Auroville Water Management
A pre-feasibility study

Auroville Planning and Development
Committee

July 2007
Final Report



Documert title

Documert short title
Status

Date

Client

Reference

Auroville Water Management

A pre-feasibility study

Pre-feasibility Auroville Water Management
Final Report

July 2007

Auroville Planning and Development
Committee

RO01A/JKO/Nijm



-i- R001A/JKONijm
Final Report July 2007



CONTENTS

Page
1 EXECUTIVE SUMMARY 2
1.1 Introduction 2
1.2 Resources 3
1.3 Demand 5
1.4 Water supply 6
1.5 Waste water management 7
1.6 Matimandir Lake 8
1.7  Evaluation 9
1.8 Conclusions and Recommendations 10
2 INTRODUCTION 15
2.1 Summary 15
2.2 Context of the Report 15
2.3 Organisation of the study, dient, watergroup and expert panel 16
2.4 Aim of the study 16
2.5 Definition of the study area and brief description 17
2.5.1 Physical characteristics of the area 18
2.52 Administrative boundaries of the area 20
2.5.3 Final geographic area proposed for the study 21
3 RESOURCES 24
3.1 Summary 24
3.2 Groundwater 25
3.2.1 Formations and lithology 25
3.2.2 Hydrogeology 27
3.2.3 Past and present use of groundwater, development and potential 32
3.24 Aquifer system 34
3.2.5 Results of recentinvestigations 34
3.3  Surface water 40
3.3.1 Village ponds, irrigation tanks and their functioning 41
3.3.2 Kaliveli Swamp 42
3.3.3 Usteri Lake 45
3.34 Canyons 46
3.3.5 New developmentsin surface water 49
3.4 Rainwater 49
3.4.1 Introduction 49
3.42 Base data and definitions 50
3.4.3 Various origins of harvested rainwater 53
3.44 Components of minwater harvesting systems 54

3.45 Present practice in rainwater haresting and stormwater managementin
the study area 59

3.46 Centralised (regional) versus decentralised (on-site) stormwater
management 60
3.4.7 Best practices in design of stormwaterdrainage facilities 61
3.4.8 Stormwaterdrainage, sustainability and Auroville 62
3.4.9 Most recent developmentin rainwater storage 64

- i - R001A/JKONijm
Final Report July 2007



3.5 Saline water 65
3.5.1 Introduction 65
3.5.2 Desalination processes 65
3.5.3 Otheraspects of desalination processe s 67
3.5.4 Source of saline water 71
3.55 Desalinationin India 71
3.56 Scope for desalination in Aurnoville 72
3.6  Waste water 72
3.6.1 Introduction 72
3.6.2 Waste water from Auroville 73
3.6.3 Waste water from Pondicherry 76
3.6.4 Waste water from villages in the Bioregion 78
3.6.5 Waste water re-use potential 78
3.7 Sustainable water resources management 80
3.7.1 Sustainability and management 80
3.7.2 Definitions of sustainable water management 81
3.7.3 Sustainable Water Managementin India 81
3.7.4 Water resources management and sustainable urban planning 82
4 DEMAND 84
41  Summary 84
4.2 General 84
4.3 The Auroville Masterplan 86
4.4 Alternative scenario (moderate) 88
4.5 Water Demand 89
4.51 Domestic water 90
452 lIrrigation demand 90
4.5.3 Water saving measures 91
4.6 Water demand and future development 92
5 WATER SUPPLY 95
5.1  Summary 95
5.2  Actual situation 96
5.3 Requirements for water supply 97
5.4 Different water supply concepts 98
5.4.1 Design principles and boundary conditions 98
5.42 Cost aspects 100
5.4.3 Scalability 100
5.44 Centralized water supply 101
5.45 Decentralized water supply 109
5.4.6 Combination of centralized and decentralized water supply 111
6 WASTE WATER MANAGEMENT 122
6.1  Summary 122
6.2 Introduction 123
6.3 Centralised versus decentralised treatment 123
6.4 Sustainability in waste water treatment 124
6.5 Decentralised wastewater treatment 125
6.5.1 Introduction of decentralised wastewater treatment 125
6.5.2 Limitation and appropriateness of decentralised wastewater systems 126
6.5.3 Water savingsin decentralised waste water management 126

Fina Report

- fii - R001A/JKONijm
July 2007



6.54
6.6
6.7
6.8
6.8.1
6.8.2

Best practices in decentralised waste water treatment

Sludge processing techniques

Pondicherry wastewater treatment plant

A waste water management concept for Auroville and surroundings
Basic parameters

The concept

7 MATRIMANDIR LAKE

7.1
7.2
7.3
7.4
7.41
7.42
7.43
7.44
7.45
7.46
7.5
7.51
752
7.6
7.7

Summary

Introduction

Relevant data

Functionality and conditions

The lake as a decorative design element

The lake as a puiification pond

The lake as a water storage reservoir for diinking water orirrigation
The lake as ultimate component of the city’s water management system
The lake as a fire-extinguishing pond

The lake as a themal buffer

Building principles

Clay sealing

Sealing with bentoviies (bento membrane) or KDB

Ecology of the lake

Conclusions

8 EVALUATION

8.1
8.2
8.3
8.4
8.5
8.6

Summary

Water supply concept

Waste water concept

Matimandir Lake concept

Integral water management concept
Issues and choices

9 CONCLUSION AND RECOMMENDATIONS

10 REFERENCES

LIST OF ANNEXES

A Abbreviations and definitions
B Watergroup and Expert panel
C Conclusions and recommendations from International Water Seminar Auroville,

September 2004

D Population data Auroville and Bioregion

E Water consumption data Bioregion

F Financial aspects of drinking water supply

G  Background information decentralised wastew ater treatment
H Background information centralisedwastewater treatment

I

Detailed evaluation results

127
129
130
133
133
136

140
140
140
142
143
143
145
145
147
149
150
150
150
152
152
153

155
155
156
157
157
158
162

164

168

Fina Report

- - R001A/JKONijm
July 2007



LIST OF FIGURES

Figure 1 Auroville in the Bioregion 17
Figure 2 Hevation and hydrography 18
Figure 3 Outcrop of geological formations in the study area. 19
Figure 4 Hydrology of the study area and surroundings, showing most important
w ater bodies in the area. 20
Figure 5 Different administrative boundaries in the project area 21
Figure 6 The delineation of the study area. 22
Figure 7 Structural geological map of south-east India show ing the locations of
faults and cross-section of the area around Auroville. 27
Figure 8 Section across the aquifer system at the location of Auroville showing the
outcrop area of all aquifers 28
Figure 9 Water level in Vanur aquiferfrom 1977 to 2002 30
Figure 10  Piezometric levels in the Vanur aquifer in 1975 (left) and 2005 (right) in m
compared to sea level. 30
Figure 11 Schematised cross section of the Vanur aquifer show ing the development
of the fresh-salt water interface in time based on model results 31
Figure 12 Development of wells in Auroville and surrounding area, mainly in Vanur
and Cuddalore aquifers 32
Figure 13  Waterbalance of the Kaluveli-Pondicherry sedimentary basin in 2006 35
Figure 14  Location of the geophysical cross-sections measured around Auroville 37
Figure 15  Resistivity profile at B-B’. See Figure 14 for location of this profile. 37
Figure 17  Location of the resistivity profiles around the Pondicherry sewage farm. 38
Figure 18  Profile B-B'near the Pondicherry sewage farm. The vertical blue zoneis a
zone of very low resistivity and a likely cause for the continuous infiltration
of the sewage effluent. 39
Figure 21 Pumptest location under the pre-feasibility study 40
Figure 22  Surface water aAuroville and surrounding area. 41
Figure 23  Photo of the Kaliveli shutter and discharge curve. 43
Figure 24  Kaliveli during the monsoon 43
Figure 25  Shrimp farming in Kaliveli 44
Figure 26  Boating on the Usteri Lake, December 2004. 46
Figure 27  Utility canyon after excessive rainfall 46
Figure 28  Rainfallwater level relation for the major check damin Utility Canyon 47
Figure 29  Canyons and location of check dams around Auroville 48
Figure 30  Rainfall in Auroville over the period 1968 - date. 51
Figure 31 Rainfall intensity and frequency diagram. 51
Figure 32  Firstflush and silt trap combined in rainfall pipe 55
Figure 33  Hand operated or automatic first flush device 55
Figure 34  Local and regional structural control in stormw ater management 61
Figure 35  Classical road side drain on the left side and a more natural swale on the
right side. The classic type of road side drain is generally considered as
not ecological and not to be used in environmentally sustainable towns
and cities. 62
Figure 36  Top-view of a swale integrated in an urban area, contributing to the quality
and admosphere of the area. These could very well be integrated in the
green corridors of the Auroville Masterplan. 63
Figure 37  Several elements of a stormwater management systemin an urban parc,
grass swales on the road side, leadingw ater to a large collection area (dry
detention basin) that could be multifunctional as infiltration area. 64
Figure 38  The multi stage flash distillation process schematised. 66
-V - R001A/JKONijm
Final Report July 2007



Figure 39  The multi effect distillation schematised 66
Figure 40  MED plant, 48,000 m*/day in Jamnagar, Guijarat India 67
Figure 41 Photovoltaic driven RO systemfor Tsunami relief. 68
Figure 42  Cost comparison of various desalination processes powered by renew able
energy (costs are included investment, but excluding distribution and brine
disposal). 69
Figure 43  Chemical loads in the Middle East as aresult of desalination and the
chemicals used and chemical loads as a function of the distance fromthe
outlet. 70
Figure 45  Aerial density map of Auroville 86
Figure 46  Types of potable water use invillages in Auroville’s Bioregion 90
Figure 47  Location map with most relevant projects indicated. Auroville is located in
the green circle. 93
Figure 48 Location of various environmental damaging activities around Auroville. 94
Figure 49  Comparison of Centralized and Decentralized Approaches to Wastew ater
Service. STP indicates a centralized or cluster sew age treatment plant.
Source: Draft Hanadb ook for Management of Onsite and Clustered
(Decentralized) Wastewater Treatment Systems (U.S. Environmental
Protection Agency 2003a). 126
Figure 50  Overview of different types of waste, most ecological focussed treatment
and scope for re-use. 128
Figure 51  Satellite photo of the Pondicherry sewage treatment plant (Source: Google
Earth) 130
Figure 52  Components of sustainable sanitation — Source: EcoSanRes Programme
Phase 2 136
Figure 53  Design of the Matrimandir lake as obtained from the Chief Architect in
Ocotober 2005 141
Figure 54  Schematic section across the lake 143
Figure 55  Different concepts with the same highest level and different lowest level.
The dark blue is the permanent water body that should be maintained at its
optimum level usingw ater from another source, yet to be determined. The
medium blue is the extrafilling of the lake allow ed during the monsoon.
The light blue represents the zone under the shore of the lake used for
infiltration. The dashed line represents the level of the connection canal
between the main water body and the secondary water body of the lake.
149
Figure 56  Test pond near the Matrimandir (June 2003) 151
Figure 57  Schematic section across the lake w ith a bento-laterite sealing 151
Figure 58  Principle of sealing with synthetic sealing tape (KDB) or bento membrane
152
Figure 59  Zoning of alake inspecific vegetational zones. 153
- Vi - R001A/JKONijm
Final Report July 2007



Table 1 Stratigraphy of the study area 26
Table 2 Average annual water balance based on data for the calendar year 2004
(Aude Vincent, Université Pierre et Marie Curie, France, 2005) 33
Table 3 Summary of the pumptest results 39
Table 4 Most important canyons and check damsw ith available data 48
Table 5 Rainfall statistics for design purpose 50
Table 6 Surface area of the differentzones in Auroville and characterisation of
their surface (Auroville Masterplan and Kraft Study) 53
Table 7 Concentration of selected pollutants in relation to the traffic intensity. 54
Table 8 Advantages (+) and disadvantages (-) for various storage solutions 56
Table 9 Suitability of rainwater harvesting structures at different rain intensities,
modified after DayWater, 2003 59
Table 10 Wastewater production data based on data collected by Auroville Water
Service Harvest' 74
Table 11 Overview of wastewater treatment facilities in Auroville 75
Table 12 Water consumption andw aste water production, villages in the Bioregion
of Auroville 78
Table 13 Population figures according to the Masterplan and subsequent
documents 86
Table 14 Population and growth figures of Auroville and some selected villages™ 87
Table 15 Tentative population growvth figures from Auroville’s Future 88
Table 16 Auroville population grovth scenario ‘Moderate’. 89
Table 17 Different growth percentages 89
Table 18 Groundw ater extraction for irrigation fromAuroville 91
Table 19 Criteria for sustainability in the treatment of wastew ater (van Lier, 1998)
124
Table 20 Test results from the Pondi Sew age Treatment Plant effluent at different
moments in time (results obtainedfrom the Pondicherry authorities). 132
Table 21 Essential population and wastewater quantity figures for Auroville and
villages in the Bioregion 133
Table 22 Population, w ater demand and wastew ater production data for residential
purpose, commercial purpose and fotal. 135
Table 23 Characteristics of a DEWATS system for 1,000 people (*) 138
- Vi - R001 A/JKONijm
Fina Report July 2007



11

EXECUTIVE SUMMARY
Introduction

The start

Auroville is presently wrestling with the issue of water resources management. A
Masterplan prepared in 2003 by Harald Kraft has lead to severe opposition fromwithin
Auroville and from outside. Several international experts have commented the
masterplan as un-sustainable, unrealistic and not in line with Auroville’s principles. A
small group in Auroville is still supporting the Masterplan and during an international
water conference held in September 2003 it was decided to prepare an alternative pre-
feasibility study for sustainable water management for Auroville.

Study Area

A seff-appointed Watergroup made up from Aurovillians w ith significant experience in
water management and assisted by an international committee made up from experts in
the field of water supply andwater management from Israel,France, Germany and The
Netherlands innitiated and coordinated the pre-feasibility study. t was soon agreed that
only Auroville was a too limited scopefor this study and that it shouldbe extended. A
study area of 70 kmf was agreed based on hydro(geo)logical and administrative
conditions.

Proposed study area according to hydrogeological parameters and administrative boundaries
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Figure 1 The study area

Aim of the study

The aim of the study is to come to an objective evaluation of the demand and available
resources andto propose a most suitable water management concept for Auroville and
the study area. Starting in 2004, the study was completed in 2007w ith the final results

presented in Auroville in April 2007.
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1.2

Resources

Current sources and their status

In the project area, water is used abundantly for domestic purpose but in particular for
irrigation. The main source of water is groundvater and,when available, rainw ater
during and directly after the monsoon. The region traditionally practices rairw ater
harvesting by constructing series of small dams (erys) collecting rainw ater and allow ing
a firstand occasionally second crop. The urge to be self reliant in food combined with
the mechanisation of agriculture (dieselpumps and submersible pumps) has lead to an
explosion in groundw ater extraction since the 1960’s complementary to the traditional
irrigation. As a direct consequence, groundw ater levels in the entire study area are
falling rapidly with several meters per year. This trend is further aggravated by
availability of stronger pumps at affordable and even subsidised prices and

unw illingness and inability of politicians to step in.

Several (international, national and non-governmental) organisations have introduced
the rehabilitation of traditional irrigation structures and systems and the use of less water
consuming crops and less water consuming irrigation methods. The government at
State- and National level has also started to promote water saving measures and
programmes in agriculture. At the same time, free electricity and subsidised pump-sets
continue to be provided.

GEOLOGICAL MAP AND CROSS SECTION LOCATION
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4 NE swW
ALLUVIUM

RAMANATHAPURAM CUDDALORE
sandstone MANAVEL| Sandstone

VANUR  OTTAl KADAPERIKUPPAM °1&Y
estone
/:| ALLUVIUM
/

sandstone  clay limest
/ [ CUDDALORE SANDSTONE
7 I MANAVELI CLAY

Kaluvelly swamp

[] KADAPERIKUPPAM LIMESTONE 0 10 km
[] THURUVAI LIMESTONE
Il oTTAI CLAY

I VANUR SANDSTONE

0 5 10 km @
e —

sea level
=100 m
-200m
-300m
-400 m
-500 m

Figure 2 Aquifer systemin the area around Auroville

Disaster on the lure

Recent research has proven that the aquifer systemis not only overused, but is on the
verg of complete deterioration and collapse. The only reason that the Vanur aquifer is
not yet suffering from massive ingress of seaw ater is an off-shore buffer of fresh water.
Excessive cost of further investigations to determine the geometry of the formations off-
shore, prevent the detailed assessment of the reserves. At the present rate of

groundw ater exploitation however, exhaustionwill certainly occure and more likely in the
near future than the far future.

Altemative sources

Other resources like rainw ater, waste water effluent and seaw ater are available but
require treatment to the required level. These alternative sources remain however more
expensive than groundw ater and are therefore financially less attractive.
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Groundwater balance 2006 (Mm3/year)

Seawater Rainfall Extraction Underground exchange
+170 -24
—> 124 Alluvium

+38 -39
<+—— 18 Cuddalore Sandstone
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+14 -22
— 1 Kadaperikuppam limestone 151
+2 -25

— 1 Thuruvai limestone

Ottai clay
+9 -322
— 58 Vanur sandstone

Ramanathapuram clay
)
— 9 Ramanathapuram sandstone

Figure 3 Waterbalance of the Kaluveli-Pondicherry sedimentary basin in 2006
(Aude Vincent, 2007)

Surface water

There is no surfacew ater permanently present in the study area. All lakes and erys dry
up in the course of the dry season. Even large water bodies like Kaluveli Wetland and
the Gingee river dry up after several months. Although some erys can be extended by
raising the dams, the scope for extension is very limited. The land is relatively flat, so
much more land will be floodedwhen dams are raised.

Rainwater

Rainw ater is to a certain extent used through the traditional irrigation structures. Other
rainwater harvesting structures are however not used. The collection and use of

rainw ater requires minor adaptions to houses and a light infrastructure throughout
villages and towns. Part of the infrastructure is often present in theform of

rainw ater/stormw ater drainage. The main issue is storage as rainwater falls w ithin a
short period of time (hours) and only during afew months of the year in the monsoon.
Much more than present how ever rainwater should be collected and used. As it can not
alw ays be consumed and/or stored, it can alko be infiltrated in the underground to be
usedw here andw hen required.

Waste water

Also wastewater effluent is available, whereever wastewater is being produced and
treated. In generalsome 60% to 80% of thewater used domestically is produced as
waste water and is thus de-centrally available. Due to the virtual absence of industry and
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1.3

workshops in Auroville and surrounding area, the sewage can be re-usdw ith limited
treatment. The treatment can be organised in a de-centralisedway per Auroville
community or group of communities in case these are located nearby and per village or
neighbourhood in the surrounding areas. Commercial activities can have freatment at
sourcefor the particular constituents. Wastewater from Pondicherry is centrally
available at thewastewater treatment plant. If a suitable freatment method can be
developed, thiswater could be used in an organised way for irrigation purposes.
Sewage can be treated to a level that it can either be used as irrigation water or can be
infiltrated in the underground.

Seawater

Seawater and brackishw ater from the coastal aquifers can be desalinised to serve as
domestic water. Desalinised seaw ater could never serve as irrigation water due to the
high cost related to desalination. The costs are mainly related to the high energy use of
the process. Renew able energy (wind and solar) can be used to a certain extent to
reduce energy costs but require large investments. The process of desalination
produces aconsiderable amount of brine mixed with chemicals. This effluent needs to
be disposed off which often results in opposition of population concerned.

Sustainability

Further use of groundw ater is not sustainable and a single best alternative source is not
available. Sustainability and appropriateness are important to prevent similar problems
in the future. A combination of sources, each used for the best purpose is therefore the
key to sustainability. Groundv ater can only continue to be used IF extraction is strongly
reduced AND massive recharge is undertaken to equilibrium the water balance.

Demand

Population

The city of Auroville is presently with 3,500 inhabitants and dependants a small entity in
the Bioregionw ith which it is interacting. The much smaller study area ( 70 kn¥ for the
study area against some 1,500 kn for the Bioregion) has some 75,000 inhabitants at
present. In the year 2025 Auroville will have theoretically 50,000 inhabitants and the
study areawill have 146,500 inhabitants. To achieve this number in 2025, Auroville will
have to grov with more than 19% average for the coming 20 years, which is beyond
realistic figures. Based on past developments, it is however impossible to predict how
Auroville will grow in the coming years.

Water demand

Water demand in the Aurobille Masterplan is 200 litre per capita per day (Icd), of which
only 130 kcd needs to be of potable quality. The Kraft study and other studies including
this one, maintain 150 kcd as demand figure for Auroville. Certain communities in
Auroville use as much as 300 Icd. Irrigation demand (small plots and gardens) in
Auroville is limited to some 1;575:m’/day but this will increasew ith the development of
the Matrimandir- and other gardens in Auroville.

The water consumption in the study area is a multitude of the above figures. For
irrigation in the study area, some 56 Mm®/yr s being used from groundw ater only. For
domestic purpose, 1.4 Mm®/yr is being used.
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1.4

Scope for reduction

There is scope for reduction of water use in Auroville. This mainly lies with the reduction
of the use of water for gardening by reducing gardens or using recycledw astewater.
Also ecological-sanitation can be used to reduce water use. An actual use of 100 — 140
lcd would be realistic for Auroville.

Dualw atersupply (potable water AND grey water) within housholds is not recommended
as risks are too high and benefits are relatively low. Only the use of grey water for
gardening and irrigation is recommended.

The domestic use in kcd in the project area is lov but could still be further reduced by the
reduction of wastage. The main water use reduction can be established by the reduction
of water for irrigation. Numerous possibilities exist such as rehabilitation of rainvater

irrigation structures and facilities, introduction of lowv-w ater yielding crops, introduction of
sprinkler and drip irrigation and stoppage of irrigation of crops that do not need irrigation.

It is not possible to achieve any reduction without intensive campaigns of promotion and
eduction inwater saving measures and techniques and Auroville could play a key role in
this.

Water supply

Present practice in Auroville

Currently all of Auroville’s domestic water originates fromwells. Thesewells are not
alw ays shared bew een communities and there is no organisation is on the ground to
coordinate the construction of wells, use of materials, standardisation of pumps or
billing.

Some shortage exists in the centre of Auroville where theVanur aquifer is being tapped.
Sharing of wells could solve the problem for the time being but more permanent
solutions need to be found. The east side of Auroville uses the Cuddalore aquifer for its
water supply. This is avery productive aquifer resulting in relatively high consumption
per capita in this area of Auroville. Recent investigations have shown that groundw ater
in general and the Vanur aquifer in particular is not sustainable on the long term.

The villages

In the villages, supply of domestic water occurs from borewells through overhead tanks
to standpipes and occasionally house connections. Systems are not reliable and as a
result illegal tapping points are made causing the system to further deteriorate.

Concepts for water supply

Several concepts forwater supply have been evaluated, ranging from groundw ater only
to combinations of groundw ater, recycled wastew ater, rairw ater and desalinised

seaw ater. This evaluation clearly shows that mixed or hybrid systems perform best in all
aspects (technical, social, environmental and financial). As Auroville at present and in
the nearfuture can not be considered as a city, centralisedw ater supply is neither
required nor feasible. Water supply needs to be coordinated though and on the long
term desalinised brackish or seawater may gradually replace groundw ater as a source
for domestic water supply.

R001A/JKONijm
Final Report -6- July 2007


userr
Resaltar

userr
Resaltar

userr
Resaltar

userr
Resaltar

userr
Resaltar


1.5

Scalability is important as the growth of Auroville is unpredictable. Groundwv ater can
continue to be used but at the same time requires massive recharge and strong
reduction of groundw ater extraction for agricultural purpose.

Auroville with 1,800 inhabitants has very limited resources forwater supply
infrastructure. At present there is also no tariff structure andw ater fees are arranged per
community and only cover operational expenses. As the costs vary per community
following pump type,water level and number of ‘customers’ Auroville could best
introduce a unffied tariff structure covering operation, maintenance and future
investments to a certain extent. A ‘Water organisation’would then be responsible for the
introduction of supply standards and billing and payments. This organisation could as
control production and consumption and infroducew ater saving devices and practices
where needed.

Water supply organised by Auroville should be further extended to the villages in the
Bioregion. Less dependency should be created from groundw ater. Treated rainw ater
during monsoon and desalinised brackish water or seaw ater in the dry season are best
alternatives. This should go hand-in-handwith wastewater management and rainw ater
harvesting.

Supply of irrigationw ater from groundw ater should be strongly reduced to be in balance
with recharge. Traditional irrigation structures should be rehabilitated and where
possible extended to reduce dependence on groundw ater. Also harvested rainwater and
recycled waste water should be used combined with introduction of water saving
measures, -crops and -irrigation techniques.

Waste water management

Present practice in Auroville

Wastewater is relatively well organised in Auroville. Some 60% of the total quantity of
655 m® waste water per day i treated and part of this is being re-used, 40% is disposed
in soak pits. Optimisation of decentralisedw aste water treatment techniques have
resulted in the general adoption of baffle tank reactors w ith polishing ponds as most
succesfull technique under the present circumstances. Waste water reatment could
best be better coordinated with baffle tank reactors and polishing ponds as the standard
for Auroville.

Situation in villages

The situation in the studyarea sless positive. Virtually none of the 3,200 m® of waste
water is treated and re-used. Black wastewater (toilets) is generally deposited in soak
pits while grey wastew ater fromwashing, cooking and cleaning is generally drained
away by gravity.

Scope for further optimisation

The treatment of waste water should be further organised and optimised per community
or neighbouring comminities could be connected to one treatment facilitiy w hile
maintaining a decentralised approachfor the near future. Facilities need to be provided
for the structural re-use of the effluent for gardening or irrigation and allow any excess
effluent to infiltrate. Multi-criteria analysis clearly shows that a decentralised approach
combined with ecological sanitation fits bestw ith Auroville’s ideals and present size.
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1.6

In the villages much could be gained by decentralised wastewater treatment through
the introduction of baffle tank reactors and polishing ponds in villages in the study area.
This would necessitate the construction of sewers and the introduction of the re-use of
treatedwaste water for irrigation and infiltration. At the same time, this wouldreduce the
use of groundw ater.

Pondicherry waste water treatment plant

This waste water teratment plant presently produces 13 million litre per day (MLD) of
effluent (poorly treated waste water) that is disposed in an open areafromw here it
infiltrates into the undergroung. The constitution of thewaste water is only known to a
limited extent and there are strong indications that thew aste water contains reminants
of industrial activities in Pondicherry. The coming 30 years the treatment plant is
expected to be extended to 70-80 MLD.

His huge quantity offers in principle a great opportunity to reduce the dependency on
groundwv ater once a suitable and sufficient reatment is used. The effluent could then
either be used directly in irrigation or could be infiltrated at a suitable location into the
underground. Although Auroville would interferew ith the responsibility of Pondicherry to
treat its ownwastewater, this opportunity is too valuable to be unused or at least
unexploited.

Presently innitiatives are developed by Auroville’s CSR in cooperationw ith MIT and the
Smithsonian Institute to develop natural reatment methods for the Pondicherry sewage
by using algae. These algae could be used to produce fertiliser or generate bio-energy

which could in principle provide the treatment plantw ith the required energy.

Matrimandir Lake

Origin of thelake idea

A lake around the Matrimandir has been avision of the founder of Auroville and since
then is the long cherishedwish of many Aurovilians. Such a lake has been designed by
Auroville’s Chief Architect and ideally should have a significant function inw ater
management.

Design and function of the lake

Studying the various functions of alake around the Matrimandir, it is concluded that the
aesthetical boundary conditions set by the Chief Architect can not be combined with the
required role in water management. Therefore it is advised to allow the lake to fluctuate
more in accordance with the seasons and 1o vary in size aswell. With an excess of
water, large zones along the shore of the lake could inundate at the same time allow ing
reeds tofilter the water in the lake. In the dry season the water receeds to a minimal
shap and level of the lake that can be maintained by supplementing water from
groundw ater. Excess water should be infiltrated to close the water balancefor the lake.

The absolute level of the lake could be slightly reduced to allow run-off water from the
oval to befiltered before entering the lake. Still dikes will have to be constructed at the
western part of the lake to prevent the area around the Townhall from flooding.

Aestetics and symbolism mainjustfication
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Even w ith all these boundary conditions to be flexible, the function of the lake in terms of
water management is still minimal. Symbolism and aesthetics remains the main
justification for the construction and maintenance of thelake. In itseff thisisnot a problem,
but should be accepted by the Auroville community.

Ecoalogy of the lake

The water quality of the lake is determined by the quality of the incoming w ater
combined with the biological activity in the lake. Experiments with planted filters and
reed beds along the shore of the lake, underw ater vegetation and certain biotopes at
pilot scale should provide sufficient information for the ecological management of the
lake in order to keep thewater as clean as possible.

Town hall MM-Ovall

Vegetation Floating vegetation Under water vegetation FI oating vegetation

0,00 m

Temporarylake

Nptrient—fr

Permanent lake

Figure 4 Proposed conceptual design and ecological zoning of the Matrimandir lake.

Evaluation

Water supply

Water supply can best be done through a system that combines all available sources in
an appropriateway. Dependency on groundw ater should be strongly reduced in view of
the lack of sustainability. Rainw ater harvesting should be structurally implemented in
Auroville and surrounding villages. Wastew ater treatment should be standardised in
Auroville and surrounding villages. Recharge of groundwater from harvested rainw ater
and wastewater effluent should take place. Excess water for Kaluvely should be used
for infiltration of the Vanur aquifer. Desalination of brackishwater or seaw ater could
gradually replace groundwv ater as a source of domestic water in the dry season.

Waste water management

Wastewater treatment should be extended throughout Auroville. Old and dysfunctional
systems should be replaced and decentralisedw aste water treatment combined with
eco-sanitation should be used as standard for the near future. As much as possible
waste water should be organised by community or group of communities and facilities
should be provided fo either re-use thewaste water or to infiltrate the effluent into the
underground.
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Matrimandir Lake

The justification of the Matrimandir lake mainly lies in the symbolism, aesthetics and
social function of the lake. If boundary conditions from the Chief Architect are somew hat
relaxed, the lake could ako play a minor role inwater management and could at least
capture the rainwater directly falling on the lake. The lake can not have a purifying
function and should not be deeper than 4 m. Larger depth only works adverse on water
quality and amount of soil movement to be done. Laterite mixed with bentonite can be
used as sealantwhile its borders in view of the requiredw ater level fluctuations can best
be made of gabions. Experiments at pilot scale should prove the necessity of the
introduction of certain plants and animals to keep thewater free of algae and in a
healthy condition.

Integral water management concept

Thé integral water management concept for Auroville does not exist as it needs to be
decided on in the coming years by the community at large and the various committees
and groups active in this field. A decision tool has been presented in the report to assist
with the outstanding issues and make well balanced choices. These choices need to be
made by Auroville however and not by outsiders. Outsiders can only advise on the
choices which is done in this comprehensive document providing a full overview of
present status an various possibilities en techniques in water resources management,
water supply,waste water management and the design, construction and operation of a
lake around the Matrimandir. As much as possible the principles of Auroville have been
used as abasis for the formulation of possible solutions.

An integral water management plan for Auroville alone is not feasible. Coverage of and
participation from the villages and inhabitants in the study area is an absolute necessity
for the successful realisation of such plan. Auroville’s vulnerability but also Auroville’s
image as change agent and trend setter in many fields is often underestimated, not the
least by Aurovilians. Auroville has the capacity to bend the present negative trend by
organising itsef and by interactingw ith locat, regional- and national level government
into a positive trend. Auroville has the knowledge and ability to interactw ith the local
population and has proven in the past that it is able to change behaviour for the purpose
of sustainability.

Conclusions and Recommendations

This study does not provide Auroville with aready made plan. In view of Auroville’s
present situation and uncertain future in terms of population and resources, such a plan
is neither believed necessary nor appropriate at this moment in time. This study thus
only analyses and evaluates various solutions and shows the best solutions for various
problems according to today’s level of knowledge, predictions on future developments.
Whether these solutions are indeed chosen is entirely up to Auroville and its inhabitants.

This document serves as background information for the choices to be made, can be
used as adecision supporting document and provided recommendations onw ater
supply, wastewater treatment and integral management based on present knowledge
and Auroville’s principles.

Water resources
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Groundw ater is andwill on the short term be the most important source of water for
Auroville. Recent study has shown that groundv ater is unsustainable at the short term
and urgently alternatives need to be found and groundw ater management should be
drastically changed.

At this moment resources suffice for the inhabitants. Some sharing is however required.
To achieve this, the water supply systems of several communities will have o be
connected.

Long termreliability of water resources entirely depends on the developments in the
agricultural sector and the possible recharge from surfacew ater, rainrwater andwaste
water effluent. In how far these measures are effective and where best they can be
applied, still needs to be seen.

Other sources such as waste water effluent and rainw ater are for severalreasons not
suitable for domestic water supply. They should thus be used for irrigation and
gardening only (appropriate use). To ensure that this is actually being done as much as
possible, standardisation of methods and materials and the obligation related to building
permits are strongly advised.

If immediate re-use of rainwater and waste water effluent is not possible, it should be
used for recharge of the groundw ater w ith the emphasis of the Vanur and Cuddalore
aquifers. Several studies have been carried out showing the most reliable and
successful recharge areas. Should these areas not be feasible in the context of the
Masterplan, then this Masterplan should be applied with a certain level of flexibility to
ensure thatthese areas remain available for recharge.

Rainw ater harvesting and stormw ater drainage also require buffering of water. Areaswill
have to be identifiedwhere the storage and buffering of the rainwater can be combined
with a park, infiltration area efc.

Desalination of brackish and salt water as an alternative for groundvater and a
supplement for rainwvater in the dry season is an alternative that should be further
exploited.

Effluent from the Pondicherry waste water freatment plant may endanger the entire
hydrogeology of the area. Investigations have to be conducted towards the qualitative
and quantitative impact of the free-flow ing effluent that continues to infiltrate in this area.
Also the solid waste present may contribute to the pollution of the underground in this
area. Simultaneously, investigations can focus on the treatment of the effluent to enable
the re-use as either irrigationwater or cleaninfiltration and recharge water.

Water demand

The water demand in Auroville is still high compared to the surrounding area, even
compared to Europe. Auroville being a sustainable community is able to reduce further
and give a good example for the surrounding area. Embarking on programmes to
reduce water use in agriculture, Auroville will have to show that they are amongst the
best pupils inclass.

Water demand should be separated in domestic and gardening/irrigation as far as the
present infrastructure allows. Further development should aim at the supply of
appropriate water e.g. groundw ater for domestic water andw astew ater effluent and
rainw ater and stormw ater for gardening and irrigation.
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Large integral programs should be carried out to reduce irrigation andwork on w ater
saving irrigation practices and crops. At the same time, the use of waste water effluent
and rainw ater harvesting/stormw ater drainage should be promoted.

Water supply

Water supply should continue decentralised. Some schemes will be connected to
provide sufficient sources for all. On the long term, more schemes may be linked and
supply may be partially centralised.

The water supply scheme are not providing potable water. This does not need to be
changed. In the farfuture when population numbers have grown and thew ater supply is
much more centralised, the system may provide potable water.

The systemis simple and appropriate for the present situation. Supply security and
pressure arew ithin reasonable limits and can not be raised unless considerable
investments are made. Priorities lie elsewhere.

Waste water management

Wastewater should continue to be treated decentralised and used decentralised
organised per community or group of communities. Successful reatment methods
should be universally applied to achieve standardisation in effluent quality and materials
and equipment. Facilities should be provided to re-use the effluent for gardening and
irrigation.

Organisation

An organisation is lacking in water supply, in waste water treatment as well as in

rainw ater harvesting. As a result, various techniques, materials and equipment are used
in Auroville. A nev organisation can streamline activities in thesefields, can coordinate
between the various services in Auroville and can function as spokesperson tow ards
external local and regional authorities. The organisation can initially focus onwater
supply in Auroville, providing technical support, operation and maintenance and billing
andfinancial services. At a later stage, the organisation can expandtowards a broader
water management organisation.

Matrimandir Lake

The Matrimandir Lake is of almost unconceivable importance for the completion of the
Matrimandir and surrounding gardens. Foreseen and spoken of by the Mother, it
appears that the lake is of great symbolic and aesthetic value. Under the given boundary
conditions, the lake can not perform a significant role in the management of w ater
resources in Auroville. Rainwater from the lake’s surface will have to be evacuated
during monsoon whereas it has to be replenished by groundw ater during the dry
season. Techniques for the storage of rainwvater in underground reservoirs exist, but are
excessiely expensive. As long as the Matrimandir recharges to the underground an
amount of rainw ater equal to the rainw ater being evacuated and evaporated, then one
can speak of a balanced situation in terms of water resources. How the quality of the
lake w ill develop andw hat measures can help with or are counterproductive for the
water quality are to be determined in a pilot lake.

SHORT TERM ACTIONS

Technical Auroville

1. Wastewater treatment and re-use should be obliged and standardised. Where not
yet practiced it should be introduced, where already practiced it should be optimised.
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2. Rainw ater harvesting should be obliged and standardised. Where not yet practiced,
it should be infroduced and w here already practiced it should be optimised;

3. The most beneficial locations for rainw ater and w aste water effluent infiltration in
Auroville should be identified. Provision should be made to connectas much as
possible the rainwater harvesting andwaste water reatment to these areas.
Facilities should be constructed to allow infiltration possibly combined with temporary
storage;

4. Desalination should be further investigated as an option to replace domestic water
supply in periods of non-availability of rainw ater;

5. In all aspects of water supply and water resources management, as much as
possible the decentralised ‘village’ approach should be follow ed;

6. The possibilities for reatment of the Pondi effluent to a standard that it can be used
for irrigation and safe recharge of groundw ater resources should be investigated.

7. In close cooperationw ithAuroville’s Future, possibilities to design infiltration areas in
green areas and corridors in the Masterplan should be investigated. In view of the
importance of these infiltration zones, the Masterplan should be implemented in a
flexible way ;

8. Near the Matrimandir, a pilot lake can be made and filled with rainwater and being
replenished by groundw ater. This will allow to investigate the most suitable sealing
materials for the bottom of the lake, the most suitable border construction and
materials and methods and species in ecological management;

9. Follow ing the outcome of the above investigations, Auroville should outline an
Integral Water Strategy (Waterplan) clearly outlining how to deal with water from
household level to city level and dealing with domestic water supply, wastew ater,
rainwater and stormw ater.

Technical Bioregion

1. The possibilities to recharge the Vanur aquifer from the excess flow into the Kaliveli
swamp should be investigated;

2. A study needs to be conducted tovards the impact of the infiltrating effluent of the
Pondi Sew age Treatment Plant;

3. A campaign should be designed to introduce at large scale water saving crops and
practices in agriculture.

Organisational Auroville
1. Auroville should organise itself, unify and agree on an approach in water supply,
waste water reatment andw ater resources management;

2. Auroville should rely more on internal expertise and stop flying in external experts;
3. A water organisation should take up this task and gradually develop itself to awater
services company on non-profit basis to streamline and standardisewater supply
and wastewater in Auroville. Eventually, this entity will also deal with water

management, both inside and outside Auroville;

Organisational Biore gion

1. Auroville should liaisew ith local and regional authorities to persuade recharge of the
Vanur aquifer from the excess flow from the Kaliveliw atershed;

2. Auroville should liaisew ith local and regional authorities, proactively promoting w ater
saving measures in irrigation and agriculture and participate in large programs such
as IAMWARM;

3. Auroville should searchfor all means to publicise the recent findings on the problems
with groundw ater from Vanur and Cuddalore aquifers.
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LONG TERM ACTIONS

1. Continued efforts in reduction of water use both inside and outside of Auroville, in
particular in irrigation and gardening;

2. Continue to focus on large scale infiltration and recharge of excess surface water,
waste water effluent and rain- and stormw ater;

3. Continued monitoring of groundw ater to enable timely and appropriate actions in
case of groundw ater deterioration;
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2.1

2.2

INTRODUCTION
Summary

The start

Auroville is presently wrestling with the issue of water resources management. A
Masterplan prepared in 2003 by Harald Kraft has lead to severe opposition fromw thin
Auroville and from outside. Several international experts have commented the
masterplan as un-sustainable, unrealistic and not in line with Auroville’s principles. A
small group in Auroville is still supporting the Masterplan and during an international
water conference held in September 2003 it was decided to prepare an alternative pre-
feasibility study for sustainable water management for Auroville.

Study Area

A seff-appointed Watergroup made up fromAurovilians w ith experience inw ater
management and assisted by an international committee made up from experts in the
field of water management from Israel,France, Germany and The Netherlands innitiated
and coordinated the pre-feasibility study. it w as soon agreed that only Auroville was a
too limited scope for this study and that it shouldbe extended. A study area of 70 kn?
was agreed based on hydro(geo)logical and administrative conditions.

Aim of the study

The aim of the study is to come to an objective evaluation of the demand and available
resources and to propose a most suitable water management concept for Auroville and
the study area. Starting in 2004, the study was completed in 2007w ith the final results

presented in Auroville in April 2007.

Context of the Report

In the course of 2002, Mr. Kraft from Engineering Firm Kraft from Berlin worked on a
pre-feasibility study for awater management plan for Auroville. The final report was
presented in February 2003.

In the period after the completion of the report, several Aurovillians expressed their
concem about the contents of the report. External and independent experts were
requested to assess the Kraft report and the documents prepared by concemed
Avurovillians and to advise on an alternative concept for the water management.
Published studies and several information available in Auroville was made available or
accessible to Mr. Kraft during and after his study. Concerned Aurovilians and external
parties all agreed that the concept proposed by Harald Kraftwas not feasible and would
not solve several pending issues adequately. Their independent view and information
made available was appreciated but it was not considered necessary to review any part
of the Kraft study. Roger Anger, Chief Architect of Auroville, was concemed about the
feasibility of the proposal of Mr. Kraft and requested for a counter study.

In September 2004, a 3-day seminar was organised by the Auroville Centre for Scientific
Research and by the Auroville Water Service — Harvest. The title of the seminar was
“Towards a sustainable water resources management for Auroville and the bioregion”.
The purpose of the seminar was to probe national and international experts in the field
of water management and related political ssues to recommend a strategy for
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2.3

24

sustainable water management for Auroville and its Bioregion. The recommendations of
this seminar have been included in Annex C to this report.

There was a general consensus amongst the experts in general and those sitting in the
expert panel in particular that Auroville should follow an integral approach covering all
possible water resources and act as a leading organisation in this respect. Ao the
focus should be not only onresources but also on demand, minimising of demand and
the justification of the demand in the social-cultural context and in the light of modermn
water management concepts. The participants of the seminar advised the community of
Auroville to carry out a broad pre-feasibility study. The reality and the general concern of
Auroville for the surrounding it and the population justified a study to address the issue
of water management at a much larger scale and in an integratedway.

Organisation of the study, client, water group and expert panel

Follow ing thew ater seminar, a water groupw as formed from some participants being
active in some aspect of water in Auroville. The water groupwas to coordinate the study
on behalf of APDC (Auroville Planning and Development Council), the client for the
study. Annex B presents alist of people taking seat in thewater group

For daily issues, Harvest’s Executive Director has coordinated activities in Auroville,
chaired and minuted the meetings of the water group and provided technical input. The
coordination of the input from different experts was left to Jeen Kootstra as independent
expert. Several experts from Auroville and external experts have provided technical
input for issues such aswaste water, desalination, groundw ater, surface w ater,

rainw ater harvesting and stormwater drainage.

In order to obtain some crucial data, specific investigationswere carried out as part of
the prefeasibility study.

An expert panel has reviewed the contents of this report. The members of the expert
panel have been listed in Annex B.

Aim of the study

The aim of this study is dual. On one hand, the study is to propose an integrated w ater
management plan that should provide an alterative for the concept proposed by Harald
Kraft and should thus aim at the provision of water for the ultimate city of 50,000 people
and (contrary to Mr. Kraft's terms of reference) address thew ater supply requirements
of the surrounding population as well including the interrelationw ith Auroville. The level
of detail prepared by Kraft is how ever considered neither necessary nor feasible at this
stage. At present several important issues have to be dealt with and choices have to be
made. The information to make these choices is available and is contained in this study.
Once the choices are made, further detailed studies and designs are to be done.

Therefore, this pre-feasibility makes an inventory of what resources are available in
broadest sense, defines the advantages and disadvantages of using these sources,
describes possibilities of combined resources and boundary conditions for further
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2.5

developments. The study presents the issues and choices that have to be dealt w th and
formulates an approach to be follow ed.

Based on this, the study determines the short and long term actions to carry out and
issues to dealwith aswell as hiatuses in know ledge that have to be fufilled on short
termto enable Auroville to make aw ell balanced choice.

Safewater supply refers to agood quality, well protected against pollution. Sustainable
refers to the resources (not to over-exploit the resource, to put in as much as is taken
out), the use of environmental friendly material and techniques, the use of energy and
the production and processing of waste material. Technical feasibility refers to the know-
how available and appropriate to apply in this environment, resources available and
exploitable. The financial-economical feasibility refers to the cost of the construction and
the operation and maintenance of thewater management system, taking into account

w ater fees and fair costs for operation and maintenance. Social feasibility refers to the
acceptance of thewater management system by its target population and by the
organisation thatwill be responsible for the operation and maintenance of the system.

Valuating all proposed concepts on the bases of these main criteria then results in a
clear score for every concept. Based on these scores, selective concepts can then be
considered for further studies and implementation.

Definition of the study area and brief description

The extent of an area for the study has been determined according to physical, social
and administrative parameters. The study area should be limited in size as financial and
human resources for the study are limited. It will how ever not limit in any way the
choices or excludes relevant issues or items.

The study and the study areaw ill
be a reference for the application
of the concept of Integrated Water
Resources Management to the
entire bio-region, as was ako
recommended during the seminar
of September 2004. The entire
bio-region covering 1400 knf can
not be covered by such study, for
practical reasons. The
investigation and application of
this concept at smaller scale will

- Kiroville BENGAL .

& B AN therefore form a learning case of

Wi ‘Aﬁ;{f“d”“""" application of the same at a much
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2.5.1

Physical characteristics of the area

Elevation and momhology

Auroville is situated on an elevated and elongated plateau of maximum 50 m above sea
level oriented NNE-SSW near the coast. Due to deforestation for firewood in the course
of the past century, vegetation completely disappeared exposing the soil to sun, wind
and rain. As aresult, several
canyons formed running ina
radius outw ard from the
plateau.

ELEVATION AND HYDROGRAPHY

Kaluvelly swamp' Koonimedi

The location of Auroville on
the top of an elevated and
elongated plateau is
unfavourable forw ater
harvesting. The west of
Auroville is relatively
favourable due to the more
_ clayey soil type, run-off from
A the higher situated terrain
— P further to thewest. The east
— side of Auroville slopes
— gt steeply towards the sea is
s much less favourable for
iate agriculture and rairw ater
225-2 harvesting. The catchment
wa-m area is small and the flow will
\ — e be directly related to the
g [ — oy | W rainfall w ith strong variance
N 3 of — i according to the rain intensity.
: study_area Bengal = ::u 1':
LS B - 012 Figure 2 Elevation and
u H S s W 55575 hydrography

Geology and sail

The geological formations outcropping in the area surrounding Auroville are the upper
six layers occurring in the area and the surrounding alluvium. These are the layers that
are affected by recharge fromrain in the area and these are the layers that can be
reached by wells fromthe area

The 5" layer (Ottaiclay) is athick clay formation and can be considered to a certain
extent as a natural vertical barrier and forms a natural limit of the study area tovards the
westand tovards the deeper underground. The 6™ layer (Vanur sandstone) i a high
yielding aquifer currently being over-exploited to the west of the project area. Under the
present conditions, there is very little scope for further development as the Vanur only
occurs at large depth in the project area and is presently already severely over-
exploited. In itself the aquifer has a considerable potential conditional to proper
reduction and control of present exploitation and focus on recharge. Towards the north,
the formations are covered by the alluvium underlying the Kaliveli swamp. The east of
the areais limited by the sea. Under the sea bottom, the layers extend eastward.
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The 5 formations of significance that outcrop in the area are:

Alluvium 5.3 kn?
Cuddalore 55.1 kn?
Manavali 9.8 kn?
Kadaperikuppam 13.5 kn?
Thuruvai 2.3 kn?
TOTAL 86.0 km?
SURFACE GEOLOGY AMD AREA IN SO.KM
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Figure 3 Outcrop of geological formations in the study area.

