Bank/ riverbank filtration (BF/RBF), which is an
element of managed aquifer recharge (MAR), is a proven and sustainable
natural water treatment technology, where surface water is infiltrated to an
aquifer through river or lake banks resulting in water quality improvements.
MAR, including BF, is recognized as an increasingly important water
management strategy in areas faced with changing climate, rising intensity
of climate extremes or overexploitation of groundwater resources, in order
to maintain, enhance and secure stressed groundwater systems and to
protect and improve water quality.

Despite these advantages, RBF is intentionally used only at some places in
India resulting in a low portion (<0.1 %) of drinking water produced thereof.
On the other hand, there is a large potential to secure at least 5% of
India’s drinking water supply by RBF. This can be achieved by the
preparation of a science-based masterplan for RBF water supply, which is
one of the aims of an Indo-German RBF network project funded by the
Federal Ministry of Education and Research of Germany from July 2020 to
June 2023. The project consortium comprising 7 German and 8 Indian
partners will collaborate to expand the R&D activities of the Indo-German
Competence Centre for Riverbank Filtration that was established by the
National Institute of Hydrology Roorkee and the University of Applied
Sciences Dresden in 2011. The masterplan will be based on the R&D
activities to develop RBF demonstration sites in Haridwar, Agra, North East
India and Goa and a constructed wetland demonstration site in Varanasi.
Thereby the diverse hydro-climatic and geological conditions are
incorporated.
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The development of the masterplan includes scientific procedures based
upon results from research and interlinked with relevant policy.
Hydrogeological, water quality and numerical groundwater flow modelling
investigations will be highlighted for a few selected RBF sites along with
information, education and communication measures used to develop the
concept for the masterplan. Measures to implement the masterplan and
associated scientific investigations to explore potential RBF sites will be
highlighted based on some of the demonstration sites such as in Haridwar.

Experiences from some of these demonstration sites have shown that to
implement a RBF masterplan on the ground, the division of RBF-
competency within India must be absolutely clear because the water
supply practitioners need robust scientific results from R&D/ academic
institutes and competent consulting and engineering firms in the private
sector to provide planning and construction services. More over a clear and
specific policy on RBF and a body to oversee and monitor the progress of
the RBF masterplan in India is advantageous.

Keywords: drinking water security, riverbank filtration, managed aquifer
recharge, sustainability

1 INTRODUCTION

Bank/ riverbank filtration (BF/RBF) is used as a natural means of primary and pre-treatment by
water utilities throughout the world, especially in Europe and North America. In Europe, 150 years
of experience exist in the operation and maintenance of large bank filtration schemes. At many
sites, RBF schemes have been successfully operated for several decades.The most important
sites are situated along the rivers Danube, Rhine, Elbe, and the lakes in the Berlin city area. A
large variety of schemes have been designed and operated according to site-specific conditions.
Groundwater (GW) derived from infiltrating river water provides about 50 % of drinking water
supplies in Hungary and 55 % in the Slovak Republic (Sprenger et al., 2017). RBF in Germany
provides about 8 % of total drinking water supplies. The city of Duesseldorf, situated on the River
Rhine, is entirely supplied with drinking water from RBF. In the Rhine basin, more than 20 million
inhabitants receive drinking water which is directly or indirectly derived from river water, mostly via
bank filtration. The water supply for the city of Berlin depends mainly on lake bank filtration. In the
city of Dresden public water supply on an average relies up to approximately 32 % on bank filtrate
and 66 % on surface water (SW) from reservoirs.Although in Europe new RBF site developments
are rare due to decreasing water demand, there is a renaissance of RBF technology in the USA,
South Korea, Egypt, Thailand, China and other countries (e.g. Ghodeif et al., 2016; Hu et al., 2016;
Shamsuddin et al., 2014).

