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Introduction

The Hindon River is a significant river in North India, flowing through the states of Uttar

Pradesh and Uttarakhand. It is a tributary of the Yamuna River and plays a crucial role in the

region's ecology and economy. The area is located in between Yamuna and Hindon river,

which are highly polluted rivers of western Uttar Pradesh, is polluted by municipal, industrial

and agricultural effluents, and flows through the city of Saharanpur, Muzaffar Nagar and

Ghaziabad districts (Lewis, 2007).

As surface water resources are inadequate to fulfill the water demand. Productivity through

groundwater is quite high as compared to surface water, but groundwater resources have not

yet been properly developed through exploration. Groundwater interacts with the surface

layer in three ways, first by getting recharged during the rainy season, secondly provides

moisture to the surface layer in the dry season, and third way by interacting dynamically in

both space and time. The dynamics of groundwater further depends on hydraulic conditions,

local geology, and the climate of the region (Amanambu et al., 2020; Cuthbertet al., 2019;

Kløve et al., 2011).

Although groundwater occurs beneath essentially every spot on the Earth, finding usable

supplies can be a challenge. Groundwater commonly occurs within earth materials through

which water moves very poorly, and thus its extraction may be impossible. Groundwater also

may occur very deep in the Earth, making extraction impractical, even if its quality were

acceptable for everyday use. Also, groundwater may contain excessive amounts of salts or

minerals, or it may be contaminated. Satellite remote sensing provides shallow-earth

information about plants, geologic materials, and structure. These techniques are particularly

good in areas where water flow may be concentrated in fractures or other geologic structures

that have surface expression, but are not readily discerned by walking over them (Perrin et al.,

2011; Montginoul et al., 2016; Pophare et al., 2014; Goyal et al., 2013; Sakthivadivel, 2007).

Detailed hydrogeomorphological mapping survey can give a clear picture of the groundwater

resources and the associated problems. The visual interpretation and Digital Image

Processing of CARTOSAT/LANDSAT and ASTER satellite data may provide information

pertaining to hydro-geomorphic features to understand the nature and water potentiality of

different landforms. The integration of geological and lineament information is important in

preparing hydrogeomorphic potential map. Interrelationship of hydro geomorphic units and

other topographical features and their importance shall be very helpful in delineating the



groundwater potential zones, specifically in the hilly terrain (Poole, 2010; Gurnell et al., 2016;

Thorp et al., 2010)

In drier climates, plants often align along water-bearing fractures and appear readily in aerial

photographs. Conversely, in wetter climates, the types of plants may differ over water-bearing

zones and thus show up distinctly in spectral sensing. Buried or hidden River-channel

sediments can become obvious using ground-penetrating radar. Fractures and faults are

particularly easy to spot using side-scan radar. Drilling is then directed into the fractures,

ancient River channels, fault zones, or layers where water is either known or suspected to be

moving (Sethupathi et al., 2012; Nag and Ghosh, 2013).

Reliable information on land and water resources and its proper management are the

most important components for planning area specific development activities. For scientific

management of natural resources, it is essential to integrate the data on various land and

water resources together with the data on socio-economic conditions for optimal utilization of

these natural resources.

A lot of study has been done on the parametric characteristics of Hindon river through

conventional and neural network modules. There is no or very little literature available for

this basin relating to ground water modelling and its inter-connection with other parameters

i.e., soil, geomorphology, seismology and surface water data etc.

Here's a brief introduction to the Hindon River:

Importance:

Water Source: The river serves as a major source of water for agricultural, industrial, and

domestic purposes in the region. Many towns and cities along its course depend on the

Hindon for their water supply needs.

Agriculture: The water from the Hindon River is extensively used for irrigation, supporting

agriculture in the surrounding areas. Farmers rely on this water source for cultivating crops.

Biodiversity: The Hindon River and its floodplains are home to various flora and fauna. The

river sustains a diverse ecosystem, including numerous bird species, fish, and other aquatic

life.



Historical Significance: The region around the Hindon River has historical and cultural

significance. Several ancient and medieval sites are located along its banks, reflecting the rich

heritage of the area.

