
CHAPTER IV

ENVIRONMENTAL GEOLOGY

Saraburi area is  the important ta rget o f  development for  
cen tra l region  o f  T hailand. The present in v e s t ig a t io n  i s  intended to  
apply the earth  sc ie n c e s  inform ation to  a s s i s t  in  the fu ture  
planning and development o f  the area . The environm ental g e o lo g ic a l  
study s p e c if ie d  in v o lv es c o l le c t in g  a thorough knowledge o f
g e o lo g ic a l resou rces as w ell as th e ir  c a p a b i l i t ie s  and lim ita tio n  
for o rd erly  development to  e f f e c t iv e  urban and in d u str ia l growth in  
order to  m aintain a h ea lth y  l iv in g  environment. The fo llo w in g  
d isc u ss io n  is  intended to provide a p ic to r ia l  and graphical
p resen ta tio n  in c lu d in g  exp lan ation  and data on variou s a sp ec ts  o f  
geo logy  required  for the development p lanning.

4 .1  Ph ysiograp h ical s e t t ing

4 .1 .1  Climato lo g y

The stu d ied  area has . a tr o p ic a l savanna c lim a te  "Aw" as 
Koppen c la s s i f i c a t io n  which means th at the c lim a te  has drought 
p eriod  w ith  cool w in ter . The mean annual r a in fa l l  i s  1252 .7  

m illim e te r s . There i s  s l i g h t ly  r a in f a l l  in A pril and p ro g re ss iv e ly  
higher every month through 6 months between June to  O ctober. Average 
r a in fa l l  days are about 9 1 .4  days from 10 8 .3  days per year. An 
average tem perature i s  2 8 .4 °  c  w ith  the mean h ig h est tem perature o f
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3 6 . 9 °  c i n  A p r i l  a n d  t h e  m e a n  l o w e s t  t e m p e r a t u r e  o f  1 9 . 1 °  c i n  

J a n u a r y  ( F i g u r e  4 . 1 ) .

T h e  s e a s o n s  c h a n g e  d u e  t o  t h e  i n f l u e n c e  o f  t h e  m o n s o o n  

d i r e c t i o n s  c a n  b e  c l a s s i f i e d  a s  f o l l o w s  ะ

a )  T h e  s o u t h w e s t  m o n s o o n  i s  b e t w e e n  May  a n d  O c t o b e r .  

D u r i n g  t h i s  p e r i o d ,  t h e  m o n s o o n  p a s s e s  o v e r ,  t h e  a r e a  a n d  b r i n g  

m o i s t u r e  f r o m  t h e  s e a  t o  p r o d u c e  h e a v y  r a i n f a l l .  T h e r e f o r e ,  t h i s  

p e r i o d  i s  t h e  r a i n y  s e a s o n .

b )  When t h e  s o u t h w e s t  m o n s o o n  c h a n g e s  t o  n o r t h e a s t  

m o n s o o n ,  t h e  w e a t h e r  i s  c o o l e d  d o w n c a l l e d  t h e  c o l d  s e a s o n .  T h e  c o l d  

s e a s o n  l a s t s  f r o m  N o v e m b e r  t o  F e b r u a r y .

c )  T h e  s u m m e r ,  o r  h o t  s e a s o n ,  l a s t s  3 m o n t h s ,  e x t e n d i n g  

f r o m  M a r c h  t o  M ay .

T h e  w i n d  s p e e d  a n d  d i r e c t i o n  r e c o r d e d  a t  L o p  B u r i  

m e t e o r o g i c a l  s t a t i o n  w e r e  i l l u s t r a t e d  i n  T a b l e  4 . 1 .

T a b l e  4 . 1  M e a n  w i n d  S p e e d s  ( m . / s e c . ) ,  R e s u l t a n t  w i n d  D i r e c t i o n s  

( d e g r e e  f r o m  n o r t h )  a n d  Maximum w i n d  S p e e d s  ( m . / s e c . ) .

F e b r u a r y  -  A p r i l May -  J u l y  A u g u s t  -  O c t o b e r  N o v e m b e r  -  J a n u a r y

3 . 1  ( 1 8 0 ° ) 2 . 7  ( 1 8 0 ° )  2 . 3  ( 1 5 0 ° ) 2 . 8  (45° )

Ma x.  s p e e d  25



F ig u r e  4 .1  A verage r a i n f a l l  and r a in y  day, Tem perature (1 9 5 1 -1 9 8 9 )  
and e v a p o r a tio n  (1 9 7 5 -1 9 8 9 ) o f  changwat S arab u ri 
(M o d ified  from Pranom K aosuta e t  a l . ,  1 9 8 6 ).
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4 . 1 . 2  D r a i n a g e  o f  t h e  s t u d y  a r e a

T h e  s t u d y  a r e a  i s  d r a i n e d  b y  n u m e r o u s  s h o r t  s t r e a m s  a n d  o n e  

r i v e r .  T h e  P a s a k  R i v e r  i s  t h e  m a i n  s t r e a m  i n  t h e  a r e a .  I t s  

t r i b u t a r i e s  i n c l u d e  H a u i  Muak  L e k ,  H u a i  Y a n g ,  H u a i  Y a i ,  H u a i  T h a i  

a n d  e t c .

T h e  P a s a k  R i v e r  f l o w  f r o m s  n o r t h  t o  s o u t h  a n d  t h e  d i r e c t i o n  

c h a n g e  t o  w e s t  a t  Amphoe  K a e n g  K h o i  t o  j o i n  t h e  C h a o  P h r a y a  R i v e r  a t  

C h a n g w a t  P h r a  N a k h o n  s i  A y u t t h a y a .  I n  t h e  w e s t e r n  a n d  s o u t h e r n  p a r t  

o f  S a r a b u r i  t h e r e  a r e  i r r i g a t i o n  d r a i n a g e s  w h i c h  a r e  u s e d  f o r  

c u l t i v a t i o n  a n d  w a t e r  s u p p l y  ( F i g u r e  4 . 2 ) .

4 . 1 . 3  G e o m o r p h o l o g y

T h e  l a n d f o r m  o f  t h e  s t u d y  a r e a  c o m p r i s e d  m o u n t a i n  a n d  h i l l ,  

r e s i d u a l  a n d  c o l l u v i a l  d e p o s i t s , t e r r a c e  a n d  h i g h  t e r r a c e ,  a l l u v i a l  

f a n  a n d  f l o o d  p l a i n s  a n d  d e l t a  p l a i n s  a s  s h o w n  i n  F i g u r e  4 . 3

4 . 1 . 3 . 1  F l o o d  P l a i n s

T h e  r e c e n t  f l o o d  p l a i n  o f  P a s a k  R i v e r  c o v e r s  a l o n g  t h e  

c o u r s e  o f  t h e  r i v e r .  T h e  f l a t  t e r r a i n  c o n s i s t s  o f  n a t u r a l  l e v e e ,  

o x b o w  l a k e  a n d  b a c k s w a m p .  T h e  e l e v a t i o n  o f  f l o o d  p l a i n  i s  a b o u t  10 

m e t e r s  a b o v e  m e a n  s e a  l e v e l .  B o t h  s i d e s  o f  T h e  r i v e r  a r e  n a t u r a l  

l e v e e  w h i c h  i s  1 - 2  m e t e r s  h i g h e r  t h a n  s u r r o u n d i n g  a r e a .  B a c k s w a m p  

a n d  o x b o w  l a k e  a r e  a l s o  f o u n d  a n d  u s e d  a s  p r e s e r v e d  w a t e r  s o u r c e s  

f o r  v i l l a g e  s u c h  a s  o x b o w  l a k e  a t  B a n  B u n g ,  Am phoe  M u a n g  a n d  B a n  

B u n g  N g o n g  Amphoe  S a o  H a i .
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4 . 1 . 3 . 2  D e l t a  P l a i n s

T h e  d e l t a  p l a i n s  o f  C h a o  P h r a y a  a n d  L o p  B u r i  r i v e r  c o v e r  t h e  

w e s t e r n  p a r t  o f  t h e  s t u d y  a r e a .  T h e  a r e a l  e x t e n t  o f  d e l t a  p l a i n  

c o v e r  Amphoe  B a n  Mo, N o n g  Don a n d  Do n  P u t  i n  t h e  w e s t  a n d  Amphoe  

W i h a n  D a e n g ,  N o n g  K a e  i n  t h e  s o u t h .  T h e  e l e v a t i o n  o f  t h i s  a r e a  i s  

a b o u t  2 - 6  m e t e r s  a b o v e  m e a n  s e a  l e v e l  w i t h  s l o p e  l e s s  t h a n  2 p e r c e n t .

T a k a y a  a n d  T h i r a m o n g k o l  ( 1 9 8 2 )  a n d  N a r o n g  T h i r a m o n g k o l  ( 1 9 8 3 )  

c o n c l u d e d  t h a t  t h e s e  d e l t a  p l a i n s  w e r e  f o r m e d  b y  C h a o  P h r a y a  R i v e r .  

T h e  t r i a n g u l a r  s h a p e  d e l t a  h a s  t h e  a p e x  a t  C h a n g w a t  c h a i n a t .  I n  t h e  

w e s t e r n  p a r t  o f  t h e  s t u d y  a r e a  t h e  s e d i m e n t  d e p o s i t s  a r e  n o n - a c i d  o r  

n e u t r a l  w h i l e  i n  t h e  s o u t h e r n  p a r t ,  a f f e c t e d  b y  i n f l u r e n c e  o f  

b r a c k i s h  w a t e r ,  t h e  j a r o s i t e  w a s  f o u n d  ( b r i g h t  y e l l o w  c r y s t a l  o f  

s u l f a t e  s a l t ) .

4 . 1 . 3 . 3  T e r r a c e

T h e  t e r r a c e  o c c u r s  a l o n g  t h e  m a r g i n s  o f  t h e  s t r u c t u r a l  

t e r r a c e  ( N a r o n g  T h i r a m o n g k o l ,  1 9 8 3 )  o f  M a r l .  I t  l i e s  b e t w e e n  10 a n d  

5 0  m e t e r s  a b o v e  m e a n  s e a  l e v e l .  T h e  t e r r a c e  i s  g e n t l y  u n d u l a t i n g  

w i t h  g e n t l e  s l o p e s  a n d  lo w  r e l i e f  a m p l i t u d e .

T h e  s e d i m e n t  o f  t h e  t e r r a c e  c o m m o n l y  c o n s i s t s  o f  c l a y e y ,  

s i l t y  a n d  s a n d y  l a y e r s  o f t e n  a l t e r n a t i n g  w i t h  g r a v e l  b e d s .  T h e  

l a t e r i t i c  l a y e r  o f  p i s o l i t i c  c o n c r e t i o n s  o f  i r o n  o x i d e ,  t h i c k n e s s  10 

t o  3 0  c e n t e r m e t e r s  t h i c k ,  a l w a y s  f o u n d  i n  t h e  u p p e r  p a r t  w i t h  

n o r m a l l y  o v e r l a i n  b y  s a n d y  l a y e r  o f  a b o u t  1 m e t e r  t h i c k .
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4 . 1 . 3 . 4  A l l u v i a l  F a n

T h e  a l l u v i a l  f a n  i n  t h e  s t u d y  a r e a  i s  t h e  P a s a k  F a n  a t  w h i c h  

t h e  r i v e r  e m e r g e d  f r o m  m o u n t a i n e o u s  r a n g e  a t  K a e n g  K h o i  a n d  f o r m e d  

f a n  s h a p e .  I t  l i e s  b e t w e e n  5 a n d  4 0  m e t e r s  a b o v e  m e a n  s e a  l e v e l  a n d  

f o r m  a  g e n t l y  u n d u l a t i n g  t e r r a i n .

T h e  f a n  d e p o s i t s  c o m m o n l y  c o n s i s t s  o f  a l t e r n a t i n g  l a y e r s  o f  

c l a y ,  s i l t , s a n d  a n d  g r a v e l .  T h e  t o p  l a y e r  o f  t h e  d e p o s i t s ,  a b o u t  1 

m e t e r t h i c k ,  i s  m a i n l y  c o m p o s e d  o f  f i n e  t o  c o a r s e  s a n d .  T h e  l a t e r i t i c  

c o n c r e t i o n  o f  i r o n  o x i d e  o f  5 t o  15 cm. t h i c k  i s  c o m m o n l y  f o u n d  

u n d e r l y i n g  t h e  t o p  l a y e r  ( T a k a y a  a n d  N o r o n g  T h i r a m o n g k o l , 1 9 8 2  

N a r o n g  T h i r a m o n g k o l , 1 9 8 3 ) .

4 . 1 . 3 . 5  H i g h  T e r r a c e

A h i g h  t e r r a c e  h a s  e l e v a t i o n  b e t w e e n  3 0  a n d  1 2 0  m e t e r s  a b o v e  

m e a n  s e a  l e v e l  w i t h  a  r e l i e f  o f  u p  t o  3 0  m e t e r s .