The highly dynamic and spatially heterogeneous water sector in India is a complex interlinkage of
energy, water and land resources, whereby climate change is resulting in uncertainties in these
interlinkages such that unprecedented levels of resource depletion are necessitating urgent
research and policy interventions (Madhusoodhanan et al., 2016). Managed aquifer recharge
(MAR), including BF, is recognized as an increasingly important water management strategy in
areas faced with changing climate, rising intensity of climate extremes or overexploitation of
groundwater resources, in order to maintain, enhance and secure stressed groundwater systems
and to protect and improve water quality (Dillon et al., 2019).In India, RBF has large potential and
serves as an ecosystem service for human health because it effectively removes contaminants,
especially pathogens and turbidity from water for drinking (Sandhu et al., 2011). Investigations on
existing RBF-based drinking water schemes in different parts of Indiahave demonstrated that in
addition to pathogens and turbidity, dissolved organic carbon and organic micropollutants are
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removed and improvements of inorganic water quality occur (Dash et al., 2014; Ghosh et al., 2015;
Glorian et al., 2018;Gupta et al., 2015; Sandhu et al., 2019). From a sustainability point of view,
RBF systems make better sense than full-scale treatment plants using SW, since the energy and
resource use in RBF will be lower and little to no chemical residues will be produced. RBF systems
will require less energy to operate and to deliver a unit amount of water than conventional SW
treatment systems. The ecological impact of SW depletion using RBF is low compared to full-scale
SW treatment plants because a portion of pumped water is GW.

Despite the advantages of being a sustainable natural process, an element of integrated water
resources management, conjunctive surface and groundwater use and a component of managed
aquifer recharge(Grischek and Ray, 2009; Grischek et al., 2011), RBF is intentionally used only at
some places in India resulting in a low portion of drinking water produced (<0.1% of total domestic
water production; Sandhu et al., 2019). Moreover, only a few new drinking water schemes have
been constructed to consciously take advantage of water quality improvements in the North Indian
state of Uttarakhand since 2010 (Ronghang et al., 2019).

To take advantage of the benefits of RBF on a larger scale in India, it needs to be propagated in
an organised manner. Therefore, it is necessary to reach out to the Indian water sector about RBF
in a more consistent and wide-ranging way. Efforts towards this goal are being made since April
2014, when a strategy was developed at a workshop in April 2014 (HTWD and NIH, 2014).
Subsequently the strategy evolved into a conceptual masterplancontainingscientific, policy,
implementation and training aspects (Grischek et al., 2016). The conceptual masterplan evolved
further with results and recommendations in conclusion to EU-India, German and Indian R&D
projects (SaphPani, 2015; NIRWINDU, 2015-2018;Pey Jal Suraksha, 2016-2019) and
discussions with water supply engineers and scientists during four training courses on RBF in India
from 2016 to 2018 (NIH 2017; Uniyal et al., 2019). This strategy is holistically presented in this
paper.

2 NEED FOR A SCIENCE-BASED MASTERPLAN FOR RBF

As of 2014, around 60% of the urban population in India or nearly 226 million persons (~19% of
the total population; Census of India, 2011) were dependent on direct SW withdrawals and
subsequent conventional treatment to meet their potable water requirements (Ghosh, 2014).
However, the raw SW has been found on numerous occasions to contain pathogens, whose
elimination by conventional treatment methods cannot be guaranteed especially for highly polluted
surface waters and in monsoon, except by using cost- and maintenance-intensive membrane
filtration and multi-step disinfection technologies. High levels of pollution in SW especially during
low flow periods and high turbidity in monsoon, frequently interrupt the production of drinking water
by conventional treatment plants.

A compilation of system design and capacity of 24 known small to large urban and rural RBF
systems in different hydro-climatic conditions across India has indicated a total production capacity
of all of these systems summed together to be around 384,000-410,000 m*/day of water (Fig. 1).
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Location (river, year of sampling)

1 Dehradun {Swarna) 15 Vadodara (Mahi)
2 Rishikesh (Ganga) 16 Dandeli (Kali)
Legend 3 Srinagar (Alaknanda) 17 Annakapalli (Sarada)
alluvial deposits 4 Satpuli (East Nayar) 18 Boni (Gosthani)
5 river 5 Agastmuni {Mandakini) 19 Japla (Son)
O BF/RBF site 6 Mainital (Maini Lake) 20 Daltonganj (Medininagar,
site with flood-proof 7 Gauchar (Alaknanda) Morth Koel)
®vertical well & Karnaprayag (Alaknanda) 21 Patna (Ganga)
production capacity [m*/day] 9 Bageshwar (Sarju) 22 Gaya (Falgu)
® <1.000 10 Kapkot (Sarju) 23 Ray Bazaar (Saphi Nadi)
D 1,000-10,000 11 Haridwar (Ganga) 24 Gumla (Nagpheri)
@ 10,000 — 100,000 12 Delhi (Yamuna) 25 Medinipur (Kangsabati)
@ = 100,000 13 Mathura (Yamuna) 26 Goa (Sal)
£ RBF well(s) constructed in 2016/2017 14 Ahmedabad (Sabarmati)

