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Preface 

 
“One does not need elaborate criteria, cunning measurements, or probing analysis, to recognise raw 
shortage of water and to understand its antecedents.  But the issue of water shortages are not so 
simple in their relationships nor are they transparent in their dealings.  When it comes to causation 
and exploration of solutions, it is rather easy to get lost into academic and scientific exercises that 
contribute little to the amelioration or alleviation of the conditions of those deprived of even enough 
drinking water”.  Amartya Sen, 1981 

 
Lack of fresh water is a naked fact for the people of the arid and semi-arid region.  Many of the 
aspects of water supply and irrigation remain clouded by statistics, bureaucracy and other 
constructions.  This work in no way boasts of finding all the answers, though it’s a humble gesture in 
order to understand the water system as it exists today.  In its small way, it tries to provide a ray of 
hope towards water self sufficiency. 
 
 

 
Citizens of Rajkot, Gujarat queue up for their drinking water supply.  

Photo Courtesy: CSE, New Delhi 
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Abstract 

 
Rapid urbanisation coupled with industrial growth has made its adverse impacts on the physical 
quality of life in the city and on the natural environment.  Natural patterns are distorted by human 
intervention to the extent that their inter-relationships are destroyed.  The balance between resource 
consumption and generation is skewed.  This has resulted in depletion and pollution of natural 
recourses.  In terms of effect to the water system, the result is drying up of natural water bodies at 
alarming rates; flooding during the monsoon and rapidly declining water table.  The study proposes a 
hypothesis, that by conserving local water body all of these three urban problems could be addressed 
simultaneously and effectively.  The rainfall regime in semi arid regions of western India is one of 
abundance during the rainy season, however sporadic that is, and severe water scarcity during the hot 
summer months.   Most of the cities in western India have large number of water bodies—some big 
enough to retain water through the year, others small village tanks, essentially the low areas that get 
water during the monsoon and are typically dry in the summer.   As a part of an urban system, they are 
important urban open spaces, in the midst of dense city fabric.  As the city expands, it engulfs the 
surrounding areas, thereby transforming the natural streams into urban streams.  However, often roads 
block these natural streams thus severing the lakes from its natural catchment and in turn transport the 
runoff.  From the point of view of water harvesting, this very valuable asset should not be wasted.  
Rather than adopting the approach of removing the runoff as quickly as possible from developed 
areas, the potential of capturing this water should be looked into. This can help reduce the water 
demands if not completely mitigate it. The study takes a case of a water body and a part of the city of 
Ahmedabad presently under the process of planned expansion by the so called Town Planning 
Schemes (TPS) and analyses it in a framework based on the notion that conserving/reviving the lake 
will eventually help mitigate the water needs of the region. 
 
TPS are the administrative units of urban design; any change to be brought about in the city can be 
effected better through the modification in the designing process of the TPS.  The Rational Method of 
runoff estimation was used.  Using GIS, runoff volume from each urban block was calculated to 
estimate the total water harvesting potential of the TPS.  This was balanced against the water demands 
of fulfilling the lake and the household demands for cooking and drinking.  From the results it was 
found that there is a distinct possibility to fill the lakes from rainfall runoff.  This can help mitigate 
the problems of water logging during the monsoon. Using the surplus runoff for artificial recharge 
would help arrest the falling water tables.  Thus, not only is there enough rainfall in the area to revive 
the water bodies but also to fulfil the drinking and cooking water needs of the people.  
 
Keywords: Rain-water harvesting (RWH), Town Planning Schemes (TPS), Artificial Recharge 



iv 

Acknowledgements 

It is with deep regards that I acknowledge my father Uday, sister Dhara and my wife, Brinda for their infinite 
patience and unwavering belief in me.  I am grateful to my family and to my parents-in-law for their support.  I 
owe my stay here at ITC to all of them.   
 
I am grateful to my parent organisation, Centre for Environmental Planning and Technology (CEPT), 
Ahmedabad, India and the Netherlands Fellowship Program (NFP) for offering me this opportunity to study at 
ITC.  The time I spent at ITC, has opened new vistas for me. 
 
I acknowledge the kind help of these people in the fruition of this thesis. 
My supervisors, Ir. Mark Brussel and Ir. Arno van Lieshout.  To Arno, I owe a relationship of understanding and 
care.  He was always encouraging, critical and provided enough motivation to continue this research.  I also thank 
him for introducing me to a very understanding engineer in Mark Brussel, my first supervisor.  Mark has been a 
compassionate critic, patient listener and a taskmaster.  I thank him for hearing my views that were mere baseless 
ideas, to help me develop them into sound scientific solutions. 
 
I am grateful to Ing. Remco Dost, Dr. Ben Maathuis, MSc Ir. Gabriel Parodi, Ing. Frans Bosch and Drs B. 
Leeuwen for their assistance at various stages of the research.  I take this opportunity to thank all my tutors at 
WRS Department and the support staff at WRS Department and at ITC.   
 
Kithsiri, Ajay, Yedendra, Mahesh, Talat and Yohannes for being ever ready to clarify my doubts.  Your presence 
and support made my task much simpler. 
 
I acknowledge following people for the data and help they provided: Mr. Suryakant Patel, Chairman, AUDA, Mr. 
Himanshu Thakkar, Dy. Town Planner, AUDA and Mr. Ashwin Jagani, Planning Assistant, AUDA; Mr. 
P.K.Parchure and Mr. Anoop Nagar, CGWB, Ahmedabad; Er. Mr. S.K.Gupta, PRL, Ahmedabad; Mr. Apoorva 
Parikh, Multi Media Consultants, Ahmedabad; Mr. Vishal Khurna, MS Khurna Constructions, Ahmedabad; Prof. 
Ms. Anjana Vyas; Prof. Mr. Neelkanth Chhaya and Prof. Mr. Utpal Sharma all at CEPT.   Krunal, Dilip, Dhaval, 
Parag, Merylene, Sharmishtha, Ajay, Ashish and Dr. Uday Shah for their assistance at various stages during the 
field work. 
 
Besides, I thank following people for making my stay at ITC so much pleasant. 
My batch of 2003— Otie, Marcela, Mavis, Charity, Tumro,  Kithsiri, Joseph, Agnidhar, Swarnshikar, Chandana, 
Yohanes, Yemene,  Kinfu, Solomon, Alex, Mesay, Nega, Albert and Anil—I  thank you all for the lovely 
companionship and memorable time I spent with you during my stay here.  
 
Mahesh, Milap, Prasun, Talat, Pravesh, Uday, Sushil, Bharath, Raju, Padma, Ajay, Sudhira, Yogesh, Amit, 
Ashwini, Pratima, Acharya, Johan, Saskia, Ulan, Jamshed, Muhy, Ari, Arif, Amr, Indra, Ilham, Ahmed.  Kithsiri 
for endless discussions on everything.  Yedendra for the times spent travelling; cooking and cycling.  Lal, for the 
reminders that there is only one life! Jeroen, Thea, Veerle and Allert.  Franz and Vidya.  It’s been a pleasure to 
know you all. 
 
And lastly, I thank my family, once again, for being there. ps. march 2005. 



v 

Table of contents 

1. Introduction ......................................................................................................................................1 
1.1. Background to the study:  Research Context..........................................................................1 
1.2. Study Area Selection ..............................................................................................................2 

1.2.1. The Study Area...................................................................................................................2 
1.2.2. Background to the Study Area ...........................................................................................3 
1.2.3. Issues addressed in the thesis: ............................................................................................3 

1.3. Keywords ................................................................................................................................4 
1.4. Research Objective .................................................................................................................4 

1.4.1. Problem Statement..............................................................................................................4 
1.4.2. Need of the study................................................................................................................5 
1.4.3. Main Objective ...................................................................................................................6 
1.4.4. Hypothesis ..........................................................................................................................6 
1.4.5. The Value Premise of the Research ...................................................................................6 
1.4.6. Research questions .............................................................................................................6 

1.5. Research Approach .................................................................................................................7 
1.5.1. Method................................................................................................................................7 
1.5.2. Field Work and Data Collection.......................................................................................11 
1.5.3. Literature review ..............................................................................................................11 

1.6. Chapterisation .......................................................................................................................12 
2. Study Area......................................................................................................................................13 

2.1. Introduction to the Study State: Gujarat ...............................................................................13 
2.1.1. Location of State ..............................................................................................................13 
2.1.2. Demography .....................................................................................................................13 
2.1.3. Physiography ....................................................................................................................13 
2.1.4. Geology ............................................................................................................................14 
2.1.5. Climate .............................................................................................................................14 
2.1.6. Hydro-Geology.................................................................................................................14 
2.1.7. Water Needs .....................................................................................................................15 
2.1.8. Soils ..................................................................................................................................15 

2.2. Introduction to the Study City: Ahmedabad .........................................................................17 
2.2.1. Location of the City..........................................................................................................17 
2.2.2. Geology ............................................................................................................................18 
2.2.3. Physiography ....................................................................................................................18 
2.2.4. Drainage Pattern and Surface Water Bodies ....................................................................18 
2.2.5. Soils ..................................................................................................................................18 
2.2.6. Climate .............................................................................................................................18 

2.3. Water Supply Scenario in Ahmedabad.................................................................................22 
2.3.1. Existing Water Supply Network.......................................................................................22 
2.3.2. Future water scenario in Ahmedabad...............................................................................23 
2.3.3. Water Supply in the Periphery of Ahmedabad.................................................................23 
2.3.4. Existing Storm Water System ..........................................................................................24 
2.3.5. Legislative Aspects of Groundwater exploitation in Ahmedabad....................................24 



vi 

2.4. Lakes of Ahmedabad City ....................................................................................................25 
2.5. Introduction of the Case Study Area, TPS # 41-42-43 .........................................................28 

2.5.1. Hydrogeology and the Ground Water Scenario in the Case Study Area .........................32 
2.5.2. Surface water bodies in the Study Area ...........................................................................33 

3. Literature Review...........................................................................................................................35 
3.1. Urbanisation Scenario in Gujarat .........................................................................................36 

3.1.1. Spatial growth of Ahmedabad City ..................................................................................36 
3.1.2. Town Planning Schemes (TPS)........................................................................................37 
3.1.3. Development Control Regulations ...................................................................................41 
3.1.4. Floor Space Index.............................................................................................................41 

3.2. Previous Ground water Studies and Data Availability .........................................................43 
3.3. Hydrogeological Setup .........................................................................................................44 

3.3.1. Geology ............................................................................................................................44 
3.3.2. Sub-surface Geology and Aquifer System .......................................................................44 
3.3.3. Groundwater conditions ...................................................................................................47 
3.3.4. Groundwater Regime........................................................................................................47 
3.3.5. Chemical Quality of Groundwater ...................................................................................49 
3.3.6. Feasibility of Artificial Recharge.....................................................................................49 
3.3.7. Groundwater Resources ...................................................................................................51 
3.3.8. Conclusions:  Vulnerability of Groundwater Depletion and Pollution............................51 

3.4. Past Experiences of Lake Revitalisation in Ahmedabad ......................................................53 
3.4.1. Comprehensive Lake Rejuvenation Project .....................................................................53 
3.4.2. Vastrapur Lake Revitalisation ..........................................................................................53 

3.5. A Note On Water Harvesting................................................................................................56 
3.6. Water Harvesting Systems: Traditional and Contemporary Water Harvesting Methods as 
Practised in Cities and Settlements of Gujarat...................................................................................58 

3.6.1. Traditional Practices.........................................................................................................59 
3.6.2. Contemporary Practices of RWH and Artificial Recharge ..............................................62 

3.7. Rain-water Harvesting ..........................................................................................................68 
3.7.1. Types of Rain-water Harvesting Systems ........................................................................68 
3.7.2. Rain-water Quality from Rooftop Rain-water Harvesting Systems .................................68 
3.7.3. Storage Techniques ..........................................................................................................69 

3.8. Aspects/issues on Urban Hydrology and Urban watershed..................................................70 
3.8.1. Data Availability in Settlements in Arid Region..............................................................70 
3.8.2. Urban Runoff....................................................................................................................70 
3.8.3. What is a small Catchment? .............................................................................................71 
3.8.4. Urban Runoff Models.......................................................................................................72 
3.8.5. Role of RS and GIS in identifying the potential sites for rain-water harvesting..............74 

4. Data Preparation & Processing ......................................................................................................77 
4.1. Discussion on field work data collection..............................................................................77 
4.2. Input Data .............................................................................................................................79 

4.2.1. Data Preparation in AutoCAD .........................................................................................80 
4.2.2. Data Accuracy and Validation .........................................................................................81 
4.2.3. Observation.......................................................................................................................85 

4.3. GIS Processes and Generation of DEM................................................................................85 



vii 

4.3.1. Generation of the Natural DEM, (Scenario: ‘No—TPS—Development’) ......................87 
4.3.2. Generation of the ‘Raised’ DEM, Scenario 1 and 2 (Post TPS Development)................90 

4.4. Application of GIS to Discuss the Pre and Post TPS Development and its Effect on Water 
Conservation ......................................................................................................................................94 

5. Analysis and Discussion ................................................................................................................97 
5.1. Water Functions....................................................................................................................98 
5.2. Feasibility Check of Urban Runoff Potential—a Strategy to Revitalise the Water Body....98 

5.2.1. Runoff Estimation and Distribution Priority of Harvested Rain-water............................98 
5.2.2. TPS Land Use Area ..........................................................................................................99 
5.2.3. Runoff Coefficients ........................................................................................................100 
5.2.4. Maximum Rainfall Conditions and Design Peak Flow Estimation................................102 
5.2.5. TPS Water Requirement.................................................................................................105 
5.2.6. Recharge Capacity of the Percolating Well ...................................................................106 
5.2.7. Aspects of an Urban Rain-water Harvesting Systems....................................................107 

5.3. Evaluation of Potential Sites for Water Harvesting Based on the Natural DEM and Existing 
Road Design .....................................................................................................................................108 

5.3.1. Evaluation of Raised Road Surface and Natural DEM ..................................................108 
5.3.2. Delineation of Catchment based on the Existing Road FL (Slope Pattern): Scenario Zero
 114 
5.3.3. Conclusions ....................................................................................................................115 

5.4. Feasibility Check of Realignment of the Roads: Scenario 1 ..............................................117 
5.4.1. Discussion and Conclusion ............................................................................................119 

5.5. Modifying the Existing Road Pattern in Whole Study Area : Scenario Two.....................120 
5.5.1. Development of the TPS and Runoff Distribution.........................................................121 
5.5.2. Discussion and Conclusion ............................................................................................125 

5.6. Potential of Roof RWH in Plots with Residential Land use...............................................127 
5.7. A Note on Implementation and Repercussions on the Road Realignment.........................128 
5.8. Implementing the method to revitalise the urban water bodies ..........................................129 

6. Conclusions & Recommendations ...............................................................................................131 
6.1. Introduction.........................................................................................................................131 
6.2. Case Study Area..................................................................................................................132 

6.2.1. Observations during the Field Work ..............................................................................132 
6.2.2. Conclusions on the Data Availability and Research ......................................................133 

6.3. A Note on Roads as a Mechanism to Collect and Divert the Runoff .................................134 
6.3.1. Observations and Conclusions .......................................................................................134 
6.3.2. Recommendation ............................................................................................................135 

6.4. ‘What happens to the rain water?’  in Urban Built Environment .......................................135 
6.4.1. Comparing the old and new city.....................................................................................135 
6.4.2. Recommendations ..........................................................................................................135 

6.5. The Town Planning Scheme and Recommendations on Aspects of Water Conservation .136 
6.5.1. Modifications to the Urban Planning Process ................................................................136 
6.5.2. Economic Implications ...................................................................................................136 
6.5.3. Recommendations in Building Bye-laws and the Provision of Roof Rain-water 
Harvesting ....................................................................................................................................137 
6.5.4. Recommendations on Uses of Surplus Runoff...............................................................138 



viii 

7. Appendices ...................................................................................................................................139 
A. Annual Rainfall Data (1961-2002) at Ahmedabad Station .....................................................139 
B. Listing of Monthly Rainfall Data for 1999-2003 for Ahmedabad City ..................................140 
C. Listing of Daily Rainfall Data for the year 2003 for Ahmedabad City ..................................141 
D. Water Supply and Drinking Water—quality and quantity norms:..........................................142 
E. Depth of Water Table in Western Periphery...........................................................................143 
F. Rainfall Infiltration Factor In Different Hydrogeological Situations .....................................144 
G. GW Recharge Norms from Seepage of Submerged Lands/Lakes, etc....................................144 
H. Evaporation Losses .................................................................................................................144 
I. Runoff Coefficients.................................................................................................................145 
J. Block Runoff—Whole Study Area .........................................................................................146 
K. Block Runoff—Scenario 1......................................................................................................148 
L. Monthly Volume in Sola Main Lake ......................................................................................149 
M. Block Runoff—Scenario 2......................................................................................................150 
N. Strategic Table to Revitalise a Water Body............................................................................153 

8. Reference......................................................................................................................................155 
  
 



ix 

List of figures 

Figure 1-1: Location Maps of Study Area ...............................................................................................2 
Figure 1-2:  Overlay of Flow-paths in an urban environment..................................................................8 
Figure 1-3:  Research Method..................................................................................................................9 
Figure 1-4:  Relationship of a water system...........................................................................................10 
Figure 2-1: Physiographic regions of Gujarat ........................................................................................14 
Figure 2-2:  Soil Types of Gujarat .........................................................................................................16 
Figure 2-3:  Ahmedabad District and Ahmedabad City.........................................................................17 
Figure 2-4: Contemporary Ahmedabad..................................................................................................17 
Figure 2-5: Monsoon Rainfall Pattern....................................................................................................20 
Figure 2-6: Rainfall pattern....................................................................................................................21 
Figure 2-7: 1856 Drawing of Ahmedabad Showing Various Villages and Lakes around the Old City; 
Source: (Yatin Pandya 2002) .................................................................................................................26 
Figure 2-8: A Map Showing Water Bodies In 1997; Source: (AUDA 1997 November) ......................26 
Figure 2-9: Location of Sola TPS 41-42-43; Source: (AUDA 1997 November) ..................................28 
Figure 2-10: Western Periphery of the AUDA and the location of the study area. ...............................29 
Figure 2-11: Ikonos Imagery, March 2000, showing the study area before the TPS.............................29 
Figure 2-12: Profile of the Study Area; Location of the Water bodies..................................................34 
Figure 3-1:  Hydrogeological cross section.  Source: CGWB, Ahmedabad ..........................................46 
Figure 3-2: Depth of Water Table in Western Periphery.......................................................................48 
Figure 3-3: A Village Tank ....................................................................................................................59 
Figure 3-4: Kund at Modhera.................................................................................................................59 
Figure 3-5:  the Kund at Osian, Rajasthan .............................................................................................59 
Figure 3-6: House in Bharuch; Source: http://www.unescoparzor.com/kyoto/04.html.........................60 
Figure 3-7: Step well at Adalaj, Ahmedabad .........................................................................................61 
Figure 3-8: Classification of Water Recharge Structures ......................................................................62 
Figure 3-9: Contour Trench ...................................................................................................................63 
Figure 3-10: A diagram showing contour trench ...................................................................................63 
Figure 3-11:  A diagram showing a bund...............................................................................................64 
Figure 3-12: Diagram and View of a check dam ...................................................................................64 
Figure 4-1: Projection Systems ..............................................................................................................78 
Figure 4-2:  Data exchange ....................................................................................................................79 
Figure 4-3: The Layer Manager of the Original Drawing......................................................................80 
Figure 4-4: AutoCAD Drawing of a Portion of the TPS Showing the Nodes of the Proposed Roads 
(Source: MS Khurana Engg Ltd.) ..........................................................................................................81 
Figure 4-5: Errors in the Available Data................................................................................................81 
Figure 4-6: AutoCAD Drawing showing the Longitudinal Cross Section across the Nodes 2 & 3 in 
TPS 43 (Source: MS Khurana Engg Ltd) ..............................................................................................84 
Figure 4-7: Road and Road Nodes in the TPS 41-42-43........................................................................84 
Figure 4-8: Schematic Concept of the 'urban' DEM ..............................................................................85 
Figure 4-9: DEM Generation, an Overview of the Process ...................................................................86 
Figure 4-10: Natural DEM Generation Process .....................................................................................87 
Figure 4-11: Digital Elevation Model of the Study Area showing the Natural Terrain ........................88 



x 

Figure 4-12: Drainage Pattern Map........................................................................................................88 
Figure 4-13: Erroneous Fill-sink map ....................................................................................................89 
Figure 4-14: Map Showing the Profile Segment along node 2 & 3 in TPS 43......................................90 
Figure 4-15: Final Road Surface ............................................................................................................92 
Figure 4-16: Profile along one segment .................................................................................................92 
Figure 4-17: Generation of Raised Road Surface ..................................................................................93 
Figure 4-18: Runoff Generated at a House Level ..................................................................................94 
Figure 4-19: Runoff Generated at a Community Level .........................................................................94 
Figure 4-20: Runoff Generated at a Block Level...................................................................................94 
Figure 4-21: Schema to Derive Runoff ..................................................................................................95 
Figure 5-1: Land Use Map ...................................................................................................................100 
Figure 5-2: Cross Table: “Plots x Block” Generation..........................................................................103 
Figure 5-3 Urban Block, the (proposed) Road Network and Water bodies.........................................104 
Figure 5-4: Maximum Runoff Volume in 1 Day .................................................................................104 
Figure 5-5: Total Yearly Runoff Volume ............................................................................................105 
Figure 5-6: Road Surface Overlaid on Natural DEM ..........................................................................109 
Figure 5-7: Comparison of Natural and Raised Surfaces.....................................................................110 
Figure 5-8: Comparison of Natural and Raised Surfaces.....................................................................111 
Figure 5-9: Close-up views of the Flow Lines on Raised Road Surface .............................................112 
Figure 5-10: Existing Road FL and Slope Pattern ...............................................................................113 
Figure 5-11: Sub-catchment as per Existing Road FL .........................................................................114 
Figure 5-12: Scenario 1—Modified Road Slope and Sub-Catchment.................................................117 
Figure 5-13: Volume in Sola Main Lake .............................................................................................119 
Figure 5-14: Scenario 2 Schema ..........................................................................................................120 
Figure 6-1: Waterlogged plot in TPS41 ...............................................................................................132 
Figure 6-2: View of a Road. Note the height difference between the surrounding ground.................132 
Figure 6-3: A Road in TPS43, near lake on FP no. 67/1......................................................................132 
Figure 6-4:  Rain-water flooding the commercial buildings in Ahmedabad , Aug 2004.....................135 
Figure 6-5: Blocked drainage. October 2004. Ahmedabad..................................................................135 
Figure 6-6: Percentage of plots areas in different AUDA TPS............................................................138 
Figure 6-7: A dried shallow well in TPS 41 ........................................................................................138 
 



xi 

List of tables 

Table 2-1: Climatological Data ..............................................................................................................19 
Table 2-2: Rainfall Pattern.....................................................................................................................20 
Table 2-3: Average daily pumpage ........................................................................................................22 
Table 2-4: Water Requirement and Availability....................................................................................22 
Table 2-5: Table Listing Selected Lakes of Ahmedabad .......................................................................26 
Table 2-6: Pre and Post Urbanisation Lake Catchment Areas...............................................................27 
Table 2-7:  Issues Concerning the Degradation of the Urban Water Bodies, Their Causes and Impacts
................................................................................................................................................................27 
Table 2-8: Present Status of the TPS 41-42-43......................................................................................30 
Table 2-9: Area Distribution ..................................................................................................................31 
Table 2-10: Hydrogeological Setup of the Study Area ..........................................................................32 
Table 2-11: Water requirement in the Study Area .................................................................................32 
Table 2-12: Original Plots Designated as Tanks as per Land Records Office and their Present Status33 
Table 3-1: Temporal Growth (Area and Population) of City.................................................................37 
Table 3-2: Area break-up of Land use type in a TPS.............................................................................40 
Table 3-3: Excerpts from GDCR ...........................................................................................................41 
Table 3-4: Break-up of Land Use Type .................................................................................................42 
Table 3-5: Types of Wells/Recharge Structures Suitable for Alluvial Areas........................................44 
Table 3-6: Subsurface Geology and Aquifer System.............................................................................45 
Table 3-7: Chemical quality in Confined Aquifer .................................................................................49 
Table 3-8: Salient features of artificial recharge under pressure. ..........................................................49 
Table 3-9: Salient features of artificial recharge under gravity .............................................................50 
Table 3-10: Types of Water Harvesting Structures Based on Eco-Regions ..........................................57 
Table 4-1: AutoCAD Layer Information................................................................................................80 
Table 4-2: Data Correction (Spot elevations map) ................................................................................82 
Table 4-3: Data Correction, Road FL Heights .......................................................................................83 
Table 4-4: Data Input for Natural DEM.................................................................................................87 
Table 4-5: Result of Various Interpolated Road Surface and their Profile Sections .............................91 
Table 5-1: Lake and its related Water Functions ...................................................................................98 
Table 5-2: Break up of TPS Area per Land Use ....................................................................................99 
Table 5-3: Weighted Runoff Coefficients............................................................................................101 
Table 5-4: Rainfall figures ...................................................................................................................102 
Table 5-5: Water Requirement in TPS 41-42-43 .................................................................................105 
Table 5-6: Recharge Capacity of a Percolating Well...........................................................................106 
Table 5-7: Components of Urban RWH System..................................................................................107 
Table 5-8: Runoff Summary.................................................................................................................115 
Table 5-9: List of Changed Road FL Node..........................................................................................118 
Table 5-10: Yearly and Monsoon Runoff ............................................................................................118 
Table 5-11: Capacity of the Two Water Bodies in the Area................................................................118 
Table 5-12: Results of Runoff Distribution .........................................................................................118 
Table 5-13: Yearly and Monsoon Runoff ............................................................................................121 
Table 5-14: Capacity of the Water Bodies in the Area ........................................................................121 



xii 

Table 5-15: Runoff per sub-catchment.................................................................................................123 
Table 5-16:  Results of Runoff Distribution ........................................................................................125 
Table 5-17: Runoff Generated by Land use class 'Residence'.............................................................127 
Table 5-18: Water Requirement and Roof RWH.................................................................................127 
 
 



xiii 

Abbreviations 

AMC Ahmedabad Municipal Corporation, Ahmedabad, India 
AUC  Ahmedabad Urban Complex 
AUDA Ahmedabad Urban Development Authority, Ahmedabad 
Avg Average 
BIS Bureau of Indian Standards, India 
CEPT Centre for Environment Planning and Technology, Ahmedabad, India 
CGWB Central Ground Water Board, India 
COP Common Open Plot 
DEM Digital Elevation Model 
DP Development Plan 
DTM Digital Terrain Model 
EWSH Economically Weaker Section Housing 
FL Formation Level 
FP Final Plot 
GDCR General Development Controls Regulations 
GoG Government Of Gujarat 
GoI  Government Of India 
GTPUD Act Gujarat Town Planning and Urban Development Act, 1976 
GW Ground Water 
GWRDC Gujarat Water Resources Development Corporation, Gujarat 
GWSSB Gujarat Water Supply and Sewerage Board, Gujarat 
HP Hand pump 
hr Hour 
IDF Intensity-Duration Frequency (curves) 
ILWIS Integrated Land Water Information System (ITC’s in-house GIS software) 
IMD Indian Meteorological Department 
ISRO Indian Space Research Organisation, India 
ITC International Institute of Geo-information Science and Earth Observation 

(formerly International Training Centre), Enschede, the Netherlands 
lpcd Litres Per Capita Per Day 
lpm Litres per minute 
lps Litre per second 
m bgl Meter Below Ground Level 
MCM Million Cubic Meters 
MLD Million Litres Per Day 
MoWR Ministry of Water Resources, India 
MSL Mean Sea Level 
NEERI National Environmental Engineering Research Institute, Nagpur, India 
NGO Non Governmental Organisation 
NHC Neighbourhood Centre 
OHT  Over Head Tank 
OP Original Plot 
ppm Parts per million 
PRL Physical Research Laboratory, Ahmedabad, India 
RWH Rain-water Harvesting 



xiv 

S & EWS Housing Socially & Economically Weaker Section Housing 
SAC Space Applications Centre, Ahmedabad, India 
TDS Total Dissolved Solids 
TPO Town Planning Officer 
TPS Town Planning Schemes 
UGT  Under Ground Tank 
UNDP United Nations Development Program 
W/S Water Supply 
WH Water Harvesting 
WHO World Health Organisation 

 
 
 
 
 
  



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

1 

1. Introduction 

1.1. Background to the study:  Research Context 

Historically, settlements developed in time depending on the available natural resources—water and 
earth.  Their growth was governed by these natural elements as well as the cultural content.  Urban 
form and meanings at large are understood through focussing on the constituent elements of city 
building common to all settlement patterns.  These elements—public places, streets, internal 
divisions, water bodies can be studied with the knowledge of their cultural intent—what their tasks 
were? What it were assigned to do? (After(Kostof 1991; Kostof 1992)) 
 
The elements of the city are in constant state of flux; changing and modifying itself.  “In the end what 
crystallises is the urban process-the many ways in which its physical frame is adjusted to changing 
exigencies”(Kostof 1991).  The rapid increase of technological and material development and the 
changing socio-economic situation has resulted in the urban expanse all over the world.  By the year 
2010, more than 50% of the world population will live in urban areas (Niemczynowicz 1999).  This 
has nevertheless exerted tremendous pressures on the natural resources of the region.  Not only does 
urbanisation use more resource than it can generate, it also depletes the resources not belonging to it.  
“Parallel with the growing urban population, drinking water demand in urban areas and, especially in 
mega cities in the developing countries, is growing quickly and takes increasing part of total water 
resources of the world.  In spite of the fact that urban population uses only small amount of available 
water for consumption, delivery of sufficient water volumes constitutes a difficult logistic and 
economical problem” (Niemczynowicz 1999).   
 
It is in this larger context that the present study sets about understanding the urban water body and the 
urban water systems.  It is the intention of the study to identify the water scarcity problems existing in 
a settlement.  The study takes a case of a water body and a part of the city presently under the process 
of planned expansion and analyses them in a framework based on the notion that conserving/reviving 
the lake will eventually help mitigate the water needs of the region.  It is also desired to derive an 
overall runoff potential to recharge the ground water (GW) at a local level by means of rain water 
harvesting (RWH) techniques1. 
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1.2. Study Area Selection2 

a. For effectiveness of research:  Entry criteria 
i. Familiarity of the study area (researcher’s work experience in the context) 

ii. Ability to understand and communicate with the people (the language and 
socio-cultural factor) 

b. Unit of analysis 
i. State with semi-arid climatic pattern 

ii. State where various water harvesting techniques are practiced. 
iii. State where water harvesting is looked at as a potential tool to mitigate the 

growing water demand. 
iv. State where water harvesting is actively taken up by government; non 

governmental organisations as well as by civic bodies and individual 
c. Choosing The City 

i. A city that faces water shortages 
ii. A city where, civic bodies and NGOs are active in the rainwater harvesting 

practices. 
d. Choosing the Cases (study area)  

i. Areas where ground water levels are declining on a regular basis. 
ii. Areas where substantial amount of aquifer has already been desaturated. 

iii. Areas where availability of ground water is inadequate in lean months. 

1.2.1. The Study Area 

The study state selected for the work was Gujarat in Western India. The study city was Ahmedabad 
and the case study area were a small parcel of proposed urban development schemes of the local 
development authority (known as Town Planning Scheme or TPS).  Detailed explanation follows in 
the Chapters 2 and 4. 

 
Figure 1-1: Location Maps of Study Area 
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1.2.2. Background to the Study Area  

The rainfall regime in semi arid regions of western India is one of abundance during the rainy season, 
however sporadic that is, and severe water scarcity during the hot summer months, which has become 
a regular phenomena in the last 2 decades.  Moreover, the urban water supply and sanitation sector in 
the country is suffering from inadequate levels of service, an increasing demand-supply gap, poor 
sanitary conditions and deteriorating financial and technical performance (CSE).  This has given rise 
to many related socio-economic conditions hitherto not common in this region.  Chief amongst them 
is the water conflict among the user group. Such conflicts are common now at the level of 
Government bodies, as well as within similar user type. 

1.2.3. Issues addressed in the thesis: 

o Traditional water conservation systems in Western India: 
Traditional methods were the backbone to mitigate the water 
demand.  It was the assumed responsibility of every settlement 
to collect, store and distribute the water available during the 
monsoon.  There is a plethora of literature available and there 
are numerous studies undertaken to understand these age-old 
time tested water harvesting systems.  Most of the studies 
conclude that, besides relying on large scale, cost heavy 
irrigation schemes, it is wise to “catch water where it falls”.  A 
study by the New Delhi based Centre for Science and 
Environment has found evidence to show that, “diverting rain-
water in a large number of small water harvesting structures in a 
catchment, captures and stores more of the scarce rainfall closer 
to communities in arid parts of the world than a large reservoir 
downstream.(Agarwal Sep 2000)” 

o What is true for issues regarding rainfall and water demand-
supply in general becomes acute when it comes to the 
settlements in arid regions.  In Gujarat, the population is 
primarily rural, but nevertheless a sizeable populations lives in 
urban areas.  The urban population in Gujarat was 34.5% in 
1991; 38.8% in 2001 and estimated to grow to 44.46% by 
2021(Anon).   For the purpose of this study, the distinction 

between urban and rural is not as important as a method as it is in terms of the rise of water 
conflicts. Due to its size, the urban areas will require more water as compared to the rural 
areas.  Moreover, there is always, a lackadaisical attitude towards urban planning and policy, 
which though realizes the need to save and conserve water; performs poorly at the 
implementation stage (see box).   

o As mentioned before, rapid urbanisation coupled with industrial growth has made its adverse 
impacts on the physical quality of life in the city and on the natural environment.  Natural 
patterns are distorted by human intervention to the extent that their inter-relationships are 
destroyed.  The balance between resource consumption and generation is skewed.  This has 
resulted in depletion and pollution of natural recourses.  In terms of effect to the water 
system, the result is drying up of natural water bodies at alarming rates; flooding during the 

Present situation:  Observed:  Most of the 
rain-water is made to drain into a storm water 
system, which offloads the water into a river 
(or nowadays very rarely into a water body 
within the urban block).   This results in clean 
water getting polluted.  The basis is that it will 
percolate at some stage and will be usable as 
ground water.   
 
Present situation: Known:  the water table in 
the areas are depleting.  The ground water 
has depleted drastically during the past 2 
decades.  The region relies heavily on ground 
water during the bad monsoon season.    
Present situation: Observed and 
Experienced: During rains, it is normal to 
experience water logging in many cities in 
India. This local level flooding is due to 
improper surface drainage and inefficient 
storm water drainage.  This causes great 
inconvenience to the urban public.  Moreover, 
it also brings about the dangers associated 
with water logging like loss to life and 
property. 
 
By way of generating small-scale watershed 
(say ranging from 5 Ha to about 50 Ha), it is 
possible to collect the water thus received 
during the rains locally.   The water will get 
polluted, but may not be very contaminated.  
By way of correct practices, this can also be 
controlled.  
 
The water can also be collected in small water 
bodies.  And, these can be made into public 
spaces or can eventually be used for day-to-
day activities.  The idea of the research is to 
evaluate if GIS can be an effective tool to 
detect such areas(for water storage within an 
urban settlement) or not? 
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monsoon and rapidly declining water table.  The study proposes a hypothesis, that by 
conserving local water body all of these three urban problems could be addressed 
simultaneously and effectively. 

o The advances in remote sensing and geo-information sciences have opened up a very helpful 
avenue for hydrologist as well as for architects dealing in urban design and planning issues.  It 
is now easy to delineate a water stream network given the right data or to define an urban 
catchment using high-resolution satellite images.  With geo-spatial data, it will be possible to 
optimise the results of water harvesting implementation. 

1.3. Keywords 

The keywords that govern the thesis and that which has relevance/link with ‘built environment’ are  
• Rain-water harvesting (RWH) 
• Urban Rain-water harvesting 
• Artificial Recharge 
• Urban Hydrology (UH) 

1.4. Research Objective 

1.4.1. Problem Statement 

Increase in the urban population has resulted in the increase in the use of water resources.  Urban 
areas face severe water crisis. It will be worthwhile to find out whether the perceived water scarcity is 
actually due to less rainfall or is it because of poor water management strategies as regards to 
collection, storage and distribution techniques.  This can be done, first based on understanding the 
historical perspective, i.e., traditional methods and then comparing it with the prevalent water use 
practices (in collection; storage and distribution of water).  This will give a clear idea of what is the 
change in the behaviour of water management in the city in general. This may give answers to future 
water use policies. 
 
As the city evolves, it engulfs the surrounding areas.  This means that the natural; local streams are 
transformed into urban streams.   This in turn act as any other natural stream that would help in 
transporting the rainfall runoff to a low lying area—either an existing water body, a lake or will drain 
itself into a river.  From the point of view of water harvesting, this very valuable asset should not be 
wasted.  Rather than adopting the usual approach of removing the runoff as quickly as possible from 
developed areas, the potential of capturing this water should be looked at.  This can help reduce the 
water demands if not completely mitigate it. 
  
