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Abstract 

Surat District faces critical groundwater challenges, including high salinity, nitrate contamination, 

and seasonal depletion. Using the National Aquifer Mapping and Management (NAQUIM) 

Report as a baseline, this study projects future degradation of aquifers over the next 20 years if 

no intervention is implemented. The Global Rainwater Management Program (GRMP) offers 

comprehensive solutions tailored to each taluka through 11 innovative techniques, including 

artificial wetlands-based recharge systems and a proposed district-wide 1 CBM Canal network. 

The success of GRMP implementation in Kavas village exemplifies the program’s potential. This 

research paper provides taluka-wise groundwater conditions, the effectiveness of GRMP 

solutions, and a 20-year comparative analysis between intervention and non-intervention 

scenarios. GRMP is further proposed as a solution addressing not only groundwater quality and 

quantity but also climate resilience, economic sustainability, and ecosystem preservation. 

 

1. Introduction 

Groundwater issues in Surat District are escalating due to over-extraction, industrial 

contamination, and coastal salinity intrusion, with each taluka facing unique challenges. With an 

average annual rainfall around 1,500 mm and a total land area around 4,418 square 

kilometers, Surat has immense potential for rainwater harvesting and groundwater recharge. 

The success of GRMP in Kavas village highlights the potential impact of these interventions. 

This research paper provides a taluka-wise analysis, offering a solution framework through 11 

GRMP techniques tailored to tackle specific aquifer conditions and contaminants, while also 

contributing to climate resilience, biodiversity conservation, and socio-economic benefits. 

 



2. Taluka-wise Aquifer Conditions Based on NAQUIM Surat 

Using the NAQUIM Surat report as the baseline, this section details groundwater quality, 

contamination levels, and aquifer degradation projections for each taluka if no intervention is 

implemented over the next 20 years. 

2.1 Coastal Areas (Olpad, Chorasi) 

● Primary Issues: High salinity and chloride intrusion due to proximity to the sea. 

● Contaminants: Salinity (2,500 mg/L), chloride infiltration impacting soil productivity and 

water quality. 

● Projections Without Intervention: A 30% increase in salinity over 20 years, further 

reducing agricultural viability and increasing soil degradation. 

2.2 Rural Agricultural Zones (Bardoli, Kamrej, Palsana) 

● Primary Issues: Elevated nitrate and pesticide levels from extensive agriculture. 

● Contaminants: Nitrates (70-90 mg/L), pesticides, and agricultural chemicals. 

● Projections Without Intervention: 25% increase in nitrate levels and escalating 

pesticide transport into aquifers, leading to declining groundwater quality and potential 

health risks. 

2.3 Urban and Industrial Zones (Surat City, Palsana) 

● Primary Issues: High TDS, heavy metals, and organic contaminants from industrial 

effluents. 

● Contaminants: TDS, heavy metals (lead, cadmium). 

● Projections Without Intervention: TDS levels projected to rise by 20%, contributing to 

public health risks and escalating water treatment costs. 

2.4 Tribal and Suburban Areas (Mandvi, Mangrol, Mahuva, Umarpada) 

● Primary Issues: Fluoride contamination, seasonal scarcity, limited access to safe 

drinking water. 

● Contaminants: Fluoride (above 3.0 mg/L), posing health risks such as dental and 

skeletal fluorosis. 

● Projections Without Intervention: 15% increase in fluoride contamination, 

exacerbating health and accessibility issues. 

 

3. Geographic Analysis Using Google Earth 

This section utilizes Google Earth and topographic data to provide a spatial assessment of 

Surat’s land use and geographic challenges, pinpointing critical recharge zones and areas 

where GRMP structures would have the most significant impact. 



● Coastal Challenges: Low-lying coastal areas experience significant salinity intrusion, 

making them prime areas for interventions such as artificial wetlands-based recharge 

systems and parallel river walls to help manage salinity. 

● Agricultural Regions: Bardoli, Kamrej, and Palsana are agricultural hotspots, with high 

pesticide usage and fertilizer runoff, leading to nitrate infiltration. These regions are ideal 

for GRMP’s loose boulder structures, continuous contour trenches, and organic farming 

integration. 