T h e  d e p o s i t s  c o n s i s t  o f  c l a y  a n d  s i t y  s a n d  w i t h  c o n c r e t i o n s  

o f  i r o n  o x i d e  o f  1 0 - 3 0  cm t h i c k .  I n  t h e  w e s t  o f  S a r a b u r i ,  t h e  m a r l  

d e p o s i t  i s  f o u n d  i n s t e a d  o f  l a t e r i t i c  c a p .  T h e  m a r l  d e p o s i t  c o n s i s t s  

o f  2  t o  3 m e t e r s  t h i c k  o f  w h i t e  t o  l i g h t  g r a y  n o d u l a r  s t r u c t u r e  o f  

l o o s e  a n d  f r i a b l e  m a t e r i a l .  T h e  l o w e r  p a r t  i s  c o m p o s e d  o f  w h i t e  

m a s s i v e  m a t e r i a l .  T h e  t o t a l  t h i c k n e s s  i s  a t  l e a s t  5 m e t e r s  a s

o b s e r v e d  i n  o u t c r o p  a t  B a n  Mo.
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4 .1 .3 .6  R esid u a l and C o llu v ia l  d e p o s its

The r e s id u a l  and c o l lu v ia l  d e p o s i ts  covered  th e  n o r th e rn  and 
some p a r t  o f th e  e a s te r n  p o r t io n  o f  th e  a re a .  The d e p o s i t s  a re  found 
connected  to  m ountain which i s  a s  th e  r e s id u a l  s o i l  o f  sh a le  and 
san d sto n e  and igneous ro ck s  in  th e  so u th e a s t  p a r t .  The e le v a t io n  o f 
t h i s  u n i t  i s  about 100-300 m. above mean se a  le v e l .

The sed im en ts  com prised c la y ,  s i l t  and sand w ith  th ic k n e s s  
o f  about 1-3 m e te rs .

4 . 1 . 3 . 7  M o u n t a i n  a n d  H i l l

M o u n t a i n  a n d  H i l l  a r e  m o n a d n o c k s  a n d  m o u n t a i n r a n g e s  o f  

l i m e s t o n e ,  s h a l e  a n d  s a n d s t o n e  a n d  i g n e o u s  r o c k s  w i l l  t h e  e l e v a t i o n  

o f  m o r e  t h a n  3 0 0  m e t e r s .

4 . 1 . 4  S l o p e

S l o p e  i s  o n e  o f  t h e  i m p o r t a n t  f a c t o r  f o r  l a n d  u s e  p l a n n i n g

e s p e c i a l l y  i n  t h e  c a s e  o f  r o a d  t r a n s p o r t a t i o n  a n d  a g r i c u l t u r e .  T h e

s l o p e  c h a r a c t e r s  c o u p l e d  w i t h  t h e  n a t u r e  o f  m a t e r i a l s  a n d  v e g e t a t i o n  

t h a t  c o v e r  t h e  a r e a  c a n  b e  u s e d  i n  t h e  a s s e s s m e n t  o n  t h e  p o t e n t i a l  

o f  s o i l  e r o s i o n  o r  i t s  s t a b i l i t y .  Some c r i t i c a l  s l o p e s  a r e  g i v e n  i n  

T a b l e  4 . 2 .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  s l o p e  c h a r a c t e r  i s

c l a s s i f i e d ,  a c c o r d i n g  t o  t h e  s u g g e s t i o n  o f  C r o f t s  ( 1 9 7 3 ) ,  i n t o  5
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T a b l e  4 . 2  C r i t i c a l  s l o p e  C a t e g o r i e s .

S te e p n e ss  C r i t i c a l  fo r
p er  cen t

1 .  I n t e r n a t i o n a l  a i r p o r t  r u n w a y s .

2 .  M a i n - l i n e  p a s s e n g e r  a n d  f r e i g h t  r a i l  t r a n s p o r t .  

Maximum f o r  l o a d e d  c o m m e r c i a l  v e h i c l e s  w i t h o u t  s p e e d  

r e d u c t i o n .

L o c a l  a e r o d r o m e  r u n w a y s .

F r e e  p l o u g h i n g  a n d  c u l t i v a t i o n .

B e l o w  2 p e r  c e n t  f l o o d i n g  a n d  d r a i n a g e  p r o b l e m s  i n  

s i t e  d e v e l o p m e n t .

4 .  M a j o r  r o a d s .

5 .  A g r i c u l t u r a l  m a c h i n e r y  f o r  w e e d i n g ,  s e e d i n g .

S o i l  e r o s i o n  b e g i n s  t o  b e c o m e  a  p r o b l e m .

L a n d  d e v e l o p m e n t  ( c o n s t r u c t i o n a l )  d i f f i c u l t  a b o v e  5 

p e r c e n t .

8 .  H o u s  i  n g , r o a d s .

E x c e s s i v e  s l o p e  f o r  g e n e r a l  d e v e l o p m e n t .

I n t e n s i v e  cam p a n d  p i c n i c  a r e a s .

9 .  A b s o l u t e  maximum f o r  r a i l w a y s .

1 0 .  H e a v y  a g r i c u l t u r a l  m a c h i n e r y .

L a r g e - s c a l e  i n d u s t r i a l  s i t e  d e v e l o p m e n t .

1 5 .  S i t e  d e v e l o p m e n t .

S t a n d a r d  w h e e l e d  T r a c t o r .
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S teepn ess 
p e r  cen t

C r i t i c a l  fo r

20. Two-way p lo u gh in g .
Combine h a rv e s t in g .  
H o u s in g -s i te  developm ent.

25. Crop r o t a t i o n s .
Loading t r a i l e r s .
R e c re a t io n a l  p a th s  and t r a i l s .

S o u r c e  ะ C r o f t s  ( 1 9 7 3 ) .

c a t e g o r i e s ,  n a m e l y ,  ะ 0 - 2 % ,  2 - 5 % ,  5 - 1 0 % ,  1 0 - 2 0 %  a n d  >2 0+% .  T h e  s l o p e  

map  o f  t h e  s t u d y  a r e a  i s  i l l u s t r a t e d  i n  F i g u r e  4 . 4 .  T h e  a r e a  w i t h  

s l o p e  o f  2 p e r c e n t  o r  l e s s  c o v e r  a b o u t  7 0  p e r c e n t  o f  t h e  s t u d y  a r e a .  

T h e  f l a t t e s t  s l o p e  a r e  m a i n l y  d e v e l o p e d  o n  P a s a k - L o p  B u r i  f l o o d  

p l a i n  a n d  t h e  d e l t a  o f  C h a o  P h r a y a  a l o n g  n o r t h w e s t w e s t  a n d  s o u t h  

o f  t h e  s t u d y  a r e a .  T h i s  c a t e g o r y  o f  l a n d s  l o p e  o n  t h e  p l a i n s  a r e  

u s u a l l y  s u b j e c t e d  t o  f l o o d i n g ,  p o o r l y  d r a i n e d  a n d  g e n e r a l l y  h a v e  a  

r e l a t i v e l y  h i g h  w a t e r  t a b l e .  S o i l  s t a b i l i t y  i s  g e n e r a l l y  g o o d .

T h e  a r e a  w i t h  s l o p e  o f  2 - 5  p e r c e n t  c o m p o s e s  o f  a p p r o x i m a t e l y  

10 p e r c e n t  o f  t h e  s t u d y  a r e a .  I t  i s  t h e  g e n t l e  t o  u n d u l a t i n g  

t e r r a i n s  t h a t  c o v e r  i n  t h e  n o r t h  a n d  n o r t h  e a s t  p o r t i o n  o f  t h e  s t u d y

a r e a .
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T h e  l a n d  w i t h  s l o p e  o f  5 - 1 0  p e r c e n t  c o v e r s  a b o u t  15 p e r c e n t  

o f  t h e  s t u d y  a r e a .  T h e  a r e a l  e x t e n t  o f  t h i s  s l o p e  c l a s s  i s  g e n e r a l l y  

a s s o c i a t e d  w i t h  t h e  f o o t s  l o p e  o f  h i l l y  a n d  m o u n t a i n o u s  l a n d .  T h e  

s o i l  e r o s i o n '  o f  f i n e - g r a i n e d  s e d i m e n t  o n  n o n - v e g e t a t e d  l a n d  i s  

i n t e n s i v e .

T h e  a r e a  w i t h  s l o p e  b e t w e e n  10 a n d  2 0  p e r c e n t  c o v e r s  a b o u t  3 

p e r c e n t  o f  t h e  s t u d y  a r e a .  T h e y  m a i n l y  o c c u r  o n  t h e  m i d s l o p e  o f  t h e  

m o u n t a i n o u s  a n d  h i l l y  a r e a .  G e n e r a l l y ,  t h e y  a r e  t h e  h i g h l y  

s u s c e p t i b l e  t o  e r o s i o n  p a r t i c u l a r l y  b y  m e a n s  o f  g u l l y i n g  i f  t h e  p l a n t  

c o v e r i s  r e m o v e d .  I n  t h i s  s l o p e  c a t e g o r y ,  t h e  e r o s i o n  p r o c e s s  p l a y s  a  

s i g n i f i c a n t r o l e ,  t h e r e f o r e ,  t h e  t h i c k n e s s  o f  s o i l  c o v e r  o r  d e p t h  t o  

b e d  r o c k  o n  t h i s  l a n d  i s  c o m p a r a t i v e l y  t h i n .  H o w e v e r ,  t h e  a r e a  i n  

t h i s '  s l o p e  c a t e g o r y  i s  m a i n l y  t h e  p a r t  o f  K h a o  Y a i  N a t i o n a l  F o r e s t r y  

w h i c h  t h e  d e f o r e s t a t i o n  i s  c o n t r o l l e d  b y  t h e  g o v e r n m e n t .

T h e  a r e a  w i t h  s l o p e  e x c e s s e s  2 0  p e r c e n t ,  t h e  s t e e p e s t  

c a t e g o r y ,  c o v e r s  a b o u t  2 p e r c e n t  o f  t h e  s t u d y  a r e a .  T h e y  m a i n l y  

o c c u r  o n  t h e  l i m e s t o n e  a n d  v o l c a n i c  m o u n t a i n o u s  a r e a  a s  w e l l  a s  

h i l l y  t e r r a i n .  T h e  l a n d  w i h t  t h i s  s l o p e  c a t e g o r y  w i l l  c r e a t e  

n u m e r e o u s  p r o b l e m s  i n  d e v e l o p m e n t  s a c h  a s  s l o p e  s t a b i l i t y ,  

e s p e c i a l l y  i n  t h e  a r e a  o f  w e a t h e r e d  v o l c a n i c  r o c k s .  T h i s  a r e a  i s  

m a i n l y  t h e  f o r e s t  p r e s e r v a t i o n .  Human e n c r o a c h i m e n t  i s  n o t  i n t e n s i v e  

t o  d i s t u r b e d  t h e  e q u i l i b r i u m  o f  s l o p e .

4 . 1 . 5  L a n d u s e  P l a n n i n g  f o r  A g r i c u l t u r e

T h e  l a n d  u s e  m e a n s  m a n ’ s  a c t i v i t i e s  o n  l a n d  w h i c h  a r e
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d i r e c t l y  r e l a t e d  to  th e  land  (Clawson and S te w a rt, 1961).
*

The land  u s e , w ith in  th e  s tu d y  a re a ,  i s  m od ified  la rg e ly  
from th e  o r ig in a l  d a ta  o f th e  p lan ned  land  u se  map o f  S a ra b u ri by 
Pranom K aosutha e t  a l .  (1990). The in v e s t ig a t io n s  o f  th e  a re a  a re  
u n d e rtak en  by th e  Land use P lan n in g  D iv is io n , Land Development 
D epartm ent. The land  use  and land s u i t a b i l i t y  map o f th e  s tu d y  a re a  
i s  i l l u s t r a t e d  in  F ig u re  4 .5 .

A ccord ing  to  T ab le  4 .3  and F ig u re  4 .5 ,  th e re  a re  4 and 13 
c a te g o r ie s  o f  f i r s t  and second le v e l ,  r e s p e c t iv e ly .  They w il l  be 
d is c r ib e d  in  more d e t a i l  in  th e  fo llo w in g .