Challenges:

Despite its importance, the Hindon River faces several challenges, including pollution from

industrial effluents, sewage discharge, and agricultural runoff. These issues have led to water

quality degradation and adversely affected the river's ecosystem and the communities

dependent on it (Mishra et al., 2016; Sharma et al., 2021).

Efforts are being made by the government and various organizations to address these

challenges, including initiatives to clean the river, regulate industrial discharges, and promote

sustainable agricultural practices to ensure the Hindon River's long-term health and usability.

The provided table appears to show the total effluent discharge 78.39 MLD (in Million Liters
per Day, MLD) from various types of industries and drains in different districts.



Fig. 1. Image showing industrial units discharging effluent into Hindon river



Table 1. Statistics of industrial units discharging effluent into Hindon river



Sewage pollution discharge in Hindon river

Table 2. Statistics of sewage units discharging effluent into Hindon river



Study area

The Hindon River originates in the Saharanpur District of Uttarakhand and flows through the

districts of Muzaffarnagar, Meerut, Baghpat, Ghaziabad, Noida, Greater Noida, and

Bulandshahr in the state of Uttar Pradesh (Fig. 1).

The study area for the proposed work consists of an approximately 100 km linear stretch of

the Hindon river segment starting from Baparasi Village near the Meerut Karnal highway 82

falling at 29°11’7.76” N, 77°29’37.13” E till the river joins Yamuna River in Gautambuddh

Nagar at 28°24’42.77” N, 77°29’39.18” E. The fluvial geomorphic features have been

mapped along this stretch along the flood plains falling 10 km on either side. The geomorphic

features mapped consists of various agradational and degradational landforms such as

paleochannels/abandoned channels, river flood plain (younger alluvial plain, older alluvial

plain and active flood plain), point bars, channel bars, braided bars, scroll bar, ox bow lakes,

meander scar etc. Further the region close to the river’s confluence with Yamuna River within

Gautam buddh nagar has been sampled for surface and groundwater from specific locations

to understand the contamination levels within this stretch.



Fig. 2. Hindon river map showing river flow channel



Migration of Hindon river

Alterations in river channel morphology, such as meandering patterns or channelization, can

affect the groundwater regime. Changes in riverbed elevation and flow dynamics influence

groundwater levels in adjacent areas. Natural changes in river channels, such as erosion,

sedimentation, and meandering, can lead to the migration of a river over time. As the river

migrates, it may interact with different geological formations, contributing to the recharge of

groundwater aquifers. Altered river courses may influence the flow paths of groundwater.

Groundwater that would have discharged into the river may now follow different routes,

affecting discharge patterns. Permeable geological formations and well-connected aquifers

enhance the exchange of water between rivers and groundwater. Human activities, such as

channelization, dam construction, and urbanization, can significantly impact river migration.

Altered river courses due to human interventions can affect both groundwater recharge and

discharge.









Fig. 3. Hindon river migration shown in part 1 to part 15

Hindon Migration region
Sr No Location Lattitude Longitude
1 Mubarakpur and Amity University 28°28'30" 77°27'52"
2 Laknawall 28°30'30" 77°26'44"
3 Sabbir Masjid 28°33'08" 77°25'33"
4 Behlolpur 28°37'25" 77°24'22"
5 Poddar international 28°43'11" 77°23'44"
6 Sirora 28°45'50" 77°24'20"
7 Suthari 28°50'56" 77°24'36"
8 Kunhalda 28°53'03" 77°25'08"
9 Harikhera 28°58'58" 77°26'05"
10 Mawl Kalan 29°01'30" 77°27'15"
11 Jauddinpur 28°53'06" 77°26'42"
12 Khaprana 29°09'31" 77°28'35"
13 Baparas 29°11'16" 77°29'56"
14 Chanderi 29°15'56" 77°30'05"
15 Bawana 29°19'01" 77°29'31"



Methodology

Various sets of remote sensing data are geometrically corrected with the help of survey of

India topographical maps. All these images have been co-registered with each other. Base

map is created with the help of topographic maps and PAN data. Infra-structure layer map is

prepared first. LANDSAT data is classified into actual land categories. Through image

processing algorithms, various thematic layers i.e., land use/ land cover, crop land, fallow

land, wasteland, geology and geomorphology etc. are prepared. Vegetation anomaly studies

are also done through LANDSAT data.