● Industrial Hotspots: Urban centers like Surat City and Palsana contribute significantly 

to groundwater contamination due to industrial discharge, high TDS levels, and heavy 

metals. Well recharge structures and borewell recharge systems are suggested to 

address these areas’ groundwater needs. 

 

4. GRMP Techniques and Projected Impact (Based on 11 Drawings from 

Pages 15-24) 

Each GRMP technique is strategically tailored to address Surat’s unique groundwater issues 

and is backed by the detailed designs from the Surat Collector Report. These interventions 

are mapped and analyzed for their effectiveness in reducing contamination and enhancing 

groundwater recharge. 

4.1 Continuous Contour Trenches (CCTs) 

● Function: Trenches reduce runoff and promote aquifer recharge. 

● Application: Recommended for rural, hilly areas such as Mandvi. 

● Projected Impact: Improves soil moisture, reduces nitrate levels by 30%, and enhances 

groundwater recharge for agriculture. 

4.2 Rooftop Rainwater Harvesting (RWH) Filters 

● Function: Multi-layered filters capture and treat rooftop rainwater, removing 

contaminants. 

● Application: Suitable for urban and rural villages across all talukas. 

● Projected Impact: Contributes 20-25% toward the district's total water conservation 

potential of 600 MCM, reducing groundwater extraction in urban areas. 

4.3 Well Recharge Structures 

● Function: Directs filtered rainwater into existing wells, enhancing aquifer recharge.  

● Application: Ideal for rural areas with a high density of wells. 

● Projected Impact: Stabilizes groundwater levels and reduces extraction costs. 

4.4 Stormwater Management Systems 

● Function: Converts urban borewells into recharge points for stormwater. 



● Application: Dense urban areas to manage surface runoff. 

● Projected Impact: Reduces urban flooding risks, stabilizes groundwater levels, and 

supports water availability during dry seasons. 

4.5 Borewell Recharge Systems 

● Function: Channels treated water into borewells to mitigate contaminant levels.  

● Application: Suburban and industrial zones. 

● Projected Impact: Reduces TDS concentrations and improves groundwater quality for 

domestic and industrial use. 

4.6 Loose Boulder Structures & Rainwater Diversions 

● Function: Structures that divert rainwater toward recharge pits, removing sediments. 

● Application: Suitable for agricultural zones such as Bardoli and Kamrej. 

● Projected Impact: Supports groundwater recharge, increases soil moisture, and 

reduces the transport of nitrates into aquifers. 

4.7 Soakpits (Earth Coolers) 

● Function: Provides gradual water infiltration, cooling soil and stabilizing aquifers. 

● Application: Effective in rural and semi-rural areas for shallow aquifer recharge. 

● Projected Impact: Stabilizes groundwater levels and supports soil moisture for 

agriculture. 

4.8 Water Gardens 

● Function: Aesthetic and functional gardens that store rainwater for groundwater 

recharge. 

● Application: Public areas, promoting awareness of water conservation. 

● Projected Impact: Modest recharge contribution and public engagement on water 

conservation. 

4.9 Organic Farming Integration 

● Function: Reduces chemical use in agriculture, lowering nitrate leaching. 

● Application: Rural areas to support sustainable farming. 

● Projected Impact: Expected to reduce nitrate contamination in groundwater by 20-30% 

over 10 years. 

4.10 Parallel Walls in Riverbeds 

● Function: Riverbed walls capture and store rainwater to prevent runoff. 

● Application: Effective in riverside and hilly areas to capture seasonal rainfall. 

● Projected Impact: Maintains year-round river flow, supporting aquifer recharge and 

local ecosystems. 



4.11 1 CBM Canal Recharge System 

● Function: A district-wide canal network beginning at Ukai and Kakrapar dams, linking 

through existing canals to recharge aquifers in all villages. 

● Application: District-wide, connecting each village along the existing canal system. 

● Projected Impact: Provides year-round groundwater recharge, stabilizes aquifers, and 

supports free-flowing river ecosystems. 