Hydrology

The surface drainage systemincludes channels and tanks and forms an extensive
network over the area. Three main watersheds around Auroville are Kaliveli in the north
covering, Gingee in the southwest and coastal in the southeast along the coast.

The southern side, flowing tow ards Usteri lake and the Gingee river, can be excluded
from the study area as this portion is part of a differentwatershed system and will not
affect hydrological parameters of the targeted area. The coastal systemwill be included
as this originates from the centre of Auroville on the top of the elongated ridge and
covers aconsiderable part of the study area. The majority of the study area lies in the
Kaliveliw atershed, w hich totals 750 kn.
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KALUVELLY WATERSHED AND SUB-WATERSHED LIMITS

I: study_area
D Greenbelt

Drainage_bioregion
— Rivers

Tanks_bioregion

[ ] kaluvelly_watershed
subwatersheds

I Pambal 1

| | Pameaiz

[ ranesis
Kaluvelly 1

Kaluwvely 2

watershed areas in sq.km | ratuveny 3

v
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Figure 4 Hydrology of the study area and surroundings, showing most
important water bodies in the area.

Climate

The climate is semi-arid, w ith two monsoons: the South-West between July and
September (30% of the rainfall) and the North-East between October and December
(60%) of the rainfall), 10% of the rainfall remaining occurs sporadically during the rest of
the year. The yearly average rainfall is 1,192 mm from 1911 1o 2001 (Fig. 1, Historical
Hindu-Pondicherry station), with a maximum of 2,604 mm recorded in 1943 and a
minimum of 626 mm recorded in 1952. Auroville has 38 years of rainfall records varying
from a minimum of 660 mmin 1974 up to a maximum of 2,160 mmin 1996. The
average over these years is 1,280 mm. On a regional scale, the rainfall decreasesfrom
the coastline inland.

The maximum temperature occurs in May (around 38 °C) (the summer season runs from
March to June), and the minimum in January (around 21 °C) (thew inter season runs
fromJanuary to February); the yearly average s around 27 °C.

The potential evapo-transpiration (PET) (calculated thanks to Thorthw aite or Penman
equations), gives annual values around 2,000 mmw ith the only available data fromthe
Auroville station (1972-1981).

Administrative boundaries of the area
As per above defined criteria, the following 26 villages spread over 12 panchayats are

located in the study area:
e  Periyamudaliarchavadi, Chinnamudaliarchavadi, Kuppam,;
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Bommayarpalayam, Kuilapalayam,

Kalapet, Chinnakalapet, Kanagachettikulam;
Puthupet, Puthupattuchavadi, Monnaiampet, Chinnakoluvari;
Mattur;

Nesal;

Rauthankuppam, Pappanchavadi, Akasampattu;
Rayapettai, Rayapudupakkam;

Alankuppam, Sanjeevi Nagar;

Turuvai;

Irumbai, Edayanchavadi. Kottakarai;
Acharampattu.

ADMINISTRATIVE BOUNDARIES AND STUDY AREA

I:I study_area

[. 1| Tanks_bioregion

Main_roads
Settlements
Village_bounds
Fondichermy_territory
. L : L = S kiometere g i‘%
Figure 5 Different administrative boundaries in the projectarea

Final geographic area proposed for the study

Follow ing the above parameters, afinal study area can be determined. It covers a total
area of 70 kn, from Alankuppam village on the west side, to Chinnamudaliarchavadi on
the south and Kanagachettikulam on the north (see location map). The northern
boundary of the study is determined by the geology as the thin layer of sediment is
excluded. Thewestern boundary of the study area is determined by the geology as the
Ottai clay and Vanur sandstone have been excluded. The southern boundary of the
study area is determined by the hydrology, as the Gingee river systemis not included
and only streams and canyons in the rural area are considered. The eastern boundary o
is determined by the sea.
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Proposed study area according to hydrogeological parameters and administrative boundaries
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Figure 6 The delineation of the study area.
The current population of the study area is 62,000 people (Census 2001, AV master list
Dec 2004).

Village Name Population 2001 census

Acharampattu 717

Alankuppam 1,380

Appirambattu 857

Bommay arpalayam 5,196

C.Kalapet 2,396

C.Mudaliarchav adi 7,140

Edy anchav adi 4,272

Irumbai 1,446

Kalapet 6,532

Kanagachettkulam 2,231

Kottakarai 1,612

Kuilapalay am 2,272

Mathur 1,475

Nesal 1,493

P.Mudaliarchav adi 4,111

Pillaichav adi 5,425

Pulichapallam 500

Puthupet 6,500

Ray aottai 663

Ray apudupakkam 2,427

SanjeeviNagar 2,195

Turuv ai 1,188

Total 62,028
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In addition to the above list, the study covers Auroville with its entire population aswell,
which is 1,800 according to the 2001 census. In total the population in 2001 is therefore
set ata round figure of 64,000 inhabitants. The chapter demand presents the future
development of the population in the area and the related demand for (drinking) w ater.
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3.1

RESOURCES
Summary

Current sources and their status

In the project area, water is used abundantly for domestic purpose but in particular for
irrigation. The main source of water is groundvater and,when available, rainw ater
during and directly after the monsoon. The region traditionally practices rairw ater
harvesting by constructing series of small dams (erys) collecting rainw ater and allow ing
a firstand occasionally second crop. The urge to be self reliant in food combined with
the mechanisation of agriculture (dieselpumps and submersible pumps) have lead to an
explosion in groundw ater extraction since the 1960’s complementary to the traditional
irrigation. As a direct consequence, groundw ater levels in the entire study area are
falling rapidly with several meters per year. This trend is further aggravated by
availability of stronger pumps at affordable and even subsidised prices and

unw illingness and inability of politicians to step in.

Several (international, national and non-governmental) organisations have introduced
the rehabilitation of traditional irrigation structures and systems and the use of less water
consuming crops and less water consuming irrigation methods. The government at
State- and National level has also started to promote water saving measures and
programmes in agriculture. At the same time, free electricity and subsidised pump-sets
continue to be provided.

Disaster on the lure

Recent research has proven that the aquifer systemis not only overused, but is on the
verg of complete deterioration and collapse. The only reason that the Vanur aquifer is
not yet suffering from massive ingress of seaw ater is an off-shore buffer of fresh water.
Excessive cost of further investigations to determine the geometry of the formations off-
shore, prevent the detailed assessment of the reserves. At the present rate of

groundw ater exploitation however, exhaustionwill certainly occure and more likely in the
near future than the far future.

Altemnative sources

Other resources like rainw ater, waste water effluent and seawvater are available but
require freatment to the required level. These alternative sources remain however more
expensive than groundw ater and are therefore financially less attractive.

Surface water

There is no surfacew ater permanently present in the study area. All lakes and erys dry
up in the course of the dry season. Even large water bodies like Kaluvely Wetland and
the Gingee river dry up after several months. Although some eryscanbeincreased by
raising the dams, the scope for extension is very limited. The land is relatively flat, so
much more land will be floodedwhen dams are raised.

Rainwater

Rainw ater is to a certain extent used through the traditional irrigation structures. Other
rainwater harvesting structures are however not used. The collection and use of

rainw ater requires minor adaptions to houses and a light infrastructure throughout
villages and towns. Part of the infrastructure is often present in theform of

rainw ater/stormw ater drainage. The main issue s storage as rairwater falls w ithin a
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3.2

3.2.1

short period of time (hours) and only during afew months of the year in the monsoon.
Much more than present however rainwv ater should be collected and used. As it can not
al ays be consumed and/or stored, it can ako be infiltrated in the underground to be
usedw here andw hen required.

Waste water

Also wastewater effluent is available, whereever wastewater is being produced and
treated. In general some 60% to 80% of thewater used domestically is produced as
waste water and is thus de-centrally available. Due to the virtual absence of industry and
workshops in Auroville and surrounding area, the sewage can be re-usdw ith limited
treatment. The treatment can be organised in a de-centralisedway per Auroville
community or group of communities in case these are located nearby and per village or
neighbourhood in the surrounding areas. Commercial activities can have treatment at
sourcefor the particular constituents. Wastewater from Pondicherry is centrally
available at thew astewater treatment plant. If a suitable freatment method can be
developed, thiswater could be used in an organised way for irrigation purposes.
Sewage can be treated to a level that it can either be used as irrigation water or can be
infiltrated in the underground.

Seawater

Seaw ater and brackishw ater from the coastal aquifers can be desalinised to serve as
domestic water. Desalinised seaw ater could never serve as irrigation water due to the
high cost related to desalination. The costs are mainly related to the high energy use of
the process. Renew able energy (wind and solar) can be used to a certain extent to
reduce energy costs but require large investments. The process of desalination
produces a considerable amount of brine mixed with chemicals. This effluent needs to
be disposed off which often results in opposition of population concerned.

Sustainability

Further use of groundw ater is not sustainable and a single best alternative source is not
available. Sustainability and appropriateness are important to prevent similar problems
in the future. A combination of sources, each used for the best purpose is therefore the
key to sustainability. Groundv ater can only continue to be used IF extraction is strongly
reduced AND massive recharge is undertaken to equilibrium the water balance.

Groundwater
Formations and lithology

In the study area, the geology consists of a crystalline bedrock hinterland overlaid by a
sedimentary series of several layers from Cretaceous and Tertiary, and with alluvium
from Quaternary.

Bed Rock

The bed rock fromthe Archean age is outcropping west of the sedimentary basin. It
corresponds to the Eastern Ghat Complex which extends into the area. The bed rock is
made of charnockites which are mainly composed of quartz, plagioclases (often perthitic
ones), pyroxenes (mainly hyperstene) often ouralitized, biotite sometimes chloritized,
hornblende, apatite. They are considered to be highly fractured in the upper 100-meters
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but compact further down. The top of the bed rock gently slopes down in south-eastern
direction under an angle of 1.5°reaching a depth of about 500 m at the coast line.

Sedimentary series
The sedimentary beds are made of deposits from the charmnockite bedrock, overlying the
basement. The Cretaceous sediment layers are from bottom to top the
Ramanathapuram sandstone, then the Vanur sandstone, the Ottaiclay, and finally the
Thuruvai limestone. The Tertiary layers are the Kadaperikuppam limestone, the
Manaveli clay for the Palaeocene period, and the Cuddalore sandstone for the Miocene
and Pliocene period. Quaternary Alluviums, from Pleistocene period is the top layer of
the serie. Between the basement and the Tertiary, betw een the Tertiary and the
Pliocene and between the Pliocene and the Miocene/Pliocene, unconformities are

located.
Table 1 Stratigraphy of the study area

Era Period Formation Lithology

Quaternary | Recent Alluvium Sands, Clays, silts, kankar and gravels

Tertiary Mio-Pliocene Cuddalore formation | Sandstone, Pebbly and gravely and
coarse grained with minor clay and
siltstones and thin seams of lignite.

UNCONFORMITY

Tertiary Pliocene Manav eli Y ellow and yellowish-brown, grey
calcareous siltstone and claystone and
shale with thin bands of limestone.

Tertiary Pliocene Kadaperikuppam Y ellowish white to dirty white, sandy,
hard f ossilif erous limestone,
calcareous sandstone and clay.

UNCONFORMITY

Mesozoic Upper Cretaceous | Thuruv aiformation Highly fossiliferous limestone,
conglomeratic a places, calcareous
sandstone and clays.

Mesozoic Upper Cretaceous | Ottai formation Greyishto greyish-green claystone
with thin bands of sandy limestone and
fine grained calcareous sandstone

Mesozoic Upper Cretaceous | Vanurformation Quartz sandstone, hard, coarse
grained, occasionally felspathic, or
calcareous with minor clay.

Mesozoic Lower Cretaceous | Ramanathapuram Black carbonaceous, silt clays andfine

Formation to medium grained sandstone with
bands of lignite and sandstone, medium
to coarse grained

UNCONFORMITY

Achaeans Eastern Ghat Charnockite and biotite

complex Hornblende gneisses.

Structure

The formations are from sedimentary origin and dip 2°-5° towv ards the east and south
and increase in thickness towards the east and south. Allformations are outcropping in
north-south running bands with the most recent formations tow ards the east. The
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3.2.2

outcrop area is limited from the Kaliveli Swamp in the north towards the Gingee River in
the south.

Faulting in the area occurs in 2 predominant directions. One direction is parallel to the
coast, northeast-southwest east of Auroville. The second direction is east-west along the
Gingee river. The Auroville plateau can be interpreted as a horst, formed by the
elevation of the sedimentary layers at least from the Ottai clay. Two other deeper faults
seemto be present. They could be normal faults explaining the increase of the
sedimentary thickness towards the East (Aude Vincent 2004). The location of the faults
is not exactly knowvn. Their significance in terms of permeability is also notwell
understood. Figure 7 shows the supposed location of the faults at the surface and in the
deeper underground with the location of Auroville in green and the location of the
section in blue.
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[ wespareececion  Figure 7 Structural geological map of
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. ¥ sedmentares south-east India showing the locations of faults
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— oS and cross-section of the area around Auroville.

Lithology
The lithology of every formation is described in Table 1. The predominant facies of each
formation occurring in the project area are printed in bold.

Hydrogeology

Among the formations occurring in the study area, there area 4 aquifers, separated by 2
aquitards. These are the recent alluvium including the coastal dunes area underlain by
the Cuddalore sandstone. Below the Cuddalore sandstone, the Manaveli clay is found
which is the first aquitard. Below the Manaveli clay,we find the Kadaperikuppam
limestone and Thuruvai limestone followed by the Ottaiclay, the second aquitard. Below
the Ottai clay, wefind the Vanur sandstone and the Ramanathapuram sandstone.

The alluvial aquifer

The alluviumis only present in the north of the study area and covers only 5.30 kn¥ of
the study area. It consist of eroded material from the elevated zones. The material is not
homogeneous but consists of lenses and layers of finer and less permeable or even
impermeable material in a matrix or more permeable material. Thicknesses are found up
to 35 m (re. PEC). Groundw ater occurs under freatic or semi-confined conditions. From
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pumping tests, permeabilities of 25 — 275 m/day have been found (NGRI), values of 130
nm/day have been used in recent hydrogeological modelling (Vincent, 2007) and
transmissivities from 275 — 700 m2/day. Water table fluctuations found vary between
0.05 and 13 m between the dry and monsoon season (PEC). The recharge rate is
estimated at 16+2% and the specffic yield at 0.05 (source: NGRI 1987). This aquifer is
being used extensively and has no potential for further development.

GEOLOGICAL MAP AND CROSS SECTION LOCATION
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Figure 8 Section across the aquifer system at the location of Auroville showing
the outcrop area of all aquifers

The Cuddalore aquifer

Description

This is the highest yielding aquifer in the study area. The formation consists of 80%
granular zones of sands, sandstones and gravels w ith minor lenses of clay and thin
lignite seams. Occasionally, petrifiedwood has been found (PEC).

The thickness of this formation is about 50 meters in Auroville area and goes to 500
meters in Cuddalore city area, 20 km south of Pondicherry city. The aquifer gets deeper
and thicker in the southern part. The formation is outcropping in the east of the region
over 83 k. It is also outcropping in thewest of the sedimentary basin over 42 kn?,
where it can be considered as a potential recharge source for the underlying Vanur
Aquifer. The Cuddalore aquifer itseff is recharged from rainw ater and surfacew ater in
the outcrop area and from percolating groundw ater from overlying alluvial sediments in
the north and east of the study area.

The depth to groundw ater table is about 20 meters in Auroville area, and the piezometric
level is belov the mean sea level at the coastline. Thewater levek in the aquifer are
dropping dramatically (Harvest 2006) as it is one of the most favoured aquifers beneath
the Auroville plateau while its thickness is limited. Further lowering of groundw ater
levels, increases the risk of salt water infrusion. The scope forfurther development of
this aquifer is therefore doubtful and mostly limited to the eastern side of Auroville.
Permeabilities ranges from 0.8 — 3.0 nvday (NGRI 1987), are used in recent
hydrogeological modelling as 25 nvday (Vincent, 2007) and ransmissivities range from
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4,000 to 9,000 n¥/day (NGRI 1987). The aquifer’s recharge rate is estimated at 16+2%
and its specffic yield of 0.05 (NGRI 1987).

Water quality

The quality of the groundw ater from this aquifer is a point of attention. The TDS is low,
varying between 85 — 672 mg/l (PEC). The pH how ever is low, varying from 5.0 to 6.3
(HARVEST survey from January 1999 to September 2001) with most of values below 6
(acceptable limit as per WHO: 6.5 t0 8.5).As the water s relatively acid, this could lead
to public health problems and degradation of infrastructure.

Manaveli formation

The Manaveli formation is composed of yellow ish brovn calcareous clay and shales with
pieces of thin shells and thin limestone bands. Although the formation is continuous,
zones do occur where the formation is very thin (afew metres) or where the formation’s
permeability is relatively high (clay mixed with sandstone and limestone). The thickness
ranges from 15 to 20 mand it occurs over an area of 12 knf in the study area. The
formation can not be considered as an aquitard (NGRI 1987, Vincent et al 2006). Due to
its limited thickness and inhomogeneous nature (also including solvable and granular
material) the hydraulic resistivity is believed to be low. In recent hydrogeological
modelling, a permeability of 8.6 10 mvday has been used..

Kadaperikuppam limestone

This formation consists of calcareous sandstone with yellowish grey to dirty w hite colour.
Thin lenses of clay, shale and shaly limestone have also been found in the
Kadaperikuppamformation. It occurs over and area of 46 knf in the study area.

Little is known about the aquifer characteristics, as most wells tap w ater from both
aquifers. The Kadaperikuppamformation is highly exploited for the drinking w ater
purpose,w here the formation is outcropping, water levek are shallow and the water
quality is good. The permeability is estimated to be close to the Cuddalore aquifer.
Therefore the parameters for this aquifer are similar to the Cuddalore aquifer. Recently a
value of 3.5 m/day has been used in a hydrogeological model for the underground of
this area (Vincent, 2007).

Thuruvai

The Thuruvaiformation consists of fossiliferous grey limestonewith few bands of
sandstone. It is highly conglomeratic with pebbles of quariz at certain levek. lts
thickness varies between 40 and 50 m (PEC). It occurs over and area of 5.7 kn¥ in the
study area as the thickness of this formation is very small and in general can not be
distinguished from the Kadaperikuppam formation. lts permeability is 15.5 nvday
according to Vincent 2007.

Ottai formation

The Ottai formation consists of grey claystone with afew bands of limestone. lts
thickness varies from 60 to 100 m and therefore this formation is considered as an
aquitard. Despite this, locally pockets or lenses of potable water do occur and are
exploited via (bore)wells. This layer is however not suitable for large scale development.
Transmissivity and field permeability of the aquifer ranges from 60 to 70 m?/day.
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The formation is outcropping over 23 ki? on thewest part of the area, and is present as
a captive aquifer below the Ottaiclay layer on the east over 187 kn. Its top depth on
the coastal line is about 200 meters. The transmissivity ranges from 5.8*10° /s t0 2.0
*10” nf/s (source NGRI 1987), from 2 - 10 10™* mf/s according to pumptests carried out
by harvest and has recently been assumed 2*10* nvs (Vincent, 2007). lts important
transmissivity is due to its high permeability and its thickness. A hydraulic connexion is
possible with the Kaliveli swamp, the sea, the rock basement and the intermediate
formations.

Water is of good quality but show s signs of degradation due to a salinisation process.
The increase of salinity is mainly due to an upward leakage of highly mineralizedw ater
from the below aquifer Ramanathapuram (the conductivity ranges from 1,000 to 4,000
uS/ cm). This is due to an over-exploitation of the Vanur aquifer that has led to afast
depletion of the piezometric level. Other sources of salinisation are the evaporation and
leakage from the Kaliveli swamp (d’Ozouville, Violette and Gassama, 2002). The
present piezometric level is around 45 meters below mslandwas above main sea level
in 1975. The overexploitation has changed the original groundw ater flow which is now
reversed and flows from the sea inland (Harvest field survey results, 2005).

PIEZOMETRIC LEVEL IN VANUR AQUIFER NOVEMBER - 2005
2 meters interval contours map with reference to mean sea level

® 18 Observation well
/\/ Piezometri Level
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Surface_geology.shp
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0 5 10 Kilometers Source : Harvest Field Survey / Ground water level
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Figure 10 Piezometric levels in the vanur aquiter in 1975 (em) ana zuus (rigny In
m compared to sea level.
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Figure 11 Schematised cross section of the Vanur aquifer showing the

dev elopment of the fresh-saltwater interface in time based on model results

The extraction has been evaluated in the year 2003 by Harvest through afield survey
targeting the 6,000 borewells existing in the area of investigationw hich covers some
250 kn?. The extraction is estimated as 72 Mm? per year. It is important to mention that
very few well are cased andwater is generally extractedfrom all the different overlying
layers ako. Nevertheless, it is estimate that the actual extraction is in the order of 15
times the natural recharge, and the trend of evolution is explosiveillustrated by the
number of wells over the past 60 years around Auroville. Very alarming in that regard
(Preliminary report on the hydro-geological study of the Kaliveli-Pondicherry
sedimentary basin (HELP Project, Vincent, Violette 2004).

Ramanathapuram

This formation is fully confined in the study area. According to earlier investigations it
has similar hydrogeological and structural characteristics as the Vanur formation. They
are therefore often referred to as the Vanur- Ramanathapuramformation. Due to its
natural high salinity content, this aquifer is not exploited. Betw een the Vanurformation
and the Ramanathanpuram formation, a layer of calcareous clays are mentioned.

Charnockite

The Charnockite aquifer is used west of our study area, on the west of the sedimentary
basin, where the rock basement is exposed at the surface andwhere no other sources
are available. Due to the massive character of this formation, the presence andflow of
groundw ater is limited to fractures in degraded areas of the rock. The depth of the
fractured portion is about 60 to 100 mw hile the maximumw idth of the fractured zones is
about 12 meters.

The water quality in this aquifer is poorw ith a conductivity of 500 — 2200 uS/cm. The
high salinity is of mineral origin (CaHCO; to NaCl).
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Time of Evolution of Wells Development in Auroville Area
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Figure 12 Dev elopment of wells in Auroville and surrounding area, mainly in

Vanur and Cuddalore aquifers

Past and present use of groundwv ater, development and potential

Recharge and exploitation

Recently, studies carried out by Aude Vincent (2007) resulted in a water balancefor the
Kaliveli basin. At the level of the entire basin, natural rechargewas 233 whereas the
extractionwas estimated at 432 . In these estimates, the extraction from the Vanur
aquifer is severely underestimated, causing the ration betw een extraction and recharge

to be evenworse.

Locally, the ratio can be completely off-balance. The same studies demonstratedwith
hydrogeological modelling that the extraction of the Vanur aquiferwas 40 times more
than the naturalrecharge (9 Mm? per year natural recharge and 322 Mn? per year

extraction).

Potential

From the above it is clear that we have reached a point of saturation in term of borewell
drilling in the area. Y et drilling continues, credit schemes for pump procurement or
handing out free pumpsets to farmers continues. The provision of free electricity for
agriculture continues. Although the area has been classified as critical by the
government authorities, drilling is still allowed and not stopped. In reality the aquifer is

overexploited.
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Water balance studies were carried out by Aude Vincent (Université Pierre et Marie
Curie, France, see also 3.2.5) in the period 2003-2005 in the Kaliveliwatershed
estimated 17.5 % average runoff per year and 22 % infiltration on a total of 1468

mm/year rainfall for the year 2004, see Table 2. The balance can be considered as an
average annual waterbalance.

Table 2 Average annual water balance based on data for the calendar year
2004 (Aude Vincent, Université Pierre et Marie Curie, France, 2005)

Input Output

mm/y ear Yo mm/y ear %
Rainf all 1468 100
Potential evaporation 801 55
Runoff 257 18
Infiltration 329 22
RU (soil) 81 5
Total 1468 100 1468 100

Groundwater quality development

From 1998 onwards, Eectroconductvity has been measured on monthly basis for Vanur
Aquifer. Currently it displays a reversed flow from the sea and swamp. inland. Salt may
originate from numerous sources: (a) seaw ater intrusion through the upper aquifer
bordering the coast; (b) lateral seaw ater migration due to increase of the pumping rate;
(c) brackish water from the swamp during seasonal monsoon; (d) upvard leakage of
highly mineralized water from the underlying aquifer caused by modification of the head
gradient due to the pumping increase; (e) vertical downward movement of sally irrigation
water; and (f) enhancement of leaching of sediment beds due to drainage increase.
Initial results indicate that salt could originate from upward leakage of highly mineralized
waters.

The dune aquifer has been monitored ako intensively over the pastyears and a steady
increase of electroconductivity has been found. Thiswas further aggravated by the 2004
Tsunamiw hich has virtually eliminated the use of this water for domestic purposes. As
and alternative, the authorities have started supplying the coastal area at large scale
from the Cuddalore aquifer, further depleting this aquifer.

Origin of salinity in the Vanur aquifer

In 2005, Nathalie Gassama, Sophie Violette, Noémi d’Ozouville, Aline Dia and Nathalie Jendrzejewski
conducted studies towards the origin of the increasing salinity in the Vanur aquifer. The Kaliv el
watershed comprises a crystalline bedrock hinterland ov erlaid by sedimentary layers near the coast,
mainly composed of sandstone, limestone and clay, which constitutes a mutti-lay ered aquifer. In the
Vanur sandstone aquffer, the main exploited aquifer, anincrease of salinity together with a drastic fall
in the water lev el have been recorded for sev eral years. Salt may originate from multiple sources: (i)
direct seawater intrusion or through brackish water from the swamp; (ii) upward leakage of highly
mineralized water from below aquif er caused by head differences due to the pumping; (iii) downward
transfer of salty irrigation water ; (v) enhanced leaching of sediment beds due to drainage increase.
Results show that waters of the Vanur aquifer are not the product of a simple mixing of infitrated
water (here characterized by waters from Cuddalore aquifer which have interacted with the Vanur
substratum) and sea water, even if piezometric depression directs lateral flow from the seainland. We

suggest that groundwaterfrom below aquifer should not be neglected in the ov erall water balance.
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3.2.4

3.2.5

Aquifer system

As discussed earlier, the investigated area has three important hydrogeological units viz
Cuddalore, Alluvial and Vanur-Ramanathapuram and three partially important viz
Manaveli Thuruvai and Kadapperikuppam. Alluvial and Cuddalore are interconnected
(NGRI1997). Recent investigations also prove the Thuruvai limestone, the
Kadapperikupam limestone and the Manaveli clay to be interconnected. These have to
be considered as one groundw ater reservor. As recent investigations also show that the
Manaveli Clay layer betw een Kadapperikupam limestone and Cuddalore sandstone is
frequently very thin, hydrogeologically the series from the Thuruvai limestone until the
Cuddalore sandstone are to a certain extent connected although hydrochemically they
are different.

Despite the geological variation in strata Cuddalore and Kadapperikuppam aquifers
seemto have very good communication with each other (NGRI 1997). It should be
anyhow underlined that the mentioned variation in Manaveli strata may lead to large
fluctuation of connectivity locally.

Considering the thickness and texture of the Ottai formation, while limited exchanges
exist locally explaining the potential for groundwv ater extraction it has, it is generally
considered as a barrier (aquiclude) betv een the Vanur formation and the upper
formations.

Accordingly, it is realistic to envisaged the management of the groundw ater system by
limiting its exploitation to the upper strata, above Ottai : Thuruvai, Kadaperikuppam,
Manaveli, Cuddalore, and the Dune formation along the shore.

Results of recent investigations

Hydrological and hydrogeological study of the coastal sedimentary basin of Kaluveli-

Pondicherry (TamilNadu, Inda), Aude Vincent PhD Thesis, University Pierre and Marie

Curie, Paris-France

Between 2003 and 2006, Aude Vincent conducted studies towards the hydrology and

hydrogeology of the Kaluveli-Pondicherry sedimentary basin. Aim of the study was to:

e assess the status of exploitation of the entire sedimentary system and in particular
the Vanur aquifer;

e determine why salinisation of the aquifers does not (yet) take place;

e determine scope for sustainable development of the aquifer system.

Important conclusions were dravn towards theworking of the man-made system of
erys, canals and irrigation systems of the area, run-off parameters of the area, the
relation betw een surface hydrology and deeper hydrogeology, local geology and the
working of the entire aquifer system. The entire aquifer system including surface
hydrology was modeled in a 3-dimensional model w ith 9 layers covering a 1,000 kn?
area. Results are presentedin Figure 13 in theform of arealistic water balance.
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Groundwater balance 2006 (Mm3/year)

Seawater Rainfall Extraction Underground exchange
+170 -24
—> 124 Alluvium

+38 -39
<+—— 18 Cuddalore Sandstone

Manavelli Clay

+14 -22
— 1 Kadaperikuppam limestone 151
+2 -25

— 1 Thuruvai limestone

Ottai clay
+9 -322
— 58 Vanur sandstone

Ramanathapuram clay
),
—> 9 Ramanathapuram sandstone

Figure 13 Waterbalance of the Kaluv eli-Pondicherry sedimentary basin in 2006
(Aude Vincent, 2007)

Calibration and validation of the model are done thanks to the piezometric data
available. The transient run (monthly timestep) done on the period 1950 - 2005 shows
that:

e there is an upwvard seepage from the Ramanathapuram aquifer to the Vanur aquifer
which increasesw ith time. This confirms with the results of the geochemical study
by d'Ozouville et al.;

e important quantities of water (fluxes) are exchanged betw een the alluvial aquifer on
one side and the Cuddalore and Vanur aquifers, aswell as between the latter wo.
Direct recharge by rainfall of the alluviums and Cuddalore aquifers is then
distributed between those two aquifers and the Vanur aquifer;

e there is an important inmardflux in the Vanur aquifer at the coast level since 1990.
A marine intrusion is suspected by the model, whereas it has not been detected by
the previous geochemical study. Estimations of a potential off-shore freshw ater
storage show that such a storage could have protected the Vanur aquifer against a
saline intrusion for several years. The estimate of the storage is however done very
roughly in absence of detailed data of the off-shore sedimentary structure. It is
therefore not possible to predict until when this protectionwill be effective. Once the
fresh-salt interface reaches the coastal boundary, the marine intrusion will
propagate very fast (in afew months) throughout the Vanur aquifer in the entire
basin.

These results now affirmwhich was previously supposed:  groundw ater exploitation
continues atthe same rate, a pollution by a marine intrusion or even the drought of the
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ressource is inadvertable in the near future. The sustainable management at the scale
of the KaluvelliPondicherry basin has therefore become an absolut necessity instead of
an option.

Priority must be put on a signicative reduction of water volumes extracted for irrigation
purposes. Instead of searching for large scale technical solutions (desalination plants,
rivers interlinking, etc.) bringing as much, if not more problems than they do resolve, a
grassroots approach seems more promissing. Such an approach would rehabilitate
indigeneous traditional water management systems, and autoorganisation.

Investigations International Zone

The International Zone and Industrial Zone of Auroville are largely seated on the
outcropping part of the Manaveli formation. Because of the high clay content of this
formation, the infiltration rates are generally limited w ith local positive anomalies in
relation to existing canyons. It has been determined that infiltrated rainw ater circulates
closeto the surface, generating a slow but steady subsurface flow. Investigations
conducted on site show also that thewater table is very high, even close to ground level
in the period follow ing the monsoon. Due to the shallow groundw ater level, there is a
heavy risk groundw ater pollution from solid waste leachate, uncontrolled w astew ater
and spill over fromroads. It is therefore required that in this area, a strict control of solid
waste andwaste water is introduced.

The above phenomenon also presents an opportunity for groundw ater development. As
the groundw ater is flowing towards the west in a distinct pattern, many shallow open
wells are successfully exploiting this groundw ater. This could be further developed by
creating more wells and at the same time constructing groundwv ater recharge structures
in these permeable zones (mainly the Auroville International Zone).

Coastal zone geological survey

The observation well developed on the beach for the purpose of the pre-feasibility study
down to 152 meters brings the following information. The clay barrier between the Dune
formation and the Cuddalore formation is not homogeneous and thin (2-3m). It cannot
be considered as afrm barrier betwveen both formations. Below the Cuddalore
formation, only the Vanur formation seems to be present. All intermediate layers seem
to be missing: Manaveli, Kadaperikuppam and Thuruvai. The very thick layer of Ottai
clay is reduced to 3 min this area. This indicates that most probably there is a hydraulic
contact between the 2 main aquifers in this area.

The salinity of the Cuddalore formation is high, until 30 meters below surface. From 30
until 70 m below surface the groundw ater isfresh and below 70 m the groundw ater is
saline again. It could indicate an ongoing seaw ater ingress and is potentially
threatening the larger part of the Cuddalore reserve if recharge and exploitation are not
maintained w ithin appropriate limits. The potential of exploitation of the Cuddalore
formation as source of Auroville has to be disregarded.

The salinity of the Cuddalore aquifer originates from direct saline intrusion or from
seepage from the coastal aquifer during the dry season. The Vanur aquifer however
suffersfrom salinity of different origin. Upward seepage from saline (sulphate-rich)

w aters from the Ramanathapuramsandstone aquifer underlying the Vanur aquifer is
causing this salinity.
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Costal Area Resistivity Survey Location Map (Pre Feasibility)
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Figure 14 Location of the geophysical cross-sections measured around Auroville

The following section in E-W direction, B-B’ clearly shows the location of a low
permeability zone in red. Here the resistivity mounts to some 1,000 ohm.m around
location 50 (profile B-B’) and 40 (profile F-F). The resistance of the Cuddalore
sandstone is usually around 25 ohm.m, but in the area of interest this mounts to 650
ohm.m. As this zone occurs so locally and extends so deep, it is believed that the zone
represents afault in the underground. Faults frequently are impermeable which cause
high resistvity around such zone.
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Figure 15 Resistivity profile at B-B’. See Figure 14 for location of this profile.

The study areashows a very high recharge potential w ith high infiltration capacity,
except for places where a lateritic soil surface creates a barrier to drect infiltration. The
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survey revealed the existence of a vertical feature with lov permeability in north to south
direction, some distance from the shore and in particular showing in the BB’ section.

Pondicherry sewage farm geophysical survey

At the Pondi sewage farm, 13 MId is virtually disappearing into the underground. One
would expect reduction of recharge potential in time due to clogging of soil with fines,
biomass etc. But the infiltration occurs for successive years now. Further investigation at
local level could reveal where allwater is heading to and could also determine if there is
an immediate threat to the ongoing water supply from the east-side of Auroville,
Auromodel in particular. Below the location of the surveys is presented.

Karuvadikuppam Resistivity Test Location map ( Prefesibility study Project )

N\ear by big bund b ( ) =
19

Tiruchitambalam
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East of Drainage
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Main roads

I:l Cuddalore sandstone
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Near by siva temple

Karuvadikuppam

Pattanur

Figure 16 Location of the resistivity profiles around the Pondicherry sewage
farm.

The following section is taken in W — E direction, (B B) where wo small vertical features
are seen, one of high permeability and one of lov permeability. In the section the
resistivity of the Cuddalore sandstone usually is more than 25 ohmm, but in the right
lineation values of 60to 650 ohmm are foundwhich is aclear indication of an
unsaturated zone (dry zone) up to a depth of 15 m. It also could represent a good
recharge ‘facility’ for Auroville.

The study area shows a very high recharge potential w ith high infiltration capacity from
ground surface, except from places where a lateritic soil surface creates a barrier to
direct infiltration. Local variations are observedwith very good w ater bearing formation
to good w ater bearing formation.
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Figure 17 Profile B-B’near the Pondicherry sewage farm. The vertical blue zone is
a zone of very low resistivity and a likely cause for the continuous infiltration of the
sewage effluent.

The survey revealed the existence of several vertical features representing zones of
very high or very low resistivity. These could represent zones where sew age effluent
has infiltrated into the underground (low resistivity) in particular east and south of the
sewage farm. These areas are hydrogeologically downstream of the sewage farm as the
dominant groundw ater flow is towards the east-southeast As such it is doubtful if the
infiltration of the sewage farms is an actual threat for thewater supply fromwells for
Auroville.

Pre-feasibility study pumptests

Auroville’s Water Harvest has carried out several pumptest in the second half of 2006.
Due to budget constraints, only 6 tests were carried out on the Vanur formation of which
5 produced meaningful results. Figure 18 presents the locations of these pump tests and
Table 3 presents the summary of the results.

Table 3 Summary of the pumptest results

Test number and well | Transmissivity T Permeability K Storage coefficient S

(m2/s) (m/s) (=)

N° 2, pumped well 0.0002 =2.10-4 0.000002 = 2.10-6 0.01

N° 2 obser edwell 0.00025 =25.10-4 0.0000025 = 2.5.10-6 0.001

N° 3, pumped well 0.00048 = 4.8.10-4 0.0000048 = 4,8.10-6 0.01

N° 3, observed well 0.001 = 1.10-3 0.00001 = 1.10-5 0.001

N° 4, pumped well 0.0005 = 5.10-4 0.000005 = 5.10-6 0.01

N° 4, obsevedwell |0.0006 = 6.10-4 0.000006 = 6.10-6 0.001
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From the tests, we can say that the Vanur aquifer has a transmittivity of 2.10 m?/s -
1.10° mf/s, with a mean value at ~5.10* n¥/s and a permeability of 1.10° m/s - 2.510°
mv's w ith a mean value of 6.310° nvs.

Figure 18 Pumptest location under the pre-feasibility study

i -
? mbakkam \ \ l aluperambakka Kol/ﬁvari /7[\
e =

Pulic]

FORMATION

I:I Alluvium

|:| Cuddalore
I:’ Manaveli

D Kadaperikuppam
l:] Thuruvai

[ ot

I:I Vanur

. Pumping_tests

Bommayapalayam

y— — 7

0 05 1 2 . 4 5 6 7 8 9 10
N T T T  Kilometers
Surface water

In the study area, all rivers are non-perennial and only showv water during the monsoon
season after substantial rainfall. Existing water bodies in the study area consist of
temple ponds, village ponds and irrigation reservoirs. These have been constructed over
the past centuries and at present can be considered as an integral part of the area’s
natural drainage system. The temple ponds have merely a decorative and symbolic
function, but are occasionally used for drinkingw ater and domestic use. The village
ponds are used forwashing and drinking cattle, domestic use, swimming and
occasionally drinking water. The irrigation reservors (erys) are used primarily for
irrigation. From the ponds and reservoirs, the excess flow and irrigation return flov and
the access flow and irrigation return flov from groundw ater irrigation, flovs down the
drainage system. Figure 19 shows the rivers and streams (all non-perennial), the tanks
and reservoirs with their watersheds in and around the project area.
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Figure 19 Surfacewater a Auroville and surrounding area.
Village ponds, irrigation tanks and their functioning

Each tank and channel has a direct catchment area and an indirect catchment area
formed by the combined catchment area including the upstream tanks and their
catchment. Tanks are connected by systems of canals. The geographic shape of the
watershed can induce heavy run-off at the outlet of the watershed due to the
concentration of flov's, with run-off water from all sub watershed reaching the outlet
during the same period of time. The drainage system that was formed in thisway is
complex and highly modified by human intervention for the main purpose to maintain
food production.

Average size of tanks

Lots of tanks have a limited storage capacity and need to be rehabilitated. This is due to
the natural siltation process of the reservoir and its feeder channels, breaches occurring
in the bunds and channels, degradation of the regulators and irrigation devices and
deterioration of the infrastructure due to poor management. Encroachment, natural and
by farmers, in the catchment areas and channels are also reducing the storage capacity.
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The tank storage capacity varies from 0.09 Mm?® to 0.61 Mm®. The irrigated area ranges
from 4.7 Ha to 104 Ha. The average water storage time in a tank is 2-4 months
according to the tank condition and covering one cultivation season with the shortest
duration (110 to 120 days for paddy crops).

Hydrologic functioning of a tank

The filling of the tankw ill occur during the monsoon in October and most tanks will be

filled by mid-December. Due to the highly erratic rainfall however, the irrigation tanks

may be filled very quickly or may be filled only half. Water flow ing into the tanks

originates from:

1. Rainfall directly coming in the tank;

2. Run-offfromits own catchment area, carried by secondary drainage channels;

3. Surplus water from upstream tanks (knowing that thesew ill overflon during afew
days only).

Water losses from the tanks are:

Infiltration within the tank area (depending on the nature of soil and state of the tank);
Evaporation (depending on thew ater spread area);

The outflow through the surplus wetr;

The use of water for irrigation through the tank sluices. The irrigation can last up to
four months.

PO~

In the study area about 15 large and smaller tanks exist. The Kaliveliwetland is located
just outside the northern boundary of the study area and is an importantw ildlife
sanctuary. It has been included in this report as the influence of the Kaliveli swamp
affects the northem part of the study area. Usteri Lake is located just outside the
southwest corner of the study area. As the catchment of this lake is partly located in the
study area and the lake has an important relationwith the study area, it has been
included in this report aswell.

Kaliveli Sw amp

The swamp

The Kaliveli Sw amp is a large triangular coastal shallow wetland near Marakanam of
Tindivanam Taluk of Villupuram District and is formed by a natural low-lying area
boarded at the downstream side by a gatedweir. The area is a plain terrain with gentle
undulating slopes towards east, having a number of small streams and channels. The
swamp is fed by rainfall directly through channels, via excess flov from other tanks or
from irrigation returnflow from surface and groundw ater schemes. From the gated wetr,
the water flows northward through a 8 kmtidal creek into Y edayanthittu Swamp (or
Kodhadu Swamp) and subsequently mounds into the sea about 10 km north of
Marakanam. The lake is one of the largest wetlands in peninsular India and is
considered awetland of both national and international importance by the International
Union for the Conservation of Nature and the National Wetlands Conservation Program.
It is currently threatened by encroachment from agricultural activities, prawn farming,
poaching and loss of surrounding forests.

The swamp area consists of coastal alluvium (alternate horizontal layers of sand and
clay) and a small stretch of cretaceous formation (sandstone and marl stone) in the
central part.
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Figure 20 Photo of the Kaliv eli shutter and discharge curve.
Hydrological characteristics

At its highest level, the swamp has awater surface of 71.5 knwith a largest width of
10.5 kmand a largest length of 12.8 km. The total run-off from the 755 kn? catchment
area including 184 irrigation tanks, is 200 Mm® w hereas the storage capacity of the
swamp is determined at 34 Mm?.

Function of the swamp

The swamp is full of water during rainy season and remains dry for the greater part of
the year. The brick masonry weir and the gates at the outlet of the tank are in damaged
condition and the regulating arrangements are ineffective, causing seaw ater to invade
into the tank during
high tides and rain
water to escape and
be wasted into the sea.
As aconsequence the
w ater quality w ithin the
swamp is showving a
large fluctuation of
salinity.

Figure 21 Kaliveli
during the monsoon
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The water from the swamp is only used for irrigation within the perimeter of the swamp
when thewater level reduces. Because of the salinity of its water, some shrimp farming
takes place along the shores of the swamp in the northern part. For the shrimp farming,
large quantities of saline water are pumped into the area worsening the situation even
further.

The swamp is an important wildlife sanctuary. Many migratory birds are coming every
year to nest in the swamp as the large range of salinity w ithin the wetland after the
monsoon as well as the protection it offers is fittingwith sea birds aswell as freshw ater
birds. This area is classified as one of the largest wetlands of south India and is of major
interest because of its biodiversity.

Figure 22 Shrimp farming in Kaliveli

Water quality in the swamp and environmental issues

The w ater quality is poor due to the inflow of saline w ater and the marine origin of
the sediments. EC values of the surface w ater range from 1,450 to 11,000 ps/cm at
the centre to 4,080 to 70,600 ps/cm at the shutter (the average value is around
15,000 ps/cm). As a consequence of the salinity of the surface w ater and the
permeable characteristics of the formations at the surface, the groundw ater has
become deteriorated. Villages mainly using this groundw ater as source, have
complained about its quality and high iron content. Due to absence of alternative
sources, people have no choice but to drink the saline groundw ater and use itfor
bathing and laundry.

Plantation of crops has failed in the past or results in very low yields. Yield reduction
is partly due to over irrigation (w ith relatively saline w ater) w ith the resulting
mineralization of the soils. In other areas around the sw amp, only dry plantation is
practiced.As a result of the plantation and neglect of the area, animportant
encroachment covering more than 1,500 acres is going on in the south part of the
swamp, where the fresh water is mostly available.

Kaliveli swamp is envisaged by the government as a very interesting potential for
capturing and storing freshw ater resources from runoff and divert these to long distance
destinations such as Pondicherry and Madras. Impact assessments to study the effect
of such measure have not yet been received.
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Recharge proposal Vanur aquifer

The depletion of the Vanur aquifer in the area of Auroville is undisputed. An area has been studied
of some 250 km?. In this area, about 6,000 wells abstract approximately 180 million msper year
whereas the natural recharge is estimated at 5 million m° peryear. As a consequence of the fact
that most boreholes are not cased, abstraction extends into overly ing aquifers. In the area about
60,000 inhabitants and the ertire town of Tindivanam entirely depend on groundwater. The
groundwater lev el has fallen 20 m ov er the past 7y ears and the trend is increasingly strong.

To stop this proces, one could increase the natural recharge. The required water resources could be
obtained from the excess flow from the Kaliv eli watershed. Normally this water flows into the Kaliveli
lake and when it exceeds the storage capacity, thefresh water simply spills over the gated weir into
the channel that flows to the sea. The storage capaciy of Kaliveliis estimated at 33 million m®,
whereas the annual rundff is estimated at 186 million m>. It is estimated that 67 million m3 would be
sufficient to compensate for the overexploitation. With the construction of some 25 km of canals, the
water could be diverted to areas that are very favourable for recharge to the Vanur aquif er.

Evolutionofgrounwater level inVanur Aquifer
Ref: Vanurpublic borewell - Piezometriclevel inmeters mean sealevelvalues
Drawdown =20metersin 7 years!

Piezom dric level from MS L (m)

Usteri Lake

The Usteri Lake, also known as Oussudu or Lake Estate) is located southwest of the
study area and does not form part of the study area. Its catchment area is partly located
in the southwest corner of the study area. The irrigated area from Usteri Lake is ako not
part of the study area, but located further south.

Usteri Lake is primarily fed by a feeder canal (Suttukeni Vaykkal) from a gated weir
across the Gingee River. Secondarily, the Usteri Lake receives runoff water fromits 75
km? catchment area. The highestwater level is 3.3 mand it then stores 15.3 Mm® w ith a
surface area of 8 kn. The tank is situated at the border of Tamil Nadu Territory of
Pondicherry. A number of industrial establishments have been developed on the Tamil
Nadu western side and source and non-source pollution are known to affect ecology and
the water quality of the lake.

Water from the Usteri Lake and from the Gingee River is used directly through afeeder
canalfurther south (Athu Vaykkal) for irrigation of about 1,538 Ha in 12 villages in both
Pondicherry and Tamil Nadu. ltisgenerally considered as avery important infrastructure
both for rrigation but also because of the important recharge it creates in the area.

