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THAILAND INVESTIGATION 

1. Karst inventory 

2. Surface geophysical investigation 

3. Perform dye study to determine hydraulic connectivity 
within the aquifer  

4. Drilling, well construction (15 pumping wells and 15 
observation wells) and aquifer tests  

5. Collect and analyze water samples for stable and 
radioactive isotopes to delineate the source of water 

 

 

OBJECTIVES  
INTRODUCTION TO  KARST 
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Distribution of Major Outcrops of 
Carbonates Rocks in the World 
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What is Karst? 
 
 
 
 

       
 

      Karst terrane is characterized by surface and 
subsurface  features such as sinkholes, karst 
windows, springs, caves and losing, sinking, or 
gaining underground streams. 

      Karst is formed on rocks that dissolve, rather 
than being eroded mechanically (rivers, waves, 
etc.). Dissolution is the basic karst process. 

      Streams/rivers are continuously interconnected 
with the aquifers in the geological units 
traversed, recharging or discharging  into karst 
aquifers have a strong reaction to hydrological 
events. 
 

 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 

For karst landscape to form we have to have: 

• Lithologic Conditions (rocks that dissolve) 

• Hydrogeologic Conditions (surface, groundwater 

and precipitation)  

• Structural Control  
 
 

Principles of Karst Development 
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Lithologic Conditions 
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During the hydrologic cycle, water evaporates from the oceans and rises 
as water vapor to form clouds that release precipitation over oceans or 
land. Much of the precipitation falling on land returns to the oceans by 
surface runoff, thus completing the cycle. 

(source: Monroe and Wicander 1997) 

Hydrogeologic Conditions 
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• Limestone has low primary permeability. 

• Water flows through limestone along 
fractures, cracks/joints or bedding planes. 

• Because the rock dissolves, the fractures are 
widened by dissolution, predominantly near 
the rock surface and less with depth. 

Structural Control 
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Carbonate aquifer systems are highly heterogeneous and strongly anisotropic! 
The characterization of aquifer properties is usually not possible by one single 
method. 

Methods for Characterization of Karst Aquifers 
and Scale Effects 

(from Kiraly, 2003)  
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Karst Fracture 
Control 
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Components of the Karst Drainage System 

A.  Unconsolidated, mantling sediment 
(cover or overburden - soil) 

B.  The development of internal drainage produces the 
unique weathered zone characteristic of karst - the 
epikarstic zone 

C.  Drainage shafts (vadose zone); and 

D.  A deeper, cavernous network of solution channels 
transporting water (and sediment) laterally to exit 
points (springs) (phreatic zone). 
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Conceptual Model of a Karst Aquifer 

(from Geyer 2008)  
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Characteristics of Karst 

• Carbonate Rock 
• Irregular Bedrock Surface 
• Sinkholes 
• Caves 
• Springs/Seeps 
• Disappearing Streams 
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Characteristics of Karst 
Carbonate Rock 
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Characteristics of Karst 
Irregular Bedrock Surface 
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Characteristics of Karst 
Sinkholes 
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Characteristics of Karst 

Caves 
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Characteristics of Karst 

Springs 
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Characteristics of Karst 

Sinking (Disappearing) Streams 
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Why is Karst a Special Problem? 

Limestone is dissolved by groundwater flowing through 
fractures in the rock. 
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Why is Karst a Special Problem? 

Over time, groundwater dissolves cavernous  
pathways through the rock. 
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Why is Karst a Special Problem? 

    These cavernous 
pathways form 
integrated networks 
transmitting water 
through the ground. 
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Why is Karst a Special Problem? 

    In some cases very large 
volumes of water may be 
transmitted along preferential 
flow patterns. 
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Why is Karst a Special Problem? 

Cavernous systems 
may have cultural 
resources associated 
with them. 
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Pollutants may be transported rapidly, for great 
distances, with little dilution or natural clean-up. 

Why is Karst a Special Problem? 
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Karst  Aquifers 

• Karst aquifers require specific investigation 
techniques because they are different from 
other hydrogeological environments such as 
fractured and granular aquifers. 

• They evolve with time as the H2CO3 in the 
flowing water dissolves the carbonate rocks. 