Among t h e  f i r s t  l e v e l  o f  l a n d  u s e  c a t e g o r i e s  w i t h i n  t h e  

s t u d y  a r e a ,  t h e  a g r i c u l t u r a l  l a n d  c o v e r s  t h e  w i d e  e x t e n t  w h i c h  i s  

a p p r o x i m a t e l y  55  p e r c e n t  o f  t h e  a r e a .  T h i s  c a t a g o r v  c a n  b e  d i v i d e d  

i n t o  5 c l a s s e s  o f  t h e  s e c o n d  l e v e l , n o t a b l y ,  p a d d y  f i e l d  i n  i r r i g a t e d  

a r e a ,  d i t c h  h o r t i c u l t u r a l  i n  i r r i g a t e d  a r e a ,  r a i n f e d  p a d d y  f i e l d ,  

f i e l d  c r o p  a n d  f r u i t  a n d  t r e e  l a n d  ( p e r e n n i a l ,  c r o p  l a n d  a n d  

h o r t i c u l t u r a l  c r o p ) .  T h e  p a d d y  f i e l d  i s  m a i n l y  c o v e r e d  t h e  w e s t e r n  

a r e a  o f  s t u d y  a r e a  i n  Amphoe N o n g  D o n ,  B a n  Mo, S a o  H a i , N o n g  S a n g ,  

M u a n g ,  w h i l e t h e d i t c h e d  h o r t i c u l t u r e d  a r e a  i s  f o u n d  o n  Amphoe  w i h a n  

D a e n g a n d  N o n g  K a e .  T h e  r a i n f e d  p a d d y  f i e l d  i s  f o u n d  o n  t h e  m i d d l e  o f  

s t u d y  a r e a  i n  Am phoe  P h r a  P h u t t h a b a t ,  M u a n g ,  K a e n g  K h o i  a n d  Muak  L e k .

T h e  f o r e s t  a r e a  c o v e r s  m a i n l y  i n  m o u n t a i n o u s  a r e a  w h i c h  i s  

c a t a g o r i s e d  i n t o  n a t i o n a l  p a r k  a n d  o u t e r  n a t i o n a l  p a r k .  E a c h  

c a t e g o r y  i s  c l a s s i f i e d  i n t o  p r i m a r y  a n d  s e c o n d a r y  f o r e s t .  T h e  a r e a l
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1 A g r i c u l t u r a l  A re a

Ir r i g a te d  Agricul tural  Area

EjjD I r r ig a te d  Paddy Field

Figgj Fru i t  in Groove Area

I.t Rainfed Agricultural  Area

I t  1 Pad dy  Field

tntttfcj Moderate Sui table  Area

l« a Slight ly Sui lable  Area

เฒ เ Fo rm Crop

Frui t  an d  Tree

2 F o re e t

z.l P r i m ar y  Forei t

1 «J. l  1 No tinal  Park

SHI Oute r  Nat inal  Park

2 2 Agro -  Forestry

ฒฒ เท Nat ional  Park

EÜL! Outer  Nat ional  Park

1 P a e t u r e  Area

(Will Developed Po stu re  Area

mm Natural  Pasture  Area

ggggjf Hillitfl-ry Aveo. 00O
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T a b l e  4 . 3  L a n d  u s e  c l a s s i f i c a t i o n  s y s t e m s  w i t h i n  t h e  s t u d i e d  a r e a .

2. F o re s t

3. P a s tu re  a re a

4. Urban o r b u i l t - u p  land

1 .2 .1  R a in fed  paddy f i e l d
1 .2 .1 .1  M oderate s u i t a b le  a re a
1 .2 .1 .2  S l ig h t ly  s u i t a b le  a re a

1 .2 .2  F ie ld  crop
1 .2 .3  F ru i t  and T ree (P e re n n ia l  crop  

land  and h o r t i c u l t u r a l  crop)
2 .1 .1  N a tio n a l P ark , P rim ary  F o re s t
2 .1 .2  O uter n a t io n a l  P a rk , P rim ary  F o re s t
2 .2 .1  N a tio n a l P ark , A g ro -F o re s try
2 .2 .2  O uter n a t io n a l  p a rk , A g ro -F o re s try
3.1 Developed P a s tu re  a re a
3 .2  N a tu ra l P a s tu re  a re a
4. I n d u s t r i a l ,  Community and 

R e c rea tio n  Area

e x te n t  o f  th e  f o r e s t  i s  found m ainly  in  th e  e a s t ,  n o r th e a s t  and
so u th e a s t  in  Amphoe Muang, Kaeng K hoi, Muak Lek, and w ihan Daeng.
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The p a s tu re  a re a  cov ers about 4 p e rc e n t o f th e  t o t a l  a re a . 
I t  can be c l a s s i f i e d  in to  developed  and n a tu r a l  p a s tu re  lan d . The 
developed  p a s tu re  land  cov ers th e  a re a  o f Muak Lek D iary  farm  in  
Amphoe Muak Lek w h ile  th e  n a tu r a l  p a s tu re  land  i s  found in  Amphoe 
Muak Lek, Kaeng Khoi and P hra  P h u tth a b a t a re a .

The u rban  o r  b u i l t - u p  land com prises a re a s  o f  in te n s iv e  use 
w ith  much o f  th e  land  covered  by s t r u c tu r e s .  In c lu d ed  in  t h i s  
c a te g o ry  a re  c i t y ,  m i l i t a r y  a re a  and in d u s t r i a l  a re a .  The u rban  land 
occup ied  about 1 p e rc e n t o f  th e  s tu d y  a re a .

4 .2  G eo lo g ica l S e t t in g

The , g e o lo g ic a l  s e t t i n g  o f th e  a re a  i s  com piled from p rev io u s  
in v e s t  ig a t  io n s .

The f e a tu r e  o f th e  a re a  i s  th e  m ountainous t e r r a i n s  o f 
e x t ru s iv e  igneous rock  which formed p a r t  o f Khao Yai N a tio n a l Park  
a t  th e  Southw est and w est. The c a rb o n a te  and c l a s t i c  sequences cover 
th e  n o r th , n o rth w est and s o u th e a s te rn  p a r t .  The low ly in g  
u n c o n so lid a te d  sed im ent cov ers th e  r e s t .  A ccording to  H in tong  e t  a l .  
(1976). th e  upper to  lower Perm ian c a rb o n a te  and c l a s t i c  sequence o f 
R a tb u ri Group c o n s is t  o f  lim esto n e  w ith  c h e r t  in te rb e d d e d  and some 
o f d o lo m itic  lim esto n e  and d o lo m ite , th e  c l a s t i c  ro ck  c o n s is t  o f 
S h a le . S i l t s to n e  and Sandstone which some p a r t  were m etam orphosed•to  
s l a t y  s h a le ,  p h y l l i t e ,  p h y l l i t i c  s h a le  and s c h i s t .  The o ld e r  rock  is  
re v e a le d  in  th e  n o r th  and th e  younger ro cks sp re a d s  th rou gh  the  
so u th . U n d if f e re n t ia te d  e x tru s iv e  ro ck s o f r h y o l i t e ,  a n d e s i te ,
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r h y o l i t i c  and a n d e s i t i c  t u f f s  and agg lom erate  and v o lc a n ic  b re c c ia  
o f P e rm o -T ria ss ic  age cover th e  w est and sou thw est p o r t io n  o f th e  
a re a .

The r e s t  o f  th e  a re a  i s  cov ered  dom in an tly  by Q uaternary  
a l l u v i a l  and te r r a c e  d e p o s i t s .

S t r u c t u r a l l y ,  th e  Perm ian R a tb u ri Group has th e  tre n d  in  th e  
d i r e c t io n  o f e a s t-w e s t  and d ip  m o d era te ly  to  th e  so u th  and so u th w est.

The Khao Yai e x t r u s iv e  rock  ly in g  unconform ably  on Perm ian ro ck . 
U nco nfo rm ities a re  o bscu red  because o f e ro s io n  and w ea th e rin g  and 
a re  su b se q u e n tly  co n cea led  by th e  younger sed im en t. F a u l ts  a re  
presum ably  w id e ly  p re s e n t in  Perm ian group o c c u rre d  in  two m ajor 
t r e n d s ,  n o r th w e s t- s o u th e a s t  and s o u th w e s t-n o r th e a s t .  Thub Khwang 
th r u s t  f a u l t  i s  found a t  cement f a c to ry  a t  Thub Khwang and Phu Phe. 
The sk e tc h ed  g e n e ra l iz e d  g e o lo g ic a l map o f th e  s tu d y  a re a  is  
i l l u s t r a t e d  in  F ig u re  4 .6 .

H in tong  (1981) d e s c r ib e d  th e  g e o lo g ic a l  h i s to r y  in  th e  s tu d y  
a re a  as fo llo w s ะ

The a re a  w est o f th e  K horat P la te a u ,  which i s  th e  s tu d y  a re a , 
was i n t e r m i t t e n t l y  invaded by sea  th rou gh o u t th e  Perm ian p e r io d . A 
th ic k  sequence o f m arine sedim ent o f th e  R a tb u ri Group was d e p o s ite d . 
The In d o s in ia n  o rogeny, s t a r t e d  from the  b eg in n in g  o f T r i a s s i c  and 
reached  i t s  c u lm in a tio n  p ro bab ly  in  J u r a s s i c ,  caused  s tro n g  fo ld in g  
in  such a re a  w ith  v e ry  l i t t l e  e f f e c t  on th e  p re s e n t-d a y  Khorat 
P la te a u .  Igneous ro cks were m ostly  formed d u r in g  t h i s  p e r io d .
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e s p e c ia l ly  in  th e  s o u th e a s te rn  p o r t io n  o f  th e  s tu d y  a re a . 
C on sequen tly , th e  re g io n  become once a  p a r t  o f  an e n la rg e d  s ta b le  
land -m ass. T here had been no m ajor fo ld in g  s in c e  th e  con c lu d in g  
phase o f  t h i s  o rogeny. Large a re a s  were covered  by in la n d  se a  d u rin g  
M esozoic tim e in  which red -b ed s  o f  th e  K horat Group were d e p o s ite d . 
However, no re c o rd s  o f  M esozoic and T e r t ia r y  d e p o s i t io n s  were found 
w ith in  t h i s  a re a .  The f in a l  d e p o s i t io n  was th e  fo rm atio n  o f the 
Q u a te rn a ry  t e r r a c e  and a l l u v i a l  d e p o s i t s  w hich cov ered  most o f th e  
n o r th e rn , w es te rn  and so u th e rn  p a r ts  o f th e  s tu d y  a re a .

4 .2 .1  P a la e o z o ic  Rocks

The o ld e s t  ro cks in  s tu d y  a re a  a re  P a la e o z o ic  ro ck s R a tb u ri 
Group, Chaiyan H in tong (1981! c a te g o r ie d  R a tb u ri Group in to  two 
subgroups based  on l i th o lo g y  and f o s s i l  d a t in g .  These in  e luded  
Lower Perm ian subgroup and M iddle Perm ian subgroup. Lower Permian 
subgroup composed o f  two fo rm a tio n s , nam ely, Phu Phae and Khao 
Khwang F orm ation . The form er com prised  g ray  to  d ark  g ray  lim es to n e , 
th ic k  to  medium bed w ith  c h e r t  in  i r r e g u la r  p a t t e r n  to  ta b u la r  
p a r a l l e l  to  bedd ing  nodu les w ith  f u s u l in id  f o s s i l ,  and d iv id e d  from 
th e  o th e r  by th r u s t  f a u l t  (Borax and S te w a rt, 1966). The 
d i s t r i b u t i o n  o f t h i s  fo rm atio n  show n o r th  e a s t  so u thw est tre n d  from 
Khao Yai n e a r  Siam cement f a c to ry  th ro u g h  Khao Krom Thang, Khao Nam 
Tok, Khao Kin Toi n ea r Changwat S a ra b u r i .  The l a t e r  com prised  g ray  
to  d a rk  g ray  1 im esto n e , th ic k  to  medium b e d ,c h e r t  nodu le  i s  alw aj's 
found w ith  o c c a s io n a l th in  bedded some s h a le ,  sa n d s to n e  w ith  t u f f ,  
th e  d i s t r i b u t i o n  o f  t h i s  fo rm ation  i s  o f Khao Kwaeng, Khao Lom , 
Khao Pong Sawang in  th e  n o r th e rn  p a r t  o f s tu d y  a re a .  F o s s il  
f u s u l in id s  and b rach io p o d s a re  alw ays found.
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The M iddle Perm ian subgroup c o n s is t s  o f fo u r  fo rm a tio n s , 
nam ely, Nong Pong, Pang Asok, Khao Khad and Sab Bon F o rm atio n s. Most 
o f th e s e  fo rm a tio n s  have a r g i l la c e o u s  sed im en ts intem bedded o r 
i n t e r c a la t e d  w ith  lim e s to n e . However, Khao Khad F orm ation  com prised 
m ainly  lim es to n e  w ith  in te rb ed d ed  a r g i l la c e o u s  ro c k s . The 
d i s t r i b u t i o n  o f  th e s e  subgroup covered  th e  n o r th e rn  and th e  n o r th  
e a s te r n  p a r t  o f  th e  s tu d y  a re a .