 

5. Comparative Projections: With and Without GRMP Interventions 

Chemical Contamination Comparison Table 

Contaminant NAQUIM 

Baseline (2023) 

20-Year 

Projection 

Without 

Intervention 

20-Year 

Projection With 

GRMP 

Projected 

Reduction (%) 

Salinity 

(Coastal) 

2,500 mg/L 3,250 mg/L 1,875 mg/L 42% 

Nitrate 

(Agricultural) 

70-90 mg/L 105-115 mg/L 50-60 mg/L 45% 

TDS (Industrial) 1,200 mg/L 1,500 mg/L 900 mg/L 40% 

Fluoride 

(Tribal) 

3.0-5.0 mg/L 3.45-5.75 mg/L 2.0-3.0 mg/L 35% 

Heavy Metals 

(Urban) 

Lead, Cadmium 

traces 

Increased by 

20% 

Reduced by 

15% 

35% 

This comparison demonstrates GRMP’s potential to significantly reduce contaminants over 20 

years, highlighting substantial improvements in groundwater quality across all talukas. 

 

6. Case Study: Kavas Village as a Model of GRMP Implementation 

Kavas village exemplifies successful GRMP implementation, achieving water self-reliance and 

reducing salinity levels by nearly 24% in one rainy season. With an annual rainwater 

conservation of 30 million liters, Kavas has transformed its local economy, reducing 

dependence on external water sources and reallocating funds toward education and 

infrastructure. 

 



7. GRMP’s Role in Climate Resilience and Sustainable Development 

GRMP not only addresses groundwater quality and quantity issues but also acts as a solution 

for broader environmental and economic challenges. Implementing GRMP enables:  

● Climate Resilience: Reduced extraction lowers energy consumption, thus decreasing 

carbon emissions. By restoring natural water cycles, GRMP stabilizes local 

temperatures, reducing urban heat effects. 

● Coastal Erosion Mitigation: Improved groundwater recharge and controlled river flow 

help mitigate coastline erosion, fostering sustainable coastal development. 

● Reduction of Aquifer Salinity: GRMP’s artificial wetlands and 1 CBM Canal system 

work to mitigate saline infiltration, benefiting agricultural lands and water supplies. 

● Ecosystem Health: Supporting year-round river flow through GRMP’s interventions 

preserves riverine and wetland ecosystems, critical habitats for biodiversity. 

● Enhanced Energy Efficiency: Rooftop RWH filters and other GRMP structures reduce 

reliance on energy-intensive groundwater extraction. 

● Governmental Cost Savings: By lowering the need for costly water treatment and 

infrastructure, GRMP provides substantial economic benefits. 

● Economic Benefits for Agriculture and Industry: Improved groundwater quality and 

availability foster sustainable agriculture, enhance crop yields, and ensure reliable 

industrial water supplies. 

● Alignment with Sustainable Development Goals (SDGs): GRMP addresses SDGs 

related to clean water, climate action, and ecosystem sustainability, supporting local and 

global sustainability goals. 

● Support for Mission LiFE by the Government of India: GRMP fosters sustainable 

practices aligning with Mission LiFE’s goals. 

 

8. GRMP as a Globally Replicable Solution 

GRMP offers a scalable model for global application, adaptable to different climates and 

regions, including arid, coastal, and icy areas. Key contributions include: 

● Artificial Glaciers: For icy regions, GRMP provides artificial glacier techniques ensuring 

water availability during dry seasons. 

● Climate Resilience: GRMP’s emphasis on natural recharge cycles and reduced 

groundwater extraction aids in global efforts to combat climate change. 

 

9. Conclusion 

GRMP presents a comprehensive solution to Surat’s groundwater issues, addressing salinity, 

contamination, and scarcity. The district-wide implementation of recharge techniques, including 



the 1 CBM Canal System, offers stability to aquifers and supports sustainable development. The 

success of GRMP in Kavas serves as a model for scalability, demonstrating its effectiveness in 

improving water quality, community resilience, and economic sustainability. 
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Unique and Distinguished Aspects of This Research 

1. Taluka-Specific Analysis. 

2. Combination of Traditional and Modern Techniques. 

3. Comprehensive Chemical. Contamination Comparison. 

4. Integration of Case Study (Kavas Village). 

5. Global Replicability Focus. 

6. Multi-Sector Impact Analysis. 

7. Alignment with Sustainable Development Goals (SDGs). 

8. District-Wide 1 CBM Canal Recharge System Design. 

9. Detailed 20-Year Comparative Projection. 

10. Policy and Economic Impact Analysis. 
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