Given the existing situation in an urban scenario, creating or following the natural drain, though 
statutory, is not always implemented.  Invariably, there is a drastic difference of the flow paths of 
water.  The natural drainage pattern is not followed by the human intervention in the form of roads, 
urban drainage systems, urban storm water systems, etc.   This results in flooding of roads.  However, 
if overlaid, may be these two systems do intersect each other.  If so, the water can be directly 
offloaded into the natural path.  This can be the revitalisation of an ‘urban stream’ or even a lake! 
 



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

5 

Augmentation of ground water resources becomes necessary, when, in a given area or basin the 
annual development of ground water exceeds the annual replenishment.  Typically, these areas may 
fall in urban areas, where the water supply provision is not sufficient and the inhabitants have to 
resort to ground water for their sustenance.   Moreover, depletion of ground water can also occur 
when the natural recharge is slow and not up to the expected/required level, and under these 
circumstances artificial recharging3 is adopted.  Typically, this situation will occur in areas of 
irregular rainfall pattern(Anon ---a; Anon ---b).  
 
Both these conditions are prevalent in the large urban areas of semi-arid India.  Consequently, a look 
at their GW development and the rainfall of past years will show a sharp decline in the water tables in 
the last 2 decades and are therefore the priority areas for initiating artificial recharge techniques to 
augment the GW. 

1.4.2. Need of the study 

1. In a land mark judgement on water bodies of Ahmedabad, the Hon. Gujarat High Court held 
Urban Local Bodies and State Government responsible for the present condition of lakes and 
ponds many of which are either extinct or encroached by slum dwellers.  It was also directed 
to urban local bodies (AMC/AUDA) that it was their responsibility to develop these water 
bodies(Anil Agarwal; Anon 2002 August). 

2. The water resources of India are very unevenly distributed within the basins.  National 
Commission for Integrated Water Development has shown that the per capita availability of 
water is 300 cu.m/person/ year in Sabarmati basin.  The national average is about 2000 cu.m 
per person per year(Jagani 2004 April). 

3. Gujarat state at large is affected by high rate of ground water depletion.  The study area falls 
in the “over-exploited category4” (P.K.Parchure 2003) taluka5 (an administrative sub-district).  
At the same time, there is a need felt for a fresher look at the traditional water harvesting and 
conserving systems to augment the ground water resources.  There are active proposal to 
initiate artificial ground water recharging(Jagani 2004 April).  The National Water Policy has 
stressed the urgent need of ground water recharge as a stood for Water Resource Planning; 
Ground Water Development and also intensifying research in the field of water harvesting and 
ground water recharge(Anon 2002 April). 

4. The peripheral areas around Ahmedabad, particularly on the western side have experienced 
tremendous development in the recent past.  The land use pattern has been changed form 
agricultural to residential/non-residential permanent construction.  This has led to blocking 
and diversion of several natural drains that were feeding the natural water bodies.  The 
ultimate effect was inundation of certain locations during heavy rain and the lakes could not 
receive water and remained dry or semi dry in normal to sub normal monsoon. Therefore the 
local drainage network for storm water is required to be developed. 
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5. In an urban situation, the land prices are very high; it has become difficult to carve out land 
for public spaces.  At the same time, excessive urban development has resulted in depletion of 
the water table at an alarming rate.  These lakes represent the only urban open spaces in the 
midst of the dense city fabric.  These can then not only be developed as community places but 
also serve as storm water sinks—as a sort of raw water storage element and as a source of 
aquifer recharge.  Moreover, “artificial recharge provides ground water users an opportunity 
to increase the amount of water available during periods of high demand—typically summer 
months”(Anon ---a). 

1.4.3. Main Objective 

The main objective of this study is to understand the water system in the urban context of rapidly 
expanding cities and to propose methods of rain-water harvesting. 

1.4.3.1. Specific Objectives 

• To understand the role of water and water bodies in the urban context.  
• To chart the evolution (and resulting changes) of urban water systems.  To classify the 

different kinds of water bodies (based on their functions) and to identify the problem areas 
and their causes. 

• To develop a GIS based model to determine potential areas for rain-water harvesting within 
an urban region.  

• To develop a strategy to revive the water functions and the water body in the present context 
by way of rain-water harvesting. 

1.4.4. Hypothesis 

Rain-water harvesting (RWH) at local levels can substantially augment the water needs of an urban 
settlement. 

1.4.5. The Value Premise of the Research 

The thesis bases itself on the ideal—mitigation of water needs by water harvesting/conserving 
methods.  The goal of the thesis is to validate the hypothesis, that to conserve water where it falls 
could be the most efficient method of water conservation. 
 
It should be noted here that actual conditions may and will of course vary and be far from the ideals.  
The purpose of putting this ideal and goal as value premise is that a change in the direction toward 
their realisation is intended in planning and execution.  The value premise, thus determines only the 
point of view from which reality is studied.  This point of view does not determine, however, what 
facts and factual relationships are brought within the scope of observation and analysis. 

1.4.6. Research questions 

Understanding the physical structure of the water system; overview of the natural and man made 
changes in the urban water system: 

1. What is the role of a water body in the urban context?   
2. What are the urban elements in the context of water harvesting? 

a. Traditional and contemporary methods of water harvesting. 
b. Overview of the changes in these elements over time. 
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3. What is the impact of urban elements on a watershed?  What is the situation of the lakes in 
today’s conditions? 

4. What are the determinants of drainage network in the city?  How does the urban design 
schema affect this network? 

Identification of potential sites for collection and storage of water; a diagnosis of past and present 
situation; analysis and comparisons based on: 

5. Urban design characteristics 
a. What are the potential areas for water collection during the rain events?    
b. What is happening to the urban runoff? 
c. Is there a possibility of diverting the urban runoff to a water body?  Where are the 

“conflict areas”—where the human intervention is obstructing the natural drainage? 
6. Hydrological characteristics 

a. How much rainfall happens in the (city) watershed of the lake?  How much water can 
be recharged?   

b. Can this water be diverted to a storage element? 
Remedial measures:   

7. What measures by way of rain-water harvesting can be taken in order to meet the growing 
water demands and to help restore the depleting water resources? 

8. How can the Town planning regulations/methods be modified to include the possibilities of 
water recharging?  What are the parameters for selection criteria of potential rain-water 
harvesting sites? 

1.5. Research Approach 

1.5.1. Method 

The research method aims at sequentially answering the questions and tries to analyse the network of 
water systems within a particular settlement (and a part thereof).  Some of the research work includes 
literature review while some includes use of GIS and computer simulations.  A step wise method is 
presented here, at the end of which is a diagrammatic representation (Fig 1-3) of various aspects of the 
thesis: 

1. Understanding the role of a water body within the urban context.  Collecting information on 
the existence of streams and water bodies that are now extinct and the spatial and temporal 
extent of existing water bodies from historical accounts. 

2. Understanding the aspects of city development and expansion.  Briefly outlining the processes 
involved in laying out new areas complete with civic infrastructure.  Studying the evolution of 
the roads within the urban environment. 

3. Locating and delineating the natural stream network. 
o Generating a DEM from the elevation data—contour map and spot levels.  Creating 

slope and aspect maps.  Consequently, natural watershed boundaries can be 
generated. 

4. Locating and overlaying the man made/induced storm water network 
o These when overlaid with the natural water network, can give clues of the interaction 

of the two systems.  One can detect anomalies in the path of water and similarities 
where the paths coincide. 
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5. Overlaying the road network.  These are the ‘quasi-natural network for the water to flow’, 
since many roads are built on older dirt tracks, which would have followed the slopes and the 
topography of the region (After Graf(Deesawasmongkol 2003; Graf 1977 April)).  The 
elevation data of the roads will help in defining the slope of the road. 

o It is exactly at this places—‘the conflict areas’, where the three networks meet 
(coincide) that new intervention can be made and can be beneficial.  In terms of water 
harvesting structures.   

o The places where local flooding happens are obliviously the low lying areas.  More 
often then not, they may be near to an existing water body.  Identifying these areas, on 
the basis of the field survey as well as from the DEM. 

  
Figure 1-2:  Overlay of Flow-paths in an urban environment. 

6. Identifying the “new” watershed.  The extent of the watershed will depend on: 
o Topography 
o Vicinity of other water bodies 
o Hydrological/physical conditions 
o Man-made elements blocking the path of the natural streams 
o The slope of the proposed road network 

7. Evaluating the existing road system for its efficiency in diverting the water towards the low 
lying areas. 

8. Estimating the runoff generated from the TPS.   
9. Developing a strategy, where, the available runoff water is distributed to revitalise the water 

bodies, and if surplus water is available, then to augment the drinking/cooking water needs of 
the population as well as to recharge the aquifer. 
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Figure 1-3:  Research Method 

At the urban scale, there are many interactions between the water bodies and also within the 
catchment of each of them (Fig 1-4).  It becomes necessary to classify the water bodies; their status 
and their problem areas.  Collectively, these will give insight into the reasons behind their present 
condition and will help identify common ‘cause-effect’ relations.   Having identified a particular lake 
or group of lakes, the analysis is based on following steps.  

1. Historical background: 
o Account of spatial and temporal extent.  These can be extracted from land records. 
o Rainfall data. 
o Uses of the lake.  This establishes the ‘role of the water body in the context of the 

society’. 
2. Present Status: 

o Spatial extent of the lake—its water quality and quantity. 
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o Edge conditions 
o Present uses.   

3. Future Plans: 
o Envisaged use of the lake.  This gives rise to the planning policy.  This will also 

answer, if it is indeed necessary to revitalise the lake in terms of bringing it back to its 
original state or it may be sufficient to revitalise the functions that it served. 

4. Land use:   
o The kind of land use.  How it has changed over time.   
o Water consumption.  How has the water consumption changed over time?   

5. Demographic data.  The end users.  The population that live in the vicinity of the lake that 
will eventually contribute and utilise the water resource. 

6. Social and cultural data.  To identify the functions that thrive on the water body and the need 
of these in today’s scenario. 

 

 
Figure 1-4:  Relationship of a water system 



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

11 

1.5.2. Field Work and Data Collection  

The information collected from the field included primary as well secondary data.  This included the 
following: 

1.5.2.1. Data type 

• Historical records 
• Meteorological data of the rainfall 
• Meteorological data of ground water in the region  
• Hydrological and hydro-geological data of the study area. 
• The Draft Development Plan of the Ahmedabad city and the Town Planning Scheme Plans 

(hereby referred to as TPS; including the information on the plots/future land use/elevation 
data).  

• High resolution satellite imagery.   
• City road map 

1.5.2.2. Data Source 

• Regulatory authority, in this case the Ahmedabad Urban Development Authority 
• Governing bodies, in this case the Central Ground Water Board, and the Water Department, 

GoG, District Panchayat Office, Space Applications Centre (SAC), Physical Research 
Laboratory (PRL), all in Ahmedabad. 

• On-line information 
• Local libraries, notably the School of Planning Library, CEPT and the Gujarat Vidyapeeth, 

both in Ahmedabad. 
• Non-governmental organisation involved in the water sector, notably, Centre for Environment 

Education (CEE), Ahmedabad. 

1.5.2.3. Field Survey 

Field survey included a plot by plot survey of the selected case study area and the following 
information was collected: 

• Details of the present land use condition and the extent of the land cover (given in 
percentages) 

• Information on water harvesting methods employed if any 
• Information on paved and unpaved areas in general 
• Information on the low-lying areas as observed 
• Indirect information on the perceived view on water harvesting issues amongst the user group. 

1.5.3. Literature review 

The literature review involved finding information pertaining to the following topics. 
• Traditional and contemporary water harvesting methods as practised in cities and settlements; 
• Research on urbanisation scenario in Gujarat; 
• Aspects on Urban Hydrology.  Urban watershed. 
• Methods of extracting DEM with regards to urban hydrology;  
• Issues of urban water supply and water management-their problems and challenges.  
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1.6. Chapterisation  

The thesis is structured as follows: 
Chapter 1:  Introduction.  Discusses the issue of urban waters.  Problem statement.  Research 
context.  Objective of the thesis and the research questions 
Chapter 2:  Study area.  Introduction to the study area.  Background information.  Relevance of the 
study in the area. Historical background.  Qualitative discussion on the use of open water bodies in the 
city. 
Chapter 3:  Literature Review.  Review of the Town Planning methods in Gujarat.  An account of 
traditional and contemporary water harvesting methods as practised in settlements; methods of 
extracting DEM with regards to urban hydrology; Issues of urban hydrology and water management.   
Chapter 4:  Data Preparation and Processing.  A discussion on field work data collection.  
Application of GIS to discuss the pre and post TPS development and its effect on water conservation. 
Chapter 5: Analysis and Discussion. Estimation of runoff.  Feasibility checks to assess the viability 
to revitalise a lake. 
Chapter 6:  Conclusions and Recommendation. Findings of the study. Limitations.  Future work. 
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2. Study Area 

This chapter introduces the State, Gujarat, the city, Ahmedabad as well as the study area—a small 
four square kilometre parcel of land—a group of proposed Town Planning Scheme (TPS) and a local 
water body, Sola lake, in the western suburbs of Ahmedabad.   The first part gives a general idea of 
the various aspects of the State while detailed information on the study area is given in the subsequent 
parts of the chapter. 

2.1. Introduction to the Study State: Gujarat 

2.1.1. Location of State 

Gujarat is situated in the northwest part of India [North latitude 20°01' to 24°07'N and East longitude   
68°04' to 74°04' E]. It is the seventh largest State with an area of 195,984 sq.km and accounts for six 
percent of the total geographical area of the country.  It comprises of three distinct geographic regions, 
viz., the undulating terrains of Saurashtra, which is a peninsula jutting into the Arabian Sea, the Rann 
(desert) of Kachchh in the north, bordering Pakistan and the mainland which is essentially the alluvial 
plains(Sugunan 1995).  In order to briefly explain the region, some of its aspects are mentioned 
below. 

2.1.2. Demography 

According to the 1991 census, Gujarat had a population of 41.3 million. The population density was 
211 per sq. km. The decadal rate of population growth during 1981-91 was 21.19. The total 
population is estimated to be 48.5 million in July 2000 and expected to grow to 55.5 million by 
2010(Anon 2001c). 

2.1.3. Physiography 

Gujarat consists primarily of three physiographic zones, viz., Mainland Gujarat, Saurashtra Peninsula 
and the desert land of Kachchh. Mainland Gujarat, consists of the eastern rocky highlands [alt. 300 to 
1000 meters], the extensions of the mountains of western India, and the western alluvial plains 
including the coastal plains [alt. 25 to 75 meters](Anon 2001c).  The study area, Ahmedabad city is 
located in the mainland Gujarat. 
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Figure 2-1: Physiographic regions of Gujarat 

2.1.4. Geology 

The geological evolution of Gujarat began with the breaking up of the Gondwanaland. Its subsequent 
geological history is related to the northward drift of the Indian sub-continent and breaking up of the 
western continental margin.  The important rock formations of the State are metamorphosed quartzite, 
slate and limestone in Aravallis, sandstone in Kachchh and in the north-eastern part of Saurashtra and 
as outcrops in parts of Wadhwan and Sabarkantha(Anon 2001c).  There are large alluvial tracts from 
Surat (in the Southern Gujarat) to Banaskantha (in the north). 

2.1.5. Climate 

The climate is dry tropical monsoon type. Three distinct seasons are experienced i.e. winter, summer 
and monsoon.  The state is located on the Tropic of Cancer (passing through Ahmedabad district).  
Thus, it falls in sub- tropical region and is semiarid land under Gujarat-Rajputana bio geographic 
province.   The various seasons of the year are monsoon (June to October), winter (November to 
February) and summer (March to June). The temperature varies from 6°C to 45°C.  Gujarat receives 
its rainfall from the south-west monsoon [June to September], its maximum intensity being in the 
months of July and August. The annual rainfall varies between 300 mm in the North and Northwest 
gradually increasing to 2500 mm in the South.  The relative humidity in all parts of the State is low. 
Winds are generally light to moderate, increasing in intensity during the late summer and monsoon 
seasons.  

2.1.6. Hydro-Geology 

On the mainland, the hilly tracts in the northeast, east and south provide an erratic groundwater 
scenario. Groundwater accumulates only in the secondary porosity zone i.e. zone of weathering, joint 
planes, cracks and fissures. Water table in these rocky areas varies from 4 to 10 meter below the 
ground level and is mostly unconfined.  The alluvial plains provide better conditions for the storage of 

(Source:http://www.ge
c.gov.in/images/Image
2.jpg) 
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groundwater. The junction between the eastern hill areas and the well-demarcated alluvial plains is 
the principal site for recharge of groundwater(Anon 2001c).  
 
In Saurashtra and Kachchh, the areas of sandstone and alluvial cover yield moderate quantities of 
water while the basalt areas hold good amount of water. Here, the zones of weathering between 
successive lava flows also act as aquifers.  Gujarat is rich in wetland resource in the form of lakes, salt 
marshes, creeks, mudflats, and estuaries, swamps, mangrove swamps and man-made wetlands like 
reservoirs. 

2.1.7. Water Needs 

The state is largely dependent on ground water to meets its agricultural and domestic 
requirements(Anon 2001a).  The overexploitation of groundwater is driven mostly by irrigation needs. 
More than 90% of the total cultivated area in north Gujarat is being irrigated by groundwater sources. 
Groundwater development has been over 100% in Banas, Saraswati, Rupen and Sabarmati basins and 
93.55% in Rel basin. Groundwater balance in this region is negative. As many as 53 talukas in 14 
districts are in the over exploited category where the withdrawal is more than the recharge. (Figures 
from (Anon 2001a)) 

2.1.7.1. Surface Water 

Surface water utilization has been achieved mostly through construction of storage reservoirs at 
various locations and distributing these waters through large network of canals and pipelines to 
various users. Management of surface irrigation has not been satisfactory and in many areas has led to 
degeneration of soils particularly in the command areas of three major projects - Ukai-Kakrapar, Mahi 
Right Bank Canal and Sabarmati - Dharoi command(Anon 2001b).  

2.1.7.2. Ground Water 

Ground water potential has been largely developed privately by the farmers for meeting irrigation 
needs. By 1997, there were some 450,000 electric pump sets and about 200,000 diesel pump sets 
operating to draw ground water. The ultimate potential of irrigating 2.021 million hectares from 
groundwater is already fully achieved by June 1999. Ground water development in all the basins of 
North Gujarat is about 100% or more than 100%. As a result, the water balance in all these areas is 
negative. This has led to the situation of over exploitation of ground water resources in many areas of 
the State.   The situation is particularly bad in many parts of North Gujarat, where piezometric 
(confined) aquifer level has been declining at an average rate of more than 5 meters every year. The 
depth of water table reached a low level of 123 meters in Siddhpur taluka in 1993 and in Prantij, 
groundwater is being pumped up from depths of 400 to 700 meters (Figures from (Anon 2001b)).  
 
About 87% of the municipal towns depending exclusively on ground water resources. Insufficient per 
capita availability and poor coverage of the population characterize provision of urban water 
supply(Anon 2001d).   Moreover, the net area suitable for groundwater recharge is seen to be 
decreasing in the state. 

2.1.8. Soils 

Deep black and coastal alluvium soils are predominant in South Gujarat, medium black is prevalent in 
middle Gujarat, grey brown and coastal alluvial soils are in north and north-west while the Saurashtra 
peninsula has calcareous medium black and to some extent coastal alluvial soils.  Only about 28% of 
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the total geographical area of the State has soil of over 150 cm depths, while about 15% have soil of 
100-150 cm depth. In terms of its texture, loamy soils cover about 37% of the State while 40% is 
clayey and 7% is sandy.�

 
Figure 2-2:  Soil Types of Gujarat 

(Source: 
http://www.gec.gov.in/
images/Image4.jpg) 
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2.2. Introduction to the Study City: Ahmedabad 

Ahmedabad is the largest city of Gujarat, with a population of 2.9 million.  Historically it has been the 
centre of trade and commerce as well as centre of education and culture.  Being the former capital of 
the State various important institutions are located in the city. 

2.2.1. Location of the City 

Ahmedabad6 is an inland city situated on the banks of river Sabarmati.  It lies between 22°56’ & 
23°08’ North Latitude and 72°30’ & 72°42’ East Longitude. It is at an altitude of 50.75 m above 
MSL. The Urban Agglomeration encompasses the city and parts of Daskroi Taluka of Ahmedabad 
District.  The city amalgamates about 151 towns/villages in its jurisdiction.  A detailed report is given 
in section 3.1.  Before the formation of the Gandhinagar, the state capital, it used to be the capital of 
Gujarat.  It is now the district headquarters. 

 
Figure 2-3:  Ahmedabad District and Ahmedabad City. 

 
Figure 2-4: Contemporary Ahmedabad 
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2.2.2. Geology 

The area falls in the North Gujarat alluvial plain and comprises mostly of Quaternary thick alluvium 
and blown sand(AUDA 1997 November).  Thus the study area lies in the soft rock geological group.  
Detailed hydro-geological setup is explained in section 3.3. 

2.2.3. Physiography 

The area as a whole is monotonously flat and forms part of the north Gujarat alluvial plain.  Surface 
topography is mildly undulating owing to the presence of stabilized dunal landforms.  The elevation 
of the land surface ranges from 40 to 60 m above MSL with master slope towards south.  Isolated high 
grounds, with elevations more than 60 m above MSL are observed on both sides of river Sabarmati 
(P.K.Parchure 1998 April).   

2.2.4. Drainage Pattern and Surface Water Bodies 

The most important surface water body in Ahmedabad is the river Sabarmati.  The city has grown on 
both banks of the river.  Water flow in the river is from north to south.  The river remains dry during 
the non-monsoon season.  The area as a whole lacks over-riding natural surface drainage thereby 
causing inundations of low lying areas during the monsoon period(P.K.Parchure 1998 April).  There 
are just a couple of streams/nullahs joining the Sabarmati around the city.  A barrage was constructed 
across the Sabarmati in the southern side near the village of Vasna to divert the floodwater of the river 
through a canal system for irrigation purpose.  The barrage was completed in 1976.   
 
Besides this, a typical phenomenon is observed in the villages of Gujarat.  Each and every village has 
its own pond which is the main source of water(AUDA 1997 November).  Similarly, there are a 
number of ponds of varying sizes (ranging from 20 ha to 80 ha) found all over the city.  Though some 
of these are important from the point of view of their historical attributes, e.g., Kankaria and Sarkhej 
lakes, others are large enough for sustenance of ecological and hydrological balance, e.g., Kankaria, 
Chandola, Sola, etc.  Remaining water bodies are smaller sized village ponds.  Due to the typical 
climatic pattern, these ponds remain dry during the summer months.  However, many lakes in the 
urban areas do not receive water even during the monsoon while some are partially filled.  The reason 
attributed to the drying up of these lakes is the encroachment/blockade of natural water channels 
connecting the different water bodies.  The water that used to be stored in these ponds is now lost in 
the form of run-off into the rivers.  Further, the area has a very less flood hazard(AUDA 1997 
November). 

2.2.5. Soils 

The area is mostly underlain by blown sand and silt deposits of Aeolian character, except localized 
pockets where it is fluvial.  The soil is therefore either coarse sandy or fine sandy loam, with less clay 
content and has ‘good to excellent’ drain-ability.  The soils in the entire area are deep to very deep, 
with soil depths more than 100 cm. 

2.2.6. Climate 

The climate of the area is semi-arid and is characterised by hot summer and general dryness except 
during the southwest monsoon period between the months of June and September.   
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2.2.6.1. Winter  

Coolness of winter can be felt from month of October, which is largely a transitional period.  October 
sometimes experiences some rains, attributed to the retreating monsoon winds (post monsoon season).  
Winter is experienced from November to February. Dry and cool north-eastern winds bring wave of 
cold over the region. Generally, the sky is clear. There are occasional showers of short duration. 
January is the coldest month (Average low temperature 10.0°C) (Table 2.1). The lowest minimum 
temperature recorded at Ahmedabad was 2.2°C. 

2.2.6.2. Summer  

Dry hot season extends from March to May. May is the hottest month of the year (Mean daily 
maximum temperature 41.3°C and the mean daily minimum temperature of 26.3°C). The sky is clear.  
The day temperature occasionally rises up to over 46°C (Table 2.1). The highest maximum 
temperature recorded at Ahmedabad was 47.8°C. 

2.2.6.3. Monsoon  

Monsoon starts at mid June.   The city received rainfall mainly from the south-west monsoon winds.  
Nearly 60% of the rainfall occurs during July-August period.  According to the report on Urban Geo-
hydrology of Ahmedabad, the long term normal annual rainfall for the city is 782.8 mm recorded in 
36.7 rainy days(P.K.Parchure 1998 April) and according to a more recent report by CGWB, it is 827 
mm(P.K.Parchure 2003). Relative humidity averages from 66.0 to 82.0 %. The season extends from 
June to September (Table 2.1).  The minimum and maximum rainfalls recorded (during the period 
1961-1995) were 233 mm (1987) and 983 mm (1976) respectively.   
 
Further, according to the same study, the drought frequencies based on the agricultural definitions 
were also computed for the same period.  It was observed that the normal and severe droughts had a 
frequency of 21% and 7% respectively.  Most severe drought was not recorded during the period of 
analysis, i.e., 1961-2002 (see Appendix A).  
Table 2-1: Climatological Data 

Month
Max. 
Temp (°C)

Mini Temp 
(°C)

Humidity 
(%)

Wind Spd. 
(kmph) Eto (mm/d)

Rainfall 
(mm)

January 32.10 7.30 43.00 100.05 4.22 1.40
February 35.70 8.50 36.00 101.78 5.24 0.90
March 40.20 13.10 32.00 108.68 6.47 1.50
April 43.20 19.10 34.50 120.76 7.76 1.30
May 44.70 22.70 42.50 158.71 9.12 6.20
June 42.40 23.40 59.50 174.23 8.07 77.30
July 37.60 23.70 76.00 150.08 5.23 250.30
August 35.20 23.20 79.00 124.21 4.44 156.80
September 37.30 22.00 71.00 103.50 5.05 188.50
October 38.20 16.60 50.50 74.18 4.91 12.40
November 36.00 12.60 43.00 79.35 4.23 4.30
December 32.70 8.60 45.00 91.43 3.89 1.10
Total 455.30 200.80 612.00 1386.96 68.63 702.00
Average 37.94 16.73 51.00 115.58 5.72 58.50

Climatological data at Ahmedabad Meteorological Station (1951-1980)

 



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

20 

The rainfall pattern shows a distinct rainy season (Table 2-2).   Most of the water needs—agricultural 
and domestic are met during this time. Appendix A gives annual rainfall in mm and no. of rainy days 
from 1961 onwards. 
Table 2-2: Rainfall Pattern 

Month Mean Monthly (mm) Heaviest in 24 Hours Number of Rainy Days 
January 10 30 0.4 
February 10 30 0.1 
March 5 10 0.2 
April 5 30 0.2 
May 4 45 0.3 
June 100 130 4.2 
July 320 326 3.2 
August 220 200 11.1 
September 170 260 5.6 
October 15 50 1 
November 8 55 0.6 
December 6 20 0.1 

 
 

Monsoon Rainfall Pattern In Ahmedabad
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Rainfall in Ahmedabad 1961-2002
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Figure 2-6: Rainfall pattern 

 
Conclusions: 

1. The average annual precipitation in India is about 1170 mm, where as the global average is 
700 mm.  Thus, at first glance, the natural endowment of rain is not problematic.  However, 
the difficulties come in upon closure inspection.  As seen, the rainfall distribution in the time 
domain is skewed, with 75 % of the precipitation taking place in only four months. 

2. The intensity of rainfall and the size of the raindrop are other unfavourable conditions to be 
dealt with.  The average intensity of the Indian tropical rainfall is about 10 mm per hour.  It is 
significantly higher than the average intensity of the mid-altitude countries, which is about 1 
to 2 mm per hour.  Higher intensity causes more runoff and less infiltration.  The size of the 
raindrop in a tropical rain system is much bigger than for the same amount of rainfall in 
temperate climate.  Big raindrop causes soil compaction resulting in higher runoff (Dingman 
2002). 

3. The high intensity and large drop size imply higher rates of soil erosion. 
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2.3. Water Supply Scenario in Ahmedabad 

This section deals with the quality and quantity of the water supplied as well as the state of affairs of 
the supply and sewerage network.   The water quality and water quantity standards for comparing sake 
are given in appendix D. 

2.3.1. Existing Water Supply Network 

The piped water supply system in the Ahmedabad started in 1891(Sreekumar 1999 February).  Before 
that, the traditional dug wells were the main source of water supply.   Rapid urbanisation and 
industrialisation have increased the water demand.  At present, the main source of water supply within 
the AMC limits is ground water (subsoil water drawn mainly from the river bed aquifer using radial 
pipes known as French Collector wells and Infiltration Systems located in the river bed and ground 
water from the deeper aquifers drawn by tube wells located at various places in the city)(Brijgopal 
1994 February; P.K.Parchure 1998 April).  These are: 

1. The surface water of the Sabarmati River pumped through 16 Infiltration Wells and 5 French 
wells located in the river bed.   

2. 270 tube wells located all over the city and operating from 46 pumping stations.  These were 
developed from the year 1953-54 to meet the water demand in the extended areas of the 
corporation.   

The average daily pumpage from these sources is shown in table 7: 
Table 2-3: Average daily pumpage 
Source Pumpage (MCM/day) Pumpage (MLD) 
Infiltration Wells (16 Nos.) 0.08 081.72 
French Wells (5 Nos.) 0.15 145.28 
Tube Wells (270 Nos.) 0.27 236.08 
TOTAL 0.46 463.08 

The water requirement for the city of Ahmedabad and of the region in general is given below to give 
an idea of the percentage share of groundwater and surface water.  
Table 2-4: Water Requirement and Availability for Ahmedabad 
Drinking/domestic Water needs 
 

Industrial 
Needs (@ 10% 
of total 
domestic 
needs) 

Total 
Requirement 

Available Sources 

Rural 
 (40 LPCD)  

Urban 
 (140 LPCD)  

Total Mm3/yr   Surface Water Ground Water 

MCM 
/yr 

MLD  MCM   
/yr 

MLD  MCM 
/yr 

MLD  MCM 
/yr 

MLD  MCM 
/yr 

MLD  MCM 
/yr 

MLD  MCM 
/yr 

MLD  

20 55 197 540 217 595 22 60 239 655 75 
(31%) 

205 164 
(69%) 

449 

Source: NWRD, 1992; in Hirway, et. al.(AUDA 1997 November; Balachandran 1995 January; Indira Hirway 1994)�

By the year 2011, the enhanced demand for water is estimated to be 301.7 MCM/yr with waste water 
availability of about 241.6 MCM/yr(AUDA 1997 November) (SK Gupta 1998 July).  As mentioned 
before, ground water is the most vital contributing source of water.  The unconfined aquifer has nearly 
been rendered water less and the current water demand is primarily met by the confined aquifer 
system being tapped by numerous tube wells.  Moreover, the water table has been declining fast over 
the years; from 12-15 m in 1940; declining to 60-80 m in 1984 to ~100 m in 1996(P.K.Parchure 1998 
April; SK Gupta 1998 July).   At present the water table is at 150 m bgl (refer Section 3.3.4).  Thus, it 
is clear, that the dependence on the ground water is very high.  A balanced and conjunctive use of 
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surface and ground water is very important for conservation of the water resources of the region.  The 
above figures do not take into consideration the water supply from the Narmada Sardar Sarovar 
Project. 

2.3.2. Future water scenario in Ahmedabad 

Present water need of AMC is about 465 MLD and will reach to about 700 MLD in 2021. If the 
supply pattern is same, i.e., commercial coverage and domestic need as predicted.  From the source 
side AMC is in quite comfortable position because it can avail 680 MLD from Dharoi dam and at 
present, it is pumping about 250 MLD.  Even if these remains constant or even fall to some extent, the 
situation is not going to be that critical.  The large exploitation of ground water will result in the water 
table falling to about 70 m in western part, 85 m in central part and 125 in eastern part of the city 
(Gupta 2003).  An important aspect worth mentioning at this point, though not directly related to this 
study, is the huge electrical costs incurred to pump water from great depths(Bhandari 1997 March; 
Brijgopal 1994 February).  Further, there are chances of two additional sources of water: 

1. Recharging the ground water by means of waste water Soil Aquifer Treatment. 
2. The city has started receiving water from Narmada High Level Canal that passes little north of 

Ahmedabad.  This water is also used to fill up the lakes and water bodies by gravity. In this 
regard, the AMC/AUDA has developed the Lake Rejuvenation Project, under which, 10 lakes 
lying down-stream of the Narmada canal has been identified.  The surplus waters of the 
Narmada will be used to “top up” these lakes during the leaner months.  Refer Section 3.4.1 
for more information. 

2.3.3. Water Supply in the Periphery of Ahmedabad 

Water supply in the peripheral villages (lying outside the AMC limits but within the AUDA limits) is 
primarily the responsibility of the respective Gram Panchayats (local governing body) and is done by 
means of isolated ground water sources through tube wells.  No integrated water supply covering the 
major zones of the AUDA area exists.  The Gram Panchayats/Nagar Palika have installed tube well 
based water supply system.  But these cover only a small population catering to about 30% of the total 
needs.  A large portion of water requirement is covered by tube wells installed by private developers 
for their clients.  Almost each housing society in these areas has its own tube well; therefore, the 
density of tube wells is very high.  The population and, thus the demand for domestic water supply is 
increasing very rapidly in these areas(P.K.Parchure 1998 April). 

2.3.3.1. Water Quantity 

Accurate data on the number of such tube wells is not available with any institution/government 
organisation, since no permissions are required for installing the tube wells.  However, data on eleven 
villages has been compiled by a private consultancy firm.  According to one estimate, the number of 
private bore wells in the western periphery in year 1995 was 650, had increased to 1200 in year 1998.  
This has resulted in substantial lowering of the ground water table in this region. 

2.3.3.2. Water Quality 

The quality of water available is not within desirable limits.  The TDS level is rather high, especially 
where the tube wells draw water from the shallow aquifer.  The water is supplied with no treatment 
other than chlorination.  In some cases even that is not done. 
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One of the main causes of aggravation of ground water problem is the high density of tube wells.  
Each new housing society drills its own tube-well irrespective of whether there is another one already 
existing close by.  When a tube-well is drilled into the aquifer, a cone of depression is created.  When 
another tube-well is drilled close by, the two cones of depression intersect, lowering the water table 
even further.  This will cause the existing tube wells to go dry and new tube wells would have to be 
dug deeper. 
 
There is also a problem of saline ingression, mostly in the vertical direction.  Since Ahmedabad is far 
from the coast, the chances of lateral saline ingression are remote.  However, the reduction in hydro-
static pressure due to the dewatering of the upper aquifer cause saline water from the deeper aquifers 
to slowly rise into those aquifers from which water is drawn(Balachandran 1995 January).   

2.3.4. Existing Storm Water System 

In Ahmedabad Urban Complex area under AUDA, the storm water disposal system does not exist at 
all, barring few isolated examples.  Since this area is located in the periphery of the Municipal area, 
the question of disposal of rain water becomes critical.  “Within the Municipal limit, the disposal of 
rain water is done in river Sabarmati while in AUDA area, excepting few lakes, the disposal of rain 
water is totally impossible”(AUDA 1997 November).  At present, the rain water disposal is partly 
done through the drainage network created in the last decade.  This in turn overburdens the network.  
Besides, the latest effort in this direction is the proposed interlinking of the lakes and the initiatives 
undertaken to develop percolating wells in the gardens owned by AUDA and at the junctions of low 
lying areas.  The details of the functioning of this wells is not available.  However, the contribution of 
the existing storm water system at present is quite less.  Lack of appropriate storm water disposal 
system results in flooding during monsoon.  Such situation is arising because the natural gradient of 
rain water flow is totally ignored in present development(AUDA 1997 November).  A comprehensive 
thought to develop the storm water system involving expert consultation is yet to be given. 

2.3.5. Legislative Aspects of Groundwater exploitation in Ahmedabad 

There is no law in force to control the exploitation of ground water.  The Govt of Gujarat has 
designed the legislation for this purpose but has not implemented it.  An attempt was made to amend 
the Bombay Irrigation Act of 1879.  A draft has been prepared and published in the government 
gazette and even presented in the assembly.  But it has not so far passed the bill that is necessary to 
bring it into force as law. 
 
This Act deals only with drilling of tube wells in agricultural land (as defined in the Land Revenue 
Code).  For tube wells exceeding 45 meters depth, the holder of the agricultural land has to get a 
license from the Regional Canal Officer based on a report of the geo-hydrologist (both these officers 
are to be appointed by the Government).  It may be noted that even in this proposed legislation, tube 
wells in non-agricultural land are not covered.  Therefore, urban areas and urban periphery are not 
covered.  No power is proposed to be vested in local authorities for this purpose. 
 