Nong Pong Form ation  com prises g ray  to  d ark  g ray  lim estone  
in te rb ed d ed  w ith  g ray  s h a le  and some c h e r t  nodu le  in  lim es to n e . The 
d i s t r i b u t i o n  i s  found in  Khao Thong Yu, Khao In  Thaya and Khao Mai 
Ruak, and th e  n o r th e rn  p a r t  o f Khao S laeng  Pon.

Pang Asok F orm ation c o n s is t s  o f  g ray ish -b ro w n  to  g re e n ish  
brown sh a le  in te rb ed d ed  w ith  g re e n is h  g ra y ,p u r p l is h  to  g ra y is h  brown 
san d sto n e  w ith  some s l a t e , s l a t y  s h a le .  The d i s t r i b u t i o n  i s  found 
m ainly  in  Amphoe Muak Lek from Thap Khwang ra ilw a y s  s t a t i o n  to  Muak 
Lek and Ban Pang Asok.

Khao Khad F orm ation  com prises m ainly  lim e s to n e , g ray  to  d ark  
g ra y , medium to  th ic k  bedded w ith  c h e r t  n o d u le . The d i s t r i b u t i o n  i s  
found in  Khao P h ra  P h u tth a b a t , Khao Prong P rap , Khao E-mod, Khao 
Phat Aek, Khao Nok Yung, Khao Makam Thao, Khao Ngop (M arble) from Na 
P hra  Lan th ro u g h  Thap Kwang ra ilw a y  s t a t i o n ,  Khao Pang Ma to  Muak 
Lek d ia ry  farm .

The u p p er  m ost o f  th e  M id d le  P erm ian  s a n d s to n e  su b g ro u p  i s

Sab Bon F o rm a tio n  c o m p r ise s  o f  m a in ly  s h a l e ,  s i l t s t o n e  and m inor
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san d sto n e  w ith  lim es to n e  len s  and c h e r t  n o d u le . The d i s t r i b u t i o n  o f 
t h i s  fo rm a tio n  co v e rs  Phu Khae b o tany  g ard en , Ban Wong Jon and Agro
f o r e s t r y  Sab Bon.

F o s s i l  found in  th e s e  subgroup i s  M iddle Perm ian as  d e f in e d  
by m ainly  f u s u l in id s  (P itak p a iw an , 1965; Toriyam a and Konmera, 1968; 
Toriyam a e t  a l . ,  1974 and T i t t i r a n a n d a ,  1976) and some b rach io p o d , 
and c o r a l .

4 .2 .2  P a la e o z o ic  -  M esozoic Rocks

In th e  s tu d y  a re a ,  th e se  ro ck  composed m o stly  o f igneous 
rocks which c o n ta in  b o th  in t r u s iv e  and e x t ru s iv e  ro c k s . The 
in t r u s iv e  rock  composed m ostly  o f d i o r i t e  found a t  Khao Ta P u t. Khao 
Serna, Khao Tan Thong Daeng, Ban Khlong Muang, Ban Thung Mai Daeng 
and Khao Nan n ea r Thab Kwang. The e x tru s iv e  ro ck s  composed o f 
r h y o l i t e ,  a n d e s i te  and r h y o l i t i c  and a n d e s i t i c  t u f f .  The 
d i s t r i b u t i o n  i s  found in  the  s o u th e a s t  o f s tu d y  a re a  such as Khao 
Pong Rang, Khao P hra  P h u tth a c h a i, Khao Sam Lan, Khao P h ra , Khao Sung, 

Khao Phu Pang, Khao Mai Nuan, and Khao In ta n e e .

4 .2 .3  Cen o zo ic  Rocks

The u n c o n so lid a te d  C enozoic ro ck s composed o f c la y s ,  s i l t s ,  
sand and g ra v e l which can be d iv id e d  in to  two c a te g o r ie s  o f  d e p o s i t s ,  

nam ely, t e r r a c e  d e p o s it  and a l l u v i a l  d e p o s i t .  T e rra c e  d e p o s its  
c o n s is t  o f  se m ic o n so lid a te d  g r a v e ls ,  san d s , s i l t s  and c la y s .  
L a t e r i t e ,  l a t e r i t i c  s o i l s  and t u f f  a re  a ls o  p re s e n t .  The d e p o s its  
a re  presum ably  P le is to c e n e  in  age.
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A llu v ia l  d e p o s i t s  o f g ra v e ls ,  sa n d s , s i l t s  and c la y s  a re  
found in  f lo o d p la in s .  The d e p o s its  a re  presum ably  Q u a tern a ry  in  age.

4 .3  M ineral R esou rces.

The p o te n t i a l  m inera l re s o u rc e s  w ith in  th e  s tu d y  a re a  a re  
c l a s s i f i e d  in to  2 g ro u p s, nam ely, non-m etal l i e  m in era ls
a n d c o n s tru c tio n  m a te r ia l s .  Jumpon K uentag (1979) s tu d ie d  marl
d e p o s it  a t  Amphoe Ban Mo and P hra  P h u tth a b a t , S a ra b u r i and in  the  
v i c i n i t y  o f Ban Tha Khae, Lop B u r i. Somwang Changsuwan and Anupan 
Kaedkaew (1991) re p o r te d  the  lo c a tio n  and some e n g in e e rin g
p r o p e r t ie s  o f lim esto n e  q u a rry  in  C e n tra l T h a ila n d . V ivat 
P a i j i tp r a p a p o r n  and V eeravat T h itisaw an  (1992) c a r r i e d  out the 
in v e s t ig a t io n  on C arbonate  rock  fo r  d im ension s to n e  and crushed  
ro cks a g g re g a te  in C e n tra l T h a ilan d  (F ig u re  4 .7 ) .

4 .3 .1  Nonmetal l i e  M inerals '.

4 .3 .1 .1  D ic k ite

D ic k ite  o r p y r o p h y l l i te  ( A l 4 ( s i 4 0 1 0 )  3(0H )12.3H 20, i s  a 
m ineral o f P h y l l o s i 1ic a te  group o f  th e  m o n oclin ic  c r y s t a l  system . 
I t s  o r ig in  i s  c lo s e ly  r e l a t e d  to  hydro therm al rep lacem en t in  a c id ic  
v o lc a n ic  rock  such  as r h y o l i t e .  D ic k ite  i s  s im i l a r  to  k a o l in i t e  in  
s t r u c tu r e  and chem ical com position  but i s  le s s  im p ortan t in  
c o n s t i tu t in g  most o f c la y  d e p o s i t s .  I t  can be d is t in g u is h e d  from 
k a o l in i t e  by d i f f e r e n t i a l  therm al and x - ra y  a n a ly s e s . G en e ra lly , 
d ic k i t e  can. be used  as raw m a te r ia ls  in  r e f r a c to r y  b r ic k s ,  sa g g a r ,
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e le c t r i c a l  p o r c e la in s , p o ttery , mosaic t i l e ,  w all t i l e  and w hite  
cement as w ell as f i l l e r  in rubber and p aint in d u s tr ie s .

The 2 d ic k ite  d ep o s its  are loca ted  in study area , however, 
the la r g est d ep o sit i s  in Nakhon Nayok at Khao cha Ngok, where 
d ic k ite  occurs from hydrothermal replacem ent in  r h y o lite  under the 
fra ctu re  c o n tr o l. For the 2 d ep o s its  in Saraburi, d ic k ite  is  found 
in r e la t iv e ly  sm aller q u a n tity  and lower grade. D eta iled  d esc r ip tio n  
o f th ese  2 d ep o s its  are summarized in Table 4 . 4 .

4 .3 .1 .2  Marls

The term "marl" has variou s meaning and d e f in i t io n s .  Howell 
(1957) s t a t e s  that marl is  an o ld  term o f a con sid erab le  range o f  
usage. In co a sta l p la in  geology o f the United S ta te s ,' i t  has been 
used as a name for l i t t l e  indurated sedim entary d ep o s it  o f a wide 
range o f  com position  among which are s l i g h t l y  to  h ig h ly  ca lcareous  
c la y  and s i l t ;  f in e -g r a in ed  ca lcareou s sand; c la y s , s i l t s ,  and sand 
co n ta in in g  g la u co n ite ; and uncon solid ated  s h e l l  d e p o s it s . In the 
in te r io r  o f the United s ta te  the name is  used for the ca lcareous  
d ep o s its  o f lakes in which the percentage o f calcium  carbonate may 
range from 0 to  le s s  than 30 p ercen t. The name does not imply any 
p a r tic u la r  com position .

P e tt ijo h n  (1957) exp lained  that marls is  se m ifr ia b le  m ixtures 
o f c la y  m inerals and lime carbonate. The b e tte r  indurated rocks o f  
l ik e  com position  are m arlstones or m a rlite  and are more c o r r e c t ly  an 
earth y or impure lim estone rather than a sh a le . Marl has been
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Table 4 . 4  The D ick ite  D ep osits w ith in  the study Area.

No. LOCATION Map Reference Method o f  
Mining

Use
Ceramic In d u str ies

1 Khao Mai Nuan
Ban Cha-Om, Saraburi

265947 
5237 IV

quarrying White Cement

2 Khao Phu Phang 
Ban Cha-Om, Saraburi

273954 
5237 IV

quarrying Ceramic In d u str ies  
Whit cement

Source : chaiyan Hintong (1981).

d efin ed  as a rock w ith  35 to  65 percent carbonate and a complementary 
content o f c la y .

Correns (c i te d  by K irsch. 1968) c a l l s  ''marl" when s o i l  or 
rocks has carbonate and c la y  content r a t io  about 35-65 percent as 
shown in Table 4  5  a

Chumphon Kuentag (1979) stu d ied  marl d ep osit in Saraburi at 
Amphoe Ban Mo and Amphoe Phra Phutthabat and concluded that both  
d ep o s its  were ch a ra cter ized  by w h ite , lo o se , porous, and tu fa - l ik e  
m ateria l w ith  o cca sio n a l lim estone g ra v e l, and carbonate content 
more than 90 p ercen t. B esid es , he su ggested  th at they should rather  
be c a lle d  marly lim eston e. The g en e s is  is  b e liev ed  to  be r e la te d  to  
the d ep o s it io n  o f lim estone weathered products around th ose areas in
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Table 4 .5 a  C la s s i f ic a t io n  o f  Marl and R elated  S o il and Rock.

Percent Carbonate
95 85 75 65 35 25 15 5

5 15 25 35 65 75 85 95
Percent c la y  (non-carbonate)

the b eginn in g o f  Quaternary p eriod . The chemical com position  o f both  
d e p o s its  are p resented  in Table 4 .5 b ,

4 .3 .1 .3  Carbonate Rocks

The term "carbonate rock" i s  used to  in clu d e lim eston e, 
dolom ite and marble. The name lim eston e i s  lim ited  to  sedim entary  
carbonate rock which are mainly composed o f c a lc i t e  (CaC0 3 ) and the 
double sa lto fc a lc iu m  and magnesium carbonate (CaMg (0 3 3 ) 2 ) ,  w hite  
c a lc i t e  b eing  the most abundant. Dolom ite i s  sedim entary rock 
composed m ostly  o f  the mineral dolom ite (CaCC>3 MgCC^). Marble i s  
a metamorphic rock composed e s s e n t ia l ly  o f c a lc i t e  and/or dolom ite.
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Table 4 .5 b  The Chemical Composition o f  Marls in  Saraburi.

L o c a t io n
C hem ical C o m p o sitio n  ( p e r  c e n t  b y  w e ig h t)

S i0 2 a 12°3 F e 2°3 MgO CaO MgC03 CaC03 MgC03 + 

CaC03

Nong B au, 
Ban Mo

2 .5 7 1 .6 3 0 .8 0 0 .1 4 5 1 .9 5 0 .1 5 9 2 .7 1 9 2 .8 6

Ban Mo 5 .4 0 1 .3 5 0 .7 3 0 .0 4 5 1 .0 4 0 .4 3 9 1 .0 9 9 1 .5 2

Source ะ Kuentag (1979).

These carbonate rock are extrem ely v a lu a b le  raw m ateria ls  
and w id ely  used throughout in d u stry . They are the b a s ic  b u ild in g  
blocks o f  the co n stru ctio n  in d u stry . The m ateria l from which 
aggregate , cement, lime and b u ild in g  sto n es  are made. Carbonate rock 
and d erived  products are used as f lu x e s , g la s s  raw m a teria l, 
r e fr a c to r s , f i l l e r s ,  a b ra siv e s , s o i  1c o n d itio n er , in g red ien tsa  host 
o f chem ical p ro c esse s , and much more. Carbonate rocks as
co n stru ctio n  m ateria l w i l l  be d iscu ssed  in the next item for the 
other used  o f  carbonate rocks. There are many o f  th e p a r ticu la r  
s p e c i f ic a t io n s  for  the p a r tic u la r  u se s . However, Evans (1977) 
p resented  the schem atic chart as shown in  Table 4 .6 .  Table 4,6 shows 
the nomenclature o f carbonate rock which i s  based on MgO content and 
i s  d esig n a ted  to  f i t  in d u str ia l use c a te g o r ie s .  The chemical 
con ten ts concerning in  th is  general s p e c i f ic a t io n s  are CaO, MgO, SiÛ2 

Fe2Û3 , AI2O3 , P2O5 and to ta l  a lk a l ie s .