The Usteri Lake has a boating centre, Figure 23 and is an important regional tourist
centre. Since the rehabilitation of the tank and its main feeder canal, the tank holds
water throughout the year,which is unique for an irrigation tank in this area and has
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created avery positive environmental impact. Presently it is also considered to use the
w ater from Usteri Lake for drinking water supply of Pondicherry.

Figure 23 Boating on the Usteri Lake, Deceber 200-4.
Canyons

The canyons take a special position in the area’s surfacewater system. The canyons
have been the result of the ongoing erosion by rainfall seeking the shortest routefrom
the elevated plateau of Auroville towards the lovest point. The erosion dates back to the
period there virtually was no vegetation. Starting on the far edge, of the plateau, the
erosion gradually cut back tovards the highest point of the plateau. The erosion used to
colour the see red after periods of heavy rainfall.

Check dams were built to retain thewater and preventfurther erosion and land
degradation and allow the rairw ater to percolate into the underground. The first small
dams were built high up in the canyon to retain thewater, limit the speed and erosion
capacity of thewater and to allow the material to settle behind the dam. New and larger
check dams were built further downstream at points where the canyons had limited
width. Construction of new check dams is still ongoing. The ultimate purpose of the
sequence of check dams in each canyon is to reduce the spill of water to almost nil. The
systemw orks better when rains are spread thanwhen rainfall is excessive and
concentrated in a short time span.

Fiqure Utility canyon after excessive rainfall

)

b

The emptying time of the storage behind the check dams is limited to one to several
weeks. The permeability of the bottom of the reservors can thus be considered very
high. They are mostly located in the Cuddalore sandstone and towvards the coast in the
coastal alluvium. It has been observed however that in time the emptying time increases
due to clogging of the bottom of the canyon with finer sediments and mud.
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Check dams have proven to be a very successful method to cope with the erosion and
spill of water. The canyons are formed alongweak zones in the underground w here
water easily infiltrates. The canyons first targeted are now show ing a lush vegetation in
the upstream areas and gradually fill up w ith eroded materials. The vegetation in its tumn
holds the soil and reduces the speed of the water. Check dams are only successful if
combined with bunding upstream and reforestation/replanting of vegetation in the
catchment area. This bunding not only controls erosion, but also improves groundw ater
recharge. Some check dams have silted up due to insufficient ref orestation or due to the
absence of undergrowth as the canopy of trees has not yet developed. The silt then has
to be dug out or the check dam is raised. Where the check dams towards the east
mainly function as infiltration device, the check dams on thew estern side of the plateau
mainly serves as means of erosion control.

Canyons have the capacity to store large amounts of rainwater. Figure 25 shows the
water level rise in Utility canyon during the 2005 monsoon after heavy rainfall.
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Figure 25 Rainfall water level relation for the major check dam in Utility Canyon

The efficiency of the canyons is not well knowvn. Their impact on the groundw ater regime
has not been monitored. The fact remains that they are a very good measure against
erosion and spill of rainw ater. Rainw ater does infiltrate very quickly and erosion is
reduced around the canyons. The canyons are reforested in a naturalway (in particular
on the vulnerable sides of the canyon) and eventually the process of siltation and raising
of dams will come to an equilibrium. Thatwill also be the possibility for vegetation to
come up on the bottom of the canyon. Vegetation will improve in its turn the percolation
of water as rooting keeps the soil loose and creates micro-canals for the water.
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Figure 26 Canyons and location of check dams around Auroville

In the table beneath, the most important canyons and check dams with their
characteristics have been listed. They are presented in Figure 26.

Table 4 Most important canyons and check dams with available data
Canyon Barrage characteristics
Catchment Storage
area capacity
Barrage km* m>
Forecomers
Barrage wall 1 3 2,030
Barrage wall 2 4.5 3,100
University canyon
Barrage wall 1 4.2 2,900
Barrage wall 2 2.9 2,150
Kalapet canyon
Barrage wall 1 1.1 345
Utility canyon
4.3 50,000
Pour Tous canyon
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3.4

3.4.1

From Table 4 and Figure 26 it can be seen that check dams have been built in the
canyons in particular in the eastand much less on the western side of the plateau. Apart
from the check dams, several minor structures (contour bunding, diversion bunds) have
been constructed all over the plateau in relation to the canyons and check dams. The
reason that erosion control features are less developed along the western side of the
plateau is that these give access to severalvillage ponds and small lakes. Constructing
check dams herew ill undoubtedly lead to fierce discussions w ith the operators of these
ponds.

In general, bunding and the construction of check dams has resulted in a remarkable
reduction of run-off and erosion and an excellent overall control of surfacew ater in the
area.

New developments in surfacewater

Kaliveli Wetland

The Indian authorities have recently developed great interest in the Kaliveliwetland as a
fresh water resource for urbanwater supply to Pondi and Chennai. By repairing the
shutters and raising dikes along the borders of the reservoir, more freshwater can be
stored and diverted. Auroville (Auroville’s Water Harvest) recently developed aplan to
divert part of the excess flow to Kaliveli towards an area fromw here the overexploited
Vanur formation can be recharged at rapid rate. This and any other proposed
development in relation to Kaliveliwill have to be studied carefully for its social and
ecological impact to prevent further deterioration of this valuable wetland.

Buckingham Canal

A proposal from the Indian Waterw ays Authorities has been submitted for the renovation
and extension of the existing watemway ‘Buckingham canal’ from Tamil Nadu to
Pondicherry territory, as part of a National inter states water linking program. The project
is to renovate the entireway course of more than 1,000 km and to extend thew aterw ay
for the missing portion between Marakanam to Pondicherry, at 30km distance.
Presently, the finalway has not been sanctioned yet, as there are various options from
extending the watemw ay along the east coast road, or through the Kaliveli swamp w ith
possibilities of creating afreshwater reservoir connecting the Gingee river and the
major tanks of Pondicherry territory like the Usteri Lake.

The watemw ays rehabilitation program budget and its extension to Pondicherry Territory
has been officially sanctioned by the Lok Shaba (National Parliament) w hile the details
of the program are not yet available.

Rainw ater
Introduction

Rainw ater harvesting and stormw ater management are strongly related, but differ in the
required techniques to copewith the different quantities and intensities. In general
rainwater harvesting is the collection of rainwater from relatively clean surfaces such as
rooftops for small scale domestic use. It is generally associatedwith lack of water.
Stormw ater management mainly deals with the control of rainwater in large volumes in
order to prevent damage and nuisance and mainly aims at draining avay the water as
quickly as possible with the least damage.
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As Auroville suffers both from a lack of water and from torrential rains, rainw ater
harvesting and stormwater management are discussed and dealtw ith in this single
chapter. Where necessary or desrable, they will be discussed separately.

Through an ordinance titled “Tamil Nadu Municipal Laws ordinance, 2003, dated July
19, 2003, the government of Tamil Nadu has made rainw ater harvesting mandatory for
all buildings, both public and private, in the state. The deadline to construct rainwater
harvesting structures was August 31, 2003. The ordinance cautions, "Where the rain
water harvesting structure is not provided as required, the Commissioner or any person
authorized by himin his behaff may, after giving notice to the awner or occupier of the
building, cause rain water harvesting structure to be provided in such building and
recover the cost of such provision along with the incidental expense thereof in the same
manner as properly tax". It alsowarns the citizens they may be penalized by the
disconnection of their water supply if rainwater harvesting structures are not provided.

Auroville has made a large effort over the past decades to copew ith rain and storm
water by systematic contour bunding, construction of silt traps and checkdams and
recharge structures.

Base data and definitions

Rainfall

In chapter 1, the rainfall data have been discussedto a limited extent. The yearly
averagerainfallis 1,192 mm from 1911 to 2005 (Historical Hindu-Pondicherry station),
with a maximum of 2,604 mm recorded in 1943 and a minimum of 626 mm recorded in
1952.

As design of rainfall-related structures are generally based on shower intensities, in
Table 5 a list of maximum rainfall events has been given

Table 5 Rainfall statistics for design purpose
Sources: Auroville Cettitude, Pondicherry, Auroville Harv est

Event Value

Av erage rainf all per year 1,192 mm

Av erage rainy days pery ear 62 days
Maximum rainfall pery ear 2,604 mm (1943)
Minimum rainf all per year 626 mm (1952)
Maximum rainfall in 1 day 362 mm
Maximum rainfall in 2 days 416 mm
Maximum rainfall in 3 days 478 mm
Maximum rainfall in 1 month 700 mm

From the Indian Meteorological Department (sourcing figures natiorwide) the heaviest
rainfall in 2 days is suppose to be around 600mm and 700 for 3 days, about 50% above
the recorded values in this region.

Another import design criteria is the rainfall frequency: how often does rainfall w ith a
particular intensity occur? An analysis of the period 1968 — 2002 Figure 27 results in
Figure 28. From this figure, it appears thatfor the years 1968 — 2002 show that a rainfall
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intensity of 40 —50 mm per day occurs 9 times per year, 60 — 70 mm 3 times per year

and 80 — 90 mm 2 times per year.
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Figure 27 Rainfall in Auroville over the period 1968 - date.
Dimensioning a rainwater harvesting system on the heaviest showers from history would
not be required and is financially not feasible. Also in Western Europe it is common
practice to allow streets to be flooded to a certain extent (controlled situation) during
excessive rainfall. Dimensioning is mainly an issue of direct and indirect damage to
buildings, infrastructure and the economy against the investments and operational
expenses required.
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Figure 28 Rainfall intensity and frequency diagram.
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Runoff

The runoff factor in tropical conditions is very variable according to the intensity and
duration of the shower, the type and condition of the soil covering the slope, the type
and condition of the underground, the timing of the shower with respect to
temperature/solar radiation and previous rainfall. The sophisticated border-case-method
of Paulsen allows determining run-off figures in time. As wetting losses and depression
losses play a major role at the start of ashower, not all showers come to runoff. For
impervious surfaces, the runoff factor at the start of a shower was determined as 0.2
whereas at the end of the shower itwas determined as 1.0. For pervious surfaces
however, these were respectively 0.0 and 0.5.

After various simulations, itwas ako found that no rairwater is collected below 20 mm
of rain per day in case this occurs a single days. Of course, this may fluctuate a bit due
to the intensity of the rainfall and roof materials. About 5 mmis lost through the
components of the system itseff.

In 2004 and 2005, extensive surveys have been carried outfor larger area of

w aterscheds to determine runoff and infiltration. Measured in part of the Kaliveli
watershed, the total runoff has been measured at selected points at specific rainfall
events. These data were extrapolated for the entire year based on rainfall data which
resulted in 17.5 % for 2004 (Aude Vincent, progress report, December 2004).

Based on research work in Auroville, studies carried out by Aude Vincent et al and
literature, the following run-off figures have been determined for the different surfaces:
Natural soil 12 %

Road surface 80 %

Roofs 90 %

Aerial data

The following data are taken for the current situation in Auroville from the Masterplan
and the Kraft study: The division of the area into zones and characterisation of these
zones for the purpose of run-off and rainwater harvesting is presented in Table 6.
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3.4.3.1

3.4.3.2

Table 6

Surface area of the different zones in Auroville and characterisation of
their surface (Auroville Masterplan and Kraft Study)

Zone Sub-zone Surface Type of surface | Area Percentage
(km?) (%)
City Residential | Impervious Roof top 1.07 21
Cultural Streets, 0.68 13
Industrial sidewalks and
International public squares
Peace Lakes 0.18 3
Pervious Paths 0.48 9
Gardens 1.75 34
Public green 1.04 20
space
Total 5.20 100
Green belt All Impervious Roads 1.74 12
Lake 0.60 4
Pervious Agricultural area | 12.06 84
Wooded area
Total 14.40 100
Grand iotal 19.60 100

Various origins of harvested rainw ater

Roofw ater

Roof surfaces
Roofs are the most popular catchment for water for domestic purposes. An impermeable
roof will yield a high runoff of good quality water that can be used for all household
purposes. Typical materials for roofing include metal sheets, glazed or baked ceramic,
asbestos cement, plastic, awide range of tiles and slate. Metal roofs are comparatively
smooth and are therefore less prone to contamination by dust, leaves, bird-droppings
and other debris than rougher tile roofs. The heat developed by the sun also makes the
roofs sterile. Stainless steel is a very suitable material, but unfortunately very expensive.
Steel mildly protected by hot-dip or electrolytic gaivanizing is suitable too. Because
plastic i neither durable nor cheap, it is not recommended as surface or guttering
material. Metals such as zinc, copper and lead, can be present at quite high levels in
rainwater that has come into contactw ith metallic roofs (e.g. gaivanized ironfor zinc) or
fittings (Gould 1993; Thomas and Greene 1993). These materials are not
recommended.

The poor performance of organic roofs would seem to preclude themfrom use for
rainwater harvesting systems, however organic roofs have been employedwith varying
levels of success. The water is generally used for secondary purposes (Pacey & Cullis,

1996).

Water from roads and pavements
Rainw ater harvesting from roads and pavements does notwork much different than
fromroofs. The rain is collected from the surface, brought into a piped, guttered or
channrelled conveyance system towards its area of destination. This could be storage,
infiltration or an open water body.
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3.44

3.4.4.1

Roads and pavements are much more subject to contamination than roof surfaces. In
particular in urbanised areas the greater amount of impervious surfaces at groundlevel
(roads, driveways, parking lots) and the amount of human activity tends to cause a
higher contamination than roof areas. The greater the traffic intensity, the greater also
the contamination, Table 7. To prevent these pollutants from entering the rainw ater
harvesting system, proper arrangements have to be made to filter this water. The first
flush should at least be disregarded, but due to the large amount of pollutants, in
general allwater coming from traffic intense roads will have to be filtered before
infiltration or drainage to openwater bodies is allowed. As Auroville will in principle be a
non-motorised city (electrical transport only) this issue is not much of a concern.

Table 7 Concentration of selected pollutants in relation to the traffic intensity.
Driscoll etal, 1990
Pollutant Mean concentration for Mean concentration for

highways with fewer than
30,000 vehicles/day

highways with more than
30,000 vehicles/day

(mg/) (mg/)
Total suspended solids 41 142
Total organic carbon 12 39
Chemical oxygen demand 8 25
Nitrte and nitrate 49 114
Total Kjeldahl nitrogen 0.46 0.76
Volatile suspended solids 0.87 1.83
Phosphate Phosphorus 0.16 0.40
Copper 0.022 0.054
Lead 0.08 0.40
Zinc 0.080 0.329

Water from green areas, fields and forests
The run-off fromfields and forests is generally very low. In case of agricultural areas, the
run-off waterw ill contain considerable quantities of biological material, dust and soil
particles, biocides and fertilizers. As such the general practice aims at retaining the
water at the locationwhere it falls. Contour ploughing, contour bunding, soil
management and landscaping to prevent slopes or ridges are proven techniques to
retain thewater as much as possible.

In case of excessive rainfall, a system of overflows should be created in order to
manage the excessive flows and to prevent damage to the environment due to
uncontrolled overflow. Eventually the water could be guided towards a surface storage
or groundw ater recharge area. To maintain a reasonable lifetime for these structures, a
silt trap needs to be constructed.

Components of rainw ater harvesting systems

Rainw ater harvesting systems,whether from roofs or from pavements, w hether for
immediate use, short term or long termstorage orfor infiltration almost aways have a
fixed number of components. Underneath these components are discussed.

Guttering
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The rainw ater must be conveyed from the roof or pavement to its destination in some
way, this is usually by way of a system of guttering. Gutters are often theweak link in
the rainw ater harvesting system. Beyond functional failure and improper materials, poor
guttering can also be a health hazard if water remains in the gutter and become a
breeding ground for mosquitoes. Most gutters and down pipes in and around houses are
made of plastic, aluminium or metal. To prevent pipes from being clogged, it is
recommended to provide sieves the moment the roof gutters enter into the dowvn pipes.

Firstflush

To prevent contaminated by dust, leaves, bird-droppings etc w ith the first rains, the first
litres of runoff at the beginning of each rain event. Recommendations about the amount
of water that should be removed vary from 0.5 I/mf up to 5 I/m? of roof area (Yaziz 1989,
Coombes 2000). There are a number of simple systems w hich are commonly used and
other more complex arrangements.

y One systemiis built into the down pipe and
o separates rainwater from leaves and suspended
- i particles. In Figure 29 a schematic cross-section
f o ] of such systemis given.
t':

Figure 29 First flush and silt trap
combined in rainfall pipe

Figure 30 Hand operated or automatic
. first flush device
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Another device, Figure 30 is the simple idea are based on a simple, manually operated
arrangement whereby the inlet pipe is moved aw ay from the tank inlet and then replaced
again once the initial frstflush has been diverted.
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A third possibility is a sand filter which can be made as large and small as needed or
possible. Sandfilters are easy and inexpensive to construct. These filters can be
employed for freatment of water to effectively remove turbidity (suspended particles like
silt and clay), colour and micro-organisms. In a simple sandfilter that can be constructed
domestically, the top layer comprises coarse sand followed by a 5-10 mm layer of gravel

followed by another 525 cm layer of gravel and boulders.

Generally first flush devices and filters require maintenance. They need to be cleaned
annually before the start of the rainy season. Sand filters generally are cleaned by
simply replacing the content of the filter by new filters. The old filter sand can be

disposed, depending on the filtered material.

Small scale storage

If the purpose of the harvested rainwater is to use it locally, storage is required. The
sizing of the storage tank will depend on:

- Local rainfall data andw eather patterns;

- Size of collection area;
- Runoff coeffcient (variesfrom 0.5 to 0.9 depending on roof material and slope);

- User numbers and consumption rates;

- Style of rainwater harvesting (provide total or partial supply).

Frequently utilized tank dimensions vary from 1-10 m® at household level to 20-200 m®
for schools, hospitals etc. Storage can be done above ground or even elevated and
below ground level. In the table below, in brief the (dis)advantages of the general

storage principles and different storage systems are explained.

Table 8 Advantages (+) and disadv antages (-) for various storage solutions
Ty pe of storage Criteria
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Abov e ground + + |+- |+ +- |+ + |- +
Half below ground + |+ + +/- +/- + |+ +- |+
Below ground + + + + + + +/- +- + + +
Concrete tanks + + + + + + +
elev ated
Concrete tark (haff) |+ + |+ + |+ + + + |+ +
below ground
External reinforced + + + + + + +
brick tanks
Rammed earth tarks | - + + + + + + +
Lined tanks + + |+ + +
(f oil/plastic)
Plastic tanks + + + + + + + + +
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3.4.4.4 Large scale storage and infiltration
In regions such as Auroville with strong variation of intensity, the main issue with
rainw ater harvesting is to smooth out the amount of runoff through a combination of
infiltration, storage and drainage. Here the specffic local conditions are to be taken into
account and incorporated. The most important demand of a near-natural rainw ater
management concept is to reduce paving to an absolutely necessary minimum.
Drainage should be accomplished by infiltration to the degree possible. Water should be
allow ed to be stored in the landscape and infiltrate from the storage. The follow ing
principle applies: given high underground infiltration capacity the components infiltration
and storage are predominant, given lov underground infiltration capacity the
components storage and drainage are predominant.

Basically, infiltration should occur through the vital upper soil layers, which within the
area of afew decimetre possess an exceptionally good cleaning effect to normally
contaminated rainw ater runoff (also from traffic areas). Concerning groundw ater
protection, direct underground infiltration (i.e. via shafts) is to be avoided. In certain
cases, however, underground infiltration can make sense after a previous clean up.

In practice, decentralised measures have proven to offer significant benefits in terms of
flexibility, maintenance, and reliability over centralised systems. Last but not least, by
making successive installations, decentralised systems offer the possibility to reduce the
investment costs andto spread it out over a longer period of time.

Grass filter strips
Grass filter strips are densely vegetated, uniformly graded areas that intercept sheet
runoff from impervious surfaces such as parking lots, highways and rooftops.

Soak away pits
Soak aw ay pits (infiltration pits) provide attenuation of surface runoff by allowing gradual
infiltration into the surrounding soil.

Infiltration sewers

Rainw ater sewers (pipes) can be made of permeable material allow ing rairw ater to
infiltrate. The infiltration capacity per unit of time is limited. Rainw ater needs to be
cleaned to prevent these pipes from clogging. Cleaning of these pipes on regular basis
is cumbersome and requires specialised equipment.

Infiltration trenches

Infiltration trenches are alinear version of soak away pits and operate in an identical
way. They arefilled with stone or rubble and in comparison to soak away pits require
low er volumes of infiltration material for a gvenwater inflow.

Infiltration basins

Infiltration basins are designed to store surfacewater runoff andto allow it to slowly
percolate through the soil of the basin floor or through a specially constructed under-
drain system containing gravel or sand filter beds.

Lagoons/Sedimentation tanks
Lagoons are constructed by excavating natural earth basins which can be covered with
vegetation. They may be lined where it is necessary to prevent infiltration.

Detention Basins (dry ponds)
Detention basins are naturally vegetated impounding systems which are dry during
normal conditions but provide storage of storm runoff during periods of heavy rainfall.
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They are often used in combination w ith constructedw etlands or retention ponds as a
kind of sedimentation basin.

Retention Ponds (wet ponds)
Wet ponds are stormwater control structures that provide both retention and reatment
of (contaminated) stormwater runoff.

Constructed Wetlands

Most of these systems have been designed and operatedw ith the sole purpose of
treating wastew ater. But constructedw etlands are becoming increasingly popular in
combination with retention/detention basis.

Porous Paving/Porous Asphalt

Porous pavement is a special type of pavement that allow s rain to pass through it,
thereby reducing the runoff from a site and surrounding areas. Stormw ater can either
drain across the surface to the edge of the road or drain through the surface to a porous
structure below (temporary reservoir). A filter fabric is often placed beneath this porous
structure and stone layers to screen out fine soil particles

Modified injection well

In areas w ith distinctive seasonal rain distribution and low porosity topsoil, it may be
quite sensible to feed surface runoff more or less directly into the aquifer as long as it is
equipped with adequate protection equipment.

Basic dimensioning

Considering that per year there are 6 months of potential rainfall, 1.5 month in April-May

and 4.5 month in August-December, itwould be acceptable:

- to have streets flooded twice per year, not higher than the plinth;

- to have thewater level in the gutters at streetlevel 5-10 times per year;

- to have thewater level in the gutters at 0.3 mbelow the surface maximum for the
restof theyear.

Based on the rainfall intensities this would mean the follow ing:

- Normal functioning Rainfall <40 mm/day, < 20 mm/hr;
- Critical limit Rainfall 40 — 80 mmv/day, 20— 50 mmvhr;
- Streets limited flooded Rainfall 80 — 200 mmvday, 50— 100 mnvhr;

- Streets severely flooded Rainfall  >150 mm/day, > 100 mm/hr.

If one would look at analysis of rainwater management structures under western
European conditions, one could relate the European showers to the Indian rain
intensities as follows:

R=2 ~R<40 mm/day

R=10 ~R40-200 mm/day

R=100 ~R>200 mm/day

Based on this, Table 9 showswhich rainw ater management structures would be suitable
for which rain intensities.
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Rl = Return interval {years)

+ normally provided, O sometimes provided (but with careful design), - seldom or never provided
Table 9 Suitability of rainwater harvesting structures at different rain
intensities, modified after DayWater, 2003

Present practice in rainwater harvesting and stormw ater management in the study area

The current situation concerning rainw ater harvesting in Auroville can be summarized as

follows:

- Rainw ater harvesting at house or building level is generally practiced, generally as
vermin barrierw ith a overflow to irrigation tank or garden;

- Rainw ater harvesting in an underground storage tank for drinking water purpose is
not very common and can only be used after treatment as water starts to spoil w ith
time;

- Rainw ater harvesting in an underground storage tank for secondary purpose has
been successfully implemented in several places;

- Rainw ater harvestingwith advanced processes for drinking purpose has been
developed at one location at great investment and running cost;

- Rainw ater harvested in the Matrimandir amphitheatre is evacuated through an
underground drainpipe to the Kottakaraicanyon;

- Contour bunding and landscaping is practiced mainly as a soil management
measurew ith infiltration of rainwater as a secondary aim;

- The combination of contour bunding and check dams in canyons has successfully
reduced run-off to a minimum;

- Checkdams are built to prevent runoff andto ensure infiltration of collected rainw ater.

In the Bioregion, rainw ater is collected mostly in erys and tanks to be used primarily for
irrigation. The wastewater and solid waste in the area is not controlled, in particular not
during monsoon. This pollution riskforms a threat for peoples living in the area. Some
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villages are located on important recharge zones for aquifers underlying the area and
being used for drinking water purpose. As such the work of rainwater harvesting, waste
water management and stormw ater drainage should cover these villages aswell.

Centralised (regional) versus decentralised (on-site) stormw ater management

Using individual, on-site structural stormw ater controls for each development is the
typical approach for controlling stormwater quantity and quality. The developer finances
the design and construction of these controls and, initially, is responsible for all
operation and maintenance. A potential alternative approach is for a community to install
a few strategically located regional stormw ater controls in a subwatershed rather than
require on-site controls (see Figure 31).

Regional stormw ater facilities are significantly more cost-effective because it is easier
and less expensive to build, operate, and maintain one large facility than several small
ones. Regional stormw ater controls are generally better maintained than individual site
controls because they are large, highly visible and typically the responsibility of the local
government. In addition, a larger facility poses less of a safety hazard than numerous
small ones because it is more visible and is easier to secure.

There are also several disadvantages to regional stormw ater controls. In many cases, a
community must provide capital construction funds for a regional facility, including the
costs of land acquisition. However, if adownstream developer is the first to build, that
person could be required to construct the facility and later be compensated by upstream
developers for the capital construction costs and annual maintenance expenditures.
Conversely, an upstream developer may have to establish temporary control structures
if the regionalfacility is not in place before construction. Maintenance responsibilities
generally shift from the homeow ner or developer to the local governmentwhen a
regional approach is selected. The local government would need to establish a

stormw ater utility or some other program to fund and implement stormw ater control.
Finally, a large in-stream facility can pose a greater disruption to the natural flow
network and is more likely to affect wetlands within the w atershed.

Below the “pros” and “cons” of regional stormw ater controls are summarised.

Advantages of Regional Stormwater Controls

e Reduced Construction Costs — Design and construction of a single regional
stormw ater control facility can be far more cost-effective than numerous individual
on-site structural controls.

¢ Reduced Operation and Maintenance Costs — Rather than multiple ow ners and
associations being responsible for the maintenance of several stormwater facilities
on their developments, it is simpler and more cost effective to establish scheduled
maintenance of a single regional facility.

e Higher Assurance of Maintenance — Regional stormw ater facilities arefar more
likely to be adequately maintained as they are large and have a higher visibility, and
are typically the responsibility of the local government.

¢ Maximum Utilization of Developable Land — Developers would be able to
maximize the utilization of the proposed development for the purpose intended by
minimizing the land normally set aside for the construction of stormw ater structural
controls.

¢ Retrofit Potential — Regional facilities can be used by a community to mitigate
existing developed areas that have insufficient or no structural controls forw ater
quality and/or quantity, aswell as provide for future development.

e Other Benefits — Well-sited regional stormw ater facilities can serve as a
recreational and aesthetic amenity for acommunity.
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Disadvantages of Regional Stormwater Controls

e Location and Siting — Regional stormw ater facilities may be dificult to site,
particularly for large facilities or in areas w ith existing development.

e Capital Costs — The community must typically provide capital construction funds for
a regional nework and facility, including the costs of land acquisition.

¢ Maintenance — The local government is typically responsible for the operation and
maintenance of aregional stormw ater facility.

¢ Need for Planning — The implementation of regional stormwater controks requires
substantial planning, financing, and permitting. Land acquisition must be in place
ahead of future projected growth.
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Figure 31 Local and regional structural control in stormwater management

Best practices in design of stormwater drainage facilities

The first step in addressing stormw ater management begins w ith the site planning and
the design process. Development projects can be designed to reduce their impact on
watersheds when careful efforts are made to conserve natural areas, reduce impervious
cover and better integrate stormw ater treatment. By implementing a combination of
these non-structural approaches collectively known as storm water better site design
practices, it is possible to reduce the amount of runoff and pollutants that are generated
from a site and provide for some non-structural, on-site treatment and control of runoff.

The goals of better site design include

- Managing stormwater (quantity and quality) as close 1o the point of origin as
possible and minimizing collection and conveyance;

- Preventing stormwater impacts rather than mitigating them;

- Utilizing simple, non-structural methods for stormwater management that are lower
cost and lover maintenance than structural controls;

- Creating a multifunctional landscape;

- Using hydrology as aframeworkfor site design.
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Summary of Better Site Design Practices That Provide for Site Design Storm Water Credits

Practice Description

Natural area conserv ation Undisturbed natural areas are conserved on a
site, thereby retaining their pre-development
hy drologic and water quality characteristics.

Stream buffers Storm water runoff is treated by directing sheet
flow runoff through a naturally v egetated or
forested buffer as overland flow.

Use of vegetated channels Vegetated channels are used to provide stom
water treatment.
Ov erlandflow filtration/irfiltration zones Ov erlandflow filtration/irfiltration zones are

incorporated into the site design to receive
runoff from rooftops and other small impervious

areas.
Environmentally sensitive large lot A group of site design techniques are applied to
subdi isions low and v ery low densty residential

dev elopment.

Stormw ater drainage, sustainability and Auroville

Figure 32 Classical road side drain on the left side and a more natural swale on
the right side. The classic type of road side drain is generally considered as not
ecological and not to be used in environmentally sustainable tow ns and cities.

Stormwater drainage can be either approached from the strict technical point of view
and ‘nuisance approach’ or from the more environmental and ‘chances approach’, see

Figure 32. The first deak with the principle that the water should not cause any nuisance
and be evacuated out of the residential area as soon as possible. Here the classical
road side drains, either open in trapezium shape or covered in u-shape, are used and
the water is channelled to areawhere it is either drained through the natural drainage
system. In this case, one has to extend the drainage systemw ith the growth and
increase of hardened surface of the city. Known technology is available to dimension the
drains follow ing the amount of surfaced area connected to the drain and the rainfall
intensity forwhich it is designed.
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Figure 33 Top-view of a swale integrated in an urban area, contributing to the
quality and admosphere of the area. These could verywell be integrated in the green
corridors of the Auroville Masterplan.

The other line is fo capture thewater, even in large quantities, where it falls, lay out
buffer zones that can be inundated during rains, preferably combined with either tanks
used for irrigation or infiltration facilities or a combination of both. Infiltration facilities
normally can cope only with a limited amount of rainw ater per unit of time. Severe rains
therefore have to be buffered near the infiltration site. Dimensioning depends on the
amount of surfaced area connected to the drains and buffer areas and the size and
infiltration capacity of the infiltration zone. Already, the drains can be designed to hold as
much rainw ater as possible, Figure 33. Integratedin a green city, these drains are more
looking like low-lying green areas with natural bunds or wets to allow as much storage
as possible on one hand and prevent erosion due to high stream velocity on the other
hand.

Auroville as a sustainable city w ith lots of green in the form of parks, forest and existing
canyons, is a typical environment to practice stormw ater drainage in an environmental
sustainable way, using the water as a valuable landscaping agent. Buffer areas, swales,
infiltration areas can be combined with green corridors and canyons to form a sound and
green stormw ater management sy stem.

At present, stormw ater drainage is not paid attention, except for the built-up areas
around Matrimandir, Visitors Centre etc. Stormw ater finds itsway through existing
gulleys on the road side to canyons being natural drains. The canyons have been
provided with subsequent weirs of various sizes to ensure the preservation and
infiltration of as much rainwater as possible.

In the course of time, w ith the continuous urbanisation of Auroville, therewill be a need
for carefully planned stormw ater drainage. As mentioned earlier, this could be combined
with rainw ater harvesting. Ideally, decentralised rainw ater harvesting at house or
community level should be provided. The rainwater harvesting can not cope with high
intensity rainfall or lowver intensity rainfall over a longer period. An overflow to green
swales should be provided. Once surfaced roads are being consfructed, green swales
should be provided guiding the water to designated storage and infiltration areas.
Generally, suitable infiltration areas have already been identified. Integrated urban
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planning and reconsideration of the Masterplan in details, could provide Auroville w ith
storage and infiltration areas that mergew ellwith the urban landscape and contribute
positively to the living environment. To a certain extent, the existing canyons can be
used. The canyons however have originated in the present situationwith the present
rainfall and run-off characteristics. Increased surfaced areaw ith increased run-off
therefore can not be absorbed fully by the existing canyons. In dimensioning the entire
system, a balance should be sought betw een using/extending the canyons and laying
out new storage and infiltration areas as much as possible in line with the Masterplan.

Existing bushlana /£ o Existing vegetation .
retained _;:.f" - L and creek retained

Wetland

Basin pipe outiet
to wetland

Large open areas used
Qs dry detention basin

Swales direct runoff
to ponds

Gross Polluiun

Trap .

Grass swales of road
verges direct runofr
to lake

Lake collecting runoff
from adjacent subdivision

Figure 34 Several elements of a stormwater management system in an urban
parc, grass swales on the road side, leading water to a large collection area (dry
detention basin) that could be multifunctional as infiltration area.

In the Bioregion, rainvater is already collected in erys and tanks and utilised to alarge
extent. The principle ishowvever only applied to the natural drainage. The principle of run-
off reduction and maximum use of precious rainwater couldwell be extended into the
villages and towns in the Bioregion. Purposely diversion of run-off water towards a
village pond or a fit-for-purpose storage can benefit infiltration of this excess water or the
water could be used for farming and irrigation.

Most recent development in rainw ater storage

Recently, ateam of Aurovilians worked on a proposal for a concrete reinforced rainw ater
storage tank. This tank would consist of several rings or boxes of thin-walled concrete
stacked on top of each other. They will be placed in an excavation in the underground
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3.5.1

3.5.2

with vertical walls, protected by geotextile. A prototype is expected to be produced soon
in Auroville and used for the Matrimandir area.

Saline water
Introduction

Desalination history

Extreme scarcity of potable water has lead to the investigation and development of
techniques to alter brackishwater or even sea water into potable water. First techniques
based on distillation w ere developed in 1960, but the 1970s brought more commercial
techniques based on membrane technology. Techniques developed further and in the
1990’s became suitable for large scale application for urban development. Desalination
is mostcommon in the Middle-East and North Africa.

Desalination process

The desalination process basically separates saline water into a high concentrate (brine)
and a low concentrate (fresh water) water. This process requires large amounts of
energy. There are 2 major processes with each varieties and there are some minor
processes.

Major process  Thermal process Multi-stage flash distillation (MSF)
Multi-effect distillation (MED)
Vapour compression Mechanical
Electrical

Membrane process Electro dialysis
Rev erse osmosis

Minor process Freezing
Membrane distillation
Solar humidif ication
Solar concentration

Desalination processes

Thermal processes

Half of theworld’s desalination capacity is thermal-based. Water is heated and is turned
into vapour,which is condensed as freshwater. Under lover pressure, thew ater boils at
a lower temperature consuming less energy. Not only the temperature and related
energy, ako the scaling is a problemwith these processes. The scale forms a hard crust
on the inside of pipes and vessels and is difficult to remove. To control scaling, either
the process has a strict temperature control or ant-scaling chemical shave to be added.

Multi-stage flash distillation (Figure 35)and multi-effect distillation are both techniques
that have proven to be less susceptible to scaling and to consume less energy. In multi-
stage flash technique, brine is heated in avessel passing into a next vessel (next stage)
with lover pressure. As a result of the decompression, the salinewaterwill evaporate in
a flash. Several of these stages are follow ed. The condensate consists of freshwater.
The multi-effect distillation works similar but here the heat is added in avery low
pressure reactor vessel (effect) through a heat exchanger. Brine is sprayed on top and
the combined action of low pressure and heat cause the saline water to evaporate. The
evaporatedwater enters into asecond lov pressure vessel through a pipe and again
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brine water is added causing it to evaporate. Multiple effects (vessek) are passed and
the combined condensate of the vapour results in freshwater.

The vapour compression s less known and mostly used in combination w ith the wo
other techniques on large scale or stand-alone on a small scale. By compressing vapour
from a reaction vessel, the vapour is heated up and passed through a tube bundle in the
reactor vessel. Brine is sprayed on top of the tube bundle and evaporate due to the
heat. It is evacuated and compressed again to heat up and pass through the pipe
bundle in the reactor vessel. Due to the heat exchange betw een the pipe bundle and the
evaporated brine, the vapour in the pipe bundle condensates resulting in fresh water.

Figure 35 The multi stage flash distillation process schematised. @~
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As these techniques request a high energy input, they often make use of existing steam
generated for example from an existing paw er plant. In 2004 an MED plant of 2,400
m°/day was built in Gujarat for the Gujarat Mineral Development Corporation Ltd. This
plant makes use of waste steam from a thermal power plant. Figure 36 showvs the MED
process schematised. Figure 37 shows a 48,000 m’/day plant in Jamnagar, Gujarat,
India.

Figure 36 The multi effect distillation schematised
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3.5.3

Vapour compression techniques (mechanical and thermal vapour compression
distillation) is generally used in combination w ith other processes and stand-alone for
small to medium applications. In mechanical vapour compression distillation, a
mechanical compressor is used whereas in thermal vapour compression a thermal
compressor is used.

ol

Figure 37 MED plant, 48,000 m3/day in Jamnagar, Gujarat India

Membrane processes

Next to the thermal processes, we have the membrane processes. The electro dialysis
and the reverse osmosis work opposite. Electro dialysis uses a potential difference to
move salt selectively through a membranes where successively cations and anions are
filtered out, leaving fresh water behind. The electro dialysis is mostly used for brackish
water.

With reverse osmosis, the brine is passed through a membranew ith a high pressure
pump leaving the salts behind. Pressure required varies from 15-25 bar for brackish
water to 55-80 bar for seaw ater. Nandfiltration has allowed to further develop and
increase the efficiency of membrane techniques.

Other processes

Several other processes exist such as freezing desalination, membrane distillation and
solar humidification. Neither of these have proven to be commercially viable. They are
discardedfor the purpose of this study.

Comparison of processes

There is no best process in desalination. Much depends on thew ater source, the energy
availability and requirement, the available operation and maintenance capacity and the
available surface for the installation. Generally stated, the MSF process is most used to
desalinate seawv ater followed by RO. Brackishwater is most often desalinated by RO
followed by ED.

Other aspects of desalination processes

Energy

R001A/JKONijm
Fina Report - 67 - July 2007



As the main difficulty of applying desalination is the huge energy consumption,

renew able energy resources such aswind and sun are occasionally used to copewith
this aspect. Whereas wind can only be usedw hen converted into electricity to pover a
desalination plant, sun can either be used drectly in the process or canfirst be
converted into steam or electricity to power the plants.

In general, these alternative energy resources are only applied on small scale ona
stand alone basis. Some large experimental installations exist. Solar energy is
occasionally used as a second energy sourcewhen available, Figure 38. The
application of renew able energy resources in desalination is still subject of intensive
study and experimentation.

Alsowind energy is possible, but not by direct feed. Thew ind turbine would have to feed
a (national) gridwhich in its turn feeds the desalination plant.

Figure 38 Photov oltaic driven RO system for Tsunami relief.

Anotherway to copew ith the huge energy consumption is to apply energy-saving
techmqu& Recently a US-based firm has succeeded in developing at pilot scale
(10,000 m*/day) able to recover 9%6% of the energy initially invested.

A third possibility of reducing cost is to use hybrid systems, for example distillation and
reverse OSMoSis.

Cost

Desalinised water is known to be expensive, mainly due to the high energy
consumption. Prlces mentioned in several publlcatlons for the Indian market mount to €
0,8-1,0 per m®. MEDw ould amount tot 55 Rps/m®, RO on seaw ater wouId amount to
50 Rps/m whereas RO on brackishwater would amount to 40 Rps/m°. In case use s
made of photovoltaic technique for the power supply, the amount for RO on seaw ater
would be 49 Rps/m®. In case wind energy i used, the costs amounts to 15 - 25 Rps/m®
under the assumption that wind-generated pow er can be sold to the National Grid at 2.7
Rps/kWh, see also Figure 39.
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Desalination plants that are operated on a commercial basis under BOO(T)
arrangements are known to be able to produce at a rate of €0.5 — 0.8 per .

Figure 39 Cost comparison of various desalination processes powered by
renewable energy (costs are included investment, but excluding distribution and brine
disposal).
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Control and disposal of chemicals

A common point in most desalination processes is the disposal of brine or reject and the
waste. As mentioned, thermal and membrane techniques require additives to prevent
corrosion, scaling, foaming and growth of bacteria. These chemicalk mixed with the
concentrate (reject) are produced as waste from the desalination plants. In most cases,
the waste is disposed in the seaw here the excess salinity of thewaste does not pose
an environmental threat. The waste however has to be pumped through a pipeline to a
disposal point at a suitable location e.g. not too close to a beach. In particular the Middle
East suffers from excessive loads of chemicals as a result of the numerous desalination
plants, Figure 40.

In general it can be stated that from the 2 processes most often used, MED requires
less chemicak and therefore discharges less waste during the process than RO.
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Chemical loads in the Middle East Area
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Fig. 19 Chemical Loads in the Middle East
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Figure 40 Chemical loads in the Middle Eastas a result of desalination and the

chemicals used and chemical loads as a function of the distance from the outlet.

Social aspects

Desalination is considered as a very modern technique. It requires high tech equipment
that is often fully computerised. Desalination processes aways produce waste, in the
form of brine often with a considerable chemical load. The acceptance of such high tech
solution of drinking water supply in an environment such as rural or sub-urban India can
not be simply assumed. Several examples exist whereby population living around the
site of a (proposed) desalination plant have successfully obstructed the construction or
operation of it.

When desalination is applied, great care should be paid in an early stage to the
acceptance of the installation, its source and its disposal by its social environment.
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3.5.5

Source of saline water

Brackish vs seawater

Desalination plants can use either seaw ater or brackish water as a source. The salinity
of seawater is higher, requiring thus more processing and resulting in installations that
require more energy per m° of producedw ater and produce more waste per m® of
producedwater. If brackish water is available, the choice for brackish water as a source
would be logical as the production costs are considerably lower.

Around a seaw ater intake, also algae and molusque can develop. In the area of
Auroville, there is asand barrier thatwill result in a relatively high turbidity in the

seaw ater, unless the intake will be further placed into the sea. This would requre afew
hundred meter extra pipeline and a longer/deeper intake structure.

Use of brackish water,would also prevent to construct a seawater intakew hichwill be
very difficult due to the required government permission and the strict law s regarding
construction on beaches in India. The same would apply to the laying of a pipeline
across the beach to pump up the saline water and a pipeline to dispose the waste.

An inland located brackishw ater desalination plantw ould thus prevent crossing the
beach for the intake. Only the wastewould have to be disposed in an orderly manner.

Availability of brackish water

In the project area, it is know n that certain aquifers like Ramanathapuram and the
deeper charnokites are known to have brackish groundw ater or are subject to saline
intrusion. In considering large scale groundw ater extraction from the Ramanathapuram
aquifer, one has torealise that in the coastal zone of the project area, this aquifer lies at
a depth of 300 — 500 m. The extraction may have effects on over- and underlying
aquifers and should be carefully studied. It is knownthat there is only a thin layer of
calcareous clay beween Vanur and Ramanathapuram.

Also the coastal sedimentary aquifer has brackish water. As this aquifer is very small,
the salinity will be subject tofluctuation due fo tidal fluctuation and the influence from the
monsoon.

Availability of salt water

Saltwater is available from the sea, requiring a concrete or steel intake structure in a
shallow area or asuction line to be laid out further in the sea. The waterwiill have to be
transported to the desalination plant that can then be located at any suitable or
favourable area. The more inland the treatment will be located, the more the pumping
charges will be and the more the transport distance will be for thew aste disposal.

Desalination in India

Desalination is relatively new to India and has been applied in several regions at various
scales andfor various purposes. Several micro RO installations working on photovoltaic
cells have been donated for the Tsunami Relief Action. Auroville through its w ater
supply unit Aquadyn has developed several reverse osmosis models that are able to
handle water until a light brackish character. In Gujarat, a 2,400 m*/day MED plant has
been for the Guijarat Mineral Development Corporation and a 48,000 m*/day MED plant
for drinkingw ater supply in Jamnagar. IT Chennai has started a pilot combining
photovoltaic and reverse osmosis techniques.
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3.6

3.6.1

At present a 100,000 m*/day reverse osmosis plant is under development in Chennai.
The estimated production cost, all included, is 45 Rs/m’. This development will be
closely followed by the water group to seew here advantage and learning can be taken.

Scope for desalination in Auroville

Several systems for desalination have been studied and compared. The conclusion is
that a system combined w ith a renew able (f.e. solar orwind) or free (next to thermal
power plant) energy source are the only methods that are financially feasible. An RO
plant operating on wind energy with variable capacity (500 — 10,000 m®/day) will
produce fresh water from brackishw ater at rates of 14— 20 Rps/m°®. Freshwater from
seawater can be produced at 17 — 23 Rps/nt. Transport, distribution and brine disposal
charges are not included in these figures.

An issue to be dealt with is the disposal of brine, which has to be socially acceptable.
Another issue is the legal implication. As it is not allow ed to build any structure onthe
beach or in the sea, it may be very complex to obtain permits for construction of the
brackish/salt water intake.

Also the scocial acceptance by surrounding population has proven to be of the utmost
importance. If the surrounding populationwould already accept desalination (and there
are many cases w hereby the surrounding population has not accepted desalination and
even caused major strikes and damages, then this population should be covered by this
water aswell (provided that they would accept this water). There must be a positive
benefit to the population in order to obtain co-operation and support, such as the supply
of desalinised water at reduced rate.

Waste water
Introduction

Wastewater is produced at every placewhere water is being used. Waste water is
being produced in houses, offices, factories, farms, schools, restaurants and bars etc. In
the currentworld of water scarcity, there is a general consensus that wastew ater can be
re-used. In the western world, wastew ater is being purified to a certain extent and then
disposed on the surface water system. In other countries effluentfromwastewater
treatment plants is infiltrated underground and through natural purification is being
pumped up again as drinkingwater. In general, there is consensus that treated waste
water canbe used as irrigationw ater.

With the development in the westernworld came also a larger chemical load in the
waste water: Dissolvent, aggressive cleaning agents, medications left over and flushed
through the toilet and high loads of hormones from the use of contraceptives. This
required highly sophisticated treatment steps before the treated water could be spilled in
the surfacew ater system.

Purification of wastewater is costly and its usefulness depends much on thew aste load
of the water, the usability of the treatedwater and the availability of alternative resources
of water. Domestic waste water can be treatedw ith simple techniques at arelatively low
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cost. Industrial waste water is hovever much more costly and is mostly treated to limit
the environmental impact and less to be re-used.

The origin of thewaste water often determines the ‘quality’ of thewastewater.
Therefore, the chapter deals w ithwastew ater from various origins (Auroville, villages,
Pondicherry).

The chapter distinguishes inwaste water from Auroville, from the Bioregion and from
Pondi due to the large difference in constitution of the waste water, collection, required
treatment and possibilities for re-use.

Wastewater fromAuroville

Description and origin of the waste water

Wastewater in Auroville can be separated in domestic waste water and industrial waste
water. Domestic wastewater is produced in the residences, offices, communal services,
schools, canteens and guest houses. Larger quantities are generated by larger and
dense communities. Smaller quantities are produced by isolated houses and small
communities spread over a large area.