 



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

25 

2.4. Lakes of Ahmedabad City 

Lakes and parks are the lungs of any settlement.  Besides, acting as a 
breather in the otherwise congested settlements they also benefit the 
settlements in a multitude of ways.  They harbour a variety of flora and 
fauna.  Many times, the benefits these elements offer are non-tangible, and 
hence they are vulnerable to the developments and short-sightedness of the 
governing bodies and to the economy of the region. 
 
As indicated in 2.2.4, there are about 645 lakes located in 139 
villages/towns under the jurisdiction of AUDA.   Out of these, some have 
completely vanished/have been built over while others have been severely 
deteriorated, primarily due to improper governance/neglect of the general 
public as well as local bodies.   In 1960, Ahmedabad had at least 204 lakes.  
This number had come down to 137 by 2000.  Today, almost all of these 
have been built upon, encroached or left to disuse.  With rapid growth in 
population, the city has spread out in all directions, in a completely 
unplanned manner.  The town planning schemes did not take into account 
the natural drainage patterns and topography of the area.  This resulted in 
two things.  Firstly, the rainwater that earlier flowed in to the lakes and the 
low lying areas now got trapped near residential areas causing seasonal 
flooding and water logging.  Secondly, the lakes dried up, making them 
prime targets of the real estate developers and other encroachers.  Or they 
have been turned into garbage dumps(Anil Agarwal).  Whatever little 

happens to save these very essential urban elements is not sufficient.   Fig 2-7 and Fig 2-8 shows the 
location of the water bodies in 1856 and 1997.  
 
Most of the village lakes now amalgamated into the AUC have no historical record of any particular 
importance.  Of course, their primary purpose was always water for domestic and agricultural use; 
however, some of them had other functions attached to it depending on the institutions developed on 
its edge like palaces or temples.   In present context the water bodies are seen as an essential urban 
element, and are looked at as an important source of ground water augmentation.  The land around the 
lake is also developed as community parks and gardens.  Table 2-6 outlines some of the 
selected/important lakes in the city.   

There is an urgent need to 
revive the old lakes and water 
bodies that usually used to be 
the mainstay of the water 
supply of many big and small 
settlements of this region. In 
many cases they used to be 
the sole large urban open 
space.  Using the scientific 
data, these essential water 
resources could be brought 
back to their original glory.  
Again usually lakeside 
monuments accompanied 
these water bodies, be it a well 
or a community place. Sadly, 
since many lakes remain dry, 
either because their 
catchments have been 
encroached upon or the inflow 
has been cut off, they are 
slowly encroached upon for 
real estate development.  
Obviously, this results in urban 
flooding with even the slightest 
of rains!  These issues can 
simultaneously be addressed 
while reviving the lake as a 
physical entity. 
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Figure 2-7: 1856 Drawing of Ahmedabad Showing 
Various Villages and Lakes around the Old City; 
Source: (Yatin Pandya 2002) 

Figure 2-8: A Map Showing Water Bodies In 1997; 
Source: (AUDA 1997 November) 

Table 2-5: Table Listing Selected Lakes of Ahmedabad 
Sr. 
No. 

Name of the 
Lake/Water 
body 

Actual Area 
(as per Land 
Record) 
(m2) 

Present 
Area (m2) 

Depth 
(m) 

Present 
Volume 
(MCM) 

Water 
retained 
for (in 
no. of 
months) 

Past Use Present Use/condition 

1 Thaltej Lake 
Cluster* 

211259 57124 4 0.29 12 

2 Vastrapur * 73957 62500 4 0.25 6 
3 Sola * 97641 81530 6 0.49 6 
4 Prahladnagar* 

(Ropda) 
18568 18568 3 0.05 4 

5 Memnagar* 61040 36624 3 0.11 2 
6 Bodakdev * 51862 31050 1.0 0.03 4 
7 Gota * 66770 40062 3 0.12 6 
8 Ambli * 22539 18500 2 0.04 7 
9 Chandlodiya * 32516 22700 2.5 0.06 5 
10 Ognaj 50650 50650 4 0.20 6 
11 Makarba* 44152 44152 6 0.27  

Bore wells for domestic 
supply in the periphery 
of the lake. 
Dumping of house hold 
waste and waste water 
from nearby residential 
areas. 
Isolated public 
institution on its edge, 
usually religious place or 
a civic body. 
Slum proliferation 

12 Chandola  732481 235400 1.5 3.53 3 
13 Naroda -- 81545 2 0.16 3 
14 Odhav -- 58145 4 0.23 4 

Village Tank; 
Domestic 
water supply 
 

Neglected.  Occupied by 
slums 

15 Kankaria  308205 308205 -- -- 12 Recreational  Recreational 
16 Sarkhej Lake 124359 93920 2.5 0.23 6 Palace 

Complex 
Site of archaeological 
importance 
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Kankaria and Chandola are the oldest recorded lakes of the city.  Of the lakes classified above, 10 are 
earmarked for the Comprehensive Lake Rejuvenation Project of AUDA.  These lakes were those that 
were affected by the reduction in their catchment area due to the urbanisation process (Refer section 
1.4.2/bullet 4).  The table 2-6 shows the reduced catchment areas of these lakes, post urbanisation. 
Table 2-6: Pre and Post Urbanisation Lake Catchment Areas 

Catchment area as per contour map in Ha Sr. No. Lake 
Catchment Area 
of  lake  

Catchment Area of over- 
flooding of adjoining lake 

Total 
Catchment Area 
post Urban 
Development 

1. Makarba 340 640 980  
2. Prahladnagar (Ropda) 640 - 640 160 
3. Ambli 390 - 390 270 
4. Thaltej 450 - 450 436 
5. Vastrapur 550 530 1080 113 
6. Memnagar 530 - 530 140 
7. Sola 1003 923 1926 301 
8. Bodakdev (Lake cluster) 427 - 427 193 
9. Gota 433 - 433  
10. Chandlodiya 490 - 490  
Source: DPR, AUDA. 

Table 2-6 showed the state of affairs of selected lakes in the city.  Most of these water bodies have no 
defined use in today’s context. These are seen as redundant spaces and are thus vulnerable to the fast 
changing urban socio-economic and land use pattern.   This is a cyclic reaction; the table below 
enumerates some of the important problems that all of the above water body face and the consequent 
impacts. 
Table 2-7:  Issues Concerning the Degradation of the Urban Water Bodies, Their Causes and Impacts 
Problem Cause Impacts 

Change in drainage pattern due to unplanned 
construction. 

Reduced groundwater recharge. 
Drying of the lake in summer. 
The empty water body converted into a garbage 
dumping ground.  

Drainage channels being obstructed by civil 
structures like roads and buildings. 

Change in the land use from water body to some 
other class. 

Less water collection in 
the water body 

Storm water runoff getting mixed with sewage and 
disposed off via drainage network. 

Overloading/mal functioning of the waste water 
treatment plants. 

Dumping of industrial waste into the water body.   
Non-point source pollution from the village and 
nearby roads 

Contamination of the aquifers. 
Threat to public hygiene. 

Disposal of waste water/sewage from the village, 
thru’ piped network/open channels 

Loss in economic value of the water stored as it 
cannot be used for any purpose.   
Unhygienic living condition in the surrounding 
area.   

Water pollution in the 
water body 

Disposal of household refuse by the people residing 
in the periphery of the water body 

Threat of water borne disease and malaria. 
Availability of vacant/unclaimed land in the vicinity 
of the village/city area. 

Blockages of the natural drains into the water 
body. 

Improper demarcation of the land of the water body. 

Encroachment by slum 
dwellers 

Absence of any monitoring agency/fencing to 
prevent unauthorised occupation of the lake 

Increased ground elevations in the periphery, 
resulting in the flooding of the roads/settlements. 
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2.5. Introduction of the Case Study Area, TPS # 41-42-43 

 A TPS—Town Planning Scheme, is a method of land readjustment in order to generally improve and 
upgrade the quality of land to meet the needs of orderly urbanised growth of the city.  This will be 
reviewed in detail in the next chapter. The present study area (TPS Nos. 42; 42 and 43) is located on 
the western periphery of AUDA.  The TPS is located to the southern and eastern sides and adjoins the 
old village site of Sola.  Location of the TPS is shown in the Fig 2-9. 

 
Figure 2-9: Location of Sola TPS 41-42-43; Source: (AUDA 1997 November) 

The study area until the declaration of the TPS was under the Sola gram panchayat.   The draft 
scheme was sanctioned in the year 2003.  After the implementation of the TPS, both AUDA and the 
local body will be responsible for the provision of the civic infrastructure in the area.  An ephemeral 
lake adjoins the village and is only large water body in the region (Fig 2-10, Fig 2-11 and Fig 2-12).  
This is referred to as Sola Main Lake.  Besides, a rail road running east-west from the southern 
boundary of the TPS 43; and the National Highway running north-south forms the eastern boundary of 
the TPS 42 and 43.  TPS 41 is to the west of the TPS 42 and 43 (Fig 2-12). 
 
The total land area of the study area is 3.95 sq.km (395 ha; TPS 41, 42, 43 is 99.5 ha, 146.6 ha and 
148.8 ha respectively) while the total area inclusive the village and the lake for the purpose of the 
hydrologic calculations amounts to 400 ha. Table 2-9 gives the detail of the present status of the TPS. 
 

Study Area; 
Sola TPS 
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Figure 2-10: Western Periphery of the AUDA and the location of the study area. 

 

 
Figure 2-11: Ikonos Imagery, March 2000, showing the study area before the TPS 

Accompanying Photos: Top, view of the main Sola Lake, Bottom, one of the minor water bodies in 
the study area; IKONOS Source: AUDA, Photos: Author 
 
 
 
 
 

TPS 41-42-43 
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Table 2-8: Present Status of the TPS 41-42-43 

TOWN PLANNING AND VALUATION DEPARTMENT, GUJARAT STATE , 
GANDHINAGAR 

STATEMENT SHOWING DETAILS OF TOWN PLANNING SCHEMES IN GUJARAT 

  
Sr. No. 1 177 178 179 

Name of Town Planning Scheme 
2 

No. 41 
Sola- Hebatpur 

No. 42 
Sola- Thaltej 

No. 43 
Sola 

Authority/ Town 3 AUDA AUDA AUDA 

Area in Hectare 4 98.91 146.8 150.69 

Date of Consultation Under Sec-41 5    

Date of Declaration of Intention 6 30.06.2000 30.06.2000 30.06.2000 

Date of Sanction of Draft Scheme 7 05.02.2003 27.02.2003 27.02.2003 

Appointment of TPO 8 27.11.2001 27.11.2001  

Source:  Information extracted from the Town Valuation Dept. AUDA  

The original land use of the area where the TPS are planed was agriculture.  The original plots were 
farm lands, irregular in shape and size. However, as per the Development Plan of Ahmedabad, the 
area lies in the residential category zone.  Thus the envisaged development will comprise primarily of 
residences (including housing colonies; apartments and individual bunglows) and its support facilities 
(commercial buildings; schools; civic buildings, etc).  The details of various area break ups are given 
in Table 2-10. 
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Table 2-9: Area Distribution 

1 98.91 143.82 150.68
2 953540 1402363 1434260
3 153 243 219
4 23528 0 14400
5 570941 884618 1018566
6 145 236 219
7 40 34.53 34.37

8 184229 269899 229136
9 20 34 24
10 Garden 36051 3.64 46215 3.39 14391 0.96
11 O.S. 0 0 0 0 0 0
12 School 13465 1.4 0 0 0 0
13 Playground 0 0 0 0 10000 0.64

14 S & EBCH 21700 2.19 17230 1.2 31574 2.1

15 Sale for Residence 42579 4.3 74184 5.11 57895 3.84
16 Sale for Commercial 45056 4.55 92284 6.42 70877 4.71

17 Infrastructure 25378 2.56 39986 2.78 44399 2.95
18 Total 184229 18.64 269899 18.9 229136 15.2

19
300 350 870

20
800 389 952

21 0 0 0
22 0 0 1250
23 475 2200 750
24 0 1689 600
25 1208 185 1900
26 1799 150 300
27 1489 6147 4483
28 2200 860 1000
29 420 2255 2000
30 460 1175 550
31 1108 0 0
32 9159 14661 12833
33 222125.5 23.29 282107 20.12 232519 16.21

34 977295.5 1436624 1480221

35
23755.5 34261 45961

36
-11804.5 -1576 -26579

La
nd

 V
al

ue
 

(R
s/

m
²)

4.5 m
6.0 m
7.5 m
9.0 m
12.0 m
15.0 m

Source:  Information extracted from the Town Valuation Dept. AUDA

Infrastructure 
TPS Sola- 
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TPS Sola - Thaltej 

No. 42 TPS Sola No. 43
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y 
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²)

Total area in Ha.
OP area (m²)
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Area of FP to owners
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Total area of Roads (m² & %)

18.0 m
24.0 m
30.0 m

40.0 m (36.0 m)
60.0 m (51.0 m)

Note: See Abbreviations for full forms of acronyms used in this table.

Total length

Difference between OP area & FP 
area including roads

Difference between Total scheme 
area & alloted areaTP

S
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a 

S
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m
ar

y 
(m

²) Total of Pvt/Auda plots & Roads
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2.5.1. Hydrogeology and the Ground Water Scenario in the Case Study Area 

The case study area is a gently sloping tract and forms a low relief, gently undulating topography.  It 
is devoid of Rabi vegetal cover.  It comprises mainly blown sand, clay and silt.  The source of 
groundwater is mainly shallow moderately deep bore wells(AUDA 1997 November).  However, 
during the field visit it was found, that all the shallow wells had dried up and some didn’t exist at all, 
they being filled up by the land developers/owners.  There are two observation wells in the vicinity of 
the study area.   
 
Besides this, following are the salient features of the hydro-geological setup of the study area(Dr. S.K. 
Sharma 2000; P.K.Parchure 1998 April).  There are no exact permeability data available for western 
Ahmedabad.  However, the horizontal permeability in these parts is 8-10 m per day. Vertical 
Permeability is generally 1/10th of it, i.e., around 1 m/day.  In case of percolation from lake, it may by 
still lower due to silting etc. 
Table 2-10: Hydrogeological Setup of the Study Area 
Infiltration Rate 5 lps (for recharge through shaft) 

2 mm/day (for recharge through percolation tank) 
General pattern of GW flow Towards the south side 
Chemical quality of water in different aquifers  Potable 
Porosity 18-20% 
Sandy soil permeability (horizontal) 5-14 m/day (for sat. aquifer thickness of 6-9 m) 
Sandy soil permeability (vertical) ~1 m/day 
Saturated Hydraulic Conductivity 13-15 m/day 
Aquifer Transmissivity 50-130 m²/day in Phreatic aquifer 

2.5.1.1. Water Requirement in Sola village  

The water supply to the village is largely dependent on two bore wells operated by the gram 
panchayat.  There is no provision for drainage in the area. 
Table 2-11: Water requirement in the Study Area 
Name of Village 1991 2001 2011 2021 Total Water supply Required for the year 2021 (in 

MLD) 
Sola* 5717 6714 7949 8983 1.43 
Level of supply= 160 LPCD 
*Note:  
This figure does not take into account the proposed new inhabitant’s requirement due to the implementation of the TPS. 
The increased water need post-TPS development is explained in Chapter 5, Section5.2.5 
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2.5.2. Surface water bodies in the Study Area 

The Sola Lake is located to the north and upstream of the village.  Earlier, the main function of the 
lake was as a raw storage of rain water for irrigation purposes and cattle, but now, only peripheral 
field owners use the water.  As the village sewerage is not emptied into the lake, the lake water is 
relatively clean.  The only source of pollution is dumping of solid waste on the periphery.  The area of 
the lake is variously computed in the region of 7 ha; the periphery measures 1400 m and the average 
depth is 6 m.  The estimated storage capacity comes to 0.3 MCM.   The tank retains water for six 
months in a year.  The catchment of the lake mainly comprises the agricultural fields, but due to 
presence of connecting roads and the rail road, the drains have been disturbed.   The TPS areas are 
lying to the down stream of the general slope and thus are not the natural catchment of this lake, 
however, due to the presence of the railway line, to the south of the TPS periphery, the water that will 
collect in this region has no natural outlet downstream.    
 
Besides the main water body there are several low lying areas in the TPS some of which are declared 
as ‘water body’ in the land use category while others are to be converted into either residential or 
commercial categories.  Survey Plot Nos. according to the land records office designated as tanks in 
the Sola Village, Daskroi Taluka are shown in the table below.   
Table 2-12: Original Plots Designated as Tanks as per Land Records Office and their Present Status 

FP No. TPS No.

1 37194 0.98 0.028 Yes 1 43 Waterbody
182 10825 0.34 0.010 Yes 35 43 Waterbody
236 8195 0.23 0.007 Yes 67/1 43 Waterbody
398 2023 0.06 0.002 No 41 42 Residence
439 3440 0.12 0.003 Yes 82 42 Waterbody
452 11058 0.35 0.010 Yes 100 42 Waterbody
501 4249 0.14 0.004 Yes 189 42 Waterbody
682 10623 0.33 0.009 Yes 12 41 Waterbody
746 10927 0.34 0.010 Yes 108 41 Waterbody
830 15783 0.44 0.012 No NA NA NA
933 7284 0.2 0.006 No NA NA NA

121601 3.53 0.10
Source:  Water Boards Division, District Panchayat Office, Ahmedabad, 2004.

Daskroi Sola

Total

Lake 
Capacity 
(MCft)

Lake 
Capacity 
(MCM)

Present Status
Located in 

same 
place 

TPS Record No. New 
Landuse

Taluka Village
Lake/Surv

ey No. 
Block No.

Lake Area 
(m2)

Looking at the present TPS plans, it was found that most of these have been retained; the results are 
shown in the column “present status”.   Two big water bodies were not found in the present TPS.  
However, in terms of volumes, there is a significant increase in the present volumes of the water 
bodies.  The Fig 2-12 shows the location of the water body in the TPS, the identification is done on 
the basis of their FP no. (Final Plot no.) 
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Figure 2-12: Profile of the Study Area; Location of the Water bodies 

 



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

 

35 

3. Literature Review 

The previous chapter introduced the study area, while furnishing some information thought important 
so that the reader can get the grasp of the ground conditions.  This chapter will briefly introduce some 
of the topics concerning the research and their relevance to the study area.  These topics are: 

1. Urbanisation scenario in Gujarat; Notes on the TPS. 
2. Groundwater studies carried out in the region. 
3. Traditional and contemporary water harvesting methods as practised in cities and settlements; 
4. Issues on Urban Hydrology and Urban watershed. 
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3.1. Urbanisation Scenario in Gujarat 

Gujarat is one of the more urbanised states in India and is showing a high growth rate of urbanisation 
due to its strong economic base. In order to ensure a healthy urban life, the government has put in 
place laws and policies for the expansion of cities.  This sub-chapter discusses the growth of 
Ahmedabad city and some of the key issues in the laws governing city growth and its relevance to this 
research. 

3.1.1. Spatial growth of Ahmedabad City 

The planning of the old city of Ahmedabad was based on the ancient texts on urban planning.  The old 
city founded in AD 1411, was developed on the eastern banks of the river Sabarmati.  It rapidly 
expanded as an industrial textile centre during the British rule (18th Century).  Most of the present day 
eastern sector of the city was developed between 1850 and 1950, without much development controls, 
leading to overcrowding, congestion and poor housing conditions and infrastructure provisions.  The 
period from 1931 to 1975 was a period of economic consolidation.  In the post independence period 
(1947 onwards), Ahmedabad diversified into non-textile market.  The western part of the city started 
developing in the first quarter of 20th century with the inception of Ellis Bridge.  This area 
accommodated primarily affluent community. In those time, the growth centred on the existing village 
sites.  After the construction of the state capital at Gandhinagar, the development started along the 
stretch connecting the two cities (Fig 2-4). 

3.1.1.1. Administrative Pattern 

In AD 1411, the city was directly governed by the king.  Subsequently, during the Mughal period, the 
emissaries of the Mughal king—the sultans ruled, giving the city its present name, Ahmedabad, 
named after one of the sultans, Ahmed Shah.   From 1857, during the colonial empire, some non-
statutory committees controlled the walled city and surroundings.  City Municipality was set up in 
1874 and it controlled an area of around 5.95 sq. km.  During 1928, Borough Municipality took 
charge and the area was around 25.9 sq. km. with a population of nearly 400,000. 
 
Ahmedabad Municipal Corporation (AMC) was set up in 1956 with an area of 53.5 sq. km. and a 
population of 900,000.  The Ahmedabad Urban Development Authority (AUDA) was set up in 1982 
with a view to develop the fringe areas of the city7.  Today, the city accounts for 6% of the total 
population of the state.  Table 3-1 gives the temporal growth of the city. 
  

                                                      
3�:�������'���'#�������=%������#���������������������#���������
���������#��)�������>��#����)>�
?�����	�1��
#���������"��+#�@�����#�����#���#�����#����������'���'#�����	'�������#�������
��
�������#������������	�������#���#	�
���
�&�����'���!�'�������



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

 

37 

Table 3-1: Temporal Growth (Area and Population) of City 
Year Population ( in 

million persons)
Area under AMC 
(sq. km)

Area under 
AUDA (sq. km)

Civic Administration 
Status

1411 -- 2.5 N.A.
1872 -- 5.7 N.A.
1881 -- 6.0 N.A.
1891 -- 11.4 N.A.
1901 0.19 14.4 N.A.
1911 0.22 23.1 N.A.
1921 0.27 24.0 N.A.
1931 0.38 25.3 N.A.
1941 0.59 52.5 N.A.
1951 0.74 52.5 N.A.
1956 0.90 53.5 N.A.
1961 1.15 93.0 N.A.
1971 1.59 92.9 N.A.
1975 2.20 98.0 N.A.
1981 2.56 98.2 1196.9
1991 3.88 190.8 1294.7
2001 5.50 190.8 1294.7
2011 6.05
2021 10.00

Projected estimates

Statutory Committee 
(1858-1857)

City Municipality (1873-
1926)

Borough Municipality 
(1926-1950)

Ahmedabad Municipal 
Corporation (1956--)

Ahmedabad Urban 
Development Authority 

(1982--)

Source: Draft Development Plan(AUDA 1997 November), AUDA and AMC. Ahmedabad 
Note:   

• The figures from the year 1991 onwards are those of the Ahmedabad Agglomeration 
comprising of four units, i.e., Ahmedabad Municipal Corporation (AMC), Out Growth Area 
(OG), Sub-urban Areas (SUA) and Ahmedabad Cantonment (Cant).   

• The total area of Ahmedabad Urban Complex (AUC) amounts to 1295 sq. km. 
 
The Ahmedabad Urban Complex (also referred to as the Urban Agglomeration) area consists of 164 
settlements/municipalities located around the city (Fig 2-9)(AUDA 1997 November), out of which 34 
are in the western periphery.  It is the responsibility of the respective Gram Panchayat/Nagarpalika to 
ensure smooth functioning and overall development of these villages.  These administrative bodies are 
governed under the Gujarat Panchayats Act, 1961.  
 
Western AUDA, the study area for this study, exhibits missed land use pattern with more emphasis 
laid on residential zones (category-1, according to the Town Planning Act).  The notable feature in 
this part is the fast development of the residential areas, especially on both sides of the National 
Highway. 

3.1.2. Town Planning Schemes (TPS) 

3.1.2.1. Background 

An important part of town planning involves arranging land uses to achieve a maximum degree of 
economy, convenience and efficiency in a specified area.  It implies an understanding of spatial 
realities in addition to the social, political and economical considerations necessary in an urban area.  
In absence of town planning, land would be apportioned between competing uses by price mechanism.  
Land would thus be used for those purposes which could extract the largest amount of returns over the 
shortest period. Various processes are followed for the purpose of land development in different parts 
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of India.  These techniques are land pooling; land readjustment and bulk land acquisition(Balasaria 
1994; Brijgopal 1994 February). 
 
In Gujarat, the process of city development is governed under the provision of the Gujarat Town 
Planning and Urban Development Act, 1976.  The concerned local city authorities prepare the so 
called “Development Plans (DP)” and “the Town Planning Schemes (TPS)”.  The Development Plan 
is for integrated spatial development of the entire urban area.  It outlines the basic structure layout of 
the city and earmarks areas for residential, commercial, industrial and public purposes.  The outlines 
and objectives mentioned in the DP are ultimately achieved by means of the implementation of the 
TPS.  The TPS are for smaller parcels of land, usually of about 100 ha.  This land parcels may be 
those that are already developed (but needs better civic infrastructure), that are under development or 
in recent cases, those that are earmarked as areas to be developed (keeping in mind the future trend of 
growth of the city). 
 
The town planning schemes utilises the technique of “land readjustment system”, wherein the 
‘original plot’ of the owner is ‘reconstituted’.  This technique has been extensively used in Gujarat 
and Maharashtra.  In this technique no land owner losses his land entirely as against compulsory 
acquisition.  He is made a partner in the development process where he shares the benefits and costs 
with the local authority.  The success of this method is largely attributed to this single fact. 
 
In a nutshell, the execution of a TPS is to identify an area for the preparation of scheme which is 
essentially for the up gradation of land in terms of infrastructure.  A map of existing landholdings—
‘original plots’ and of existing infrastructure is prepared.   For planning purpose, the area is then 
treated as one monolithic piece of land without any dividing boundaries.  After carving out public 
roads and sites for public purposes, remaining area is laid out in to regular shaped plots—‘final plots’ 
for being allotted back to their original owners, of course, in proportion to their original holdings.  
These final plots are normally allotted on or very close to their respective original plots.  Because of 
area consumed in public roads and public-purpose plots, the final plots allotted are reduced marginally 
in area; however, they are very much improved in terms of shape, build-ability and accessibility. 
Thus, the value of the new land is enhanced.  The new plan, usually part of a development plan, is 
then superimposed on the original land holdings map showing the changes proposed in the TPS, 
including sites to be acquired for public purpose.   
 
The main drawback at the time when the TPS were introduced was lengthy procedures and delays in 
implementation. However, now the rules of the TPS implementation have changed and the entire 
process of TPS preparation and finalisation is completed within a period of 27 months.  The main 
advantages in it are that there are no financial transactions between the original owners and the public 
authority.  Therefore, there are fewer disputes over valuation and lesser financial bottlenecks. 

3.1.2.2. Notes on the Amendments in the Town Planning Act:  Rules and Regulations 

The TPS approach has been practiced in the states of Gujarat and Maharashtra for seven decades.  
The Bombay Town Planning Act (1915) provided the initial legal framework for the technique.  At 
this time, the practice was referred to as “Land Readjustment Method”(Modi 1996 January).  This Act 
was replaced by the Town Planning Act of 1954, which provided mandatory preparation of 
Development Plans for whole areas within the respective jurisdiction of local authorities in the State.  
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Following the separation of Gujarat from Bombay, this Act was subsequently repealed and replaced 
by the Act of 1976.  This act is known as the Gujarat Town Planning and Urban Development Act 
(1976) and is in force since February 1978.  This act provides for easy finalisation of land 
readjustment schemes which are legally termed as Town Planning Schemes.   
 
As mentioned before, in this act, the physical planning of a TPS was separated from its financial 
aspects and the process was divided into three stages with a view to expedite the implementation—
Draft Scheme, Preliminary Scheme and Final Scheme(CMAG 2003 July).   
The act when introduced had these major drawbacks:  

1. There was no provision for a fixed time limit for completion.  
2. There were extremely lengthy procedures used in its implementation and the inordinate delays 

in implementation.   
3. The Act was unable to acquire land for construction of roads till the Final Scheme was 

sanctioned. 
4. It lacked enough financial resources since the finance in the form of betterment charges came 

from the landowners only after the Final Scheme was sanctioned. 
 
Settlement of legal disputes generally took long to resolve, putting implementation way behind 
schedule.  From the year 1978 to 1999, only 18 TPS were prepared and implemented all over the state.  
Because of delay in the finalisation of TPS, haphazard and irregular construction was carried out by 
the land owners before the actual TPS was implemented. 
 
Convinced by the inherent demerits of the TPS, AUDA initiated number of innovations and persuaded 
the Government of Gujarat to amend the Gujarat Urban Development and Town Planning Act (1976) 
in 1999 to revitalise and expedite the TPS process.  The Government has supported these reforms.  
The amendments include: 

1. A provision of a clause to complete the entire process of TPS preparation and finalisation 
within a period of 27 months. 

2. The possession of land for roads is possible 15 months after the publication of “Declaration of 
Intention” to prepare the scheme.  During the intervening period the Draft Scheme is 
sanctioned.  This arrests haphazard growth and allows faster implementation of the scheme. 

As a result of the changes in the regulations, compared to the slow progress of previous 21 years, 48 
TPS (amounting to total land area of about 5000 hectares) have been planned during the brief post 
amendment period of 3 year from 1999-2002. 

3.1.2.3. Formulation of a TPS 

A brief step-by-step outline of the implementation of the TPS (For the case of this study, the strategy 
as adopted by AUDA is considered for investigation)(CMAG 2003 July). 

1. The area for development is sanctioned according to the development plan.  AUDA is entitled 
to take possession of land under road development and instruct the developer to develop the 
adjoining land in the area. 

2. The survey is done from scratch by the “total station” method that results in accurate surveys. 
3. The development permission is given with mutual consent and after settlement of disputes and 

claims by the land owners.  The reconstituted plots are given to respective land owners.  A 
certain proportion of land is deducted by AUDA for following purposes: 
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a. Setting up of civic infrastructure. 
b. To sell some part of land for generating partial financial resources for funding of the 

infrastructure. 
4. On the newly acquired land, AUDA is able to develop gardens, tanks, percolating wells and 

other civic services, wherever possible and as per the development plan norms.  Thus, even 
while the Final Scheme is in the process of approval by the Government, the majority of civic 
infrastructure implementation is already in place. 

5. AUDA sells plots of land for commercial purposes from its deducted share.  The proceeds 
from the sale are used for creation of infrastructure.  This method has strengthened the self-
financing aspect of the TPS process. 

6. AUDA also involves private planning consultancies and development firms for planning of 
the TPS. 

Following considerations are made while designing the TPS: 
1. TPS concepts are generated out of the need for providing well planned and adequately 

serviced land for rapid urban growth in a fair and equitable manner. 
2. The maximum density of the TPS is 400 per hectare (this is projected to reach in the year 

2020. 
3. The layout of the TPS is prepared keeping in mind the overall fabric of the city as conceived 

in the Development Plan.   
4. The first step therefore is to fix the precise alignment of the city road’s level proposed in the 

DP and passing through the project area. 
5. The internal street layout is designed keeping in mind basic principles of urban design and 

fulfilling fire-safety and emergency evacuation standards.  Care is taken to establish proper 
hierarchy of roads, ensuring alternate route for traffic and achieving proper geometry of 
junctions. 

6. Proposed social amenities such as commercial establishment, parks and schools are located as 
to minimise walking distance within the project area. 

A general percentage break up of the land area while the reconstitution of the land is done is as 
follows: 
Table 3-2: Area break-up of Land use type in a TPS 

Roads (Land alloted for the proposed road network) 15% 15-20%

Residence (Reconstituted plots returned to original owners) 50% 45-55%

Land for sale (Residential & Commercial land acquired by AUDA for 
sale) 15% 12-17%

EWSH (Economically Weaker Section Housing) 10% 8-10%

Institutional Land Allocation (NHC/Civic Center/School/Police 
Station/Fire Station, etc.) 5% 5-6%

Parks and Garden 5% 5-7%

Total Area 100%

Land Use Type Total Alloted Area

Percentage Break Up of TPS Area into various Land use Type:

Range
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N.B.: The area allotted to different land use may change marginally depending on the original 
percentage land area before the reconstitution took place.  The land allocation to water bodies will 
remain unchanged.   

3.1.3. Development Control Regulations 

In order to maintain the overall building standards and to give the city a coherent development pattern 
and under the overall consideration of the Gujarat Town Planning and Urban Development Act 
(1976), each local urban authority formulates the Development Control Regulations.  In order to 
visualise how the future development of a place may happen, it is necessary to draw some conclusions 
based on this regulations.   Following are the excerpts thought necessary for the purpose of this study.  
At the end is given a tabular data of the proposed land development in the TPS area. 
Table 3-3: Excerpts from GDCR 
10.3      
(Page 41) 

LEVEL OF BUILDING UNIT 
The general level of the building unit shall not be lower than the level of the crown of the road in front.  
Provided that in the case of plot, the level of which is  lower  than the crown of the road in front and 
which in the opinion of the Competent Authority, could be drained off in the storm water drainage and 
sewer, the competent Authority may permit a suitable lower level. 

10.9 
(Page 45) 

PERCOLATING WELL  
In the case where the area of building unit exceeds 1500 m² and up to 4000 m² owner /developer has to 
provide/construct a percolating well in building unit and at the rate of one percolating well for every 
4000 m² or part there of area of building unit. 

14 
(Page 58) 

DISTANCE FROM WATER COURSE  
No development whatsoever, whether by filling or otherwise shall be carried out within 30 m from the 
boundary of the bank of the river and where there is no river embankment within 15 m or such distance 
as may be prescribed under any other general or specific orders of Government and appropriate 
Authority whichever is more, from river where there is river embankment but in case of nulah, canal, 
water-bodies etc. it shall be 9.00 m or width of nulah, canal, etc. whichever is more. 
Provided that where a water course passes through a low  lying land  without  any  well defined bank,  
the applicant may be permitted by the Competent Authority to restrict or direct the water courses to an 
alignment and cross section determined  by the competent Authority. 

17.4 
(Page 66) 

PLINTH 
 (a) Habitable rooms shall have minimum plinth height of 0.45m from ground level. 

Source: Revised Draft General Development Control Regulations, AUDA, 1997. 
N.B.  The notations in the first column refer to the GDCR section number and the page number. 

It should be noted here, that the law is silent on the enforcement of Roof RWH.  

3.1.4. Floor Space Index 

An important factor that controls the overall building activity in the city is the Floor Space Index 
(FSI).  It is defined as the quotient of the ration of the combined gross floor area of all the floors 
including areas of all walls, except areas specifically exempted under the regulations to the total area 
of the plot/building unit.  Thus,  

 
Besides FSI, the second important factor is the permissible ground cover, i.e. the ratio of built to open 
ratio in a plot.  The percentage permissible ground cover along with the FSI decides the maximum 
height of the building with respect to its plot area.  Based on the FSI and the ground cover, it will be 
possible to find the total amount of built up area, and in turn the roof area.  For the purpose of the 
study, it is assumed that the total roof area is available for roof rain-water harvesting.  Thus, for a 
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TPS, based on the FSI and ground cover regulations, following are the corresponding break-up of 
each land use type area distribution. 
Table 3-4: Break-up of Land Use Type 

Total Area

Paved Unpaved
Garden 
(COP)

Residential Housing 50% 30% 10% 10% 100%

Group Housing 50% 20% 20% 10% 100%

EWSH 70% 20% 10% 100%

Commercial 45% 55% 100%

Garden 0 NA NA 100% 100%

NHC/Civic Center 50% 30% 10% 10% 100%

School 30% 30% 40% 100%
Note: EWSH: Economically Weaker Section Housing. COP: Common Open Plot

Percentage Break Up the plot area of each Land use Type:

Land Use Type/ 
Building Unit Type

Percentage of the total plot/building unit area
Open

Max permissible 
Built-up Area on 

any floor
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3.2. Previous Ground water Studies and Data Availability 

CGWB has carried out a detailed report on urban hydrogeology and ground water scenario of 
Ahmedabad metropolis.  This report largely forms the back bone of the secondary data of this thesis. 
 
Ground water studies in parts of Sabarmati basin were carried out in the year 1967-68 and the studies 
regarding geology and groundwater resources of Ahmedabad city with special reference to its water 
supply was carried out in 1967-68 by the ground water wing of Geological Survey of India 
(P.K.Parchure 1998 April).  The CGWB under the UNDP project carried out detailed hydrogeological 
studies and exploration in North Gujarat lying between Sabarmati and Banas rivers. 
 
CGWB have drilled two exploratory wells down to 200-250 m and piezometers down to 200 m at two 
locations in and around Ahmedabad city.  The state government departments like, GWRDC, GWSSB 
and AMC have also drilled a number of boreholes for water supply(P.K.Parchure 1998 April). 
 
Water levels and chemical quality of ground water in select locations for different aquifers are being 
monitored by CGWB and GWRDC.  These include open wells and Piezometers.  Studies have also 
been carried out by the state government, PRL, NEERI and AMC to establish the technical feasibility 
of artificial recharge of the aquifers by different methods.   Besides this, there is a whole range of 
unpublished student research work carried out by School of Planning, CEPT and by various NGOs 
active in the city. 
 
