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1. INTRODUCTION 

Objective 
 - Analysis and synthesis rock structure in Klong 
Kra Sae Project, Bo Thong, Chonburi. 
 - Seepage analysis on foundation. 

Expected Results 
 - Construction analysis and synthesis of rock 
structure modelling in project area. 
 -  Analysis seepage zone on foundation. 



Plate Tectonic map of southeast 
Asia after plates collision  
I = Indochina plate  
ST= Shan-Thai Plate  
SC = South-China, K = Khorat 
CM = Chingmai, V = Vientiane 
WM = West Malay Peninsular 
EM = East Malay Peninsular,  
B = Bentong Ophiolite line.  
 (after Bunopas, 1981) 
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1. Introduction 

(Booth and Sattayarak, 2011)  OROGENY  



Indosinian Orogeny 
(Devonian – Late Cretaceous) 

(419 - 201 ma.) 
 



Geotectonic evolution in Southeast Asia was divided 
by Tethyan  to be 3 stage  for instance; 
 
1. Palaeo-Tethys = Devonian-Triassic 

(419 - 201 ma.) 
2. Meso-Tethys = Late Early Permian-Late Cretaceous 
                         (272 - 66 ma.) 
3. Ceno-Tethys = Late Triassic-Late Cretaceous 
                         (237 – 66 ma.) 

1. Introduction 

(Modified after Metcalf, 2013) 



Rifting in the Khorat (A) Early 
Triassic (B) Middle Triassic,  
NC=the North China,  
SC=the South China,  
C= Cathasian Block,  
TS=Truong Son,  
Kon=Kontum,  
Kh=Khorat,  
C-M=Cambodia, offshore Malaysia, 
S=Shkhothai,  
Ch-EM= Chanthaburi-East Malaysia.  

1. Introduction 

(Modified after Morley, 2013) 



Himalayan Orogeny 
(Cenozoic) 

(66 ma. - recent) 



1. Introduction 

(Tapponnier, 1986) Himalayan Orogeny  



1. Introduction 

(Palin et al., 2013) Strike – slip faults after Himalayan Orogeny 



Geologic Map of study area. 
(Kittisarn and Assavapatchara, 
1988) 





Location of Kra Sae Project (after RTSD, 1999) 

1. Introduction 



Project Detail 
Dam type = Zone Type;  
   long 441 m. wide 8 m. 
   high 21 m. 

+102 msl +98 msl 
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(Dam design group 3, 2016) Drill holes Map in Study area 



 

(Dam design group 3, 2016) Drill holes Map in Study area 

E W 
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2. Geological investigation 



Rock Structures 

Bedding Planes 



Progressive deformation. 

Ramsay and Huber (1987) 



Rock Structures 

Rocks Folding 

http://geologylearn.blogspot.com/2016/03/folds-and-foliations.html 



Rock Structures 

Fold Geometry 

(Fossen, H., 2010) 



Rock Structures 

Joint Patterns 

http://www.geologyin.com/2014/10/joints-terminology-brittle-deformation.html 



Geological map in scale 1: 50,000 and 
outcrop in dam reservoir  
(after Kittisarn and Assavapatchara, 1988) 



Station A; Far from CL dam in SE 
direction about 280 meters. 



Station B; Far from CL dam in SE 
direction about 520 meters.  



Station C; Far from CL dam in SE 
direction about 370 meters.  



Station D; Far from CL dam in SE 
direction about 370 meters. 



Station E; Far from CL dam in S 
direction about 180 meters. 



Station F; Far from CL dam in SW 
direction about 305 meters.  



3. Structural analysis and synthesis methods 





Structural rock basement analysis 



Structural rock basement synthesis 

- overturn fold has axial plane about 
071◦/54◦SE  which fold axis has Trend about 
112◦ and Plunge about 42◦. 
 

Profiles and corresponding contoured p-diagrams of 
variously shaped folds ((c, d, and e after Ragan, 1985) 
Rowland et al.,2007) 



Idealized modeling from synthesis rock structure 

Bedding synthesis result shows overturn fold which has axial plane about 071◦/54◦SE  
which fold axis has Trend about 112◦ and Plunge about 42◦. 

 

075◦ 

54◦ 54◦ 
112◦ 



Structural rock basement synthesis 

Synthetic structural data sets showing different degree 
of homogeneity.  
 
a) Synthetic homogeneous set of strike and dip   
measurements.  
 
b) Systematic variation in layer orientation measurements. 
 
c) Homogeneous subareas due to kink- or chevron folding. 
 
d-e) Systematic fracture systems. Note how the systematics 
are reflected in the strereonets.  

(Fossen, H., 2010) 



Idealized modeling from synthesis rock structure 



4. Hydrogeological investigation 





Wyllie & Mah, 2004 
K primary - Seepage flow through intact rock is negligible essentially all.  
K secondary - flow occurs along the discontinuity. 

Graphical explanation of the effective hydraulic opening (from Barton, 2004a) 



5. Finite element seepage analysis 



Finite element seepage analysis 

 SEEP/W (GEO-SLOPE, 1999)  model water pressure of soil 
and rock foundations in saturate and unsaturated condition with 
steady state flow. The ratio of the permeability in the vertical 
direction to that in the horizontal direction (Ky/Kx)  

 Ky = Permeability in vertical direction. 

 Kx = Permeability in horizontal direction. 

 seepage analysis was tested with various anisotropic 
permeability ratio to 0.1, 0.2, 0.5, 1.0, 2.0, 5.0 and 10.0 to seepage 
model 

 



Finite elements seepage analysis of total head and flux value in case of HWL, 
permeability ratio equal to 1 







Conclusion and discussion 
 1. Kra Sae Project consists on the Triassic rock which compose of reddish brown to 
grey sandstone. 
 2. Bedding of basement rock present two major strike directions are as follows NE 
SW and E-W. Bedding synthesis result shows overturn fold which has axial plane about 
071◦/54◦SE  which fold axis has Trend about 112◦ and Plunge about 42◦. 
 3. Joint Patterns show 4 patterns of dip direction are dip to NW, SE, NE and SW. The 
synthesis of joint patterns in Triassic rock illustrate joint net that have spacing between 
each joint around 3 cm up to 30 cm.   
 4. foundation in case of vertical permeability flow (Ky) more than horizontal 
permeability flow (Kx).    
 5. Results from numerical modeling are corresponding to geological investigation, it 
was showed that orientation of bedding are perpendicular with center line of dam and 
joints are cutting into the rock mass and illustrates rock mass to blocky. That’s discontinuity 
pattern causes an affect to vertical discontinuity is continuous more than horizontal 
discontinuity. 
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