Industrial wastewater is Industrial wastew ater is generated in the crafts and Industrial
Zone (food processing, construction technology, textile dyeing and tailoring, pottery,
leather factory, soap and corporal hygiene products and essences. For example, in
Fraternity (Lumiere — screen printing press, Papyrus — paper processing) and around
Aspiration (Aureka — metalworkshop, Auroville paper factory, Maroma — incense and
aromatic oils and essences), and at afew places scattered throughout including green
belt (e.g. potteries in Dana).

In the Cultural Zone (residences, schools, sportsground, theatre) and the International
Zone (residences, boutiques, auditorium, restaurant, library, conference halls etc.) there
is only generation of domestic sewage

The Green Belt consists of farms and the residences of farm and forest stewards. There
are afew crafts and industrial activities such as mechanical and plumbing workshop in
Abri, pottery in Dana, carpentry in Samriddhi, environmental lab in Aurobrindavan, and
there are several highly-frequented offices such as in Pitchandikulam, Aurobrindavan,
and increasingly in Botanical Garden.

The outlying areas are defined as being located outside the circularly defined green belt
and include, in the East, various beach communities w ith residences, guest houses, and
some agricultural activities; Auromodel which is primarily residential; Fraternity and
Aspiration mentioned above; and in the West, Hopew ith carpentry, the farms of Auro-
Orchard, AuroAnnam, Brihaspati Farm, Service Farm, and Annapurna Farm, the
forestry-oriented settlements of the Hermitage and Aurobrindavan area. Wastew ater is
domestic (and agricultural) exceptfor the environmental lab at Aurobrindavan.

Sanitation facilies and waste water

In Auroville very little attention is paid to eco-sanitation, aiming at separation of waste
and reduction of waste quantities. In 99% of the cases, wastewater from toilets,
showers, washing and kitchen is being mixed. Toilet wastew ater is not separated in

R001A/JKONijm
Final Report -73- July 2007



solid and liquid fractions and although there is a general consciousness of water scarcity
this is not reflected in water saving technology in sanitation.

Quantities of waste water
The following data are based data collected by Auroville Water Service Harvest' |, see
Table 10.

Harvest measuredwater consumption and generation of wastew ater volume by
readings from meters, by recording number of fillings of overhead tanks, by surveying a
few residential communities and applying the average figures obtained to other
communities of similar life-style.

Table 10 Waste water production data based on data collected by

Auroville Water Service Harvest'
Sector/activities wastewater production

(m*/day)

Communities total 301.6
Services total 93.9
Crafts and industrial units total 60.9
Guest houses total 85.9
Restaurants total 88.1
Farms total 1.6
Schools total 22.7
Auroville total 654.7

The total volume of wastewater generated per day is 655 m®. This refers to 1,800
residents and to the additional population of guests and of workers and employees at
Auroville, amounting to an equivalent population of 3,200 in total. The volume of
wastew ater divided by the figure of equivalent population results in a volume of 209
litres per capita per day. This figure may serve as a basisfor estimating w astew ater
volumes generated in Auroville for the next few years, that is as long as development
and pace of development are similar to the present.

Present waste water collection and treatment

At present in Auroville allw astewater is collected through sewer pipes and guided in
about 40% (quantity-w ise) to soak pits or septic tanks and in 60% to treatment facilities.
No sewage is evacuated in open gutters or in public areas. The provision of facilities per
type of building is such that about 90% (quantity-wise) of the public facilities (schools,
administrative services, production and research locations, restaurants) and about 30%
of the private facilities are treated. Table 11 presents an overview of thewaste water
treatment types, capacities and locations in Auroville.

! Between 2001 and 2004, these data were collected fromthe Auroville Residential Service (2004) regarding the
residents, guest houses (2004) regarding the numbers of guests, Auroville Board of Commerce (ABC) regarding the
wor kers, the Farm Group office regarding far mers and farm wor kers, SAIIER (2003) regarding schools and
kindergartens and on figures on employees and workers at Auroville services given bysome of the services. These
figures wer e compiledin D ecember 2004.
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Table 11 Overview of waste water treatment facilities in Auroville
Place Startup PE Treatment Method
FPromesse 1899 g Septic tanks-Honzontal planted filter-Infiltration trench
American Pavilion - Student hostel 2002 12 Dry compost toilet, seperation of urine
Arka 2004 120 |Septic tank- Baffled tank reactors-Infiltration pit
Centre Guest House-Merriarm Hill 15932 20 Septic tank-Planted filter (soil media)
Centre Field - Hilde 1995 4 Settler-Honizontal Planted Filter-Polishing tank
Samast (modified) 1996 20 Septic tank-Planted filter-Polishing tank
Centre Field -Tineke 1936 2 Septic tank-Planted Filter-Palishing tank
Samast Il (modified) 1997 20 Septic tank-Horizontal planted filter -Storage tank
Prarthina 1997 30 |Septc tank-Horizontal planted filter-Storage tank
Visitors Centre 1998 120 |Septic tanks-Vertical planted filter-Polishing tank
Edayanchavadi Public toilets 1989 50 |Baffled tank reactor-infiltration trench
Auromode 2000 130 |3 Baffled tank reactors-Horizontal planted filter-Storage tank
Prarthna |l 2000 25 Septic tank-Horizontal planted filter-Starage well
Kuilapalayarn Public toilets 2000 {1 Baffled tank reactor-infiltration trench
CSR - Earth Unit 2001 2 Septic tank-Horizontal planted filter-Polishing pond
Vikas (modified) 2002 45  |Baffled tank reactor-Short filter-F olishing pond (EM technology)
Courage 2002 80 Baffled tank reactor-Polishing pond (EM technology)
CSR - Earth Unit training 2002 A Septic tank-Planted filter-Folishing pond
Tibetan Pavilion 2003 23 Baffled tank reactor-Flanted filter-Folishing pond (2 & 3 pending)
Suriya Mivas 2003 12 Baffled tank reactor-Planted filker-Polishing pond
Upasana 2004 20 :::;IC tank-Baffled tank reactor-Anaerobic filter-Planted filker-Polishing
Pour Tous 2004 21 ‘Spjt-:z;iafﬂed tank reactors- Anaeorobic filters-Fast flow verbical filter
Sukhavati |l 2004 19 Settler- Baffled tank reactors- Anaeorobic filters-Planted fitter
Udyogam 2004 300 |Settler-Baffled tank reactor-Anaerobic filter-Planted filter (EM technology)
Solar Kitchen (modified) 1998-2004 222 |Settler-Baffled tank reactor-Planted filter-Polishing pond (EM technology)
Aurobakthi 2005 80 Settler-Baffled tank reactor-Planted filter-Polishing pond
Centre Guest House 2002-2005 75 Baffled tanlf reactur—F’oHs_hmg pond (EM technology). Added |ater
Anaerobic fitler , planted fitter
Petite Ferme (Dirk's house) 2003 3 Anaerohic fixed bed
Angira's Garden (Dons's House) 2003 b Anzerobic fieed bed
Artist In Residence 2003 25 Anaerobic fieed bed
Angiras garden Knshnaprem House 2005 7 Anaerobic ficed bed
Sangamam | 2002 300 [Modified UASE-Planted fitter
Aurarnodel (Maurices8Agathe) 2002 4 Modified Baffled Reactar-Polishing Pond (EM technology)
Line of Force 2002 10 Modified Baffled Reactor (EM technology)
Auromodel (Carla) 2002 2 Modified Baffled Reactor-Folishing Pond (EM technology)
Lurniere (printing factory) 2003 20 |Anaerobic Tank-Polishing pond EM technology & Lermna
Auromodel (Karla) 2003 2 Modified Baffled Reactor-Polishing Pond (EM technology)
Colors of Nature 1993 12 Imhoff Tank-Pehble bed-Polishing tank
Madhuka 1935 25 Irhoff tank-Horizontal planted filter-Polishing tank
Prayathna 2002 30 Settler-Horizontal planted filter-Infiltration
Kallash 2002 15 |Settler-Horizontal planted filter-Infiltration
Grace 1895 35 Imhoff tank-Horizontal planted filter
Quiet (beach front) 1938 25 Imhaff tank-Harizontal planted filter
Rorma's Kitchen 1939 15 Modified Septic tanks
Sukhavathi 1539 g Irmhoff Tank-Planted Filter
Verite 2001 25 Imhoff tank-Horizontal planted filter-Infittration trenches
fantra 2001 20 Imhoff Tank-Horizontal planted filter
Werite (Aurelin’s House) 2002 1 Settler-Planted filter Polishing tank
Afsaneh's Guest House 2002 30 Imhoff Tank-Horizontal planted filter
Creativity 2003 20 Imhoff Tank-Horizontal planted filter
Imhoff tank-Horizontal planted filter-percolation systerm_ [T sized for
Town Hall Annes 2003 50 22 5m3fd. The systemn is not sized to absorb peak flow during conference
ete.
Mereville 2005 7 7
Invocation-Arati-Surrender 1938 150 |Imhoff tank-Horizontal planted filter-Polishing tank
Aspiration 1938 80 Irnhoff tank-Horizontal planted filter-Polishing tank
Future School 2002 50 Settler-Baffled tank Reactor (EM technology)-Storage tank
Operational Decentralized Wastewater 55 2240
Treatment Systems in Auroville by Nov 2005
R0O01 A/JKONim
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3.6.3

In the initial years of Auroville, treatment facilities would consist of Imhoff tanks w ith reed
ponds, sceptic tanks with reed ponds or only reed ponds. These have however been
proven to consume much space and be less effective in the climatic conditions
prevailing in this area. Presently, baffle tank reactors are being used and polishing
ponds are used as an after reatment. Only in rare cases reedfilters are being used for
post-treatment and in general only when odour is an issue.

All Dew ats systems are offering discharge at high standard, most of the time the highest
standards of CPCB. The area required for highest discharge standard is about 0.8
mf/ec. The costw il fluctuate as per pollution type and load, discharge requirement, site
condition, sewer length efc. but canbe as low as 1,500 Rs/ec (Tsunami temporary
shelters for public toilet) and up to 7,000 Rs/ec with an average value around 4,000
Rs/ec for higher discharge standards. The running cost is usually very low, as the only
routine work necessary is to de-sludge the systems once every 12 to 24 months as per
specfification, to clean once in awhile the grit chambers, check the outlet flow andfor the
sophisticated systems to cut the vegetation once in year maximum. Very few systems
require pumps and this only because of site constraints.

The effluent is either discharged in a canyon or natural drain or usedfor gardening or
irrigation. The experience with Dew ats systems is generally good. The degree of
treatment is high, the costs are low (in particular in operation) and the area occupation is
low .

Wastewater from Pondicherry?

Pondicherry
Pondicherry Union Territory covers 293 kn? whereas Pondicherry urban limits covers 24
kn?. The urban population counts about 1.6 million (2001 census).

Sewage callection

The sewer systemin Pondicherry is partly underground and is divided in 9 zones. Zone |
is the tovn area within the Boulevard and measures 203 ha. Sewage from zone | gets
collected at Kuruchikuppam Main Pumping Station fromwhere it is pumped via an
Intermediate Pumping Station to the oxidation ponds 6 km north of Kuruchikuppam. The
zone ll sewer system s partially lifted and partially flovs under gravity to Main Pumping
Station Kuruchikuppam. In zone Il (Mudaliarpet), works on the sewer system have been
started. The zone IV (Nellithope) sew er systemwas commissioned in April 2003 and is
connected to the systems of Zone land Il.

In the remaining parts of the town there are open sewers Isolated septic tanks are
constructed in many new development areas. PWD envisages an extension of the
underground sewer system and upgrading of wastew ater treatment facilities.

Treatment facilities
The sewage farm located at Law spet (north of Pondicherry) was established in 1980
when the first underground drainage systemin Pondicherry tovnwas commissioned.

2 The following infor mati on, information on present sewage treatment and on planned sewage treatment facilities at
Pondicherry, is taken mainlyfrom a presentation of Pondicherry Public Wor ks Department (PWD) with the title
“Sewerage System for urban and suburban areas of Pondicherry’ publishedin 2005, and from personal
communication with Mr. Anandane, PWD, and engineers and staff of PWD.
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The total area of the farmis 125 acres of which 44 acres are used for cultivation and the
restis used for reatment facilities and set aside for further development.

Present treatments facilities are designed on the basis of the water consumption for
Indian cities taken as 135 Ipcd as per CPHEEO. Sew age treatment in Pondicherry is via
stabilisation ponds. Sew age collected sofar is regarded as basically domestic, BOD is
said to be around 200 mg/l. In four oxidation ponds 13 MLD are treated. The BOD of the
treatedwastew ater is below 100 mg/l, hence free to be used for coconut, silk cotton
trees, cashew nut trees, bamboo, guava, mango, fodder crops and fuel trees.

The treatment system consists of four facultatve oxidation ponds in series,with
capacities of 2.9 MLD, 2.9 MLD, 2.2 MLD, and 4.8 MLD. They were constructed in 1980,
1991, 1997, and 2001. They have been designed for a per-capita sewageflow of 110 |
with an infiltration rate of 20,000 | per ha (from the effluent infiltration area) andw ith a
detention time of five days, adopting a liquid depth of 1.2 m. Sewage in the ponds is
stabilised by algae and bacteria symbiotically. The treatment capacity is reported to be
15 MLD, w hile it currently runs at 13 MLD. The treatment efficiency is said to be 60-
65%. The effluent after the forth oxidation pond has the following characteristics:

pH 8.3, BDO 60, COD 130, TSS 54 mg/l, TDS 910 mg/l, and DO 6.2.

At present a UASB reactor of 2.5 MLD capacity is under construction (fo be
commissioned any time), and a second UASB reactor of the same capacity is planned.
The latter will be needed for treatment of the sewage from zone IV and lllw hen the
systemin these zones will be extended. Jointly w ith the UASB reactors, a duckweed
pond, fish pond and sludge drying beds will be constructed. The duckweed pondw ill
measure 108x180x2.5 mwith a capacity of 2.5 MLD, treatment and an effciency of
64%. Three fish ponds are planned of 255x50x1.5 m.

Present wastewater volume of 13 MLD is expected to increase to 70-80 MLD over the
next 30 years.

Effluent

The effluent (overflow from four ponds) flows into an area of about 30,000 n¥ where 13
MLD infiltrate into the ground every day. Overflow and discharge is alternated between
this infiltration area inside the sewage farm territory (with overflow into other territory
only during rains according to engineer’s statement, but questionable) and the farm/
orchard areafrom it further spills over towards south into the erosion canyons close to
Forecomers.

Treated wastew ater at the discharge point from the ponds generates huge volumes of
foam, probably originating from detergents.

Re-use potential and its assessment:

In the West it is increasingly recognized that domestic wastew ater carries residues of
hormones (basically fromcontraceptives and steroids) and medicaments (in particular
antibiotics). In India contraceptive use s low, and hormonal residues from their use are
likely not to be present in domestic sewage. However, Pondicherry is well-supplied with
medical facilities, and Indian urban residents have easy access to pesticides for
households use, Pondicherry’s domestic sewage is likely to contain residues from
medicaments (antibiotics) and from pesticides (household pesticides against termites,
cockroaches, rats efc.). Further, there is the risk of containing chemical effluents from
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3.6.5

unidentified and unregistered industrial activities at household level, such as battery
recycling and electroplating.

At present there is no organised re-use of wastewater in Pondicherry or surrounding
area.

Wastewater fromvillages in the Bioregion

Presently there is no sewer system and wastew ater or sew age treatment facility in the
villages except for those cases where initiatives from Auroville (Auroville Health Centre,
Palmyra and others) have combined setting up public toilet facilities and sewage
treatment facilities. Sewage is drained out off the houses and compounds into the public
sewers/ditches along the roads. The same ditches are used for rainwater. Toilets are
rarely used in the houses. The only way to estimate the volume of wastew ater
generated in the villages is to measure the actual quantity of wastewater or to
determine the water consumption and the ratio w ater-useiwv astew ater. Based on these
principles, we come to atotal of 3,126 m® per day (51 litre of wastewater per capita per
day), see Table 12.

Table 12 Water consumption and waste water production, villages in the
Bioregion of Auroville
No of Population households | OHT capacity Used water Used water
villages 2001 (litre) (litre) Ipcd
23 60,948 8,455 1,910,000 3,126,000 51

Source: Field survey by Harvest and AuroAnnam, 2005

If out of 51 litres per capita consumption of water per day 3-5 litres is drinking water and
another 5-10%" is wastedwater due to leakage and spillage, wastewater generation per
capita per day w ill be in the range of 40-45 litres. On the other hand, spillage is found
mainly around pumps and taps and along roads, and goes mostly unused. It might as
well be viewed as wastewater which ideally could be used in kitchen gardens or for
plants (groundcover, shrubs, frees) in public spaces. As an average 50 Ipcdw ill be
used. Thereason that in the study area, these figures are so low is that very few people
are connected to thewater supply system. Instead they collect water in buckets and
jerry cansfrom public taps. For future developments this will have to be considered.

Wastew ater re-use potential

Quantity of waste water generated

Current experience in Auroville is that about 200 Icd domestic wastew ater is generated
against 110 lcd for Pondicherry and 50 kcd for the surrounding area. In densely
urbanised areas in tropical countries, an average of 100 - 120 lcd would be realistic. The
Govemment of India uses 180 kcd waste water in urban areas.

In the context of reduction of water consumption andw aste water generations, the
concept of ecological sanitation —abbreviated as eco-san —promoting the conservation
of water resources and re-use of organic matter and plant nutrients, is to be noted.

® No exact figurs are known, but the estimated 5-10% seems to be low from experience point of view.
Realistically some 20% wastage can be assumed.
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Sanitation that can dispensew ith 90-95% of water —only a very small fraction of toilet
water use is for anal cleaning —should be made a readily available technical option for
all users. Composting toilets without the need for flushing, urine diversion foilets with
direct re-use of urine in gardens and fields, flush-free urinals, and possible also higher-
tech versions of eco-san could decrease the consumption of water for gardening and
irrigation, decrease the volume of wastew ater that requires treatment, and increase
agricultural production. The problemw ith eco-san is often the social acceptance of it.

Another effect of the management of wastewater is that pest nuisance is strongly
reduced.

Domestic waste water Auroville and bio-region villages

Domestic sewage s characterized by a BOD:COD ratio of 1:3, by the absence of
significant amounts of hazardous substances, and by the presence of organic matter
and plant nutrients. Organic matter and plant nutrients ideally should be channelled
towards (re-)use in agricultural/horticultural contexts and not be let to pollute water
bodies, soil, and groundw ater.

Present wastewater production (about 655 m*/day for Auroville and 3,125 m®/day for its
Bioregion) could after freatment well be utilised in agriculture and gardening directly or
for aquifer recharge. The water to be sued for recharge should fuffil the WHO-standards
for this purpose. After aquifer recharge, the water could be used even for drinking w ater
purpose as a fransition time of 60 days undergroundw ill make the w ater sterile (Vollrath
Hopp — Wasser Krise — Wasser, Natur, Mensh, Technik und Wirtshaft, 2004).

For the discharge of treatedwaste water in open water, an upper limit of BOD=30 is
maintained by the CPCB. Off course this limit has to be seen in the context of the
amount of dischargedwaste water per unit of time, the size of the water body receiving
this wastew ater and the general environmental conditions. For irrigation and gardening
and upper limit of BOD=100 is maintained by the CPCB. Here, odour generally plays
and important role. Also for gardens w ith extensive lav ns being intensively used by
children (playground, private gardens) or by the public (public park, sport facility), this
limit has to be reviewed in the specific context of the use of the irrigated area.

A condition for the re-use of reatedwastewater is the use close to the source. Long
distances require often storage and pumping facilities, pushing up the cost and making it
less attractive to use recycledwater.

The separation of grey- and black water at the source is easy. However, due towrong
connections occurring in neighbourhoods in the west, the low cost of piped drinking
water and the low financial benefit, thew estern world has stopped thew ide spread
promotion of split water systems. Only at building level, these systems are occasionally
used.

Scale versus expenses

The smallest scale re-use of water (at household level) requires little investment,
operation and maintenance. The wastew ater can be used in the gardens and small
farms plots near the houses. The largest scale re-use of water (a centralised waste

w ater collection system covering the entire city) requires an extensive underground
sewage nework, pumps at several points as the entire system can notwork on gravity
alone, an underground storage reservoir and distribution pumps to the target area.

RO01A/JKONijm
Final Report -79- July 2007



3.7
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These facilities require a considerable investment and a large operational budget and
technical support. Facilities of this size can also not be operated by renew able energy
generated at local level. In general such centralised systems are only applied in densely
populated areas or industrial zones.

Intermediate systems would operate at community-, village- or neighbourhood level
whereby the sewage is collected in a small reservoir, reated according to the
requirements of the destination of the sewage and distributed with small pumps.

Sustainable water resources management
Sustainability and management

The Bruntland Report popularized the term sustainabilityfor human and environmental
development when itwas published in 1987.In the report, sustainable actiities were
defined as ones where the needs of the present generation are met w ithout
compromising the needs of future generations.

There has been a shift in recent years from the traditional ‘top-down’ approach to a more
open management systemwhere all levels have asay in the allocation and use of the
resource. If properly done, this system ensures that the needs and concerns of those
most affected by the use of the resource are addressed, without loosing sight of the
wider issues touching the society as awhole.

"Water development and management should be based on a participatory approach,
involving users, planners and policy-makers at all levels. The participatory
approach...means that decisions are taken at the lowest appropriate level, with full public
consultation and involvement of usersin the planning and implementation of water
projects." (ICWE 1992)

Information is key to good management. Understanding the needs of the stakeholders,
as well as the possibilities and limitations of the resource, is needed to manage it
effectively. This requires sharing both indigenous and modern scientific know ledge, as
well as establishing a dialogue between individuals and large institutions. With the right
information, appropriate strategies can be formulated to deal w ith the realities of
resource management, such as distribution, access, rights, etc.

Needless 1o say, effective communication necessary to manage a resource shared
between various users and governed by different levels. Only once the needs of each
user are understood can the resource be allocated and managed in a sustainable
manner.

Rather than continuing to search formore and more water to meet the anticipated
demands, itistime that we adopt the idea that wateris a finite and wulnerable natural
resource and that excessive withdrawal from natural water bodies is exponentially costly
andislikely to cause considerable ham to ecosystems’ functioning and downstream
areas generally (Gleick et al. 1995, Postel 1996, Heyns et al 1997).
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Definitions of sustainablew ater management

According to Development Alternatives®, the purpose of Sustainable Water Management
(SWM) is simply to manage our water resources w hile taking into account the needs of
present and future users. However, SWMis much more than its name implies. It
involves awhole new way of looking at how we use our precious w ater resources.

UNESCO about water
The International Hydrological Programme, a UNESCO initiative, noted:

“It is recognised thatwater problems cannot be solved by quick technical solutions,
solutions to water problems require the consideration of cultural, educational,
communication and scientific aspects. Given the increasing political recognition of the
importance of water, it is in the area of sustainable freshw ater management that a major
confribution to avoid/solve water-related problems, including future conflicts, can be
found.”

Therefore, SWM attempts to deal with water in a holistic fashion, taking into account the
various sectors affecting water use, including political, economic, social, technological
and environmental considerations.

ICWE conference in 1992 on sustainable water management
Since the Mar del Plata Water Conference hosted by the UNin 1977, SWM has been
high on the international agenda. Later conferences and workshops have addressed the
issue and have attempted to refine the concept as more and more research has been
done in the area. The current understanding of SWM is based primarily upon the
principles devised in Dublin during the International Conference on Water and the
Environment (ICWE) in 1992, namely:
1. Freshwateris afinite and valuable resource thatis essential to sustain life, the
environment and development;
2. The development and management of ourwater resources should be based ona
participatory approach, involving users, planners and policy makers at all levels;
3. Women play acentral role in the provision, management and safeguarding of
w ater resources;
4. Water has an economic value and should therefore be seen as an economic good.

These principles reflect the importance of water in our daily lives and the need for proper
communication, gender equity, and economic and policy incentives to manage the
resource properly.

Sustainable Water Management in India
The statistics show an alarming trend for India: rapid population growvth, urbanization

and industrializationw ill lead to a greater demand for an increasingly smaller supply of
water resources in the area. How will India avert the looming crisis?

4 Development Alternatives based at Delhi, work in all parts of India. Established in 1983 they design
options and promote sustainable development through programs of economic efficiency, equity and
social justice, resource conservation and seff -reliance. They are working in thefield of pollution
monitoring and control; waste recycling management; wasteland development; appropriate technology.

R001A/JKONijm
Final Report -81- July 2007



3.7.4

The needs of India, and indeed the South Asian region towhich it belongs, are unique.
Now here else in theworld does population growth and poverty play such a large role in
affectingwater resource issues. To address the specific concerns of the region, the
World Water Councilformed a Regional Water Vision 2025 for South Asia. A product of
dialogue and debate between organizations from the region, the Vision 2025 reflects the
current position of South Asia on the sustainable development of ther water resources:

“Poverty in South Asia will be eradicated and living conditions of all people will be
uplifted to sustainable levels of comfort, health and well-being through co-ordinated and
integrated develgpment and management of water resources in the region.”

This vision reflects the importance of providing for basic human needs to ensure that the
livelihoods of all can be improved. In the case of South Asia, poverty and reduced
access to safe water resources has limited the ability of the poor to improve their
situation, which has only served to perpetuate the poverty cycle especially among rural
populations and women.

The South Asia Regional Water Vision 2025 identified a number of common issues for
water management in the region:

- Welfare for the people and equitable distribution of resources;

- Economic growth and development;

- HEficient use of water resources;

- Sustainability and environmental aspects;

- Policy and institutional aspects;

- Increasing role of the market in water management.

These issues affect both the region as a whole and the individual nations in varying
degrees. For India, the two mostimportant issues are how to balance the country’s rapid
economic growth with the need to ensure equitable distribution to all sectors, in
particular the urban and rural drinking water supply.

Water resources management and sustainable urban planning

Urban planning andw ater used to be closely related in early ages. Water as the source
of lfe was a precondition to development of settlements. Suitable locations forwells,
rivers and springs have dictated much of urban development in history. This all changed
with the discovery of water fransport allowing houses to be constructed away fromw ater
resources under the pressure of the world’s population. Thus the ‘makeable city’ was
bornwhere all could be adjusted as per men’s requirements.

The last decennium however, we have seen aturning point in environmental aw areness
and sustainability. We borrowv theworld from our children andwe therefore have the
obligations to leave it to our children and our children’s children in good condition.

Sustainable urban planning by the Dutch ministry of urban planning (VROM)
Sustainable urban development is a form of urban development that uses all
opportunities to achieve a higher spatial quality combined w ith a low er environmental
impact. Additionally, both spatial quality and limited impact should be maintained in time
as future generations can share in this as well.
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e The quality of the planning process determines the involvement of stakeholders. For
(social) sustainability it is crucial that all stakeholders, including the future
stakeholders, are involved;

e Spatial quality has to do with theway the urban environment is built. Flexibility plays
an important role and plans that are robustwiill last longer;

e Environmental quality has to dowith ecology, biodiversity, saving on resources and
on occupation of area.

It is important that above three aspects are in balance. So the key to sustainable urban
development is to achieve the highest feasible of the three aspects in astepwise
process of constant reconsideration.

Sustainable Urban Developmentin India

It is reported thatwater supply and sanitation had been one of the major considerations
in ancient tovn planning in India, andw ater bodies played an important role in the
selection of site for settlement planning. A study of theworks on Town Planning of the
Southern and Northern Schoolks of India (700 A.D.) reveals that ancient tovn planning
was based on several principles, and the first and second principles dwvelt upon this
subject.

RO01A/JKONijm
Final Report - 83- July 2007



41

4.2

DEMAND
Summary

Population

The city of Auroville is presently with 3,500 inhabitants and dependants a small entity in
the Bioregionw ith which it is interacting. The much smaller study area ( 80 kn¥ for the
study area against 1,500 km2 for the Bioregion) has some 75,000 inhabitants at present.
In the year 2025 Auroville w ill have theoretically 50,000 inhabitants and the study area
will have 146,500 inhabitants. To achieve this number in 2025, Auroville w ill have to
grow w ith more than 19% average for the coming 20 years,which is beyond realistic
figures. Based on past developments, it is however impossible to predict how Auroville
will grow in the coming years.

Water demand

Water demand in the Aurobille Masterplan is 200 litre per capita per day (Icd), of which
only 130 kcd needs to be of potable quality. Certain communities in Auroville use as
much as 300 Icd. Irrigation demand (small plots and gardens) in Auroville is limited to
some 1,575 m’/day but this will increase with the development of the Matrimandir- and
other gardens in Auroville.

The water consumption in the study area is a multitude of the above figures. For
irrigation in the study area, some 56 Mm*/yr is being used from groundw ater only. For
domestic purpose, 1.4 Mm®/yr is being used.

Scope for reduction

There is scope for reduction of water use in Auroville. This mainly lies with the reduction
of the use of water for gardening by reducing gardens or using recycledw astewater.
Also ecological-sanitation can be usedto reduce water use. An actual use of 100 — 140
lcd would be realistic for Auroville.

Dualw atersupply (potable water AND grey water) within housholds is not recommended
as risks are too high and benefits are relatively low. Only the use of grey water for
gardening and irrigation is recommended.

The domestic use in kcd in the project area is lov but could still be further reduced by the
reduction of wastage. The main water use reduction can be established by the reduction
of water for irrigation. Numerous possibilities exist such as rehabilitation of rairw ater

irrigation structures and facilities, introduction of lowv-w ater yielding crops, introduction of
sprinkler and drip irrigation and stoppage of irrigation of crops that do not need irrigation.

It is not possible to achieve any reduction without intensive campaigns of promotion and
eduction inwater saving measures and techniques and Auroville could play a key role in
this.

General

As the supply of water needs to meet the demand for water and as the demand is only
generated by population, the development scenario for the population is of the utmost
importance. The population development can be distinguished between Auroville and

the surrounding villages in the study area.
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Auroville has presently a population of 1,800 people and has had this population for
severalyears. During the period of December — March, some 3,000 people are visiting
Auroville and are considered as floating population’. As Auroville has an entrance
policy, free settlement is not allowed and growth rates are difficult to determine for the
near or far future. The growth of population even in newly established neighbourhoods
around large cities and metropolises s found to be initially slow. In the case of acity like
Auroville it is even more so.

How ever it has also been dbserved that once a critcal mass has formed, the
development is brisk and population is attracted to it in large numbers. This may be the
case with Auroville also, since the presentresident workforce has laid the foundation for
future expansion. A number of international centres have been set up in different
countries and it is proposed to set up similar centres in the different states of India.
These centreswill assist to spread the message of Auroville and bring in resource
persons in larger numbers for the expansion of the present activities of Auroville.

How fast Auroville will actually develop is thus dificult to predict. Much discussion has

been held on this subject and there is no general consensus on a realistic scenario. For

the purpose of this report,wew ill discuss tw o scenarios:

e Masterplan scenariowhichwas ako the basis for Harald Kraft's pre-feasibility
Report, according to the present level of detall;

e Moderate (based on the growth figures estimated in the Report of Gilles & Gilles
and other concerned Aurovilians).

Figure 41 Auroville’s
Tow nplan, version
September 2006
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The Auroville Masterplan

Auroville

Population figures that are used originate from the Masterplan (Tow nplan of the
Masterplan has been presented Figure 44) or subsequent related documents issued by
Auroville’s Future, such as the Masterplan 2004 — Directions for growth. A compilation of
these figures is presented in Table 13.

Table 13 Population figures according to the Masterplan and
subsequent documents

Zone 2008 2010 2025

Fixed Variable | Fixed Variable |Fixed Variable

Residential zone 3,750 12,000 150 40,000 500
International zone 100 180 450 600 1,500
Industrial zone 300 540 3,000 1,800 10,000
Cultural zone 100 180 1,050 600 3,500
City centre 450 1,500 450 5,000 1,500
Green belt 300 600 0 2,000 0
Total 5,000 2,000 15,000 5,100 50,000 17,000
Grand fotal 7,000 20,100 67,000

The spread of the population is not homogeneous. The city plan of Auroville has
different zones eachwith its own density pattern. Based on detailed data on surface and
number of inhabitants according to the Masterplan, an arial-density map has been made
in Figure 42.

Figure 42 Aerial density map of Auroville
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Some zones have again sub-zones that each have their own population density. In
Annex D, the population and surface area for each zone and sub-zone has been gven,
for the year 2025. These have been represented also in Figure 42w hich have been
based on the latest version of the urban plan for Auroville (April 2006).

Data on Auroville’s population have been included in the Auroville Universal Township —
Master Plan 2004 — Directions of growth. These data have been presented in Table 14
togetherwith the population, growth and density data fromsurrounding villages. In the
1990’s, the population grovth of Auroville has been beween 5% and 7% per annum,
considerably higher than its surrounding area. From the year 2000 onw ard however, the
growth reduced to almost 0.

Looking at the number of 50,000 inhabitants in 2025 starting from 1,800 inhabitants at
present, Auroville will have to grow with an staggering average of more than 19% per
year to achieve this. It is clear that this is totally unrealistic.

Villages adjacent to Auroville
In Table 14, population growth and density data have been presented on the most
important villages surrounding Auroville and the 2001 census data on all villages in the

study area.
Table 14 Population and growth figures of Auroville and some selected
villages*
Population data Density data
Location 1971 1981 1991 2001 Av erage growth | Area Density
1971 — 2001**
(%) (Ha) (cap/Ha)
Auroville 300 461 715 1,601 |7.13 1,963 0.82
Alankuppam 790 895 985 1,380 |2.06 9.31 148
Allankuppam-Annai Nagar 315 450 610 528 |1.73 1.41 | 373
Bommay arpalayam 5,196
Eday anchav adi 2,215 2,460 |3,480 4,272 |2.47 3277 130
[rumbai 480 490 580 657 [1.12 1045 [ 102
Irumbai-Chitoot 280 300 315 408 [1.37
Kottakarai 465 570 880 1,612 |5.20 19.42 83
Kottakarai-Ambedkar Nagar| 310 405 510 650 |2.56 6.23 [ 104
Kuilapalay am 2,272
SanjeeviNagar 905 950 (1,030 1,188 | 0.95 9.84 [121

*

*%

Full set of data is given in Annex D
Annual grovth derived from population data per 10 years.

Some developments that are clear from these figures is that the population growth in
these villages tends to increasefrom an average 1.3 % for 1971-1981 t0 2.8 % for 1991-
2001. Based onthe graphical presentation of the data, extrapolation of the curvewould
go towards 4 % on the long term (tow ards 2020). Therefore an average growth rate for
the Masterplan period (present to 2025) of 3.5 % seems justified.
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The population growth rate in the colonies is structurally belov average, which can be
explained by the social position and related level of income and health. The growth of
Kottakarai is structurally above average as it is a sub-regional economic growth centre.
The growth rate of Auroville is much higher than those in the surrounding area.

How ever, as the growth rates from the surrounding area apply to much larger population
numbers, the surrounding population will continue to outnumber Auroville’s population
by far. Also the difference in population density s striking. The surrounding areawill
further densify with increasing urbanisation. At present, no high rise building exist and
the villages are still rural or slightly urbanised. Once high rise building will be introduced,
the density figures from the surrounding areaw ill strongly increase. The large difference
of density is a point of concern.

In the framew ork of the Auroville Masterplan 2006 — 2012, Auroville’s Future is working
on revised population grovth figures. The follow ing tentative figures result from this
work.

Table 15 Tentative population growth figures from Auroville’s Future®

Period Population fixed Population floating
(capita) (capita)

2006 — 2008 4,000

2009 - 2011 5,000

2012 — 2016 25,000

2025 50,000 10,000

To remain consistent with the Masterplan horizon (2025) and the Kraft study andin view
of the limited level of detail in the data presented in Annex D, the Masterplan population
scenario as presented in Table 15 will be maintained.

The study area

According to paragraph 2.5.3. the study area covers 22 villages, containing some
62,000 inhabitants according to the 2001 population survey. As mentioned earlier an
average growth rate of 3.5 % seems justified, coming to some75,000 inhabitants at
present and some 146,500 in the year 2025 which is the planning horizon of Auroville.

Alternative scenario (moderate)

The report by Gilles & Gilles and other concerned Aurovilians ‘Questions pertaining to
the viability, accuracy, appropriateness and cost-effectiveness of Harold Kraft’s Pre-
feasibility study of water supply, stormwater andw astew ater management for Auroville’
presents in Annexure 2, paragraph 4.2 and 4.3 presents an alternative growth scenario
for Auroville. This growth scenario is referred to in this report as being optimistic.
Compared to the Masterplan scenario, it is hovever moderate andwill be referred to in
this report as moderate. In reality the growth at present and over the last years has even
been lower than this moderate scenario. It is presented in Table 16.

® Obtained verbally from Auroville Future on 3" May 2006.
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Table 16 Auroville population grow th scenario ‘Moderate’.

Period 5-y ear growth rate Population at end of that period
(%) (capita)

1999-2003 5 1.700

2004-2008 8 2.555

2009-2013 9 ..3,850

2014-2018 10 6,200

2019-2023 11 10,455

2024-2028 11 17,610

2029-2033 11 29,670

2034-2038 11 50,000

Playing w ith different growth rates, one can determine the sensitivity of the number of
inhabitants to the growth rates. Table 17 show's the outcome for several gronvth
percentages. What is clear from the table is that any realistic growth figure will not lead
to the planned 50,000 inhabitants by the year 2025 and that it requires a staggering and
totally unrealistic growvth rate of 19 % to attain 50,000 inhabitants by 2025. It is not
possible to predict future development of the number of inhabitants in Auroville based on
recent growth figures or based on any other information.

Table 17 Different growth percentages
Growth rate (2006 onw ard) Year to attain 50,000 inhabitants
(%)
2.5 2140
5 2074
10 2040
15 2029
20 2024
Water Demand

The demand for water can be categorized in different types of water, such as potable
water (drinking water standards), grey water domestic scale (toilet flushing, car washing,
gardening) and grey water large scale (irrigation, industrial coolingw ater). Although in
Europe in the 1990’s, water systems were occasionally laid out in 2 types being blue
(drinking) and grey (secondary quality), this practice has been abandoned. The savings
were relatively small and the risks appeared to be too high. In several neighbourhoods,
poor coding of the different pipe systems and badw orkmanship, have resulted inwrong
connections and severe health problems. House supply has therefore been limited to
one type of water only, being potable water.

Meanw hile, water saving practices continue such as the re-use of cooling- and process
water, centralized carwash facilities with high rate of re-processing of wash water,
awareness campaigns efc. In certain countries in Europe (Netherlands, Germany) this
has resulted in reduction of drinking water supply to 120 lic/d.

R001A/JKONijm
Final Report - 89- July 2007



4.51

452

Domestic w ater

International water consumption figures vary from about 100 I/c/d for the eastern
European countries, 200 I/c/d for countries as ltaly, Spain and Finland to about 300 l/c/d

for United States and Canada (data from Eursostat 2001). Countries where

sustainability in water management and water supply is given alot of attention such as
Netherlands and Germany are thus onthe lower end of the scale of water consumption.

General consumption figures from Auroville over 2004 and 2005 showv an average
consumption of 180 lic/day,which is howvever not based on meter readings. With this
per capita consumption Auroville at present is using about 600 m/day domestic water.
Certain communities are using however much morewater. For example, detailed water
use figures fromwater meters in Auromodel, show about 300 l/c/d for household use
(data from Dirk Nagelschmidt).

The Kraft study has been based on 150 lic/day as demand figure for householdw ater,
separated in 50% water of potable quality and 50% w ater from rainw ater and storm
water harvesting. The Auroville 2004 Masterplan assumes 200 lic/d of which 130 Ifor
domestic requirements and 70 | for gardening, construction etc. In the context of this
study, awater supply figure of 150 lc/d will be used. It must be realised however that
this figure is on the high side, in particular in view of the ambitions of Auroville.

The villages in the Bioregion consume some 103 lcdw hich includes w ater for cattle and
wastage. Human consumption only amounts to 46 kcd, reference is made to survey data
from Harvest, 2006, Annex E. Not included in this figure is the consumption through
hand pumps, forwhich 10 Icd can be added. In total the village consumption is around

56 Icd. The use of thewater is presented in Figure 43.

Figure 43
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Irrigation demand

The irrigation demand from Auroville itself is limited to the gardens and some small plots
in the area. In 2004 and 2005, a number of 1,570 — 1,580 m*/day has been estimated
for irrigation which is about 62 % of the total water production.
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The irrigation demand for the future is difficult to estimate. Much will depend on the
development of agriculture and irrigation and the habit of people in gardening. The 2004
Masterplan estimates about 10% to be used for irrigation of gardens.

Harald Kraft has made an estimate of irrigation requirement of Auroville in 2025 (50,000

inhabitants) at 7.9 — 18.9 Mm*/year based on 1,485 Ha green space. This is based on

the assumption that:

e For parks and the green belt, the irrigation demand is determined as the precipitation
minus run-off. Hence no additional irrigation is required;

e For gardens and irrigated areas, the irrigation requirement is estimated as the
potential evapotranspiration.

The latter estimation is a severe underestimation as the amount of water used in
irrigation is much more due to infiltration and surface run-off losses. The irrigation
demand in the surrounding areas is off course much larger. Estimates per aquifer mount
to the figures presented in Table 18

Table 18 Groundwater extraction for irrigation from Auroville
and its Bioregion (Harv est, 2006)
Aquifer Extraction
(m®/year)
Cuddalore 6,400,023
Manaveli 5,555,796
Kadaperikuppam 4,279,379
Thuruvai 3,369,504
Ottai 13,357,353
Vanur 17,763,370
Ramanathapuram 6,418,915
Total 57,144,340

Purpose of groundw ater extraction  Extraction (m3/year)

Agriculture 55,756,975
Domestic 1,387,365
Total 57,144,340

Note: The extraction from the fomations below Cuddalore may be mixed with above
formations as casings have slotsin all formations.

Recently massive exploitation of groundwater resources towards the west and south of the
study area has developed pumping from the main aquifers Vanur and Cuddalore. These are
unknown at the moment but certainly have a significantimpact on the numbers mentioned
above and the long term effects on the ecology.

Water saving measures

The per capita daily use of 200 |for Auroville is high taking into consideration that
Auroville is a sustainable area. For this reason it is believed that the use of water at
household level could be reduced, in particular because of the special character of
Auroville. Already the AV Notes contain advises on water saving and there is a
committee being active in promoting water saving in Auroville.
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Much more could be done however, but this would require appropriate action from
Aurovillians. Much water is leaking from the distribution systemwhichis generally
believed to be in a poor condition because of the quality of materials used and the level
of know ledge about drinking water distribution at the period of construction of the
system. Certain facilities such as laundry could be centralised, gardens could be tumed
into low -w ater-demand-gardens. Gardeners could be educated properly not to over-
irrigate.

Also thewater consumption in the villages in the study area could be reduced. Presently
much water is leaking avay through the distribution system, taps are leaking, taps are
running unnecessarily, jerry cans and buckets are over flowing as they are left
unattended etc.

The main w ater consumer remains the agriculture inside and outside Auroville and the
main savings can thus be made in irrigation. The quantity of water that could be saved
by changing cropping pattem, introduction of rice varieties that require less water,
irrigating only when strictly needed, water saving irrigation techniques such as adrip or
sprinkler irrigation efc. could be up to 75%-90% of present consumption. Records from
w ater production at farms and evaluation of irrigated area and crops have shown that5
to 10 times more water is used than required.

Looking at the magnitude of the over extraction of groundw ater and the amount required
for water supply, savings and management of groundw ater resources is only feasible
when done in collaborationw ith public authorities and farmer organisations in the study
area. From several programs run by Harvestand Palmyra, this has appeared to be
difficult but not impossible.

Water demand and future development

Development goes on and as a result several projects are upcoming and are in different
stage of formulation, submissionfor financing and approval.

Kottakara extension

The pilot project in Kottakaraiw ill be extended to some 3 more villages. As the
Kottakarai integratedw ater management project is a pilot, some aspects may be
changed. From small scale village level the projectwill jump to regional level. This may
also require the construction of some superstructures such as interlinking village ponds,
rainwater harvesting at regional scale, collectvewaste water reatment and solid waste.

IAMWARM

This project covers Tamil Nadu state and aims at improving the efficiency in the
agricultural sector, reducing the use of groundwv ater, improving groundw ater recharge
from rainw ater harvesting and rehabilitating existing tanks and irrigation systems. The
result should be an improving groundw ater table and a growing concern for water
resources and groundw ater in particular.
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Figure 44 Location map with most relevant projects indicated. Auroville is
located in the green circle.

Pondicherry waste water

At present, the Pondiwaste water plant is treating some 13,000 m3 sewage per day.
The capacity of this plant will be doubled through UASB® and lagoons. The present
effluent of this plant is infiltrating into the underground at a remarkable speed. It is
unknow n w here this water is going to and how it affects the many boreholes and open
wells in the area. As the effect of the sewage on the environment and the exact contents
of the plant is not known, it can not be said whether the extension of the plant is a threat
or a blessing. It certainly forms a matter for further investigation and i usable forms a
considerable source of (irrigation) water for Auroville and the surrounding area.

Kaliveli Swamp

The Tamil Nadu Public Works Department is seriously looking at Kaliveli Swamp as a
fresh water resource. Proposals are on the shelf to repair the shutters, construct
bordering dikes along the swamp’s borders and raise thew ater level. The swamp
thereby is convertedin afreshwater area andwater can be piped to Chennai. Apart
from the ecological effects of such measures, Kaliveli may well be used as afreshwater
resource for Auroville directly through a canal or pipeline or indirectly through

groundw ater recharge in the aquifers being used in the area.

Buckingham Canal
Early September 2006, the Indian Union Government approved budget for the
upgrading and extension of the Buckingham Canal from Kakinada up to Pondicherry.

® Unaerobic Upflow Sludge Blanket
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The route of the Canal is not yet known, but it is clear that the construction of sucha
channelw ill have a tremendous impact onAuroville and the urbanisation of the region
on its eastern boundaries.

Pondicherry Airport Extension

Pondicherry is planning to extend its local airport for daily commercial flights to Chennai
and other Indian cities. This would require extension of the rurway, extension of
buildings and improving accessibility from the east coast road and from Pondicherry.

Nationwide urban renewal programme

The Chief Town Planner of India has invited Auroville’s Future to submit a proposal for
urban development. The funds are only to be used for the city’s infrastructure. The
proposal has recently been submitted.
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Figure 45 Location of various environmental damaging activities around Auroville.
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WATER SUPPLY

Summary

Present practice in Auroville

Currently all of Auroville’s domestic water originates fromwells. Thesewells are not
al ays shared between communities and there is no organisation is on the ground to
coordinate the construction of wells, use of materials, standardisation of pumps or
billing.

Some shortage exists in the centre of Auroville where theVanur aquifer is being tapped.
Sharing of wells could solve the problem for the time being but more permanent
solutions need to be found. The east side of Auroville uses the Cuddalore aquifer for its
water supply. This is avery productive aquifer resulting in relatively high consumption
per capita in this area of Auroville. Recent investigations have shown that groundw ater
in general and the Vanur aquifer in particular is not sustainable on the long term.

The villages

In the villages, supply of domestic water occurs from borewells through overhead tanks
to standpipes and occasionally house connections. Systems are not reliable and as a
result illegal tapping points are made causing the system to further deteriorate.

Concepts for water supply

Several concepts forwater supply have been evaluated, ranging from groundw ater only
to combinations of groundw ater, recycled wastew ater, rainw ater and desalinised

seaw ater. This evaluation clearly shows that mixed or hybrid systems perform best in all
aspects (technical, social, environmental and financial). As Auroville at present and in
the nearfuture can not be considered as a city, centralisedwater supply is neither
required nor feasible. Water supply needs to be coordinated though and on the long
term desalinised brackish or seawvater may gradually replace groundw ater as a source
for domestic water supply.