The Space Applications Centre (SAC), ISRO, Ahmedabad in association with AUDA has carried out 
detailed studies and prepared a revised Development Plan of Ahmedabad Urban Development Area.  
This development plan included remote sensing and GIS approach to arrive at some key conclusion 
with regards various aspects of the city. 
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3.3. Hydrogeological Setup8 

3.3.1. Geology 

The area falls in the North Gujarat alluvial plain.  Geologically it falls within the Cambay sedimentary 
basin.  The thickness of Quaternary sediments (post-Miocene alluvium) is about 400 m around 
Ahmedabad city.  The alluvium mainly consists of sediments comprising alternate bands of fine to 
coarse grained sand, gravel and yellowish, brownish sticky clay.  The upper layers are mainly silty-
fine sands of Aeolian nature.  The alluvium is underlain by a thick sequence of Tertiary formations. 

3.3.2. Sub-surface Geology and Aquifer System 

CGWB has constructed exploratory wells down to 250 m in and around the city.  The lithological logs 
of the boreholes and other selected tube wells (constructed by State agencies) reveal the presence of 
alternating argillaceous and arenaceous9 horizons with ‘kankar’10 and gravel beds at places.  It further 
reveals that the sediments at shallow depths extending down to 40-50 m depth in general are uniform 
in character and composed of medium to fine sands, silt with kankar and minor clay lenses.  This 
sandy-silty horizon is Aeolian in character and akin to lose deposits. 
 
A hydrogeological cross section passing near to the study area is given here to represent the sub-
surface geology and generalised aquifer disposition in the area (Fig. 3-1).  The perusal of the cross 
section reveals the existence of a multi-layered aquifer system within a depth of about 250+m bgl.  
Two major aquifer units are identified.  The groundwater in the upper unit, down to average 40 m 
depth, occurs mainly under phreatic conditions.  The lower units comprising more than 250 m of 
alternating sandy and clayey horizons form multiple confined aquifer system.   In general, three 
distinct confined aquifers with thickness varying from 12 to 30 m can be identified.  These aquifers lie 
between 45 to 90 m, 100 to 170 m and 180 to 250+m bgl separated by clays and sandy clays that form 
aquitard. 
 
Further, hydrogeological analysis carried out by CGWB shows that the aquifer system in this area is 
regionally extensive and correlates with the aquifer system demarcated by CGWB in Central Gujarat 
Plains.  The aquifer properties are given in table 3-6.  As the area falls in the alluvial region (soft rock 
category), the types of wells/recharge structures that are feasible(P.K.Parchure 2003) are shown in 
table 3-5: 
Table 3-5: Types of Wells/Recharge Structures Suitable for Alluvial Areas 
Well Feasible Rigs Suitable Depth of well (m) Discharge (lpm) Artificial Recharge structure suitable 
Dug Well Manual 15-30 200-300 Percolation tanks/ponds 
Tube wells Direct rotary/ 

reverse rotary 
100-300 1000-1200 Recharge wells/recharge shaft 

 

                                                      
?�Essential source of this section is the report by P.K.Parchure, Arun Kumar, S.V.Raghava Rao,. 1998 
April. Urban Hydrology And Groundwater Scenario, Ahmedabad Metropolis, Gujarat State. 
Ahmedabad, India: CGWB, West Central Region. 
9 Having the appearance or consistency of sand; sandy; largely composed of sand or quartz grains. 
10 Also called ‘kankur’.  A coarse kind of limestone found in many parts of India, in large tabular strata, 
or interspersed throughout the surface soil, in nodules of various sizes; it is burned to lime, and also 
used for constructing roads, binding to a compact, hard, and even surface. 
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Table 3-6: Subsurface Geology and Aquifer System 
Thickness Stratigraphy Formation 

Group 
Lithology Depth to 

top of 
aquifer (m) 

Range 
(m) 

Average 
(m) 

Remarks 

Aquifer A Coarse sand, gravel 
pebbles, medium and 
fine sands and clayey 
sand 

5-71 35-125 62 Variable water 
quality 

Aquitard I Clay interbedded with 
sand and sandy clay 

 13-88 39 -- 

Aquifer B Medium to coarse sand 
and gravel interbedded 
with sandy clay 

78-162 10-80 45 Generally good 
water quality 

Aquitard II Clay interbedded with 
sand and sandy clay 

-- 13-80 37 -- 

Aquifer C Medium to coarse sand 
in north east, and fine 
to medium in central 
part interbedded with 
sandy clay and clay 

154-274 13-82 34 Generally good 
water quality 

Aquitard III Clay interbedded with 
and sandy clay 

-- 19-172 73 -- 

Aquifer D Medium sand 
interbedded with sandy 
clay 

229-402 11-105 52 Variable water 
quality 

Aquitard IV Clay interbedded with 
sandy clay 

-- 11-86 44 -- 

R
ec
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t t

o 
po

st
-M
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ne
 

Aquifer E Fine to medium sand 
and sandy clay 

300-542 15-57 24 Developed in 
central part.  
Good water 
quality. 

Source: CGWB/UNDP Phase II 
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Figure 3-1:  Hydrogeological cross section.  Source: CGWB, Ahmedabad 
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3.3.3. Groundwater conditions 

The thick and regionally extensive alluvium (post-Miocene) forms a prolific, multi-layered aquifer 
system in the area.  Ground water occurs both under phreatic and confined conditions in arenaceous 
horizons and is omnipresent(AUDA 1997 November).  The occurrence and movement of ground 
water is mainly controlled by primary porosity of inter-granular pore spaces.  Ground water is being 
developed extensively by means of tube wells from deep confined aquifers for water supply both in 
domestic and industrial sector.  In the suburb area, falling in Daskroi taluka it is also being exploited 
for irrigation use by dug-cum-bored wells and tube wells.  Shallow aquifer (phreatic) development in 
the area is limited.  Shallow wells are scanty or not in use/filled up/ closed within the city limits due 
to rapid urbanisation and other constraints like inferior quality and low yields.  
 
Based on the data available, it is found that the depth of open wells ranges from 6.00 to 24 m bgl 
where as depth of shallow bores/HP in general ranges from 15 to 35 m bgl.  In the western part where 
the land surface is elevated, water levels are generally deep and in such areas dug sections down to 
12-18 m are generally dry.  Yields of wells are moderate and quality of groundwater is variable and 
ranges from fresh to saline. 
 
Deep tube wells tapping confined aquifers are the main groundwater withdrawal structure.  Due to 
rapid urban growth, heavy groundwater exploitation has resulted in progressive lowering of potential 
head and discharges.  Depth of tube wells have increased from about 150 m in late sixties to more 
than 220 m at present.  The salient hydrogeological data of select wells are mentioned 
below(P.K.Parchure 1998 April):   

• Depth range: 150 – 250 m   
• Average Depth: 220 m 
• These wells mainly screen the granular horizons below 80 m bgl and about 30 – 50 m (avg. 40 

m) of aggregate aquifer thickness. 
• Depth to water level (piezometric surface):  40 – 80 m bgl at the time of construction 
• Discharge from tube wells: 15 -35 lps for 3 to 10 m of drawdown.  The average discharge of a 

250 m deep tube well is about 20 lps.   
• Specific Capacity:  1—12 lps/m 
• Aquifer Transmissivity: 100—2000 m2/day 
• Hydraulic conductivity: 1 to 78 m/day 
• Ground water quality11: In deeper aquifer, the quality is generally good with EC less than 

3000 µS/cm.  The EC however varies from 1300-3330 µS/cm 

3.3.4. Groundwater Regime 

3.3.4.1. Phreatic Aquifer 

As discussed before, phreatic aquifer is a regionally extensive and extends down to 30 to 60 m depth 
(avg. 40 m).  This aquifer is composed of medium to fine sand, silt, ‘kankar’ and occasional gravel in 
the lower part.  The data pertaining to shallow aquifer is sparse. Water levels are deep (>10 m) in the 
northern and western parts of the city.  Based on the observation well data, the depth to water level in 
this aquifer is found to range from 5 to 20 m bgl.  From the studies conducted in the late sixties 
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(Balasubramanium, 1971 in(P.K.Parchure 1998 April)), depth to water level in the shallow aquifer in 
and around the city area ranged from 12 to 20 m bgl.  Thus, there seems to be no appreciable change 
in the water level in the past 30 years or so. 

3.3.4.2. Confined Aquifer 

The aquifers occurring below 50-80m bgl in the region are under semi-confined to confined 
conditions and as mentioned before, three such aquifers lie approximately between 50 and 100m; 100 
and 180m; 180-250 m and so on.  Tube wells however screen all these aquifers and thus providing 
effective interconnection and therefore the information is cumulative of different aquifers tapped. 
 
As per studies carried out by CGWB in late sixties, the water levels in the tube wells ranged from 33 
to 44 m bgl and reported declining trends, these ascribed to large concentration of tube wells and 
heavy draft in the city.  Uninterrupted large scale development of groundwater from deep aquifers has 
resulted in progressive decline in water levels.  Presently, the water levels rest more than 90 m bgl and 
consequently discharges have reduced or pumping costs have increased.  A consistent decline is seen 
from the water table levels over the years (Appendix E).  The rate of decline of the water table is in 
the range of 2 to 2.5 m/year. 

Ground Water Table in West Zone
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Figure 3-2: Depth of Water Table in Western Periphery 
Further, from the CGWB studies are indicative of the fact that aquifers up to 200 m depth are under 
heavy stress and there is a likelihood/tendency of conversion of confined to unconfined condition of 
aquifers within about 100 m and immediately lower one.   The potential head of first aquifer is almost 
at top of aquitard.  There is a potential head difference of about 80 m between phreatic and confined 
aquifer.  Thus, the piezometric heads of successive lower aquifers are slightly above the upper 
confined aquifer and major part of the groundwater pumpage may be contributed by vertical upward 
leakage.   However, the contributions of vertical downward leakage from shallow aquifers do not 
seem significant as shallow wells maintain their water levels(P.K.Parchure 1998 April). 
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3.3.5. Chemical Quality of Groundwater12 

3.3.5.1. Shallow Aquifer 

The ground water at shallow depths shows wide variation in the chemical quality.  In general, 
groundwater quality is brackish with EC > 3000µ s/cm in most areas.  It is observed that in the area 
close to the Sabarmati River, the groundwater quality is better with EC less than 3000µ s/cm. 

3.3.5.2. Confined Aquifer 

The quality of the groundwater in the deeper aquifers is generally fresh up to 250 m depth for which 
data is available.  However, at places the brackish groundwater is also observed within this depth. The 
range of different chemical constituents found in the deeper groundwater is given below: 
Table 3-7: Chemical quality in Confined Aquifer 
Parameter Range 
pH 7.9 to 8.2 
EC (µ s/cm) 1500 to 3000 
EC (in the western part of the city; µ s/cm) 2500 to 3000 
CO3 (ppm) Nil 
HCO3 (ppm) 200 to 787 
Cl (ppm) 284 to 709 
NO3 (ppm) 40 to 217 
SO4 (ppm) 149 to 470 
Mg (ppm) 10 to 112 
F (ppm) 0.65 to 1.2 
Ca (ppm) 12 to 86 
Total Hardness 80 to 675 
Na 140 to 750 
K 2.3 to 5.7 

3.3.6. Feasibility of Artificial Recharge 

The technical feasibility and economic viability of artificial recharge of groundwater has already been 
established y CGWB on the basis of pilot studies carried out in North Gujarat Alluvial plains 
(UNDP/CGWB- 1986).  In Ahmedabad area, attempts have been made in the past to study the 
technical feasibility of artificial recharge of the aquifers by different methods as discussed below in 
brief: 

3.3.6.1. Groundwater recharge by injection under pressure 

Groundwater recharge experiments by injection under pressure were carried out in Ahmedabad city in 
1974 by State Government (Sharma S.C, 1985).  Clear, treated and chlorinated surface water was 
injected for 72 hours in a deep tube well, used as injection well, under pressure varying between 80 to 
100 psi.  The impact of injection was monitored in a nearby tube well used as observation well.  
Salient features of the experiment are: 
Table 3-8: Salient features of artificial recharge under pressure. 
Rate of injection 45 lps (162 m³/hour) 
Build-up in observation well 1.72 m 
Aquifer Transmissivity 650 m²/day 
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TDS of source water 450 ppm 
TDS in groundwater 1100 ppm 
Total quantity of water injected 11664 m³ 

There was no clogging in the observation well. The result established feasibility of injecting nearly 
3883 m3/day of water.  The tests were conducted in controlled conditions.  However, the cost was 
considered to be very high (@ Rs.6.60 per 10 m³ of water) (P.K.Parchure 1998 April). 

3.3.6.2. Groundwater recharge by injection under gravity 

Artificial recharge using injection under gravity (by siphon) technique was taken up by the State Govt. 
in collaboration with PRL, in 1977 near Hansol (Sharma, S.C., 1985 in (P.K.Parchure 1998 April)).  A 
source well tapping shallow aquifer ( 20 m) and an injection well of 238 m depth tapping aquifer 
below 75 m (taping 80 m of granular zones) were constructed in Sabarmati river bed.  Water was 
transferred from the source well to the injection well through siphon.  The difference of head between 
the two aquifers was 7.06 m.  Salient features of this experiment are given below: 
Table 3-9: Salient features of artificial recharge under gravity 
Recharge rate 590 lpm 
Build-up in the injection well 5.18 m 
Drawdown in source well 0.70 m 
Build-up in observation well  1.15 m 
Head loss due to flow through siphon, including velocity head 1.18 m 
Aquifer Transmissivity 540 m²/day 
Permeability 70 m/day 
Injection well efficiency 56 % 

No clogging in the injection well was observed after 220 hours of experiment.  It was estimated that, 
if the efficiency of injection well could be improved and the frictional losses minimised using PVC 
pipes for siphon, better recharge rates of up to 980 lpm could be achieved.  This method was found 
more economical and cost at the time of experiment was to be 45 paisa per 1000 litres (Rs. 4.50 per 10 
m³ of water)(P.K.Parchure 1998 April). 
 
These two pilot studies on artificial recharge carried out in the city in Ahmedabad have clearly 
established the technical feasibility of artificial recharge both by pressure injection and siphon 
transfer. 

3.3.6.3. Waste water renovation by Soil Aquifer Treatment (SAT) 

A pilot project for waster water renovation for unrestricted irrigation and groundwater recharge using 
Soil-Aquifer Treatment system technique in the Sabarmati bed was conducted jointly by NEERI, PRL 
and AMC (P.K.Parchure 1998 April; SK Gupta 1996 April; SK Gupta 2003 December; SK Gupta 
2003 February).  The pilot project was sponsored by MoWR, GoI.  In this experiment feasibility of 
using primary treated domestic waste water directly for renovation by the SAT process was studied 
and the efficiency of the system for the conditions prevailing at Ahmedabad were evaluated.  Based 
on the study it was concluded that the SAT renovated effluent obtained from the pilot plant using the 
primary settled sewage conformed to the WHO bacteriological guidelines for unrestricted irrigation.  
However, in terms of the standards in vogue in the US, the effluent from the pilot plant would be 
suitable for all irrigation requirements except for salads, fruits and vegetables consumed or brought in 
to the kitchen in raw form.  Further, considering the economy achieved in doing away with the 
conventional secondary treatment and the possibility of using the effluent for various applications in 
industry, irrigation and groundwater recharge, the renovation of primary settled domestic waste water 
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through SAT process can be recommended for large scale replication in areas having suitable 
hydrogeological conditions(P.K.Parchure 1998 April; SK Gupta 2003 February). 

3.3.7. Groundwater Resources 

Groundwater forms a dependable, most important source of water in and around the city.  
Groundwater recharge to shallow aquifer mainly takes place through infiltration from rainfall and 
seepage from river bed during the monsoon period.  In the urban situation, however, there is now 
considerable reduced groundwater recharge due to paved surface area and other factories like rapid 
storm runoff through water drains, export of waste water collected by sanitary sewers, etc.  In and 
around the city, there is no upkeep of traditional talabs, tanks and all such storm collection areas have 
either already been utilised for construction purposes or for effluent dumps/solid fills(P.K.Parchure 
1998 April). 
 
Groundwater recharge to sustain pumping from the deeper aquifer system mainly takes place from 
recharge area in the north east by lateral flow, vertical leakages from shallow aquifer and also reverse 
leakages from still deeper aquifers whose heads are higher than the aquifers under exploitations. 
 
Groundwater withdrawal in the area is mainly through large number of tube wells constructed by 
AMC/AUDA and other public and private sector enterprises primarily for domestic water supply as 
well as for industrial use.  Around the city, groundwater is also being used extensively for irrigation 
both by shallow wells and tube wells.  Behaviour of water level trend of deeper aquifers in the area, 
particularly the city, clearly indicates the over exploitation/development of the groundwater resource.  
Thus there is a need for cautious developmental strategies coupled with sound augmentation and 
management of this precious resource in future(P.K.Parchure 1998 April). 

3.3.8. Conclusions:  Vulnerability of Groundwater Depletion and Pollution 

3.3.8.1. Groundwater Depletion 

As mentioned, the major part of domestic water supply in the city is from groundwater.  In all, AMC 
operates about 300 wells, and the number of private bore wells is estimated to be about 2000, for 
which the exact draft data is not available.  Due to such a heavy groundwater has result in: 

1. Steep decline in the groundwater table over the years.  The average rate of decline in 
groundwater levels of deeper aquifers is in the order of 2 m/year.   

2. Land subsidence due to head lowering, though not reported so far, as a possibility cannot not 
be ruled out.  It needs further studies and proper evaluation from concerned authorities. 

3.3.8.2. Groundwater Pollution 

The main causes of pollution of groundwater in Ahmedabad are the sewage and industrial effluents.  
Shallow aquifer in this area is the most vulnerable. Presently, only one third of the sewage is partially 
treated.    Remaining two thirds of untreated sewage is directly discharged in the river.  Sub-urban 
parts of the city lack sewage disposal facility.  The household refuge is normally disposed off in soak 
pits and septic tanks constructed for individual houses.  The seepage from these septic tanks and from 
the Sabarmati River makes the phreatic aquifer highly vulnerable to pollution. 
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The vulnerability of deeper aquifer for pollution in general, is very low because of thick filtration 
media, i.e., vadose13 zone and aquitard-aquifer sequence.  However, improper construction of wells 
particularly in private sector, lack of aquifer protection by cement seals and grouts and old abandoned 
wells can serve as conduits for direct vertical connection and thus aquifer pollution(P.K.Parchure 
1998 April). 
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3.4. Past Experiences of Lake Revitalisation in Ahmedabad 

As explained in section 2.4, isolated efforts have been made to improve the surviving lakes in the city.  
These have been more generally concentrated in protecting the land of the lake rather than a holistic 
view towards sustaining the water shed of the lake.  Following are some of the steps initiated by the 
local authority—AMC/AUDA in this direction. 

3.4.1. Comprehensive Lake Rejuvenation Project 

In the Comprehensive Lake Rejuvenation Project, AMC plans to connect storm water lines to a series 
of oft-dry lakes and install the water bodies with percolating wells apart from beautification of the 
neighbourhood.  "Rain-water harvesting and discharging into the lakes which will be inter-connected 
should keep all the 45 water bodies full and recharge ground water tables at the same time. The 
proposal is to inter-connect the lakes so that as one gets filled with rain-water, the next in line is ready 
to be topped"(Times Of India News Service 2001).  The salient features of this project are: 

1. To develop 10 lakes in different parts of the city.  Some of these lakes are amongst the highly 
degraded lakes located in the western part of the metropolitan area.  As of 2003, work had 
already begun on five lakes--Vastrapur, Chandlodiya, Memnagar, Ropda and Sarkhej lakes.  
The project also intends to develop five more lakes in villages of Gota, Thaltej, Bodakdev, 
Ambli and Makarba.  The pilot project — Vastrapur Lake, is almost finished and it is 
expected to have water by the monsoon of 2003.  

2. The main source of water is supposed to be by way of collection of storm water.  But with 
irregular rainfall every year, it is also planned to get water from the Narmada canal.   Thus the 
lakes will be inter-connected to balance the anomaly in rains. For example, if it rains more in 
Chandlodiya, the excess water can be diverted to the lake downstream where it has not rained 
much. Besides, water is also to be collected from the so called “watertight areas” where the 
drainage system is not proper.  Thus, the watertight area will get rid of this stagnant water.  

3. The natural catchment area as per the topo maps and the post-urban development catchment 
area of these lakes had greatly reduced as shown in table 2-6. 

3.4.2. Vastrapur Lake Revitalisation���� 

The Vastrapur Lake is located adjacent to the village by the same name on the western periphery of 
AUDA.  The plot is part of the Vastrapur TPS.  Area of the lake is 51000 m².  The lake is surrounded 
by dense housing societies.  Originally, the lake was a village tank; however, after the declaration of 
the TPS, it was reconstructed and designated as a water body with ownership of the Ahmedabad 
District Collector(Kakade 2001 January). 
Pre Revitalisation Scenario of the Lake: 
The lake’s natural inlets were blocked by the roads and the urban development.  The lake used to be 
dry for most of the year.  The situation worsened during the last 2 decades with the development of 
residential colonies.  The lake became sewerage water collecting pond creating serious environmental 
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problems.  The land of the lake became garbage dumping ground for surrounding areas.  Due to no 
defined development proposal, the lake land was encroached by unorganised commercial 
establishments and slums all along the periphery of the lake. 
Lake Revitalisation Plan: 
The comprehensive lake development plan included rehabilitation of encroachment, catchment 
development, construction of lake embankments, landscaping of the area and protection of the water 
body.   The Lake Revitalisation Plan developed by AUDA can be categorised under two heads: 

1. Developing the lake’s catchment: 
For the recharging the lake, it is important that the catchment basin of the lake is to be vitalised. 
Since this area was developed, there was no possibility to revive the natural inlets.  Moreover, the 
surrounding road levels also could not be altered.  Thus, the project plan included following 
aspects: 
• Up gradation of existing sewerage network.  All residential colonies in the surrounding area 

of Vastrapur Lake were brought under the permanent sewerage system.  The work was started 
in 1993 and finished in 1995. 

• For increasing the catchment area, about 6 km length of storm water drainage were laid 
covering the catchment area of about 500 hectares.  This work was commenced from 1999. 

• The slum dwellers were rehabilitated and about 350 EWS Housing units were provided at an 
appropriate site in the TPS.   

• Widening of all TPS roads to their maximum width in the vicinity of Vastrapur Lake area. 
• Developing all possible new linkages between the lake area and AMC area. 
2. Development Project within the Lake Area: 
The work proposed within the lake area included: 
• Desilting and excavation of the lake bed in order to achieve better percolation and to increase 

the lake volume. The present volume of the lake is approximately 0.160 MCM.  This work is 
completed. 

• Construction of three percolating bore wells with 600 mm diameter.  The depth of the wells 
was 35 m bgl.  This was done in 2000. 

• Development of the public spaces, recreational areas, amusement park, a jogging track, public 
garden and community activity area in the periphery of the lake.  This work is going on as of 
October 2004. 

Results achieved: 
The heaviest down pour in the last 4 year in Ahmedabad was on 14th July 2000 when the city received 
326 mm of rainfall in 24 hours.  The lake was filled up in one day.  It was observed that the lake was 
1/3rd full as on 14th December, i.e., approximately ¾th of the volume was recharged in five months. 
The volume of the lake in 2000 was approximately 0.1 MCM.  Calculating the recharge per second = 
(100,000 x 0.75)/ (5x30x24x3600), comes to 5.787 lit/sec including the recharge through the 
percolation bore wells.  Here, the loss due to evaporation is not considered. However, this figures is 
close to the recharge figures achieved in the injection recharge experiments discussed in Section 3.3.6 
Observations: 
Though the redevelopment of the lake seems to have succeeded in recharging the ground water, 
however, there are serious question regarding the water quality.  Most of the water that is envisage as 
the lake catchment will have pollutant loads comprising toxic waste from the parking lots and roads 
and organic pollutants. There is no provision for sedimentation tank or any sort of filtration media 
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before the water is let in to the lake.  Without accurate measurements of the recharged quantities and 
suitable water quality monitoring results, it is difficult to access the viability of such schemes. 
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3.5. A Note On Water Harvesting 

Geddes in Australia started modern Water-harvesting research in the 1950s.  He, as quoted by Myers 
(1975), also gave the first definition of water harvesting: 

‘The collection and storage of any farm water, either runoff or 
creek flow for irrigation use.’ 

Water harvesting is variously defined in literatures, but primarily, it is the process of concentrating 
precipitation through runoff, and storing the water for beneficial use, is an important option for 
improving the management of rain-water in arid and semi-arid regions (Critcheley and Siegert, 1991, 
in (A.Y.Taimeh 1996)).  In a holistic context, water harvesting encompasses all those techniques, 
methods and innovations, which induce collection and storage of water from various sources for its 
beneficial use.  It can also include conservation practices in water deficient areas.  All the methods 
applied to water harvesting have the following characteristics in common(Mengistie 1997): 

1. They are normally applied in arid and semiarid regions where surface and sub-surface flows 
are intermittent and some form of storage is inevitable; in these regions the surface runoff 
occurs as a discrete event and subsurface water may flow for part of the year and cease 
flowing during dry periods.   

2. They depend upon local water such as surface runoff, creek flows, stream flows, springs and 
soaks, and not major reservoir development or the mining of groundwater;  

3. Because of the intermittent (ephemeral) nature of runoff events, storage is an integral part of 
the water harvesting system.  Water may be stored directly in the soil profile or in small 
reservoirs, tanks and aquifers(Myers 1983),and; 

4. The scale of development is limited in terms of catchment area, volume of storage and capital 
investments (Myers 1964).  This is a logical consequence of the two other characteristics of 
intermittent flow and local water. 

 
Water harvesting has become a buzzword in western India, especially, since last decade, when there 
has been perceptible lowering of available water.  Moreover, there are a growing number of NGOs 
active in the field of water harvesting.  There is a general spread of awareness of conserving water.  
However, in the city, there is a surprisingly low enthusiasm amongst the residents to conserve water.  
Rain-water harvesting in the urban regions barring the popular “roof-top” rain-water harvesting 
technique is virtually non-existent.  The citizen prefers to rely on the state for its water needs.  
Consequently, little work is done, in this field with regards to a holistic approach in water 
conservation and urban design policies.  
 
There is a lot of information on the issues of methods of water harvesting and on artificial recharge of 
the ground water, etc. published by the central and state governments and as findings of the research 
carried out by the NGOs.  However, it is mainly concentrating on either big catchment areas free of 
urban intrusion or is part of isolated work done.  Many of these techniques relevant to the study area 
are described in the following section.  These techniques of water harvesting (like nulah bund, 
constructing percolation tanks, trenching along slopes and around hills, etc.) as well as artificial 
recharging have been practiced in India, they have typically lacked a scientific basis (e.g. a knowledge 
of the geological, hydrological and morphological features of the areas) for selecting sites on which 
the recharge structures are located(UNEP 2000). 
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In Gujarat, rain-water is harvested for agriculture, domestic use and to recharge groundwater aquifers. 
Among the many methods that are found in literature, some have withstood the test of time and are 
still actively used, while others due to reasons technical and social have been driven into oblivion.  
The table below explains the kind of water harvesting structures that were possible based on the 
ecological condition of the region. 
Table 3-10: Types of Water Harvesting Structures Based on Eco-Regions 
Ecological Region Systems for Agriculture Systems for drinking water 

Rain fed storage structures which 
provided water for a command area 
downstream (e.g. tanks) 

Groundwater harvesting structures were built to 
tap ground water aquifers  
(e.g. baolis) 

Stream or rain fed storage structures, 
built in series, with overflow from one 
becoming runoff for the subsequent 

Roof top rain-water harvesting structures (e.g. 
tankas in houses) 

Arid and semi-arid 
regions 

Rain fed storage structures which allow 
runoff to stand over and moisten the 
fertile soil bed.  This is later used 
agriculture 

Rain-water harvesting using artificially created 
catchments, which drain water into an artificial 
well.  Just about any piece of land can be used to 
create such a water harvesting structure. 

Source: (Anil N. Agarwal 1997) 
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3.6. Water Harvesting Systems: Traditional and Contemporary Water 
Harvesting Methods as Practised in Cities and Settlements of Gujarat 

Water harvesting systems are largely defined as methods for inducing, collecting, storing and 
conserving runoff from various sources and for various purposes.  Ancient WH systems were 
characterized by flexibility and endurance(Kijne 1999); flexibility as demonstrated by their easy 
integrations with other resource use systems as well as by their widespread adoption by diverse 
cultural groups in various parts of the world and endurance as shown by their antiquity and their 
capacity to persist in the face of abrupt changes in the social order.  Here the labour requirements (in 
constructing these structures) were appropriately modest, mostly within the capabilities of individual 
household or small communities. 
 
The most dominant feature of the climate of Gujarat is its rainfall.   The fact that the rain falls in 
discrete events during the four months of the year and the intense dry period preceding it has given 
rise to a particular type of water conservation method and cropping systems.  There exists many ways 
to harvest, store and conserve water. From harvesting water from rooftops to storing water in tanks 
built in the courtyard at the level of a single house to collecting rain-water from open community 
lands.  Rain-water was stored in artificial wells.  People harvested the surplus monsoon runoff by 
capturing water from swollen streams during the monsoon season and stored it in various forms of 
water bodies.   
 
The section is divided into two broad categories: traditional methods and contemporary methods.  
Many of the systems enumerated here have been used in different parts of the world under different 
names.  These systems have been in use since centuries in regions characterised by irregular rainfall.  
Other factors that will also be typically present are layered rock structure, where aquifers can be 
found, and undulating terrain, to give rise to local and small streams and of course, human 
settlements.  These structures are almost always, small and well spread out into the region and may 
perform a multitude of functions: 

1. Conserving and storing water; 
2. Place for communal and social activity and meeting 
3. Trapping of alluvial silts for cultivation. 

Finally, there is a description on Rain-water Roof top harvesting, as distinct from the groundwater 
recharge methods.   
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3.6.1. Traditional Practices14���� 

3.6.1.1. Talab/Talav—a Lake 

Talab (pl. talabs) are reservoirs. They may be natural, such as the ponds (pokhariyan) at Tikamgarh in 
the Bundelkhand region (in North-western India). They can be human-made, such the lakes in 
Udaipur. A reservoir area of less than five bigha (a unit of measurement) is called a talai; a medium 
sized lake is called a bandhi or talab; bigger lakes are called sagar or samand. The pokhariyan serve 
irrigation and drinking purposes. When the water in these reservoirs dries up just a few days after the 
monsoon, the pond beds are cultivated with rice. 

 
Figure 3-3: A Village Tank 

3.6.1.2. Jhalara/Kund 

Jhalara (pl. jhalaras) were human-made tanks, found in Rajasthan and Gujarat, essentially meant for 
community use and for religious rites. Often rectangular in design, jhalaras have steps on three or four 
sides and are built to ensure easy & regular supply of water to the surrounding areas.  The jhalaras 
have steps on a series of levels right up to the bottom of the tank for easy accessibility to the water.  
The jhalaras collect subterranean seepage of a talab or a lake located upstream. The water from these 
jhalaras was not used for drinking but for only community bathing and religious rites. Many cities 
have such water bodies inside the town as well as outside.  Some date back to 1660 AD. 

 
Figure 3-4: Kund at Modhera 

 
Figure 3-5:  the Kund at Osian, Rajasthan 
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Source: 
www.jalbhagirathi.org/ 
pro_nrm.htm 

Source: 
www.rajasthanunlimited.com/ 
jodhpur/osian3.htm 

Source: 
http://fr.wikipedia.org/wi
ki/B%C3%A2oli 
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3.6.1.3. Nadi 

Nadi (Pl. Nadis) are village ponds, found near Jodhpur in Rajasthan. They are used for storing water 
from an adjoining natural catchment during the rainy season. The site was selected by the villagers 
based on an available natural catchments and its water yield potential. Water availability from a nadi 
would range from two months to a year after the rains. The depth and diameter may be as small as 1.5 
& 4.0 metres respectively in dune areas and 3 & 12 metres respectively in sandy plains. The location 
of the nadi had a strong bearing on its storage capacity due to the related catchment and runoff 
characteristics. 

3.6.1.4. Tanka /Tanko /Tanki—Underground tank 

Tanka (pl. tankas) are small underground tanks, found traditionally in most old houses in the cities of 
arid western India, notably, Ahmedabad, Junagadh, Patan, Dwarka15 and in many towns in Rajasthan. 
The water falling on the roof of each house will be collected in an underground tank.  The extent (of 
the tank) is either the size of the central courtyard of the house or a part of the house plan and will be 
about one storey deep.  They were circular holes made in the ground, lined with fine polished lime, in 
which rain-water was collected. Tanka were often beautifully decorated with tiles, which helped to 
keep the water cool. The water was used only for drinking. If in any year there was less than normal 
rainfall and the tankas did not get filled, water from nearby wells and tanks would be obtained to fill 
the household tanka.  
 
The recent paper on the tankas of Bharuch talks of the effectiveness of this rain-water harvesting 
systems(Kapadia 2003).  It is practices in the household of Parsi community.  The size of the Tanka is 
large enough to store sufficient drinking water for a family for six to eight months. An average storing 
capacity of the Tanka is around 25,000 litres. With sizes reaching nearly 20 feet by 60 feet and height 
of 12 feet, arches and vaults were needed to support the earthwork and the superstructure on top of the 
Tanka.  

 
Figure 3-6: House in Bharuch; Source: http://www.unescoparzor.com/kyoto/04.html 

                                                      
�(�,#�����+�������	����������������
�����#��'�����	�������%���+���#�������#������������8��������
��������������.�������������������
��������
����������������	'�����
#���	�#�������
�#������



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

 

61 

3.6.1.5. Vav/ Vavadi/ Baoli/ Bavadi/ Baoris --Step well 

Traditional step wells are called vav or vavadi in Gujarat, or baolis or bavadis or bers in Rajasthan 
and northern India. Built by the nobility usually for strategic and/or for philanthropy, they were 
secular structures from which everyone could draw water.  They were used for drinking water 
purposes.  They could hold water for a long time because of negligible evaporation losses.  Most of 
them are very old, were built by banjaras (mobile trading communities)/chieftains/kings for their 
drinking water needs and are defunct today as the water table as receded way below their depth.   The 
more important ones with intricate carvings have become touristy spots. 

 

 
Figure 3-7: Step well at Adalaj, Ahmedabad 

The construction of step wells date from four periods: Pre-Solanki period (8th to 11th century AD); 
Solanki period (11th  to 12th century AD); Vaghela period (mid-13th to end-14th century AD); and the 
Sultanate period (mid-13th  to end-15th century AD).  Sculptures and inscriptions in step wells 
demonstrate their importance to the traditional social and cultural lives of people. 
 
Step well locations often suggested the way in which they would be used. When a step well was 
located within or at the edge of a village, it was mainly used for utilitarian purposes and as a cool 
place for social gatherings. When step wells were located outside the village, on trade routes, they 
were often frequented as resting places. Many important step wells are located on the major military 
and trade routes from Patan (11th century capital town of Gujarat in the north part of the state) to the 
sea coast of Saurashtra. When step wells were to be used exclusively for irrigation, a sluice was 
constructed at the rim to receive the lifted water and lead it to a trough or pond, from where it ran 
through a drainage system and was channelled into the fields. 
 
A major reason for the breakdown of this traditional system is the pressure of centralisation and 
agricultural intensification.��

Source: 
http://www.conservationtech.co
m/india-UNESCO/LG-photos/3-
A'bad/1-A'bad-
Monuments/32a-
Adalaj%20Vav-stepwell/32a-
Adalaj%20Vav-stepwell-
PANO(1).jpg 
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3.6.2. Contemporary Practices of RWH16 and Artificial Recharge 

The newer and some of them more recent methods of recharge to ground water as well as RWH 
techniques involves modern materials of construction and are also an outcome of scientific advances 
and inputs from governmental and non-governmental organisations who play an active role in 
encouraging these techniques.  These techniques affect artificial recharge of aquifers.  Amongst the 
contemporary techniques of water harvesting found in the region, the check dam is the most common 
and widespread method for surface recharge practices in non urban areas, whereas, roof top rain-water 
harvesting is a becoming popular in the urban areas.   
 
Techniques of artificial recharge 
Artificial recharge may be defined as the process of augmenting the underground water table by 
artificial infiltration of rain-water or surface runoff or treated wastewater.  Various methods of 
artificial recharge can be classified into two broad divisions: Surface technique and sub-surface 
technique.  Structures like contour bunds; percolation tanks; irrigation tanks; that are developed on the 
surface will come under the surface technique group.  These structures are further divided depending 
on the size of stream/catchment area it collects the water from.  The structures that typically collect 
and recharge water below the ground surface like sub-surface dykes; recharge tube wells; recharging 
trench; injection well, etc., fall in the sub-surface category.  Unlike the surface structures, these 
structures can be located throughout the catchment irrespective of its catchment area.  The following 
diagram classifies the various techniques of artificial recharge. 
 
