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 Overview of managed aquifer recharge/riverbank filtration in India

 RBF investigations in Ganga and Damodar basins and NE India (2020–2024)

 Summary and conclusions

 Upcoming capacity enhancement events on MAR/RBF in Dresden & Roorkee
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MAR as percentage of groundwater use in 2010

(Margat & van der Gun 2013, Dillon et al. 2019)

Motivation – MAR & its capacity in India

India has most MAR capacity worldwide (31%)

3

(Margat & van der Gun 2013, Dillon et al. 2019)

 Asia has highest MAR capacity but MAR 

is a low fraction of GW use

(Dillon et al. 2019)

Volumetric MAR capacity in 2015 

by region (MCM/a)
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Potential of riverbank filtration in India – situation in 2020

 Direct surface water abstraction (SWA) and 

conventional treatment for drinking water 

production often problematic

 RBF is used as an alternative/ supplement 

to SWA at:

 26 sites for drinking water production

 1 site for irrigation

 Many undocumented and unexplored/ 

unintentional RBF systems exist

 Large potential for RBF in India

 Need to further investigate RBF as a 

conjunctive SW–GW management strategy
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Modified from 

Sandhu et al. (2021a)

15.05.2025



 16.05.2025

 2

Process of RBF

5

© Grischek & Paufler (2017)

RBF as an element of MAR & IWRM

 Pre-treatment of drinking, industrial and 

irrigation water

 Reduction of groundwater depletion in 

large basins

 Robust against predicted climate 

change

RBF is widely investigated for 

drinking water production, less 

for irrigation and industrial-/ 

process-water applications

river bank filtration, river bed filtration, lake bank filtration, canal bed filtration, 

tool for conjunctive SW-GW management
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RBF investigations in Ganga and Damodar basins 

and NE India (2020–2024)
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RBF sites investigated 2020–2024 
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…and other sites (Srinagar & Karnaprayag in Uttarakhand, Dera Bassi

& Gagdhagara (Punjab), RWSS in Assam, Chennai)
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Location (river) Characterized by …

Haridwar (Ganga), 

RBF site

Urban setting; high microbial load and high turbidity 

(monsoon), low organic and low OMPs loads

Agra (Yamuna), RBF 

site

Urban setting; high organic & microbial load, high turbidity 

(monsoon), impact of domestic/industrial wastewater

Damalia (Raniganj, 

Damodar river), RBF 

site

Rural/peri-urban setting; high turbidity, organic and 

microbial load

Guwahati (Dakhin

Pakur Kona, Kalajal

river), RBF site

Rural/peri-urban setting; high turbidity, organic and 

microbial load

Damalia

Base-map:

WHYMAP (2008)
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Significance of the city of Haridwar and its water supply
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 1 of 7 holiest places of Hinduism

 Dynamic water demand (Sandhu et al. 2021b)

 First RBF well built in 1965

 25 caisson wells (2021), 3-320 m from canal/river

 Qmean 22 Mm³/a (~60,000 m³/day)

Data/Information source: Sandhu et al. (2021b)

source: Bartak et al. (2015)
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Drinking water security and ecological sustainability by RBF
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 Monitoring since 2005

 Removal rate of E. coli upto 4.4 log10

units for wells abstracting 90% BF

 Annual volume of BF (~15.4 Mm³/a) 

< 0.1% of Ganga’s mean annual flow

 Sustainable operation for ~50 yrs.

 Recognised by IAH MAR-NET as a 

demonstration site in 2010

 State government order for 

preferential use of RBF issued in 

2006

Data/Information source: Sandhu et al. (2021b)

Bacteriological indicator counts in water samples from the Ganga River and

RBF wells in Haridwar in March 2022 (source: CCRBF, 2025)

IAH Commission on Managed Aquifer Recharge, Online MAR seminar #4 – MAR in India; Sandhu et al. Potential of RBF in Ganga and Damodar river basins & NE India15.05.2025

Further development of RBF in Uttarakhand
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RBF site

developed

since 2010

DW 

production

by RBF in 

2015 [m³/d]

DW 

production

by RBF in 

2018 [m³/d]

Increase in 

DW 

production

(2015-2018) 

[m³/d]

Number of

persons

additionally

supplied

Srinagar 937 3,667 2,730 17,600

Karna-

prayag
706 5,760 5,054 42,666

Gauchar ~400 4,320 3,920 32,000

Kapkot New wells 2,020 2,020 14,962

Bageshwar New wells 2,020 2,020 14,962

Uttarkashi New wells 5,700 5,700 36,770

Total 23,487 19,624 158,960

Source: NIRWINDU (2019)

Sandhu et al. (2019)Flood-proof RBF well in Srinagar, Uttarakhand, by

Alaknanda River (Photo: HTW Dresden)
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Large-diameter RBF caisson wells in Karnaprayag and

Gauchar, Uttarakhand, by Alaknanda River (Photo:

Uttarakhand Jal Sansthan, 2017/2018)
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Community water security by Koop wells in Uttarakhand
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Demonstration of the Colilert® system during a water quality 

awareness campaign on Koop wells in Syalde village 

(photo: HTW Dresden, 2018)

Year-round water availability by RBF
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Source: Sandhu & Grischek (2012)

Source: Sandhu & Grischek (2012)

Reconnaissance of a site for a Koop well in 

Uttarakhand (photo: HTW Dresden, 2006)
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Demonstration of RBF in Agra, Yamuna River
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 RBF exploratory well: 