Scalability is important as the growth of Auroville is unpredictable. Groundv ater can
continue to be used but at the same time requires massive recharge and strong
reduction of groundw ater extraction for agricultural purpose.

Auroville with 1,800 inhabitants has very limited resources forwater supply
infrastructure. At present there s also no tariff structure andw ater fees are arranged per
community and only cover operational expenses. As the costs vary per community
following pump type,water level and number of ‘customers’ Auroville could best
introduce a unffied tariff structure covering operation, maintenance and future
investments to a certain extent. A ‘Water organisation’would then be responsible for the
introduction of supply standards and billing and payments. This organisation could as
control production and consumption and infroducew ater saving devices and practices
where needed.

Water supply organised by Auroville should be further extended to the villages in the
Bioregion. Less dependency should be created from groundw ater. Treated rainw ater
during monsoon and desalinised brackish water or seavater in the dry season are best
alternatives. This should go hand-in-handwith wastewater management and rainw ater
harvesting.

Supply of irrigationw ater from groundw ater should be strongly reduced to be in balance
with recharge. Traditional irrigation structures should be rehabilitated and where
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possible extended to reduce dependence on groundw ater. Ao harvested rainw ater and
recycled waste water should be used combined with introduction of water saving
measures, -crops and -irrigation techniques.

Actual situation

Sources, distribution and supply

In Auroville at present the water supply takes place from groundw ater only from open
wells and borewells. Onewell supplies one single house, a group of houses, an entire
community or a (public) service depending on the location, distance etc. Mainly the
Cuddalore and Kadaperikkupam aquifers are tapped for water supply. There is only
occasional a distinction betw een drinking water supply and irrigationwater supply in
respect of reserved sources or quality of the source. Wells are nowv constructedw ith a
permission from APDC, but previously there was no license requirement, supervision,
quality standard or standard design. Outside Auroville, also openwells and drilled wells
are used. Thewells are not aways properly constructed and existing aquicludes are
rarely restored by sealing. All aquifer zones in thewell are screened so it is difficult to
controlfromwhich aquifer or sub-aquifer awell is abstracting.

Fromthe wells, thewater is pumped into overhead storage tanks. The tanks are
regularly filled up, regulated by hand. From the tanks, thew ater is distributed through
underground PV C systems to the houses. At the houses, also elevated storage tanks
are present as a buffer. The residential zone systemis permanently pressurised, but
other systems occasionally run dry (both tanks and pipelines). The houses in Auroville
have steel or PVC pipes and water is distributed to bathroom, kitchen and garden.

The situation outside Auroville is very different. Mostly water is produced fromwells and
pumped tw ice per day o an elevated storage reservoir. From this reservoir the water
flows through steel or PVC pipes to public standposts and house connections. House
connections generally consist of a single tap in the garden. From this pointw ater is
taken for laundry, kitchen orwashing. As the filling of the overhead storage tank is done
only twice per day, the tank and the entire system regularly falls dry. The distribution
systemis ako not properly designed. Due to the long distance to public taps, lov
pressure and uneven distributed, the villagers see no other possibility to access water
then to dig up the pipeline and puncture it. Pots and pans are then placed in the holes in
the ground below the pipeline to catch the water flowing from the pipeline. This further
deteriorates the system and even causes water accumulating in these pits and
becoming dirty, to enter back into the supply system. As a result, although the sources
are generally clean the distribution and supply systems are not.

Consumption

There is little limitation to the use of water as license fees for groundw ater abstraction do
not exist and the unit pricefor piped water s very low. Within Auroville, unit rates of 5—
20 Rps/m3 apply. Outside Auroville, waterfrom standpipes is free and house
connections are charged per month (30 Rps per month) irrespective of consumption. In
villages fees are however not collected regularly. The production and storage capacity is
then the limiting factor. Irrigation water is for free, produced from free electricity. Only the
maintenance cost of the pumps and the distribution systems form a cost.

Within Auroville there is a group working on the limitation of the use of water, distributing
material and know lkedge and encouraging w ater saving techniques.As thereiis little
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benefice in the form of substantial reduction of water bills and not organisation to
supervise, this initiative is of limited impact. This has resulted in sometimes excessive
use of water, unlimited laying out and watering of gardens efc.

Organisation

The Tamil Nadu State Water Board is responsible for thewater supply in small towns
and villages in the state of Tamil Nadu. They organise the construction of schemes
whereas the operation and maintenance is left over to the town- or village council.
These have limited capacity. The village or town council applies general taxes from
which the systems are being operated. These taxes are hovever not aways collected.
At state level, there is no organisation responsible for sanitation or water management.

Within Auroville there is no central organisation for water supply, sanitation or general
water management,w hereas this falls to a certain extent under the APDC mandate.
Several individuals and services of Auroville are consulted and involved if deemed
necessary. The beneficiaries of a single system jointly contribute the operation and
maintenance expenses.

Water management

Auroville is practicingwater management at larger scale. The main purpose of thew ater
management is land conservation and groundw ater recharge, as well as better irrigation
and water saving practices in farming activities. Bunding at large scale ensures that
erosion is limited and that rainw ater infiltrates at the location where it falls. At larger
scale, rainwater is guided towards canyons where series of checkdams ensure holding
the water and forcing infiltration into the underground.

Water management outside Auroville is generally non-existent. Bunding is done to a
certain extent, but only to prevent soil erosion. Water conservation, surfacew ater
management and ground water recharge is occasionally done, but mainly when initiated
by Auroville services. Recently, there is a stronger focus on groundw ater production and
water saving. Rehabilitation of the rrigation system of Pondicherry has resulted in a
noticeable improvement of the groundw ater levels. A large program (IAMWARM) is
being started at this moment aiming at more efficientwater use, rehabilitation of existing
water structures (dams, lakes, irrigation systems) and groundw ater recharge.

Requirements for water supply

In this area of India, there is no abundance of water resources. Rainfall is strongly
concentrated in the monsoon and possibilities for storage are limited. Natural lakes do
not exist or dry out during summer, reservoirs are small and do not last through summer
and rivers are only perennial. This makes that any water supply system has to be seen
in the context of a sustainable supply of water from a variety of sources.

International standards for drinking water supply aim at the supply of water of potable
quality at household level. The supply should be permanently without hiatuses. The
supply should be paid for, not only to cover the operational expenses but also to cover
replacement of the system at the end of the depreciation period.

In w ater supply a distinction can be made between potable water (kitchen, drinking and
laundry) and grey water (toilets and gardening). F this is done, a unique and clear
coding on the pipes both inside the houses and outside the houses should be used to
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prevent wrong connections. Although this seems environmentally sound, rarely these
systems result in substantial cost saving as the reduction in expenses does notweigh
up against the additional cost for dual systems and the risk of bad connections with
subsequent health problems.

The water should be produced, distributed and supplied at acceptable cost, according to
proven and sustainable techniques andw ith a minimum and acceptable social and
environmental impact. It is obvious that opinions differ about sustainability and an
minimum and acceptable impacts.

The water supply schemesw ill be operatingw ith a high level of automation, demand
driven. If thewater lkevel in the reservoirs drop then productionw ill be automatically
increase. The entire systemw ill be monitored and several data and parametersw ill be
recorded for performance evaluation.

Different water supply concepts

Severalwater supply concepts have been formulated by the water group and are briefly
discussed in this chapter. For each water supply concept a brief description, key
elements and most important dimensioning is given. Furthermore advantages and
disadvantages are given in a SWOT analysis (Strength-Weakness-Opportunities-
Threats) on qualitative issues only. In such analysis, the strengths and weaknesses
represent internal factors whereas opportunities and threats are the factors from outside.

As Kraft has designed the entire distribution system based on the Masterplan and
because the Masterplan has not changed much, this design and the related parameters
have been taken up in the otherwater supply concepts.

Design principles and boundary conditions

Prior to the discussion of various water supply concepts and solutions, certain design
principles and boundary conditions have to be considered and agreed.

Area of coverage

An issue that greatly influences thewater supply concept is the coverage of the villages
in and around Auroville. If a network is developed to cover surrounding villages aswell,
then the amount of water to be supplied, the type of water to be supplied and the income
generated from the billing strongly varies. At this moment, all use the same resources
(groundw ater) and thus the same water. At this moment, there is no need to supply the
villages withwater generated by Auroville. With the general growth and development of
Auroville however, not including villages such as Kottakarai and Edayanchavadi
whereas they partially ly within the planned built-up zone of Auroville may result in
protests fromthese villages. This even stronger applies when considering the entire
water management concept.

Production, distribution and storage

In general, water production is a 24 hours process whereas the demand varies during
the day. Storage reservoirs are designed to absorb these differences. The sizing of the
storage reservoirs thus depends on the production capacity, the demand, the variation in
demand (for example seasonal) and the duration of non-supply (power supply
interruptions, pow er shedding). In case of gravity supply, one can distinguish between
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ground storage and elevated storage. Eevated storage has a higher cost than ground
storage and can be limited to a minimumin case power supply is reliable. Intermediate
pumping can keep the elevated reservoirs filled at any time. If power cuts occur, either
increased elevated storage can be considered or back-up pow er supply for the
intermediate pumps supplying the elevated reservors.

Water supply systems that fall dry regularly (storage and distribution) quickly deteriorate.
Also it is not possible to supply potable water from intermittent supply systems, unless it
is heavily chlorinated or othemwise protected against post-treatment contamination.
Hence, if the demand is for strictly potable water, systems have to be pressurised either
by gravity or by pressure pumps. Storage facilities have to be designed in relation to
power cuts and the presence of power back-up facilities.

In the Netherlands, 25% of the day consumption is provided as storage. This means that
6 hours supply is available in storage. The ration in the Netherlands between average
supply and peak supply is 1.7. That means that the network and pumps are
dimensioned at an hourly supply of 1.7 times the average hourly supply calculated over
the year. In the Netherlands more and more intermediate pumps (boosters) are provided
to limit the size of pipelines and their pressure class (maximum pressure in netw orks).
High buildings are provided with individual boosters. These measures contribute to the
efficiency of the supply and reduce the cost of the network. On the other hand, the
network and supply become more sensitive for power cuts.

Water quality

The question of the potability of the water supply also needs to be addressed. In
Auroville, most inhabitants possess some form of treatment at household level, either an
installation from AquaDyn or other facilities such as ozonation, UV-systems, reverse
osmosis or ceramic filters. At this moment it is therefore doubtful if there is a need to
supply potablewater. In view of the present stage of development of Auroville, the
existing treatment facilities at household level and the unwillingness to pay reasonable
amounts for water supply, it is not justified to aim at potable water supply. Conversion to
potable water supply at a later stagewhenw ater supply systemsw ill be
joined/integrated and the city takes shapew ill be more appropriate.

Materials in transport and distribution

The Kraft study is based on atransport and distribution nework of cast ron and HDPE.
Both are very expensive materials and in Western Europe only used for specific
purposes. In general the use of AC pipes has been abolished due to the health risks
during the fabrication and laying. Plastics arew idely used for diameters smaller than
600 mm, uPVC as standard material and HDPE bored crossings of rivers, canals and
roads and inverywet or environmental hostile areas. Cast iron is used for larger
diameters (300 — 1,000 mm). Steel is used in case of exceptional pressure and bridge-
and road crossings and for large diameters (> 800 mm). Concrete (pre-stressed) is only
used in case of very large diameter transport pipelines (>1,200 mm). Every material
used has its particular advantages and disadvantages in terms of laying, operation and
maintenance and lifetime that should be considered aswell.

Structure of distibution

Distribution networks can de either branched or in a raster. With a branched netw ork,
the consumer can be reached by one route only. In case a problem occurs in the

netw ork, an altemative supply route is not available and a group of consumers is aways

R001A/JKONijm
Final Report -99- July 2007



5.4.2

5.4.3

cut-off. A raster netw ork allow s the supply from different direction but requires more and
often dual (2 small instead of one large) pipelines.

Cost aspects

In the context of this pre-feasibility study, there is no roomfor extensive quantitative cost
comparison of various methods of water supply and distribution. A qualitative
comparison only has been made, in terms of more and less expensive. This has been
used in the multi criteria analysis.

During the stage of the feasibility study, these aspects should be worked out and
compared to international standards, available budgets for investment and operational
expenses and previous proposak. Some aspects of the cost of various types of drinking
water and a related budget for Auroville has been presented in Annex F.

Investment

Investment costforwater supply rapidly increase with heavy infrastructure,whether
above, in or underground. Infrastructure expenses increase with centralisation and with
erratic sources for which dimensioning provides for the extremes. Reliability of drinking
water supply also heavily influences the investment cost. Supply systems that have to
supply aways, under all circumstances and have to be permanently pressurised in the
Indian context require power back-up facilities, large storage efc.

The quality of the rav water and the required quality of the freated water also influence
the investment cost: large and complex treatment facilities require high investment
costs. This is partly overcome by using appropriate water sources i.e. use treated waste
water and harvested rainw ater for gardening, use desalinised water and disinfected
groundw ater for drinking water purpose only.

Operational

Operational expenses strongly increase with complex treatment processes and
centralisation. Then much energy is required, large amounts of chemical dosing are
needed and large quantities effluent and sludge are produced requiring post treatment.

Operational expenses generally decreasew ith decentralised systems. In general the
alternatives are more aimed towards reuse of effluent and composting and reuse of
sludge.

Scalability

The development of Auroville is not a natural process. The past years have proven that
predictions on the growth of population in Auroville are very dificult and grovth can
even be zero or negative. It is also anticipated that growth can be explosive once a
critical number of some 5,000 inhabitants is reached.

Income for Auroville is equally erratic. Whereas some businesses exist and a steady
amount of funds flows in from confributions and visitors, financial resources for Auroville
are very limited in terms of operational funds and even more sofor investment funds.
Investment occasionally can be obtained by external assistance, but this is rarely related
to infrastructure and basic facilities. In principle, the operational expenses either directly
or though repayment of loans for investments, should cover the necessary investments.
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5.4.4

5.4.41

It is obvious thatw ith the present number of 1,800 inhabitants, the budget for
investments in water supply and water management is very limited.

As planning is not realistic or not even possible and as financial resources are limited, it
is of the utmost importance that water supply is scalable. That means that resources,
production, transport and distribution facilities have to be provided in small units and
steps and have to be easily up gradable and extendable.

On the other hand, the Masterplan clearly provides aframework for Auroville’s future.
Any planning of drinking water infrastructure should thus be done with the Masterplan in
mind. The locations (projected roads) of the Masterplan should be followed for transport
and disfribution, dimensioning of pipelines should be donew ith the anticipated demand
in mind. If for example, present conditions dictate a 4 inch pipew hereas the Masterplan
demands a 20 inch pipe, then the step from 4inch to 20 inch is probable too large to be
supported by present financial resources. However, it would be advisable o provide a 6
inch or 8 inch pipe to allow for future development of demand without having to lay
additional pipes immediately.

The allow ance for scalability forms an important limiting factor in the design of water
supply and other infrastructural facilities.

Centralized water supply
Kraft proposal

General description

Kraft Engineering from Berlin prepared a pre-feasibility study for thewater management
of Auroville. The scheme consisted of a ring of wells positioned on the eastern side of
Auroville pumping w ater to an underground storage tank. From the underground tanks,
booster pumps keep the city’s netw ork under pressure aided by a number of small
balancing tanks. Parallel to the drinking w ater supply netw ork, there will be an irrigation
water supply network. The network is fed from the effluent of the 3waste water
treatment plants.

Rainw ater is collected at household level and reused for low grade applications (toilets
and laundry). The excess rainwater is infiltrated in the underground. The run-off from
pavements, roads, public areas and parks Thewater is collected in large open storage
reservoirs (tanks and lakes), filtered and infiltrated in the underground. The stormw ater
is treated in several steps passing through sand filters, watercourses and water bodies
in the parks and finally is pumped into the Matrimandir lake. From infiltration gulleys in
the centre of the lake onthe oval, thewater is infiltrated in the underground.

Kraft assumes a drinking water demand of 1,834,000 m*/yrwhereas the irigation
demand has been estimated at 4,505,000 m®/yr for an average year. The total water
demand is 6,340,000 m*/yr or rounded off 6.34 MCM/yr and 17,370 m®/day or 200 I/sec

Key elements

Drinking w ater supply

100 wells at 3.7 Mm®/yr

6 rapid sands filters 3 m diameter, 4.5 m high
10,000 m3 storage tank
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6 booster pumps at 55 I/'s and 11 bar
38,000 mdistribution pipe
Total cost 194,980,000 Rps (€ 3,545,000)

SWOT-analysis

Strength

e The systemis based on infiltration and re/use of groundw ater;
e The systemis robust;

e The systemlooks at water integrally.

Weakness

e The systemis notscalable;

e The systemis not extendable;

e The systemis extremely costly in construction aswell as operation and
maintenance;

e The depreciation periods are very long;
The systemis centrally operated.

Opportunities
¢ The concept of the system can be applied elsew here.

Threats

e The system assumes taking over the ownership and operation of all groundw ater
resources in the area;

e The system assumes taking over the ownership and operation of all surface water

reservoirs in the area;

The system does not cover the local population;

The foreseen cleaning steps do not work out as such;

The surface water resources assumed available, are infact not available;

The high cost of water is unacceptable and needs to be revised.

Kraft alternative proposal

Vitens has analysed the drinking water supply proposal prepared by Harald Kraft. In
case the storage s reduced to 4 day (6 hours supply) a 5% cost reduction can be
achieved. If the peakfactor is reduced from2.7 to 1.7, a 15% cost reduction can be
made. If instead of 10 bar pumps, series of 5 bar pumps are used and high rise
buildings will have their ovwn booster, an additional 5% cost reduction can be achieved.

The reduction in operational pressure and peak factor are quit feasible in the context of
Auroville and will not lead to a lower performance of the entire system. The reduction of
storage to 6 hours s believed not realistic in the context of the power cuts in India.

SWOT-analysis

Strength

e The systemis based on infiltration and re/use of groundw ater;
e The systemis robust;

e The systemlooks at water integrally.

Weakness
e The systemis notscalable;
e The systemis not extendable;
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e The systemis costly in construction as well as operation and maintenance;
e The depreciation periods are very long;

e The systems is sensitive to power cuts;

e The systemis centrally operated.

Opportunities

e The concept of the system can be applied elsew here.

Threats

e The system assumes taking over the ownership and operation of all groundw ater
resources in the area;

e The system assumes taking over the owvnership and operation of all surface water
reservoirs in the area;

¢ The systemdoes not cover the local population;
The foreseen cleaning steps do notwork out as such;
The high cost of water is unacceptable and needs to be revised.

Seaw ater supply

Under centralised supply from seaw ater, three concepts w ill be investigated being intake
from seaw ater, intake from brackish wells and intake from brackishwells with renew able
energy.

Seawater

General description

An intakew ill be built on the coast in relatively shallow seawater. The intakew ill consist
of asimple concrete structure founded on piles. Through a gated entrance (gates at
several levels to ensure that as little sand as possible is let in) seawater flows into a
sump fromwhere it is pumped by 2 rav water pumps of 100 I/sec each through arising
main underground to arawv water storage tank at the site of the treatment station. At the
treatment station the seaw ater will be treated to the required quality and pumped further
to afreshwater storage tank and the distribution systemin AV. The treatment facility will
have a capacity of 20,000 m*/day.

In principle, existing wells in Auroville for drinking and irrigation water supply will be
closed. No specific arrangements are required for rainwater harvesting or reuse of waste
w ater.

Key elements

Raw water

e Concrete intake with sluice gates and screens;

e Three pumps, 100 I/sec, suction 5 m, pumping head 10 m;
e Rising main to sumps, 1,000 m;

e rawwater sumps concrete 5 m high, 55 m diameter.

Treatment

Reverse osmosis pow ered by photovoltaic technique comes best out of the evaluation in
case wind energy or waste’ steamis not available. In the comparison, a 20,000 m*/day
unit has been considered. The unit will be located along the East Coast Road and land
will have to be purchased for the location of the plant and facilities.
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To dispose of the effluent (brine mixedwith chemicals), an outfall to sea will have to be
constructed, possibly with treatment.

Storage and distribution

One day storage is assumed sufficient if sufficient generation capacity is available.
Generation facility will have to cover the raw water pumps, treatment facility and booster
pumps. Storage capacity for freshwater should be 8,750 m® (5 m high and 47 m
diameter).

The distribution system does not differ fundamentally from the other.

SWOT-analysis

Strength

e The systemis independent from any other source, climate etc.;

e The systemis scalable as additional RO units can be easily purchased and
connected.

Weakness

The system requires much energy to operate;

The systemis therefore costly in operation;

Operation and maintenance of desalination plants is relatively complex;

The location of the system s limited to the coast to reduce transportation cost
(pumping);

e The process produces effluent consisting of chemical waste and concentrated brine.

Opportunities
e The concept of the system can be applied elsew here.

Threats

e Desalination occasionally meets much opposition from local population because of
the disposal of effluent. Similar systems have known to be boycotted elsewhere in
India;

e The systemis asingle source system. If there is a problemw ith that source (an oil
spill, legal problems, a break-down) then the entire water supply stops;

e Desalination requires some complex legal procedures, such as building a structure
on the coastal area, passing a pipeline over beach area, efc.;

Brackish water

General description

Fromw ells in brackish aquifers, water is pumped to a desalination plant, treated and
pumped to a clean water storage.

Key elements

In the project area, certain aquifers like Ramanathapuram, the deeper charnokites and
the entire coastal zone are known to have brackish groundw ater or are subject to saline
intrusion. Shallow wells from the coastal sedimentary aquifer would be the most cost
efficient method to abstract brackish groundw ater.
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Wells will be constructed in the coastal zone. Caution has to be paid to the proper siting
of the wells in respect of fresh-salt water interface, available space, location of treatment
plant and transport pipelines to Auroville.

The treatment plant will be operating according to the reverse osmosis principle. The
location will be in the coastal area. An outfall to sea has to be constructed to dispose of
the effluent from the desalination plant.

From the desalination plant, the reatedw ater will be disinfected and transported to a
clean water storage reservor. From this reservoir, the water w ill be pumped to the
distribution system of Auroville.

SWOT-analysis

The comparative advantages of this method over pure seaw ater are the follow ing:

Weakness

e The system requires much energy but less than seaw ater osmosis to operate;

e The systemis therefore costly in operation but less costly than seawater osmosis;

e The process produces effluent consisting of chemical waste and concentrated brine,
but less thanwith pure seaw ater.

Threats

e ltis a single source systemthough to alesser extent as pure seawater which implies
a certain risk on the downstream (user) end;

e The systemrequires less legal procedures than is the case for seaw ater osmosis.

Brackish water with renewable energy

General description

Fromw ells in brackish aquifers, water is pumped to a desalination plant, reated and
pumped to a clean water storage. Energy is provided from a renew able source. This
may be wind energy and/or solar energy.

An entirely different system is desalination based on thermal energy from

Key elements

SWOT-analysis

The comparative advantages of this method over pure seaw ater and brackishw ater with
renew able energy are the following:

Weakness

e The system requires much energy but less than seaw ater osmosis to operate;

e The systemis therefore costly in operation but less costly than seawater and
brackish water osmosis as the source of energy is renewable;

e Although it is less costly on the long term, the investment costs are much higher due
to the investment cost of the renew able energy source;

e The process produces effluent consisting of chemical waste and concentrated brine,
but less thanwith pure seawv ater.

Threats

e ltis a single source systemthough to alesser extent as pure seawvater which implies
a certain risk on the downstream (user) end;

e The systemrequires less legal procedures than is the case for seav ater osmosis.
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5.4.4.4 Use of aquifer at Auromodel

General description

The aquifer around Auromodel is believed to have a very high capacity and can be used
to supply all of Auroville. Hydrogeologically, the southeast of Auroville is on the lower
side of the large Cuddalore aquifer thatis knowvn to have a very high yield. Safe yields
and long term groundw ater perspectives are not knovn and may result from the
groundw ater studies carried out by the University of Paris.

Assuming a yield of 10 I'sec, some 20 wells are required. Thewells spacing will depend
on the local aquifer characteristics, but will be some 150 m. The wells will pump via a
central treatment (chlorination or ozonation) to a treated water storage reservor at
groundlevel fromw here booster pumps will distribute thew ater throughout Auroville.

There will be no raw water reservoir as the aquifer itself functions as one. The pumping
hours of the wellsw ill be demand regulated.

Key elements and key dimensioning

Source

20 wells upto 30 mdepth, drilling diameter 0.3 m, averagewell spacing 150 m, screen
150 mm, screen length 4 m. Each wells will be equipped with a submersible pump, an
automatic sw itch-off when running dry, a 5 inch feeder pipe towards a 20 inch main.

Treatment and storage

The groundw ater will be aerated, treatedwith lime to reach the proper pH, filtered,
disinfected and pumped into a ground storage tank. As the water is very acid, lime will
be added to obtain the required pH.

Distribution
A booster pumps will pump the water into Auroville’s distribution system.

SWOT-analysis

Strength

e Using groundw ater does not require araw water storage;

With 20 wells, the system is not very susceptible to breaking down;

The base quality of the water is very good and requires little treatment;

The systemcan be extended easily by driling more wells;

As much groundw ater is already being produced, the existing facilities can be used
and further extended.

Weakness

e Thewellfield requires much space for the wells and for the pipelines;

e As the entire town is provided from one relatively small area, much costly
infrastructure is required.

Opportunities

Threats
e Salinisation in the coastal area is known to form a threat for the quality of the
aquifer;
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e Thewater table is lowering rapidly due to overexploitation. On the long term, there
may be too little water to feed thewells;

e ltis a single source system although the source consists of several smaller sources
(individual wells) which implies a certain risk on the downstream (user) end;

e The pipelines are running along and over land that is not (yet) the property of
Auroville and can be easily damaged.

5.4.4.5 Rainw ater harvesting
Although the use of the single source of rainwater implies centralisation, the captioning
of the rainwater has to occur decentralised. With a centralised treatment however, this
systemis considered as centralised.

Key elements

All houses, public buildings, roads and other surfaced areasw ill be provided with

rainw ater harvesting structures, diverting rainw ater to large (sub)surface reservoirs. First
flush devices and sand filters wiill have to ensure that the solids and nutrients are as
much as possible removed. Stillwater will quickly contaminate and deteriorate in quality
in the storage.

The amount of storage is enormous, as are the cost related to this. Surface water
storage is cheaper, but evaporation is substantial and much water is lost. Underground
storage is very costly, but prevents that water is lost to evaporation.

Fromthe centralised storage, the water is conventionally treated (flocculation, filtration,
disinfection) and boostered to several elevated storage reservoirs throughout Auroville.
From there thewater flows under gravity tothe various users.

SWOT-analysis

Strength

e This system makes direct use of the single realwater source that is present;

e The cenfralised storage and treatment is convenient for operation and maintenance.

Weakness

e In casesurface storage is used, much surface is required and substantial amounts
of water are lost to evaporation;

e Due to the long transport distances to centralised storage or fromstorage to
centralised treatment, much costly infrastructure is required;

e Incase ground storage is used, high costs are involved for the underground storage
of large quantities of water;

e As itis of high importance that allwater is captured, all related infrastructure has to
be dimensioned for extremes, which is both inconvenient in spatial and town
planning and very costly.

Opportunities
e Surface storage has a multiple function and can have a decorative character.

Threats

e Incase of surface storage, there is limited control on contamination possible;

e Collection of rainfall is sensitive to contaminants from roads, pavements, roofs and
gutters;
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e ltis a single source system entirely depending on a highly erratic water source.

5.4.4.6 Pondicherry waste water combined with ovn wastew ater
The wastew ater from Pondicherry and ownwastewaterwill be collected and processed
to sufficient (potable) quality. As the ownwastewater is aways less than the water
required, alays wastewater from an external source is required. As discussed already,
the type of waste water from Auroville differs considerably from the type of wastew ater
from Pondi, mixing of both types means that the required treatment will be based on the
worst quality (from Pondi) thus

Treatment of wastew ater to potable quality is very rare. The state of Singapore and the
city of Windhoek (Namibia) has such a system as the alternatives are not existent. For
social reasons, the treated wastew ater is often infiltrated and then pumped up after a
minimal circulation time in the underground of 60 days under anaerobe conditions.
When pumped up it is considered as ground w ater.

Key elements

A centralised effluent treatment plant will be built next to the existing Pondicherry waste
water treatment plant. As the exact constitution of the effluent is not known, it is not
possible to even conceptualise the treatment process.

The treatedwater is disinfected and pumped into a groundlevel storage tank.

SWOT-analysis

Strength

e This source of water also helps 1o solve the problems of the treatment of sewage
effluent.

Weakness

e Purifying sewage into drinking water is extremely expensive;

e Purifying sewage into drinking water is socially rarely accepted;

e Purifying sewage into drinking water is culturally rarely accepted;

e As thewaste water from Pondi is very differentfrom thew aste water from Auroville,
treatment of allwill have to be designed for the worst of Wwo or separate freatment
plants have to be provided which i very costly;

e A treatment plant, reatingw aste water to drinking quality is complex in operation
and maintenance;

¢ Due to the large transport distances, heavy and costly infrastructure is required.

Opportunities
e The promotional value and exposure from such revolutionary systemis quit
considerable;

¢ Interms of innovative techniques and sustainability it may attract substantial funds
from national and international agencies.

Threats
e The drinking water fromsewage can cause non-acceptance from both Aurovillians
and local population;
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5.4.51

e The treatment of sewage to acceptable quality effluent task of the producer
(Pondicherry in this case). Taking over this task interferes with the responsibility of
Pondicherry to process its ovnw astew ater;

e ltis a single source systemwhich implies considerable risk on the dow nstream
(user) end;

e Strong variations and fluctuations in type and concentration of components may not
be entire coped with by the treatment process.

Decentralized w ater supply

Groundw ater

General description

The present scattered groundwv ater abstractionw ill be optimised by sharing production
sources w ith more communities by small diameter transport pipelines.

There will be no raw water reservoir as the aquifer itseff functions as one. The pumping
hours of the wellsw ill be demand regulated.

Key elements and key dimensioning

Source

Some 20 to 30 wells will be selected, equipment will be standardised 20 wells up to at
least 30 m depth, drilling diameter 0.3 m, averagewell spacing 150 m, screen 150 mm,
screen length 4 m. Each welk will be equippedw ith a submersible pump, an automatic
switch-off when running dry, a 4 inch feeder pipe tovards a 6 inch main.

Treatment and storage
The groundw ater will be aerated, treatedwith lime to reach the proper pH, filtered,
disinfected and pumped into a ground storage tank.

Distribution
As much as possible thewell pumps will be used in combination with strategically
placed reservoirs and booster pumps.

SWOT-analysis

Strength

e Using groundw ater does not require araw w ater storage;

With 20 to 30wells, the systemis not very susceptible to breaking down;

The base quality of the water is very good and requires little treatment;

The systemcan be extended easily by driling more wells;

As much groundw ater is already being produced, the existing facilities can be used
and further extended;

e Investment costs are very limited.

Weakness
e The systemrequires a careful coordination of production and supply;
e The system requires sharing of prime resources bew een different communities.

Opportunities
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Threats

e Salinisation in the coastal area is known to form a threat for the quality of the
aquifers;

e Thewater table is lowering rapidly due to overexploitation. On the long term, there
may be too little water to feed thewells;

e ltis a single source system although the source consists of several smaller sources
(individual wells) which implies a certain risk on the downstream (user) end;

¢ The pipelines are running along and over land that is not (yet) the property of
Auroville and can be easily damaged.

Rainw ater harvesting

Description

Although the use of the single source of rainwater implies centralisation, the captioning
of the rainwater has to occur decentralised. In the context of decentralisedw ater supply,
wewill consider also decentralised storage, freatment and distribution.

Key elements

All'houses, public buildings, roads and other surfaced areas w ill be provided with
rainw ater harvesting structures, diverting rainw ater to (sub)surface reservoirs at
community level.

The rainw ater will quickly contaminate when stored. First flush devices or sand filters will
have to be placed between collection and storage to limit as much as possible the
nutrient and solids load of the water.

From the storage that is arranged at household or community level, depending on the
spread of houses and size of the community, is pumped up and treated through
conventional freatment method (flocculation, filtering, disinfection) before being
distributed to the overhead tank and users.

SWOT-analysis

Strength

e This system makes direct use of the single realwater source that is present;

e The systemis less sensitive to contamination due to the short distances betveen
origin and storage.

Weakness

e In casesurface storage is used, much surface is required and substantial amounts
of water are lost to evaporation;

e Incase ground storage is used, high costs are involved for the underground storage
of large quantities of water;

e As itis of high importance that allwater s captured, all related infrastructure has to
be dimensioned for extremes, which occupies a lot of space and is very costly.

Opportunities
e Surface storage has a multiple function and can have a decorative character.

Threats
e Incase of suface storage, there is limited control on contamination possible;
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e Collection of rainfall is sensitive to contaminants from roads, pavements, roofs and
gutters;
e ltis a single source system entirely depending on a highly erratic water source.

5.45.3 Ownwastewater

5.4.6

5.4.6.1

Description

Wastewater from houses in one community or group of communities is collected and
processed. As the waste water generated in general is at the most 80% of thew ater
used (required), this systemis per definition insufficient in sources.

Key elements

Effluent treatment plants w ill be built in most communities or groups of communities. As
the exact constitution of the effluent is not known, it is not possible to even
conceptualise the treatment process.

The treatedwater is disinfected and pumped into a groundlevel storage tank.

SWOT-analysis

Strength

e This source of water also helps to solve the problems of the treatment of sewage
effluent.

Weakness

e Per definition, there is no sufficientw ater as waste water isformed by 80% of the
water used (irrigation water not even considered);

e The operation and management of several tens of these treatment plants is
complex;
Purifying sewage into drinking water is extremely expensive;
Purifying sewage into drinking water is socially rarely accepted;
Purifying sewage into drinking water is culturally rarely accepted.

Opportunities

e The promotional value and exposure from such revolutionary systemis quit
considerable;

¢ Interms of innovative techniques and sustainability it may attract substantial funds
from national and international agencies.

Threats

e The drinking water fromsewage will cause non-acceptance from both Aurovillians
and local population;

e ltis a single source systemwhich implies considerable risk on the dowvnstream
(user) end;

e Strong variations and fluctuations in type and concentration of components may not
be entire coped with by the treatment process.

Combination of centralized and decentralzed water supply

Seaw ater with groundw ater
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5.4.6.2

Description

The main source will be the groundw ater at lowver cost supplemented by seaw ater in
case of scarcity or,from strategic point of view, to be independent from the surrounding
environment.

Key elements

The present situation will continue andwells will be used for the primary water supply.
On short term a desalination plantwill be built, most likely brackishwater fromw ells in
the coastal zone. When groundw ater provides problems (seasonal quality fluctuation) or
in periods of high demand, the desalination unit will be switched on.

If desirable and/or in case of problems with the supply of groundw ater on the long term,
gradually more desalinisedw ater can be used and groundwv ater production be limited.

SWOT-analysis

Strength

e Using groundw ater does not require a raw w ater storage;

¢ With 20 to 30wells, the systemis not very susceptible to breaking down entirely;

¢ The base quality of the water is very good and requires little treatment;

e As much groundw ater is already being produced, the existing facilities can be used
and further extended;

e The systemis a multiple source system;

Weakness

¢ The systemrequires a careful coordination of production and supply;

e The systemrequires sharing of prime resources betveen different communities;
e The system produces substantial chemical effluent.

Opportunities

e The system allows for the careful consideration of the development of groundw ater
and timely actions by stepping up desalination in case of negative developments;

e Desalination is in rapid developingt and further cost reduction in desalination is
expected.

Threats

e Salinisation in the coastal area is known to form a threat for the quality of the
aquifers;

e Thewater table is lowering rapidly due to overexploitation. On the long term, there
may be too little water to feed thewells;

e Auroville has little property in the coastalzonewhere thewells for brackish waterwiill
be situated;

e Desalination occasionally meets much opposition from local population because of
the disposal of effluent. Similar systems have known to be boycotted elsewhere in
India;

e Desalination system requires some complex legal procedures, such as building a
structure on the coastal area, passing a pipeline over beach area, etc.

Seaw ater with rainw ater harvesting
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Description

The main source will be the rainw ater at lover cost supplemented by seaw ater in case
of scarcity or, from strategic point of view, to be independent from the surrounding
environment.

Key elements

Rainw ater will be harvested from paved surfaces. All houses, in particular new houses
will be equipped with rainw ater harvesting facilities. Per community or group of houses,
a rainw ater collection tank will be constructed. Per mini-system, a small but complete
treatment will be constructed based on the traditional components of flocculation,
filtration and disinfection.

On short term a desalination plantwill be built, most likely brackishwater fromw ells in
the coastal zone. When rainw ater is depleted or in case of a poor monsoon or in periods
of high demand, the desalination unit will be switched on.

If desirable gradually more desalinised water can be used and rainwater collection be
limited.

SWOT-analysis

Strength

e The system makes mainly use of the only realwater source;
e The systemis a multiple source system;

Weakness

e Incasesurface storage is used, much surface is required and substantial amounts
of water are lost to evaporation;

e Incase ground storage is used, high costs are involved for the underground storage
of large quantities of water;

e As itis of high importance that allwater is captured, all related infrastructure has to
be dimensioned for extremes, which occupies a lot of space and is very costly;

e The system produces substantial chemical effluent.

Opportunities
e Desalination is in rapid development and further cost reduction is desalination is
anticipated.

Threats

e Incase of suface storage of rairwater, there is limited control on contamination
possible;

e Collection of rainfall is sensitive to contaminants from roads, pavements, roofs and
gutters;

it partly depends on a highly erratic water source;
Auroville has little property in the coastal zonewhere thewells for brackish waterwiill
be situated;

e Desalination occasionally meets much opposition from local population because of
the disposal of effluent. Similar systems have known to be boycotted elsewhere in
India;

¢ Desalination system requires some complex legal procedures, such as building a
structure on the coastal area, passing a pipeline over beach area, etc.;.
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5.4.6.3 Seawater with ovnwaste water

5.4.6.4

Description
Wastewater will be the primary source, being quantity wise very constant. Where and
when necessary, the wastewater will be supplemented by seaw ater.

Key elements

In the coastal area a desalination plantw ill be constructed taking water from brackish
waterwells in the coastal area. At community level or per group of houses, awaste
water treatment plantwill be constructed treating collected wastew ater to drinking w ater
quality.

SWOT-analysis
Strength
e The systemis a multiple source system.

Weakness

e Both sewage treatment and desalination produce considerable amounts of effluent;

e With decentralised wastew ater treatment, the operation and management of several
of these plants is complex;

e The operation of a desalination plant is complex.

Opportunities

e Desalination is in rapid development and further cost reduction ins desalination is
expected;

e Treatment of wastewater to drinking water quality w ill receive much positive
attention and possibly funding.

Threats

e The drinking water fromsewage will cause non-acceptance from both Aurovillians
and local population;

e Variations and fluctuations in type and concentration of components may not be
entire copedw ith by the freatment process.

e Auroville has little property in the coastalzonewhere thewells for brackish waterwi ill
be situated:;

e Desalination occasionally meets much opposition from local population because of
the disposal of effluent. Similar systems have known to be boycotted elsewhere in
India;

e Desalination system requires some complex legal procedures, such as building a
structure on the coastal area, passing a pipeline over beach area, etc.;.

Auromodel aquiferw ith grounow ater

General description

The present scattered groundwv ater abstractionw ill be optimised by sharing production
sources w ith more communities by small diameter transport pipelines supplemented
with groundw ater from Auromodel area.
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There will be no raw water reservoir as the aquifer itseff functions as one. The pumping
hours of the wellsw ill be demand regulated.

Key elements and key dimensioning

Source

Some 20 to 30 wells will be selected, equipment will be standardised 20 wells up to 30

m depth, drilling diameter 0.3 m, averagewell spacing 150 m, screen 150 mm, screen

length 4 m. Each wells will be equipped with a submersible pump, an automatic switch-
off when running dry, a 4 inch feeder pipe tovards a6 inch main.

Treatment and storage
The groundw ater will be aerated, treatedwith lime to reach the proper pH, filtered,
disinfected and pumped into a ground storage tank.

Distribution
As much as possible thewell pumps will be used in combination with strategically
placed reservoirs and booster pumps.

SWOT-analysis

Strength

e Using groundw ater does not require araw w ater storage;

With 20 to 30wells, the system is not very susceptible to breaking down;

The base quality of the water is very good and requires little treatment;

The systemcan be extended easily by driling more wells;

As much groundw ater is already being produced, the existing facilities can be used
and further extended;

The Auromodel aquifer as supplementary source is known to be highly productive;
Investment costs are very limited.

Weakness
e The systemrequires a careful coordination of production and supply;
e The systemrequires sharing of prime resources between different communities.

Opportunities

Threats

e Salinisation in the coastal area is known to form a threat for the quality of the
aquifers;

e Thewater table is lowering rapidly due to overexploitation. On the long term, there
may be too little water to feed thewells;

e ltis a single source system although the source consists of several smaller sources
(individual wells) which implies a certain risk on the downstream (user) end;

e The pipelines are running along and over land that is not (yet) the property of
Auroville and can be easily damaged.

Auromodel aquiferw ith rainwater harvesting

General description
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Rainw ater will be used when available, supplemented with groundw ater from the
Auromodel aquifer.

Key elements and key dimensioning

Source

Some 10 to 20 wells will be drilled, equipment will be standardised 20 wells up to 30 m
depth, drilling diameter 0.3 m, average well spacing 150 m, screen 150 mm, screen
length 4 m. Each wells will be equipped with a submersible pump, an automatic switch-
off when running dry, a 4 inch feeder pipe tovards a6 inch main.

Rainw ater will be harvested from paved surfaces. All houses, in particular new houses
will be equipped with rainw ater harvesting facilities. Per community or group of houses,
a rainw ater collection tank will be constructed. Per mini system, a small but complete
treatment will be constructed based on the traditional components of flocculation,
filtration and disinfection.

Treatment and storage

The groundw ater will be aerated, treatedwith lime to reach the proper pH, filtered,
disinfected and pumped into a ground storage tank. The rainw ater will be treated to
drinking water quality using traditional treatment techniques, such as flocculation,
filtration and disinfection.

Distribution
As much as possible thewell pumps will be used in combination with strategically
placedreservoirs and booster pumps.

SWOT-analysis

Strength

e The system makes partly use of the only realwater source;

Using groundw ater does not require araw w ater storage;

With 10 to 20wells, the systemis not very susceptible to breaking down;

The base quality of the water is very good and requires little treatment;

The systemcan be extended easily by driling more wells;

As much groundw ater is already being produced, the existing facilities can be used
and further extended;

The Auromodel aquifer as supplementary source is known to be highly productive;
Investment costs are very limited;

It is a dual source system.

Weakness

e The system partly depends on erratic sources The system requires a careful
coordination of production and supply;

e The systemrequires sharing of prime resources betw een different communities.

Opportunities

Threats
e Salinisation in the coastal area is knowvn to form a threat for the quality of the
aquifers;
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e Thewater table is lowering rapidly due to overexploitation. On the long term, there
may be too little water to feed thewells.

5.4.6.6 Auromodel aquiferw ith ownwastewater
General description
At community level or per group of houses, a wastewater treatment plant will be
constructed treating collectedwastew ater to drinking water quality. This constant
sourcewill be supplemented with groundw ater from the highly productive Auromodel
aquifer.

Key elements and key dimensioning

Source

Some 10 to 20 wells will be selected, equipment will be standardised 20 wells up to 30
m depth, drilling diameter 0.3 m, averagewell spacing 150 m, screen 150 mm, screen
length 4 m. Each wells will be equipped with a submersible pump, an automatic switch-
off when running dry, a 4 inch feeder pipe tovards a 6 inch main. Housesw ill be
connected to a treatment facility at community level or per group of houses.

Treatment and storage

The groundw ater will be aerated, treatedwith lime to reach the proper pH, filtered,
disinfected and pumped into a ground storage tank. The wastew ater will be treated to
drinking water quality.

Distribution
As much as possible thewell pumps will be used in combination with strategically
placed reservoirs and booster pumps.

SWOT-analysis
Strength
e Using groundwater andw astew ater does not require araw water storage;

e With 10 to 20wells, the system s not very susceptible to breaking down;

e The groundvater quality is very good and requires little treatment;

e The systemcan be extended easily by drilling more wells;

e As much groundwater is already being produced, the existing facilities can be used
and further extended;

e The Auromodel aquifer as supplementary source is known to be highly productive;

e Investment costs are very limited;
It is a dual source system.

Weakness

e The systemrequires sharing of prime resources between different communities;

e A large number of smallwaste water freatment plants are complex in operation and
maintenance;

e Treatment of wastewater to drinking water quality is socially not aways accepted.

Opportunities
e Treatment of wastewater to drinking water quality w ill receive much positive
attention and possibly funding.

Threats
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5.4.6.7

e Salinisation in the coastal area is known to form a threat for the quality of the
aquifers;

e Thewater table is lowering rapidly due to overexploitation. On the long term, there
may be too little water to feed thewells;

e The drinking water fromsewage will cause non-acceptance from both Aurovillians
and local population;

e Variations and fluctuations in type and concentration of components may not be
entire copedw ith by the treatment process.

Pondicherry waste waterw ith groundw ater

General description

The wastew ater from Pondicherry wiill be collected and processed to sufficient (potable)
quality. Current supply from groundw ater w ill be continued and supplemented with the
treatedwaste water.

Treatment of wastew ater to potable quality is very rare. The city of Windhoek (Namibia)
has such a system as the alternatives are not existent. For social reasons, thewaste
water is often infiltrated and then pumped up after a minimal residence time in the
underground of 60 days under anaerobe conditions. When pumped up it is considered
as groundw ater.

The present scattered groundw ater abstractionw ill be optimised by sharing production
sources w ith more communities by small diameter transport pipelines supplemented
with groundw ater from Auromodel area

Key elements

A centralised effluent treatment plant will be built next to the existing Pondicherry waste
water treatment plant. As the exact constitution of the effluent is not known, it is not
possible to even conceptualise the treatment process.

Some 20 to 30 wells will be selected, equipment will be standardised,wells upto 30 m
depth, drilling diameter 0.3 m, average well spacing 150 m, screen 150 mm, screen
length 4 m. Each wells will be equipped with a submersible pump, an automatic switch-
off when running dry, a 4 inch feeder pipe tovards a 6 inch main.

SWOT-analysis

Strength

e This source of water also helps to solve the problems of the treatment of sewage
effluent;

e The continuation of groundw ater requires minimal investment;

e ltis a dual source system.

Weakness

e Purifying sewage into drinking water is extremely expensive;

e Purifying sewage into drinking water is socially rarely accepted;

e Purifying sewage into drinking water is culturally rarely accepted,;

e As thewaste water from Pondi is very differentfrom thewaste water from Auroville,
treatment of allwill have to be designed for the worst of Wwo or separate freatment
plants have to be provided which is very costly;
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e A freatment plant, reatingw aste water to drinking quality is complex in operation
and maintenance;
e Due to the large transport distances, heavy and costly infrastructure is required.

Opportunities

e The promotional value and exposure from such revolutionary systemis quit
considerable;

¢ Interms of innovative techniques and sustainability it may attract substantial funds
from national and international agencies.