 

 
Figure 3-8: Classification of Water Recharge Structures 
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Following are the surface structures for water harvesting, in order of its location. 

3.6.2.1. Contour Trenches 

Contour trenches are used both on hill slopes as well as on degraded and barren wastelands for soil 
and moisture conservation and afforestation purposes. The trenches break the slope and reduce the 
velocity of surface runoff. It can be used in all slopes irrespective of rainfall conditions (i.e., in both 
high and low rainfall conditions), varying soil types and depths.  
 
Specifications: Trenches can be continuous or interrupted. The interrupted one can be in series or 
staggered, continuous one is used for moisture conservation in low rainfall areas and require careful 
layout. Intermittent trenches are adopted in high rainfall areas. The trenches are to be constructed 
strictly on contours irrespective of the category.  
 
Layout: The size of the trench depends upon the soil's depth. Normally 1,000 sq cm to 2,500 sq cm. in 
cross section are adopted. The trench may be of 30 cm base and 30 cm top width and square in cross 
section or it can be trapezoidal with side slopes 1:1. Based on the quantum of rainfall to be retained, it 
is possible to calculate the size and number of trenches. 

3.6.2.2. Contour Stone Wall 

It is constructed with stones across the hill slopes thereby intercepting the surface runoff. These 
terraces help in retarding the soil loss and conserving soil moisture. Spacing of such stone walls are 
not rigid. Spacing ranging from 10 m to 30 m can be adopted depending upon slope of the terrain. For 
the construction, a shallow trench has to be dug and the stones collected and packed directly on to the 
foundation and in the super structure to form the terrace. The stones should be properly interlocked. 
The soil excavated to form the foundation for the terrace is used for forming a small bund on the 
upstream side of the terrace. Terrace is stabilised by planting suitable vegetation on the bund.  

3.6.2.3. Gully control 

Gully plugs are earthen embankments usually constructed for blocking the active and erosion prone 
gullies for their stabilisation. 

 
Figure 3-9: Contour Trench 

 
Figure 3-10: A diagram showing contour 
trench 

Slope of the land 20 %  45 % 
50 % (with soil of 
30cm depth ) 

60 % (with soil of 
30cm depth) 

Vertical interval 1.5m 4m 3.75m 5.85m 

Source: CSE, New Delhi; Credit: Myrada�
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3.6.2.4. Bund/Nulah Bund 

Bunds are small earthen barriers provided in agricultural lands with slopes ranging from 1 to 6 
percent. They control the effective length of slope and thereby reduce the gain in velocity of runoff 
flow to avoid gully formations. Bunds are constructed with the following objectives:  

1. To increase the time of concentration of rain-water where it falls and thereby allowing rain-
water to percolate into the soil 

2. Converting a long slope into several ones as to minimise velocity and thereby reducing the 
erosion by runoff water. 

3. To divert runoff either for water harvesting purposes. 

 
Figure 3-11:  A diagram showing a bund. 

Types of bunds: 
1. Graded bunds: Graded bunds are constructed in medium to high rainfall area - having annual 

rainfall of 600 mm and above - and in soils with poor permeability or those having the crust 
formation tendency. 

2. Contour bunds: Contour bunds are constructed in relatively low rainfall areas- having annual 
rainfall of less than 600 mm; particularly in the areas having light textured soils. They are 
essentially meant for storing rain-water received during a period of 24 hours at 10 years 
recurrence interval. The major considerations are maximum depth of water to be impounded, 
design depth of flow over waste weir and desired free board. 

3.6.2.5. Check Dams 

A check dam is generally constructed on small streams and long gullies formed by the erosive activity 
of water. The ideally a check dam is located in a narrow stream with high banks.  
A check dam serves many purposes.  

• It cuts off the runoff velocity and reduces erosive activity.   
• The water stored improves soil moisture of the adjoining areas and allows percolation to 

recharge the aquifers.   
While constructing a series of check dams on along stream course, the spacing between two check 
dams should be beyond their water spread. The height of the check dam should be such that even 
during the highest flood, water does not spill over the banks.  

 

Source:  CSE, New Delhi 

Figure 3-12: Diagram and View of a check dam 

Source: CSE, New Delhi 
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3.6.2.6. Percolation Tanks/Ponds 

A percolation pond, like an irrigation tank, are shallow depth tanks and has a structure to impound 
rain-water flowing through a watershed, and a waste weir to dispose of the surplus flow in excess of 
the storage capacity of the lake created.  The section of the bund is similar to that of an irrigation tank, 
except that the cut-off trench is taken to a depth equal to half the height of the bund. The purpose of 
the cut-off in the case of the percolation tank is just to prevent erosion of the downstream slope of the 
bund due to piping. The cut-off should be shallow enough to permit the percolating water to pass 
downstream into the aquifer. The percolation tank bund has a hearting and a casing, and is provided 
with stone pitching on the upstream face and turfing on the downstream slope. A masonry waste weir 
is also necessary to let the surplus water continue its course. Drains are provided under the bund to 
lead water percolating into the bund safely downstream. The storage capacity of percolation pond is 
around 30 to 60 million litres.  The time for storage depends on the permeability value of the bed 
formation.  Normally, it is expected that between two consecutive rain spells, most of the storage 
percolates to the ground.   
 
Location: In open agricultural areas; in areas that are preferably quite flat or gently slopping.  The soil 
in and around the tank should be permeable for quick percolation with minimum evaporation losses.  
Phreatic aquifer conditions of broad lateral extent of about 3-5 sq km around the tank and an aquifer 
thickness of 20-50 m is considered as ideal conditions.  A convex shaped groundwater mound is 
created. The maximum rise of water level of the ground water mound is at the centre line of the 
percolation tank. The boundary of the recharge mound is in the order of about 1000 m on 
upstream/downstream sides of the tank. 
 
In urban situation, most of these conditions are difficult to fulfil due to the lack of available land area 
and changed land cover.  Moreover, due to the high prices of land, the only available land parcel for 
water storage is the land of the tank.  However, this tank can be modified into a percolation tank.  This 
will require desilting, constructing of embankment, and cleaning of the inlet drains if it has survived 
the onslaught of the urbanisation.  The efficiency of the tank will improve with annual maintenance in 
the form of continuous desilting and monitoring of the water quality entering the lake.  An important 
consideration for the design of a percolation tank in semi-arid areas is minimum surface area in view 
of large evaporation losses (2-3.5 m/year).  Hence, a percolation tank should be deep with small 
surface area.  Studies by CGWB show that the infiltration capacity reduces by about 25% each year 
due to silting and by the end of the fifth year; it becomes almost 10% of the total storage.  Thus, 
regular scrapping is suggested. 
 
Following are the sub-surface structures for water harvesting. 
The salient features of the sub-surface reservoirs are: 

a. They can store substantial quantity of water in porous and permeable formations.   
b. They are environment friendly and economically viable proposition (Anon 2003). 
c. They have an advantage of being free from the adverse effects like inundation of large surface 

area, loss of cultivable land, displacement of local population, substantial evaporation losses 
and sensitivity to earthquakes. 

d. The underground storage of water would influence the existing ground water regime.  The 
deeper water levels, either due to natural occurrence or due to excessive ground water 
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development, may be substantially raised resulting in reduction in lifting costs and energy 
saving. 

e. The quality of natural water can be substantially improved in brackish and saline areas. 
f. The conduit functions of aquifer help in reducing the cost intensive surface water conveyance 

system. 

3.6.2.7. Sub surface dams 

Groundwater dams are structures that intercept or obstruct the natural flow of groundwater and 
provide storage for water underground. Their use is in areas where flows of groundwater vary 
considerably during the course of the year, from very high flows following rain to negligible flows 
during the dry season.   

3.6.2.8. Injection Wells 

Water is fed directly into the depleted aquifers by providing a conduit access, such as a tube well or 
shaft or connector wells.  Recharge by injection is the only method for artificial recharge of confined 
aquifers or deep seated aquifers with poor permeable overburden(Dr. S.K. Sharma 2000).  The 
recharge is instantaneous and there are no transit and evaporation losses.  Requirement of extreme 
purity of the source water as well as compatibility of source water and water from the aquifer are to be 
considered.  Injection wells are of two types: 

a. Gravity Head 
b. Pressure Injection 

3.6.2.9. Recharge Shaft/Dug well 

It is an open unlined well penetrating the aquifer at shallow depth of about 10—15 m.  The well is 
generally located in broad open streambed or at the site which provides good collection of surface 
runoff.  The well acts as an injection mechanism.  A filter pit (silt trap) is constructed by the side of 
the well and a piped connection is provided from the filter pit to carry the filtered water into the well.   
The permeability of the aquifer material and hydraulic head of the well determine the recharge rate. 

3.6.2.10. Recharge Tube well 

Recharge tube wells have to be provided in percolation pond/tank bed to hasten the percolation effect 
where the water table is very deep; however, the recharge must be in tune with the replenishments by 
successive floods.  The purpose of tube well is to directly feed relatively clean water to an appropriate 
depth in the unconfined aquifer.  This will ensure further natural purification during the percolation 
process by ion exchange with the soil.  Moreover, there will be less evaporation and transit losses.    
To maintain a certain amount of water for the purposes of sedimentation etc, the inlet of the recharge 
tube well, is raised by a certain height (normally 1-2 m depending on the lake bed area).  
 
A General Design of Recharge Tube Well: 
A general design of the recharging tube well in sedimentary formation consists of drilled bore hole 
with a diameter of 50 cm down to the depth of existing bore wells in the area but usually 30 m below 
the water table.  A PVC/MS tube of 20 cm is placed and the annular space between the pipe and the 
bore well is packed with pebbles or gravel.  The section of the tube against the aquifer is slotted and 
the top of the well is covered by an artificial filter to prevent the suspended material entering into the 
aquifers with recharged water.  The filter consists of a pit of 6 m3 filled with small pebbles, layered 
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with stone chips and sand at the top one meter.  The slotted section in the upper part of the tube is 
wrapped with coir surrounded by gravel pack and sand. 
 
During the flood event, water infiltrates through the upper sand layer where most of the suspended 
material in the water is retained.  The sand and gravel pack around the slotted section, filters out the 
remaining materials and the coir wrapping accts as protective filter before the water enters the tube.  
The artificial filter is designed to give a high infiltration rate. 
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3.7. Rain-water Harvesting 

Rain-water harvesting, as the name suggests is the technique of collecting and storing the rain-water 
from the surface on which it falls.  Roof top rain-water harvesting has gained popularity in recent 
years due to its relatively low installation cost.  Moreover, it’s a direct method of rain-water collection 
and usage.  It is primarily used for drinking water purposes in areas where the ground water is not of 
potable quality or areas where the municipal water supply is insufficient.  Moreover, this method is 
very effective in recharging of aquifer by directing surplus roof top rain-water into a defunct open dug 
well or a tube well, provided care is taken with respect to the quality of water that is being fed into the 
aquifer.  Further, the surplus rain-water collected by this method can be used to recharge the ground 
water by injection method described in the previous section.  Various ways of roof top rain-water 
harvesting are discussed below.  Indirectly RWH will result in overall improvement of the soil 
condition and fertility of the land and reduction in the water supply costs and electric bills.  Whereas 
the social advantages of RWH methods involve a local involvement and management practices and 
thus it promotes environmental issues and concerns at a large scale. 

3.7.1. Types of Rain-water Harvesting Systems 

The various types of rooftop harvesting system enumerated here are variants of those that are used in 
conventional practices, in non-urban areas, the primary difference being the catchment that feed these 
structures are roofs of individual house, and the water quality could be relatively pure when compared 
to ground based collection systems.  

3.7.1.1. Rooftop Rain-water Harvesting for Domestic Use 

This is very similar to the traditional tankas discussed in 3.5.1.4; however, they employ better flush 
valves and pipes with much less friction values.  

3.7.1.2. Rooftop Rain-water Harvesting for Artificial Ground Water Recharge  

This method employs the roof rain-water collected to be fed directly into a recharge pit/bore well, into 
the upper unconfined aquifer.  Care should be taken to clean the terrace before the beginning of the 
monsoon and the use of first flush valve will ensure that only good quality water is allowed to enter 
the unsaturated aquifer.  As in the case of sub-surface structures, these can be divided in two types: 

1. Recharge Dug Well 
The principle of a recharge dug well is similar to that explained in section 3.5.2.10, the difference 
being that rain-water from roof tops is fed into the well. 

2. Recharge Bore Well 
Here again, the principle is same as in recharge injection wells, the water being fed from a roof top 
collection system.  

3.7.2. Rain-water Quality from Rooftop Rain-water Harvesting Systems 

Rain-water quality usually exceeds that of ground or surface waters, as it does not come in contact 
with solid and rocks.  However, rain-water quality can be influenced by where it falls, since localised 
industrial emissions/conditions affect its purity.  According to Dr. Hans Otto-Wack, Manager of the 
Schotten Environmental Office and an expert in the Ecology of Water Resources, “it is not possible to 
get really sick from rain-water”.  Cholera is unlikely to be a danger as this is passed from human and 
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mammalian faecal contamination; under normal conditions, this is not likely to be present in the 
captured water. 
 
Birds are likely to be the main source of significant pollutants likely to affect rain-water quality.  They 
may carry salmonella but this cannot survive in rain-water, if kept under recommended conditions, as 
the cold-water temperature and lack of a protein source will kill the bacteria.  Investigations in rain-
water reveal that after a period of one day the levels of salmonella fall by 80 percent.  With the use of 
‘first-flush’ techniques, most of these pollutants can be removed.  Many other maintenance tasks are 
simply a matter of keeping gutters, screens and filters clear of debris. This should be the responsibility 
of the householders(A. Pacey 1986). 

3.7.3. Storage Techniques 

Harvested rain-water if it is suitable for direct consumptions either domestic or for community 
functions needs to be stored.  The storage parameters depend on the available rain and on the extent of 
use.  Rain-water storage tanks serve both for the storage and the cleaning of the rain-water. The 
amount of cleaning is thereby directly dependent upon the flow of the water in the storage vessel 
(inlet, overflow, suction).  This applies both to storage vessels inside as well as outside. 
Requirements for rain-water storage: 

• Measurement of volume according to roof area (in case of Ahmedabad, not too large, approx. 
10 m³ per 25 – 50 m² of roof area) 

• fulfilling the requirements of the building standards (ensuring the drainage of the building) 
• Permanently water-tight and must have protection against light, storage temperature 

permanently below 18° C. 
• Stability of shape, secured against settlement cracks and buoyancy, durability 
• Calm inlet of rain-water and potable water 
• Calm suction (for permanent sedimentation of all materials heavier than water) 
• Automatic removal of all materials that are lighter than water and float (storage not too large, 

correctly constructed overflow) 
• Sealing covers and walls against foreign particles, other water and animals. 
• Good accessibility, simple cleaning without extra costs, little maintenance 

These requirements will be best fulfilled in practice by a one-piece concrete cistern. Other types of 
storage tanks usually require more expense to achieve this standard.  Old cesspools can also often be 
renovated to serve as rain-water storage cisterns. Cisterns in the earth are basically preferable to cellar 
tanks.  Following are some of the methods for storage of harvested rain-water. 

3.7.3.1. At individual house level: 

Water can be stored in underground or above ground tanks, the size of the tank dependent on the 
family size; the available roof area and the extent of time period which the water is to be used.  This 
water if used with the “first flush filter” is good for all purposes except cooking and drinking.  With 
minimal filtrations, it is safe to use it as drinking water. 

3.7.3.2. At a community level 

The water collected from the community spaces can be diverted to an open plot or suitable size.  Thus 
it acts as an open pond.  This water is good for non domestic use like, gardening; washing of cars and 
compounds, etc.  This water can be also channelled into a recharge pit or a recharge bore well. 
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3.8. Aspects/issues on Urban Hydrology and Urban watershed. 

3.8.1. Data Availability in Settlements in Arid Region 

Many areas in arid and semi arid regions have low productivity and consequently have low economic 
value.  Thus in such regions the data available is also correspondingly less.  Implementing any GIS 
based technique to evaluate the water harvesting in such areas will be feasible if only, it is based on 
minimum data requirement.  Given such situations, it is important to consider those systems that are 
economic in their functioning both in terms of data requirement as well as the requirement of 
computing power.  GIS and RS could be used to provide information on the potential sites for Water 
Resources Mapping for  

• Potential areas for GW and SW extraction 
• Potential areas for artificial recharge17 
• Potential areas for RWH 

The advantages of GIS systems are: 
• Integrations of various types of data on a single platform--flexibility. 
• Faster results due to automated computing methods.  This is further helped by faster 

computers themselves. 
• Ease of updating capabilities—long-term usage. 

The advantages of RS systems are: 
• Synoptic view of the study area 
• Repetitive coverage 
• Capability to view the scene in several spectral bands 
• Cost effective compared to ground based survey 

It will be appropriate to note, that these systems can in no way completely substitute the traditional 
methods of GW recourses survey. 

3.8.2. Urban Runoff 

The natural surface detention, infiltration characteristics, and the drainage pattern formed by the 
natural paths primarily determine the rainfall-runoff process in an undeveloped area.  The type of the 
surface soil, the natural vegetation-cover, and the topography are the governing factors.  The natural 
rainfall-runoff process is altered in the urban situation.  Part of the land surface is covered by 
impervious material.  The water courses are cleared, deepened and straightened to improve their 
conveyance capacities.  Man made drainage facilities are added to the drainage system.  “A typical 
urban land cover consisting of impervious rooftops, streets, paved house areas, parking spaces, etc., 
allows far less surface retention and infiltration than an undeveloped land.  Moreover, storm water 
runoff occurs over smooth, impervious surfaces, and in man-made or natural channels with increased 
velocity”(Akan 1993).  As a result of these factors, urbanisation increases the storm water runoff 
volumes and rates.  Thus, effective disposition of storm water is essential to avoid urban flooding of 

                                                      
�3���'�����#	����������
�����������������������#��������/�����������#�����
���
���	�����
����������
.�
��������������������#����������������	��������������������������
�/�������'�
��������	�������
���'������
�����	�����������������
��������=);*��%����#�>�
�������.�����������
�=����
�)������
;�0���	����*����		��:����������#����"�����+������������0��,��#����������C���#������
���	�����������"	��!�����������������---�J����
�2��I�����-- ���



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

 

71 

low lying areas, and by proper planning, this runoff water can even be used to recharge the 
underground aquifer. 
 
Urban development also has adverse effects on the quality of storm water runoff.  Main sources of 
urban storm runoff pollution are dust and litter, spills and possible unauthorised dumping of wastes 
from industries, faecal droppings from pets and other animals, oil spills from motor vehicles, garbage 
from residential areas, pesticides and fertilizers from lawns and gardens, and eroded soils from 
construction sites.  Urban storm runoff can contain various types of toxic materials.  It should be 
considered a major threat to receiving waters. 
 
Any runoff is dependent on the rainfall, the rainfall amounts, intensities and spatial distribution of the 
rainfall.  Besides this the runoff depends on infiltration and interception; the drainage density and the 
shape of the catchment.  However, urban runoff characteristics vary greatly due to artificial surfaces.   

3.8.2.1. Infiltration Capacity 

Infiltration capacity of the soil is an essential parameter that determines the amount of runoff 
generated after a rain event.  The infiltration capacity depends on many factors such as soil type, 
moisture content, organic matter, vegetative cover, season, air entrapment, formation of surface seals 
or crusts, etc.  Of the soil characteristics affecting infiltration, non-capillary porosity is perhaps the 
most important.  Porosity determines storage capacity and also effects resistance to flow.  Thus 
infiltration tends to increase with porosity.  Vegetal cover increases infiltration as compared with 
barren soil because (i) it retards surface flow giving the water additional time to enter the soil (ii) the 
root system make the soil more pervious and (iii) the foliage shields the soil from raindrop impact and 
reduces rain packing of surface soil(Anon 2003; Dr. S.K. Sharma 2000).  

3.8.2.2. Hydraulic Conductivity and Transmission Properties of Porous Media 

“The hydraulic conductivity (Kh [L T-1]) is determined by properties of both medium and the fluid.  
Values of saturated hydraulic conductivity for small samples can be readily determined by 
Permeameter.  However, conductivities measured in Permeameter may differ greatly from field 
values” (Dingman 2002).   Hydraulic conductivity has significant spatial variability even within given 
aquifer, and conductivity at a point may be different in different directions.  When dealing with flows 
in which the saturated thickness, H, is only slightly variable and the flow paths are approximately 
horizontal, ground water hydrologists often use the concept of aquifer Transmissivity, T [L² T-1] 
defined as t=H.Kh. 

3.8.3. What is a small Catchment? 

In a city, usually the runoff is higher; a smaller area will generate more water.  Traditionally, small 
catchment area is considered to be of an area with a range of 8 to 10 sq.km.  But in urban cases, often, 
this is the area of the whole settlement.  Consequently, the catchment for a small tank/watershed may 
be a fraction of these depending on the topography.  In general, about half a sq.km, i.e., 50 ha may 
generate sufficient runoff to collect in a sizeable water body.   
 
A micro-catchment is defined as a small catchment, in the order of a few hundred square metres, 
consisting of a runoff area with a maximum flow distance of 100 m and an adjacent basin area with a 
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tree, bush, or row crop.  Given urban situations, this may be a low-lying area; an artificially created 
undulation in the land to store water; or a garden. 

3.8.4. Urban Runoff Models 

3.8.4.1. Introduction 

The objective of an urban runoff modelling is to predict its response to a single or a series of storm 
events specified by the modeller or planner.  Of particular interest, naturally is the hydrologic 
behaviour of the water shed under the design storm conditions.  A mathematical urban watershed 
model is a set of one or more mathematical expressions believed to describe the rainfall runoff 
processes that would occur in actual urban drainage systems.   
 
Models help in understanding the future (requirement) based on the present conditions and from the 
experiences of the past.  The models are a simulation a prediction of what might be a scenario given 
certain parameters.  They are not a reality.    
 
In hydrology models help simulate how water will react with the environment under various 
conditions.  Watershed models have five basic components: Watershed (hydrologic) processes and 
characteristics; input data; governing equations; initial and boundary conditions; and output (Singh, 
1995).  Watershed models are generally classified according to the method they use to describe the 
hydrologic processes, the spatial and temporal scales for which they are designed, and any specific 
conditions or intended use for which they are designed. 

3.8.4.2. The Relevance of a DEM  

From the late 20th century, the advancement in computing technology gave rise to a plethora of 
models, dependent on large computing and processing capacities.  Model approaches also became 
more advanced and complex and distributed conceptual models were developed. 
 
This brings us to the DEM or the Digital Elevation Models.  As mentioned before, the necessity to 
generate elevation data underlies all the models.   The DTM, a Digital Terrain Model (or even DEM) 
is a (technique of!) representation of the surface of the earth derived from interpolating a finite 
number of points.  “The DTM is simply a statistical representation of the continuous surface of the 
ground by a large number of selected points with known X, Y, Z co-ordinates in an arbitrary co-
ordinate field” (Miller and La Flamme, 1958).  Over the years, DTM, essentially due to the 
availability of faster computing capabilities, has become an essential tool for understanding the 
topography of a catchment.   
 
Since a DTM is a representing a surface, one can extract knowledge and information regarding terrain 
and its attributes.  Slopes and its derivative of aspects and gradient can be found.  One can derive 
surface topology and drainage networks.  This is very useful in hydrological runoff simulations.  
Knowing the topological linking between the grid cells, not only allows material transport from cell to 
linked cell to be calculated, but also for that transfer to be modified by some other property of the 
cell(P.A. Burrough 1998).  An important aspect of the DTM is the generation of the so called ‘local 
drain directions’ or ‘ldd”.   This is the result of the D8 (deterministic) algorithm.   
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Manipulating a cell allows one to perform calculations involving varied hydrologic parameters.  E.g., 
accumulating the water surplus from a mass balance for each cell over the net allows one to model the 
movement of water surpluses from cell to cell as a flow process.  When combined with data on land 
cover, infiltration, and evaporation, such an analysis can be useful for examining scenarios of rainfall 
runoff under different kinds of land use.  
 

Thus, a mathematical concept of spatial analysis using continuous fields is used very effectively to 
simulate a ‘near-to-real-life’ situation in hydrology.  It has also become possible for people from ‘non-
hydrologic’ background to understand the interaction of water with the earth- both above its surface 
and below it.  With a basic knowledge on water sciences, one can visualize and take part in the issues 
related to catchment and water management.  

3.8.4.3. Measuring Runoff Volume 

To get an idea of the potential for rain-water collection in a particular region, the starting point is data 
for average monthly rainfall, expressed in mm, and the measurements of the area on which the rain is 
supposed to fall and generate the runoff.   The volume of water likely to be collected each month (or 
each year, as the case may be) from a particular area is then found by multiplying the average rainfall 
by the dimensions of the area, and then multiplying it with a factor.  This factor is the runoff 
coefficient, and allows for the fact that some rainfall will be lost from the roof and other surfaces by 
evaporation, interception and other ways(A. Pacey 1986).  This method is similar to the conventional 
method of estimating the runoff intensity—the so called “Rational Method” (Section 3.8.6), the 
change being in input data of rainfall not as monthly or daily average (L), but as intensity (L/T).    

3.8.4.4. Rational Method for Peak Discharge Estimation 

The Rational Method, which has its origin in empirical design methods used in England in the mid-
nineteenth century, because of its simplicity, is the most widely used method for designing drainage 
facilities for urban and rural water sheds(Mays 2001).  The use of the Rational Method is normally 
limited to urban catchment smaller than thirteen sq.km and is essentially a peak discharge design 
method (Akan 1993).  “It is commonly used for generating design flows from small watersheds for 
simple, relatively inexpensive structures such as culverts, small bridges, surface-drainage systems, and 
runoff detention basins”(Dingman 2002). The Rational Method assumes that: 

• The intensity of rainfall is constant; 
• The duration of the rainfall, td, is equal to the time of concentration, Tc, of the drainage area 

being considered; 
• The return period of the peak discharge resulting from a rainstorm is equal to that of the 

rainstorm, i.e., the predicted peak discharge ahs the same return period as the rainfall-
duration-frequency relation used in the prediction; 

• Peak discharge is proportional to the rain intensity. 
Thus, the peak flow is given by the equation: 

Q = C i A 
Where,  
Q = peak rate of runoff (m³/s) = design discharge 
C = dimensionless runoff coefficient 
I = average rainfall intensity (in/h), lasting for a critical period of time = Tc, the time of concentration 
of the watershed 



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

 

74 

A = surface area of drainage basin, (acres) 
 
The runoff coefficient depends on the rainfall, the watershed characteristics, and the antecedent 
moisture condition of the basin.  This dependence is true at least for over land flow. However, in most 
applications of the Rational Method, the runoff coefficient is treated merely as a function of the type 
of the land use or the surface cover(Akan 1993). “In the above equation the sole model parameter is 
‘C’ is the ratio of peak stream flow per unit area to rainfall intensity.  Obviously, the results obtained 
with the method are highly sensitive to the value chosen for C”(Dingman 2002).  Runoff coefficients 
of various land surfaces and land use classes are given in Appendix I. 
 
The important parameter of the Rational Method is the time of concentration.  There are several time 
of concentrations formulas available in literature.  Among the empirical time of concentration 
formulas the Kirpich formula (1940) has found widespread use especially in the Rational Method 
applications(Akan 1993).   
 
The Kirpich formula is repeated here as 

385.0

77.00078.0
S

L
Tc =  

Where, 
Tc = time of concentration (min) 
L = length of main channel from headwater to outlet (ft) 
S = average watershed slope 
Although, this formula was originally developed from SCS data for rural basins, it has found 
widespread use in urban applications to estimate the overland flow and channel flow concentration 
times.  For overland flow on concrete and asphalt surfaces, Tc is multiplied by 0.4 and for concrete 
channels by 0.2.  No adjustment is needed for overland flow on bare soils or flow in roadside ditches. 

3.8.5. Role of RS and GIS in identifying the potential sites for rain-water harvesting 

The traditional method of image interpretation may not be useful, when it comes to find potential sites 
in micro catchment of sizes less than 10 sq.km areas.  This type of catchment will typically be found 
in urban areas and may have a very dynamic land cover change.  For urban areas, high resolution 
imagery will be required to identify the various urban elements.  Various computer soft-wares to 
identify and distinguish land surfaces as well as different land uses classes are available 
(Deesawasmongkol 2003).  Thus, updated information and high-resolution imageries will be the key 
to computer assisted stream generation processes and to assess the runoff/recharge potential of a land 
use class.  Moreover, GIS can be used to establish topological relation between various parameters 
necessary in order to identify the appropriate RWH site and also to process rainfall-runoff models.   
 
Further, preparing a hydro-geo-morphological map at the desired scale (regional/local) will help 
delineate areas of varying ground water potential and select promising zones with good ground water 
potential(Sharma 2004).  The required inputs from various data sources are: 
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3.8.5.1. Inputs from Hydrology 

This will be useful in finding the water resources of the area.  This input will help determine the size 
and nature of the harvesting project 

3.8.5.2. Inputs from geology 

The study geological strata of the earth in the potential water harvesting area will be of importance, 
since the size and type of aquifer will depend on it.  Also the location of the harvesting site may be 
crucial in term of water quality.  
 
Presence of porosity and permeability in rock formation is essential for ground water storage and 
movement and thereby formation of ground water aquifer system.  The semi-consolidated and 
unconsolidated formations generally have primary porosity and permeability, which facilitate 
accumulation and movement of ground water.  The consolidated rock formation mainly the crystalline 
rocks do not have any primary porosity and hence ground water occurrence and movements is 
restricted to the weathered thickness and the availability of secondary porosity in the form of faults, 
fractures, joints and other geological structures forming weak zones. 

3.8.5.3. Inputs from the soil map 

The percolation of water after a rain event and the time of inundation will be derived from the type of 
soil and land cover. 

3.8.5.4. Inputs form vegetation map 

The interception portion of the rain, and the type of runoff generated is dependent on how much area 
on land is covered by vegetation and what type of vegetation is prevalent in the area. 

3.8.5.5. Inputs from the DEM, elevation data 

Generations of natural ldd and local streams are facilitated by the elevation data.  These can be 
derived from the toposheets, contour maps or even form high-resolution satellite imagery. 

3.8.5.6. Inputs from the meteorological data 

Climate along with vegetation will have direct relation to the amount of runoff and the recharge 
conditions existing in the region.  The type of rain events and the amount of precipitation during such 
events will determine the size of the harvesting areas.  This will also be helpful to determine the size 
of storage areas and the density of such structures. 
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4. Data Preparation & Processing 

This chapter discusses the base data and the method adopted to generate the DEM. 

4.1. Discussion on field work data collection. 

The first task during the field visit was to identify a suitable area within Ahmedabad city based on the 
following parameters: 

1. The area should be part of the proposed development schemes of AUDA 
2. The area should have base data readily available. 
3. The area should have an existing lake/water body prior to the introduction of the TPS. 

Having identified the study area, the next tasks had the following objectives: 
1. To collect ground data about the case study area. 
2. To collect historical information on the water body of the study area. 
3. To collect the land use/land cover information of the study area. 
4. To collect factual data on the hydrological condition of the study area and of the region. 
5. To collect information on the water system in the urban context. 

Data Collected during the field visit is described below. 
Data of the Study Area   
The 6 Town Planning Schemes were selected for the thesis.  These were two sets of three contiguous 
TPS 37-38-39 and TPS 41-42-43.  The field visit was conducted during the period from 1 October to 
12 October.  Following data was collected: 

1. AutoCAD drawings of the case study area.  These drawings have information regarding the 
following:  

a. Plots—original and final plot demarcation; 
b. Land use; proposed and existing; 
c. Roads-proposed and existing road information; 
d. Elevation Information; total station survey on a 50 x 50 m grid; original ground level 

of a smaller portion of the study area, Contour survey information at 50 cm interval.  
e. Drawings showing the longitudinal section of the proposed roads.  These drawings 

show the formation level of the roads as well as the original ground condition before 
the execution. 

2. AutoCAD drawings of the base map of the city.   
3. Information gathered during the plot-by-plot survey of all the 6 TPS.  This survey included 

following details: 
a. Details of the present land use condition and the extent of the land cover (given in 

percentages).   
b. Information of water harvesting methods employed if any. 
c. Information on paved and unpaved areas in general. 
d. Information of the low lying areas as observed during the field visit. 
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e. Indirect information on the perceived view on water harvesting issues amongst the 
user group. 

Satellite Imagery 
Single band IKONOS product was available with AUDA covering the study area.  This imagery was 
acquired in March 2000.  However, the TPS under question were drafted in 2003; this product was not 
used for the purpose of the analysis.   However, its projection system was used to generate a new co-
ordinate system called ‘January’. 
GPS Waypoints 
A set of 30 points was used to establish the TPS layout on the site.  The cross-junction of those roads 
that were under construction or were demarcated on the site was used as landmarks.  The GPS points 
were recorded in the LatLon Coordinate system. Thereafter, a tie point coordinate system “January” 
was generated based on the Coordinate System Projection “sola_satima”. 
 

  
Figure 4-1: Projection Systems 

Meteorology/climate data of the area 
These are in tabulated form.  These data contains: 

1. Yearly/monthly Rainfall data. 
2. Mean Temperature. 
3. Mean Evaporation values. 

Soil/Subsurface geology data of the area 
1. Hydrogeological cross section of the study area. 
2. Soil composition and hydrogeological sub strata beneath the study area. 

Hydrological Data 
1. Well logs in the study area. 
2. Water quality and quantity data of the study area. 
3. Information on artificial ground water recharge experiments carried out in the city. 

Administrative Data of the functioning of the TPS 
1. Laws and by laws that govern the TPS. 
2. Understanding of the implementation of the TPS. 
3. Guide lines for the development of minor irrigation schemes. 

Historical Data of Ahmedabad City 
1. Historical record of the development of the city, primarily from gazetteers and other 

published historical records; magazines; newspaper clippings etc. 
2. The Draft Development Plan of the Ahmedabad-2011, published in 1997 formed an important 

source for some conflicting data results.   
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4.2. Input Data 

The data collected during the field visit was primarily in AutoCAD drawings and excel work sheets.  
The broad method adopted to make the data ‘GIS worthy is presented below. 

 
Figure 4-2:  Data exchange 
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4.2.1. Data Preparation in AutoCAD 

The purpose of the data was to generate a set of layers in AutoCAD with accurate topological 
relations that were going to be useful when working in a GIS environment.    There were 41 layers in 
the original drawing of the TPS area (Fig 4-3).  These layers were produced essentially to make paper 
plans of the TPS areas; the information presented in them was incomplete.  One of the first tasks was 
to create new layers in the drawing and transfer the necessary data from the original layers (Table 4-
1).  This involved cleaning up of unnecessary information and correcting the features.  Similarly, the 
Index Plan of AUDA was corrected. 

 
Figure 4-3: The Layer Manager of the Original Drawing 

Table 4-1: AutoCAD Layer Information 

 AutoCAD Layer Description  
 Existing Layers Modified/ 

New Layers 
Parameter Information 

 Contours_RL Contours_RL Annotation/Text Text metadata 
 Contours Contours Polyline Contour information. 0.5 m interval 
 Drain Drain Polyline Canal way thru’ the TPS 
 FP pa-fp Polyline Final plots information 
 FPNO FPNO Text Final plot no information 
 GL1 GL1 Points/Text Spot Levels in TPS 43 
 OGL OGL Points/Text Spot Levels in TPS 41 
 PropoStorm PropoStorm Polyline Storm Network route 
 Rail Rail Polyline Rail track 
 ROAD road-met Polyline Road network in the TPS 
 ROADTEXT ROADTEXT Text Text meta data on the road network 
 SNO SNO Text Survey No of the original plots 
 SPOTLEVELS SPOTLEVELS Text Total station survey elevation levels 
 TEXT TEXT Text Textual information 
 TP-SCHEME TPSBND Polyline Boundary of the three TPS 
 VIL_BND VIL_BND Polyline Village boundary 
 WATER WATER Hatch Areas denoting Water body 
 -- highway Polyline Location of the National Highway 
 -- roadcentreline Polyline Centre lines of the roads 
 -- SolaBoundary Polyline Boundary of the study area excl. the village and canals 
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Besides the base drawing, there was a set of AutoCAD drawings showing the location of the nodes 
(Fig. 4-4, modified by the Author for presentation purposes only) and longitudinal section of the 
proposed roads in the TPS (Fig 4-6).  These drawings were made for construction purpose and 
consequently did not have any spatial relation with each other.    The data from these drawings was 
used to generate a point map showing the heights at the node of each junction of these roads.  These 
are reproduced below. 

 
Figure 4-4: AutoCAD Drawing of a Portion of the TPS Showing the Nodes of the Proposed Roads (Source: 

MS Khurana Engg Ltd.) 