Fig. 1 Existing and potential RBF sites in India (Sandhu et al., 2019)

Considering the many existing but undocumented and unexplored RBF systems in India and
taking into account the advantages of using RBF, there is a need to further explore the potential of
bank filtration in India. In this context and by taking an example of a nation-wide strategy for the
implementation of RBF in south-east Asia (Archwichai et al., 2011;Pholkern et al., 2015), there is
not only scope for a scientifically based ranking system for assessment of RBF systems in India,
but also the need for its organized further development by considering certain policy and
implementation aspects.
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3 MASTER PLAN FOR RBF WATER SUPPLY IN INDIA

3.1 SCIENTIFIC AND TECHNICAL ASPECTS

The development of a master plan must include scientific procedures to systematically select,
investigate and evaluate potential RBF sites (Fig. 2). The need for these procedures has often
come to light through interactions with Indian water supply organizations and is considered one of
the most important components of the master plan. These procedures should include
hydrogeological and water quality investigations and also recommendations for the management
and maintenance of RBF systems.

[Investigation stages |

[Tasks]

Visual reconnaissance by
site-visit, documentation
of verbal and archived
information, on-spot

| Aspects to be considered |

1 Initial site-
assessment

Factors influencing local drinking
water demand and production
including treatment, BF as an
alternative and/or supplement to

Basic site-survey
& establishing

sampling of surface and
groundwater (SW & GW)

monitoring
infrastructure

Monitoring &
determining

Identifying well locations,
determining ground
elevations & datums
(benchmarking), SW &
GW level monitoring
locations

4

surface water abstraction, state
and national policy, optimisation
due to presence of existing
potential BF wells

Construction of exploratory

& monitoring wells

aquifer parametersy

Monitoring of SW & GW
levels and quality, river
channel geometry & grain
sizes, pumping tests
(hydraulic conductivities)

Points of discharge of
wastewater into surface water,
highest & normal flood evel,
availability of land (permits),
socio-religious practises

Determination of:

- physico-chemical instant
Parameters

- major ions & trace metals

- total coliforms & E. Coli

- dissolved organic carbon

- organic micropollutant
(Screening)

Removal efficiency of pathogen
indicators by BF (travel-time),
determination of isotopes
(Deuterium & Oxygen)

Determining travel-
time, flow-path and <
portion of bank filtrate

4 Numerical GW flow|
modelling

Fig. 2 Methodology to investigate a potential RBF site (Sandhu, 2015)

Comprehensive hydrogeological investigations are necessary to characterize the SW-GW
interaction, determine the quantity of bank filtrate that can be abstracted and its travel time. Critical
aspects thereby are the parametrization of the aquifer thickness, hydraulic conductivity, riverbed
clogging and geochemical investigations of the riverbed sediment and its effect on the quality of
bank filtrate. To guarantee the sustainability of RBF systems, it is necessary to routinely monitor
water quality for pathogens, major ions and relevant inorganic parameters. The dissolved organic
carbon and organic micropollutant concentrations should be monitored occasionally even though
RBF serves as an effective barrier in removing them and lowers the risk of the potential formation
of carcinogenic disinfection byproducts. In areas affected by nitrate, ammonium, iron, manganese,
arsenic and fluoride, RBF should be applied with caution and only after feasibility or risk-
assessment studies confirm that their concentrations would not exceed the limits in the Indian
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Standard for Drinking Water (IS 10500, 2012) or appropriate post-treatment steps are
implemented.

The identification of existing wells that are likely to be abstracting bank filtrate, drilling of
exploratory wells and geophysical investigations are useful to characterize some of the
hydrogeological conditions at a RBF site. During the operation of RBF wells, their abstraction rates
and drawdowns should be routinely monitored.