Ground water and soil samples obtained in the field are tested in the lab for DETAILED

TEXTURE analysis and water quality parameters were also included in the study to

understand the specific requirement of the land and soil ingredients respectively. The image

data and tested field data along with the texture of soil analysis data were incorporated to

infer suitability of the areas for rainwater harvesting.

Water and Soil sampling analysis

Water sample were collected started from its origin to end into Yamuna River. A total of 10

samples were collected and analyzed in laboratory using Titrimetric and UV-Vis

spectrophotometer for anions and, Flame photometer and ICP-OES for major cations and

heavy metals. Soil samples obtained from Hindon river were passed through sieve to get

insight about grain size.

Satellite image preprocessing

Sentinel 2 data was atmospheric corrected using Flash tool of ENVI, and further converted

into reflected band for calculating NDWI of the region.

Preliminary Results

Digital Elevation Model

10 m DEM was extracted using Sentinel 1 image and contour were form in the interval of

10m all over the region. DEM helps identify watershed boundaries by delineating the

topographic divide, separating areas where water drains into different river systems.

Understanding watershed boundaries is essential for estimating the extent of the area

contributing to river water recharge. DEM assists in analyzing river channel morphology,

identifying features such as meanders, pools, and riffles. These features influence the



interaction between river water and groundwater, impacting recharge dynamics. DEM

provides elevation data, helping to estimate subsurface storage capacity. Low-lying areas,

depressions, or areas with specific geological characteristics may serve as potential storage

reservoirs for infiltrating water. DEM data is often used in hydrological models to simulate

water movement through the landscape. These models incorporate elevation information to

assess how water infiltrates, flows, and recharges groundwater within the watershed.

Fig. 4. Hindon river digital elevation model with contour of 10m

Lineaments

Lineaments, which are linear features on the Earth's surface, can play a significant role in

influencing water recharging capacity in river beds. Areas along lineaments where fractures

enhance storage capacity may experience more localized recharge, contributing to the

sustainability of river flow during dry periods. Fractured zones within lineaments can provide



preferential pathways for rainwater or surface water to infiltrate into the groundwater aquifers

beneath river beds. Lineaments may influence the transport and deposition of sediments in

river beds. The presence of fractures can affect sediment permeability, influencing how water

interacts with the riverbed. Lineaments may include faults, fractures, and other structural

features that can affect the movement and storage of water. Lineaments can act as pathways

for the movement of water. In river beds, fractures may enhance the permeability of the

subsurface, allowing water to infiltrate more effectively. When rivers intersect fault lines,

these features can influence the movement of water both horizontally and vertically. Faults

may connect different aquifers, allowing water from the river to recharge deeper groundwater

reservoirs. This connectivity enhances the overall recharging capacity of the aquifer system.

Incorporate lineament mapping into hydrogeological modelling to identify areas where

fractures and faults intersect with river beds. This mapping can help assess potential

pathways for water movement and recharging. Utilize groundwater modeling techniques to

simulate the interaction between lineaments and river beds. This can provide insights into the

spatial distribution of recharging capacity and the dynamics of groundwater flow.



Fig. 5. Hindon river lineament with digital elevation model

Thermal data analysis

LST derived from Landsat 9 data for the river basin or watershed of interest be used for water

quality estimation. It requires collection of water quality data from field measurements or

monitoring stations along the river and parameters of interest may include temperature,

dissolved oxygen, turbidity, nutrient levels, and pollutants. To find the correlation certain

statistical methods such as regression be used to analyze the correlation between LST and

various water quality parameters. Similarly, temporal trends in water quality parameters at

seasonal variations and specific events (e.g., heavy rainfall, drought) using LST.



Fig. 6. Hindon river map with Land surface temperature

Water quality

The pH values range from 3.9 to 8, indicating a slightly acidic to alkaline nature of the water

samples. Sample 4 has a notably lower pH (3.9), suggesting acidic conditions. Sample 7 has

the highest EC and TDS values, indicating higher salinity and dissolved solids. The high EC

and TDS in Sample 7 suggest potential salinity issues. Samples 4 and 10 exhibit higher

concentrations of various constituents, indicating potential pollution or natural geochemical

variations. Sample 10 has a significantly high phosphate concentration. Sample 4 has notable

concentrations of sulphate, nitrate, and chloride. Fluoride concentrations are relatively

consistent, with the highest in Sample 2. Bicarbonate concentrations vary, with Sample 6

having the highest value. Sample 7 shows elevated concentrations of several trace elements,

including Fe, Mn, Ni, and Pb.