T a b le 4 .6  c h a r t  sh o w in g  c a r b o n a te  ro c k s  d e f i e d  t o  f i t  i n d r u s t r i a l
u s e  c a t a g o r i e s .  ( A f t e r  E v a n s , 1977)

a. S i0 2 < 5%, PREFERABLY < 3%, A12C>3 < 2%, P205 MUST NOT EXCEED TRACE AMOUNTS ( i . e .  0.005-0.006% ) 
๖ . P20 MUST NOT EXCEED TRACE AMOUNTS
c. TOTAL ALKALIES <0.5%
d. S i0 2 < 1.0% ,.Fe203 <0. 5%
e.  SiO , Fe203 AND A1203 NOT TO EXCEED 1.0% EACH
f .  F e2o 3 < 0.05%, PREPERABLY <0. 02%

นุว4*
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W ithin  th e  s tu d y  a re a ,  The c a rb o n a te  ro ck  p o t e n t i a l  i s  Khao 
Khad F orm ation . c h a iy an  H in tong (1981) r e p o r te d  th a t  Khao Khad 
F orm ation  com prises b la c k , v e ry  d a rk  to  th e  l ig h t  g ra y  lim es to n e , 
a r g i l la c e o u s  lim es to n e  and d o lo m ite  w ith  n o d u la r and bedded c h e r t ,  
i n t e r c a la t e d  s h a le ,  sa n d s to n e , and r a r e  v o lc a n ic s .  T here a re  lo c a l ly  
m arble and c a l c - s i l i c a t e  ro c k . F u s u l in id s ,  c o r a l ,  b rach io p o d s and 
a lg a e  a re  common. T h is  fo rm atio n  has tre n d in g  in  E ast-W est but 
s l i g h t l y  n o r th e a s t- s o u th w e s t .  The d i s t r i b u t i o n  sp re a d s  from Lop B u ri, 
P hra  P h u tth a b a t to  Muak Lek th rou gh  Amphoe Pak Chong changwat Nakhon 
R atchasim a. The Siam Cement, Nakhon Luang Cement and TPI cement a re  
u sed  c a rb o n a te  rock  o f  t h i s  fo rm atio n  as  raw m a te r ia l  fo r  cement 
p ro d u c tio n . In  a d d i t io n  Khao Khad Form ation  w ith in  th e  s tu d y  a re a  
a re  h ig h  p o te n t i a l  fo r  developm ent as i t  n ea r th e  highways and 
r a i lw a y s .

Changwat S a ra b u ri has a lo t  o f  lim esto n e  d e p o s i t s  which is  
c lo s e r  to  Bangkok th an  th e  o th e r  lim esto n e  d e p o s its  in  th e  co u n try , 
th u s ,  th e  re g io n  has long been a m ajor s u p p l ie r  o f  cement and o th e r  
b u i ld in g  m a te r ia l s .  T h is  is  a  seed  o f  long term  i n d u s t r i a l i z a t i o n  
because  o f th e  i n f r a s t r u c t u r e s  so  f a r  developed  fo r  lim es to n e  m ining 
and cement i n d u s t r i e s , t h e  ag g lo m era tio n  o f  cement r e l a t e d  in d u s t r ie s ,  

which th e  p o s s ib le  demand exp ansio n  a re  in  th e  n o r th e a s te r n  re g io n  
as  w e ll as f u r th e r  n e ig h b o rin g  c o u n try .

The chem ical co m po sitio n  o f  c a rb o n a te  ro ck s a lo n g  Khao Khad 
F orm ation  a re  p re s e n te d  in  T ab le  4 .7 .
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Table 4.7 Chemical Composition of Carbonate Rocks within Khao Khad
Formation.

Chemical composition (%)

Chemical Composition 

(%)

Localities Map

sheet

Grid

Refer
ence

CaO MgO Si02 a12°3 Fe2°3 Ti02 MnO

Ig-
loss CaCoj

Khao Nok Yung A.Muang 51381I 

L7017

018236 49.00 0.40 12.01 0.52 0.30 0.01 0.01 37.49 87.46

Khao Ngop1A.Muang II 023248 55.56 0.32 0.53 0.116 0.12 0.004 0.004 43.08 99.16

Khao Phat Aek.A.Muang II 019261 54.45 1.10 0.50 0.15 0.15 0.008 0.002 43.41 97.18

Khao Yai 1A.Muang II 030256 54.91 1.23 0.14 mi 1 0.19 0.004 0.002 43.46 98.00

Khao Yao.A.Muang II 002248 55.02 0.50 0.30 0.06 0.23 0.02 0.005 43.64 98.20

Khao Sap Pla Kang 

A.Phra Phutthabat

II 991245 55.49 0.15 0.06 0.14 0.14 0.006 0.02 43.98 99.04

Khao Wong 

A.Phra Phutthabat

II 974226 55.40 0.45 0.08 0.09 0.05 0.002 0.002 43.80 98.88

Khao Phat II 962221 55.99 0.15 0.05 0.02 0.05 n il 0 . 0 0 1 43.58 99.93

Khao Phlong II 929235 55.47 0.42 0.13 0.07 0.08 0.002 0 . 0 0 1 43.75 99.00

Khao Lieo 

A.Phra Phutthabat

929247 54.90 0.97 0.02 0.26 0.13 0.002 0 . 0 0 1 43.58 97.98

Khao Thamnop sithanon 

Chai,A.Phra Phutthaba

II

t

945267 55.27 0.66 0.09 0.06 0.09 ni 1 0.012 43.61 98.84

Khao Phraputthabat 

A.Phra Phutthabat

It 932275 54.96 0.72 0.02 0.04 0.06 0.004 0.002 43.86 98.09
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Table 4.7 (cont.) Chemical Composition of Carbonate Rocks within
Khao Khad Formation.

Chemical composition (%) (X)

Localities ^ap
sheet

Grid

Refer
ence

CaO MgO Si02 AI2O3 Fe203 Ti02 MnO

Ig.

loss CaCo 3

Khao Boraphet 5138 II 945278 54.47 1.08 0.31 0.02 0.11 n il 0.003 43.68 97.22

A.Phra Phutthabat 

Khao Than Prathum L7017 943267 55.40 0.50 0.01 0.04 0.08 n il 0.005 43.70 98.88

A.Phra Phutthabat 

Khao Prong Prap It 953268 54.48 0.40 1.01 0.01 0.10 0.002 0.01 43.74 97.24

A.Phra Phutthabat 

Khao Than Thong Daeng II 958287 54.74 0.57 0.26 0.09 0.10 ni 1 0.003 43.95 97.70

A.Phra Phutthabat 

Khao Tham Krabok II 964267 55.14 0.53 0.02 0.06 0.09 ni 1 0.005 43.93 98.41

A.Phra Phutthabat 

Khao Sap Cha-om II 991252 55.48 0.42 0.04 a. 028 0.13 0.002 0.005 43.75 99.02

A.Phra Phutthabat 

Khao Tham si w ila i II 037272 55.14 0.52 0.32 0.068 0.12 0.002 0.001 43.75 98.91

A. Muang 

Khao Yot Iang II 006255 54.71 0.43 1.48 0.03 0.11 0.004 0.01 43.09 97.65

A. Muang

Khao Khao A.Muang " 079291 54.57 0.45 2.05 0.12 0.03 0.003 0.04 42.54 97.40
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Table 4.7 (cont.) Chemical Composition of Carbonate Rocks within
Khao Khad Formation.

Chemical composition {%)

Chemical Composition

(X)

Localities . Map
sheet

Grid

Refer
ence

CaO MgO Si02 A1203 Fe2°3 Ti02 MnO

Ig.

loss CaCo 3

Khao Ban Kon 

A.Kaeng Khoi

5238II

L7017

199295 55.75 0.35 mi 1 0.01 0.12 n il 0.04 43.71 99.50

Khao Nong Kob 

A.Kaeng Khoi

If 212208 55.64 0.33 0.14 0.02 0.05 0.002 0.01 43.59 99.31

Khao Hin Dat 

A.Kaeng Khoi

น 171274 34.51 18.66 0.22 0.10 0.42 0.01 0.008 45.97 61.59

Source ะ Vuthigan Suksorm (1988) and Vivat Paijitprapaporn (1984).
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C o n s tru c tio n  M a te r ia l  in c lu d e  c ru sh ed  s to n e s , sand  and g ra v e l 
and l a t e r i t e / l a t e r i t i c  s o i l .  C rushed s to n e s ,s a n d  and g ra v e l a re  
a g g re g a te s  and r e l a t i v e l y  in ex p en s iv e  m a te r ia l .  However, 
t r a n s p o r t a t i o n  c o s ts  a re  added

4 .3 .2 .1  Crushed s to n e s

L im estone i s  th e  most common ro ck  to  be u sed . The f r e s h  
lim es to n e  i s  tough ,bound  a g g re g a te  which meet th e  g e n e ra l req u irem en t 
o f c ru sh ed  s to n e  o f  u n ifo rm , non p o ro u s , and f r e e  o f  o rg a n ic  m a tte rs  
and p y r i t e .

W ith in  th e  s tu d y  a re a ,  th e  Khao Khad F orm ation , th e re  a re  
p le n ty  o f rock  q u a r r ie s  fo r  c ru sh ed  s to n e  and m arble f a c to r y  such as 
a t  Khao Khad and Khao P h ra  P h u tth a b a t Noi and t r a v e r t i n e  dim ension 
s to n e  lo c a te d  a t  Ban Sap Haeng, Amphoe Kaeng Khoi (V ivat 
P i j i tp r a p a p o r n  and V eeravat T h itisa w a n , 1992). The 24 p ro d u c tio n  
q u a r r ie s  fo r  c ru sh ed  s to n e  a re  lo c a te d  a t  Khao Khao, Khao Phat Aek, 
and Khao Yai Ban Na P hra  Lan (Somwang changsuwan, 1991). Some 
e n g in e e r in g  p r o p e r t i e s  o f  th e se  c ru sh ed  s to n e s  sam ple a re  p re se n te d  
in  T ab le  4 .8 .

The Los A ngeles A brasion  (LAA) T est s p e c i f i c a t i o n  o f rock  
fo r  highways base co u rse  sh ou ld  n o t more th an  40 p e rc e n t (DOH, 1967). 
I t  i s  shown in  T ab le  4 .8  th a t  th e  LAA v a lu e  o f c ru sh ed  lim esto n e  is

4 .3 .2  C o n s tru c tio n  M a te r ia ls

good fo r  b a s e -c o u rs e .
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T a b l e  4 . 8  S om e E n g i n e e r i n g  P r o p e r t i e s  o f  C r u s h e d  s t o n e .

Ref no L ocat ion LAA
%

PLS
Kg/Cm2

L -l
Route n o . l  S a rab u ri-L o b  B uri 

R igh t o f  km 127+410 24.2 60
L-2 L e ft o f  km. 128+600 27.9 67
L-3 2 ,0 0 0 'm . R igh t o f  km .128+600 25.0 75
L-4 R igh t o f  km. 128+850 27.9 57
L-5 R igh t o f  km. 128+900 26.1 63
L-6 R igh t o f km. 128+900 27.4 63
L-7 R igh t o f km. 128+980 26.7 66
L-8 R igh t o f  km. 129+050 25.2 60
L-9 R igh t o f  km. 129+100 31.8 58
L-10 L e ft o f  km. 129+400 25.3 66
L - l l R igh t o f  km. 129+400 24.9 64
L -l 2 R igh t o f  km. 125+600 23.4 59
L -l 3 L e ft o f  km. 129+700 28.7 60
L-14 R igh t o f  km. 129+750 30.3 64
L -l  5 2 ,500  m L e ft o f  km.130+700 24.0 72
L -l  6 2 ,000  m L e ft o f  ro u te  n o .3022 24.7 77

L-17
(P hra  P h u tth ab a t-T h a  Rua)

L e ft o f  km.5+450 ro u te  n o .21 22.6 70
(Phu Khae-Lam N ara i)
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T a b l e  4 . 8  ( c o n t . )  S om e E n g i n e e r i n g  P r o p e r t i e s  o f  C r u s h e d  s t o n e .