Threats

e The drinking water fromsewage will cause non-acceptance from both Aurovillians
and local population;

e The treatment of sewage to acceptable quality effluent task of the producer
(Pondicherry in this case). Taking over this task interferes with the responsibility of
Pondicherry to clean up its own mess;

e Strong variations and fluctuations in type and concentration of components may not
be entire coped with by the treatment process;

e Salinisation in the coastal area is known to form a threat for the quality of the
aquifers;

e Thewater table is lowering rapidly due to overexploitation. On the long term, there
may be too little water to feed thewells.

Pondicherry waste waterw ith rainw ater harvesting

General description

The wastew ater from Pondicherry will be collected and processed to sufficient (potable)
quality. Current supply from groundw ater w ill be continued and supplemented with the
treatedwaste water.

Rainw ater will be harvested from paved surfaces. All houses, in particular new houses
will be equipped with rainw ater harvesting facilities. Per community or group of houses,
a rainw ater collection tank will be constructed. Per mini system, a small but complete
treatment will be constructed based on the traditional components of flocculation,
filtration and disinfection.

Key elements

A centralised effluent treatment plant will be built next to the existing Pondicherry waste
water treatment plant. As the exact constitution of the effluent is not known, it is not
possible to even conceptualise the treatment process.

The rainw ater will be treated to drinking water quality using traditional treatment
techniques, such as flocculation, filtration and disinfection.

SWOT-analysis

Strength

e This source of water also helps to solve the problems of the treatment of sewage
effluent;

¢ The system makes partly use of the only realwater source.
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Weakness

e Purifying sewage into drinking water is extremely expensive;

e Purifying sewage into drinking water is socially rarely accepted;

e Purifying sewage into drinking water is culturally rarely accepted,;

e As thewaste water from Pondi is very differentfrom thewaste water from Auroville,
treatment of allwill have to be designed for the worst of wo or separate freatment
plants have to be provided which is very costly;

e A freatment plant, reatingw aste water to drinking quality is complex in operation
and maintenance;

Due to the large transport distances, heavy and costly infrastructure is required;
Sources partly consist of very irregular rainw ater;
Wastewater treatment can not simply be stopped in case of excessive rainfall.

Opportunities

¢ The promotional value and expaosure from such revolutionary systemis quit
considerable;

¢ Interms of innovative techniques and sustainability it may attract substantial funds
from national and international agencies.

Threats

e The drinking water fromsew age will cause non-acceptance from both Aurovillians
and local population;

e The treatment of sewage to acceptable quality effluent task of the producer
(Pondicherry in this case). Taking over this task interferes with the responsibility of
Pondicherry to clean up its own mess;

e Strong variations and fluctuations in type and concentration of components may not
be entire coped with by the treatment process.

Others

Many more possibilities of water supply exist, combining several sources. For the sake
of completeness of the evaluation, a systemcombining all available sourceswill be
briefly discussed here. The sources will however only be used for an appropriate
purpose.

General description

Rainw ater andwaste waterwill be a source for non-drinking water (e.g. irrigation and
gardening). The rainwater andw aste waterwill be collected and treated in a
decentralised way per community of house. Surplus of rainwater andwaste waterwill be
infiltrated to balance the use of groundwvater. Groundw aterw ill be used a prime drinking
water source, supplemented by seawvater in case of scarcity.

Key elements

Existing water supply from groundw ater w ill be maintained, butwill be limited to
domestic water supply. Houses and communities will be providedw ith rainw ater
harvesting andwaste water treatment facilities aiming at the provision of drinking w ater.
Decentralisation will be used and applied when andwhere necessary and centralisation
will be appliedwhen needed and beneficiary.
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SWOT-analysis

Strength

e The system makes maximum use of existing and renew able sources;
e |t provides solutions forwaste water;

e Sources can be used as and when available (seasonal).

Weakness
None

Opportunities

e The promotional value and exposure from such revolutionary systemis quit
considerable;

¢ Interms of innovative techniques and sustainability it may attract substantial funds
from national and international agencies.

Threats

e The treatment of sewage to acceptable quality effluent is the task of the producer
(Pondicherry in this case). Taking over this task interferes with the responsibility of
the producer;

e Strong variations and fluctuations in type and concentration of components may not
be entire coped with by the treatment process.
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6.1

WASTE WATER MANA GEM ENT
Summary

Present practice in Auroville

Wastewater is relatively well organised in Auroville. Some 60% of the total quantity of
655 m® waste water per day i treated and part of this is being re-used, 40% s disposed
in soak pits. Optimisation of decentralisedw aste water treatment techniques have
resulted in the general adoption of baffle tank reactors w ith polishing ponds as most
succesfull technigue under the present circumstances. Waste water treatment could
best be better coordinated with baffle tank reactors and polishing ponds as the standard
for Auroville.

Situation in villages

The situation in the studyarea iless positive. Virtually none of the 3,200 m® of waste
water is treated and re-used. Black wastewater (oilets) is generally deposited in soak
pits while grey wastew ater fromw ashing, cooking and cleaning is generally drained
away by gravity.

Scope for further optimisation

The treatment of waste water should be further organised and optimised per community
or neighbouring comminities could be connected to one treatment facilitiy w hile
maintaining a decentralised approachfor the near future. Facilities need to be provided
for the structural re-use of the effluent for gardening or irrigation and allow any excess
effluent to infiltrate. Multi-criteria analysis clearly shows that a decentralised approach
combined with ecological sanitation fits bestw ith Auroville’s idealk and present size.

In the villages much could be gained by decentralised wastew ater treatment through
the introduction of baffle tank reactors and polishing ponds in villages in the study area.
This would necessitate the construction of sewers and the introduction of the re-use of
treatedwaste water for irrigation and infiltration. At the same time, this wouldreduce the
use of groundw ater.

Pondicherry waste water treatment plant

This waste water teratment plant presently produces 13 million litre per day (MLD) of
effluent (poorly treated waste water) that is disposed in an open areafromw here it
infiltrates into the undergroung. The constitution of thewaste water is only known to a
limited extent and there are strong indications that thew aste water contains reminants
of industrial activities in Pondicherry. The coming 30 years the treatment plant is
expected to be extended to 70-80 MLD.

His huge quantity offers in principle a great opportunity to reduce the dependency on
groundwv ater once a suitable and sufficient freatment is used. The effluent could then
either be used directly in irrigation or could be infiltrated at a suitable location into the
underground. Although Auroville would interferew ith the responsibility of Pondicherry to
treat its ownwastewater, this opportunity is too valuable to be unused or at least
unexploited.

Presently innitiatives are developed by Auroville’s CSR in cooperationw ith MIT and the
Smithsonian Institute to develop natural reatment methods for the Pondicherry sewage
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by using algae. These algae could be used to produce fertiliser or generate bio-energy
which could in principle provide the treatment plantw ith the required energy.

Introduction

As the first sewage collection and treatment was practiced in cities, the traditional
sewage treatment systemis a centralised systemwhereby the sewage is collected in
open or closed sewers, transported over relatively long distances, treated at one
location and then disposed in the nearest surfacew ater body or via a outfall into the
sea. twas only recently that decentralized systems have been developed. In developed
countries, these systems where mainly developed to replace sceptic tanks in remote
areas. In developing countries, the decentralized systems were mainly introduced to
copew ith the dispersed population and the limited budgets available for sewage
collection and treatment.

Centralised versus decentralised treatment

Optimal scale forwastew ater systems is not a technical issue, but a matter of
community needs and resources. Wastew ater can be treated to any existing regulatory
standard, indeed to drinking water quality, at a scale ranging from treatment plants that
process the waste of individual homes to ones that serve millions of people. The
conventionalw isdom in the lay population and among many professionals in the
wastew ater field is that centralising treatment is the best wastew ater management
strategy for most communities.

This common view, however, is not universally accepted anymore. In a 1997 report to
Congress, the U.S. EPA found that adequately managed decentralised systems are a
cost-effective and long-term solution for many communities (U.S. Environmental
Protection Agency 1997). Sanitation experts who serve developing countries do not
universally accept that conventional, centralized wastew ater treatment is the standard
towardw hich developing countries should aim.

Comparing centralised and decentralised systems, the follow ing considerations have to

be made:

e Centralised systems are relatively expensive for many small communities. A
conventionalw astew ater freatment facility (not counting sewers) can costa
community of less than 1,000 people $15,000 to $20,000 per connection, compared
to $6,000 per connection for acommunity of 10,000 or more people (English et al.
1999).

e Centralised treatment can only to avery limited extent be phased. Therefore
estimates of future urban and population development have to be made and
estimates can be wrong resulting in a significant financial burden for a small
population;

e Centralised freatment requires sewer systems that can dramatically impact the
hydrology of watersheds due to leakage that canwork either way: infiltration of
groundw ater into sewers is a substantial problem all over theworld aswell is
leakage from sewers. In the first case, the sewers start ransporting groundw ater
that later is being treated. In the latter, the system looses sewage that can
contaminate (groundw ater resources;
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e When the sewage is collected in sewer systems, it is not always possible to
separate the industrial wastewater. Nutrients from domestic sources (N, P, Kand S)
are lost and sludge may contain trace elements (f.e. heavy metals) that make it not
useful for fertilizer;

e When the sewage is collected in sewer systems, often rainw ater and stormw ater is
mixed in, causing inefficiency of the treatment process and variations in effluent
quality beyond acceptable limits for effluent disposal;

e Centralised systems are maintenance intensive and require careful financial
planning of maintenance funds. There is atendency of underestimating these
expenses and only attending to problems once they are substantial and require
considerable and often external funding.

In view of present practices in Auroville and near future developments, mostfocus will
be on decentralised systems,while in the far future and for particular zones, centralised
systems can be considered.

Sustainability in waste water treatment

Based on experience from past mistakes in sewage treatment technology, the definition
of what is sustainable is clearer. Developers should base the selection of technology
upon specific site conditions and financial resources of individual communities.
Although site-specific properties must be taken into account, there are core parts of
sustainable treatment that should be met in each case. The criteria for sustainable
technology are summarized in Table 19.

Table 19Criteria for sustainability in the treatment of wasiewater (van Lier, 1998)

1) No dilution of high strength wastes w ith clean water.

2) Maximum of recovery andre-use of treated water and by-products obtained from the
pollution substances. (i.e. irrigation, fertilisation)

3) Application of efficient, robust and reliable treatment/conversion technologies, w hich
are low cost (in construction, operation, and maintenance),which have a long life-time
and are plain in operation and maintenance.

4) Applicable at any scale, very small and very big aswell.
5) Leading to a high sef-sufficiency in all respects.
6) Acceptable for the local population.

One approach to sustainability is through decentralisation of thew astew ater
management system. This systemconsists of several smaller units serving individual
houses, clusters of houses or small communities. Black and gray water can be treated
or reused separately from the hygienically, more dangerous excreta. Non-centralised
systems are more flexible and can adapt easily to the local conditions of the urban area
as well as grow w ith the community as its population increases (Schertenlieb, 2000).
This approach leads to treatment and reuse of water, nutrients, and by-products of the
technology (i.e. energy, sludge, and mineralised nutrients) in the direct location of the
settlement.

Communities must take great carewhen reusing wastew ater, both chemical substances
and biological pathogens threaten public health as well as accumulate in the food chain
when used to irrigate crops or in aquaculture. In most cases, industrial pollution poses
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greater risk to public health than pathogenic organisms. Therefore, more emphasis is
being placed on the need to separate domestic and industrial waste and to freat them
individually to make recovery and reuse more sustainable. The system must be able to
isolate industrial toxins, pathogens, carbon, and nutrients (Rose, 1999).

Decentralised wastewater treatment
Introduction of decenftralisedw astew ater freatment

Decentralised w astew ater management may be defined as the collection, treatment, and
disposal/reuse of wastewater from individual homes, clusters of homes, isolated
communities, industries, or institutional facilities, as well as from portions of existing
communities at or near the point of waste generation (Tchobanoglous 1995).

Decentralised systems include onsite systems that treatw astew aterfrom individual
homes or buildings, and cluster systems that treat wastew ater from groups of wo or
more homes. Typically cluster systems serve less than a hundred homes, but they can
serve more. The “line” betw een decentralized and centralized systems becomes vague
when some cluster systems are considered, see alkso Figure 46.

Wastew ater professionals make the distinction in severalways:

e Volume. Decentralized systems freat relatively small volumes of water: up to
1000m®/d (8,000 to 10,000 equivalent people) is the considered the maximum for
one s?i)ngle DEWATS system. The largest existing DEWATS in India is sized to treat
500m°/d.

e Sewer type. Cluster systems typically use small-diameter pressurized pipes, small-
diameter gravity, and vacuum sewers, often employing on-lot settling tanks and/or
grinder pumps before wastewater flows from a lot into the sewer system. One must
note that the sewer cost represent often 50% and more of the total sewage system
investment. This is of considerable importance for investment but also for installation
and maintenance.

e Treatment type. Cluster systems typically use sand filters, frickling filters, anaerobic
filter, baffled reactor etc as treatment type. A large part of such technology is well
mastered in Auroville.

e Discharge method. Cluster systems typically discharge treated wastewater for
recycling, helping then tremendously to reduce freshwater consumption for greenery
and other secondary requirements, or for infiltration into soil, those helping to reduce
the pressure on groundw ater resources.

e Ownership. Cluster systems are usually owned by a developer, homeowners’
association, or other private entity. In the context of Auroville where no private
ownership prevail, this will refer to operation and maintenance, for which the
authority and to a large extend the practical aspects of the work can lay with the
connected population.

e Relative scale. Cluster systems serve only a portion of a community.
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Cenfralized wastewater treatment Decentralized approach

Figure 46 Comparison of Centralized and Decentralized Approaches to Wastewater
Service. STP indicates a centralized or cluster sewage treatment plant. Source: Draft Handbook
for Management of Onsite and Clustered (Decentralized) Wastewater Treatment Systems (U.S.
Environmental Protection Agency 2003a).

Limitation and appropriateness of decentralisedw astew ater systems

Decentralised w astew ater systems are not a panacea. Proper sitting, maintenance,
management, and regulatory oversight are necessary to ensure their reliability—just as
for centralised systems. Only by adequately evaluating the benefits and costs of a full
range of wastew ater system options vis-a-vis community needs can optimal scale be
determined.

Auroville and its surrounding show a large variation asfar social aspects, financial and
technical capacity, density, environment, land use and infrastructure are concerned. It is
very likely thatthe best and more progressive solution lay in a multiple, beneficiary
oriented approach.

Too often wastew ater systems are planned with minimal attention to broad community
issues. With only afew key parameters such as assumed population growth and
development locations, design of treatment facilities and collection systems are
developed, bypassing numerous prerequisites for such a task.

Integrated wastew ater planning, on the other hand, puts the engineering last, after
serious consideration of arange of community, watershed, aesthetic, financial, and
other questions. It is the answers to these questions that should define the design
problem.

Water savings in decentralisedw aste water management

The sizing and therefore the cost of wastew ater conveyance and treatment facilities are
directly related to the volume of sewage. Water saving solutions at household and
collective levels may reduce the water consumption and hence in thewastew ater
generated. Some of the most advanced technologies reduce both pollutants and related
treatment costs.

A large range of appliances designed to reduce water consumption at any level are now
available on the market: low flushing toilet, faucet aerator for tap and shower, pressure
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6.5.4

regulators,water efficient cloth and dish washers etc. New washing machines are now
able to do a perfect jobw ith as little than 50 liters of water per 5kg wash. The reduction
can be as important as 50% for domestic water consumption and therefore for the
wastew ater generated.

Collective facilities like laundry, canteen, kitchen efc are knownfor a much betterwater
efficiency than domestic family likes facilities, providing they are properly designed and
equipped. With standard equipment, the water consumption for similar activities
(cooking, dishwashing efc) may be halved if to compare to household pattern.

By combining regulations and guidelines onwater saving appliances in each and every
buildings, promotion of collective facilities and usage of innovative technologies, a very
important saving can be generated on wastew ater infrastructure, maintenance, space
requirement, but also on power consumption and potential arm to the environment.

Best practices in decentralised wastew ater treatment

DEWATS

For the last 25 years and with grow ing intensity, Auroville has been deeply engaged in
research and development and then dissemination of innovative natural decentralized
wastew ater management and promotion of appropriate sanitation solutions. Auroville
became the place of Asiawhere the largest and most diversified systems and
techniques related 1o this field can be found. The set of selected solutions was then
approved by Central Pollution Control Board. While other Auroville groups and
individuals are also involved in such techniques, the leading for the development and
promotion of sustainable technical solutions, the Centre for Scientific Researches CSR,
started then to be engaged in training process, consultancy work all over India and
advocacy towards government authorities.

The set of technology selected by CSR and its partners to address decentralised
wastew ater management, grouped under the label DEWATS, go much further than
decentralized conditions as such as they:

e make use of natural process only, without chemical or mechanical part, by gravity
and without power requirement as far as the process is concerned;

e are modular and can be split and grouped at various level of treatment to address
space- and treatment requirements and cost constraints. They also allow for
scalability fitting closely with demand and investment;

e achieve high treatment efficiency without nuisance and allow safe recycling of
wastew ater;

e are space effcient and can easily be integrated in the landscaping and general
layout of the area.

To date, about 80 systems has beenrealized by CSR, and more than 300with the
Indian partners in a Consortiumfor DEWATS Dissemination working all over India.
Tailored to address wastew ater treatment demand from residences and settlements,
hostels, public facilities, factories, institutions etc. for domestic or non domestic
wastew ater, all of systems are developed through decentralized technology. While the
main area of experience of CSR s in Tamil Nadu, projects have been executed
successfully in West Bengal, Gudijarat, Maharastra, Nepal etc, with processed flow
ranging from few hundreds of litres to 500 cubic meters per day, treated consistently
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within the discharge standards fixed by CPCB and demonstrating the versatility and
robustness of the selected set of solution.

DEWATS technology makes use of varies freatment techniques and processes such as
settler, septic tank, Imhoff tank, anaerobic baffled reactor, anaerobic Filter, horizontal
planted filter (also called root zone system, constructerwetland ...), anaerobic pond and
aerobic facultative pond.

Ecological sanitation or ecosan

During the last few years, while more and more involved in promoting appropriate
sanitation solutions to the villages, several Auroville units like Auroville Water Harvest,
Auroannam, Auroville Health Service, Palmyra, Pitchandikulam have been involved in
the promotion and construction of ecosan (Ecological Sanitation) toilets, offering a
proper andw ell accepted solution for some of the most critical sanitation problems in the
villages. Auro Annam in particular is deeply involved at nation level in the promotion of
sanitation solution through EM (Effective Microorganism) technology and ecosan. In our
direct surrounding the village of Kottakarai is targeted for 100% sanitation coverage,
chiefly through ecosan.

Although conventional sew age systems transport excreta aw ay from the users, they
often fail to contain and sanitize, instead releasing pathogens and valuable nutrients into
the downstream environment. In fact, conventional wastew ater systems are largely
linear end-of -pipe systems where drinking water is misused to transport waste into the
water cycle, causing environmental damage and hygienic hazards.

Innovative approaches are looking at human waste generation as potential resources

better than a nuisance to eliminate through heavy infrastructure which often generates
negative impacts.

urine

substances eliounatesy
hygienisation by > ; wetlands, gardening,
treatment storage or . wastewater ponds, biol.
drying o 5 treatment, membrane-
utilisation liquid or dry
fertiliser
Figure 47 Overview of different types of waste, most ecological focussed

treatment and scope for re-use.

Ideally, ecological sanitation systems enable a complete recovery of nutrients in
household wastew ater and their reuse in agriculture or other green areas, see also
Figure 47. In this way, they help preserve soil fertility and safeguard long-termfood
security, whilst minimizing the consumption and pollution of water resources:
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e Many villages are chronically short of water, which makes the use of water bormne
sanitation an unrealistic option.

e The capital cost required for water borne sanitation is prohibitive in most of the
cases.

e |t has conclusively been proven that nitrate loaded effluent from pit latrines is directly
responsible forw idespread contamination of valuable groundw ater resources.

e The regular operating and maintenance costs of sanitation systems such as bucket
latrines, septic tanks, chemical andw ater borne toilets are very high.

e Large part of the water consumption in urbanized area is used to flush latrines and to
carry wastes avay.

e A very large part of the domestic wastewater pollution load is coming from human
excreta and faeces are the great carrier of pathogens which contaminate the entire
wastew ater flow in conventional systems.

Sludge processing techniques

One of the unwanted side-products of waste water treatment is sludge. Sludge from
primary settling basins, called primary or "raw" sludge, is a noxious, smelly, gray-black,
viscous liquid or semi-solid. It contains very high concentrations of bacteria and other
micro-organisms, many of them pathogenic, as well as large amounts of biodegradable
organic material. Because of the high concentrations, any dissolved oxygenw ill be
consumed rapidly, and the odorous and toxic products of anaerobic biodegradation will
be produced.

Ultimately, the sludge must all be disposed of. The w ay inw hich this is done
depends on the quality of the sludge-- and deter mines how it needs to be treated.
The most desirable final fate for these solids would be for beneficial use in
agriculture, since the material has organic matter to act as a soil conditioner, as w ell
as some fertilizer value. This requires the highest quality biosolids, free of
contamination w ith toxic metals or industrial organic compounds, and low in
pathogens. At a somew hat low er quality, it can be used for similar purposes on non-
agricultural land and for land reclamation (e.g., strip mines). Poorer quality sludge
can be disposed of by landfilling or incineration but these are not required for
decentralised w aste systems that are used in Auroville.

One commonly used method of sludge treatment, called digestion, is biological.
Since the material is loaded w ith bacteria and organic matter; w hy not let the
bacteria eat the biodegradable material? Digestion can be either aerobic or
anaerobic. Aerobic digestion requires supplying oxygen to the sludge; it is similar to
the activated sludge process, except no external "food" is provided. In anaerobic
digestion, the sludge is fed into an air-free vessel; the digestion produces a gas
which is mostly a mixture of methane and carbon dioxide. The gas has a fuel value,
and can be burned to provide heat to the digester tank and even to run electric
generators. Some localities have compressed the gas and used it to pow er vehicles.
Digestion can reduce the amount of organic matter by about 30 to 70 percent,
greatly decrease the number of pathogens, and produce a liquid w ith an inoffensive,
"earthy" odour. This makes the sludge safer to dispose of on land, since the odour
does not attract as many scavenging pests, such as flies, rodents, gulls, etc., w hich
spread pathogens from the disposal site to other areas-- and there are fewer
pathogens to be spread.
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Pondicherry wastewater treatment plant

Currently 13 Million litres per day (MLD) of sewage collected from the urban limits of
Pondicherry is treated to primary quality in four large facultative oxidation ponds
connected in series, and then discharged to an infiltration field or used fo irrigate crops,
see also Figure 48. It is believed that most of the discharge is directly recharging the
groundw ater at this point. Currently only basic information on thewater quality of this
discharge is available, with little understanding on the impact on the groundwv ater. A
complicating factor is the presence of an operational solid waste dump adjacent to the
ponds. Overflow from the ponds is mixing with the solid waste, and this leachate is
infiltrating into the ground. Similarly there is no understanding as tow hether this
leachate s impacting the groundw ater. During the monsoon there is a potential for
substantial overflov withw despread dissemination of raw or partially treated sewage.
Besides impacting ground and surfacew ater, monsoonal runoff could impact a number
of human settlements living very close to the sewage farm.

©/2006 EuropaiTechno 3
( 6 DigitalGlobef
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Figure 48 Satellite photo of the Pondicheny sewage treatment plant (Source:
Google Earth)

A new UASB Reactor followed by duckweed and fish ponds is about to come into
operation, although it is only designed to freat 2.5 MLD, w ith the remaining 10.5 MLD
continuing to be discharged as before. Due to population growth and increased
investment in sew age collection, the volume of sewage received at the treatment facility
is projected to increase to about 70 — 80 MLD over the next 30 years. At this stage no
new treatment facilities are being built and therefore any increase in sewagew ill be
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added to the current four facultatve ponds, and discharged. As a result retention time
will decrease as water volume increases,w ith a concurrent decrease in primary
treatment of the discharge.

Understanding the source, fransport and attenuation of chemicals and human
pathogens from a point source such as the infiltration area of the Pondicherry Waste
Water Treatment Plant is fundamental to effective management of the risks posed by
these pollutants. At the same time this large volume of water represents a high scope for
recycling, providing the sewage is freated at appropriate level. The present scenario of
massive ground w ater infiltration of pollutedwater and irrigation of limited area w hile
creating massive danger, can anyhowv not scopew ith the increasing load the treatment
facilities will handle soon. Larger usage in the surrounding can be done only on the area
North of the treatment facilities as the area South is largely under rampant urbanization
process. The North area is offering a large scope for irrigation but also groundw ater
depletion remediation.

At present, the Auroville Centre for Scientific Research, Auroville Water Harvest and the
Center for Environmental Restoration togetherw ith the Smithsonian Institute are
working on a project proposal to evaluate:

e Water quality of influentand effluent at the Pondicherry Sewage Treatment Facility;

¢ The basic hydrology of groundw ater under and around the Treatment Facility;

e To identify and set up an appropriate borehole groundw ater monitoring program to
evaluatewhat impact recharge from the Waste Water Treatment Facility and
associated Solid Waste Facility is having on groundw ater;

e To rapidly identify the scope for recycling after proper processing of sewage.

Pondicherry is well-supplied with medical facilities and Indian urban residents have easy
access to pesticides for households use (against termites, cockroaches, rats efc).
Pondicherry’s domestic sewage is likely to contain substantial residues from these
sources, Table 20. The presence of Lindane in the data above indicates the potential for
widespread contamination. Current EPA standards set drinking water limits for Lindane
at 0.2 parts per billion. The fact that it is not detected in Table 20 is most likely due to
detection limits rather than it not being there. The wide spread pharmaceutical industry
in Pondi as well as the various education facilities w ith laboratories in this field, likely
cause asignificant load in the sewage. Specific testing should be conducted and has not
been done thus far. Furthermore there is substantial risk of effluent containing chemical
effluents from unidentified and unregistered industrial activities at the household level,
such as battery recycling and electroplating. The high chromium level of 6.8 mg/lis a
strong indication in this direction. It is therefore a matter of urgency that the effluent at
the WWTP is fully characterized, both in metals and organics, especially in the light of
the fact that this effluent is freely discharged to the environment

The volume sewage collected in the Pondicherry Sewage Treatment Facilities offer a
large potential for recycling. The actual scenario is of heavy over extraction from
groundw ater resources due to agricultural actiities and the resulting fast depletion of
the aquifer system. This is creating an alarming situation on the coastal line but ako
further inland as seawater intrusion is akeady monitored in the vicinity.

Tw o scenarios, may be combined, can be imagine out of such large water resource. The
first one is to deliver processedw ater to the irrigated area. Thiswould create avery
large scope for larger area under irrigation, prolonged farming actiities through the year
and important reduction of extraction fromthe over tapped groundw ater resources. As
such, the actual volume of sewage of 13MId could be utilized to irrigate 650ha at the
minimum, w hile the final expectedflow of 80Mld could be used to irrigate at least 4000
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ha all through the year. This is offering a tremendous scope for economical and social
changes in this areaw here livelihood is still very precarious.

Table 20 Test results from the Pondi Sewage Treatment Plant effluent at

different moments in time (results obtained from the Pondicherry authorities).
Parameter Units Sept 2005 | Mar 2003 Mar 2003
Influent/effluent = Effluent Influent Effluent
pH (at 25°C) . 7.2 7.3 7.4
Electroconductivity (25°C) pS/cm 1350 1412 1367
TDS (at 103-105°C) mgy/l 764 866 824
TSS mg/l 54 140 138
Total Alkalinity (as CaCO3) mg/l 340 = 5
Chloride (as Cl) mag/l 215 z e
Sulfate (as S04) ma/l &0 - -
Fluoride (as F) mg/| 19 5 =
Kjeldhal Nitrogen (as N) mag/| 36 . N
Total phosphorus ma/l - 44 1.1
Total Sodium (as Na) mg/l 117 5 z
Arsenic mag/| . ND ND
Total Lead (as Pb) mg/| 0.5 01 0.05
Total Cadmium (as Cd) mag/| <).5 ND ND
Total Chromium (as Cr) mayl 6.8 ND ND
Total Mercury (as Hg) mg/l 0.001 5 =
Zinc mg/| . 04 ND
Detergent {(as MBAS) mayl 39 & =
Phenols (as CGH50H) mayl 1.5 z =
Qil and Grease mag/| 1.0 - -
COoD mg/l 220 400 320
BOD mg/l 142 219 122
Total Coliforms N/100ml - 93 X 10° 46 X 10°
E coli N/ 100m 27000 93 X 10° 46 X 10°
Salmonella . . Present Present
Pseudomonas . : Present Absent
Pesticides - - Lindane trace ND

The second scenario will concern groundw ater recharge. This could help to replenish
the depleted aquifer, but also to maintain a positive barrier of fresh water along the
coast, actually threaten by seawater intrusion. The yearly volume generated by the
Pondicherry Sewage Treatment Facilities are larger than the actual extraction on this
area and hence can play this role.

Any scenario selectedw ill require sufficient treatment for its actual specific purpose in
line w ith prevailing standards. In either scenario, the sewage has to be treated further
than is done at present. Recently, contacts with an expert from the US Smithsonian
Institute and the US Center for Environmental Restoration, have resulted in the
investigation of the possibility to apply algal turf scrubber systems (see text box).

it should be noted that the Sewage farmis on high ground elevation i to compare to the
surrounding. As per topographic investigations it is possible to carry the processed
water to the suitable location for irrigation and for groundwv ater rechargew ith limited
infrastructure development andw ithout the help of pumps or other costly running

systems.
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Algal turfs are communities of organisms dominated by aggregations of unicellular to
branched filamentous algae and cyanobacteria (blue-green algae). They are attached to
hard substrates, rock, wood or plant stems. Most major groups of algae provide species
that occurin turfs: Algal turf scrubber or ATS systems.

ATS systems are well known for their abilities to “scrub” nitrogen and phosphorus from
water. Also algal cell walls adsorb heavy metals, and itis a characteristic of ATS
phytoremediation, that heavy metals are removed from treated waters and sequestered
into the algal biomass. Combined with solarultraviolet, ATS systems with high oxygen
supersaturation break down entrained hydrocarbons. There is an extensive general
research literature on this process, and a single ATS research study in the late 1990’s
demonstrated that when combined with artifical ultraviolet, ATS systems have

considerable capability of breaking down a variety of chlorinated hydrocarbons.

6.8 A waste water management concept for Auroville and surroundings
6.8.1 Basic parameters

Population

Table 21 has been developed based on Indian population census 2001, projections of
population growth for Tamil Nadu (3.5% per year) and the final projected Auroville’s
population of 50,000 inhabitants and equivalent population as per Auroville Master plan
— Directions for growth. 1t is based on the most optimistic figure of entire Auroville
population reached by 2026 as planned by Aurofuture.

The projected villages population in Auroville greenbelt is included here aswell as the
equivalent population related the services nodes and utilities. These figures were not
part of the Harald Kraft's study. Aswell, the projected population for the larger area of
the study is presented.

Table 21 Essential population and waste water quantity figures for Auroville and
villages in the Bioregion
Area Inhabitants (a) Equivalent population Total

for commercial and

industrial uses (b)

Prognoses (Auroville Mastemlan and Kraft Study)
Residential Zone 40,000 500 40,500
Industrial Zone 1,800 10,000 11,800
Cultural Zone 600 3,500 4,100
International Zone 600 1,500 2,100
City Centre 5,000 1,500 6,500
Actual (Auroville as per data 2006, villages as percensus 2001 and 3.5 % natural population growth)
Auroville's population 2,000 2,000
Services Nodes & Utilties (c) 2,000 2,000
Villages population (c) 25,000 25,000
Total for Auroville's area 75,000 19,000 94,000
Other area of the study (c) 110,000 110,000
Total 185,000 19,000 204,000
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While not included under this study, the villages surrounding Auroville will most probably
attract many activities, institutional, commercial and industrial, in relation to Auroville,
and hence will increase thew ater demand andw astew ater generated. Aswell, the
coastal area is planned to host tourist attractions, institutions (Kalapet), but also a
growing urban tissuew ith the related population. Existing facilities such as the university
and Pondicherry Institute for Medical Science (PIMS) are growing fast student-w ise and
facility-w ise. In the absence of a proper set of information on these issues, it is decided
to limit the parameters to average predicted growth, for far it may be from ground reality
in this particularly attractive context. It is recommended to conduct a socio-economic
study on this aspect to consolidate the evaluation of the population finally present at
term.

The proposed consumption for additional water demand, similar to Kraft's study, is
questionable as it refers to a definition of the activities and related requirements for each
area,which is not available for the time being. It is anyhow kept as it is for comparative
purpose.

Water use and waste water parameters

Auroville

e Thewater consumption is evaluated to 150 litres per day and per capita;

e The Equivalent Population (EP) is based on the water demand amounting to
equivalent volume 150 Icd.
The wastew ater generated is fixed as 85% of the water consumption or 128lkcd.

e By implementing water saving devices systematically, it is evaluated that the water
consumption will fall to 120lcd, while the wastewater generated would be 100icd
only.

Considering the available technology and Auroville’s sustainable character, the following
calculationwill give the wo sets of figures, with and without water saving. The latest will
be applied for more detailed calculation on wastew ater generation.

Villages
e Thewater consumption is evaluated to 65Icd;
e Thewastewater generated is evaluated to 60% of the initial flow or 40lcd.

Urbanised and institutional areas
e Thewater consumption is evaluated to 120lcd as per Indian standards;
e Thewastewater generated is evaluated to 75% of the initial flow or 9lcd.

The wastew ater flow from areas further than the Greenbelt is not included in Table 22
because of the little possibility of direct control to such large and diversified area but also
the difficulty to forecast realistic population growth and Land Use pattern. Anyhow the
management conceptw ill be discussed in the following section.
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Table 22 Population, water demand and waste water production data for
residential purpose, commercial purpose and total.
Population Water WW m¥%d Waterdemand with WW m¥%d
demand md water saving
devices m¥d
Residential Zone 40,000 6,000 5,100 4,800 3,840
International Zone 600 90 77 72 58
Industrial Zone 1,800 270 230 216 173
Culural Zone 600 90 77 72 58
City Centre 5,000 750 638 600 480
Green Belt 2,000 300 255 240 192
Total for Auroville'’s
own population 50,000 7,500 6,375 6,000 4,800
Population Green Belt
and Villages 25,000 1,625 1,138 1,625 1,138
Total 75,000 9,125 7,513 7,625 5,938
Commercial and industrial uses
Population Water WW m¥%d Waterdemand with  WW m¥%d
demand md water saving
devices m%d
Residential Zone 500 75 64 60 48
International Zone 1,500 225 191 180 144
Industrial Zone 10,000 1,500 1,275 1,200 960
Cultural Zone 3,500 525 446 420 336
City Centre 1,500 225 191 180 144
Green Belt 2,000 300 255 240 192
Total 19,000 2,8%0 2,423 2,280 1,824
Total
Population Water WW m%d Waterdemand with  WW m¥%d
demand m¥d water saving
devices m%d
Residential Zone 40,500 6,075 5,164 4,860 3,883
InternationalZone 2,100 315 268 252 202
Industrial Zone 11,800 1,770 1,505 1,416 1,133
Culural Zone 4,100 615 523 492 394
City Centre 6,500 975 829 780 624
Green Belt 29,000 2,225 1,648 2,105 1,522
Total 94,000 11,975 9,935 9,905 7,762
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6.8.2

6.8.2.1

Waste water quality

Being a sustainable city, it will be assumed that the influentw ill be w ithin the limits for
domestic sewage. The industrial activities foreseen in Auroville wiill have a pre-treatment
at source or will be providedw ith a fit-for-purpose treatment designed for the specific
characteristics of the wastewater of that industrial activity.

This can not be said for the communities around Auroville. Some small scale artisans
haveworkshops for repair of engines, cars and agricultural equipment.

The concept

Generally speaking, the concept of wastew ater management for Auroville and the
surrounding area should follow theframe of sustainable sanitation, Figure 49.

Soil fertility N/P/K Environmental protection - Health and
ground and surface water nutrition
Affordability Sustainable Gender & social
Sanitation accepiance
Institutional support Employment & Containment and
livelihoods support sanitisation
Figure 49 Components of sustainable sanitation— Source: EcoSanRes

Programme Phase 2

The villages

At this stage and looking at the present of experience of Auroville in this domain, the
support of the government, the positive response of the population as well as the
multiple benefit it generates, it is highly recommended to promote 100% ecosan
coverage in the villages.

It can consist of :

e FEcosan household toilets;

e Ecosan public toilets in schools, public buildings, community spaces, economic
activities etc;

e Ecosan community based sanitation (toilets and laundry) close to community village
farmlands;

e Greywater recycling in kitchen gardenw herever possible.

One step further is to combine solid and liquid waste management for the villages
around Auroville. The solid waste management in the villages can then consist of :
e Separation of compost/ non degradablew aste;

e Household composting;

e Community based composting;

e Cow dung collection;
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e Biogas unit for processing of cow dung and part of the degradable waste (digested
cow dung through biogas unit does not createweeds proliferation w hile non properly
composted one do);

Solid w aste separation room and dumping yard;
Recycling of compost from toilet, sludge from biogas, other compost and urine for
either kitchen garden or field fertilization;

e Selling of non-degradablewaste for seff financing of the activity.

Accordingly, the various composts digest sludge from biogas units and urine can be
collected and recycled either directly in kitchen garden or as a manure source for field
cultivation. Selling of these products and of non degradable wastes can ensure a proper
operation of the entire process by income generation.

Auroville

Keywords for wastewater treatment for Auroville are decentralisation and

appropriateness. The wastew ater management in Auroville should follow the following

criteria.

e Treatment should ensure safe and comfortable discharge as per site constraints;

¢ Recycling must be systematically practiced and valorised;

e In-building recycling (toilet flushing) must be integrated in administrations, high
density habitats (line of forces) commercial units and collective facilities whenever
possible;

e Treatment facilities must be steady, reliable, cost effective and long lasting;
Operation and maintenance should be simple and cost effective;

Pow er demanding solutions must be avoided if not of superior value, all criteria
considered;

e Chemical inputs must be avoided if not of superior value, all criteria considered;

e Mechanical systems and pumps must be avoided if not of superior value, all criteria
considered;

¢ Biological beneficial input like EM can be fully part of the process;

e Scalability must be part of the concept;

e Treat the water close to source when demand is there;

e Sewer should be seen as the last options, or in line with large demand (agricultural

activities);

e On-site treatment must be studied as a way to reduce size and cost of sewer
network;
Urine separation must be integrated in collective facilities and commercial units;
Wastew ater must be considered and therefore valorised as a resource better than a
burden;

e Consultancy, invovement and participation of the population.

One must note that an important part of the entirew astew ater flow generated in
Auroville will come fromcommercial units, administrations, schools, public facilities and
the like. It is there practical and easy to integrate straight fow ard some of the
components of the ECOSAN approach, like waterless urinal. As seen above in this
study, the pollution load brought by urine is not negligible while it is easy and sage to
handle and very interesting as a fertilizer. By diverting the urine throughw aterless urinal
the space required to treat the wastew ater can be reduced, with arelated saving on
investments.
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Indicatively, a DEWATS systemfor 1,000 people will have characteristics as presented
in Table 23.

Table 23 Characteristics of a DEWATS system for 1,000 people (*)

With urine separation For Grey water only
(Waterless urinal) — 100icd

m2/ | Cost/ | m2/ | Cost/ | m2/ | Cost/ | m2 | Cost/
EC EC m3 m3 EC EC m3 m3

CPCB lower 0.3| 1,500 | 2.4 | 15,000 | 0.2 800 | 1.2 | 8,000
standard
requirement
CPCB higher grade 0.3] 1,900 2.9| 19,000 | 0.2 | 1,400 | 1.7 | 15,000

Fully hygienic and
odourless discharge

0.8 3,300 | 7.7 | 33,000 | 0.6 | 2,400 | 5.5 | 26,000

* The costs arefortreament facilities only, without sewer lines and further equipment. The
second and third series are including the costs for collection equipment of urine orfaeces which
any how remains marginalfor such largevolume.

* This would require an extra 0.40m?*/EC with the present techniques in use (no mechanical
part, no pump, no chemical input)

Future possibility

Concerning other aspects of Ecosan technology (like composting toilets or vacuum line),
one cannot conclude at this stage about the pertinence it may present in thefuture
wastewater management of Auroville as it generate many questions not easy to
integrate in large building design at this stage. One can only recommend to develop a
proper follow-up and trials on this emerging approach, as it will surely generate very
interesting solutions in the coming years, completely in line with Auroville’s concern for
sustainability and innovation.

We would like to underline other techniques whichwi ill be play a growing role in

wastewater management in the near future:

e membrane technology. Although pover demanding with high investment and O&M
costs, it is a fast developing technology. New and cost effective solutions emerge
actually and systems of all szes are now developed.

e roof gardening. In this technology, the grey water is pumped to the roof which is
equipped with a planted filter. Apart from space saving, it also regulates very
effectively the temperature inside the building by avoiding overheating in summer
and hot climate, and reduce heat lost during winter and cold climate. This concept
can even be adapted to green walls where the entire interior climate can be
regulated creating a very pleasant inner space.

Sewer lines

A very important part of the investment and operation and maintenance costs in regard
to sewage management is linked to sewer network. Sewers are costly and are usually
sized and installed forfull capacity, even at very initial stage of development to avoid
further damage to roads and other infrastructures.

The technical solutions available through decentralised technology may help to reduce
tremendously this burden. Sewer lines are minimised in decentralised technology and
gradually upgradedw ith the growth of the city.
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Effluent characteristics

Applying Auroville’s principles, its activities should not be harmful to environment or to
public health. The individual and social activities and the usual impact they generate
must be evolved to promote such concerns. One can safely assume that Auroville will as
much than possible not generate harmful pollutants, and that the wastew ater will
generally be of domestic characteristics.

Some economic activities or services may anyhow generate waste that is more difficult
to process or is even potentially harmful stuff like hospital or food processing units,
cosmetic units etc. Considering that this is definitively specific and limited cases, this
cannot be treatedw ithin this study.

Proposed wastewater management strategy

It is proposed to adapt the solution to the context. For example:

e |t is in principle better to recycle wastewater when available for watering greenery,
where and when necessary, than to use freshwater resources.

e In-house recycling, providing hygienic concern is secured, could be of interest in
densely populated areas as the necessary double piping it requires is then easy to
integrate, while it may raise dificulties, important extra cost and risks for lower
density.

e |tis better to infiltrate processedw astew aterwhen others recycling are covered if the
leftover volume is meagre and i the cost of connecting to a sewer line is
comparatively not economic.

e Some areas show a relatively important slope which should be used to optimize the
design of the system and reduce costs.
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7.2

MATRIMANDIR LAKE
Summary

Origin of thelake idea

A lake around the Matrimandir has been avision of the founder of Auroville and since
then is the long cherishedwish of many Aurovilians. Such a lake has been designed by
Auroville’s Chief Architect and ideally should have a significant function inw ater
management.

Design and function of the lake

Studying the various functions of alake around the Matrimandir, it is concluded that the
aesthetical boundary conditions set by the Chief Architect can not be combined with the
required role in water management. Therefore it is advised to allow the lake to fluctuate
more in accordance with the seasons and to vary insize aswell. With an excess of
water, large zones along the shore of the lake could inundate at the same time allow ing
reeds to filter the water in the lake. In the dry season the water receeds to a minimal
shap and level of the lake that can be maintained by supplementing water from
groundw ater. Excess water should be infiltrated to close the water balancefor the lake.

The absolute level of the lake could be slightly reduced to allow run-off water from the
oval to befiltered before entering the lake. Still dikes will have to be constructed at the
western part of the lake to prevent the area around the Townhall from flooding.

Aestetics and symbolism mainjustfication

Evenw ith all these boundary conditions to be flexible, the function of the lake in terms of
water management is still minimal. Symbolism and aesthetics remains the main
justification for the construction and maintenance of thelake. In itself thisisnot a problem,
but should be accepted by the Auroville community.

Ecoalogy of the lake

The water quality of the lake is determined by the quality of the incoming w ater
combined with the biological activity in the lake. Experiments with planted filters and
reed beds along the shore of the lake, underw ater vegetation and certain biotopes at
pilot scale should provide sufficient information for the ecological management of the
lake in order to keep thewater as clean as possible.

Introduction

Since the establishment of the city of Auroville, its founders and inhabitants intended to
create as its central zone an oval with the Matrimandir, the Amphitheatre and gardens,
and to surround it w ith a lake, which should also assume a central function. Meanw hile,
the Amphitheatre and the Matrimandir are nearing completion. What remains is the
completion of the design of the oval with the construction of the lake. Apart from
practical considerations, the lake will in any case be of significant symbolical value.

In October 2005, the Chief Architect of Auroville provided the follow ing design and
related boundary conditions:
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Figure 50 Design of the Matrimandir lake as obtained from the Chief Architect
in Ocotober 2005

Design conditions

e Purposefunction of the lake would be:

- To create an sland onw hich the Matrimandir and the Matrimandir gardens are
located;

- To create an isolation zone beween the Matrimandir and the city centre

- To be part of the city water supply system

Size of the lake surface about 162,000 m2;

The depth for aesthetic purpose = 2.0 m;

Top level of the lake 0.25 m below the oval path;

Water level variation maximum 0.75 m betw een the highest and the low est point;

Uniformw ater level.

The key question then arises in how far the above boundary conditions can be
combined with a function in the city’s water system and if not, what variations would be
required and acceptable to still have this water management function. Also it would be
interesting w hat other functions could be attached to the lake than the already
mentioned symbolical and aesthetic functions.

The following parameters are evaluated against required and proposed functions:
e the required surface and depth of the lake;

the permissible fluctuation margin of thew ater level;

the permissible minimum water content (volume);

the optimal layout and sealing;

the water quality requirements;
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e the desired and tolerable flora and fauna;
¢ last but not least, the justifiable cost levelfor realisation of the project and its
maintenance.

7.3 Relevant data

In principle, the points of departure in this study are the follow ing basic conditions:

® average precipitation
An expected average precipitation of 1,280 mm/m?/y, equivalent to 1,280 liters per
square meter per year applies; 80% (= 1,024 mnvme/y) of this occurs during the
winter monsoon. How ever, rainfall has been varying bewween 600 and 2,200 mm/y
according to pastrecords. Looking at rainfall statistics, dimensioning for average
rainfall w ill leave the lake once every 2 yearsw ithout sufficient water. Calculating
with an average of 1,000 mmw ill reduce to an average shortage of once every 4-5
years.

* average evaporation
The reference point for water management of the lake is an expected evaporation in
the range of 1,730 mmvVm?/y, equivalent to 1,730 liters per square meter per year.
The experiences with the test pond confirm this.

¢ surface of the lake and resulting loss of water
Reference point is a lake surface of 160,000 m?. On this basis, thew ater loss due to
evaporation is calculated as 160,000 m? * 450 I/m?/y =72,000,000 l/y or 72,000 m?fy
which is not counterbalanced by the average monsoon. Assuming the lower figure of
1,000 mm, the amount would increase to 160,000 n¥ * 730 I/n? *y = 117,000 m’/yr
not counterbalanced.
In order to counterbalance just the water loss at the lake's surface, the system must
be designed in such away that, on one hand the entire precipitation falling on the
surface of the lake during the monsoon can be stored (which means the water level
will rise up to one meter). On the other hand a volume of 72,000 m? per year must be
compensated. a storage reservor with a capacity of at least 72,000 m? of water must
be at hand, in order to counterbalance the loss through evaporation during the year.
When using the "Water Storage System" of IBB', building a storage reservoir of such
volume would entail costs in the order of approx. € 2.16 million. The lake concept
must therefore provide for awater level fluctuation margin of 1 m, as the costs of
building w ater reservoirs are othemw ise intolerably high. f more money would
become available in the future, therewould be the option to expand the storage
system according to preference, and the water level fluctuation margin can then be
reduced.
A terrace-shaped design of the bank, allowing thewater level to rise 50% above the
dry season level,which can affect the ratio betw een water loss and storage volume
favorably, so that the water level fluctuation margin can remain w ithin 1 meter, Figure
51. An upper terrace, coveredw ith granite slabs, may stand clear of the water during
the dry season,whereas the adjacent lower terrace offers the possibility of planting
large-leaved aquatic plants, which can substantially reduce the level of evaporation
at the lake's surface,which, again, helps to reduce the drop in water level.
The additional advantage of a terrace-shaped bank is that less water and energy is
needed for the initial filling of the lake.

