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Abstract

As natures wonderful gift, several hot water springs occur in Sri Lanka though it does
not fall within very active tectonic zone in the earth. They are mostly confined to the
eastern sector of the island. However, hot water springs at Mahapelassa off Embilipitiya,
Kanniyai off Trincomalee and Mahaoya are well known to people. These thermal springs
show their out flow temperature ranging between 34°C to 56°C . The hottest springs lie at
Kapurella (56 °C), followed by Mahaoya (55°C), Marangala-Wahawa close to
Padiyatalawa (42-45 ° C ), Mahapelassa (44-46 0C) and Nelumwewa, which was known
earlier as Madawewa and now under a lake, records 45° C in mud samples (Fonseka
1994). The present research was aimed out mainly to model the formation of hot water
springs in Sri Lanka based on geological and tectonic settings using geological,
geophysical and Remote Sensing techniques while evaluating the hot water springs for

their potential as energy resources or development as places for eco-tourism.

Geological, structural and tectonic setting of the areas have been studied using
geological, geochemical and geophysical techniques. Both field and libratory studies
were carried out in order to compile geological and shysical profiles and to determine

geochemical and physical parameters of hot water springs in Sri Lanka.

According to the results of this study, the major boundary between Highland Complex
and Vijayan Complex show multiple thrust planes and shear zones showing imbrecated
lithological slices of both Highland Complex and Vijayan Complex. Other than the
ductile structures, brittle fractures, joints and fault planes extend as mega lineament for
several kilometers . These lineaments produce good secondary aquifer conditions with
adequate porosity. The surface mapping and geophysical evidence of the lineaments
show that they are very deep and are interconnected. Therefore, they offer better
pathways for surface water to percolate deep levels and return upwards with adequate
pressure to reach the surface after heating. These structurally controlled hot water
springs in Sri Lanka are associated with deep geologically weak zones of fracture or fault

systems within the tectonically active thrust boundary.




According to geochemical parameters and field evidence, hot water springs in Sri Lanka
can be divided into three groups, Groupl: Mahapelassa Group 2: Kapurella, Mahaoya,
Padiyatalwa , Palanoya and other around the Mahiyangana, Ampara and Group 3:
Kannyai, Rathkhiriya and Adampane areas.). According to the chemical and physical
parameters of hot water it can be concluded that Group (1) and Grou (3) are more
suitable for therapeutic uses and have a good potential for development for eco-tourism.
The Group (2) has hot water with low contaminations of salt, and show fairly high

potential for generation of geothermal energy.




i

ACKNOWLADGEMENTS
At the outset I would like to record with deep respect and gratitude for the valuble
guidance and encouragements given by my Supervisors, Professor Dayantha Wijesekara
(Former Vice-Chancellor, University of Moratuwa), Mr. S. Weerawarnakula, Dr. U.G.A.
Puswewala and Dr. A M.K.B. Abeysinghe. The support and the most willing assistance
extended by Dr. Kithsisri Dissanayake (Former Head / Department of Earth Resources
Engineering), Professor W.D.W. Jayathilake ( Department of Chemistry, University of
Sri Jayewardenepura) and Professor Ananada Gunathilake are acknowledged with

utmost gratitude.

Dr. Nanada Munasinghe, Director Postgraduate Studies is acknowledged greatly for his
kind cooperation and assistance. I would also like to express my sincere gratitude to all
members of Academic and Technical staff of the Department of Earth Resources

Engineering for their kind assistance and support extended to me during the research.

A special thanks for Mr. G. Kumasaru for giving the fullest cooperation during the field

work. I am also thankful to vill 1 Padiyatalawa for their kind assistance given

to me during field work. Mr..G. Jayasena (Custom Department) would be remembered

with most gratitude for his kind support during the field works.

The members of the staff of Environmental Engineering Laboratory, Department of Civil
Engineering, University of Moratuwa and Shamalee Siriwardane (Chief Chemist,
Geological Survey and Mines Bureau ) are also greatly acknowledged for their invaluable

support for chemical analysis. All the geologists at Geological Survey and Mines Bureau

are also thanked for their kind assistance.