4.2.2. Data Accuracy and Validation 

The accuracy of the input data is a pre-requisite for any qualitative and quantitative work in GIS 
environment.  The accuracy check was done in ILWIS during the conversion of the imported shape 
file as ILWIS segment maps and point maps into the ILWIS objects (Vectorisation process)—polygon 
maps.  The errors such as overshoots; leaking polygons; spikes; errors in T/L/X junctions; displaced 
lines; repetitive lines were corrected before the start of the analysis (Fig 4-5).  These errors were 
corrected in the semi-automatic and interactive post-processing phase. 
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Figure 4-5: Errors in the Available Data 
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The figures below show the various corrections done on the base data, accompanied by a brief 
explanation. 
Table 4-2: Data Correction (Spot elevations map) 

 

The diagram shows a discrepancy in the 
DEM, where it is raised up in the centre.  
As can be seen, there is patch of increased 
height value in the DEM interpolation 
operation.   The counter line has value of 
49.50 and is closing in on all sides.  The 
point data also suggests that the “blue” 
region is generally dipping towards the 
centre; however, observing the dam value 
in pixel information, one finds that the 
area has ‘tipped” up.  So in order to 
correct this anomaly, a new point with a 
low point value, but in the range of points 
nearby is added to the point map. A new 
point with the value of 49.100 m is added 
to point map.   

 

Adding a point 47.500 in the depression. 
Note the higher DEM value of 48.63 that 
is higher than the surrounding contour 
value of 48.50. 
 

 

Adding new contour lines, to make the 
existing pond, as seen from the satellite 
image.  The depth of the pond was 
approximated from the field survey- and 
from the road construction drawings. 
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The anomalies in the road design were evident when combining the two TPS.  It was often found that 
same node was assigned two different height values at the boundaries of the TPS.  This should be 
regarded as the shortcoming, since the TPS are looked as an entity in themselves.   Moreover, the 
development of the adjoining TPS is not necessarily contiguous in time.   
Table 4-3: Data Correction, Road FL Heights 

 

When integrating the two TPS it 
was found that the same node had 
been assigned two heights.  This 
would of course be resolved, when 
during the actual construction of the 
road, this disparity will be brought 
to the notice of the engineers, 
however, it’s significant in terms of 
the way the design is made. 
 
In the figure, the points show the 
nodes and the red line is the TPS 
boundary line. 
 

 

This is the close up view of the two 
points, supposedly the node for the 
same intersection, but with different 
height values. 
 
In real terms, these two nodes had 
to be treated as one, but since the 
height difference was found, they 
are treated as two separate points.   
Here pnt 3 (TPS-41 Node-4) has a 
height of 50.51 m while pnt 34 
(TPS-42 Node-14) has a height of 
52.26 m.  This is a very big 
difference over a distance of about 
30 m. 
 
However, looking at the overall 
road slope direction, the value of 
Pnt 34—52.26 was taken for 
interpolation 

 
 
 
 
 

50.51 m 

52.26 m 
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Figure 4-6: AutoCAD Drawing showing the Longitudinal Cross Section across the Nodes 2 & 3 in TPS 43 

(Source: MS Khurana Engg Ltd) 
Fig 4-6, shows the longitudinal section across node #2 to node #3, the yellow line is the FL of the 
proposed road, while the red undulating line is the original terrain.  As is seen, there is a filling 
required of about 2.5 m at the centre.  Refer Fig 4-4 for the location of these nodes.  This drawing was 
modified for presentation purpose.  As explained before, all the nodes of the TPS were converted as 
point data in ILWIS.  The final map is shown in Fig 4-7. 

 
Figure 4-7: Road and Road Nodes in the TPS 41-42-43 
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4.2.3. Observation 

a. Considerable time was spent to correct these drawings and to segregate the necessary 
levels/information.  However, no information contained therein, was altered in any 
way. 

b. Due to time constraints, it was thought necessary to take only three contiguous TPS 
for the purpose of this study.  Thus, the TPS 41-42-43 were selected.    

4.3. GIS Processes and Generation of DEM 

In order to understand the runoff process in an urban situation, the flow path generation is a very 
important step.  As explained in Fig 1-3 highly accurate elevation data was used in order to generate 
the natural DEM of the study area.  Further, FL-Formation Level of the new roads were used to 
generate the road network and was superimposed on the natural DEM to generate a scenario, wherein 
the TPS is completely developed.  This was used to generate the flow path in order to obtain the sub 
watersheds within the TPS.    The figure 4-8 conceptualises the process.  Here it is assumed that the 
water falling on any surface on the ‘plot’ will follow one of the two paths: 

• Either it will be allowed to percolate in to the ground, naturally or artificially depending on 
the conditions (a portion of the rain-water falling on the roof was supposed to be stored in the 
tanks of each house (for direct consumption) or,  

• It will become a runoff, in which case it will be let out on the road (as is the regulation). 

 
Figure 4-8: Schematic Concept of the 'urban' DEM 

Here the TPS, though an administrative boundary, was looked at as a watershed, since it would be 
easy to implement the method block wise.  However, the TPS were surrounded on two sides by 
artificial hydrological boundaries, in the form of elevated highway and a railway track.  The flow 
chart shown in Fig. 4-9 shows the process to generate the DEM and the subsequent thematic maps. 
 
The method and results of the flow paths of the raised road surface and the thematic maps are 
discussed in Chapter 5. 
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Figure 4-9: DEM Generation, an Overview of the Process 
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4.3.1. Generation of the Natural DEM, (Scenario: ‘No—TPS—Development’) 

Different available elevation information was used to generate first the ‘original’ DEM, representing 
the terrain in a scenario when no urban development has occurred.  Since the study area was not too 
big, it was possible to have a DEM resolution of 1 m.  A georeference, “Sola1mExt”, was created with 
pixel size 1m. This DEM was generated using the following data (Table 4-2): 
Table 4-4: Data Input for Natural DEM 

Two input data were used to create the DEM, out of which the better represented was selected for 
further processing: (a) DEM created from interpolating only the contour lines and (b) DEM created 
from using the point information and the contour lines.  Both these processes are explained in the flow 
chart, Fig 4-10.  Fig 4-11 shows the ‘original’ DEM.   
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Figure 4-10: Natural DEM Generation Process 

AutoCAD ILWIS  
Existing Layers Modified/ 

New Layers 
Parameter/ 
Description 

ILWIS Object Parameter/ 
Description  

Information/ 
Remarks 

 Contours_RL Contours_RL Annotation -- -- Text metadata 
 Contours Contours Polyline Contours Segment Contour information. 0.5 m 

interval. Attributes 
 GL1 GL1 Annotation HighCourt Points Spot Levels in TPS 43 
 OGL OGL Annotation science Points Spot Levels in TPS 41 
 SPOTLEVELS SPOTLEVELS Text Spotlvl Points Total station survey elevation 

levels. Ht attributes 
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Figure 4-11: Digital Elevation Model of the Study Area showing the Natural Terrain 

The natural DEM of the study region was further processed using the default ILWIS process 
“hydrologic flow”.  A delineation of the drainage pattern based on the collecting pixels and the ldd 
algorithm as discussed in Section 3.8.5.3 was carried out.  The drainage map Fig 4-12 shows a pattern 
typical to flat areas, comprising of no particular direction of water flow.   

 
Figure 4-12: Drainage Pattern Map 
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4.3.1.1. Observation 

The automatic ‘fill sinks’ functionality in ILWIS, though necessary for DEM optimisation in 
conventional situation, was not found to be useful in this case, since the algorithm “filled up” the 
small existing water bodies.  Moreover, there is no possibility of entering a value for minimum group 
of pixels that should be ignored in the fill sinks operation.  This operation was thus skipped when 
generating the drainage pattern map. 

�

Figure 4-13: Erroneous Fill-sink map 
�
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4.3.2. Generation of the ‘Raised’ DEM, Scenario 1 and 2 (Post TPS Development) 

The simulation process of raising the DEM was carried out by way of using the FL (Formation 
Levels) of the proposed road network in the TPS.  The first step was to generate an ILWIS point map 
of the nodes of those roads whose FL information was available.  A raster map showing the location 
of only the roads was also generated from the segment map final roads. This would be useful to mask 
the interpolated surface.  At this point, there were two possibilities:  (a) to incorporate the road’s FL 
in the original DEM and thereafter interpolate and (b) to directly interpolate using the FL values and 
masking with the roads raster map.  Both these methods were used to see the accuracy of the results.  
Obviously, the intention was to generate a surface that could resemble the actual FL as closely as 
possible. 
 
A test interpolation is carried out for (b) using the node value assigned to 1 pixel (default).  However, 
the surface does not get lifted between two nodes spaces sometimes about 350 m apart.  It is found 
that a single pixel (pixel size 1 m x 1 m) carries not enough weight to raise the whole surface.  Thus, a 
new raster map with assigned node value of 3 x 3 pixels is created, i.e., total of 9 pixels will get the 
height value of the centre pixel.  Here again, after a certain distance the surface ‘dips’ between two 
nodes. Thus, this surface is rejected for calculating the drainage pattern on the road. 
 
At this juncture, it is decided to check the result in Arc Map software.  The interpolation (kriging) is 
done using the shape file of the point dataset.  Upon close examination it is found that though this 
method (hereafter numbered as ‘c’) is by far the best interpolated surface, it is not able to include all 
the point heights as is required, but rather is a ‘best fit” through all the point.  The shape file is then 
imported into ILWIS for comparison’s sake. 
 
A profile across two nodes of known FL values is cut on each of these surfaces.  The results of these 
are shown in Table 4-5.  The profile section was taken along Nodes 2 and Nodes 3 in TPS 43 as 
shown in Fig 4-4 and Fig 4-14. 

 
Figure 4-14: Map Showing the Profile Segment along node 2 & 3 in TPS 43 
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Table 4-5: Result of Various Interpolated Road Surface and their Profile Sections 
�
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From the profile it is clear that all the three methods described above have ‘dips’ in the road surface 
which should otherwise have been evenly sloping.   The reason to this can be attributed to the fact that 
the DEM has very fine resolution (1 m) and the points are spaced too far apart.  In order to generate an 
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accurate surface, more points with ‘inter mediate’ height values would be required.  A fourth method 
(d) is adopted; this method is a combination of spreadsheet and GIS based interpolation.  This is done 
by creating a set of closely spaced points (1 m apart) along a new set of segments running between the 
nodes.  In effect, the centre lines of the roads are represented as points with intermediate FL values.  
The interpolation is done by a mathematical calculation in MS Excel.   The interpolated surface and 
its profile are shown in Fig 4-15 and Fig 4-16 respectively. 

 
Figure 4-15: Final Road Surface 

 
Figure 4-16: Profile along one segment 

The flow chart for all the three method (of Road surface generation) is shown in Fig 4-17. Fig. 5-5 
shows this ‘Raised Road DEM’ surface overlaid on the Original Terrain DEM. 
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Figure 4-17: Generation of Raised Road Surface 



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

 

94 

4.4. Application of GIS to Discuss the Pre and Post TPS Development and its 
Effect on Water Conservation 

In order to determine the total amount of runoff from the TPS area, it is necessary to find the runoff 
generated from its constituent plots (with various land use classes).  A land use map is generated.  
Further, flow lines of the collecting pixel are delineated based on the ‘raised DEM’.  It is assumed that 
the plots will offload the surplus water on to the road.  Thus, the roads are seen as an open channel to 
transport water.  The schema is shown below (Fig 4-18 to Fig 4-20). 
 

 
Figure 4-18: Runoff Generated at a House Level 

 
Figure 4-19: Runoff Generated at a Community 

Level 
 

 

 
Figure 4-20: Runoff Generated at a Block Level 
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In GIS environment this diagrams would be interpreted as: 

 
Figure 4-21: Schema to Derive Runoff 

 
The plots can be identified based on their land use class as well as their location in the TPS.  The 
method of grouping these plots per urban block is explained in Chapter 5.  Based on the coefficients 
and using the rational method, the runoff can then be estimated as: 
 
Runoff Volume (L³) =Runoff coefficient*Area (of the Catchment; L²)*Rainfall (L) 
 
The next chapter discusses the analysis carried out on the maps/tables. 
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5. Analysis and Discussion  

This chapter discusses the analytical method applied in order to derive the potential runoff generated 
by a particular rain event, as well as to check the possibilities of diverting the water to a water body 
and of artificial recharge, within the constraints of the local building bylaws.  This then becomes the 
“strategy to bring water to the water body—to revitalise it”.  Detailed explanation of the aspects of the 
bylaws concerning this study was made in Section 3.1.  In order to derive quantitative results, two 
scenarios were generated.  First on the basis of the natural topography and then considering that, the 
whole area was built up based on existing rules and regulations.  The analysis of existing road layout 
is carried out to check if they are indeed capable of conveying the runoff towards the water bodies.  If 
not, then, secondly, how can they be modified in order to transport water at a desired place?  Finally, 
some observations are made with respect to artificial recharge to groundwater.  
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5.1. Water Functions 

It was the objective of this study to develop a strategy to revive the water functions and the water 
body in the present context by way of rain-water harvesting.   
 
The presence of a healthy water body in midst of a settlement is seen as a starting point for a cleaner 
and healthier society.  Clean water in the lake implies not only good governance but also a certain 
amount of public understanding and participation.  The lake in today’s context will serve multitude of 
functions, some dependent on the water retention period while the other will be permanent so long as 
the land demarcated for the lake is not encroached by illegal/unforeseen means.  In this context, the 
benefits gained out of maintaining a healthy water body are often intangible, they will certainly affect 
the society for good.  
Table 5-1: Lake and its related Water Functions 
Kind of Water Function Is water in lake required for the 

whole year to fulfil this 
function? Yes/No 

Is water in lake required for some 
part of the year to fulfil this 
function? Yes/No 

Place for recreation, social and communal activity Yes  Yes 
Lake as a large urban open space No Yes 
Social/communal Institutions that are present on 
its edge, e.g. Temple, Village Civic Office, 
Crematorium, etc. 

No Yes 

Aquifer Recharge Yes -- 
Pricing of the land value No Yes 

 Further presence of water in the lake will prevent: 
• Dumping of solid waste/local waste water into the water body.   
• Disposal of household refuse by the people residing on the land in the periphery of the lake. 
• Encroachment by slum dwellers. 
• Reduction in flooding of roads during monsoon. 

5.2. Feasibility Check of Urban Runoff Potential—a Strategy to Revitalise the 
Water Body 

5.2.1. Runoff Estimation and Distribution Priority of Harvested Rain-water 

An estimated runoff volume is required to make a water balance and check the potential/validity of 
the method adopted to revitalise the water body.  The method employed to estimate the runoff volume 
is explained in Section 3.8.5; Section 3.8.6 and Section 4.4. 
 
An urban settlement has various demands for water.  Since large part of resource are consumed in a 
relatively small area, it is obvious that rain water alone cannot suffice all the water needs in an urban 
environment.  One of the objectives of this study was to revive the water body by way of only rainfall 
runoff.  Hence, the first priority is to fill the lakes.  If there is surplus runoff water, then the rain water 
should be intercepted by way of Roof RWH at the individual house level.  All the surplus water 
thereafter should be appropriately used to recharge the aquifer.  Moreover, the distribution of 
available water should be prioritised depending on the water quantity generated from various 
catchment surfaces as well as the water quality required by the functions.   In order to estimate the 
runoff following parameters will be required: 
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a. The area of each land use class within the TPS. 
b. The runoff coefficients of each land use class. 
c. The rainfall duration and intensity for which runoff is estimated. 

And this is to be balanced with the requirement  
a. The capacity of the water bodies in the area. 
b. Drinking and cooking water needs of the population. 
c. Infiltration capacity of the aquifer. 

In the above priority list, relatively good quality water will be required for drinking and cooking 
needs.  Moreover, caution needs to be exercised during aquifer recharge and lake water storage with 
regard the water quality.  The methods to ensure clean water are many and some were discussed in 
chapter 3.  Further, as discussed in Section 3.3, there is a possibility to recharge the water in the 
phreatic aquifer.   

5.2.2. TPS Land Use Area 

Various land use types within the TPS will generate different amount of runoff.  These areas are 
calculated using the guidelines for the TPS land use category allocation given in Table 3-2.  Exact 
break up of the TPS 41-42-43 is given in Section 2.5 (Table 2-9). However, for this calculation, the 
area generated from the ILWIS vector data is considered and is presented below in Table 5-2.  The 
Land use map of the study area is presented in Fig 5-1. 
Table 5-2: Break up of TPS Area per Land Use 

Break up for TPS 41-42-43 

Land use Area (m²)  Area (%) 
Consolidated land use (for the 
runoff coefficient) 

Residential     2269640 57.03  
S&EWS Housing   59388 1.49  
Commercial      230461 5.79 Commerce 

Civil Hospital  97822 2.46 Institution 
Gujarat High Court  133306 3.35 Institution 
Temple          910 0.02   
Industry        2237 0.06 Industry 
Neighborhood Centre 102514 2.58   
School          23029 0.58   

Garden          81954 2.06 Open/Unpaved 

Open Plot       16858 0.42 Open/Unpaved 
Playground      15842 0.40 Open/Unpaved 

Parking Lot     3244 0.08  

Road 808458 20.31  

Water Body       119628 3.01   

Canal           14401 0.36   
Total (m²) 3979692 100.00   

Sola Village    72735   
Note: Area based on ILWIS vector data 
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Figure 5-1: Land Use Map 

5.2.3. Runoff Coefficients 

For developing various scenarios, the runoff is calculated as generating out of each plot (based on its 
land use class).  It is assumed that there is no loss by way of artificial recharge methods or storage of 
water at the household level.  The losses due to natural infiltration and interception are accounted for.  
The weighted runoff coefficients are used to generate the runoff (for each land use class) and are 
described in Table 5-2 (Refer Appendix I for source chart).    
 
For the sake of ease of computation, the plots are also grouped per urban block, i.e. when surrounded 
by roads on all sides and the total runoff per block is calculated.  The runoff volume as generated 
from each block is presented in Appendix J.  These values are used to calculate various scenarios 
mentioned here on.  Fig 5-3 shows the urban blocks, the location of the water bodies and the road 
network.   
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Table 5-3: Weighted Runoff Coefficients 

Floor/Roof 
Area Paved Unpaved Garden

Runoff Coefficients 0.9 0.75 0.4 0.1
Residential (57 %)
% break up of the plot area 50% 30% 10% 10% 1
Weighted Coefficients 0.45 0.225 0.04 0.01 0.725
S&EWS Housing (1.5 %)
% break up of the plot area 70% 20% 0% 10% 1
Weighted Coefficients 0.63 0.15 0 0.01 0.790
Commercial (6 %)
% break up of the plot area 45% 45% 0 10% 1
Weighted Coefficients 0.405 0.3375 0 0.01 0.753
Civil Hospital/Guj High Court 
(Total 6 %)
% break up of the plot area 45% 25% 10% 20% 1
Weighted Coefficients 0.405 0.1875 0.04 0.02 0.653
Temple (0.02 %)
% break up of the plot area 20% 30% 25% 25% 1
Weighted Coefficients 0.18 0.225 0.1 0.025 0.530
Industry (0.06 %)
% break up of the plot area 50% 30% 12% 8% 1
Weighted Coefficients 0.45 0.225 0.048 0.008 0.731
Neighbourhood Centre (3 %)
% break up of the plot area 50% 30% 10% 10% 1
Weighted Coefficients 0.45 0.225 0.04 0.01 0.725
School (0.5 %)
% break up of the plot area 30% 30% 30% 10% 1
Weighted Coefficients 0.27 0.225 0.12 0.01 0.625
Gardens (2 %)
% break up of the plot area 0% 0% 10% 90% 1
Weighted Coefficients 0 0 0.04 0.09 0.130
Open Plot/Playground (2.5 %)
% break up of the plot area 0 0 100% 0% 1
Weighted Coefficients 0 0 0.4 0 0.400
Parking Lot (0.08 %)
% break up of the plot area 10% 85% 0 5% 1
Weighted Coefficients 0.09 0.6375 0 0.005 0.733
Roads (20 %)
% break up of the plot area 0 100% 0 0 1
Weighted Coefficients 0 0.75 0 0 0.750
Canal/Waterbody (3.5 %)
% break up of the plot area 0 0 0% 0 0
Weighted Coefficients 0 0 0 0 0
Sola Village 
% break up of the plot area 50% 30% 15% 5% 1
Weighted Coefficients 0.45 0.225 0.06 0.005 0.740

Weighted Runoff Coefficients

Land Use Class                
(Percentage of the TPS area)

Break up of a typical plot area (based on Surface 
Characteristics; as per the GDCR) Weighted 

Runoff 
Coefficient
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5.2.4. Maximum Rainfall Conditions and Design Peak Flow Estimation 

The rainfall data of the Ahmedabad from the year 1961 to 2002 is given in Appendix A.   The 
monthly rainfall data for the years 1999-2003 are given in Appendix B and the daily rainfall data for 
the year 2003 is given in Appendix C.   
 
From the rainfall data, it is observed that the highest rainfall of 1325.5 mm was recorded in the year 
1994, while the lowest recorded rainfall was 253 mm in 1987.  1987 was one of the three years when 
the region experienced severe drought during the observed rainfall data period (1961-2002). More 
than 90% of the total rainfall occurs in the five months from June to October.  Out of this, 75% of the 
total rain falls from July to September.   The long term average annual rainfall of 782 mm is taken for 
the runoff calculation(Section 2.2.6.3; (P.K.Parchure 1998 April)).  The maximum daily rainfall 
observed during the years 1999-2003 was 326 mm on 14 July 2000 and the second highest was 200 
mm on 24 August 2003.   Based on the data from AMC and AUDA, maximum intensity of 326 
mm/day is taken for the calculation of maximum runoff generated in a day. 
Table 5-4: Rainfall figures 

Monsoon Month Rainfall (mm) 
June 77.30 
July 250.30 

August 156.80 

September 188.50 

October 12.40 

Total Rainfall during Monsoon 685 
Long Term Average Annual Rainfall 782  
Maximum Daily Rainfall 326 

However, according to a thumb rule by renowned meteorologist, Prof. Dr. P.R.Pisharoty (A. Agarwal 
1997; Anil Agarwal 1997),  

“The number of hours of rain, a place receives in a year is equal to the number of 
centimetres of rain it receives annually.  And half of this annual rainfall is 
precipitated in just one-fifth of the total hours of rain in a year.” 

Ahmedabad receives 76.6 cm of rainfall annually.  From the above thumb rule, Ahmedabad will 
receive on average each year a storm with an intensity of 25 mm of rainfall per hour.  
 
The process of generating a cross table with the urban block and land use class. Thus, using the 
formula described in Section 4.4, monthly; annual and max day runoffs volumes were derived.  The 
process is described in the flow chart as shown in Fig 5-2. 
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Figure 5-2: Cross Table: “Plots x Block” Generation 
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Figure 5-3 Urban Block, the (proposed) Road Network and Water bodies 

Fig 5-4 and Fig 5-5 shows the urban block and their runoff potential for maximum daily rainfall as 
well, for the annual rainfall.   

 
Figure 5-4: Maximum Runoff Volume in 1 Day 
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Figure 5-5: Total Yearly Runoff Volume 

Here the annual rainfall is taken as 782 mm and the daily maximum rainfall is taken as 326 mm. 

5.2.5. TPS Water Requirement 

Water requirements in the study TPS is calculated based on the norms mentioned in Appendix D and 
are presented in Table 5-5. 
Table 5-5: Water Requirement in TPS 41-42-43 

 
Maximum projected population; 

year 2020  
Population at current density; 

year 2004  
Density (no of persons/ha) 400 150 
Total Estimated Population 157849 59194 
 

Total Water Needs 
Water needs per person (lpcd) 140  
Annual Water need (l per person/year) 51100  
Total Water need (MCM/year) 8.07 3.02 
 

ONLY Drinking Water Needs 
Water needs per person (lpcd) 3 
Annual Water need (l per person/year) 1095  
Total Water need (MCM/year) 0.17 0.06 
 
ONLY Drinking & Cooking Water Needs 
Water needs per person (lpcd) 10 
Annual Water need (l per person/year) 3650  
Total Water need (MCM/year) 0.58 0.22 
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In order to store the water at a house hold level, a storage tank would be required.  Following norms 
are assumed for the size of this tank: 

Capacity of storage tank per family of average 5 person(at 3650 lit/person/year; 
for drinking and cooking water requirement) 18250 

Storage capacity in m³ 18 

Capacity to store water within the house is approximately 19 m³.  This is an economical size in 
present times, when most of the residential units have two to three water storage tanks on their 
premises. 

5.2.6. Recharge Capacity of the Percolating Well 

Based on the hydrological setup of the study area mentioned in Table 2-10, following is the recharge 
capacity of one percolating well. 
Table 5-6: Recharge Capacity of a Percolating Well 

Rate of recharge (lps) 5 

Recharge Volume(MCM/day) 0.0004 

Recharge Volume(MCM/monsoon;  5 months) 0.06 
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5.2.7. Aspects of an Urban Rain-water Harvesting Systems 

As discussed in Chapter 3, each WH system should have the following four components (after (Kijne 
1999)): 

a. Runoff producing catchment 
b. Runoff collection scheme 
c. Runoff storage facility 

a. Stored in surface reservoir (pond, tank, etc.) 
b. Stored in soil profile to recharge aquifer, and  

d. Runoff use area. 
It is clear that this components are a generalised explanation and does not clarify the type of 
elements—civic structures that should be employed.  The various techniques mentioned in chapter 3 
coupled with the urban elements then, will form a complete urban rain-water harvesting system.  The 
above mentioned components will require modifications in its definition and the types of elements 
involved in fulfilling the functions.  In the case of a TPS, this can be reviewed as: 
Table 5-7: Components of Urban RWH System 
Component of the Urban 
Water Harvesting Schema 

Urban Elements that could act as the 
component. 

Remarks 

All the surfaces, primarily, the roofs of 
the buildings and the paved/unpaved 
areas around them.  

This will generate clean runoff, and could be 
readily used by way of filtration and 
maintenance of the system. 

Roads Modification required to its design in order 
for the water to be transported. 

Runoff producing 
catchment 
 

Open plots Would act as infiltration areas 

Roofs Appropriately directed slopes in the roof; a 
system of Roof RWH pipes and valves 

Open grounds Sloped towards the road; infiltration area; 
tank. 

Runoff Collection Scheme 

Roads Drainage systems.  

Stored in surface reservoir (pond, tank, 
etc.) 

These are existing areas. Modification 
required to its inlets and filtration basins. 

Stored in household water storage tanks. House to adopt the roof RWH system.  
Additional tank for drinking water storage 
required. 

Runoff storage facility 

Stored in soil profile to recharge aquifer. Surplus water can be recharged in the 
aquifer. Can augment the GW supply.  

Runoff use area Water retained in the lake as an urban 
element. 
Roof RWH in order to fulfil the daily 
cooking and drinking water needs 
To augment the ground water by way of 
artificial recharge practices. 

 

Thus, the city in general and some of its part will act as a runoff producing catchment as well as 
runoff collection scheme.  Again, the runoff producing and the runoff use area are not distinct but the 
city itself.  Thus, the water is not transported over long distances. 
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5.3. Evaluation of Potential Sites for Water Harvesting Based on the Natural 
DEM and Existing Road Design  

The natural drainage pattern plan (Fig 4-12) showed no distinct flow pattern-typical of flat 
topography.  However, many pockets of low areas could be identified; some were existing water 
bodies, while others were farm lands that would be water logged during heavy rainfall and will remain 
so until the water infiltrated or evaporated.  This is the scenario of “No-TPS-Development”.   
Considering the original land use and the land cover, the rain-water harvesting potential of the area 
can be estimated as below: 

Total Area of TPS (m²) 3979692 
Total Area of TPS (ha) 398 
Yearly Rainfall (m) 0.782 
Rainfall infiltration factor (based on Appendix  F) 25% 
Net rainfall available to generate runoff (m) 0.587 
Total Runoff Volume (MCM) 2.33 

Water available for recharge @ 50% of total available rainfall (MCM). 
Assumption based on CGWB thumb rule. 1.56 

This situation is mentioned for the sake of estimating the total potential of the area based on the 
thumb rule proposed by CGWB.  However, since there is a proposed TPS and the area is under 
development, the remaining part of this chapter deals with the evaluation of the existing road network 
and their slopes.   

5.3.1. Evaluation of Raised Road Surface and Natural DEM 

Fig 5-6 shows the overlay of the raised road surface on the natural terrain DEM.  Fig 5-7 and Fig 5-8 
shows the hill shade view of some parts of the DEM, the left box in both showing the natural terrain, 
with roads footprint in light tone whereas, the right box shows the same road after it is raised.  From 
the overlay, it was observed, that the proposed road network was considerably higher than the 
surrounding original ground level.  In some areas, the difference between the two levels was as much 
as 2.5 to 3 m.  As shown in Fig. 5-8, the low lying areas are surrounded by the road network, thus 
eventually blocking any natural inlet available to the water body. 
 
Flow lines were generated on this new road surface based a number of ‘collecting pixels’ upstream 
(Fig 5-9).  A flow path map with 5000 collecting pixel (and thus a road area of 5000 m²) along with 
the water bodies’ map is overlaid in order to evaluate the road slopes. Fig 5-10 shows the road slopes 
based on the Road FL heights.  It was found that, the flow lines of the roads were not directing 
towards the existing water body.  In fact, in general the tendency of the road slope was to carry the 
water ‘away’ from the area (and the water bodies; Fig 5-8 and Fig 5-9).  Here, the word ‘away’ is 
specifically used, in the sense, that when looked at from an overall point of view, taking water away 
from one TPS would have meant letting it enter the next one down the slope!  That would not have 
solved the purpose of negotiating the sudden cloud bursts of high intensity.  An analysis was done to 
check the actual amount of water that could be used to fill the lakes and the amount of water that was 
going to run out of the TPS.  This is described in the next section.  
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Figure 5-6: Road Surface Overlaid on Natural DEM 
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Figure 5-7: Comparison of Natural and Raised Surfaces 
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Figure 5-8: Comparison of Natural and Raised Surfaces 
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Figure 5-9: Close-up views of the Flow Lines on Raised Road Surface 
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Figure 5-10: Existing Road FL and Slope Pattern 
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5.3.2. Delineation of Catchment based on the Existing Road FL (Slope Pattern): 
Scenario Zero 

Based on the slope pattern (Fig 5-6; 5-9; 5-10), a delineation of the catchment is done such that the 
rainfall runoff will feed water to a lake nearest to it.  Further, this information is used to estimate the 
runoff generated and whether this amount of water is sufficient to fulfil the needs for revitalising the 
lakes.  The delineation of the sub-catchment is shown in fig. 5-11. 

 
Figure 5-11: Sub-catchment as per Existing Road FL 

Now, there are 8 existing water bodies in the TPS.  Based on the road slopes, 14 catchments were 
recognised.  Here, the area that is contributing to specific water body is delineated as well as the 
remaining area that is not contributing is also delineated.   
 
The runoff generated from those catchments that do not have any water body will either remain inside 
that catchment or will leave the TPS.  Thus, it has to be disposed off the roads, in order to avoid the 
flooding. In some cases, the water accumulation will occur on residential/commercial land use class.  
The runoff calculations made are based on the method explained before, i.e. per urban block.  The 
results from the runoff calculations are presented in Table 5-8.   
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Table 5-8: Runoff Summary 

Excess Runoff from the sub-catchments 

Runoff parameters of the sub-catchment 
Storage 
parameters Annual Runoff Monsoon Runoff 

 Su
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t  
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Total 
Yearly 
Runoff 
(plots and 
roads; 
MCM) 

Total 
Monsoon 
Runoff 
(plots and 
roads; 
MCM) 

Maximum 
Day Runoff 
(plots and 
roads; MCM) 

Volume of 
the water 
body in the 
sub-
catchment 
(MCM) 

Excess 
runoff in 
each sub-
catchment 
(annual; 
MCM) 

Total 
Excess 
runoff 
(MCM) 

Excess 
runoff in 
each sub-
catchment 
(monsoon 
rains) 

Total 
Excess 
runoff 
(MCM) 

3 0.22 0.20 0.09 0.01 0.22 0.19 

4 0.19 0.17 0.08 0.01 0.19 0.16 

5 0.01 0.01 0.004 0.07 No Excess No Excess 

7 0.10 0.09 0.04 0.07 0.03 0.02 

9 0.15 0.14 0.06 0.02 0.13 0.12 

10 0.31 0.28 0.13 0.01 0.30 0.26 

13 0.20 0.18 0.08 0.42 No Excess No Excess 

12 0.16 0.14 0.07 0.02 0.13 0.12 
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Total 1.34 1.19 0.57 0.63 0.71 0.56 

  

1 0.15 0.14 0.07 0 0.15 0.14 

2 0.35 0.31 0.15 0 0.35 0.31 

6 0.11 0.10 0.05 0 0.11 0.10 

8 0.10 0.09 0.04 0 0.10 0.09 

11 0.03 0.03 0.01 0 0.03 0.03 

14 0.06 0.05 0.03 0 0.06 0.05 
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Total 0.81 0.72 0.34 0 0.81 1.52 0.72 1.28 

5.3.3. Conclusions 

• Out of the 14 catchments, 8 catchments can contribute to a nearby water body; 6 catchments 
are sloped such that water will inundate the low lying areas in them. 

• 70% of total annual runoff generated is unutilised (out of that, 67 % is during monsoon). 
• 39% of the TPS area is not drained appropriately. 

Thus, the existing road slopes were not conducive to carry all the water to a particular lake.  It is the 
intention of the study to use all the water falling within the TPS locally.  Thus, there were two 
possibilities: 
Scenario 1: To suggest an alternate road design that can take the water to the lakes, of course, with 
additional infrastructure.  Here, the Sola Main Lake and one smaller lake adjacent to it are taken as 
the lakes to be revitalised.  Both these lakes and their catchment comprise the present TPS 43. 

a. To check if the road re-alignment is technically feasible in given situation. 
b. If there is enough water, then to work out a scenario wherein a certain urban block are 

allotted to each existing water body in the TPS. Thus, this area would act as its 
catchment.  And the roads would facilitate the water flow in the direction of the water 
body. 

c. If there is surplus water after the lake is ‘filled’, then to divide the generated runoff 
for Roof RWH at the ‘plot’ scale as well as for augmenting the aquifer storage. 
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Scenario 2: If Scenario 1 is feasible, then to apply the same method to remaining two TPS (No. 41 
and 42), at this juncture, assuming that all the other roads are similarly sloped internally, i.e., their re-
alignment is feasible.   

a. To check the total amount of runoff generated in all three TPS and whether that is 
sufficient or not to fill all the lakes therein.  Here, it was assumed that the roads are 
sloping towards the water body.   

b. What portion of the runoff will be available for Roof RWH and for aquifer recharge? 
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5.4. Feasibility Check of Realignment of the Roads: Scenario 1 

This section takes up a scenario, wherein, TPS 43 with its two water bodies are analysed.  Thus, sub-
catchment delineation is carried out on the basis of 

• The TPS boundary.  It is the unit by way of which this modification can be effected. 
• The existing slopes of the road within the TPS that needs to be altered. 
• The constraints of the site like the boundary conditions, e.g. rail road or a highway whose FL 

height/slopes cannot be modified. 
• The original ground level (Natural DEM).  To check if there is not too much raise/dip in 

relation to the natural terrain. 
Moreover, since the unit of calculating the runoff is an urban block, this scenario can be changed 
depending on a particular size of the water body available (within the region).  The surplus water can 
either be detained (in another low lying area) or be allowed to go out of the TPS.   Fig 5-12, shows the 
sub-catchment and the two water bodies with the proposed road slopes.  The road nodes circled in 
‘red’ are those that have been changed.  This can be compared with the road slopes as shown in Fig 5-
10.  Further, by comparing with Fig 5-11 one can see that this new sub-catchment is in fact a full 
consolidation of the four smaller sub-catchment nos. 10-11-13-14 and parts of sub-catchment No 2 
and 9.   Out of these six, sub-catchment no. 2, 11 and 14 were not draining into any water body 
before. 