Ref no L ocat ion LAA
%

PLS
Kg/Cm2

L-18

Route n o .3385 (Na P h ra  Lan- 
Nong Jan )
300 m. L e f t o f km. 2+800 26.4 66

L-19 L e ft o f km. 2+900 27.9 74
L-20 R igh t o f km. 0+700 25.8 56
L-21 R igh t o f  km. 1+450 29.6 63
L-22 R igh t o f km. 1+500 22.4 62
L-23 L e ft o f  km. 1+500 26.6 66
L-24 500 m. r i g h t  o f km.4+500 24.8 57

S ource: Somwang changsuwan and Anuphan K aedkaew,1991 ( departm ent o f 
Highways)

Note ะ LAA- Los A ngeles A brasion
PLS- P o in t Load s t r e n g th  ind ex , Is  (50)

4 .3 .2 .2  Sand

Sand i s  u sed  fo r  a s p h a l t i c  P o r t la n d  cement c o n c re te s ,  as 
subbase  fo r  pavem ent, a s  f i l l  where good d ra in e d  i s  need (such  as 
around s t r u c t u r e s ) .  The m ajor u se  o f  i t  i s  a s  a g g re g a te  in  P o r tla n d  
cement c o n c re te ,  s in c e  i t  c o n ta in  80 to  85 p e rc e n t a g g re g a te  by 
w e ig h t. Some p r o p e r t i e s  o f  sand d e p o s i t s  a re  geven in  T ab le  4 .9 .
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T a b l e  4 . 9  S o m e P r o p e r t i e s  o f  S a n d  D e p o s i t s .

Source ะ T h ap an it A im a siri e t  a l .  (1990).

4 .3 .2 .3  L a t é r i t e , L a t e r i t i c  Soi 1/W eathered  Rocks

L a te r i t e  i s  s u i t a b le  as subbase and sh o u ld e r  o f  ro ad , 
subbase  o f  a i r f i e l d  and th e  co u rse  fo r  medium t r a f f i c  ro a d . w ith in  
th e  s tu d y  a re a ,  l a t e r i t e  d e p o s its  and w eathered  ro ck  have been used  
as  s o i l  a g g re g a te  fo r  subbase and sh o u ld e r o f  ro ad . The p o te n t ia l  
fo r  l a t e r i t e / l a t e r i t i c  s o i l s  re so u rc e s  a re  Sap Bon F orm ation  which 
d e s c r ib e d  by c h a iy a n  H in tong  (1981) as  th in -b e d d e d , g ra y , brown, 
b u f f ,  sa n d s to n e , s i l t s t o n e ,  s h a le ,  s i l i c e o u s  s h a le ,  and c h e r t  
i n t e r c a la t e d  w ith  g ra y  lim esto n e  , lo c a l ly  p h y l l i t e  and s c h i s t .
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C o n sid erin g  th e  e n g in e e r in g  u se s  o f  l a t e r i t e  and l a t e r i t i c  
s o i  I s , t h e  s i g n i f i c a n t  p r o p e r t i e s  sh o u ld  be t e s te d ,  in c lu d e  
g ra d a t io n ,  A tte rb e rg  l im i t s  ( l i q u i d  l im i t ,  p l a s t i c  l im i t ,  and 
p l a s t i c  in d e x ) , com paction  t e s t ,  and C a l i f o r n ia  B earin g  r a t i o  (CBR). 
T ab le4 .1 0  shows some e n g in e e r in g  p r o p e r t i e s  o f  l a t e r i t e ,  l a t e r i t i c  
s o i l  and w eathered  ro c k s  t e s te d  by th e  D epartm ent o f  Highways.

From T able  4 .1 0  and 4 .1 1 , th e  s e iv e  a n a ly s is  d a ta  show th a t  
sam ple numbers L I, L2, L3, L6, L10 and L l l  a re  grouped in  g rade  B 
w h ile  sam ple numbers L4, L8, L9 can be grouped in  g rad e  อ. Sample 
numbers L5, L7, L12 a re  n o t a c c e p ta b le  to  th e  s p e c i f i c a t i o n .

4 .4  W ater R esources

4 .4 .1  S u rface  W ater

The P asak  R iver i s  th e  main so u rce  fo r  su fa c e  w a te r in  
S a ra b u r i .  The r i v e r  flow s in  th e  n o r th - s o u th  d i r e c t io n  to  jo in  the  
Chao P hray a  R iver a t  changwat P h ra  Nakhon s i  A yu tth ay a . A nother 
so u rc e  o f s u r fa c e  w a te r i s  from Chai N at-P asak  i r r i g a t i o n  cannai 
w hich i s  d i s t r i b u t e d  in  th e  s tu d y  a re a  in  th e  w est low lan d  p a r t  io n .

The P a sa k R iv e rsu p p lie sw a te ro f  74 m-^/second w hich i s  equal 
to  2352 m il l io n  c u b ic  m eter (MCM) p e r y e a r .  The r a i n f a l l s  in  th e  
a re a  s t a r t  to  in c re a s e  from A p ril  and re a c h e s  i t s  maximum volume in  
Septem ber o r  O cto ber. The s u r fa c e  w a te r a v a i l a b i l i t y  r e l a t e d  to  
r a i n f a l l  i n t e n s i t y  co u ld  be s e p a ra te d  in to  wet and d ry  se a so n s . The 
wet seaso n  i s  from J u ly  to  December and d ry  seaso n  from Jan u ary  to
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Table 1.10 Engineering properties of uterite, uteritic soil 
/leathered rods.

Seive Analysis! {Passing! Plasticity Standard proctor Lab Abrasion Dnrability

no. Location 50 25 19 9.5 11 110 HO 1200 LL. PI OPT.
HCI

RO
H/CC

CBR
ร

I

Route no.1 Saraburi-Phu gae 
น:5600 1.right of hi 123+400

100 99.3 95.6 78.5 17.1 27.3 127 16.1 20.1 7,1 8.8 2.137 ♦ 7.0 11.2 57.5

น:6100 1.right of hi. 123+400 100 98.2 95.5 71.3 16.7 25.6 16.3 13.8 33.1 6.2 6.8 2.119 72.6 (0.0 60.0

น:6100 1.right of hi. 1 23+400 100 95.3 91.6 75.5 50.3 30.5 21.1 19.5 30.3 9.1 7.0 2.159 75.0 40.6 59.5

L4:6000 I.right of hi. 123+400 too 99.1 96.3 88.3 63 13.7 30.5 19.5 28.0 7.2 9.2 2.126 39.7 11.8 56.8

L5:6600 I.right of hi. 123+400 100 98.6 95*7 82.3 52.9 37.9 3o.6 27.7 31.6 13.8 10.1 56.8

L6:1700 1.right of hi. 123+100 100 912 85.5 65.9 19.6 32.6 22.7 19.1 20.0 5.8 9.2 2.093 53.0 38.6 61.7

Route no.3385 Phra Phutthabat 
-Ban Hong Jan

น:500 a.left of hi. 5+100 too 96.0 92.9 70.3 38.7 19.0 11.3 9.7 — H.P.- — 13.8 53.7



105

Table <.10 (coït.I Engineering properties of Lnterite, uteritic soil 
/weatbered rocks.

Seive Anilysisf IPsssing) Plisticity stiadird proctor Lib Abrtsioi Duribility

no. Locition 50 25 19 9.5 M no 140 1200 IL. PI OPT.
KCJ

ID
gi/cc

CBS
I

ร

L3: 1*00 1. left of ki.7+600 too 92.2 96.2 82.7 54.8 31.9 14.4 12.3 33.2 9.1 9.7 2.040 73.0 37.6 67.1

L9 ะ800 1. left of ki. 2+650 100 96.8 95.0 7o,3 44.2 30.4 24.4 22.6 46.4 23.7 - - - 43.4 54.8

น0:2600 1. right of ki. 6+630 100 98.9 942 13.3 51.2 34.1 22.2 17.0 21.1 4.6 7.2 21.65 58,5 38.8 63.6

LI 1: 1500 1. right of ki. 8+630 100 987 92.5 76.6 59.4 47.2 34.1 31.9 47.4 19.7 - - - 40.3 -

Soute no.3222 A.Kaeng khoi 
A.Bin ns

112:3,100 right of ki. 31+100 - - 100 94.2 64.9 52.8 43.4 37.5
53.2 23.2 - - - (8.0 45.3
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T a b l e  4 . 1 1  T h e  S p e c i f i c a t i o n  o f  L a t é r i t e  S u b b a s e .

S eive  openning
% P a ss in g

A B c D E

2" 100 100 - - -
1" - - 100 100 100

3 /8 " 30-65 40-75 50-85 60-100 -
No. 10 15-40 20-45 25-50 40-70 40-100
No. 40 8-20 15-30 15-30 25-45 20-50
N o.200 2-8 5-20 5-15 50-20 6-20

L iq u id  L im it (LL) 
P l a s t i c i t y  Index (P I) 
P e rce n ta g e  o f wear 
Lab C.B.R. v a lu e

L ess th an  35 
L ess th an  11
L ess th an  60 (T est by LAA method) 
As d e s ig n  s p e c i f i c a t i o n

June . In  wet seaso n  th e  stream  ru n - o f f  i s  about 2 ,146  MCM and in  d ry  
seaso n  i s  206 MCM (JICA, 1990).

The i r r i g a t e d  a re a  in  S a rab u ri co v e rs  404,829 R ais which a re  
m ain ly  in  Amphoe Nong Kae, wihan Daeng, Nong Sang, Sao H a i , Nong Don, 
Don P ut and Muang. The a re a  re c e iv e s  w a te r from C h a in a t-P asak  
i r r i g a t i o n  cannai and from th e  P asak  R iv e r .
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There a re  45 sm all s c a le  i r r i g a t i o n  p r o je c ts  c o n s tru c te d  by 
Royal I r r i g a t i o n  D epartm ent. The p r o je c t  cou ld  p ro v id e  w ater fo r  
i r r i g a t i o n  o f about 2-5  m i l l io n  c u b ic  m e te rs .

The in fo rm a tio n  o f  s u r fa c e  w a te r q u a l i ty  in  th e  a re a  i s  
l im ite d .  The E n v ir te c h  c o n s u lta n t  (1992) p re s e n te d  The DO (D isso lv ed  
Oxygen in  W ater) v a lu e  o f  th e  P asak  R iv e r a t  Kaeng Khoi and S a rab u ri 
in  1987 were 8 .4  and 7 .0  mi 11ig ra m /1 it  (m g/1), r e s p e c t iv e ly .  w hile  
th e  minimum s ta n d a rd  DO v a lu e  i s  2 mg/1 (Narong Na ch iangm ai, 1991). 
T h is  appeared  th a t  th e  q u a l i t y  o f  w ate r i s  q u i te  h ig h e r  th an  minimum 
s ta n d a rd . In  g e n e ra l ,  th e  s u r fa c e  w a te r q u a l i t y  i s  good fo r  dom estic  
a g r i c u l t u r a l  and in d u s t r i a l  u s e s . However, th e  exp ansio n  o f 
i n d u s t r ie s  as p ro posed  in  th e  N a tio n a l Economic and S o c ia l 
Development P lan  number 7 w i l l  r e q u i r e  a lo t  o f  w a te r su p p ly . Water 
sh o r ta g e  and w a te r q u a l i t y  problem s w il l  a ls o  a r i s e .

4 .4 .2  Ground W ater

Ground w a te r i s  in te n s iv e ly  u sed  in  S a rab u ri e s p e c ia l ly  fo r  
i n d u s t r i a l  and r u r a l  d om estic  su pp ly  (JICA, 1990). A pproxim ately  42 
p e rc e n t o f  i n d u s t r i a l  w a te r su p p ly  come from g ro undw ater. A nother 
so u rce  o f w ate r su p p ly  come from urban  w ater su p p ly  and r i v e r  w a te r. 
C o n sid e rin g  th e  g e o lo g ic a l  c h a r a c t e r i s t i c s  o f  th e  a re a  i t  has h ig h  
p o te n t i a l  fo r  ground w a te r su p p ly  in  Perm ian c a rb o n a te  rock  and in  
u n c o n so lid a te d  sed im en ts  o f  Q ua ternary  age . Charoen P h iancharoen  
e t  a l .  (1976) p re p a re d  th e  h y d ro g e o lo g ic a l map o f w este rn  lower 
c e n t r a l  and e a s te r n  T h a ilan d  which in c lu d e d  th e  s tu d y  a re a .  The 
a q u if e r  ty p e , w a te r b e a r in g  p r o p e r t ie s  in c lu d in g  q u a l i t y  as  w e ll as
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recom m endations d e s c r ib e d  in  t h i s  in v e s t ig a t io n  a re  b ase  la r g e ly  on 
t h i s  r e p o r t  to g e th e r  w ith  l im ite d  in fo rm a tio n  from w ell logs 
re c o rd e d  by ground w a te r d iv i s io n ,  Departm ent o f  M ineral R esources 
(DMR). The h y d ro g e o lo g ic a l map o f  th e  a re a  i s  i l l u s t r a t e d  in  F ig u re  
4 .8 .