3.2 POLICY AND PLANNING

The results of investigations conducted on RBF as part of various projects from 2005 to 2014 have
demonstrated that it can potentially improve the drinking water supply in India (HTWD and NIH,
2014). If RBF is feasible at a potential site(section 3.1), then a detailed project report (DPR) for the
full-scale development of the RBF site should be prepared. The DPR has to include the design,
methodology of implementation and funding possibilities that are essential for developing the
potential site into a full-scale RBF system.

For the effective propagation of RBF in the various states in India, the Central Government should
issue a directive to state governments. The directive should emphasize the consideration and
eventual application of RBF as an alternative and/or supplement to existing or planned direct SW
abstraction systems. Such a directive will not only serve as an official “permission” from the Centre
to the state governments, but also clear the path for state governments to seek subsequent
technical and financial assistance to develop RBF from third parties, e.g. R&D organizations,
universities, private and public sector enterprises and monetary institutions. As a positive example,
the Department of Drinking Water of the Government of Uttarakhand, issued a government order
(GO) in March 2006 wherein specific technologies for drinking water supply such as RBF and the
use of indigenous “Koop” wells should be encouraged by water supply organizations working in
Uttarakhand. This GO in turn simplified the participation of the Uttarakhand state water supply
organization Uttarakhand Jal Sansthan (UJS) in national and international R&D, demonstration,
capacity enhancement and research marketing projects on RBF and lead to the unhindered
creation of a dedicated “RBF Cell” within UJS.

In the above context the following aspects are relevant for policy recommendations on RBF in

India (SaphPani, 2015):

e RBF should be further developed and applied in India wherever there is a clearly-defined need
for it and it is technically feasible, e.g. where suitable hydrogeological conditions exist and in
combination with appropriate post-treatment systems.

e RBF projects could be financed within infrastructure development programmes of the
Government of India like the National Rural Drinking Water Programme, Urban Development
Programme and City Development Plans (CDP). Various other schemes such as the
“Jawaharlal Nehru National Urban Renewal Mission (JNNURM)”, the Asian Development
Bank’s current “North Eastern Region Capital Cities Development Investment Programme” and
the World Bank’s “National Ganga River Basin Project” can also be considered.

e The technical (scientific) and socio-economic feasibility and benefits of using RBF for urban
and decentralised water supply schemes should be investigated for locations (covered by
above programmes) having suitable hydrogeological conditions and should be compared to
existing (or planned) drinking water production plants using SW directly as source water.

e Safety issues should be highlighted by preparing a fact-sheet on related advantages of RBF,
such as a high buffering capacity to cope with extreme events, accidental spills and terrorism.
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3.3 IMPLEMENTATION

The implementation of the master plan for RBF requires an effective and proactive information,

education and communication campaign, for which pivotal steps include:

o the establishment of first contacts with key officials at the higher administrative level and to
transmit compact factsheets focusing on the holistic benefits of RBF with the aim to sensitize
them,

e consolidate contacts with other interested (in the use of RBF) parties and conduct regional
workshops tailored to their interests and to the needs of local water supply organizations that
will help to solve site-specific RBF issues in a focused manner and to build engineering and
management capacity,

o form core groups of interested administrators, state-level water supply practitioners and
researchers and prepare adapted factsheets focusing on detailed science and technology
aspects of RBF and associated service providers,

e organize regional meetings to bring together interested practitioners with suitable and
interested enterprises (especially small-medium enterprises) and consulting firms that can
provide services in planning, design, implementation and monitoring aspects of RBF systems.
Like this both parties can benefit from the knowledge and develop longer-term collaborations
with each other. This will also significantly enhance their competencies and improve their
competitiveness.

The implementation of the master plan can be achieved through the formation of core groups
possessing relevant science and engineering capabilities, interested researchers and state-level
water supply practitioners by preparing adapted versions of the factsheets focusing on how RBF
works and who can provide the associated services. Finally, the interested water supply
organizations have to be linked with suitable and interested service providers (small-medium
enterprises, consulting & well construction firms) through regional meetings. In this context, a
database of industrial firms, including small and medium enterprises having the required skills,
should be made and published via internet.