 
Figure 5-12: Scenario 1—Modified Road Slope and Sub-Catchment 

Thus, by changing 7 Nodes’ FL, the water can be diverted towards the water body.  The change in the 
heights of the road FL is given in Table 5-9.  A quantitative analysis on the amount of runoff thus 
generated and its use based on the priority (as explained in Section 5.3) was done, and is presented 
below.  Here, only the monsoon rainfall and runoff is considered to check the viability of the method. 
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Table 5-9: List of Changed Road FL Node 

Name of the  
FL Node 

Proposed Formation 
Level Scenario1:Changed FL Height Difference 

TPS-43 Node-04          53.00 52.80 0.20 
TPS-43 Node-20          53.10 53.50 -0.40 
TPS-43 Node-29          53.52 53.70 -0.18 
TPS-43 Node-34          53.60 53.65 -0.05 
TPS-43 Node-08          52.81 52.50 0.31 

TPS-43 Node-16          53.24 53.45 -0.21 

Table 5-10: Yearly and Monsoon Runoff 
(Runoff during) Monsoon Months 

 
Yearly 
Runoff  

Runoff 
June 

Runoff 
July 

Runoff 
August 

Runoff 
Sept 

Runoff 
October 

Total runoff 
in Monsoon 

Total Runoff 
volume from the 
Plots (MCM) 0.55 0.05 0.18 0.11 0.13 0.01 0.48 
Runoff volume 
generated from 
roads (MCM) 0.15 0.02 0.05 0.03 0.04 0.00 0.14 
Total Runoff 
volume from plots 
and roads(MCM) 0.69 0.07 0.23 0.14 0.17 0.01 0.62 

Refer Appendix K for runoff from each block. 
Table 5-11: Capacity of the Two Water Bodies in the Area 

Location of the Lake  TPS 43- FP No. 1 TPS 43- FP No. 67/1 Total Capacity 
Area of lake (m2) 70024 4614 
Average Depth of lake (m) 6 3 
Capacity of the lake at 6 m average depth 
(MCM) 0.42 0.01 0.43 

 
Table 5-12: Results of Runoff Distribution 

1 Surplus water after filling both lakes (MCM) 0.18 
Maximum projected population Drinking Water Requirements: 
by the year 2020  Current Density 

Total Estimated Population 59288 22233 
ONLY Drinking Water Needs (Annual; MCM) 0.06 0.02 
ONLY Drinking & Cooking Water Needs (Annual; MCM) 0.22 0.08 

 

Total runoff surplus from the plots after the interception for the 
drinking  needs 0.42 0.46 

Total runoff surplus from the plots after the interception for the 
drinking and cooking needs 0.26 0.40 

 

Total runoff available at the end of monsoon after household 
interception (drinking only) and lake water storage (MCM) 0.12 0.16 

2 

Total runoff available at the end of monsoon after household 
interception (drinking and cooking) and lake water storage (MCM) None 0.10 

3 Maximum no. of wells required to recharge all the surplus runoff after 
lake filling and interception (drinking only) in the monsoon season.  2 2 



STRATEGY TO REVITALIZE URBAN WATER BODIES: CASE OF SEMI-ARID GUJARAT, INDIA 

 

119 

While calculating the recharge by percolating well, it is assumed that the well will function for the 
five monsoon months.  Fig 5-13 shows the volume of lake per month starting from the Monsoon 
season.  The calculations are presented in Appendix L.  The Lake at the starting of monsoon was 
assumed to be completely dry.  From the analysis it was found that if full, the lake will retain water 
for the whole year. Considering sufficient rains in following year, there will be more surplus runoff. 

Monthly Volume Change (MCM) in Sola Main Lake
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Figure 5-13: Volume in Sola Main Lake 

5.4.1. Discussion and Conclusion 

a. Only rainfall during the monsoon season was considered for this calculation. 
b. The Main Lake will overflow in August if it was completely empty at the start of 

monsoon. 
c. If the lake is completely filled by October, then it will retain water through the summer 

months (March to May).  Only evaporation and seepage losses were deducted to 
calculate the lake volume at the end of May. The depth of the water would be 
approximately 3.5 m at the end of May. 

d. Based on the existing catchment size, there is no water available for aquifer recharge if 
water is intercepted for drinking and cooking requirements, however, at the current 
population situation, there is surplus water for 2 percolating wells operated during the 
monsoon months after interception for lake fillings and drinking water needs. 

e. The sub-catchment (TPS 43) had two of the largest water bodies of the whole study area 
comprising of 68% capacity while the land area of TPS 43 is only 37% of the whole 
study area.  Thus, when seen from the point of view all the three TPS, there can be 
possibility of surplus water available after filling all the lakes as well as fulfilling the 
household needs. This possibility is checked in the next scenario. 
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5.5. Modifying the Existing Road Pattern in Whole Study Area : Scenario 
Two 

In Section 5.5 (Scenario 1), it was observed that there is a possibility to use the rainfall runoff, by 
making a minor change in a few roads’ FL, and that too by decreasing their FL heights.  Scenario 2 
envisages a similar re-alignment, based on the sub catchment identified for all the 8 water bodies of 
the study area.  An important criterion for the sub-catchment delineation was the minimum 
interference with the existing road design.  Fig 5-14 shows the sub catchments for each water body in 
the TPS. 

 
Figure 5-14: Scenario 2 Schema 

Comparing Fig 5-11 with Fig 5-14 it is evident that Scenario 2 is an inclusion of those sub-catchments 
that were not draining in any water body as per the existing road slopes. 
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5.5.1. Development of the TPS and Runoff Distribution 

Here the water falling on the blocks and on the roads is assumed to runoff to the water bodies within 
its catchment.  The assumption is that the roads are sloped appropriately towards the nearest low lying 
area similar to as was done in Scenario 1.  The quantitative analysis is done on each of the sub-
catchment as well as for total area as one unit. In terms of distributing the runoff, the same priority as 
discussed in Section 5.3.1 is maintained.  Table 5-13 shows the cumulative results of the whole area, 
while Table 5-15 details the sub-catchment wise analysis for runoff distribution. 
Table 5-13: Yearly and Monsoon Runoff 

(Runoff during) Monsoon Months (from all Blocks) 

 
Yearly 
Runoff  

Runoff 
June 

Runoff 
July 

Runoff 
August 

Runoff 
Sept 

Runoff 
October 

Total 
runoff in 
Monsoon 

Total Runoff Volume from 
the Plots (MCM) 1.71 0.17 0.55 0.34 0.41 0.03 1.50 

Runoff Volume generated 
from roads (MCM) 0.44 0.05 0.15 0.10 0.11 0.01 0.42 
  
Total Runoff Volume from 
plots & roads(MCM) 2.15 0.22 0.70 0.44 0.53 0.03 1.91 

The details of the water bodies in the TPS are given in Table 5-14.    
Table 5-14: Capacity of the Water Bodies in the Area 

Sub-catchment No. 
(Drawing reference for 
Fig. 5-14) 

Present Area of the Water Body 
(m2; Area based on ILWIS 
vector data) 

Depth of the 
Water Body (m) 

Volume of the Water Body 
(MCM) 

7 70024 6 0.42 
8 12201 2 0.02 
6 4614 3 0.01 
2 2574 2 0.01 
4 5898 3 0.02 
3 2488 3 0.01 
5 10651 7 0.07 
1 11179 6 0.07 
Total of all the  
Sub-catchments 119628  0.63 
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Table 5-15: Runoff per sub-catchmenti 

Sub-catchments Number 
Description 1 2 3 4 5 6 7 8 Total 

Runoff parameters of the sub-catchment  

Total runoff generated from ONLY plots at the end of Monsoon (MCM) 0.18 0.33 0.04 0.10 0.26 0.22 0.26 0.11 1.50 

Total runoff generated from ONLY roads at the end of Monsoon (MCM) 0.05 0.08 0.01 0.03 0.07 0.06 0.08 0.03 0.42 

Total Yearly Runoff (plots and roads)(MCM) 0.26 0.47 0.06 0.14 0.38 0.31 0.38 0.16 2.15 

Total Monsoon Runoff (plots and roads) (MCM) 0.23 0.41 0.05 0.13 0.34 0.28 0.34 0.14 1.91 

Maximum Day Runoff (plots and roads) (MCM) 0.11 0.20 0.023 0.06 0.16 0.13 0.16 0.07 0.91 

Storage parameters of the sub- catchment 

Volume of the water body in the sub-catchment (MCM) 0.07 0.01 0.01 0.02 0.07 0.01 0.42 0.02 0.63 

Excess runoff amount after filling the lake (annual; MCM) 0.19 0.46 0.05 0.13 0.30 0.30 None 0.13 1.52 

Excess runoff amount after filling the lake(after monsoon rains; MCM) 0.16 0.41 0.04 0.11 0.26 0.26 None 0.12 1.28 

Household and Aquifer Rechargeii 

Population (as per 2004 density) 7542 12483 1576 4190 10920 8436 11824 4171 61141 

Drinking and Cooking Needs 0.03 0.05 0.01 0.02 0.04 0.03 0.04 0.02 0.22 

Total runoff available at the end of monsoon after household 
interception (drinking and cooking) and lake water storage (MCM) 0.13 0.36 0.04 0.09 0.22 0.23 None 0.10 1.06 

Maximum no. of wells required to recharge all the runoff after lake filling 
and interception (drinking and cooking)iii 2 6 1 1 3 4 None 2 18 

Population (as per 2020 density) 20113 33287 4201 11173 29121 22495 31530 11123 163044 

Drinking and Cooking Needs 0.07 0.12 0.02 0.04 0.11 0.08 0.12 0.04 0.60 

Total runoff available at the end of monsoon after household 
interception (drinking and cooking) and lake water storage (MCM) 0.09 0.29 0.03 0.07 0.16 0.18 None 0.08 0.69 

Maximum no. of wells required to recharge all the runoff after lake filling 
and interception (drinking and cooking) 1 4 0 1 2 3 None 1 14 
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Sub-catchments Number 

 1 2 3 4 5 6 7 8  

Maximum Runoff Scenarioiv 

Maximum daily runoff excess after filling of lake (MCM) 0.04 0.19 0.02 0.04 0.09 0.12 None 0.04 0.54 

Percentage excess in runoff compared to the size of the water body (%) 62 3727 213 243 115 855 0 174 85 

Increasing the capacity of the lakes 

Volume of the lake after increasing the capacity by 2 times (MCM)v 0.13 0.01 0.01 0.04 0.15 0.03 0.42 0.05 0.84 

Maximum daily runoff excess after filling of lake with increased capacityvi 
(MCM) None 0.19 0.01 0.03 0.01 0.10 None 0.02 0.35 

Percentage excess in runoff compared to the size of the water body (%) 0 1813 57 71 8 377 0 37 42 

 
 
 
 
 
 
 
                                                      
i Refer Appendix N for runoff calculation per block in each sub-catchment. 
ii ONLY monsoon runoff and maximum daily runoff is taken into account while calculating the surplus runoff after interceptions. 
iii It is assumed that the percolating well functions for five monsoon months.  Also refer Section 5.3.6. 
iv The peak daily rainfall is taken as 326 mm/day. 
v It is feasible to increase the size of the lake by double—by increasing its area by 50% and its depth by 25%. 
vi Here, the drinking and cooking interceptions are not considered, in order to check the worst case scenario. 
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Table 5-16, presents the cumulative results of the same scenario, including the annual runoff amounts. 
Table 5-16:  Results of Runoff Distribution 

1 Surplus water after filling both lakes with 
monsoon runoff (MCM) 1.28 

Maximum projected Population Drinking Water Requirements: 
By the year 2020  Current Density 

Total Estimated Population 157849 59194 
ONLY Drinking Water Needs (Annual; MCM) 0.17 0.06 
ONLY Drinking & Cooking Water Needs 
(Annual; MCM) 0.58 0.22 

 Monsoon Rainfall Annual Rainfall 

 

At Maximum 
Density (by year 

2020) 
At Current 
Density 

At Maximum 
Density (by year 

2020) 
At Current 
Density 

Total runoff surplus from the plots after the 
interception for the drinking  needs 1.33 1.43 1.54 1.65 

Total runoff surplus from the plots after the 
interception for the drinking and cooking needs 0.92 1.28 1.13 1.49 

2 

Total runoff available after household interception 
(drinking and cooking) and lake water storage 
(MCM) 0.71 1.07 0.95 1.31 

3 Maximum no. of wells required to recharge all the 
surplus runoff after lake filling and interception 
(drinking and cooking) and assuming the well 
function during the monsoon. 11 16 15 20 

 
At the extreme side, if one considers that none of the above interceptions is made, but all the runoff 
water is artificially recharged then only 30 wells are required in the three TPS to recharge all the 
runoff.  Thought, this is not a practical solution; it is mentioned here to impress the feasibility of the 
recharge. 

5.5.2. Discussion and Conclusion 

Observation on the sub-catchment wise results: 
a. The volumetric capacity of the water body and the area of the sub-catchment were not 

proportional.  E.g., Sub-catchment no. 2 though big in area had a very small lake to drain 
in while sub-catchment no. 7 had the largest lake.  This would affect the amount of 
surplus runoff. 

b. Maximum surplus runoff was generated in sub-catchment no. 2. 
c. No surplus runoff was generated in sub-catchment no. 7. 
d. Sub-catchment no. 6 had the second highest surplus runoff.  Considering the vicinity of 

this catchment to the Sola Main Lake, it would be appropriate to merge this catchment 
with sub-catchment no.7, and consequently divert its water to the main lake. 

This scenario was checked against the maximum daily rainfall scenario. 
a. While considering this scenario, no interception for drinking or cooking purposes was 

deducted. 
b. Owing to its smaller lake, sub-catchment 2 showed a very high maximum day surplus 

runoff.   
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c. When compared with the size of the water bodies, the excess runoff was to the tune of 
85% of their total carrying capacity amounting to 0.54 MCM. This would have 
submerged part of the area around the lakes. 

d. In order to decrease the surplus runoff, and consequently reduce the inundation, the size 
of all the water bodies, except the main tank, was doubled.  This resulted in surplus 
runoff of 42% of the total capacity of the lakes.  The volume of the runoff came down to 
0.35 MCM. 

e. The increase in lake capacity is realistic since that would mean a 50% increase in its area 
and only 25% increase in the depth.  Looking at the present depth of water bodies, there 
is a much higher scope for increasing the depth.  Further, all the present water bodies, 
have open plots or garden adjacent to it, which could act as detention basins during such 
high rainfall events.   

f. Sub-catchment no. 2 and no. 6 needed additional areas to dispose the surplus runoff in 
the form of detention basins.  These could ideally be located near to the existing water 
body; or could be located on the land that is allotted for civic functions.   

Observations on the cumulative results for all three TPS—their runoff and recharge potential. 
e.  Annual rainfall as well as the rainfall during the monsoon season was considered for this 

calculation. 
a. All the water bodies can be filled by monsoon rainfall, with almost 67% runoff volume 

to spare. 
b. If the lake is completely full in October, then it will retain water through the summer.  At 

the end of May, the depth of the water would be approximately 3.5 m. 
c. Based on the calculations, there is water available for induced aquifer recharge after 

necessary interception for drinking and cooking requirements.  At the maximum 
population density (projected for the year 2020), and considering that the rainfall 
duration is same, then a minimum of 11 percolating wells will be required to recharge 
the surplus runoff volume. 

d. The runoff volume by the CGWB thumb rule was estimated as 1.56 MCM.  The runoff 
volume derived from the calculations based on the runoff coefficients per land use class 
was found to be 2.15 MCM. 
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5.6. Potential of Roof RWH in Plots with Residential Land use  

So far, the runoff volume was looked at as function of all the land use class and its area.  Based on the 
runoff coefficients it can be said that the largest runoff would be generated by the paved areas.  The 
paved and impervious areas in the urban situations in fact are the largest contributors to increased 
runoff frequencies and intensities.   
 
In the case study area, the largest chunk of land area (57 %) is allotted to the housing/residential land 
use class (Table 5-1).   Further, the roof area of the building unit is the largest component within this 
plot area (50%, Table 5-3).  Thus, the potential of roof as a catchment for the rain-water cannot be 
ignored when one considers an urban situation.  This water can be readily used to mitigate the 
drinking water needs, if appropriate storage and filtration methods are applied.  A calculation was 
performed to derive the amount of rain water collected by way of roofs only and this was compared 
with the water requirement of the area.  The results are presented below: 
Table 5-17: Runoff Generated by Land use class 'Residence' 

2269640 (at 57% of the total TPS area) Total land area allotted to 
housing/residences (m²) Floor/roof Area Paved Unpaved Garden Total 
Break up Housing plot area (as per 
GDCR) 50% 30% 10% 10% 100% 
Total area component of a house (m2) 1134820 680892 226964 226964  
Runoff Coefficients 0.9 0.75 0.4 0.1  
Total Runoff Volume available for 
Harvesting (MCM) 0.80 0.40 0.05 0.01 1.26 

Table 5-18: Water Requirement and Roof RWH 
Water Requirement Maximum projected population 

 By the year 2020  
Year 2004, current 
density  

Total Estimated Population 157849 59194 
Total Water need at 140 lpcd (MCM) 8.07 3.02 
Total Drinking Water need at 3 lpcd (MCM) 0.17 0.06 
Total Drinking and Cooking need at 10 lpcd (MCM) 0.58 0.22 

Summary 

Percentage of drinking water requirement fulfilled by Roof RWH 100 % 100 % 
Percentage of cooking and drinking water requirement fulfilled by 
Roof RWH 100 % 100 % 
Percentage of total water requirement fulfilled by only Residence 
Land use class 15.68 % 41.81 % 

 
The increase in the amount of built up area has a direct relation with the surface area to receive the 
rain-water but at the same time, it will be at the cost of sacrificing the higher built v/s open ration in 
an urban settlement.  The result presented in the summary in Table 5-15 is assuming that all the 
houses employ the Roof RWH, which may not be practical in reality.  However, the potential of this 
single method of RWH and of the ‘residence’ as an important land use class cannot be denied.  
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5.7. A Note on Implementation and Repercussions on the Road Realignment 

The method employed to generate runoff within a local area in order to revitalise the water bodies is a 
theoretical calculation with no actual proof on its success.  However, from the analysis, it seems 
feasible to implement it on a small parcel of land—when a new TPS is being designed.  However, as 
of now, following pros and cons are envisaged.  This by no way is the final list of merits and de-
merits of the implementation phase. 
Advantages:  

a. A common platform for making a unique urban design project, wherein, experts from various 
fields; urban planners, environmentalist, landscape architects, policy makers, sociologists, 
representatives from the government, etc., can join hands and participate in the actual design.  
This will be a marked change from the existing system, wherein a town planner appointed in 
the local authority develops all the TPS based on the Urban Development rules.  Up to now, 
the involvement of experts and external agencies had been in by way of suggestions in the 
form reports and recommendations.   

b. Easy to manage due to the small land unit size of about 50 hectares. 
c. Ease of generating public participation and awareness.  The aspect of making people aware of 

their water shed and giving them the sense of ownership could be realised in a better way if 
the initial study is done on a small scale. 

d. Immediate results in terms of water collection in 1 year. 
e. Small financial investments.  Thus, the local body may be willing to do a pilot study. 
f. Less man power involvement compared to the total no. of people involved in the conventional 

TPS implementation system in the local body. Thus the overall local functioning can work 
unhindered. 

g. The area as whole to be looked as a watershed.  Thus, eventually, the whole catchment will 
benefit—economically and environmentally, besides ascertaining sufficient water supply. 

Disadvantages: 
a. Time taken to convince the authorities with regards the feasibility. 
b. Time taken to generate the necessary funds. 
c. Not an usual method, thus, difficult to envisage bottlenecks and teething problems 
d. Scepticism from the experts/layman alike. 
e. Selection of the TPS area.  Information to the owners on whose land this study would be 

experimented. 
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5.8. Implementing the method to revitalise the urban water bodies 

It was evident during the field work and having seen the development of the lakes over the last decade 
and from the gravity of the situation, that the strategy to be adopted would have to be 
multidisciplinary—technical and social planning is required.  Further, numerous individual studies 
have been carried out in order to highlight a particular aspect of these water bodies and the need to 
revive them. The beginning in this direction is made by the proposed project to interlink the lakes in 
order to ensure transfer of surplus water from one lake to other.  Further, in event of weak monsoon, 
the lakes would be fed imported water, primarily by the Narmada Main Canal, passing north of the 
city (Section 3.4).   But at the same time, the need to feed the lake with local water has taken a back 
bench.  This is a more critical and complex issues since it involves many agencies and the local 
population as well.  This involves mass awareness and conscious efforts towards conserving water.   
 
The first step in this direction would be to bring various stake holders on a common platform, sort of a 
management committee.   The issues of finances; land clearance and acquisition; physical study and 
planning of the area; public participation; policy formulations and implementation are various aspects 
of this exercise.  A broad framework (after (Kakade 2001 January)) is provided in Appendix N in 
order to get an overview of the strategy to revitalise the water body.  
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6. Conclusions & Recommendations 

This chapter outlines the conclusions from the understanding gained during the course of the work 
done as well as recommendations that can be incorporated in future RWH projects as well as in terms 
of policy decision.  

6.1. Introduction 

The purpose of this study was to identify: 
• If rainfall could be used to revitalise the water bodies and to induce artificial recharge to 

ground water.   
• If the TPS can be adapted to facilitate this measure.  In order to do this, a case study TPS was 

taken. At the same time, the efforts taken up by the local authority in this direction were 
inspected.   

• If the roads can be used effectively to divert the rain-water to a detention basin/lake/open plot, 
wherein it can percolate to the ground.  This would require added infrastructure—civil and 
hydrological. 

 
In order to answer the above mentioned issues following method was adopted: 

• A basic calculation of the amount of runoff generated was done.  The Rational method of 
computing runoff was applied and a visual delineation of the plots as sub-catchments 
upstream of the water bodies within the TPS was made.  This delineation was based on the 
ldd network generated on the ‘raised’ road DEM; the slopes of the road; the location of the 
water bodies in the area as well as the site conditions.  Further, the flow paths map was used 
to check whether the roads were sloped towards the low lying areas or not.   

• Based on the population projections and water requirement standards, feasibility of harvesting 
rain-water for household purposes was analysed. Using the existing building by laws, the 
amount of water that could be captured by way of Roof-top RWH was estimated. 

• Using the available infiltration and recharge data, an estimate was arrived at the amount of 
water that can be artificially recharged. 

 
However, mention must be made that in the event of runoff water being used to feed the lake and to 
recharge the aquifer, it would require further analysis and detailed study regarding the water quality 
aspects.   
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6.2. Case Study Area 

6.2.1. Observations during the Field Work 

• The proposed roads had an unusually high FL compared to the surrounding ground level.   
This became the core of the solution towards an effective strategy to divert the runoff towards 
the water body.  Moreover, it was found during the analysis that the desired results can be 
achieved by reducing the road heights.  This would obviously save lots of resources and time 
(Fig 6-1 and Fig 6-2).   

• A proposed road in TPS 43 had blocked the natural inlet to the water body (Fig 6-3 right).  In 
one instance, after a short rain spell, plots on both sides of the roads were water logged.  This 
indeed suggested that something was amiss in the way the TPS was laid out, especially after 
knowing that the final plots that would be developed would have to be higher than the roads.  
This in effect would have meant that the whole area would be raised by the time, the TPS is 
fully developed (Fig 6-3).  

�
Figure 6-1: Waterlogged plot in TPS41 

 
Figure 6-2: View of a Road. Note the height 
difference between the surrounding ground 

�

 
View of the lake and its blocked natural inlet. 

Figure 6-3: A Road in TPS43, near lake on FP no. 67/1 
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6.2.2. Conclusions on the Data Availability and Research 

• The objective to understand the water system in the urban context was achieved by literature 
review and by impromptu talks with various people who have been involved in water related 
issues and projects in the city.  Historical records helped to put the development of water 
supply in the city in right perspective.  However, it also brought forth the sad fact that the 
traditional water harvesting structures in the city are lying in derelict condition.   

• The rational method was used to estimate the rainfall runoff as total volume of water 
collected from a particular area.  This method though conventional is still one of the most 
commonly used desk-top models for runoff estimation(Akan 1993).  The method was found to 
be easy to use for calculations directed to assess the potential of RWH systems for planning 
purposes.  Estimation and the analysis of the TPS were done with a basic data set.  These 
were: 

o The TPS plan with information on land use; plot ownership; water bodies etc. 
o The original ground level of the TPS site area. 
o The proposed road heights. 
o Projected population density figures 
o Rainfall data of the area. 
o Hydro-geological condition of the study area. 
o Local building by-laws 

Based on the rational method, one can then calculate the runoff generated using GIS 
operations and make an analysis on the potential of water harvesting in the region. Moreover, 
this information would be available in most of the cities of semi-arid India, if not digitally, 
then in analogue form, and if not, to derive them would not be an expensive task.   
 
Evidently, since the method employs only one model parameter, there is an inherent 
generalisation of the results achieved.  However, the accuracy of runoff coefficient values can 
be greatly increased by performing site studies to measure runoff generated out of actual 
materials and surfaces found in a particular area. 

• GIS was used to 
o Derive the DEM—of the original terrain and the raised road surface.  This was 

helpful in identifying the potential areas of water logging.  
o To derive the land use map and the urban blocks.  The cross table generated in ILWIS 

formed the core of all the subsequent calculation of monthly/annual runoff for various 
scenarios. 

• RS imagery for this kind of application could be primarily used for identifying different land 
use class and to identify the paved and unpaved areas in an urban situation.  This would 
normally require high-resolution satellite imagery of pixel resolution of less than 1 m.  These 
products are expensive, sometimes classified and often out of affordable reach of the 
governing bodies in developing countries.  In the event of this information already available 
with the local body, in the form of maps, digital drawings, RS may not be important.  
Moreover, when analysing TPS that are not executed it is obvious, that RS may not play an 
important role in estimating the runoff volume.  This in no way undermines the benefits that 
the synoptic view satellite imagery has to offer and this aspect is discussed in Section 3.8.5.  
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• The use of GIS reduces the laborious task of calculating runoff, plot by plot, especially, since 
there would be many land use classes having varied surface characteristics in an urban 
scenario.  Moreover, the consistency achieved due to the inherent data integrity can be an 
added advantage when analysing oft expensive urban land.  Further, the analytical data and 
results can be presented to policy makers and the land owners alike in forms of maps and 
charts. 

• There is a distinct possibility to fill the lakes from rainfall runoff.  This can help mitigate the 
problems of water logging during the monsoon.  Moreover, the artificial recharge would help 
arrest the falling water tables.  From the results it can be said, that not only is there enough 
rainfall in the area to revive the water bodies but also to fulfil the drinking and cooking needs 
of the people.  

• The method described in chapter 5 can be modified to suit various types of urban land parcel 
and in different hydro-geological conditions.  The modification will primarily be in the form 
of input land parcels and their intended land use; in the design and choice of the artificial 
recharge structure and the prioritisation of the runoff distribution. 

6.3. A Note on Roads as a Mechanism to Collect and Divert the Runoff 

6.3.1. Observations and Conclusions 

• The presence of large amount of paved and impervious land covers, roof tops, open plots, etc 
in an urban situation allows less infiltration and there is an increase in amount and intensity of 
runoff.   Moreover,  when the natural drains are no longer in their pristine state, the roads acts 
as artificial channels that can transport large quantities of water in relatively short duration of 
time.  Key aspect then is to find where the roads are taking the water to.   

• The analysis of the proposed road system revealed that about 39% of the TPS area under 
study was not drained appropriately.   In other words, these areas would be water logged for 
some duration of time after a rainfall event and will experience flooding. 

• From the analysis it was found that the existing road network as proposed in the study area 
TPS was not sloping appropriately such that it can direct the runoff towards the water bodies 
in the area.  About 70 % of the runoff generated in the area under study was unutilised in 
terms of filling the lakes or for RWH practices. 

• The road height is an important aspect and it is the starting point of the overall change in the 
topography that is brought about by the introduction of the land readjustment procedure 
during the implementation of the TPS.   
When new roads are laid based on the development plans, it invariably will have a link to an 
existing connecting road-either existing or planned.  This is a catch 22 situation, wherein, a 
new road would be connected and aligned to an existing high road.   It may so happen that the 
nodal points of the roads are marked but the road themselves are built later on.  Then as per 
the size and the category of the road, and its intended service life, it gets a particular amount 
(thickness as depth) of substratum consisting of soil, gravel, grit, metal and bitumen-tar in 
ascending order.  Thus, by this time, the roads are built they are normally higher by about 20 
to 100 cm from the nearby ground.  This also means that the adjacent plots have also to be 
higher, chiefly to avoid the rain-water from entering into the house during the rainy season. 
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6.3.2. Recommendation 

Careful attention should be paid in planning of the road network; its elevation and slopes.  Moreover, 
the roads are the starting point of the storm drainage system—excess water from the plots being 
disposed on to it, consequently, their height should not be raised to a great extent compared to the 
original ground level.   

6.4. ‘What happens to the rain water?’  in Urban Built Environment 

6.4.1. Comparing the old and new city 

The old cities in semi-arid India grew based on sound principles of urban design—responsive to 
topography; climate and culture.   During monsoon it was customary to store the rain water in 
individual houses. This water was collected from the roof top and after filtration and stored for use 
during the summer months.  The quality of water thus stored was fit enough for drinking as well for 
cooking.  The surplus water used to drain out to the river or to a lake along the roads.  Again, the 
dense fabric of the old city offered little open space for water to percolate in to the ground.   The 
traditional house typology, with its sloping roofs and an underground tank ensured an easy method of 
rain-water harvesting.   Moreover due to relatively smaller size of the city the amount of water 
collected would be less.  Consequently there never was a problem of urban flooding or water 
shortage.   
 
The newer development and urban expansion missed out on this aspect of water conservation chiefly 
due to the fact that water supply was a state issue.  In doing so, water was imported from outside and 
the rain water falling locally was made to go waste. In this situation, after every rain event, the roads 
are flooded up to the time the storm water drains takes it away to the river (Fig 6-4 and Fig 6-5).  If it 
has rained heavily, this will take longer time—until the river water recedes.  The newer city did have 
relatively more open space for a little portion of water to naturally percolate.  The development plans 
always had provision for green belts, but periodically, due to political and other reasons, there is a 
change in the land use and subsequently at present the city has very few green zones.   

�
Figure 6-4:  Rain-water flooding the commercial 
buildings in Ahmedabad , Aug 2004 

�
Figure 6-5: Blocked drainage. 
October 2004. Ahmedabad 

6.4.2. Recommendations 

• The existing water bodies should be preserved.  Their revival and sustenance will serve many 
purposes: 
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o It retains its position as a water body.  If there is no water, then there is every chance 
of neglect and of subsequent encroachment.  

o  It will serve as urban open spaces. 
o Getting water into the lake for some part of the year will ensure its subsistence.  The 

purpose of recharging the aquifer from the lake is because often they are the only raw 
water storage areas available.  

• There should be a policy in the newer town planning schemes to earmark some area as 
“recharge zones”—places that can double up as a ‘city forest’ and recreation areas.  Green 
open areas will help in arresting excessive runoff and should be used specifically for recharge 
purpose, and all form of human activity that may alter the natural conditions and modify the 
land should be minimised.   

6.5. The Town Planning Scheme and Recommendations on Aspects of 
Water Conservation 

The TPS is the tool employed by the government and it intends orderly and healthy urban life.  
However, the reality is far from this good intention.  It is beyond the scope of this work to evaluate 
the successes of this method of town expansion, however, following points were observed, and if 
incorporated in the existing regulations, may help to better the civic life. 

6.5.1.  Modifications to the Urban Planning Process 

Natural resource management can be enhanced if the government/local authority takes meaningful 
initiatives in view of the present crisis (of water shortage), to include water resource conservation 
initiatives as part of the planning process at regional and local levels.  By giving due importance to 
hydrologic parameters (topography and terrain conditions) and water resource issues (promotion of 
artificial recharge), the expansion plans for the city can be suited to facilitate water conservation 
measures.  This could be achieved by way of: 

1. Recognising the importance of terrain and soil conditions while making the development plan. 
2. Facilitating the development of local recharge initiatives that are cost effective and 

environmentally sound. 
3. Facilitating a growth of the urban periphery such that the local environment is not disturbed.   
4. Recognising the lake and its ecosystem as an integral part for the healthy city growth. 

6.5.2. Economic Implications 

The effectiveness of the method employed in order to revitalise the water body in this research will 
finally depend on the financial costs that the city will have to incur.  It may be that the need of having 
a lake in midst of a settlement is questioned—“how desirable is it to develop the lake?”  The answer 
may lay in the socio economic advantages that this method has to offer. 

• Consider the alternative rainwater disposal system of storm water drains that will finally 
dispose the water in the only low lying area available—the river.  To reach the river from 
far off areas may turn out to be very expensive and in some case even impossible—
excavation may become very deep and pipe sizes may become very big.  As against this, 
to offload the runoff into a nearby lake may be a more viable option available with the 
town planning authority.  The cost of developing the lake may be balanced against the 
cost of draining water to the river.  In most cases, the former alternative will work out to 
be cheaper and long lasting alternative. 
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Thus, by generating a decentralised network of storm drains the lake can be filled such 
that drainage system collects the runoff water from a fixed area around the lake—its 
urban catchment.  The surplus water can also be diverted by way of the road slopes and 
into available “detention plots”.  If it is hydrologically suitable, these plots can also act as 
a small water body in themselves.   

• The city water supply is dependent on groundwater to the tune of 60 to 70% of its total 
requirement.  Under the circumstances, it draws water at enormous costs from bore well 
as deep as 200 m.  If the water tables are raised, there will substantial saving in the 
pumping and distribution costs.  Moreover, decentralising the water supply issue will save 
money spent on laying ‘across-city’ water supply infrastructure. 

Besides these two important economic benefits, the revitalisation of a lake may also offer indirect and 
oft intangible economic benefits that are beyond the scope of this study to quantify: 

• The social function of the water body as the meeting point for the community during the 
evening—as a place for relaxation in an otherwise fast-paced city life. 

• It de-facto acts as the place of gathering and for unorganised commercial activities and 
generates livelihood options. 

6.5.3. Recommendations in Building Bye-laws and the Provision of Roof Rain-water 
Harvesting 

The analysis of this research assumed in principle that all the water falling on roofs of all kinds of 
building will be harvested.  Moreover, since the eventual plot sizes couldn’t be envisaged no 
deductions by way of induced recharge was made in estimating the runoff from plots and roads.  The 
building bye-laws governing the urban development were discussed briefly in section 3.1.3.  In both 
AUDA and AMC area the provision of water harvesting pit is mandatory if the plot size exceeds 1500 
sq m for the new buildings (the law effective March 2001).  However, there is no mandate on 
implementation of Roof RWH systems, which is cost-effective and easy to implement. It was seen 
that looking at the land use distribution of the TPS, Roof RWH proved to be an important component 
of urban water conservation method.    Following recommendations may help to affect the strategy to 
revitalise the lake.  

• It is recommended that Roof RWH may be made mandatory through The Gujarat Town 
Planning and Urban Development Act, 1976.  Experts have demanded that the Gujarat State 
Government should reduce the lower ceiling of the plot area for percolating pits from the 
present 1500 sq m.  Rather than changing this ceiling for recharge through percolation pits, 
the Act should also incorporate the aspect of Roof RWH.   Moreover, artificial recharging of 
the aquifer by private land owners may entail the risk of the aquifer being polluted.   The 
recharge of the aquifer is strictly a matter of competence and should be handled so.  Thus, by 
making roof RWH compulsory and then letting the surplus runoff drain on to the road may be 
more effective measure in long term.  The local governing body then can actually estimate the 
volume of runoff water it has to negotiate and take appropriate measures to recharge the 
water. 
 
This rule is in already in place in the state of Andhra Pradesh since 2001, where all buildings 
having plot area larger than 300 sp m have to make provision of rain-water harvesting on their 
premises(Anon 2000). As shown in Fig 6-6, more than 98% plots can be covered by this 
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method. A beginning is made in this direction when the GoG announced that all the buildings 
built after 2003 by the state run Roads and Buildings Department have to have provision for 
Rain Water Harvesting (Times News Network 2004). 
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Figure 6-6: Percentage of plots areas in different AUDA TPS 

6.5.4. Recommendations on Uses of Surplus Runoff 

The research showed that there is surplus runoff after filling the lakes as well as fulfilling the 
household needs. The excess rain-water may be used in following way: 

1. The open well already found in the TPS can be effectively converted into recharge dug well.  
The TPS land before the rearrangement was primarily agricultural land, and therefore is 
dotted with numerous open dug wells (Fig 6-7).  During the field work it was found that many 
of these were being filled up by the land owners.  Instead of filling up these structures, it is 
advisable to convert them into recharge dug wells.  However, it is appropriate to let the rain-
water through a filter media consisting of three layers of sand; gravel and pebbles before 
recharging to segregate the suspended particles from blocking the well, and reducing the 
infiltration capacity. 