W ith in  th e  s tu d y  a re a ,  th e re  a re  two ty p es  o f a q u i f e r s ,  
nam ely, porous rock  a q u i f e r s  and jo in te d  m assive rock  a q u i f e r s .

4 .4 .2 .1  Ground W ater in  P orous ro cks

The ground w ate r in  porous ro cks com prised th r e e  ty p es o f 
a q u i f e r s ,  nam ely, ( i )  Chao P hraya a q u if e r  (Q cp), ( i i )  co n cealed  
(co n cea led  Chao P hraya a q u i f e r )  ( i i i )  Chiang Rai a q u i f e r  (Q cr).

The Qcp a q u i f e r  composed o f  a llu v iu m  o f sm all v a l le y s  and 
sh a llo w  b u r ie d  ch an n e ls  o f  sandy , m inor g ra v e l ly  and c la y  b ed s. The 
th ic k n e s s e s  o f th e  a q u i f e r s  a re  commonly n o t exceed in g  200 f e e t  w ith  
th e  y ie ld  o f  20-100 g a l lo n  p er m inute (gpm ). W ater Q u a lity  is  
u s u a l ly  f r e s h .  In  th e  s tu d y  a re a  th e  Qcp a q u if e r s  sp re a d  a lo n g  th e  
narrow  s t r i p  o f th e  v a l le y  p la in  in  Amphoe Muak Lek.

The co n cea led  Qcpare th e  m u ltip le  a q u if e r s  w hich c o n s is t s  o f 
u n c o n so lid a te d  to  se m ic o n so lid a te d  sand and g ra v e l in  c la y  m a tr ix , 
p o o rly  to  m o d era te ly  s o r te d  in t e r c a la t e d  o r in te rb ed d ed  w ith  
com pacted c la y  b ed s . Range o f th ic k n e s s  i s  from a few m eters  to  more 
th an  200 m e te rs . The a q u if e r s  y ie ld  u p to  th e  maximum o f 20 gpm. 
Y ie ld s  a re  low to  maximum 20 gpm. W ater q u a l i t y  i s  u s u a l ly  f r e s h  but
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F ig u re  4 .8  H yd ro geo log ic  M ap(A fter 
Charoen P ian ch a ro en  e t  a l . ,  1976).
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h ig h  in  iro n  c o n te n t .

The Ocr a q u i f e r  c o n s is t s  o f  younger t e r r a c e  w ith  r e l a t i v e l y  
f l a t  s u r f a c e s .  The d e p o s i t s  composed o f  th ic k  c la y  b ed s , mixed sand 
and g ra v e l in  c la y  m a tr ix . The th ic k n e s s  o f th e  d e p o s i t s  ran g es from 
about 15 m eters to  more th an  60 m e te rs . The y ie ld  ran g es  from a  few 
to  20 gpm. W ater q u a l i t y  i s  u s u a l ly  p o ta b le  w ith  h ig h  iro n  c o n te n t .

4 .4 .2 .2  Ground w ate r in  jo in te d  m assive ro ck s

The ground w ate r in  jo in te d  m assive ro cks i s  c l a s s i f i e d  in to  
3 c a te g o r ie s  b ased  on ro ck  ty p e s , nam ely, c a rb o n a te  a q u if e r  (PC), 
m etasedim ent a q u i f e r s  (Perns) and V o lcan ic  a q u if e r s  (VC).

The c a rb o n a te  a q u if e r s  (PC) c o n s is t  o f  th e  lim es to n e  R a tb u ri 
Group. T h is  u n i t  composed o f m assiv e , bedded and cavernous lim estone 
w ith  i n t e r c a l a t i n g  s h a le  and c h e r t  b ed s . R e la t iv e ly  la rg e  q u a n t i ty  o f 
ground w ate r o ccu r in  s o lu t io n  c a v i t i e s  and a ls o  in  i t s  secondary  
f r a c tu r e d  zo n es. A verage y ie ld  i s  100 gpm b u t th e  y ie ld  may be up to  
500 gpm. The w ate r q u a l i t y  i s  g e n e ra l ly  m o d era te ly  h a rd .

The m etasedim ent a q u if e r s  (Perns) c o n s is te d  o f  sed im en ta ry  
ro cks which in c lu d e d san d s to n es  and p h y l l i t i c  to  s l a t y  s h a le .  The 
groundw ater o ccu rs  o n ly  in  th e  secon d ary  o p en in g s . The av erag e  y ie ld  
i s  about 20 gpm. W ater q u a l i ty  i s  g e n e ra l ly  good b u t h ig h  iro n  
c o n c e n tra t io n  may be found.
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V olcan ic  a q u i f e r  (VC) c o n s is te d  o f  a n d e s i te ,  r h y o l i t e  and 
p y r o c la s t i c  ro c k s . Small amount o f  ground w ate r can be o b ta in e d  from 
j o i n t s  and f r a c t u r e s .  Y ie ld  range i s  g e n e ra l ly  non to  about 30 gpm.

The c h lo r id e  ( c l )  c o n te n t ,  t o t a l  h a rd n ess  (TOH) and s t a t i c  
w a te r le v e l d a ta  from th e  re c o rd  o f  w e lls  p u b lish e d  by The D iv is io n  
o f G roundw ater (1958-1991), Departm ent o f M ineral R eso u rces, were 
u sed  to  c o n s tru c t  co n to u r map o f  th e s e  d a ta  as  shown in  F ig u re  4 .°

i n t e r f e r e  th e  groundw ater q u a l i ty  as  shown in  th e  so u th  o f Amphoe 
Sao Hai and Nong Saeng. The c h lo r id e  c o n te n t in  th e se  a re a s  a re  more 
th an  3 ,000 mi 11ig r a m /1 i te r  (mg/1) where as th e  sp o t o f  h ig h  c h lo r id e  
c o n te n t a ls o  o ccu r a t  Amphoe Don Put and Nong Don. The maximum 
a c c e p ta b le  c h lo r id e  c o n ten t by WHO (1971) i s  500 mg/1. So in  the  
a re a s  o f  h ig h  c h lo r id e  c o n te n t ,  g roundw ater u se  sh o u ld  be l im ite d  to  
p re v e n t th e  s a l t  w ater in t r u s io n .

From t o t a l  handness (TOH) co n to u r map, i t  i s  in d ic a te d  th a t  
th e  p a t t e r n  o f h ig h  TOH is  s im i la r  to  th a t  o f th e  c h lo r id e  c o n te n t .
The maximum a c c e p ta b le  t o t a l  handness by WHO (1971) i s  500 mg/1. The
TOH v a lu e  o f g r e a te r  th an  3 ,000 mg/1 i s  observed  in  th e  a re a  so u th
o f Amphoe Sao H ai, Nong Saeng, w est o f  Amphoe Muang, and in  th e
n o r th  o f Amphoe Nong Khae.

The p e iz o m e tr ic  map o f th e  g roundw ater in  th e  a re a  in d ic a te s  
th a t  g roundw ater is  in te n s iv e ly  u sed  in  Amphoe Muang, Kaeng Khoi,

4 .10  and 4 .1 1 , r e s p e c t iv e ly .

The ch lQ rid e  c o n te n t co n to u r map in d ic a te s  th a t  s a l t  wat
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Ban Mo, Don P u t ,  P h ra  P h u tth a b a t and Sao Hai which i s  shown by th e  
d e p re s s io n  l in e s .

From th e  c h lo r id e  c o n c e n tra t io n ,  t o t a l  h a rd n ess  and 
peizom etm aps, i t  i s  in d ic a te d  th a t  g roundw ater problem  p o te n t ia l  
a re a s  a re  i d e n t i f i e d  in  th e  w est o f  S a ra b u ri in  Amphoe Nong Saeng, 
Nong Khae and Don P u t. The in t e r s i v e  u se  o f  groundw ater may cause 
s a l t  w a te r encroachm ent problem . The u se  o f  groundw ater in  th e se  
a re a s  sh ou ld  be c o n t r o l l e d .  In th e  a re a  o f Amphoe Kaeng Khoi where 
th e  g roundw ater i s  e x t r a c te d  from c a rb o n a te  ro c k , th e  problem  o f land 
su b s id en ce  m ight be ex p ec ted  due to  th e  c o l la p s e  o f th e  c o v i t i e s  in  
l im es to n e .

4 .4 .3  W ater re s o u rc e s  developm ent

Due to  developm ent in  th e  P asak  R iver b a s in , th e  demand fo r  
w a te r su p p ly  fo r  community, a g r ic u l tu r e  and in d u s try  was in c re a se d  
so  much. The av erage  annual run  o f f  o f th e  P asak  R iv er is  74 m3 
/ s e c .  bu t in  d ry  seaso n  th e  run o f f  down to  below 10 m3/ s e c  fo r  3 to  
5 months in  most y e a rs  (JICA, 1990).

The P asak  Dam s i t e s  were p roposed  fo r  f e a s i b i l i t y  s tu d y  in  
1991. The p roposed  s i t e s  were a t  Kaeng Khoi and p a t t e r n  Nikhom
(F ig u re  4 .1 2 ) .
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P at ta n a  Nikom-Kaeng
fc: Khoi I r r i g a t e d  P lan

F ig u re  4.12 F e a s i b i l i t y  s tu d y  on Dam s i t e  o f  P asak  B asin  (A fte r
R I D ,  1 9 9 1 )
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4 .5  Hazards

4 .5 .1  S eism ic  H azards

E arthq u ak es a re  th e  d e te c ta b le  sh ak in g  o f  th e  e a r t h ’ร s u rfa c e  
r e s u l t i n g  from se ism ic  wave g e n e ra te d  by sudden r e le a s e  o f s t r a i n  
energy  from w ith in  th e  e a r th .  S u rface  e f f e c t s  can in c lu d e  damage to  
o r  d e s t r u c t io n  o f  s t r u c t u r e ; f a u l t s  and c r u s t a l  w arp ing , su b s id e n c e , 
l iq u e f a c t io n  and s lo p e  f a i l u r e s  o f f  sh o re  o r o n sh o re , and tsunam i 
(H unt, 1984).

P r in y a  N u ta lay a  e t  a l .  (1985) d e f in e d  se ism ic  so u rce  zone and 
produced  maximum ea rth q u ak e  i n t e n s i t y  map o f T h a ilan d  and a d ja c e n t 
a re a  (F ig u re  4 .13  and 4 .1 4 ) .  I t  i s  shown in  th e  map th a t  th e  s tu d y  
a re a  is  s i t u a t i o n  th e  n o n -se ism ic  zone.
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F ig u re  4 .1 3  S eism ic  Zoning Map o f  T h a ilan d  and A djacen t Areas 
(A fte r  P r in y a  N u ta lay a  e t  a l . , 1985).
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F ig u re  4 .1 4  Maximum E arthquake I n t e n s i ty  Map o f T h a ilan d  and
A djacen t A re a s (A fte r  P rin y a  N u ta lay a  e t  a l . ,  1985).
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T able  4 .1 2  F lood Fequency A n a ly s is .

R ecurrence  o f 
f lo o d  freq u en cy  

(y e a r)

QTr
P r o b a b i l i t y  d i s t r i b u t i o n  

(nrV sec)

QTr
P lo t t i n g  p o s i t io n  

(m-Vsec)

S tage 
h e ig h t 

(m. )

2 527 528 12.8
5 759 777 15.0

10 913 917 16.2
25 1,107 1,120 18.0
50 1,252 1,260 19.4

100 1,359 1,400 20.4
200 1,538 1,540 21.8

1,000 1,868 1,869

4 .5 .2  F lo od ing

4 .5 .2 .1  F lood  Frequency A n a ly s is

S ch u ltz  (1973) concluded  th a t  by u s in g  p r o b a b i l i ty  a n a ly s is  
o f log  P earson  ty p e  I I I  o r  Gumbel’s extrem e v a lu e  ty p e  I ,  th e  
p r o b a b i l i ty  o f o cc u rre n c e  o f  f lo o d s  o f v a r io u s  m agnitudes a t  th e  s i t e  
cou ld  be d e te rm in ed  from annual peak d isc h a rg e  fo r  a l l  y e a rs  o f
re c o rd  a t  th e  s i t e
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Sabur (1982) s tu d ie d  b a s in s  in  T h a ilan d  and su g g es ted  th a t  
Gumbel’s p r o b a b i l i ty  a n a ly s is  i s  q u i t e  f i t  to  th o se  r i v e r  b a s in .