Special thanks are due to the Senate Research Commitiee for awarding me a university
research grant for this study. The valuable guidance, unreserved support offered by

many others are rtemembered with profound gratitude. I regret the inability to mention

all of them by name.




TABLE OF CONTENTS
Abstract
Acknowledgements

Table of Contents

List of Maps
List of Figures
List of Tables
List of Abbreviations
. 1. CHAPTER ONE
1.1 Introduction
| 1.2 Nature of Heat discharge of hot water springs in Sri Lanka
| 1.3 Hot water springs, Geysers and other geothermal events in
| the earth’s crust
| 1.4  Investigation of Hot water springs.
| 1.5  Hot water springs in Sri Lanka
“ 1.5.1 Mabhapelassa Hot water springs
1.5.2 Mahaoya Hot water spring
. 1.5.3 Kapurella hot water springs
\ 1.5.4 Other hot water springs
| 1.6 Uses of hot water springs
1.6.1 Therapeutic uses
| 1.6.2 As Geothermal Energy
1.6.3 Power Plants Generating Electricity from Geothermal Reservoirs
| 1.6.4 For heating houses, buildings and greenhouses
| 1.7 The Future of Geothermal Energy
. 1.8 Objective of the research

2.CHAPTER TWO

! 2.0 Literature review

| 2.1 Hot water springs in Sri Lanka and related research development

i

viil

X

X1

\O\OOO\I\]\!\)L/\LI\&I\&M

o O

11

v



22

23
2.4
2.5
2.6

2.6.1

2.6.2

2.6.3

264
2.6.5
2.7
2.8

Geophysical studies and tectonics of hot water springs in
Sri Lanka

Geochmical and isotopes studies

Development projects of hot water springs in Mahapelassa
Development of hot water springs in the world

Most popular hot water springs in the world
Hot water springs in USA
Hot water springs in Japan

Hot water springs in Canada

Nepal’s hot water springs
Hot springs in Taiwan
Some geothermal activities in the earth

Geothermal Energy in the World

3. CHAPTER THREE

3.0
3.1
3.2
3.2.1
322
323
3.4
3.5

3.6
3.7
3.8
3.8.1
3.82
3.83

Geological setting of hot water springs

Origin of hot spring

The Earth’s Heat

Radioactive heat production

Temperature inside the Earth

Heat transport in the earth

Interpretations of the geothermal gradient

Mechanism of Hot water springs and other geothermal
activities in the world

Sources of heat and hot water springs in the world
Relationship between faults and hot springs

Regional geological and tectonic setting around Sri Lanka
Geology of Sri Lanka

Tectonic setting of Sri Lanka

Lineaments in Sr1 Lanka

11
14
15
16
17

17

24

27

28
28
30
31

32

34
34
35
36

37
40
40
41
4]
47
50

\Y




3.8.4

Neo-tectonic movement in Sri Lankan Crust

4. CHAPTER FOUR

4.0
4.1
4.1.1
42
43
43.1
44
4.5

Methodology

Geophysical investigation

Resistivity survey

Remote sensing applications

Geochemical investigation

Sampling and storing procedure for laboratory analyses
Geological and other field work

Data analysis and development of the “conceptual geological

model

5. CHAPTER FIVE

5.0
5.1
5.1.1
5.1.2
52
5.2.1
522
53
5.3.1
532
5.4
5.5
5.6
5.7
5.7.1
5.8

59

Results and Discussion

Hot Water Springs in Padiyatalawa
Geology of the area
Resistivity pr
Mahaoya hot water

o By

Geology of Mahaoya hot springs area

Resistivity profile in the Mahaoya area

Mahapelassa hot water springs

Geology of Mahapelassa area

Reistivity profile in Mahapelassa hot spring area
Kapurella hot water spring

Palanoya hot water spring

Nelumwewa hot water spring

Highland — Vijayan Complexes ( HC-VC) Contact zone
Geological and structural features in the boundary zone
Regional Geological and tectonic structure of eastern part of
Sri Lanka