3.4 DEVELOPMENT OF RBF DEMONSTRATION SITES - HARIDWAR
EXAMPLE

For greater visibility of RBF and improved technology transfer, at least one RBF demonstration site
should be developed in the state where it can be applied. In 2005 the RBF well number 18 (well
18) on Pant Dweep island was equipped with two monitoring wells (Fig. 3). Wide-ranging civil
engineering works, including intensive well-cleaning and construction of a sanitary seal and a
boundary wall to create a well-head protection zone, were conducted. Detailed hydrogeological
and water quality investigations commenced same year on well 18. The results of the
investigations are on display at the well. A steady transfer of technology on different aspects of
RBF-based water production to Uttarakhand Jal Sansthan (UJS; Uttarakhand State Water Supply
Organisation) has also been achieved. During regular training courses, workshops and
conferences conducted on RBF in nearby Roorkee and Dehradun, excursions have been
organized to well 18 nearly every year since 2006. These excursions have enabled scientists,
water resources engineers and managers, students and policy and decision makers to acquaint
themselves with RBF.A major milestone as a result of these activities was the formal recognition
as a RBF demonstration site by the UNESCO IAH Managed Aquifer Recharge Network in 2009.
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Fig. 3a RBF well 18 at demonstration site Fig. 3b Monitoring wells at well 18

One of the crucial issues in India for year-round safe drinking water from RBF schemes is to
achieve a robust and sustainable disinfection (Sharma et al., 2016). A solution successfully tested
at the RBF demonstration well 18was the coupling of inline-electrolysis pilot-plants (to well 18) for
stand-alone decentralized disinfection of water with a capacity to disinfect ~20 m3/day running on
photovoltaic energy and manufactured by AUTARCON GmbH (Fig. 4a& b; Otter et al., 2019;
AquaNES, 2016-2019) and a medium-capacity plant to disinfect around 1,600 m3/day
manufactured by Hydrosystemtechnik GmbH in research cooperation with the DVGW Water
Technology Centre in Dresden (Fig. 4c), HTW Dresden and UJS (NIRWINDU, 2015-2018). Water
quality monitoring results from both plants over 12 months operation show that no total coliforms
and E. coli were present in the produced (disinfected) drinking water. Therefore both systems are
potential solutions to achieve continuous and robust disinfection.

Fig. 4a—c Small- (left & center) and medium-scale (right) inline-electrolysis pilot plants at well 18
(Photos 4a & b: P. Otter, AUTARCON, 2016; 4c: Hydrosys / TZWD, 2016)

A major aim of the recently commenced project “Expansion of the Indo-German Competence
Centre for Riverbank Filtration — CCRBF” (07/2020 — 06/2023) is the further development of the
RBF demonstration site in Haridwar and the new development of three RBF demonstration sites in
Agra, North-East India and Goa and the development of a new constructed wetland demonstration
site in Varanasi (Fig. 5). The CCRBF project consortium comprises seven German and eight
Indian partners (Tab. 1). They will collaborate to expand the R&D activities of the Indo-German
Competence Centre for Riverbank Filtration that was established by the National Institute of
Hydrology Roorkee and the University of Applied Sciences Dresden in 2011 (Fig. 6). The
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conditions are

masterplan will be based on the R&D activities that will accompany the development of these

Thereby the diverse hydro-climatic and geological
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Fig. 5 Location of Indo-German CCRBF project consortium partners, five demonstration and two
case-study sites in India (D1-D5) and thematic focus of partners (bold letters)
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Tab. 1 CCRBF project consortium partners

Germany india

University of Applied Sciences Dresden
(HTWD): Project principal investigator and
coordinator [R&D & IHE]

National Institute of Hydrology, Roorkee (NIH)
[R&D]: project co-coordinator

DVGWWater Technology Center, Dresden | Uttarakhand Jal Sansthan, Uttarakhand (UJS)

branch (TZWD) [R&D] [utility]

Institute for Water Chemistry, Banaras Hindu University, Institute of
TechnischeUniversitat Dresden (TUD) Environment and Sustainable Development,
[R&D] Varansi (BHU) [R&D & IHE]

University of Applied Sciences Potsdam Bineswar Brahma Engineering College,
(FHP) [R&D & IHE] Kokrajhar, Assam (BBEC) [R&D & IHE]