Table 3. Physiochemical parameters of Hindon river water

Soil texture analysis

Soil obtained near to Hindon river were found Gravelly sand, slightly gravelly sand and

slightly gravelly muddy sand.

Gravelly sand typically has high permeability and infiltration capacity due to the presence of

coarse particles. This allows water to move through the sediment more easily, facilitating

groundwater recharge. While gravelly sand promotes rapid infiltration, it may have a lower

storage capacity compared to finer sediments.

Slightly Gravelly Sand:

The permeability of slightly gravelly sand is influenced by the proportion of gravel and sand.

Higher gravel content generally leads to increased permeability, supporting efficient

groundwater recharge. The presence of fine particles can influence water retention to some

extent. Slightly gravelly sand with good connectivity can enhance groundwater recharge.

Slightly Gravelly Muddy Sand:

The presence of mud or silt in slightly gravelly muddy sand can reduce overall permeability

compared to cleaner sands. Infiltration in slightly gravelly muddy sand may be slower

compared to coarser sediments, but the mud content can contribute to prolonged recharge by

retaining water. However, the mud content may enhance water retention. Contaminants may

be filtered or attenuated as water moves through the sediment.



Table 4. Grain size analysis of Hindon river floodplain

Cross section profile analysis

Understanding the dynamic relationship between the cross-sectional profile of a river and

groundwater is crucial for effective water resources management and sustainable

development. Hydrogeological investigations, river morphological studies, and continuous

monitoring of groundwater levels contribute to a comprehensive understanding of these

interactions. The river and the aquifer are physically connected, allowing for the exchange of

water between the two systems. Rivers can serve as a source of recharge for groundwater.

When a river flows over permeable materials, water from the river can infiltrate into the

subsurface, contributing to groundwater recharge. During high flow periods, river water may

enter the riverbanks and contribute to bank storage, influencing groundwater levels in the

adjacent aquifer. River incision and the formation of terraces can create interactions between

the river and underlying aquifers. The presence of terrace deposits may influence

groundwater movement and storage. Groundwater discharges into rivers, contributing to

baseflow. This is particularly significant during dry periods when river flow is sustained by

groundwater discharge. This natural filtration process effect water quality and can be an

pollutant in groundwater source of drinking water. Excessive groundwater pumping near a

river may lead to the depletion of river water, impacting both surface water and groundwater

availability.





Fig. 7. Cross-section profile of Hindon river channel using contour at 10m intervals

Groundwater Recharge zones

Meander Patterns Analysis: Satellite imagery, GIS data, and topographic maps were utilized

to analyze the meander patterns of the Hindon River. Meanders represent dynamic zones

where the river interacts significantly with its surroundings, influencing the potential for

groundwater recharge. Points with pronounced meanders were prioritized for further

assessment.

Soil Texture Classification: To assess the hydrogeological suitability for recharge, detailed

soil texture analysis was conducted. Data from soil surveys, remote sensing, and ground

sampling were integrated to classify the soil into categories such as gravelly sand, slightly



gravelly muddy sand, and slightly gravelly sand. These soil types are known for their high

infiltration capacities, essential for effective groundwater recharge.

Integration of Meander Patterns and Soil Texture: The overlay of meander patterns and

identified soil textures revealed specific zones along the riverbanks with high potential for

groundwater recharge. Areas exhibiting gravelly sand, slightly gravelly muddy sand, and

slightly gravelly sand within the meander belts were earmarked as priority recharge points.

Vegetation and Land Use Considerations: In addition to meander patterns and soil texture, the

study considered the existing vegetation cover and land use in the identified zones. Natural

vegetation can enhance recharge processes by reducing surface runoff and promoting

infiltration. Areas with minimal urbanization and impermeable surfaces were prioritized to

maximize recharge potential.

Fig.8. Hindon river map with meandering and soil texture