Geological model

51

54
54
55
56
56
57

58

30
80

Vi




5.10
5.11

Geochemical characteristics

Lineaments around hot water springs in Sri Lanka

6. CHAPTER SIX

6.1
6.1.1
6.1.2

Conclusions and Recommendations
Conclusions

Recommendations

References

Annexure

81
84

86
86
87
88

Vii




LIST OF MAPS

Map 1.1 Location map of Hot water springs in Sri Lanka

Map 2.1 Gravity anomaly map Sri Lanka (Hartherton 1975)

Map 3.1 Simplified Geological map of Sri Lanka ( Cooray, 1994)
Map 3.2 Major plates in the world showing newly described Indian

plate and active seismic zone south of Sri Lanka. ( Source USGS)

Map 3.3 Lineament around Sri Lanka and India

Map 3.4 Tectonic Map of Sri Lanka

Map 5.1 Map of hot water spring in Padiyatalawa area
Map 5.2 Location map of hot water springs in Padiyatalawa
Map 5.3 Geological map of Padiyatalawa area

Map 5.4 Geological map of Mahaoya area

Map 5.5 Location map of Mahapeassa hot water springs
Map 5.6 Geological map of Mahapelassa area

Map 5.7 Location map of Kapurella hot water spring

Map 5.8 Geological map of Kapurella area

Map 5.9 Map of hot water spring at Palanoya

Map 5.10 Location map of hot water spring at Nelumwewa

Map 5.11 Lineaments around hot water springs in Sri Lanka

Vil



LIST FIGURES

Figure 2.1 Hybrid anomaly profile and density model

Figure 3.1. Hot spring formation mechanism |

Figure 3.2. Hot spring formation mechanism 2

Figure 3.3. Hot spring formation mechanism 3

Figure 3.4 Positioning of Sri Lanka in relation to neighboring Gondwana
continent fragment

Figure 4.1 Electrode configurations of Resistivity method

Figure 4.2 Conceptual geological model

Figure 5.1 Geological cross section in Padiyatalawa area ( along line A-B)

Figure 5.2 Reisistivity cross section in cold water aquifer

Figure 5.3 Resistivity cross section near hot water spring at Padiyatalawa

Figure 5.4 Geological cross section in Mahaoya area ( along line A-B)

Figure 5.5 Resistivity cross section in Mahaoya spring area

Figure 5.6 Geological cross section in Mahapelassa area

Figure 5.7 Resistivity cross s pe

Figure 5.8 Geochemical distribution of hot waters in Sri | a

Figure 5.9 Temperature variation of Hot water springs in Sri Lanka

Figure 5.10 pH variation of hot water springs in Sri Lanka

Figure 5.11 Conceptual Geological model for formation of hot water springs

in Sri Lanka
Figure 5.12 Land Sat image of east Sri Lanka showing locations ot hot

water spring of group 2

Figure 5.13 Land Sat image of northeast Sri Lanka showing locations of hot

water spring of group 3

14
38
39
39

48
55
59
63
64
65
67
68
71
72
81
81
82

85

85




LIST OF TABLES

Table 2.1 Composition of Gases in thermal waters

Table 2.2 Chemical analysis of some major hot water springs in Sri Lanka
Table 3. 1 Heat production of different rocks as geothermal energy

Table 5.1 Some field observations of hot waters of Padiyatalwa Springs

Table 5.2 Chemical composition of hot water springs at Padiyatalawa

Table 5.3 Chemical and physical parameters of Mahaoya springs ( In-situ tests)
Table 5.4 Other chemical parameters

Table 5.5 Chemical and physical parameters of Mahapelassa hot water

Table 5.6 Chemical parameters of Palanoya hot water

s
16
35
61
64
66

66
69
76




LIST OF ABBREVIATION

Ga
GPS
HC

™
VC
wC

Billion years ago

Global Positioning System
Highland Complex
Million Years ago
Thematic Mapper

The Vijayan Complex
The Wanni Complex

X1