• If a well is drilled into a sand or gravel aquifer, 
water always will be encountered, whereas 
the extreme heterogeneity of karst makes it 
difficult to drill a successful well (Goldscheider 
et al., 2007). 
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Groundwater Flow in Carbonates 

SOLUTION 
CONDUIT 

Modified from Ginsberg and Palmer, 2002 

RECHARGE AREA FOR CONDUIT 

A – Main SOLUTION CONDUIT that drains to spring (not shown)  

B–Capture zone for the spring includes region updip from the  
     SOLUTION CONDUIT  
 D – Major flows form conduits tributary to the SOLUTION CONDUIT  
E – Minor seepage  

G – Some vadose zone may pass above the strike-oriented SOLUTION CONDUIT  
F – Zone beyond estimated capture zone  

   FLOW  AGAINST THE DIP 
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Karst  Aquifers 
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It is difficult to draw potentiometric maps on the 
basis of water-level measurements in wells in karst 
aquifers, and then to use these maps to predict the 
direction and velocity of groundwater flow unless 
there are measurements from a large number of 
wells. Other methods, such as tracer tests, are thus 
more appropriate to determine flow direction and 
velocity (Goldscheider et al., 2007). 

Karst  Aquifers 
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• The primary objective of a public/private water-
supply system is to provide the consumer  with a 
safe, dependable supply of drinking water. 

• Karst groundwater supplies are particularly  
vulnerable to contamination because of the 
relatively direct connection to surface activities 
and the rapid transport of surface runoff and 
contaminants to the karst ground-water system. 

• Occurrence and orientation of solution conduits, 
fractures, and bedding planes can complicate 
delineation of recharge areas. 

Karst  Aquifers 
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In karst terrane it is necessary to have a detailed 
understanding  of the extent of the aquifer recharge area, and 
an understanding of how pollutants move through the system.  

Karst  Aquifers 
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OBJECTIVES  OF THAILAND INVESTIGATION 

1. Karst inventory 

2. Surface geophysical investigation 

3. Perform dye study to determine hydraulic connectivity 
within the aquifer  

4. Drilling, well construction (15 pumping wells and 15 
observation wells) and aquifer tests  

5. Collect and analyze water samples for stable and 
radioactive isotopes to delineate the source of water 
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(source: Ford and Wiliams 2007) 

Distribution of Major Outcrops of 
Carbonates Rocks in the World 
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Why is Karst a Special Problem? 
Because 25% of Thailand is underlain by carbonate rocks and 
millions of people are using karst waters on a daily basis. 
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0 200 km 
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• Tropical climate (monsoon type) with two distinct 
seasons is characteristic of the project area.  

• The dry season begins in October and ends in May. 

•  Annual rainfall ranges between 1,500 and 2,000 mm and 
temperature between 20.00C and 40.70C. 

 

CLIMATE 
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False-color satellite 
image showing extent of 
flooding on 19 October 
2011; water is shown in 
dark blue. 
  

0 200 km 

http://en.wikipedia.org/wiki/File:2011_flooding_in_Ayutthaya_Province-EO-1_merged.jpg�
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Three weeks after the flood, dry period begins.   
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Rainwater is preserved in cisterns. 

WATER SOURCES AND STORAGE IN THE PROJECT AREA 
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Water  supply  well and storage tank.  

 

WATER SOURCES AND STORAGE IN THE PROJECT AREA 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 

Industrial  well 

TD = 29.5 m, 12 inches diameter well 

Q = 28 l/s or 100 m3/hour  

 

WATER SOURCES AND STORAGE IN THE PROJECT AREA 
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Mu Si Spring  (Q = 150 l/s) 

 

WATER SOURCES AND STORAGE IN THE PROJECT AREA 
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Man-made ponds  

 

WATER SOURCES AND STORAGE IN THE PROJECT AREA 
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Small dams  

 

WATER SOURCES AND STORAGE IN THE PROJECT AREA 
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Large dams (Pasak Dam)  

WATER SOURCES AND STORAGE IN THE PROJECT AREA 
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Caves or large cavities intercepted during drilling activities  
could be potential storage for water. 

WATER SOURCES AND STORAGE IN THE PROJECT AREA 
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GEOLOGY 

 
•  The project area is underlain by the limestone of the 

Saraburi Group of Permian age (Ridd et al., 2011).   
 

• In stratigraphic order from oldest to youngest, the rock 
units are the: Phu Phe, Khao Khwang, Nong Pong, Pang 
Asok, Khao Khad and Sap Bon formations.  
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Limestone Project Karst  
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Geological  map of the project area (from Ridd et al., 2011) 
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Khao Khad 

Khao Khad 

Sap Bon 

Khao Khad 

Korat 

Khao Khad 

Korat 

Igneous Pang Asok 

Igneous 

Sap Bon Pang Asok Khao Khwang Igneous 
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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OBJECTIVES OF THAILAND INVESTIGATION  
1. Karst inventory  

 Karst Landforms 
1. Karren 

1. Circular plan forms 
a. Rain Pits 
b. Kamenitza 

2. Linear forms 
a. Karren fields 

3. Depressions 
a. Sinkholes (dolines) 
b. Closed depressions 

3. Springs 
4. Sinking Streams  
5. Waterfalls 
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Karst landforms 
1. Karren 