"I1BB - Ingenieurbiiro Dipl.-Ing. Brosch, HofenfelsstraBe 41, 80637 Minchen.
Calculations for water storage reservoirs by order of Michael Bonke
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7.4

7.4.1

e Depth of the lake is 3 meters

A depth of 3to 5 meters can be regarded as sufficient for the lake. Sunlight can not
penetrate beyond this depth, plants do not grow beyond this depth and the lake
beyond this depth lacks oxygen. This results in anaerobe conditions. The part of the
lake deeper than 3 m therefore does not contribute to the lake’s water quality.

¢ Constructing the lake in stages

Constructing in stages, preferably startingw ith a pilot, offers the advantage of being
able to gain experiences w ith construction technique, real evaporation and
ecological aspects.

e Constructing the lake while minimizing the impact on the operation of the

Matrimandir
The design of the lake, the construction method should be such that noise and
vehicle movements are limited to a minimum

* A design thatminimizes maintenance costs

The design of the lake shall be such that operation and maintenance are minimised,
with particular attention to inflov of nutrients and sediments.

MM Lake

granite blocs

MM Oval

granite flags

"4
_ - ____m
______ permanent / __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ ____-2m,
______________________________ -3m_
o ________%m
Figure 51 Schematicsection across the lake

Functionality and conditions
The lake as a decorative design element

All studies concerning the design of the MM-oval and its surrounding gardens start from
ring-shaped lake around the oval- only the form and size of the water surface varies.
The primary function of the lake is therefore symbolic and aesthetic. The lake offers the
following ADVANTAGES in relation to this purpose:
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Decoration

Water surfaces reflect, mirror and break light in various forms and thereby create an
irresistible decorative effect. Planting a broad shore areawith flow ering water plants
will further enhance the decorative effect. Water organisms make lakes appear more
alive and interesting.

Psychological effe ct

Largewater surfaces have a reassuring, balancing and relaxing effect onthe
observer.

Social effect

Water bodies generally are gathering places for people during the pleasant
moments of the day.

Barrier

The water surface represents an almost insurmountable barrier, so that visitors to
the MM-oval can enjoy their visit in peace and solitude.The presence of the lake will
help keeping animals - which, importantly, would include species than can be
harmful to humans - away from the MM oval.

Construction style

In simple terms, the lake must retain water and display it. As long as nowater
extraction or purification effects are supposed to be possible at the same time, a flat
lake w ith a depth of 3 - 4 meters is quite sufficient. The advantages of this are
relatively low construction costs (dispensewith installations) and - depending on the
type of sealing - a short construction time, synonymous with less restrictions on the
prevalent use of the MM oval.

With the construction of a suitable overflow system based on the principle of
communicating vessels, excess of water during the monsoon could possibly be used
to regularly draw water with sediment and plant residue from the bottom, to prevent
harmful oxygen deficits.

In addition and if needed, aerationwells could be installed, which could be operated
at noon, for example, to oxygenate the lake and simultaneously cool the air in the
surrounding area. The main requirement for thew ater quality is to maintain sufficient
oxygen levels, so that decay and unpleasant smells are avoided.

Microclimate

It may be expected that the presence of the lake will result in a slightly improved
microclimate at the MM oval area and the adjacent gardens.

Mainte nance costs

As the operation of the lake does not require any special technical installations and
as, in principle, powerfor pumping water will hardly be needed, the operation is both
ecologically sensible and economically tenable.

Employment and income

A construction project of the intended size represents a long-term source of income
for local workers and companies, and could simultaneously cause a bond to form
between them and the project.

The DISADVANTAGES of a lake with a purely decorativefunction are:

Construction costs and filling

The initial filling of the lake, and - depending on the engineering techniques used -
its construction,w ill required substantial funds.

No functional use

Under the given climatic conditions in connection with the requirements of a
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7.4.2

7.4.3

decorative function, hardly any other beneficial effects can be expected fromsuch
lake.

¢ Insect hazard
Under the given conditions, the large water surface of the lake poses a higher risk of
insects proliferating. With a lake with terraced banks, this must be countered, so that
a drop inwater levelw ill not successively release moist surfaces along the shore
which could offer ideal conditions for mosquitoes and other insects to multiply.

Concluding it can be stated that the construction and operation of a decorative lake is
feasible and suitable; it would underline the significance of the Matrimandir, provide the
visitors in the oval area with a secure zone for meditation and, to a certain extent,
provide a pleasant microclimate.

The lake as a purification pond

In 2002, Harald Kraft presented an extensive study about the construction and use of a

lake around the MM oval as part of an overall concept for a water treatment plant for

Auroville. The arguments against the feasibility of such a function are:

e Entryof substances in the lake
For the purification of the water from the stormwater runoff, Kraft did not provide
very plausible data on pollutant and nutrient loads. Another problemwith water
purification is the entry of sediments, which can quickly cause the lake to silt up. In
warmw ater, a fast microbial buildup occurs in this mud,which drains thew ater's
oxygen and enhances eutrophication. Because of the entry of substances, and the
enormous water loss in the dry season, an ecologically balanced operation of the
lake w ould be unattainable from a practical point of view.

¢ Required depth of the lake
Kraft insisted on a depth of the lake of at least 10-15 m. However, the water
circulation in the lake does not require such depth. Instead, such depthwould -
without any other benefits - entail an extensive construction time, produce an
enormous surplus of soil and the sealing of the lake basin would require enormous
amounts of sealing materials (and money).

e Water harvesting
The enrichment of the groundw ater in the Matrimandir area by infiltrating purified
water from the lake, as suggested by Kraft, can not bring about a distinct change in
the groundw ater situation, as the water balance (precipitation minus evaporation) is
essentially negative.

These points make it obvious that the use of a lake around the MM oval for the purpose
of water purification and water harvesting is neither ecologically nor economically
meaningful.

Concluding, the construction and use of a lake around the MM oval cannot serve the
purpose of water purification.

The lake as a water storage reservoir for drinking water or irrigation

The construction and use of a lake as a water storage reservoir in Auroville should be
view ed against the background of an essentially negativewater balance in the area.
What this means in real terms is that the lake loses substantially more water through
evaporation than it receives through rainfall. The water balance of the storage basin can
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thus only become "positive" if the lake is connected to a water collection system, which
supplies it w ith large quantities of rainw ater from the surrounding area.

If in addition, water is to be drawnfor a particular purpose, the basic prerequisite for this
would be that during the monsoon time, the basin would have a substantial free storage
capacity in the higher/lower area, so thatthe water level can be raised substantially i
needed. Despite the climatic conditions with its negativew ater balance,water could then
be dravn from such water reservoir during the dry season. As LGA has already shovn
earlier, the collectedwater could theoretically also be stored below the lake, along its
banks or underground in the direct vicinity, where itwould be protected against
evaporation. See also 3.4.9.

Regarding the construction of a lake for the purpose of collecting drinking water and

spray irigationwater for the city center or the larger Auroville region, the following

advantages apply:

e Central water storage reservoir
The pros of constructing a centrally locatedw ater reservoir are low pumping costs
and energy use, and the short distance to end users (low risk of microbial
contamination).

e Careful use of resources
The collection and storage of rainwater for the purpose of providing drinking water
and/or spray irrigationwater is a particularly positive concept in terms of ecological
balance. After all, in the case of Auroville, such use not only means the preservation
of underground water buffers, but also substantial energy savings, as this energy
would otherwise be needed to pump up water fromwells, thereby reducing the
consumption of fossil fuels (scarce in India) and improving the CO, balance (climate
protection). Operating such a 'drinking w ater lake'would however require that large
quantities of water can be caught fromits environment and stored in the lake. And
above all, it would require a lake with a water level fluctuation margin in excess of
several meters.

¢ High fluctuation of water level
On the other hand, the negative aspects, particularly of a high fluctuation of the
water level, are the consequences as described under point 2, i.e. the esthetics, the
insect hazard, and in addition, the possible long-term effects on the durability of the
sealing materials.
Also, a storage lake would require a greater 'draught'. This means higher
construction costs (time and money) and a largerwidth of the lake - evenwith very
steep embankments.

e Water quality requirements
Using the water stored in the lake for the purpose of drinking water collection puts
the highest demands on the hygiene of the reservoir. t means thatwhenwater is
collected during the monsoon, thewater has to pass through retention systems
before entry into the lake; these systems would ensure that the sediment load is
kept at a minimum (see also above) and, above all, no waste materials and organic
residues enter into the lake. The use of water pollutants (gasoline, pesticides efc. in
garden maintenance) in the catchment area of the lake would be possible only i it
could be ensured, through appropriate interception ditches and retention basins at
the lakeshore, that no pollutants could enter the lake. Naturally, bathing and washing
activities in the lake would be prohibited for the same reason.
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7.4.4

Whatever precautions are takenw ith respect to water quality, water from the lake
alw ays requires freatment before it is suitable for human consumption. The
treatment can be minimized by taking the precautions prescribed, but either way
using water from the lake as drinkingw aterwill result in a very high price per unit.

Using the stored water for irrigation purposes would be possible at any time, w ithout
resftriction.

Weighing the advantages and disadvantages, it is clear that the decorative function and
the storagefunction are virtually incompatible. Combining these functions would be
conceivable only if water can actually be stored "invisibly", below the lake or the

allow able fluctuation is strongly increased. The benefits of an underground storage
should bew eighed against the enormous building expenditures and the extensive
construction time. It should also not be overlooked here that creating the proper
conditions for collecting and pre-treating w ater would entail construction activities in the
lake's wider surrounding area.

The lake as ultimate component of the city’s water management system

Function of the lake

For the MM lake to be part of AV’s water system, the lake itself should be dynamic as
the weather is dynamic. The extent of the dynamism is then subject to discussion. The
discussion should cover both the form of flexibility of the lake (lateral and/or vertical) and
the dimensioning. The lake should be capable to store at least the rain that falls on the
lake. Additionally the lake could store rain from the inner oval. Thewater in the lake may
then be used for the water supply systemin AV. If more storage is required on/in the
lake, then the lake needs to be more flexible.

Dynamism of the lake could be sought in the level of the lake (one level or different
levels), the size or surface of the lake and the surface level of the lake. If the dynamism
of the climate is reflected in the level, size or shape of the lake, then this will also keep
the population more conscious about nature and its dependence on climatic conditions
and fluctuations.

As thewater quality will be comparable to open waters in these areas of India, thewater
from the lake can not be used for drinking purpose as this would require extensive
treatment. Drinking of animals would be possible through. Other secondary uses for the
waterwould be irigation of the gardens, irrigation of farms or infiltration of to replenish
groundw ater resources.

Instead of storage a lake can also be used for infiltration or a combination of both. In
such acase, only the upper part should allow infiltration as the lake needs to be kept at
operational level as long as possible. This is represented in figure 1E.

Level of the lake

The level could be allowed to fluctuate with the incoming rainfall and the outgoing
irrigation water. The shores of the lake will have to be capable of coping with this
fluctuatingwater level. The shores will have to be cleaned annually as the receding
waterwi ill leave a deposit of mud and algae on the side. See also figure 1B.
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Size of the lake

The size of the lake could fluctuate. F an overflow (weir or earth bund) is created giving
access to a lower lying inundation area, then the surface of the lake will extend during
the monsoon season. The excess water is stored in the lake itseff and in the course of
the year due to evaporation and irrigation use, the level of the lake will be lower and be
limited to the inner perimeter of the lake. The use of aweirw ill provide more freedomin
the layout of the inner perimeter. Bothw th aweir or a bund, a smaller permanent part of
the lake will reduce the absolute quantity of water lostto evaporation. It also requires
lesswater to be added to keep the lake at its operational level. See figure 1C.

Surface level of the lake

The water level of the lake may be allowed to ‘break’ into a lowerwater level that will
freely fluctuate and a higher level (or even intermediate level) thatw ill be kept at an
operational level. Also here, the quantity (in terms of cubic meters) lost to evaporation
will be reduced and the amount of water required to keep the lake at its operational level
will be reduced. This is represented in figure Figure 52.

Level of the lake below Oval Road

In general, sandfilters are used to clean out organic matter, dust and other material
flushed into surface water by the firstrains. As it is mainly the first amount of rain that
flushes these materials into the lake, these filters can be limited of size. In order for such
systemto operate under gravity, these filters should be located below the outflow
opening of a rainwater collection pipe or gutter, guided through the sand filter and flows
under gravity into the lake. A distance generally required for this sandfilter to operate is
0,5 m. Alterniatively, a settling basin can be usedw hich can even be designed in such
way that it is part of the lake. The settlement basin will then have to be cleaned out
every season.

Lay-out of the lake

The lay-out of the lake s more a matter for the issues of water quality than for water
quantity. twill be commented upon in a later stage when more data on the lake ecology
are available.

Main advantage is that the lake fits to a maximum extent in the city’s water management

system. Disadvantages are:

e the borders of the lake have to be protected against the relatively large water level
fluctuation;

e the subsequentwetting and drying of the border quickly deteriorates the isolating
bentonite layer;

e the subsequentwetting and drying of the border will have negative aesthetic effects
on the border.
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Figure 52 Different concepts with the same highest level and different lowest
level. The dark blue is the permanent water body that should be maintained at its
optimum level using water from another source, yet to be determined. The
medium blue is the extra filling of the lake allowed during the monsoon. The light
blue represents the zone under the shore of the lake used for infiltration. The
dashed line represents the level of the connection canal between the mainwater
body and the secondary water body of the lake.

On the left side, the cross-section is given whereas on the right side atopview is
presented of a strip over the full width of the lake.

A. The lake with a larger fluctuation allowed in the level;

B. The lake with a dynamic surface allowing an areato overflow;

C. Situation whereby 2 weirs contain the deepest part of the lake;

D. Situation whereby the area below the shores allows infiltration of the water.

The lake as afire-extinguishing pond

In view of the potential fire hazard in the city of Auroville during the dry season, it
certainly appears to be meaningful and appropriate to have a basin fromwhichw ater
can be dravnfor fire extinguishing purposes. Although larger buildings are considered
less prone to therisk of fire, fires can nevertheless occur at any time, and even
bushiAvegetation fires can not be excluded entirely.

Nevertheless, the construction of a lake for the sole purpose of serving as afire-
extinguishing reservoir can hardly be considered useful. The reasons for this are the
surface expansion of Auroville and the lack of equipment to bridge large distances
between a possible fire source and a lake at the MM oval.

If one presupposes that now and in the future, large fires that require high amounts of
water are expected to be a rare exception, the construction of a lake only as awater
reservoir for fire-extinguishing purposes would be absolutely uneconomical and
unacceptable. In any case, the lake would, inwhatever form, represent a sufficiently
large reservoir fromwhichwater can be dravn in the event of afire (w ith the limitations
as mentioned).
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7.5

7.5.1

The lake as a thermal buffer

In the South-Indian climate, ponds and lakes have atendency to heat up considerably,
which means that thermal energy is stored in thewater. A basic examination was
therefore conducted in the current study to see w hether this energy could be used
directly or indirectly.

The average year temperature for the Matrimandir lake was assumed to be clearly
above 30°C. With this, it would be conceivable in principle to pump water from the lake
through an efficient heat exchanger or a heat pump, and use the extracted energy for
operating an evaporator for air conditioning systems. The extracted "coldness" could be
used fo air-condition the Matrimandir or neighboring spaces and buildings. At the same
time, the extraction of heatwould have as added advantage that by returning the
cooled-downw ater to the lake, the temperature of thewater in the lake would drop, and
following the convection process, additionalw ater movements would occur.

LGA contacted the BBS planning office in Hallobergmoos and had them examine this
idea. The feedback it received from themw as that, although such a procedure certainly
appears to be technically feasible, the technology is not yet available to carry outsuch a
procedure cost-effectively.

Concluding, the use of the lake as a thermal buffer under the present conditions is not
an option.

Building principles

Whateverw ill be attached to the lake and whateverwill be the final shape and depth of
the lake, certain general building principles can be formulated.

Clay sealing

From March 15 to 21, 2003 a test pondwas constructed in Auroville under the guidance
of the LGA geologists, see

Figure 53, with a sealing of laterite and treatedw ith bentonite (bento-laterite). The
objective of this undertaking was to demonstrate that, in principle, the sealing of the MM
Lake can be accomplished with local soil materials and with minimal funds. The test
pond showed that, by using locally available laterite soil and adding approx. 2% of
bentonite povder, equivalent to 20 kg/t, a high-quality and durable sealing material can
be obtainedw ith a permeability of 10° mvday. A typical cross-section of the construction
of the side of the lake s given in Figure 54.

Matrimandir staff made observations and quantified data onwater loss at the test pond,
whichwas sealed with bento-laterite, by performing comparatve measurements in the
lake and on the bank. They came to the conclusion that water was lost almost entirely
through evaporation, and that the test pond's sealing was virtually perfect.

The advantages of constructing a lake with a sealing of locally available laterite were:
Required materials are locally available at low cost;
o [Extremely low permeability;
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e Employment for many (local) workers;
e Flexible building method allow ing any geometrical.

Figure 53 Test pond near the Matrimandir (June 2003)

Some disadvantages are:
* Necessary to use some simple machines for mixing and compacting;
e Considerable construction time.
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Figure 54 Schematic section across the lake with a bento-laterite sealing

Sealing w ith bentovlies (bento membrane) or KDB

Possible alternatives for the use of bento-laterite are bentonite geotextile and HDPE foil.
The building principle for both is shownin Figure 55.

Mass concrete, 0.2 m Gabion with rockill

Massconcrete as
foundation

Protective
geotextile

Stone-free

compressed

Backfilling behind and below the
gabions with sand, massconcrete

Systhetic sealent made from
Protective geotextile HDPE

Figure 55 Principle of sealing with synthetic sealing tape (KDB) or bento
membrane

Bentonite geotextile has the follow ing advantages (+) and disadvantages (-):
+ easy handling;
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fast construction progress and minimal deployment of machines;
seff healing in case of small punctures by roots etc;

long life-time;

needs to be imported.

L+t

HDPE foil has as advantages and disadvantages:

+ easy handling;

+ fastconstruction progress and minimal deployment of machines;
+ very flexible design of the lake geometry;

- danger of leakage in case of damage by roots or animals;

- not stable on long termto UV.

Ecology of the lake

The ecology of the lake requires special attention. Certain plants (reeds) and animals
(fish, snails efc) have the capacity to keep the lake as clean as possible and prevent the
excessive nufrient built-up and subsequent growth of algae. Other plants have the
capacity to bind nitrates (main cause for overloadingw ith nutrients).

In Figure 56 the zoning of the lake in relation to depth, vegetation and character is
given. The shallow part along the shore is not permanent but is subject to fluctuation of
the lake according to the seasonal availability of water. lts bottomis covered by loose
stones and (floating) vegetation can freely develop. The vegetation provides a nitrate-
binding capacity, prevents overloadingwith nutrients and needs to be cut seasonally.
The floating vegetation zone includes floating varieties such as water rose, lotus efc.
The deeper part of the lake contains rooted under-w ater vegetation.

Vegetation and animal life can best develop gradually follow ing seeds brought in to the
lake through naturalway by birds and other animals. Planting of vegetation from nearby
lakes may bring along snails and other small w ater animals but may not even be
required.

Vegetation around the lake should be done is such away that the leafs that drop from
the trees as little as possible can drop into the lake to prevent overloading with nutrients.
With planting of trees, one could create so-called wind corridors thatwould facilitate
stirring and mixing of the top-level of the lake.

Experiments at pilot level are required to determine which varieties of plants and
animals are more or less successful in keeping the lake in balance.

Under tropical conditions, the oxygen absorption of thew ater takes place through
vegetation rather than directly fromthe ar. The risk of inversion of the lake whereby the
nutrient-rich lower part of the lake turns upwvard, under tropical conditions is much less
of aproblem. Inversion occurs virtually daily causing a much better mixing of the water
than under moderate climatological conditions.

Town hall MM-Oval

Vegetation Floating vegetation Under water vegetation FI oating vegetation

0,00 m

H : ; Temporarylake ‘




7.7

Figure 56 Zoning of a lake inspecific vegetational zones.

Conclusions

The above can be summarised as follows:

When considering all the advantages and disadvantages, a lake in the context of
Auroville w ater management and under the boundary conditions provided by the
Chief Architect is not viable. The lake can not be considered as a purification basin
and afunction in thewater management of Auroville w ould be possible only i a high
fluctuation of the water levelwould be permissible. The use of water from the lake
for irrigation is possible without any treatment. Using thewater for drinking water is
not possible due to excessive treatment charges.

A legitimate function of the lake must be the 'decorative element' function, as part of
the overall project of the Matrimandir and the city of Auroville.

A lake depth of 3 m appears to be sufficient. A fluctuation of thewater level of 1 mis
essential however, as othemw ise enormous resources (energy and water) are
needed for the maintenance of the lake.

It is recommended to construct a terrace-shaped lake. Its highest terrace will be
covered withwater only after the monsoon. Afterwards, when thew ater has
receded, aborder zone paved with e.g. granite slabs appears, which people can
access safely. The adjacent terrace level below is plantedw ith water plants and
should aways remain covered withwater. In the dry season, the large leaves of the
water plants cover thewater surface and thereby reduce the evaporation effect
substantially.

A cost-effective sealing method is the use of bento-laterite. The experiences with the
test pond have shown the viability of this method. Alternatves such as HDPE foil or
bento geotextile can be considered as a possible alternative, each having particular
advantages and disadvantages.

The lake’s ecology w ill be investigated at pilot scale trough a pilot lake for which
activities will soon start.
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EVALUATION

In chapter 5, 6 and 7 several techniques for the provision of (drinking) water, irrigation
water, the freatment of waste water and the possible function for a lake around the
Matrimandir have been presented and systematically discussed. In this chapter for all 3
major items, an evaluation table has been presented listing the scores of these various
schemes on the different evaluation criteria. The details of the evaluation have been
presented in Annex |.

Summary

Water supply

Water supply can best be done through a system that combines all available sources in
an appropriateway. Dependency on groundw ater should be strongly reduced in view of
the lack of sustainability. Rainw ater harvesting should be structurally implemented in
Auroville and surrounding villages. Wastew ater treatment should be standardised in
Auroville and surrounding villages. Recharge of groundwater from harvested rairw ater
and wastewater effluent should take place. Excess water for Kaluvely should be used
for infiltration of the Vanur aquifer. Desalination of brackishw ater or seaw ater could
gradually replace groundvater as a source of domestic water in the dry season.

Waste water management

Wastewater treatment should be extended throughout Auroville. Old and dysfunctional
systems should be replaced and decentralisedw aste water treatment combined with
eco-sanitation should be used as standard for the near future. As much as possible
waste water should be organised by community or group of communities and facilities
should be provided fo either re-use thewaste water or to infiltrate the effluent into the
underground.

Matrimandir Lake

The justification of the Matrimandir lake mainly lies in the symbolism, aesthetics and
social function of the lake. If boundary conditions from the Chief Architect are somew hat
relaxed, the lake could also play a minor role inwater management and could at least
capture the rainw ater directly falling on the lake. The lake can not have a purifying
function and should not be deeper than 4 m. Larger depth only works adverse on water
quality and amount of soil movement to be done. Laterite mixed with bentonite can be
used as sealantwhile its borders in view of the requiredw ater level fluctuations can best
be made of gabions. Experiments at pilot scale should prove the necessity of the
introduction of certain plants and animals to keep thew ater free of algae and in a
healthy condition.

Integral water management concept

Thé integral water management concept for Auroville does not exist as it needs to be
decided on in the coming years by the community at large and the various committees
and groups active in this field. A decision tool has been presented in the report to assist
with the outstanding issues and make well balanced choices. These choices need to be
made by Auroville however and not by outsiders. Outsiders can only advise on the
choices which is done in this comprehensive document providing a full overview of
present status an various possibilities en techniques in water resources management,
water supply,waste water management and the design, construction and operation of a
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lake around the Matrimandir. As much as possible the principles of Auroville have been
used as abasis for the formulation of possible solutions.

An integral water management plan for Auroville alone is not feasible. Coverage of and
participation from the villages and inhabitants in the study area is an absolute necessity
for the successful realisation of such plan. Auroville’s vulnerability but also Auroville’s
image as change agent and trend setter in many fields is often underestimated, not the
least by Aurovilians. Auroville has the capacity to bend the present negative trend by
organising itseff and by interactingw ith local, regional- and national level government
into a positive trend. Auroville has the knowledge and ability to interactw ith the local
population and has proven in the past thatit is able to change behaviour for the purpose
of sustainability.

Water supply concept

A multi-criteria evaluation has been carried outforwater supply based on technical,
environmental, social and financial criteria. Details are provided in Annex |.

Technical (32 %)

Sub-score fechnical -60 -30 -30 -20 -20 50 100 -80|] 50 80 40| -30 -20 O 80 70 50 -40 -10| 120
Environmental (23 %)

Sub-score environmental -20__-10 70 60 _-20 10 30 60| 30 40 50 0 0 0 __50_ 40 40 20 20| 90
Social (27 %)

Sub-score social -80 80 -40 -60 -30 -10 20 -60| 40 10 30| -30 -30 -50 50 60 10 -20 -30] 80
Financial-economical (18 %)

Sub-score financial-economical § -80 40 _-70 -30 -20 60 20 -60] 8 30 40| -40 -40 -40 70 50 40 -30 -30] 60
Total score -240 -160 -210 -170 -90 110 110 -260|] 200 160 160|-100 -90 -90 250 220 140 -70 -50| 350
Abbreviations used intable Scoring used Grade

Kraft Concept Harald Kraft +20 Excellent, very favourable
Kraft min Concept Harald Kraft with lower design criteria +10 Good, favourable

Desal Sea Deasalination of seawater 0 None, neutral

Desal Brack Desalination of brackish water -10 Poor, unfavourable

Desal Brack Ren Desalination of brackish water with renewable energy -20 Very poor, very unfawurable
Aurom aq Auromodel aquifer

Ranw Rainwater harvesting

Pondi ww Pondicherry waste water

Ownww W aste waer produced by Auroville

Gw Graundwater

Fromthe above table it is clear that decentralised schemes and certain hybrid schemes
score better. Bestscore is from the decentralised system that combines all sources. A
brief sensitivity analysis of the results (details can be found in Annex I) shows that
invariably, the decentralised scheme using all sources comes out best.
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8.4

Waste water concept

A multi-criteria evaluation has been carried outforwaste water treatment based on
technical, environmental, social and financial criteria. Details are provided in Annex |.

Also forwastewater management, the various centralised and decentralised techniques
have been evaluated on technical, environmental, social and financial-economical
criteria. This evaluation has been presented in the table belov. From the table below its
is clear that decentralised schemes (DEWATS), in combination with ecoscan techniques
come best out of the evaluation. This treatment technique is currently most used in
Auroville w hereas there is aw ide discussion on the introduction of ecoscan techniques.
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Technical
Sub-score technical 20 -10 80 50 10 30 20 90 90
Environmental
Sub-score environmental -40 -60 10 20 -40 20 20 70 80
Social
Sub-score social 0 -10 . -30 30 -10 10 10 40 60
Financial-economical
Sub-score financial-economical 0 -10 10 -10 -30___ -30 -30 10 -10
Total score 20 -90 70 90 -70 30 20] 210 220

Matrimandir Lake concept

The evaluation of the functionality of the Matrimandir lake is more complicated. Not only
is it difficult to rate the symbolic/aesthetic value of the lake, also it has not been possible
to justify the lake from any functional point of view other than aesthetic and symbolism.

Although in the past, several concepts onwater storage in the lake have been presented
and discussed, these have never been able to be integrated with the allow able
fluctuation inwater level and size of the lake or can only be created at enormous cost.
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Also other functionalities such as heat exchange and firew ater storage have not been
found realistic.

Design version

To still have an idea of the ratings of various designs, in the table below, thefollow ing
designs have been evaluated:

e Design according to Harald Kraft;

Design w ith the boundary conditions provided by the Chief Architect in October 2005;
Ditto w ith a larger fluctuation and a low er absolute level;

A water management version.

A multi-criteria evaluation has been carried outfor the Matrimandir Lake based on
technical, environmental, social and financial criteria. Details are provided in Annex .
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Sub-score environmental 40 -20  -10 0
Social, Cultural
|Sub-score social, cultural 0 __-10 0 10
Financial-economical

re financial-economical -30 -10  -30 0
Total score 90 _-30 _-20 30

Integral water management concept

The key issue now is to integrate and optimise beween the various types and sources
of water, the demand, development of demand, type of demand and location of demand,
a possible function of the Matrimandir Lake and see how these can be combined in a
technical viable, durable and socially acceptable way at affordable cost w hile keeping
the key values of Auroville in mind.

Sustainability is the key word here, appropriate technology, affordable technology, low
impact techniques, decentralisation, light infrastructure, scalability and flexibility,
imposing measures (rainwater harvesting and wastewater treatment) at
household/community level to ensure low water use and maximise re-use.

Integral pre-assumptions
For all aspects dealtw ith in the context of the pre-feasibility study, several pre-requisites
can beformulated in the context of Auroville, independent of subject and timing.
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Durability/sustainability

Durability is not taking out more than comes in, not using more than can be given back;
in future our children should be able to enjoy water supply from groundw ater aswe are
doing at present. In case Matrimandir is using groundw ater for irrigation, than ensure
than the amount of rainw ater harvested and infiltrated by the same Matrimandir is at
least equal, counted over several years.

Coverage area

Initially only Auroville, will be looked at in respect of the supply of piped water. Water
resources management has to be more widely approached and has to cover
surrounding areas aswell. On the long term, water supply can be extended to
surrounding area, conditional to availability of water resources and preferably ako
development of sustainablew ater management practices in the villages.

In order towork outside Auroville, initiate projects and make use of resources such as
the run-off from the Kaliveliwatershed and the Pondi sewage treatment plant, Auroville
needs to enter into discussions with Tamil Nadu and Pondicherry authorities. Contacts
already take place but need to be intensified and backed up by the central committees
to give the requiredweight to these initiatives.

Integrated approach

Groundw ater resources are being over-exploited. Control of demand and maximising
recharge within Auroville is useless as long as agriculture consuming some 90% of all
water is not included in the integral approach as well. The impact of actions within the
physical area of Auroville are limited and in-effective i not integratedwith similar actions
directed at the population outside Auroville.

Decentralisation

Centralisation is not possible at present in view of the dispersed population, the lov
number of inhabitants and large distances. Scale advantage, if any, is only realistic
when Auroville grows and numbers of inhabitants are beyond 10,000 — 20,000 or in
case other decentralised sources fail. Similar to the recent past, de-centralised facilities
should be provided, while clustering may be applied in future when applied advisable or
necessary combined with decentralised facilities in thinly populated areas.

Scalability

In view of the unpredictable population and industrial growvth in and around Auroville, it is
of the utmost importance that any solution or solution framew ork, allow s for seasonal
development. Systems therefore have to be flexible and scalable to enable to absorb
these possible sudden population increases of AV population,

Sources

Groundwater

Recent studies have shown that groundw ater is not sustainable unless massive
reduction of extraction for irrigation is achieved and recharge is strongly increased. The
feasibility and effect of these measures is still to be studied.

There is a shortage of water in certain communities in the city centre area of Auroville.
The possibility should be investigated to sharewater resources betw een communities.
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An organisation (water service) could be helpful or even necessary in overstepping inter-
community boundaries and get the resources organised.

Groundw ater investigation to Pondicherry wastew ater treatment is required to
determine the (potential) impact of the infiltrated effluent, both quality and quantity-w ise.
Should it appear to be feasible to use this effluent, after being purified, as a source for
irrigation, then the effect of the diversion of this large volume of water from infiltration
into the underground to rrigation areas nearby should be carefully studied: although not
intentional, the infiltration of the sewage effluent at its present location may have a
significant influence on the present groundw ater regime. Stopping this infiltration will
certainly influence this regime.

The design of new wells and the use of materials and equipment should be investigated
and asfar as possible standardised.

Measuring is knowing and monitoring should be continued, both aimed at quantity and
quality. Reporting should be publicised in an effort to mobilise community aw areness
and result of peoples efforts to save water and support sustainability in water
management.

Rainwater and stormwater

Rainw ater and stormwater should be harvested for irrigation and gardening use. At
household level and community level, facilities for rainwater harvesting should be
constructed. Standardisation of methods and materials are essential. Stormw ater
drainage should be an extended component of rainw ater harvesting, aiming at holding
water as close as possible to the areawhere itfalls, using green swales o convey the
water, providingwers in the swales to hold as much water as possible and finally
directing it to suitable storage/buffering and infiltration areas. Existing canyons and
constructed check dams form an excellent example of how to deal sustainable with
rainwater and stormw ater.

Modelling exercises should determine the most suitable location for infiltration and the
Masterplan should allow certain flexibility in incorporating these areas as much as
possible in green corridors, green zones and parks.

Successful practices should be applied in the Bioregion, further increasing the amount of
rainw ater harvested and recharged. Programmes like the Kottakarai project should
assist in the mobilisation of awareness of the importance of rainwater as single source
and the use of it in irrigation and recharge.

Surface water
Surface water in the area is akeady well utilised. Due to the high evaporation, this
resource has limited use in Auroville, in particular as Auroville is located on a plateau.

Looking at the Bioregion, the surface water runoff towards Kaliveli is not well utilised.
While the runoff is in the order of 180 Mm’/yr, the storage capacity is only some 35 M.
The excess is presently running through the reservoir and disappearing into the coastal
lagoons and eventually the sea. Diverting the excess before it reaches the reservoir
towards arecharge zonewould offer the overexploited aquifers a valuable new source.
This initiative needs to be carefully coordinated with the proper authorities. Farmers
should be informed while the efforts to reduce groundw ater exploitation should continue.
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Waste water and sanitation

Wastewater treatment in Auroville is already well organised. The present practice of
DEWATS should be universally applied throughout Auroville and new houses and
projects should have a standardised waste water treatment systemw orking according to
proven technology. ECOSAN may be introduced a broad scale, further reducing the
water required in sanitation and increasing the re-use of waste water and its effluent.

Standardised systems have to be imposed at construction as well as re-use facilities
such as storage, pump and garden w atering.

Seawater

Seaw ater is an infinite source but requires large amounts of energy and produces
considerable amounts of chemical waste that has to be disposed off. Is should only be
provided as a last resort when al other sources have been found unsuitable or
unsustainable. F applied, maximum use should be made of renewvable energy wind,
sun) for the production, reatment and distribution of thew ater.

A timely reservation of the required area of land has to be made in case this techniques
is required in the future.

Water Demand

Although the consumption of Auroville is very small compared to thewater consumption
for both domestic and agricultural purposes in the surrounding area, it is still felt that the
average consumption in Auroville should be lowered. Auroville being and example and
working on programmes to limit the consumption in the area surrounding Auroville,
should be unspoken of in this respect. Clearly separating the demand betwv een domestic
and gardening/irrigation would help to still discussions on these subjects. A common
reasonability towards careful and appropriate use of water can be reached through
awareness and social control. This may require a change in gardening in Auroville from
permanently water-demanding plants and lawns towards wild gardens that require little
to nowater.

The area around Auroville and in particular the agricultural sector, remains the focus of
awareness and campaigns onw ater saving in irrigation and agriculture. Large programs
as IAMWARM (aiming at modernisation of agricultural sector in Tamil Nadu) help, but
much more benefit can be obtained from programs through NGO’s and Auroville
services like Harvest and Palmyra. Successes have been made in the past to introduce
water saving practices in irrigation an less water demanding crops.

Water supply

Production

Supply of water continues to aim at clean but not at potable water. Long term supply,
once the city develops further may aim at potablewater, but that is yet 1o be seen.
Groundw ater shall be treated for its iron content and acidity and further treatment shall
be carried out at community of household level.

Water supply needs to shift from groundw ater to rainw ater, supplemented with
desalinised seaw ater in periods of shortage. Desalination should be investigated in
further detail and necessary precautions (land acquisition, legal pre-conditions) should
be investigated.
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A peak factor (ratio o maximum over average supply) of 1.7 is considered sufficient and
is applied in Westem Europe (Netherlands) aswell. In the past a peakfactor of 2.7 has
been used in studies, but this isfelt to be too much on the safe side.

Delivery

Dualw ater use and delivery is a must, not aiming at dual water usew thin the house, but
at the use of appropriatew ater resources, e.g.waste water effluent and rainw ater for
gardening and irrigation and groundw ater for domestic purposes.

uPVC and HDPE are considered as most suitable materials for pipe laying.

Organisation

All of the above is not possible w ithout a proper level of organisation which at present is
non-existent. Initially aiming at the internal water supply and issues related to this, a
water servicewould have tofocus at wastewater as well and at the external issues. |t
should form a mature discussion partner for local and regional authorities, dealing w ith
sources and supply both inside and outside Auroville. Such service can start very small
and bottom up mainly working on linking netw orks and sources in the city centre where
the need is most. Through a proper organisation structure, coordination of operation and
maintenance, standardisation and collection of fees, such organisation can grov out toa
professional service, respected and supported by the Aurovillians and subsequently be
formalised by the central authorities in Auroville.

The Matrimandir Lake

The set of design parameters issued by Auroville’s Chief Architect are in themselves
contradicting. The lake can not be part of the city’s water systemw ith the absolute level
and allowed water levelfluctuation provided. Thus either it has to be taken out of the
water management concept of Auroville or play a minor role in this, or the allowedw ater
level fluctuation and maximum level should be changed. Alternative functions of the lake
have been considered but not found realistic or convenient. Therefore the main function
of the lake is and should remain symbolic and aesthetic. This in itself is notwrong, but
then one should not pretend othemw ise and impose at a considerable cost aw ater
management structure or facility around the lake. These funds could then be better
utilised elsewhere in the water system.

Issues and choices

The foregoing paragraph describes ideal proposals for the given circumstances and
anticipated developments. Whether these developments will take place and w hether
these proposals will be chosen for further implementation is yet to be seen.

In the table below, for all issues mentioned in this report, various possible developments
and proposals and alternatives have been presented. The various proposals and
alternatives have been evaluated in terms of risk, showingwhat issues have to be dealt
with, what the choices and alternatives are and how these forma risk or a benefit for
Auroville. it may serve as a decision tool, making the issues to be discussed and dealt
with more comprehensible, easy to oversee and more tfransparent to decide on.
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Subjects andIssues

Resources
Auromodele

Kaluvelly swamp

Cudddore aquifer

Desalination plant
Water Supply
system

water distribution

Waste Water
waste water system

waste water effluent

Pondicherry sewage farm

Matrimandir Lake

Rain/storm water harvesting
Rainwater harvesting

Village ponds

Water management
Water Organisation

Regional development (Kottakarai)

Reservations infrastructural works
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maximum use - + 0 0 - + - +-
minimum use ++ ++ |0 0 + ++ | 4+ |+
part of water management + + |+ 0 ++ NN | NN | +
nopart of water management + 0 0 0 + NN|O +-
maximum use - + - - -- NN | NN | -
minimum use + ++ | ++ + ++ o+ |+ | -

+ -- - 0 + - - --

centralized - -- - 0 + - +- +-
decentralized - ++ |++ 0 + ++ | + ++
drirking water - - - 0 - -- - +-
water, incl small drinking water units ++ ++ | ++ O ++ | ++ |+
centralized - - - 0 + - - +-
decentralized - ++ |++ O + ++ | + ++
reuse - ++ | ++ 4+ |+ +- ++ | ++
noreuse ++  ++ | - - - - - --
reuse of effluent + + |0 0 + + | ++ | ++
noreuse of effluent - +- 0 0 - +- - -
part of water management - + |0 0 -- - - ++
nopart of water management ++ o+ |+ |+ |+ | -
maximum effort ++ o+ ++ O+ ++ O+ ++ | ++
onown discretion - += -- - -- +- - -
part of water management ++  +- ++ o+ ++ - ++ | ++
nopart of water management - +- | - 0 - - - -
central organisation ST = T I R [ T I R
nocentral organisation -- - - - -- - - -
involvement of AV ++ + ++ ++ ++ + ++ ++
noinvolvement of AV - -- -- - -- - - --
Active reservations ++ o+ 0 0 ++ ++ | ++ |0
Solutions a time of execution - +- + 0 - +- - -

Risk
+
+

positive, no risk

mod erately positive, nearly no risk

neutral, no impact

slightly negative, some risk

negative, great risk
unknown
not relevant
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CONCL USION AND RECOMMENDATIONS

General

Auroville finds itsef atan important moment in time. Land acaquisition has restarted,
there is a growing unrestw ithin and outside Auroville regarding water and water
resources, numerous developments aroundAuroville take place or are about to take
place and groundw ater resources are nearing depletion. It is time for choices and
subsequent action.

The study

After 2 years of work and several important and productive side steps, this report
provides a clear framework and direction of development for the water resources in and
around Auroville. From the work it has been clear that a sectoral approach and/or a
small scale approachwill never solve the problems regardingw ater. The problems are
widespread and integral and should be dealt with in the same way.

This study does not provide Auroville with aready made plan. In view of Auroville’s
present situation and uncertain future in terms of population and resources, such a plan
is neither believed necessary nor appropriate at this moment in time. This study thus
only analyses and evaluates various solutions and shows the best solutions for various
problems according to today’s level of knowledge, predictions on future developments.
Whether these solutions are indeed chosen is entirely up to Auroville and its inhabitants.
That solutions need to be found or at least directions need to be taken may be
sufficiently clear from this document.

Water resources

Groundw ater is andwill on the short term be the most important source of water for
Auroville. Recent study has shown that groundv ater is unsustainable at the short term
and urgently alternatives need to be found and groundw ater management should be
drastically changed.

At this moment resources suffice for the inhabitants. Some sharing is however required.
To achieve this, the water supply systems of several communities will have to be
connected.

Long termreliability of water resources entirely depends on the developments in the
agricultural sector and the possible recharge from surfacew ater, rairw ater andw aste
water effluent. In how far these measures are effective and where best they can be
applied, still needs to be seen.

Other sources such as waste water effluent and rainw ater are for severalreasons not
suitable for domestic water supply. They should thus be used for irrigation and
gardening only (appropriate use). To ensure that this is actually being done as much as
possible, standardisation of methods and materials and the obligation related to building
permits are strongly advised.

If immediate re-use of rainw ater and waste water effluent is not possible, it should be
used for recharge of the groundw aterw ith the emphasis of the Vanur and Cuddalore
aquifers. Several studies have been carried out showing the most reliable and
successful recharge areas. Should these areas not be feasible in the context of the
Masterplan, then this Masterplan should be applied with a certain level of flexibility to
ensure thatthese areas remain available for recharge.
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Rainw ater harvesting and stormw ater drainage also require buffering of water. Areaswill
have fo be identifiedwhere the storage and buffering of the rainwater can be combined
with a park, infiltration area efc.

Desalination of brackish and salt water as an alternative for groundvater and a
supplement for rainw ater in the dry season is an alternative that should be further
exploited.

Effluent from the Pondicherry waste water freatment plant may endanger the entire
hydrogeology of the area. Investigations have to be conducted towards the qualitative
and quantitative impact of the free-flow ing effluent that continues to infiltrate in this area.
Also the solid waste present may contribute to the pollution of the underground in this
area. Simultaneously, investigations can focus on the treatment of the effluent to enable
the re-use as either irrigationwater or clean infiltration and recharge w ater.

Water demand

The water demand in Auroville is still high compared to the surrounding area, even
compared to Europe. Auroville being a sustainable community is able to reduce further
and give a good example for the surrounding area. Embarking on programmes to
reduce water use in agriculture, Auroville wiill have to show that they are amongst the
best pupils in class.

Water demand should be separated in domestic and gardening/irrigation as far as the
present infrastructure allows. Further development should aim at the supply of
appropriate water e.g. groundw ater for domestic water andw astew ater effluent and
rainw ater and stormw ater for gardening and irrigation.

Large integral programs should be carried out to reduce irrigation andwork on water
saving irrigation practices and crops. At the same time, the use of waste water effluent
and rainw ater harvesting/stormw ater drainage should be promoted.

Water supply

Water supply should continue decentralised. Some schemes will be connected to
provide sufficient sources for all. On the long term, more schemes may be linked and
supply may be partially centralised.

The water supply scheme are not providing potable water. This does not need to be
changed. In the farfuture when population numbers have grown and thew ater supply is
much more centralised, the system may provide potable water.

The systemis simple and appropriate for the present situation. Supply security and
pressure arew ithin reasonable limits and can not be raised unless considerable
investments are made. Priorities lie elsewhere.

Waste water management

Wastewater should continue to be treated decentralised and used decentralised
organised per community or group of communities. Successful reatment methods
should be universally applied to achieve standardisation in effluent quality and materials
and equipment. Facilities should be provided to re-use the effluent for gardening and
irrigation.

Organisation

An organisation is lacking in water supply, in waste water reatment as well as in
rainwater harvesting. As a result, various techniques, materials and equipment are used
in Auroville. A nev organisation can streamline activities in thesefields, can coordinate
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between the various services in Auroville and can function as spokesperson tow ards
external local and regional authorities. The organisation can initially focus onw ater
supply in Auroville, providing technical support, operation and maintenance and billing
andfinancial services. At a later stage, the organisation can expand towards a broader
water management organisation.

Matrimandir Lake

The Matrimandir Lake is of almost unconceivable importance for the completion of the
Matrimandir and surrounding gardens. Foreseen and spoken of by the Mother, it
appears that the lake is of great symbolic and aesthetic value. Under the given boundary
conditions, the lake can not perform a significant role in the management of w ater
resources in Auroville. Rainw ater from the lake’s surface will have to be evacuated
during monsoon whereas it has to be replenished by groundw ater during the dry
season. Techniques for the storage of rairwater in underground reservoirs exist, but are
excessively expensive. As long as the Matrimandir recharges to the underground an
amount of rainw ater equal to the rainw ater being evacuated and evaporated, then one
can speak of a balanced situation in terms of water resources. How the quality of the
lake w ill develop andwhat measures can help with or are counterproductive for the
water quality are to be determined in a pilot lake.

SHORT TERM ACTIONS

Technical Auroville

1. Wastewater treatment and re-use should be obliged and standardised. Where not
yet practiced it should be introduced, where already practiced it should be
optimised.

2. Rainw ater harvesting should be obliged and standardised. Where not yet practiced,
it should be infroduced and w here already practiced it should be optimised;

3. The most beneficial locations for rainw ater and waste water effluent infiltration in
Auroville should be identified. Provision should be made to connectas much as
possible the rainwater harvesting andw aste water treatment to these areas.
Facilities should be constructed to allow infiltration possibly combined with
temporary storage;

4. Desalination should be further investigated as an option to replace domestic w ater
supply in periods of non-availability of rainw ater;

5. Inall aspects of water supply and water resources management, as much as
possible the decentralised ‘village’ approach should be follow ed;

6. The possibilities for treatment of the Pondi effluent to a standard that it can be used
for irrigation and safe recharge of groundw ater resources should be investigated.