 
Figure 6-7: A dried shallow well in TPS 41 

2. Recharging the 1st  (upper) phreatic aquifer up to a depth of 15 m bgl in case of Ahmedabad 
and its environs is suggested as safe depth to ensure that the water will not pollute the 
confined aquifers presently in use(P.K.Parchure 1998 April).   
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7. Appendices 

A. Annual Rainfall Data (1961-2002) at Ahmedabad Station 

Year No. of Rainy Days Rainfall (mm) Departure Cumulative Departure Type of Drought 

1961 48 831.3 0.084 0.084 No Drought 
1962 31 765.3 -0.002 0.082 Mild 
1963 39 1005.3 0.311 0.394 No Drought 
1964 37 698 -0.090 0.304 Mild 
1965 26 457.1 -0.404 -0.100 Normal 
1966 29 609.1 -0.205 -0.305 Mild 
1967 41 986.3 0.287 -0.019 No Drought 
1968 17 392.2 -0.488 -0.507 Normal 

1969 30 473.1 -0.383 -0.890 Normal 
1970 47 1191.5 0.554 -0.336 No Drought 
1971 34 544.7 -0.289 -0.625 Normal 

1972 25 301.6 -0.607 -1.232 Severe 

1973 47 1070.9 0.397 -0.835 No Drought 

1974 15 411.9 -0.463 -1.298 Normal 

1975 37 1238 0.615 -0.683 No Drought 

1976 56 1275.4 0.664 -0.019 No Drought 

1977 71 1264.2 0.649 0.630 No Drought 

1978 43 805.4 0.051 0.680 No Drought 
1979 47 541 -0.294 0.386 Normal 

1980 55 733.4 -0.043 0.343 Mild 

1981 71 955.7 0.247 0.589 No Drought 
1982 49 890.4 0.161 0.751 No Drought 
1983 75 1085.7 0.416 1.167 No Drought 

1984 40 762.8 -0.005 1.162 Mild 
1985 37 768.5 0.002 1.164 No Drought 

1986 31 449.8 -0.413 0.751 Normal 
1987 23 253 -0.670 0.081 Severe 
1988 45 739.1 -0.036 0.045 Mild 
1989 30 722.7 -0.057 -0.012 Mild 
1990 44 1041.6 0.359 0.346 No Drought 

1991 21 541.1 -0.294 0.052 Normal 
1992 34 575.2 -0.250 -0.198 Mild 
1993 20 638.5 -0.167 -0.365 Mild 
1994 54 1325.5 0.729 0.364 No Drought 
1995 36 380 -0.504 -0.140 Severe 
1996 38 787.80 0.028 -0.113 No Drought 
1997 39 1293.50 0.687 0.575 No Drought 
1998 41 988.80 0.290 0.864 No Drought 
1999 22 597.00 -0.221 0.643 Mild 
2000 17 727.90 -0.051 0.593 Mild 
2001 35 680.90 -0.112 0.481 Mild 
2002 20 397.80 -0.481 0.000 Normal 

Average 38.02 766.64       

Source:  http://www.egovamc.com/A_City/ahmedabad/abt_city.asp; IMD  
Types of drought based on the Agriculture Ministry guidelines 
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B. Listing of Monthly Rainfall Data for 1999-2003 for Ahmedabad City 

Month Particular  1999 2000 2001 2002 2003 
  

Rainfall  - 47 218 128.4 48.6 
Maximum Daily Rainfall - 32 91 54.7 27.7 

June 

No. of rainy days - 2 10 6 7 
  

Rainfall 303.3 476 249 72.1 318.1 
Maximum Daily Rainfall 106.6 326 113 35 62 

July 

No. of rainy days 11 10 24 11 24 
  

Rainfall 33.9 109 183.9 98.5 493.1 
Maximum Daily Rainfall 13.8 45 83.8 25.4 200.1 

August 

No. of rainy days 7 8 15 18 15 
  

Rainfall 13.3 4 - - 22 
Maximum Daily Rainfall 10.6 4 - - 6.8 

Sept. 

No. of rainy days 4 1 - - 5 
  

Rainfall 60.4 - - - - 
Maximum Daily Rainfall 23.4 - - - - 

October 

No. of rainy days 8 - - - - 
  

Total during the monsoon 410.8 636 650.9 299 881.8 
Maximum Daily Rainfall 106.6 326 113 54.7 200.1 

Summary 

No. of rainy days 30 21 49 35 51 
Note:  All rainfall in mm 
Source: AUDA 
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C. Listing of Daily Rainfall Data for the year 2003 for Ahmedabad City 

Day 6/03 7/03 8/03 9/03 10/03 
1 - 2.4 - 0.8 - 
2 - - - - - 
3 - 13.9 42.6 0.6 - 
4 - - 14.7 - - 
5 - 0.2 2.3 - - 
6 - - 27.8 - - 
7 - - 0.3 - - 
8 - 13.8 - - - 
9 - 40.5 - - - 
10 - 2.2 - - - 
11 - 1 - - - 
12 - 33.2 0.6 - - 
13 - - - - - 
14 - - 3.6 - - 
15 1.2 - - - - 
16 - 18.5 0.6 - - 
17 - 14 - - - 
18 27.7 3.1 - - - 
19 12.3 0.2 - - - 
20 1.8 9.9 - - - 
21 0.5 1 - 5.8 - 
22 - 1.6 - 1.3 - 
23 - 8.9 - 5.6 - 
24 - 40.6 200.1 - - 
25 - 6.1 159 - - 
26 - 13.7 16 - - 
27 - 20 12.6 - - 
28 - 62 8.3 - - 
29 0.5 9.4 3.6 - - 
30 4.6 1.6 1 - - 
31 - 0.3 - - - 
      
Monthly Total (mm) 48.6 318.1 493.1 14.1  
Max Daily Rainfall (mm) 27.7 62 200.1 6.8  
No. of rain days 7 24 15 5  
Annual rainfall (mm) 881.88     
Total no. of rainy days 51     
Note: All rainfall in mm 
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D. Water Supply and Drinking Water—quality and quantity norms: 

In India, drinking water provision is a state subject.  However, central government through its various 
ministries and research agencies extends marginal help and provides guidelines for water supply 
programme to the states including design and norms for quantity and quality(Indira Hirway 1994).  
Quantity Norms 
Based on the central government guidelines, the Government of Gujarat has formulated minimum 
standards for the level of service to be maintained in drinking water supply schemes.  The relevant 
standards of drinking water supply in the state are given below. 
 
Standard of Drinking Water Supply in the Gujarat 
Settlement Class Standard (LPCD) 
Rural Areas 40 
Urban Areas 
For towns with population of 10,000 to 50,000 100 
For towns with population > 50,000 140 
During scarcity years 13 
Source: Information brochure. Public Health and Family Welfare Dept.  GoG. Gandhinagar. May 1988. 

 
Water Requirement For Household Use (In LPCD) 
Household Activity/Use Rural Areas.  Distribution through 

Stand Post 
Urban Areas.  Distribution by 
piped water supply 

Drinking 3 3 
Cooking 5 7 
Ablution 10 20 
Bathing 15 35 
Cleaning of Vessels 7 20 
Washing of clothes 0 20 
Flushing of Latrines 0 35 
Total 40 140 
Source: Information brochure. Public Health and Family Welfare Dept.  GoG. Gandhinagar. May 1988.�

 
The villages in the periurban areas get fund allocation under the ‘No Source’ rural water supply 
scheme.  The standards shown above are applied in designing the schemes (Balachandran 1995 
January).  

Quality Norms 

It is recognized that quality of drinking water is as important as its quantity.  Sufficient and safe 
drinking and domestic water is required for maintaining public health and environmental hygiene.  
The environmental hygiene committee (1949) recommended that the objective of public water supply 
should be to provide water that is free from risk of transmitting diseases is pleasing to the senses and 
is suitable for culinary and laundering purposes.  In 1992, the Bureau of Indian Standards (BIS) has 
made revision for several characteristics of quality, relaxing earlier limits.  Both new and old 
standards are given in the table 3.  The corresponding standards as prescribed by WHO (1971) are 
also given for comparison’s sake. 
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Table Water Quality Standards for Drinking water supply 
WHO BIS Quality Characteristics 
Highest 
Desirable 
Levels 

Maximum 
Permissible 
Level 

Highest 
Desirable 
Levels 

Maximum 
Permissible 
Level 

Maximum 
Permissible 
Level 
(OLD) 

A. Most Common Characteristics 
Sr.No. Parameter  
 TDS (mg/l) 500 1500 500 2000 1500 
 Nitrate as NO3(mg/l) -- -- 45 100 45 
 Chloride as Cl(mg/l) 200 600 250 1000 600 
 Fluoride as F (mg/l) 0.6 to 0.9 0.8 to 1.7 1.0 1.0 to 1.5 0.8 to 1.5 
B. Less Common Characteristics 
 Total Hardness as CaCO3 -- -- 300 600 300 
 Iron as Fe (mg/l) 0.1 1.0 0.3 1.0 0.3 
 Calcium as Ca (mg/l) 75 200 75 200 75 
 Sulphate as SO4 (mg/l) 200 400 75 200 75 
 Alkalinity (mg/l) -- -- 200 600 200 
 Colour (Hazen units) 5 25 5 25 5 
 Turbidity (TNU) -- -- 5 10 5 
 pH Value 7.0 to 8.5 6.5 to 9.2 6.5 to 8.5 6.5 to 8.5 7.0 to 8.5 
Note:  
WHO: World Health Organisation Standards set in 1971. 
BIS: Bureau of Indian Standards revised in 1992. 
Source18: (Balachandran 1995 January; Indira Hirway 1994) 

 

E. Depth of Water Table in Western Periphery 

 

Year 
GW table in West Zone (depth 
/range in m bgl) 

1940 12-15 
1950-60 17-25 
1965 40.23 
1970 53.64 
1975 64.61 
1980 73.76 
1985 83.51 
1990 91.44 
1995 96.31 
1998 100.58 
1999 125.00 
2000-01 135-140 
2001-02 145-155 

2002-03 >160 

Source: AMC, Ahmedabad 
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F. Rainfall Infiltration Factor In Different Hydrogeological Situations 

 
Hydrogeological Situation Rainfall Infiltration Factor 

(in % of normal rainfall) 
Alluvial Areas  
Sandy Areas 20 to 25 % 
Areas with higher clay content 10 to 20 % 
Semi-consolidated Sandstones (Friable and highly porous) 10 to 15 % 
Hard rock areas  
Granitic Terrain  
Weathered and Fractured 10 to 15 % 
Un-weathered 5 to 10 % 
Basaltic Terrain  
Vesicular and Jointed Basalt 10 to 15 % 
Weathered Basalt 4 to 10 % 
Phyllite, Limestone, Sandstone, Quartzite, Shale, etc. 3 to 10 % 
Source: Report of the Ground Water Resource Estimation Committee, Ministry of Water Resources, Government of India. 

 

G. GW Recharge Norms from Seepage of Submerged Lands/Lakes, etc.19 

The seepage from the tanks may be taken as 44 to 60 cm per year over the total water spread.  The 
seepage from percolation tank is higher and may be taken as 50 % of its gross storage.  In some cases 
of seepage from ponds and lakes, the norms as applied to tanks may be taken. 

H. Evaporation Losses 

 
The evaporation loss calculations are based on evaporation rates recommended by Water Resources 
Research Foundation, Ahmedabad.  These are based on the data from the Agro-Climatic Atlas of 
India, 1978.  The values obtained from this source are corrected with a factor of 0.75 owing to large 
areas of evaporation as compared to a pan-evaporimeter. 

Time Period Evaporation (mm/day) No. of days 

1 August – 30 September 4 61 

1 October – 30 November 6 61 

1 December – 31 January 6 62 

1 February – 31 March 8 59 

1 April – 31 May 14 61 

1 June – 15 June 8 15 

16 June – 31 July 4 46 

Total 365 
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I. Runoff Coefficients20 

 

Description of Area 
Runoff 
Coefficients 

Business   
Downtown 0.7 to 0.95 
Neighbourhood 0.5 to 0.70 

Residential   
Single Family 0.30 to 0.50 
Multi-units, detached 0.4 to 0.60 
Multi-units, attached 0.60 to 0.75 
Residential (Sub 

urban) 0.25 to 0.40 
Apartment 0.50 to 0.70 

Industrial   
Light 0.50 to 0.80 
Heavy 0.60 to 0.70 

Other   
Parks, cemeteries 0.10 to 0.25 
Playgrounds 0.20 to 0.35 
Railroad yard 0.20 to 0.35 
Unimproved 0.10 to 0.30 

 
 

Character of Surface 
Runoff 
Coefficients 

Pavement   
Asphalt and concrete 0.70 to 0.95 
Brick 0.70 to 0.85 

Roofs 0.75 to 0.95 
Lawns, Sandy Soil   

Flat, 2 percent 0.05 to 0.10 
Average, 2 to 7 

percent 0.10 to 0.15 
Steep, 7 percent 0.15 to 0.20 

Lawns, Heavy Soil   
Flat, 2 percent 0.13 to 0.17 
Average, 2 to 7 

percent 0.18 to 0.22 
Steep, 7 percent 0.25 to 0.35 
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J. Block Runoff—Whole Study Area 

These figures are derived from the cross operations in ILWIS. 

Urban 
Blocks 
Polygon 

Block 
Runoff 
Yearly 
(m³) 

Block 
Runoff 
June 
(m³) 

Block 
Runoff 
July 
(m³)  

Block 
Runoff 
August 
(m³) 

Block 
Runoff 
Sept (m³) 

Block 
Runoff 
Oct 
(m³) 

Total in 
Monsoon  
(m³) 

Block 
Runoff 
Max Day 
(m³) 

Pol 1    21494 2125 6880 4310 5181 341 18836 8960 
Pol 2    21747 2150 6961 4361 5242 345 19058 9066 
Pol 3    16155 1597 5171 3239 3894 256 14158 6735 
Pol 4    12412 1227 3973 2489 2992 197 10877 5174 
Pol 5    12694 1255 4063 2545 3060 201 11124 5292 
Pol 6    27784 2746 8893 5571 6697 441 24348 11583 
Pol 7    28607 2828 9156 5736 6896 454 25069 11926 
Pol 8    7367 728 2358 1477 1776 117 6456 3071 
Pol 9    16373 1618 5241 3283 3947 260 14349 6826 
Pol 10   12924 1278 4137 2591 3115 205 11326 5388 
Pol 11   13724 1357 4393 2752 3308 218 12027 5721 
Pol 12   18628 1841 5962 3735 4490 295 16324 7766 
Pol 13   11427 1130 3658 2291 2754 181 10014 4764 
Pol 14   36816 3639 11784 7382 8875 584 32264 15348 
Pol 15   41046 4057 13138 8230 9894 651 35970 17111 
Pol 16   16604 1641 5314 3329 4002 263 14551 6922 
Pol 17   8940 884 2861 1793 2155 142 7834 3727 
Pol 18   43150 4265 13811 8652 10401 684 37815 17989 
Pol 19   38628 3818 12364 7745 9311 613 33851 16103 
Pol 20   39055 3861 12501 7831 9414 619 34225 16281 
Pol 21   36088 3567 11551 7236 8699 572 31626 15044 
Pol 22   38731 3829 12397 7766 9336 614 33942 16146 
Pol 23   7739 765 2477 1552 1865 123 6782 3226 
Pol 24   16409 1622 5252 3290 3955 260 14380 6840 
Pol 25   10237 1012 3277 2053 2468 162 8971 4268 
Pol 26   17939 1773 5742 3597 4324 284 15721 7479 
Pol 27   19718 1949 6311 3954 4753 313 17280 8220 
Pol 28   4905 485 1570 983 1182 78 4298 2045 
Pol 29   8614 851 2757 1727 2076 137 7549 3591 
Pol 30   30160 2981 9654 6047 7270 478 26431 12573 
Pol 31   38229 3779 12236 7665 9215 606 33502 15937 
Pol 32   43794 4329 14017 8781 10556 694 38378 18257 
Pol 33   27875 2755 8922 5589 6719 442 24428 11621 
Pol 34   5833 577 1867 1170 1406 92 5112 2432 
Pol 35   25394 2510 8128 5092 6121 403 22254 10586 
Pol 36   37441 3701 11984 7507 9025 594 32811 15608 
Pol 37   15199 1502 4865 3048 3664 241 13319 6336 
Pol 38   6269 620 2007 1257 1511 99 5494 2614 
Pol 39   3594 355 1150 721 866 57 3149 1498 
Pol 40   19746 1952 6320 3959 4760 313 17304 8232 
Pol 41   7471 739 2391 1498 1801 118 6548 3115 
Pol 42   37715 3728 12072 7562 9091 598 33051 15723 
Pol 43   9163 906 2933 1837 2209 145 8030 3820 
Pol 44   473 47 151 95 114 7 414 197 
Pol 45   387 38 124 78 93 6 339 161 
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Urban 
Blocks 
Polygon 

Block 
Runoff 
Yearly 
(m³) 

Block 
Runoff 
June 
(m³) 

Block 
Runoff 
July 
(m³)  

Block 
Runoff 
August 
(m³) 

Block 
Runoff 
Sept (m³) 

Block 
Runoff 
Oct 
(m³) 

Total in 
Monsoon  
(m³) 

Block 
Runoff 
Max Day 
(m³) 

Pol 46   33919 3353 10857 6801 8176 538 29724 14140 
Pol 47   20214 1998 6470 4053 4873 321 17714 8427 
Pol 48   11448 1132 3664 2295 2759 182 10032 4772 
Pol 49   20171 1994 6456 4045 4862 320 17677 8409 
Pol 50   13617 1346 4359 2730 3282 216 11934 5677 
Pol 51   12125 1199 3881 2431 2923 192 10626 5055 
Pol 52   22055 2180 7059 4422 5316 350 19327 9194 
Pol 53   33171 3279 10617 6651 7996 526 29069 13828 
Pol 54   28341 2802 9071 5683 6832 449 24837 11815 
Pol 55   35965 3555 11512 7211 8669 570 31518 14993 
Pol 56   127822 12635 40913 25630 30811 2027 112016 53286 
Pol 57   57736 5707 18480 11577 13917 916 50597 24069 
Pol 58   17572 1737 5624 3523 4236 279 15399 7325 
Pol 59   9836 972 3148 1972 2371 156 8620 4100 
Pol 60   13967 1381 4471 2801 3367 221 12240 5823 
Pol 61   22838 2257 7310 4579 5505 362 20014 9521 
Pol 62   11062 1093 3541 2218 2666 175 9694 4611 
Pol 63   0 0 0 0 0 0 0 0 
Pol 64   40211 3975 12871 8063 9693 638 35239 16763 
Pol 65   2453 243 785 492 591 39 2150 1023 
Pol 66   36460 3604 11670 7311 8789 578 31952 15199 
Pol 67   18867 1865 6039 3783 4548 299 16534 7865 
Pol 68   20728 2049 6634 4156 4996 329 18165 8641 
Pol 69   40676 4021 13019 8156 9805 645 35646 16957 
Pol 70   13633 1348 4364 2734 3286 216 11948 5684 
Pol 71   29621 2928 9481 5939 7140 470 25958 12348 
Pol 72   30641 3029 9807 6144 7386 486 26852 12774 
Pol 73   17865 1766 5718 3582 4306 283 15656 7447 
Pol 74   11842 1171 3790 2374 2854 188 10378 4937 
Pol 75   5126 507 1641 1028 1236 81 4492 2137 

Pol 76   36366 3595 11640 7292 8766 577 31869 15160 
 
Total Runoff 
volume from 
the Plots 
(MCM) 1.71 0.17 0.55 0.34 0.41 0.03 1.50 0.71 
Runoff 
volume 
generated 
from roads 
(MCM) 0.44 0.05 0.15 0.10 0.11 0.01 0.42 0.20 
Total Runoff 
volume 
(MCM) 2.15 0.22 0.70 0.44 0.53 0.03 1.91 0.91 
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K. Block Runoff—Scenario 1 

 

Urban Blocks 
Polygon 

Block 
Runoff 
Yearly 
(m³) 

Block 
Runoff 
June 
(m³) 

Block 
Runoff 
July (m³) 

Block 
Runoff 
August 
(m³) 

Block 
Runoff 
Sept 
(m³) 

Block 
Runoff 
Oct 
(m³) 

Total in 
Monsoon 
(m³) 

Block 
Runoff 
Max Day 
(m³) 

Pol 5    12694 1255 4063 2545 3060 201 11124 5292 
Pol 6    27784 2746 8893 5571 6697 441 24348 11583 
Pol 10   12924 1278 4137 2591 3115 205 11326 5388 
Pol 11   13724 1357 4393 2752 3308 218 12027 5721 
Pol 44   473 47 151 95 114 7 414 197 
Pol 45   387 38 124 78 93 6 339 161 
Pol 46   33919 3353 10857 6801 8176 538 29724 14140 
Pol 47   20214 1998 6470 4053 4873 321 17714 8427 
Pol 48   11448 1132 3664 2295 2759 182 10032 4772 
Pol 49   20171 1994 6456 4045 4862 320 17677 8409 
Pol 50   13617 1346 4359 2730 3282 216 11934 5677 
Pol 53   33171 3279 10617 6651 7996 526 29069 13828 
Pol 54   28341 2802 9071 5683 6832 449 24837 11815 
Pol 55   35965 3555 11512 7211 8669 570 31518 14993 
Pol 57   57736 5707 18480 11577 13917 916 50597 24069 
Pol 58   17572 1737 5624 3523 4236 279 15399 7325 
Pol 59   9836 972 3148 1972 2371 156 8620 4100 
Pol 60   13967 1381 4471 2801 3367 221 12240 5823 
Pol 61   22838 2257 7310 4579 5505 362 20014 9521 
Pol 62   11062 1093 3541 2218 2666 175 9694 4611 
Pol 63   0 0 0 0 0 0 0 0 
Pol 64   40211 3975 12871 8063 9693 638 35239 16763 
Pol 67   18867 1865 6039 3783 4548 299 16534 7865 
Pol 70   13633 1348 4364 2734 3286 216 11948 5684 
Pol 71   29621 2928 9481 5939 7140 470 25958 12348 
Pol 72   30641 3029 9807 6144 7386 486 26852 12774 
Pol 73   17865 1766 5718 3582 4306 283 15656 7447 

 

Total Runoff 
volume from 
the Plots 
(MCM) 0.55 0.05 0.18 0.11 0.13 0.01 0.48 0.23 

Runoff 
volume 
generated 
from roads 
(MCM) 0.15 0.02 0.05 0.03 0.04 0.00 0.14 0.07 

Total Runoff 
volume 
(MCM) 0.69 0.07 0.23 0.14 0.17 0.01 0.62 0.29 
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L. Monthly Volume in Sola Main Lake 

 

Month  
(Monsoon Year) 

Seepage volume 
(m3) 

Evaporation Loss 
Volume  (m3) 

Lake volume at 
end of each 
month (MCM) 

June 3501 12604 0.05 
July 3501 8683 0.32 
August 3501 8683 0.42 
September 3501 8403 0.42 
October 3501 13024 0.42 
November 3501 12604 0.40 
December 3501 13024 0.39 
January 3501 13024 0.37 
February 3501 15685 0.35 
March 3501 17366 0.33 
April 3501 29410 0.30 
May 3501 30390 0.26 

 
Here, the Evaporation and Seepage Losses are considered as per Appendix H and Appendix G 
respectively. 
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M. Block Runoff—Scenario 2 

Sub-catchment 
no. and Urban 
Blocks Polygon 

Block 
Runoff 
Yearly (m³) 

Block 
Runoff 
June (m³) 

Block 
Runoff 
July 
(m³) 

Block 
Runoff 
August 
(m³) 

Block 
Runoff 
Sept 
(m³) 

Block 
Runoff 
Oct (m³) 

Total in 
Monsoo
n (m³) 

Block 
Runoff 
Max Day 
(m³) 

No 1 
Pol 1    21494 2125 6880 4310 5181 341 18836 8960 
Pol 2    21747 2150 6961 4361 5242 345 19058 9066 
Pol 3    16155 1597 5171 3239 3894 256 14158 6735 
Pol 4    12412 1227 3973 2489 2992 197 10877 5174 
Pol 9    16373 1618 5241 3283 3947 260 14349 6826 
Pol 33   27875 2755 8922 5589 6719 442 24428 11621 
Pol 34   5833 577 1867 1170 1406 92 5112 2432 
Pol 35   25394 2510 8128 5092 6121 403 22254 10586 
Pol 37   15199 1502 4865 3048 3664 241 13319 6336 
Pol 38   6269 620 2007 1257 1511 99 5494 2614 
Pol 39   3594 355 1150 721 866 57 3149 1498 
Pol 40   19746 1952 6320 3959 4760 313 17304 8232 
Pol 41   7471 739 2391 1498 1801 118 6548 3115 
Pol 65   2453 243 785 492 591 39 2150 1023 

A 0.20 0.02 0.06 0.04 0.05 0.00 0.18  

B 0.05 0.01 0.02 0.01 0.01 0.00 0.05  

C 0.26 0.03 0.08 0.05 0.06 0.004 0.23 0.11 

No 2 
Pol 12   18628 1841 5962 3735 4490 295 16324 7766 
Pol 13   11427 1130 3658 2291 2754 181 10014 4764 
Pol 14   36816 3639 11784 7382 8875 584 32264 15348 
Pol 15   41046 4057 13138 8230 9894 651 35970 17111 
Pol 16   16604 1641 5314 3329 4002 263 14551 6922 
Pol 17   8940 884 2861 1793 2155 142 7834 3727 
Pol 18   43150 4265 13811 8652 10401 684 37815 17989 
Pol 19   38628 3818 12364 7745 9311 613 33851 16103 
Pol 20   39055 3861 12501 7831 9414 619 34225 16281 
Pol 21   36088 3567 11551 7236 8699 572 31626 15044 
Pol 22   38731 3829 12397 7766 9336 614 33942 16146 
Pol 25   10237 1012 3277 2053 2468 162 8971 4268 
Pol 66   36460 3604 11670 7311 8789 578 31952 15199 

A 0.38 0.04 0.12 0.08 0.09 0.01 0.33  

B 0.09 0.01 0.03 0.02 0.02 0.00 0.08  

C 0.47 0.05 0.15 0.09 0.11 0.01 0.41 0.20 

No 3 
Pol 23   7739 765 2477 1552 1865 123 6782 3226 
Pol 24   16409 1622 5252 3290 3955 260 14380 6840 
Pol 27   19718 1949 6311 3954 4753 313 17280 8220 

A 0.04 0.00 0.01 0.01 0.01 0.00 0.04  

B 0.01 0.00 0.00 0.00 0.00 0.00 0.01  

C 0.06 0.01 0.02 0.01 0.01 0.00 0.05 0.02 

No 4 
Pol 26   17939 1773 5742 3597 4324 284 15721 7479 
Pol 42   37715 3728 12072 7562 9091 598 33051 15723 
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Sub-catchment 
no. and Urban 
Blocks Polygon 

Block 
Runoff 
Yearly (m³) 

Block 
Runoff 
June (m³) 

Block 
Runoff 
July 
(m³) 

Block 
Runoff 
August 
(m³) 

Block 
Runoff 
Sept 
(m³) 

Block 
Runoff 
Oct (m³) 

Total in 
Monsoo
n (m³) 

Block 
Runoff 
Max Day 
(m³) 

Pol 43   9163 906 2933 1837 2209 145 8030 3820 
Pol 74   11842 1171 3790 2374 2854 188 10378 4937 
Pol 76   36366 3595 11640 7292 8766 577 31869 15160 

A 0.11 0.01 0.04 0.02 0.03 0.00 0.10  

B 0.03 0.00 0.01 0.01 0.01 0.00 0.03  

C 0.14 0.01 0.05 0.03 0.04 0.00 0.13 0.06 

No 5 
Pol 7    28607 2828 9156 5736 6896 454 25069 11926 
Pol 8    7367 728 2358 1477 1776 117 6456 3071 
Pol 29   8614 851 2757 1727 2076 137 7549 3591 
Pol 28   4905 485 1570 983 1182 78 4298 2045 
Pol 30   30160 2981 9654 6047 7270 478 26431 12573 
Pol 31   38229 3779 12236 7665 9215 606 33502 15937 
Pol 32   43794 4329 14017 8781 10556 694 38378 18257 
Pol 36   37441 3701 11984 7507 9025 594 32811 15608 
Pol 51   12125 1199 3881 2431 2923 192 10626 5055 
Pol 52   22055 2180 7059 4422 5316 350 19327 9194 
Pol 68   20728 2049 6634 4156 4996 329 18165 8641 
Pol 69   40676 4021 13019 8156 9805 645 35646 16957 
Pol 75   5126 507 1641 1028 1236 81 4492 2137 

A 0.30 0.03 0.10 0.06 0.07 0.00 0.26  

B 0.08 0.01 0.03 0.02 0.02 0.00 0.07  

C 0.38 0.04 0.12 0.08 0.09 0.01 0.34 0.160 

No 6 
Pol 10   12924 1278 4137 2591 3115 205 11326 5388 
Pol 11   13724 1357 4393 2752 3308 218 12027 5721 
Pol 44   473 47 151 95 114 7 414 197 
Pol 45   387 38 124 78 93 6 339 161 
Pol 46   33919 3353 10857 6801 8176 538 29724 14140 
Pol 48   11448 1132 3664 2295 2759 182 10032 4772 
Pol 49   20171 1994 6456 4045 4862 320 17677 8409 
Pol 50   13617 1346 4359 2730 3282 216 11934 5677 
Pol 53   33171 3279 10617 6651 7996 526 29069 13828 
Pol 54   28341 2802 9071 5683 6832 449 24837 11815 
Pol 64   40211 3975 12871 8063 9693 638 35239 16763 
Pol 70   13633 1348 4364 2734 3286 216 11948 5684 
Pol 71   29621 2928 9481 5939 7140 470 25958 12348 

A 0.25 0.02 0.08 0.05 0.06 0.00 0.22  

B 0.06 0.01 0.02 0.01 0.02 0.00 0.06  

C 0.31 0.03 0.10 0.06 0.08 0.01 0.28 0.13 

No 7 
Pol 5    12694 1255 4063 2545 3060 201 11124 5292 
Pol 6    27784 2746 8893 5571 6697 441 24348 11583 
Pol 47   20214 1998 6470 4053 4873 321 17714 8427 
Pol 55   35965 3555 11512 7211 8669 570 31518 14993 
Pol 57   57736 5707 18480 11577 13917 916 50597 24069 
Pol 58   17572 1737 5624 3523 4236 279 15399 7325 
Pol 59   9836 972 3148 1972 2371 156 8620 4100 
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Sub-catchment 
no. and Urban 
Blocks Polygon 

Block 
Runoff 
Yearly (m³) 

Block 
Runoff 
June (m³) 

Block 
Runoff 
July 
(m³) 

Block 
Runoff 
August 
(m³) 

Block 
Runoff 
Sept 
(m³) 

Block 
Runoff 
Oct (m³) 

Total in 
Monsoo
n (m³) 

Block 
Runoff 
Max Day 
(m³) 

Pol 60   13967 1381 4471 2801 3367 221 12240 5823 
Pol 61   22838 2257 7310 4579 5505 362 20014 9521 
Pol 62   11062 1093 3541 2218 2666 175 9694 4611 
Pol 63   0 0 0 0 0 0 0 0 
Pol 67   18867 1865 6039 3783 4548 299 16534 7865 
Pol 72   30641 3029 9807 6144 7386 486 26852 12774 
Pol 73   17865 1766 5718 3582 4306 283 15656 7447 

A 0.30 0.03 0.10 0.06 0.07 0.00 0.26  

B 0.09 0.01 0.03 0.02 0.02 0.00 0.08  

C 0.38 0.04 0.12 0.08 0.09 0.01 0.34 0.16 

No 8 
Pol 56   127822 12635 40913 25630 30811 2027 112016 53286 

A 0.13 0.01 0.04 0.03 0.03 0.00 0.11  

B 0.03 0.00 0.01 0.01 0.01 0.00 0.03  

C 0.16 0.02 0.05 0.03 0.04 0.00 0.14 0.07 
Total in whole Study Area (TPS 41-42-43) 

Total Runoff 
volume from the 
Plots (MCM) 1.71 0.17 0.55 0.34 0.41 0.03 1.50  
Runoff volume 
generated from 
roads (MCM) 0.44 0.05 0.15 0.10 0.11 0.01 0.42  
Total Runoff 
volume (MCM) 2.15 0.22 0.70 0.44 0.53 0.03 1.91  

 
Note: 

A. Total Runoff volume from the Plots (MCM) 
B. Runoff volume generated from roads (MCM) 
C. Total Runoff volume (MCM) 
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N. Strategic Table to Revitalise a Water Body 

Component Of Lake Development 
Strategy 

Activities Role Of The Urban Governing Body 
(AUDA) 

Role Of The Local Governing 
Body (Gram Panchayat) 

Role Of Tank Management Committee 

Formulation of the tank 
management committee 

Formulation of technical committee. 
Appointment of administrative staff. 
Setting up of office in the local area. 

Appoint technical as well as 
administrative staff as the member for 
the committee.  

Provide its staff as active member 
for the tank development project. 
To arrange for space for local 
office. 

 

Mobilisation of funds Requests of grants from state government. 
Application for loans if required, from financial 
institutions. 
Requests for allocation of funds from the budget of 
the urban governing body. 

Budgetary allocation of funds. 
Granting of loans from the state 
finance boards, state development 
boards. 
Apply for funds allocation from the 
central water ministry. 

Fund generation by 
donations/taxes from local people/ 
users. 

Collection and distribution of funds. 
Fund generation by selling the excavated silt. 
Fund generation by way of entry fee into the 
community park. 
Fund generation by way of hiring out of the 
proposed economic activities on the lake edge. 

Site clearance and acquisition of 
land 

Clearing the tank. 
Removal of debris. 
Desilting the tank. 
Identification of land to be acquired for creating 
detention basins. 
Removal of encroachment. 
Rehabilitation and relocation of affected people. 
Payment of compensation. 

Clearing the encroachment 
Acquisition of land for creating the 
detention basin, filtration plants, etc. 
Allocating land for rehabilitation. 
Payment of compensation for acquired 
land. 

Assist the urban body in land 
clearance and acquisition. 

Identification of land suitable for detention basin, 
filtration plant, sedimentation zone, etc. 
Supervision of the whole process. 
Act as a facilitator for the purpose. 
Verification of the compensation claims and 
other issues of disputes. 

Detailed study of the catchment Preparation of the survey map of the region. 
Preparation of slope map of the region. 
Identification of natural drainage in the region. 
Delineation of the lake watershed.   
Identifying the land use/land cover in the region. 
Preparation of the soil map of the region. 
Preparation of land use map of the region. 
Analysis of development trend. 
Socio-economic profile of the area. 
Identification of ecologically sensitive area, if any. 

To provide technical expertise for the 
study. 
To provide necessary infrastructure for 
the same. 
To act as facilitator for assistance from 
Central Water authority. 

To assist survey team in 
conducting the study. 
To organise public awareness 
campaign. 
To involve/take into confidence 
the local communities wherever 
possible. 

Formulation of the team for the study. 
Conducting the study/survey. 
Document the findings/ results of the study. 
Preparation of detailed watershed management 
plan. 
Preparation of action plan 
Identification and protection of the ecologically 
sensitive areas. 
Guidelines for development over a time frame. 
Preparation of lake development plan over a 
fixed time frame and to convey the same to the 
stake holders. 

Conservation of 
ecologically/hydrologically 
sensitive area (e.g., marshy lands; 
mangroves; drainage channels) 

Identification of ecologically sensitive areas. 
Preparation of development plan for conserving 
these areas. 

Incorporation of those guidelines in 
development plan, TPS of that area.   
Allotment of separate land for these 
areas, by way of land use zoning 

To monitor the development as per 
the TPS guidelines. 

To monitor the development as per the TPS 
guidelines. 
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Construction of percolation well 
for artificial recharge 

Technical assistance from the CGWB for site 
selection and depth of wells. 
Digging of wells. 
Formulation of maintenance guidelines. 

To provide technical assistance and 
infrastructure 

Awareness of the need of water 
recharge. 

Supervisory role 
Follow up on the maintenance of the percolation 
well on a long term basis. 

Physical development in and 
around the area 

Construction of embankments. 
Plantation of trees. 
Construction of public amenities like parks, etc. 

Selection of contractors/builders. 
Coordination of the construction 
activity 

Ensure active involvement of the 
stake holders and incorporating 
local needs. 
Maintenances of the planted 
saplings 

Mobilisation of funds.  
Supervisory role. 

Creating detention basin, buffer 
zones 

Identification and earmarking the sites for such 
areas.   
Preparation of necessary slope and capacity. 
Plantation and construction of embankments. 

Provision of technical assistance Involving local communities in the 
actual work. 
Plantation. 
Maintenances of the area as well 
of the trees 

Supervisory role. 

Waste management of the 
surrounding areas 

Construction of drainage network. 
Solid waste disposal. 
Cleaning of the drainage channels before the 
monsoon. 
Desilting of the lake before monsoon. 
Construction of public lavatories in the area. 

To provide sewage network. 
Provision of solid waste disposal units 

To provide sewage network. 
Provision of solid waste disposal 
units 

Supervisory role. 

Training and awareness programs 
to local people 

Awareness programs for local people. 
Organising cleaning drives. 

  Education and awareness of local people in terms 
of need of reviving the local water harvesting 
methods-enlisting the direct and indirect benefits. 

Monitoring Monitoring of water quality on fortnightly basis 
during the monsoon season and on monthly basis 
during summer months. 
Monitoring of the water table in the area as per the 
CGWB guidelines. 

Appointing consultants for the work. 
Setting up of groundwater monitoring 
well in the area. 

 Essentially, should act as a nodal agency for the 
whole project.   
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