1. Circular plan forms 
a. Rain Pits 
b. Kamenitza 

2. Linear forms 
a. Karren fields  
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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Karst landforms 
1. Karren 

1. Circular plan forms 
a. Rain pits 
b. Kamenitza 

2. Linear forms 
a. Karren fields 

3. Depressions 
a. Sinkholes (dolines) 
b. Closed depressions 

.  
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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Karst landforms 
1. Karren 

1. Circular plan forms 
a. Rain Pits 
b. Kamenitza 

2. Linear forms 
a. Karren fields 

3. Depressions 
a. Sinkholes (dolines) 
b. Closed depressions 

3. Springs 
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Mu Si Spring 
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Mu Si Spring  (Q = 150 l/s) 
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Hot Well 
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 

Hot Well (Q = 400 l/s) 
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Quarry Lake 
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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Q = 1.50 l/s 
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Karst landforms 
1. Karren 

1. Circular plan forms 
a. Rain pits 
b. Kamenitza 

2. Linear forms 
a. Karren fields 

3. Depressions 
a. Sinkholes (dolines) 
b. Closed depressions 

3. Springs 
4. Sinking Streams 
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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Karst landforms 
1. Karren 

1. Circular plan forms 
a. Rain pits 
b. Kamenitza 

2. Linear forms 
a. Karren fields 

3. Depressions 
a. Sinkholes (dolines) 
b. Closed depressions 

3. Springs 
4. Sinking Streams  
5. Waterfalls 
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GEOTHERMAL  ANOMALY 
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Hot Cave 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 

Hypogenic cave - A cave formed by water rising up from below 
and dissolving the rock, usually as the result of two different kinds 
of water mixing together. 
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CAVES IN THE PROJECT AREA 
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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OBJECTIVES OF THAILAND INVESTIGATION   

1. Karst inventory 

2. Surface geophysical investigation 
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SURFACE GEOPHYSICAL INVESTIGATIONS 

• To identify favorable locations for groundwater 
exploration in the Saraburi Group karstified aquifer 
system and characterize groundwater resources, an 
extensive resistivity geophysical survey was performed. 
 

• Direct-current (DC) electrical resistivity was performed 
along 67 profiles distributed throughout Saraburi 
Province.  
 

• The dipole-dipole array was used so that lateral 
variations in electrical resistivity indicative of karst 
features could be resolved. 
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• Numerous deep (>50 m) low-resistivity anomalies were 
found along various inverted resistivity profiles.  These 
anomalies were detected in all 67 profiles. Two profiles 
are included for illustration.   
 

• The geologic map shows areas of groundwater potential, 
as low (L), moderate (M), high (H) and very high (VH).  
These anomalies may correspond to accumulations of 
groundwater in karst features within the limestone.   

SURFACE GEOPHYSICAL INVESTIGATIONS 
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SoutheastSTK04Northwest 
 

NorthSTK05South 
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OBJECTIVES   

1. Karst inventory 

2. Surface geophysical investigation 

3. Perform dye study to determine hydraulic connectivity 
within the aquifer 
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Tham Lumphini Suan Spring 

Sinking Streams 
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   PRELIMINARY INVESTIGATIONS IN THE 
LIMESTONE PROJECT STUDY AREA 
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Sinking stream October 2012 
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Tham Lumphini Suan Hin Sinking Stream Q = 8 l/s 
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Tham Lumphini Suan Hin Spring Q = 117 l/s) 
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OBJECTIVES   

1. Karst inventory 

2. Surface geophysical investigation 

3. Perform dye study to determine hydraulic connectivity 
within the aquifer  

4. Drilling, well construction (15 pumping wells and 15 
observation wells) and aquifer tests  
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OBJECTIVES   

1. Drilling, well construction (15 pumping wells and 15 
observation wells) and aquifer tests  

 

 

 
Pumping wells - Diameter 200 mm 

 
Observation wells - Diameter 100 mm 

                     
              1.  Depth   80 m - 5 wells 

    
            Depth   80 m - 5 wells 

     
              2.  Depth 150 m - 5 wells  

    
            Depth 150 m - 5 wells 

    
              3.  Depth 250 m - 5 wells 

    
            Depth 250 m - 5 wells 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 



www.pela.com Copyright 2013 © PELA GeoEnvironmental, Inc. 

CONCLUSIONS/PROJECT STATUS  

1. Karst inventory 

2. Surface geophysical investigation 

3. Perform dye study to determine hydraulic connectivity 
within the aquifer  

4. Drilling, well construction (15 pumping wells and 15 
observation wells) and aquifer tests  

5. Collect and analyze water samples for stable and 
radioactive isotopes to delineate the source of water 
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