7. Inclose cooperationw ith Auroville’s Future, possibilities to design infiltration areas
in green areas and corridors in the Masterplan should be investigated. In view of the
importance of these infiltration zones, the Masterplan should be implemented in a
flexible way;

8. Near the Matrimandir, a pilot lake can be made and filled with rainw ater and being
replenished by groundvater. This will allow to investigate the most suitable sealing
materials for the bottom of the lake, the most suitable border construction and
materials and methods and species in ecological management;

9. Follow ing the outcome of the above investigations, Auroville should outline an
Integral Water Strategy (Waterplan) clearly outlining how to deal with water from
household level to city level and dealing with domestic water supply, wastew ater,
rainw ater and stormw ater.
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Technical Bioregion

1.

2.

3.

The possibilities to recharge the Vanur aquifer from the excess flow into the Kaliveli
swamp should be investigated;

A study needs to be conducted towvards the impact of the infiltrating effluent of the
Pondi Sew age Treatment Plant;

A campaign should be designed to introduce at large scale water saving crops and
practices in agriculture.

Organisational Auroville

1.

2.
3.

Auroville should organise itself, unify and agree on an approach in water supply,
waste water reatment andwater resources management;

Auroville should rely more on internal expertise and stop flying in external experts;
A water organisation should take up this task and gradually develop itself to awater
services company on non-profit basis to streamline and standardise w ater supply
and wastewater in Auroville. Eventually, this entity will also deal with water
management, both inside and outside Auroville;

Organisational Bioregion

1.

2.

Auroville should liaisew ith local and regional authorities to persuade recharge of
the Vanur aquiferfrom the excessflow from the Kaliveliw atershed;

Auroville should liaisew ith local and regional authorities, proactively promoting
water saving measures in irrigation and agriculture and participate in large
programs such as IAMWARM,;

Auroville should searchfor all means to publicise the recent findings on the
problems with groundw ater from Vanur and Cuddalore aquifers.

LONG TERM ACTIONS

1.

2.

3.

Continued efforts in reduction of water use both inside and outside of Auroville, in
particular in irrigation and gardening;

Continue to focus on large scale infiltration and recharge of excess surface water,
waste water effluent and rain- and stormw ater;

Continued monitoring of groundw ater to enable timely and appropriate actions in
case of groundw ater deterioration;
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ABBREVIATIONS

In this document, the abbreviations used have been listed and explained in this paragraph.

APDC Auroville Planning and Development Committee

BOD Biological Oxygen Demand

COD Chemical Oxygen Demand

CPCB Central Polution Control Board

CPHEEO Central Public Health & Environmental Engineering Organisation
CSR Centre for Scientific Research

EP Equivalent population

Lcd Litre per capita per day

MCM Million cubic metres

Mid Million litre per day PPM Parts per million
PWD Public Works Department

UASB Upstream Anaerobe Sludge Blanket

DEFINITIONS

In this document several terms have been used. For the readerwho is not familiar w ith all
words used in this report, the most complex and unknow n technical terms have been listed
below.

Appropriate technology
Appropriate technology s technology that is suitable to be used in a particular area and under
particular conditions in view of availability of material and know kedge.

Bioregion (of Auroville)

The Bioregion of Auroville is a region of some 700 knt around Auroville. Auroville has a bio-
relation with this region through surface water, ground water, agriculture and interrelates with
this region.

Black water (or blackwater) is a relatively recent term used to describew astewv aterfrom
toilets containing faecal matter and urine; it is also known as "foul"water, or as sewage. It is
distinct from grey water or sullagew hich is the residue of washing processes. (Some users of
the term define black water as also includingw astew ater from kitchen sinks and dish washing.

Borewell or Tubewell
Well constructed by drilling up to thew ater-bearing formation and equipped with casing and
filter.

Domestic sewage includes liquid waste matter discharged from homes, apartment
complexes, office buildings and institutions.

Grey water (or greywater) is wastew ater generated by household processes such as dish
washing, laundry and bathing. Grey water is distinct fromwastew ater that has been
contaminated with sewage, which is knovn as black water.

Industrial sewage includes all wastewater and effluents from industrial processing and
production.
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Pollutants or contaminants of water may be classified as (physico-)chemical and as
microbiological; the latter refers mainly to micro-organisms that are known to be human
pathogens. The first includes known pollutants such as heavy metals (at defined thresholds),
phenols, pesticides etc.

Septage is thewaste from septic tanks and similar treatment works. Septage includes the
sediments,water, grease and scum pumped from a septic tank. By regulatory definition
septage is atype of sewage sludge.

Sustainable (activities)
Sustainable activities were defined as ones where the needs of the present generation are
met w ithout compromising the needs of future generations

Tubewell or borewell
See Boreawell

Rainw ater — Stormwater

In rainw ater harvesting and stormw ater management, one basically dealk with the same
processes. In English language literature, rainw ater harvesting is understood as the catchment
of precipitation from clean surfaces such as rooftops. Whereas, stormw ater management
describes managing surface runoff. In both processes, the same components are taken into
account: the catchment, transfer, storage, and time delayed usage of the water. Not to
mention, it may expedient to store rooftop runoff in the same cisterns as surface runoff.

User regimes

The bandwidth of RWH systems extends from very simple to highly complex, and from active
to passive systems. Complex active systems require pumps, pipes, filters, and pressure
resistant tanks - all at an adequately high technical level. On the other hand, there are simple
passive systems which only need to handle the daily needs of afamily. In developing a pre-
feasibility study for RHW systems, aside from the respective climatic conditions (total rainfall,
rainfall pattern), user behaviour and total requirements play a decisive role. A closely
associated term here is water security and reliability.

Occasional:

Occasional collecting of rainwater and storage in small containers for one to wo days. During
the rainy season daily supply is secured. After one to three dry days an alternative source of
supply must be available w ithin close proximity. This type of system depends on aregular or
bimodal rainfall distribution.

Intermittent:

Here the water needs are covered for a limited period of the year (the rainy season) by

rainw ater harvesting. During the dry months an alternativew ater supply system must be
available. Intermittent systems are appropriate for climate zones with a single distinctive rainy
season. Small to medium sized storage units are used in these cases.

Partial:

Throughout the year, parts of the total water requirements are covered by rainw ater usage.
Frequently, high quality rainwater is used for drinking water and cooking. Whereas,w ater of
low er quality is usedforwashing and cleaning.Also, usage is principally reversible. In areas
with evenly distributed precipitation, small amounts of storage capacity is adequate. Whereas,
in monsoon regions higher storage capacity is needed to bridgeover the dry spells.

Full:

The total water requirements are completely covered by rainwater harvesting throughout the
year. In these cases, there are frequently no alternativewater resources. To cover the total

w ater requirements, sufficient precipitation, catchment areas, and storage capacities must be
available. If there is only one rainy season (unimodal), very large and therefore expensive
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storage is required. It is simpler to install systems in regions with a bimodal rainfall pattern,
because the dry spells are shorter, and therefore, a smaller amount of storage capacity i
sufficient.
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The Water Group
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International Advisory Committee

Dr. Israel Gev Head of Water Resources Planning, Water Planning Authority,
Herzeliya, Israel

Drs. Jochen Kohler  LGA Institute for Environmental Geology and Waste

Ir. Jeen Kootstra Consultant with Royal Haskoning, Nijmegen, The Netherlands
Extemal Coordnator

Dr. Sophie Violette  University Pierre and Marie Curie, Paris, France

Drs. Carlo Schilinger LGA Institute for Environmental Geology and Waste

Water Group Auroville

Gilles Boulicot Internal coordinator, executive of Auroville’s Harvest
Gilles Guigan Matrimandir coordinator

Kireet Teacher and self-made check-dam builder

Michael Bonke Entrepreneur

Dirk Nagelschmidt Urban water management and sanitation specialist
Ulrich Blass

Carel Thieme Legal Specialist and former leading member of former Auroville
Planning and Development Committee (APDC)

Tency Baetens Executive of Centre for Scientific Research (CSR)

Lucas Dengel Expert in eco-sanitation

Jana Architect and Urban Planner

Maurice Director of AquaDyne

Lata lyer Ecologist and GIS expert

Vani (Until April 2005)

Judith (From August 2005), Community development specialist

Walter Wagner (until April 2006), Agricultural and Gardening specialist
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Annex C

Findings of the September 2004 Se minar

Towards a Sustainable Water Resources Management for
Auroville and the Bioregion
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TOWARDS A SUSTAINABLE WATER
RESOURCES MANAGEMENT FOR AUROVILLE
AND THE BIOREGION

13" to 15" September 2004
Auroville

SEMINAR RECOMMENDATIONS

1. The Seminar strongly recommended preparation of a 20 year INTEGRATED
WATER MANGEMENT PLAN for Auroville and its bioregion in collaboration with
State Governments of Tamil Nadu and Pondicherry.

2. Detailed WATER BALANCE STUDY and simulation studies needs to be done to
assess the current and future demand / supply conditions, and intensive strategies
identified.

3. The Hydro geological and land classification studies done so far by Auroville &
State Government need to be completed putting together data from all sources,
and predictions made accordingly.

4. Astrong R & D Group emerge in Auroville, collaboratively with other institutions, in
areas of freshwater production by seaw ater desalination, using renew able energy
and recycling of wastewater, through specffic projects and programs.

5. Multiple solutions identified for recharging of ground water, preventingw ater
pollution, and choosing the best,

6. Seawater ingress into fresh water aquifers identified as a serious problemin the
bioregion and political decisions obtained to protect the region from salinity.

7. Intense WATER LITERACY DRIVE be organized as a strong social movement
collaboratively with Tamil Nadu & Pondicherry State authorities to alert the
population to the dangers of highwater consumption and promoting WATER
CONSERVATION measured.

8. Auroville emerge as model centre of its bioregions and set an example for the rest

of the country and theworld.
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Annex D
Population data Auroville and the Bioregion
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Table D1 Population and arial information Auroville
Zone Sector | Sub-sector | Proposed Area Nett | Built-up | Area Population
Population area Gross density
(cap) (Ha) (Ha) (Ha) (cap/Ha)
Res 1
1A 200 6.89 29
1B 327 5.69 57
1C 190 5.41 35
1D 390 2.34 166
1E 393 2.31 170
1,500 22.66 66
2 2A 1,641 8.16 201
2B 300 4.56 66
2B 494 0.89 554
2C 215 2.23 97
2D 650 4.10 158
2D 200 0.35 564
3,500 20.29 172
3
3A 633 6.22 102
3A 60 0.91 660
3A 236 0.15 1,623
3B 800 3.75 214
3B 1,728 1.77 978
3C 2,171 3.31 657
3D 960 7.25 132
3D 872 1.11 782
8,000 24.45 327
4
4A 1,818 2.90 628
4B 3,037 3.38 899
4B 504 0.31 1,618
4B 2,310 2.99 773
4C 2,307 6.84 337
4C 924 1.33 697
4D 1,100 4.64 237
12,000 22.38 536
5
5A 3,110 3.19 975
5B 431 0.18 2,435
5B 3,840 5.16 744
5B 95 0.84 113
5C 4,901 7.40 662
5D 1,823 4.23 431
5D 800 0.80 996
15,000 21.80 688
40,000 111.52 18.34 | 173 358
Ind 1
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Zone Sector | Sub-sector | Proposed Area Nett | Built-up | Area Population
Population area Gross density
(cap) (Ha) (Ha) (Ha) (cap/Ha)
1A 20 1.50 13
1A 1.10 -
1B 0.17 -
1B 1.06 -
1C 50 9.49 5
1D 50 2.89 17
120 16.22 7
2 2A - 0.21 -
2B 350 1.68 208
2B - 1.24 -
2C 50 5.84 9
2D 150 7.40 20
550 16.36 34
3
3A 200 2.11 95
3A - 0.64 -
3B 250 3.34 75
3B - 11.58 -
3C 350 12.45 28
3D - 2.18 -
800 32.29 25
4
4A 200 2.92 68
4B 130 8.75 15
330 11.67 28
1,800 76,55 1.74 126 24
Cul 1
1A 100 5.66 18
1B 20 2.08 10
1C 425 15.18 28
1D - 4.18 -
545 27.10 20
2
2A 30 2.57 12
2B 25 8.07 3
55 10.64 5
600 37.75 0.58 96 16
Int 1
1A 25 2.91 9
1B 105 2.22 47
130 5.13 25
2
2A 70 17.49 4
2B 400 16.67 24
470 34.16 14
600 39.29 0.69 68 15
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Zone Sector | Sub-sector | Proposed Area Nett | Built-up | Area Population
Population area Gross density
(cap) (Ha) (Ha) (Ha) (cap/Ha)
City 5,000
Centre
2.61
Green 2,000 1,472 1
Belt
MM 28
area
47.87 491
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Table D2 Population and population density data for Auroville and the study area

Population data Density data

Location 1971 1981 1991 2001 Av erage growth | Area Density

1971 — 2001*

(%) (Ha) (cap/Ha)
Aurov ille 300 461 715 1,601 |7.13 1,963 0.82
Acharampattu 717
Alankuppam 790 895 985 1,380 |2.06 9.31 |148
Allankuppam-Annai Nagar 315 450 610 528 |1.73 1.41 | 373
Appirambattu 857
Bommay arpalayam 5,196
C.Kalapet 2,396
C.Mudaliarchav adi 7,140
Eday anchav adi 2,215 12,460 |3,480 4,272 |2.47 32.77 130
Irumbai 480 490 580 657 [1.12 10.45 [102
Irumbai-Chitoot 280 300 315 408 |1.37
Kalapet 6,532
Kanagachettikulam 2,231
Kottakarai 465 570 880 1,612 |5.20 19.42 83
Kottakarai-Ambedkar Nagar| 310 405 510 650 |2.56 6.23 | 104
Kuilapalay am 2,272
Mathur 1,475
Nesal 1,493
P.Mudaliarchav adi 4,111
Pillaichav adi 5,425
Pulichapallam 500
Puthupet 6,500
Ray aottai 663
Ray apettai 680 745 780 1,028 | 1.51 546 |188
Ray apudupakkam 2,427
SanjeeviNagar 905 950 1,030 1,188 [0.95 9.84 |121
Thuruv ai 1,188
Total 6,740 | 7,726 19,995 |13,324 |2.61 (2.10) ™

*

*%*

from the surrounding villages.

Annual growvth derived from population data per 10 years.
Growth figures for Auroville and surrounding villages and betw een brackets only
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Annex E
Water consumption data Bioregion
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Annex F
Financial aspects of drinking water supply
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Financial Aspects of Water Supply

Tariffs and tariff built-up

A relevant question is how much drinking water may or should cost as this partly determines
the choice of material, the size op pipes efc. Looking at the built-up of the tariff of drinking
water, about 20% are financial expenses (profit, financing, reserves), some 40 % is for
material (material replacement and write-off), 25% is for personnel and 15 % for subcontracted
work. Water tariffs in general consist of a fixed part (connection fee) and a part related to
consumption. Occasionally also thewastewater charges are billed togetherw ith the drinking
water charges or a percentage is topped up to coverw aste water freatment as it directly
relates to water consumption. In general costs in Netherlands are around € 45 per year
connection fee and € 1.35 per 1,000 I. With a consumption in the Netherlands of 135 kcd, the
annual amount paid by afamily of four for water amounts thus to about€ 310 per year (200
m’/y). The ratio of variable (related to quantity of water produced) and fixed cost for production
is 10/90, for consumption this comes to 80/20. A 1 to 1 reflection of the product ration in the
tariff would lead to an unrestricted consumption of w ater!

In absolute terms, tariffs may vary due to the sources (surfacewater requires more expenses
in both treatment and infrastructure than groundw ater, not to speak about brackish or

seaw ater), the number and concentration of customers and differences in financial
management.

As wastewater treatment is directly related to the amount of water consumed, several
countries include a small amount for waste water treatment in the unit rate for drinking water.

An interesting comparison is the integral cost of different types of water for the consumer. For
differentwater in the Netherlands and India, the consumer prices have been listed below :

India (€/1) Ghana (€/1) Netherlands (€/1)
Piped water groundwater | 0.00007 0.00034 0.00077
0.00009 — 0.00012 (AV)
Piped water surface water | 0.00007 0.00034 0.0016
Purified water bag (0.51) 0.15 0.017 Not available
Purified water bottle 0.22 0.25 Not available
Spring water bottle NA 0.35 0.50
Spring water restaurant NA 1.00 4.00

Budget for construction

To determine the available budget forw ater production in Auroville, one could use different
scenarios. We use population figures of 5,000 (present includingw orkers and guests), 25,000
(2015) and 50,000 (2020). We assume a tariff at present of Rps 25/m®, a consumption of 150
Icd and 35% of the tariff for replacement andwrite-off and a term of 10 years for complete
write-off (relatively short in view of the operational conditions in India). Under these
assumptions, the annual total income would be 6.8M Rps and the budget available for
investment would be 24 M Rps for an installation of 5,000 people (0.94 Mid), 120 M Rps for an
installation of 25,000 people (4.5 Md) and 240 M Rps (€ 4.4 M) for an installation for 50,000
people (9 Mid).

A surface water installation in the Netherlands would cost for production and storage some € 4
per m® produced water. Groundv aterwould cost some € 2.5 per m® produced water.
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Transportation and distribution costs about € 500 - € 1000 per metre diameter and per metre
length.

A budget for construction is thus difficult to give. It strongly depends on acceptable tariffs for
consumption, consumption per capita, type of sources, financial boundary conditions (w rite-off
period, interest rates) and operational expenses.
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Annex G
Background information on
De-centralised waste water treatme nt
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INTRODUCTION OF DECENT RALISED WASTEWATER TREATM ENT

Decentralised wastew ater management may be defined as the collection, treatment, and
disposal/reuse of wastew ater from individual homes, clusters of homes, isolated communities,
industries, or institutional facilities, aswell as from portions of existing communities at or near
the point of waste generation (Tchobanoglous 1995).

Decentralised systems include onsite systems that treatw astew ater from individual homes or
buildings, and cluster systems that treat w astew ater from groups of wo or more homes.
Typically cluster systems serve less than a hundred homes, but they can serve more. The
“line” betw een decentralized and centralized systems becomes vaguew hen some cluster
systems are considered, see also Figure G1. In Figure G2 the scale of treatment plant and
type of service are plotted against the level of centralisation of treatment technique.

Wastew ater professionals make the distinction in severalways:

e Volume. Decentralized systems treat relatively small volumes of water: up to 1000m3/d
(8,000 to 10,000 equivalent people) s the considered the maximum for one single
DEWATS system. The largest existing DEWATS in India is sized to treat 500m3/d.

e Sewer type Cluster systems typically use small-diameter pressurized pipes, small-
diameter gravity, and vacuum sewers, often employing on-lot settling tanks and/or grinder
pumps before wastewater flovs from a lot into the sewer system. One must note that the
sewer cost represent often 50% and more of the total sewage system investment. This is
of considerable importance for investment but also for installation and maintenance.

e Treatment type. Cluster systems typically use sand filters, trickling filters, anaerobic filter,
baffled reactor etc as treatment type. A large part of such technology is well mastered in
Auroville.

e Discharge method. Cluster systems typically discharge treated wastewater for recycling,
helping then tremendously to reduce freshwater consumption for greenery and other
secondary requirements, or for infiltration into soil, those helping to reduce the pressure on
groundw ater resources.

e Ownership. Cluster systems are usually ovned by a developer, homeow ners’ association,
or other private entity. In the context of Auroville w here no private owvnership prevail, this
will refer to operation and maintenance, for which the authority and to a large extend the
practical aspects of the work can lay with the connected population.

¢ Relative scale. Cluster systems serve only a portion of a community.

Centralized wastewater freatment Decentralized approach

Figure G1 Comparison of Centralized and Decentralized Approaches to Wastewater Service.
STP indicates a centralized or cluster sewage treatment plant. Source: Draft Handbook for
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Management of Onsite and Clustered (Decentralized) Wastewater Treatment Systems (U.S
Environmental Protection Agency 2003a).

Treatment Onsite Cluster Cenfral Regional

Plant

Scale of Individual building or Melghbarhaod partion Whole community Two or more

Sarvica property of a comrmunity communities
— “Decentralized” ——e — Centralized” ———e

Cantralization’
Larger scale

v

- Dacentralization’
- Smaller scale

Figure G2 The Wastewater Scale Continuum
Limitation and appropriateness of decentralised wastew ater systems

Decentralised w astew ater systems are not a panacea. Proper sitting, maintenance,
management, and regulatory oversight are necessary to ensure their reliability—just as for
centralised systems. Only by adequately evaluating the benefits and costs of a full range of
w astew ater system options vis-a-vis community needs can optimal scale be determined.

Auroville and its surrounding show a large variation asfar social aspects,financial and
technical capacity, density, environment, land use and infrastructure are concerned. It is very
likely that the best and more progressive solution lay in a multiple, beneficiary oriented
approach.

Too often wastew ater systems are planned with minimal attention to broad community issues.
With only afew key parameters such as assumed population grovth and development
locations, design of treatment facilities and collection systems are developed, bypassing
numerous prerequisites for such a task.

Integrated wastew ater planning, on the other hand, puts the engineering last, after serious
consideration of arange of community, watershed, aesthetic, financial, and other questions. It
is the answers to these questions that should define the design problem.
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Asvisible in Figure G3 below, decentralized solution can be easily adapted to population growth.
Thisin return allow forless immobilization of assets and unnecessary infrastructure with related
O&M costs.

Simon Gruber of the Gaia Institute summarizes the centralised-decentralised discussion
as follows:

Larger, more centralised callection and treatment systems clearly involve mgjor capital
expenditures on the collection network. These costs (together with the costs of the
treatment plant itself) ulimately include magjor interest payments as loans or bonds that
are paid over time. While the principal component of these expenditures is typically
invested in the community, creating jobs and purchasing some local materials, the
interest portion of this flow of capital, generally, leaves the community. Similarly, over
the lifetime of a mechanized WWT system, a significant portion of the operating costs of
the treatment plant (and any pump stations in the collection network) goes into paying
for electricity to run pumps, aerators, sludge processing, efc. Expenditures for both of
these categories of costs (interest on capital investment, and power charges) tendto be
siphoned out of the local community, going to investors and shareholders of the various
entities that lend money, supply power, etc. Expenditures for chemical additives usedin

Install centralized
capacity T e

\
"
Wastewater flow

. ;

= / /e

u |

] ! -l :’(

g‘ = J.-‘ /'J ,.-'r B Lead time of cantralized capacity

Q ‘9 ! i i jzj

Fm==== ‘Fl f..'" o ,-"; / Idle centralized capacity
! P,
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Install decentralized = = = Capacity of decentralized WWTPs
capacity
= Time

Figure G3 Flow Versus Capacity for Centralized and Decentralized Wastewater Systems. WWTP

stands for Wastewater Treatment Plant
Water savings in decentralised w aste w ater management

The sizing and therefore the cost of wastew ater conveyance and treatment facilities are
directly related to the volume of sewage. By working on providing water saving solutions at
household and collective levels, one may achieve important reduction in the water
consumption pattern and hence in thew astew ater generated. Some of the most advanced
technology reduce as well the pollutants and the related treatment costs.

A large range of appliances designed to reduce water consumption at any level are now
available on the market: low flushing toilet, faucet aerator for tap and shower, pressure
regulators,water efficient cloth and dish washers etc. New washing machines are now able to
do a perfect job with as little than 50 liters of water per Skgwash. The reduction can be as
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important as 50% for domestic water consumption and therefore for thew astew ater
generated.

Collective facilities like laundry, canteen, kitchen etc are knownfor a much better water
efficiency than domestic family likes facilities, providing they are properly designed and
equipped. With standard equipment, the water consumption for similar actiities (cooking, dish
washing etc) may be halved if to compare to household pattern.

The worldwide concern for forecasted water crises is generating a lot of effort in innovative
solutions that the water can be used more efficiently such as cloth and dishwashing machines
using electrolysis, ultrasound and occasionally air. Thesewater- and soap-freew ashing
machines require much less energy, no water. As detergents and otherwhiteners are
widespread but amongst the most difficult in wastew ater treatment, these innovative
techniques contribute greatly to reducew aste water flow.

By combining regulations and guidelines onwater saving appliances in each and every
buildings, promotion of collective facilities and usage of innovative technologies, a very
important saving can be generated on wastewater infrastructure, maintenance, space
requirement, but also on power consumption and potential arm to the environment.
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Annex H
Background information on
centralised waste water treatment
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1.1

CENTRALISED WASTEWATER TREATM ENT TECHNIQUES

For the sake of completeness of this study, a brief overview is given of centralisedw aste
w ater treatment.

Treatment Techniques and stages

Wastewater treatment techniques are basically operated according to biological
processes or physical/chemical processes.

Biological processes are more commonly used to treat domestic or combined
domestic and industrial wastew ater from a municipality. They use basically the same
processes that would occur naturally in the receiving water, but give them a place to
happen under controlled conditions, so that the cleansing reactions are completed
before the water is discharged into the environment. Parts of a biological plant are
based on chemical principles.

Physical/chemical processes are more often used to treat industrial w astew aters
directly, because they often contain pollutants which cannot be removed efficiently by
micro-organisms although industries that dealw ith biodegradable materials, such as
food processing, darries, breweries, and even paper, plastics and petrochemicals, may
use biological treatment.

Treatment plants often combine these processes in various stages being primary,

secondary and tertiary. Primary treatment involves:

1. Screening- to remove large objects, such as stones or sticks, that could plug lines or
block tank inlets;

2. Grit chamber- slows down the flow to allow grit to fall out;

3. Sedimentation tank (settling tank or clarifier, Figure H1)- settleable solids settle out
and are pumped aw ay,w hile oils float to the top and are skimmed off

Secondary treatment typically utilizes biological treatment processes, in which micro-
organisms convert nonsettleable solids to settleable solids. Sedimentation typically
follows, allowing the settleable solids to settle out. Three options include:

1. Activated Sludge- The most common option uses micro-organisms in the freatment
process to break down organic material with aeration and agitation, then allows
solids to settle out. Bacteria-containing “activated sludge” is continually recirculated
back to the aeration basin to increase the rate of organic decomposition;

2. Trickling Filters- These are beds of coarse media (often stones or plastic) 3-10ft.
deep. Wastewater is sprayed into the air (aeration), then allowed to trickle through
the media. Micro-organisms, attached to and grow ing on the media, break down
organic material in the wastew ater. Trickling filters drain at the bottom; the
wastewater is collected and then undergoes sedimentation;

3. Lagoons- These are slow, cheap, and relatively inefficient, but can be used for
various types of wastew ater. They rely on the interaction of sunlight, algae, micro-
organisms, and oxygen (sometimes aerated).
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Figure H1

A clarifier as part of a
large municipal
waste water
treatment plant.

After primary and secondary treatment, municipal wastew ater is usually disinfected
using chlorine (or other disinfecting compounds, or occasionally ozone or ultraviolet
light). An increasing number of wastew ater facilities also employ tertiary treatment, often
using advanced treatment methods. Tertiary treatment may include processes to
remove nutrients such as nitrogen and phosphorus, and carbon adsorption to remove
chemicals. These processes can be physical, biological, or chemical.

Overview of different treatment technologies

Treatment technologies can be best distinguished according to the follow ing schedule:
Oxidation ditch

Mechanical Extended aeration
Sequence batch reactor
Trickling filter - SCP
( Facultative Free water surface
Sub-surface flow
Aquaculture Water
hyacinth
(lagoons) < Aerated Duckweed
Aquatic ’
(Lagoons) Sandfilter {
Intermittent
Recirculation \
HCR
Slow rate
Terrestrial Overland flov
" Rapid infiltration
Subsurface infiltration
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1.4

Mechanical Treatment Technologies

Mechanical systems utilize a combination of physical, biological, and chemical
processes to achieve the treatment objectives. Using essentially natural processes
within an artificial environment, mechanical treatment technologies use a series of tanks,
alongw ith pumps, blowers, screens, grinders, and other mechanical components, to
treat wastew aters. Flow of wastew ater in the system is controlled by various types of
instrumentation. Sequencing batch reactors (SBR), oxidation ditches, and extended
aeration systems are all variations of the activated-sludge process,which is a
suspended-growth system. The trickling filter solids contact process (TF-SCP), in
contrast, is an attached-growth system. These treatment systems are effectivewhere
land is at a premium.

Aquatic Treatment Technologies

Facultative lagoons are the most common form of aquatic treatment-lagoon technology
currently in use. The water layer near the surface is aerobic w hile the bottom layer,

w hich includes sludge deposits, is anaerobic. The intermediate layer is aerobic near the
top and anaerobic near the bottom, and constitutes thefacultative zone. Aerated
lagoons are smaller and deeper than facultative lagoons. These systems evolved from
stabilization ponds when aeration devices were added to counteract odours arising from
septic conditions. The aeration devices can be mechanical or diffused air systems. The
chief disadvantage of lagoons & high effluent solids content, w hich can exceed 100
mg/l. To counteract this, hydrograph controlled release (HCR) lagoons are a recent
innovation. In this system, wastew ater is discharged only during periods when the
stream flow s adequate to preventwater quality degradation. When stream conditions
prohibit discharge,wastew ater is accumulated in a storage lagoon.

Constructedwetlands, aquacultural operations, and sand filters are generally the most
successful methods of polishing the freated wastew ater effluent from the lagoons. These
systems have also been used with more traditional, engineered primary treatment
technologies such as Imhoff tanks, septic tanks, and primary clarffiers. Ther main
advantage is to provide additional treatment beyond secondary treatment w here
required. In recent years, constructedwetlands have been utilized in wo designs:
systems using surfacewater flows and systems using subsurface flows. Both systems
utilize the roots of plants to provide substrate for the growth of attached bacteria w hich
utilize the nutrients present in the effluents and for the transfer of oxygen. Bacteria do
the bulk of thework in these systems, although there is some nitrogen uptake by the
plants. The surface water system most closely approximates a natural wetland.
Typically, these systems are long, narrow basins,w ith depths of less than 2 feet, that
are plantedwith aquatic vegetation such as bulrush (Scirpus spp.) or cattails (Typha
spp.). The shallow groundwv ater systems use a gravel or sand medium, approximately
eighteen inches deep, which provides arooting medium for the aquatic plants and
throughw hich thew astew ater flows.

Aquaculture systems are distinguished by the type of plants grovn in thew astew ater
holding basins. These plants are commonly water hyacinth (Echhomia crassipes) or
duckweed (Lemnaspp.). These systens are basically shallow ponds coveredwith
floating plants that detainwastew ater at least oneweek. The main purpose of the plants
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in these systems is to provide a suitable habitat for bacteria which remove the vast
majority of dissolved nutrients.

Sand filters have been used for wastew ater treatment purposes for at least a century in
Latin America and the Caribbean. Two types of sandfilters are commonly used:
intermittent and recirculating. They differ mainly in the method of application of the
wastew ater. Intermittent filters arefloodedw ithw astew ater and then allowed to drain
completely before the next application of wastewater. In contrast, recirculating filters use
a pump to recirculate the effluent to the filter in aratio of 3 to 5 parts filter effluent to 1
part raw wastew ater. Both types of filters use asand layer, 2 to 3 feet thick, underlain by
a collection system of perforated or open joint pipes enclosedw ithin graded gravel.
Water is treated biologically by the epiphytic flora associatedw ith the sand and gravel
particles, although some physicalfiltration of suspended solids by the sand grains and
some chemical adsorption onto the surface of the sand grains play arole in the
treatment process.

Terrestrial Treatment Technologies

Terrestrial treatment systems include slow -rate overland flow, slow-rate subsurface
infiltration, and rapid infiltration methods. In addition to wastew ater treatment and low
maintenance costs, these systems may yield additional benefits by providingw ater for
groundw ater recharge, reforestation, agriculture, and/or livestock pasturage. They
depend upon physical, chemical, and biological reactions on and within the soil. Slow -
rate overland flow systems require vegetation, both to take up nutrients and other
contaminants and to slow the passage of the effluent across the land surface to ensure
maximum contact times between the effluents and the plants/soils. Slow -rate subsurface
infiltration systems and rapid infiltration systems are "zero discharge" systems that rarely
discharge effluents directly to streams or other surfacewaters. Each system has
different constraints regarding soil permeability .

Although slow-rate overland flow systems are the most costly of the natural systems to
imple ment, their advantage is their positive impact on sustainable development
practices. In addition to treatingw astew ater, they provide an economic return fromthe
reuse of water and nutrients to produce marketable crops or other agriculture products
and/orwater and fodder for lvestock. Thewater may alko be used to support
reforestation projects in water-poor areas. In slow-rate systems, either primary or
secondary wastewater is applied at a controlled rate, either by sprinklers or by flooding
of furrows, to a vegetated land surface of moderate to low permeability. The wastew ater
is treated as it passes through the soil by filtration, adsorption, ion exchange,
precipitation, microbial action, and plant uptake. Vegetation is a critical component of the
process and serves to extract nutrients, reduce erosion, and maintain soil permeability.

Overland flov systems are a land application treatment method in w hich treated
effluents are eventually discharged to surface water. The main benefits of these systems
are their low maintenance and lov technical manpow er requirements. Wastew ater is
applied intermittently across the tops of terraces constructed on soils of very low
permeability and allowed to sheetflow across the vegetated surface to the runoff
collection channel. Treatment, including nitrogen removal, is achieved primarily through
sedimentation, filtration, and biochemical activity as the wastew ater flow s across the
vegetated surface of the terraced slope. Loading rates and application cycles are
designed to maintain active micro-organism growvth in the soil. The rate and length of
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application are controlled to minimize the occurrence of severe anaerobic conditions,
and a rest period betw een applications is needed. The rest period should be long
enough to prevent surface ponding, yet short enough to keep the micro-organisms
active.

In rapid infiltration systems, most of the appliedw astew ater percolates through the sall,
and the treated effluent drains naturally to surface waters or recharges the groundw ater.
Their cost and manpow er requirements are lowv. Wastew ater is applied to soils that are
moderately or highly permeable by spreading in basins or by sprinkling. Vegetation is
not necessary, but it does not cause a problemif present. The major treatment goal is to
convert ammonia nitrogen in thewater to nitrate nitrogen before discharging to the
receiving water.

Subsurface infiltration systems are designed for municipalities of less than 2,500 people.
They are usually designedfor individual homes (septic tanks), but they can be designed
for clusters of homes. Although they do require specffic site conditions, they can be low -

cost methods of wastew ater disposal.

Comparison of different treatment techniques

All treatment techniques are not equally effective. Table H1 shows the different
techniques and their treatment efficiency for organic matter and suspended solids.
Some treatment techniques produce to smaller or larger extent by-products that are
undesirable (carbon dioxide, sludge) or even useful (methane). In Figure H2 a by-
product comparison of aerobe and anaerobe techniques is presented.

Table H1

Comparative Performance of Domestic Sewage Treatment Systems

Process

Oxygen supply

Reactor volume

Retention time

Removal efficiency

Activ ated sludge

Pressurized air

10m?®

4-6 hr

90%-95% organic
matter 90%-95%
suspended solids

Biologic rotary Air im 1-3 hr 90%-95% organic

discs matter

Ascendantflow Anaerobic 2m® 24 hr 50%-60% organic
matter 57% suspended
solids

Anaerobic filtration | Anaerobic 2m® 36 hr 40%-50% organic
matter 52% suspended
solids

Septic tank Anaerobic 2m® 36 hr 25% organic matter

Hy droponic Aerobic/anaerobic {6 m® 12 hr 65%-75% organic

cultivation matter
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Organics in

wostewater

Figure H2

production of usable and unusable by-products.

Anaerchic Aerobic

treatment treatment

O Sludge
O Methane
Eco2

E Effluent
B Input

Comparison of aerobe and anaerobe treatment techniques on the
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Table H2

Wastew ater Treatment Technologies

Advantages and Disadvantages of Conventional and Non-conv entional

Treatment type

Advantages

Disadvantages

Aquatic systems

Stabilisation
lagoons

Low capital cost
Low operation and maintenance costs
Low technical manpower requirement

Requires alarge area of land
May produce undesirable odours

Aerated lagoons

Requires relativ ely little land area
Produces few undesirable odours

Requires mechanical devices to
aerate the basins

Produces effluents with a high
suspended solids concentration

Terrestrial systenms

Septic tanks Can be used by individual households Provides alow treatment efficiency
Easy to operate and maintain Must be pumped occasionally
Can be buitt inrural areas Requires a landfillf or periodic
disposal of sludge and septage
Constructed Remov es up to 70% of solids and bacteria Remains largely experimental
wetlands Minimal capital cost Requires periodic remov al of
Low operation and maintenance excess plant material
requirements and costs Best used in areas where suitable
native plants are available
Mechanical systenms

Filtration systems

Minimal land requirements; can be usedfor
household-scale treatment

Relatively low cost

Easy to operate

Requires mechanical devices

Vertical biological
reactors

Highly efficient treatment method

Requires little land area

Applicable to small communities for local-
scale treatment and to big cities f or regional-
scale treatment

High cost

Complex technology

Requires technically skilled
manpower for operation and
maintenance

Needs spare-parts-av ailability
Has a high energy requirement

Activ ated sludge

Highly efficient treatment method

Requires little land area

Applicable to small communities for local-
scale treatment and to big cities f or regional-
scale treatment

High cost

Requires sludge disposal area
(sludge is usually land-spread)
Requires technically skilled
manpower for operation and
maintenance

Fina Report

R001A/JKONijm
July 2007




Annex |
Detailed evaluation results

RO01A/JKONijm
Final Report -8- July 2007



DRINKING WATER SUPPLY

The following evaluation criteria have been used forwater supply:

Te

chnical

Technical complexity building

Technical complexity operation and maintenance

Appropriate and know n technology
Scalability

Vulnerability

Duration/Lif etime

Environmental

Criteria WRM

Renew able resources

Energy consumption

Area used

Effluent or chemicals produced (impact)

Social

Social acceptance by environment
Social acceptance by Auroville
Organisational requirements
Laboratory/Innovatve aspect
Legal implications

Availability of land

Social complexity of the area

Financialeconomical

Impact scores usedfor the various criteria above are:

Total costinvestment
Investment cost per capita
Total cost operational
Operational cost per capita
Internationally acceptable
Indian context acceptable

Excellent/Very favourable +20

Good/Favourable +10
None/Neutral 0
Poor/Unfavourable - 10

Very poorNery Unfavourable - 20

Fina Report

R001A/JKONijm
July 2007



Technical (32 %)
Complexity Construction -10 -10 20 -20 -10 20 10 -2 20 10 -10f -10 -10 -10 20 10 10 -20 -10] 20
Complexity O & M -10 -10 20 -20 -20 20 10 -20 10 0 -10f -10 -20 -10 20 10 0 -10 -10f 10
Available and proven technique -10 10 -10 -10 -20 20 20 -20 20 20 201 -10 -10 -10 20 20 10 -10 -10] 20
Scalability 20 -20 10 10 10 20 20 -20 20 20 20 10 10 10 20 20 20 -10 -10] 20
Technical vulnerability 20 20 0o -10 -10 10 20 -2 20 10 0§ -10 -10 -10 20 10 10 -10 -10] 10
Durability concept 20 -10 -10 0 10 -2 0 0| -20 0 -10f -10 0 10 0 10 10 10 20| 20
Durability sources -10 __-10_ 20 20 20 -20 20 20| -20 20 20, 10 20 2 -2 -10__-10__10 20} 20
Sub-score technical 60 30 30 -30 20 50 100 _-80 50 80 400 _-30 _-20 0 80 70 50 40 __-10] 120
Environmental (23 %)
Integrability 20 20 20 20 20 -20 -20 -20| -10 -10 -10 10 10 10 0 10 10 10 10| 20
Renewable resources 20 -20 -20 -20 10 -10 20 20| -10 20 20 0 10 10 0 10 10 10 20| 20
Energy consumption -10 0o 20 -20 10 10 -10 -20 10 10 0§ -10 -10 -10 10 0 0 -10 -10f 20
Area used -10 -10 10 10 -10 10 -10 -20 20 10 20 10 0 0 20 10 10 20 10| 10
Effluent chemical by-products 0 0 20 -10 -10 20 -10 -20 20 10 108 -10 _-10 -10 20 10 10 -10 -10] 20
Sub-score environmental 20 -10 -70 -60_ _-20 10 -30 -60] 30 40 50 0 0 0 50 40 40 20 20} 90
Social (27 %)
Social acceptance environment 20 -20 -20 -20 0 -10 20 -20 10 20 -20f -10 -10 -20 10 20 -10 -20 -20] 20
Social acceptance Auroville 20 -20 -20 -20 -10 0 10 -20 10 20 -20f -10 0 -20 10 20 0 -10 -10f 20
Organisational requirements 0 0o -10 -10 -20 0 -10 -20| 20 0 of -10 -10 -10 10 0 0 -10 -10 0
Laboratory/Innovative as pect 0 0o 10 10 20 0 10 20 0 10 20 10 10 20 0 10 10 10 10| 20
Legal implication 20 -20 -20 -10 -10 0 0 -2 0 0 o 20 -20 -20 0 0 0 -10 -10f 20
| Spatial occupation -10__-10 0 -10 -10 0 _-10 0 20 0 10 10 0 0 20 10 10 20 10 0
Sub-score social -70 __-70 _-60__-60 -30_ -10 20 __-60 40 10 300 _-30 -30 -50 50 60 10 -20_ _-30] 80
Financial economical (18 %)
Investment cost 20 -10 -20 -10 -20 10 0 -2 20 0 op -10 -10 -10 20 10 10 -10 -10] 20
Operational cost -10 0 -20 -10 0o 10 0 -10 20 0 0§ -10 -10 -10 20 10 10 -10 -10] 10
International acceptable cost -10 0 -10 0 0 2 10 -10 20 20 201 -10 -10 -10 20 20 10 0 o] 20

ional I 20 _-10__-20 _-10 0__20 10__-20 20 10 108 _-10 _-10 _-10 10 10 10 10 _-10) 10
Sub-score financial-economical 60 -20 -70 -30 -20 60 20 -60 80 30 400 40 -40 -40 70 50 40 -30 -30] 60
Total score -210 -130 -230 -180 -90 110 110 -260| 200 160 160j -100 -90 -90 250 220 140 -70 -50] 350
Abbreviations used in table Scoringused Grade
Kraft Concept Haald Kraft +20 Excellent, very favourable
Kraft min Concept H arald Kraft with lower design criteria +10 Good, favourable
Desal Sea Deasalination d seawater 0 None, neutral
Desal Brack Desd ination of brackish water -10 Poa, unfavourable
Desal Brack Ren Desdination of brackish water with renewabl e energy -20 Velry poor, very unfavourable
Aurom aq Auromodel aquifer
Ranw Rainwater harvesting
Pondi ww Paondi cherry waste water
Ownww W aste water produced by Auroville
Gw Groundwater
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. A brief sensitivity analysis of the results has been carried out by varying the
contribution of the various main criteria (technical, financial, environmental, social) to the
total score. Invariably, the decentralised scheme using all sources comes out best.
Some variations in score and comparative listing can be observed exist between the
outcome

51 -34 -59 48 23 22 21 64] 47 37 404 23 -21 -23 60 54 33 -14 -11 87

Bl 54 -33 -48 42 22 31 50 -70} 47 53 408 25 -20 -14 67 60 39 -23 -10 100
C|] 51 -35 -55 48 23 21 29 -66] 44 42 404 22 -19 -19 61 56 34 -15 9 93
Dl 54 -30 -60 42 22 34 26 -64] 56 38 408 28 -26 -26 64 54 36 -20 -16 82

A Tech 20% Env 30% Soc 30% FinEc 20%
B Tech 50% Env 20% Soc 20% FinEc 10%
C  Tech 30% Env 30% Soc 30% FinEc 10%
D  Tech20% Env 20% Soc 20% FinEc 40%
WASTE WATER TREATMENT

The following evaluation criteria have been used forwaste water treatment:

Technical

- Technical complexity building

- Technical complexity operation and maintenance
- Appropriate and known technology

- Scalability

- Technical vulnerability

- Treatment efficiency

- Duration/Lifetime

Environmental

- Criteria WRM

- Renew able resources

- Energy consumption

- Energy generated

- Areaused

- Efluent or chemical by-products

Social

- Organisational requirements
- Laboratory/Innovative aspect
- Legal implications

- Spatial occupation

R001 A/JKONijm
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Financiale conomical
- Investment cost
- Operational cost

Impact scores used for the various criteria above are:
Excellent/Very favourable +20

Good/Favourable +10
None/Neutral 0
Poor/Unfavourable - 10

Very poorNery Unfavourable - 20

Technical
Complexity Construction 10 0 20 10 -10 -10 -10 10 10
Complexity O & M 10 0 20 10 0o -10 -10 10 10
Available and proven technique 20 20 20 10 10 10 10 10 10
Scalability -10  -10 20 -10 10 10 0 10 10
Technical vulnerability 0 -10 20 10 0o -0 -10 10 10|
Treatment efficiency -10 -10  -10 10 0 20 20| 20 20
Durability concept 0 0__-10 10 0 20 20| 20 20
Sub-score technical 2 __-10 80 50 10 30 20l 90 90|
Environmental
Integrability -20 -2 20 0 -10 -10 -10f 20 20
Energy consumption 20 0 20 2 -0 -10 -10 20 20
Energy generated (gas, heat) 0 0 0 0 20 20 0 0
Area used -2 -20 -20 -20 -10 10 10| 20 20
Effluent,chemical by-products -2 -2 10 10 ___-10 10 10 10 20
-score environmental -40 _-60 10 - 2 2 7
Social
Organisational requirements 20 10 0 2 -0 -10 -10 20 20
Laboratory/Innov ative aspect 0 0 -2 10 0 10 10 10 20
Legal implication 0 0 0 0 0 0 0 0 0
| Spatial occupation 20 _-20 10 0 0 10 10 10 20
-SCor i 0__-10 -30 30 -10 10 10| 40 60
Financial economical
Investment cost -10  -10 10 -10 -20 -20 -20 10 -10
Operational cost 10 0 0 0 __-10__-10__-10 0 0
Sub-score financial-economical 0__-10 10 10 ___-30 30 _-30 10__-10
Total score -20 -9 70 90 -70 30 20] 210 220
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MATRIMANDIR LAKE

The following evaluation criteria have been used for the Matrimandir Lake:

Technical

- Rainw ater storage

- Cleaning

- Technical complexity building

- Technical complexity operation and maintenance

Environmental

- Significant role inwater management
- Energy balance

- Areaused

- Volume used

Social

- Organisational requirements
- Laboratory/innovative aspects
- Legal implications

Financialeconomical
- Investment cost
- Operational cost

Impact scores used for the various criteria above are:

Excellent/Very favourable +20

Good/Favourable +10
None/Neutral 0
Poor/Unfavourable - 10

Very poorNery Unfavourable - 20
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Functionality and technical
Aesthetic aspects 20 20 10 -20
Rainwater storage 0 20 20
Cleaning 0 0 0 0
Fire water 20 20 20 20
Constructional complexity -20 0 -10 -20
Operational complexity -20 10 -10 0
Sub-score functionality and technical -20 10 20 20
Environmental
Significant role in water management 20 0 10 20
Energy balance -20 -10  -10 0
Area used -20  -10 0 0
Volume used -20  -10 0 0
Sub-score environmental -40 20 __-10 0
Social, Cultural
Organisational requirements -20 -10 -20 0
Laboratory/Innovative aspect 20 0 20 10
Legal implication 0 0 0 0
Sub-score social, cultural 0 -10 0 10
Financial-economical
Investment cost -20 -10  -20 0
O perational cost 10 0 10 0
Subscore financial-economical -30 __-10 __-30 0
Total score -90 -30 -20 30
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