AKUT Umweltschutz Ingenieure Burkard The Energy & Resources Institute, Southern
und Partner mbB, Berlin (AKUT) [SME] Regional Centre, Goa (TERI) [R&D]

Anna University, Department of Geology,

AUTARCON GmbH, Kassel (AUT) [SME] | et =R WA e & IHE]

Council of Scientific and Industrial Research —
Central Mechanical Engineering Research
Institute, Durgapur, West Bengal(CMERI) [R&D]

Stadtwerke Heidelberg / Waterworks
Heidelberg (SWHD) [utility]

Abbreviations

IHE: institute of higher education
R&D: research & development
SME: small-medium enterprise

Indian Institute of Technology Madras (IITM)/
Indo-German Centre for Sustainability at 1ITM
[R&D & IHE]

UJS & water supply

SWHD organisations in other states
| Demonstration Sites |._,| Ter
D1 to D5 BHU
TZW ]:" CMERI
BBEC
Competence Centre | =
TUD Dresden & Roorkee “—* ANNA
nTm/
FHP HTWD NIH I6Cs
AKUT & scientific foundations
AUT

Fig. 6 CCRBF project structure (2020 —2023)
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3.5 CAPACITY DEVELOPMENT AND TRAINING

The implementation of the masterplan to achieve the 5 % RBF water supply target will be difficult
to realize unless trained human resources, especially from water supply organizations, and
specialized industries to undertake RBF-related activities are available.In this context and
regarding the implementation aspects, the CCRBF has attained technical experience in the
implementation of RBF projects mainly in Uttarakhand. The Indian CCRBF project consortium
partnersarewell positioned to propagate RBF scientifically at a national level. Thus the CCRBF are
presently in a good position to technically assist other state governments to implement RBF across
India. But to be able to effectively assist other states, it is first necessary to strengthen their own
capacity.

In response to the above, NIH with technical support from HTWD, Uttarakhand and some other
Indian and German partners from the CCRBF project consortiumorganised four 5-day-long training
courses on RBF between September 2016 and March 2018(NIH & UCOST, 2016-2018). The
courses aimed to support the development of new RBF systems in different river basins covering
all states of India. Consequently, they provided scientific and technological knowledge on wide-
ranging and India-specific aspects of RBF to engineers from state government water resources
and water supply departments, scientists and other stakeholders. Engineers who attended these
courses suggested that as a policy, RBF should be considered as a supplementary source for rural
water supply. Taking the example of the state of Gujarat where village-level water committees
(“panisamitis”) manage their water sources, the committees would be prepared to use RBF if its
application improves the quality of water supplied to them. Experience from Gujarat has shown
that there is scope to evolve a business model for the application of RBF in rural areas, because
there is a willingness to pay (tariffs) for high quality water supplied from schemes which are built by
the government.

The further development of the “Master Plan for RBF in India” and especially its implementation
could become a major long-term collaborative project of the Federal Ministry of Education and
Research (BMBF) in Germany and the Ministry of Jal Shakti (formerly Ministry of Water
Resources, River Development and Ganga Rejuvenation) and the Ministries of Science and
Technology, Drinking Water and Sanitation, Rural Development and Urban Development in India
under the umbrella of the Indo German Science and Technology Centre (IGSTC).

4 CONCLUSIONS

To implement a RBF master plan on the ground, the division of RBF-competency within India must
be absolutely clear because the water supply practitioners need competent consulting firms in the
private sector to provide planning and construction services. And the consulting firms need
competent technical advisors at universities and research institutions to provide know-how and
solve challenging problems encountered during the execution of work for RBF systems. The
development of this competence must occur in parallel to, or shortly after, an IEC campaign, such
that there is a corresponding supply for the demand that arises.

A concerted central and state government action would be required to support the vision of 5 %
water supply based on RBF by the year 2030, including administration and funding. Based on
long-term experiences from Europe, a focused investment on RBF-based drinking water projects,
further enhancement of the scientific and technical expertise of the CCRBF project consortium and
capacity development especially of water supply organizations, firms and other involved stake-
holders is much needed to achieve the vision. Potential future research topics willaddress the
inclusion of RBF for wastewater treatment similar to constructed wetlands, as will be demonstrated
for the constructed wetland demonstration site in Varanasi (D3 in Fig. 5).
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