70–84 m³/day

 Supplements SWA by 

tanker supply to 

surrounding communities

 Sampling of major ions, 

metal(loids), DOC, org. 

micropollutants, total 

coliforms & E. coli

 Isotope: δ18O, δ2H

 Water level

measurements, riverbed

profiling

RBF demonstration well, Jeoni Mandi waterworksYamuna during monsoon in Agra 09/2022

Yamuna during low flow (L) and water sampling (R)

(photos: HTWD & NIH Roorkee, 2021/2023)
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Source of base image: Google Maps 2022
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Demonstration of RBF in Agra, Yamuna River

16.05.2025 13

 Complex multi-layered aquifer system

 Clay and silt interbedded with granular 

zones of sandy facies)

 Mean δ18O values (for post-monsoon

period Oct./Nov. 2021) indicate

presence of river water in RBF well :

Percentage of river water in RBF 

exploratory well () ~76 %

Data/Information source: Krishan et al. (in 

preparation), Krishan (2024), CCRBF (2025)
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Figure prepared with data from: Krishan et al. (in preparation), Krishan (2024)

Demonstration of RBF in Agra, Yamuna River
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 Median concentrations (n=13, 2021- 2023) of selected OTPs in Agra in 

Yamuna river and RBF well water (Börnick, 2024; Börnick et al. in revision)

 Median portion of bank filtrate calculated from carbamazepine 

concentrations ~ 47% (Börnick, 2024; Börnick et al. in revision)
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RBF in mining-impacted areas – Damalia, Damodar river basin
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RBF scheme by Damodar River for urban supply 

to Raniganj town. Production: 22,700 m³/day

 1 RCW, 1 CW with 4 infiltration galleries & 12 

vertical wells

 High removal of bacteriological indicators: 

TC > 6.4 Log10, E. coli > 3.7 Log10

 Low organic pollution and heavy metals

within drinking water limits

Total coliform count 

[MPN/ 100 mL]

E. Coli count 

[MPN/100 mL]

Damodar R. > 2.4 x 106 2,800

RBF well 5,016 < 1
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Good potential for RBF in river-channel alluvium deposits of Damodar basin

Photo: HTW Dresden & CMERI Durgapur (2021)

Source: Banerjee P, Chandra S (2024)
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RBF for rural water supply, North East India
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 Perennial rivers

 Low organic pollution

RBF investigations at Pakur Kona

 Production capacity 60 m³/day

 Drinking water production: 

RBF well – aeration – filtration –

disinfection – supply

 Well depth 100 m BGL, 

 Filter-screen 20 – 90 m BGL

 Bank filtrate abstracted mainly in/post 

monsoon

RBF exploratory well

RBF exploratory well

Kala Jal River in monsoon
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Source: Ronghang (2024)

Photo: HTW Dresden & BBEC Kokrajhar (2023)
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Summary, conclusions and upcoming events
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Summary: RBF in India – situation in 2024

18

 7 new sites investigated

 Generally high attenuation of pollutants 

observed at all investigated sites

 Construction of exploratory wells 

indispensable for  determining 

geohydraulic conditions

 Post-treatment required at some sites

 RBF can be considered as a 

sustainable  source → key aspect of 

JJM

Location (river)

Agra (Yamuna)

new sites 

investigated

v
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Modified from Sandhu et al. (2021a)
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Conclusions on geohydraulic aspects

19

 Hydraulic connection between the river and aquifer is the most essential criteria for RBF

 Necessity to establish hydraulic connection for potential new sites to plausibly determine portion 

of bank filtrate and consequent removal rates of contaminants → beneficial, if RBF is proposed 

as a strategy to address overexploitation of GW resources (e.g. in China & Vietnam, Hoang et 

al., 2022)

 Excellent conditions for RBF in submontane locations (e.g. Haridwar)

 Challenging at some other sites due complex subsurface lithology

 Geohydraulic investigations should be supplemented with stable isotope and OMP investigations
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Conclusions on regulatory compliance & sustainability

20

 Compliance with country-/state-specific regulatory framework is necessary. 

 Aspects that can be highlighted as sustainability indicators for RBF are:

 greater water security by attenuation of pollutants within multiple-barrier concept and 

sustained water availability,

 impact on base-flow of especially smaller rivers → combination of GW recharge techniques 

(check dams, spreading) with RBF

 and long-term water level and quality monitoring and determination of portion of bank filtrate 

→ empowering local/grass-roots communities and stake holders

 Permit granting processes must be considered

 Public and stakeholder participation must be further addressed, especially in rural areas 

→ positive examples for aquifer recharge from rural India
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Upcoming capacity-enhancement events on MAR/RBF 

21

 MARISS – 6th Managed Aquifer Recharge International Summer School, Dresden (Germany), 

01–06 September 2025:

https://www.htw-dresden.de/mariss

E-mail: mariss@htw-dresden.de

 Two-week course on “MAR and modelling of water-food nexus”, HTW Dresden and IIT Roorkee 

in collaboration with NIH Roorkee, Roorkee (India), 2025 (dates t.b.c.). Contact:

cornelius.sandhu@htw-dresden.de

 Presentations (special-session) on MAR and WF-nexus at Roorkee Water Conclave (RWC 

2026), Roorkee, 23–25 February 2026:

https://www.iitr.ac.in/rwc/
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