Case for GRIPP site on Groundwater-based Natural Infrastructure
Riverbank filtration for year-round safe water supplies – experience from Uttarakhand,
India
Groundwater systems and solar power help clean river water naturally and sustainably

What is riverbank filtration, and how did it start?
In India, wastewater is most often insufficiently treated before it is discharged into surface waters.
The removal of resultant pollution loads by drinking water treatment plants, using conventional
treatment for the abstracted surface water, is often problematic and costly [1]. An alternative is the
natural treatment technique of riverbank filtration (RBF) or bank filtration (a unified term for river
and lake bank/bed filtration). Wells are installed in or near the banks of rivers (or lakes). Through
pumping, surface water from the stream or lake is induced to flow through the adjacent
subsurface towards and into the pumping well, and in the process, harmful bacteria and
substances are filtered out (Figure 1). RBF is used worldwide where suitable hydrogeological
conditions exist, such as sufficient thickness and hydraulic conductivity of the aquifer, hydraulic
connection between the river and aquifer, and good filtering properties of the riverbed and the
aquifer As a natural treatment technique, RBF offers high removal rates for pathogens, suspended
solids, adsorbable organic compounds and heavy metals [2].

Figure 1. Process of riverbank filtration (source: Hiscock and Grischek 2002[2]).
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RBF has been documented in at least 24 sites in India [3]. Long-term monitoring of water quality
of urban RBF schemes in Uttarakhand as well as Delhi and Mathura in Uttar Pradesh shows that
it is effective and sustainable under different environmental conditions in north India [4], [5], [6]. In
addition, the feasibility of RBF has been explored for rural water supply in south India, on the basis
of water quality, hydrogeological aspects and community acceptance [7], [8], [9].
Despite the proof of concept of RBF in India, its application is still not widespread, and awareness
of its advantages and application is generally low. Critical challenges for successful application of
RBF include protection of abstraction wells from flooding, and robust and suitable final treatment
post abstraction, like disinfection to remove trace levels of pathogens. By means of Indian, German
and European Union-funded research projects, an Indo-German RBF Network [10] has been
established (presently coordinated as part of the Safe and Lasting Drinking Water Production in
India through a Combination of Near-natural and Innovative Treatments (NIRWINDU) project),
which brings together higher education and research institutions, and water supply organizations
aiming to:






promote the application of RBF in India for sustainable potable water supply;
demonstrate the construction of flood-proof RBF wells;
investigate and optimize the removal of dissolved organic carbon (DOC) and organic micropollutants (OMPs) at RBF sites [10]; and
demonstrate the application of electro-chlorination for disinfection [11].

RBF – providing sustainable, safe and resilient water supply solutions
The north Indian state of Uttarakhand has used RBF for more than 50 years but with relatively
simple technology [12]. In Haridwar, considered one of the seven holiest places of Hinduism, more
than 68% of the public water supply to the town is produced by 22 RBF wells along the Ganges
River. Haridwar is one of the most prominent RBF sites in India because of the challenge to meet
the water demand of the large number of pilgrims visiting the city for bathing in the Ganges River.
Around 59,000-67,000 m³ of water per day are abstracted from these 22 RBF wells. In addition to
the permanent residents (225,000 persons), the water also supplies ~50,000 pilgrims and tourists
who visit the city daily [13]. Between 1 and 8.2 million pilgrims have to be supplied with drinking
water (22 RBF wells and additional groundwater wells located further away) on specific
religious/festival days, such as Ardh-Kumbh, Kumbh and Kanwar Melas, and on certain new moon
days throughout the year [13]. Consequently, scientific investigations as well as demonstration and
capacity enhancement activities have been conducted continuously since 2005. [3], [5], [10], [11], [12], [13]
These investigations highlight the sustainability of RBF in terms of consistently high removal of
pathogens, between 99.9 and 99.999% from the river water. In addition, there is no exceedance
of drinking water standards for other drinking water quality parameters (Indian standards and
World Health Organization [WHO]) and no observed long-term decline in groundwater levels
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within the RBF well field (consisting of 22 abstraction wells) other than seasonal fluctuations.
Concentrations of DOC and OMPs are extremely low, with some OMPs detected occasionally in
river water and even more rarely in well water at extremely low concentrations (< 35 ng/L), posing
a low health risk. In 2005, one RBF well (No. 18) was equipped with automatic monitoring
equipment, enabling detailed hydrogeological and water quality investigations.
Technology and knowledge on different aspects of RBF have been steadily transferred to the
Uttarakhand State Water Supply Organisation (Uttarakhand Jal Sansthan [UJS]). During regular
training courses, workshops and conferences in the nearby cities of Roorkee and Dehradun,
excursions have been organized to RBF well No. 18 nearly every year since 2006 (Figure 2). These
excursions have enabled scientists, water resource engineers and managers, students, and policy
and decision makers from different states to acquaint themselves with RBF. In 2009, well No. 18
was designated as a RBF demonstration well for the state. Feedback received from water supply
and resource engineers and managers highlights the usefulness of RBF demonstration sites for
enhancing the technology’s visibility and for scaling it up. It has been proposed to have at least
one RBF demonstration site in each state where RBF can feasibly be applied.
Despite the challenging mountainous terrain, inaccessible location, and frequent natural hazards,
Uttarakhand now has 12 urban RBF schemes, developed since 2010.

Figure 2. Workshop to create awareness of disinfection by photovoltaic (solar) powered small-capacity inline-electrolysis
disinfection systems at an RBF site in Julo village, Uttarakhand (photo: P. Otter/AUTARCON).
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What’s next?
To provide safe drinking water year round, tests are being conducted on the coupling of standalone inline-electrolysis (“electro-chlorination”) pilot plants of small (20 m³/day) to medium
(1,600 m³/day) capacity to RBF wells for disinfection of the water [10], [11]. These systems are
supplied with energy from both conventional power (electricity) and solar power (photovoltaic
cells). Stakeholders (UJS and village communities) are engaged in the testing, so they can
eventually operate the systems (Figures 2 and 3). Data from continuous monitoring of water
quality over one year show that no total coliforms or E. coli were present in the drinking water
produced. Although such systems involve higher capital investment than do conventional
chlorination systems, only minimal maintenance and no hazardous chemicals (e.g., for
chlorination) are required. Consequently, operating costs are low, and no risks arise due to storage
and transport of chemicals. While both systems offer potential solutions for robust disinfection,
the solar-power system is especially suited for inaccessible or remote areas with intermittent or
no electricity supply.

Figure 3. A medium-capacity inline-electrolysis pilot plant is demonstrated to participants at a training course at RBF well No. 18
in Haridwar (photo: HTWD).

In response to the unprecedented and devastating flood of June 2013 in Uttarakhand, a concept
for flood-proof RBF wells for India and developing countries was implemented, using
predominantly local materials in Srinagar (Uttarakhand) in 2016 and 2017 (Figure 4) [14].
Subsequently, a prototype watertight wellhead was fabricated in Haridwar and built into the floodproof well chamber. The cost of these flood-proofing measures is only 10% of the cost of
constructing a conventional well without these measures.
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Figure 4. RBF well equipped with a flood-proof well chamber and a watertight wellhead (photo: HTWD).

Recent RBF demonstration and implementation in India show that, although numerous traditional
schemes already exist, engineers and well construction firms are not adequately trained and aware
of the risks involved, of measures to mitigate pathogenic contamination in groundwater supplies,
and of the benefits from RBF. Hence, the importance of RBF demonstration sites to support
awareness raising at the fundamental and applied levels for further dissemination of the solution.
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