In  t h i s  s tu d y  an a ttem p t has been made to  e v a lu a te  flo o d  
freq u en cy  a n a ly s is  by u s in g  Gumbel’s p r o b a b i l i ty  d i s t r i b u t i o n  and 
Gumbel’s p lo t t i n g  p o s i t io n  (V eerapol Taesom bat, 1988) f o r  com parison 
as  shown in  T a b le 4.1-2 ,4 .13and F ig u re  4 .1 5 . Couple th e  s ta g e  h e ig h t 
graph (F ig u re  4 .1 6 ) w ih t known e le v a t io n  a lo n g  r i v e r ,  th e  flo o d  
h aza rd  map cou ld  be c o n s tru c te d  (L im erin o s, 1977).

4 .5 .2 .2  F lood In u nd ated  Map

Ohkura, e t  a l .  (1989) used  LANDSAT images in  wet and d ry  
season  in  Lower C e n tra l P la in s  to  c o n s tru c t  geom orpholog ical map 
showing f lo o d - in u n d a te d  a re a  (F ig u re  4 .1 7 ) .

The f lo o d  in u n d a ted  map show th e  f e a tu r e s  o f f lo o d in g  such 
as fan  when th e  a re a  i s  f lo o d e d . The a re a  o ccu p ied  th e  e a s te r n  p a r t  
o f  S a ra b u r i ,  Amphoe Nong Saeng, Nong Khae and Wihan Daeng. The 
v a l l e y  p la in  u n i t  when submerged a t  f lo o d  tim e , th e  w a te r d ra in  o f f  
w e ll .  T h is  u n i t  co v e rs  a lo n g  th e  P asak  R iver s id e  in  Amphoe Sao H a i, 
Muang and Kaeng K hoi. The d e l t a  u n i t  cover th e  w es te rn  a re a  in  
Amphoe Nong Don and Don P u t. T h is a re a  w il l  be subm erged d u rin g  
f lo o d in g  and rem ain  subm erged fo r  long tim e. The back-m arsh  u n i t  
cov ers  th e  so u th e rn  most p a r t  o f  th e  s tu d y  a re a  in  Amphoe Nong Khae 
and Wihan Daeng. T h is  a re a  w il l  be submerged d u r in g  r a in y  seaso n  and 
rem ain submerged f o r  a  long tim e w ith  deep w a te r . The swampy a re a  
co v e rs  sm all p a r t  o f  th e  s tu d y  a re a .  T h is  u n i t  w i l l  be submerged 
d u rin g  f lo o d in g  f o r  long tim e and rem ain swampy in  th e  d ry  seaso n .
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4 . 1 3 ‘F l o o d  F r e q u e n c y A n a l y s i s
o f  P a s a k  r i v e r a t  K a e n g K h o i ( ร 2 )

Y e a r Q . M a x . O r d e r R a n k R e c u r r e n c
2 5 1 8 6 9 1 1 5 1 9 1 6 3 . 0 0 1 .
2 5 1 7 3 7 8 1 4 2 0 2 3 1 . 5 0 3 .
2 5 1 6 2 9 2 9 9 6 3 2 1 . 0 0 4 .
2 5 1 5 8 8 8 9 7 4 4 1 5 . 7 5 6 .
2 5 1 4 2 7 4 9 2 7 5 1 2 . 6 0 7 .
2 5 1 3 4 2 0 8 9 7 6 1 0 . 5 0 9 .
2 5 1 2 9 7 4 8 8 8 7 9 . 0 0 1 1 .
2 5 1 1 9 0 8 8 6 8 7 . 8 8 1 2 .
2 5 1 0 4 4 9 8 4 0 9 7 . 0 0 1 4 .
2 5 0 9 6 8 7 8 1 3 10 6 . 3 0 1 5 .
2 5 0 8 4 9 1 7 6 8 11 5 . 7 3 1 7 .
2 5 0 7 1 5 1 9 7 6 7 12 5 . 2 5 1 9 .
2 5 0 6 9 2 7 7 5 1 13 4 . 8 5 2 0 .
2 5 0 5 9 9 6 7 3 9 14 4 . 5 0 2 2 .
2 5 0 4 3 8 4 7 3 3 15 4 . 2 0 2 3 .
2 5 0 3 4 6 3 7 2 9 16 3 . 9 4 2 5 .
2 5 0 2 7 0 2 ' 7 0 8 17 3 . 7 1 2 6 .
2 5 0 1 4 0 4 7 0 2 18 3 . 5 0 2 8 .
2 5 0 0 7 3 3 6 9 1 19 3 . 3 2 3 0 .
2 4 9 9 4 4 3 6 8 7 20 3 . 1 5 31 .
2 4 9 8 2 9 2 6 4 2 21 3 . 0 0 33 .
2 4 9 7 5 6 6 6 2 5 22 2 . 8 6 3 4 .
2 4 9 6 3 2 0 5 8 8 23 2 . 7 4 3 6 .
2 4 9 5 3 1 0 5 7 8 24 2 . 6 3 3 8 .
2 4 9 4 3 2 3 5 7 7 25 2 . 5 2 3 9 .
2 4 9 3 7 6 8 5 6 6 26 2 . 4 2 4 1 .
2 4 9 2 6 2 5 5 6 6 27 2 . 3 3 4 2 .
2 4 9 1 5 2 2 5 5 0 28 2 . 2 5 4 4 .
2 4 9 0 4 3 3 5 4 0 29 2 . 1 7 4 6 .
2 4 8 9 4 9 5 5 2 2 30 2 . 1 0 4 7 .
2 4 8 8 8 4 0 5 1 3 31 2 . 0 3 4 9 .
2 4 8 7 8 1 3 5 1 0 32 1 . 9 7 5 0 .
2 4 8 6 5 1 0 4 9 5 33 1 . 9 1 5 2 .
2 4 8 5 8 9 7 4 9 3 34 1 . 8 5 53 .
2 4 8 4 147 4 9 1 35 1 . 8 0 55 .
2 4 8 3 4 5 8 4 9 0 36 1 . 7 5 5 7 .
2 4 8 2 4 9 3 4 6 3 37 1 . 7 0 58 .
2 4 8 1 5 5 0 4 5 8 38 1 . 6 6 6 0 .
2 4 8 0 7 5 1 4 4 9 39 1 . 6 2 61 .
2 4 7 9 3 9 2 4 4 6 40 1 . 5 8 63 .
2 4 7 8 7 3 9 4 4 3 41 1 . 5 4 6 5 .
2 4 7 7 5 7 7 4 3 5 4 2 1 . 5 0 6 6 .
2 4 7 6 3 2 4 4 3 3 43 1 . 4 7 68 .
2 4 7 5 4 3 5 4 2 0 44 1 . 4 3 6 9 .
2 4 7 4 3 7 6 4 1 1 45 1 . 4 0 71 .
2 4 7 3 7 6 7 4 0 4 4 6 1 . 3 7 7 3 .
2 4 7 2 3 2 7 3 9 2 47 1 . 3 4 7 4 .
2 4 7 1 4 4 6 3 8 4 48 1 . 3 1 7 6 .
2 4 7 0 4 1 1 3 7 8 4 9 1 . 2 9 7 7 .
2 4 6 9 5 7 8 3 7 6 50 1 . 2 6 7 9 .

P r
59
17
76
35
94
52
11
70
29
87
46
05
63
22
81
40
98
57
16
75
33
92
51
10
68
27
86
44
03
62
21
79
38
97
56
14
73
32
90
49
08
67
25
84
43
02
60
19
78
37
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2 4 6 8 3 7 4 3 7 4 5 1 1 . 2 4 8 0 . 9 5
2 4 6 7 5 6 6 3 2 7 52 1 . 2 1 8 2 . 5 4
2 4 6 6 6 4 2 3 2 4 53 1 .  19 8 4 . 1 3
2 4 6 5 7 2 9 3 2 3 54 1 . 1 7 8 5 . 7 1
2 4 6 4 4 9 0 3 2 0 55 1 . 1 5 8 7 . 3 0
2 4 6 3 8 8 6 3 1 0 56 1 . 1 3 8 8 . 8 9
2 4 6 2 2 0 6 2 9 2 57 1 . 1 1 9 0 . 4 8
2 4 6 1 7 0 8 2 9 2 58 1 . 0 9 9 2 . 0 6
2 4 6 0 1 4 2 0 2 7 4 59 1 . 0 7 9 3 . 6 5
2 4 5 9 5 8 8 • 2 0 6 60 1 . 0 5 9 5 . 2 4
2 4 5 8 5 1 3 147 61 1 . 0 3 9 6 . 8 3
2 4 5 7 5 4 0 90 62 1 . 0 2 9 8 . 4 1

F l o o d  F r e q u e n c y  A n a l y s i s
G u m b e l ’ s  D i s t r i b u t i o n C a l c u l a t i o n

Q T r = Q ’ - 0 . 4 5 S Q - 0 . 7 7 9 7 S Q l n [ - l n ( 1 - ( 1 / T r ) )  ]
Q ’ =Sum o f  Qi  /  N 
S Q = s q u a r e  r o o t { [ ( s u m Q i * Q i ) - N ( Q ’ ) ] / ( N - 1 ) }

R e c u r r e n c e - l n [ - l n ( l - ( 1 / t r )  ) J Q ’ - 0 . 45SQ" Q T r ( m 3 / s e 6
2 0 . 3 6 7 4 5 1 . 8 1 5 2 7 . 0 9
5 1 . 5 0 0 4 5 1 . 8 1 7 5 9 . 4 9

10 2 . 2 5 0 4 5 1 . 8 1 9 1 3 . 3 2
25 3 . 199 4 5 1 . 8 1 1 1 0 7 . 9 8
50 3 . 9 0 2 4 5 1 . 8 1 1 2 5 2 . 1 7

1 00 4 . 6 0 0 4 5 1 . 8 1 1 3 5 9 . 3 5
2 0 0 5 . 2 9 6 4 5 1 . 8 1 1 5 3 8 . 1 1

1 0 0 0 6 . 9 0 7 4 5 1 . 8 1 1 8 6 8 . 5 5
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From th e  f lo o d  in u n d a ted  map, S a rab u ri has l i t t l e  chance fo r  
a  long tim e f lo o d in g  b u t sh e e t  f lo o d  may be ex p e c te d . The a re a  o f 
h ig h  chance f o r  f lo o d in g  sp re a d s  a lo n g  th e  swampy a re a ,  back-m arsh  
and d e l t a ,  r e s p e c t iv e ly  and when f lo o d in g  o ccu rs  th e  w a te r rem ain

A ccord ing  to  th e  s o i l  map by th e  Land Development Departm ent 
(Pranom K aosu ta , 1990), s o i l  problem  a re a s  can be found as  a c id  s o i l  
and s o i l  e ro s io n .

4 .5 .3 .1  Acid S o il

The a c id ic  s o i l  can be i d e n t i f i e d  from th e  accu m u la tio n  o f 
j a r o s i t e  w ith in  th e  land  s u r f a c e .  The a c id ic  s o i l  can be t r e a t e d  by 
l in e  to  n e u t r a l  s o i l .  These a re a s  a re  lo c a te d  a t  Ban Mo and some 
a re a  a re  d eve loped  fo r  th e  o range grow ing.

a lo n g  fo o ts lo p e  o f  th e  m ountain a re  s e v e re ly  a f f e c te d  by e ro s io n  
because  th e  s o i l  i s  dom inan tly  composed o f c o h e s io n le s s  s i l t  and 
sand  g ra in s  coup le  w ith  s te e p  s lo p e  topography . T h is  s i t u a t i o n  would 
cou ld  be a c c e le r a te  s o i l  e ro s io n .  The a re a  s u b je c te d  to  s o i l  e ro s io n  
problem  a re  m ain ly  s i t u a t e d  a lo n g  th e  s te e p  s lo p e  t e r r a i n s  in  Amphoe 
wihan Daeng, Muang Kaeng Khoi and Muak Lek a re a s  (F ig u re  4 .1 8 ) .

fo r  long tim e due to  low f l a t  ly in g  topography .

4 .5 .3 .2  S o il E ro sio n

S o il  d e r iv e d  from v o lc a n ic  ro ck  and s i t u a t e d  on s te e p  s lo p e

E ro sio n  c o n tro l  by u s in g  v e g e ta t io n  sh ou ld  be a p p lie d  in  th e se  a r e a s .
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4 .6  R e c re a tio n

Changwat S a ra b u ri has v a r io u s  ty p es  o f  r e c r e a t io n ,  nam ely, 
n a t u r a l ,  h i s t o r i c a l  and r e l ig i o u s  and c u l tu r a l  ty p e s . The p o p u la r 
r e c r e a t io n  type i s  h i s t o r i c a l  and r e l ig io u s  such a s ,  P h ra  P h u tta b a t 
( th e  Buddha’s fo o t p r i n t )  and P hra  P h u tta c h a i  ( th e  Buddha’s im age), 
and th e  n a tu r a l  type  such  as Muak Lek w a t e r f a l l ,  Jed  Sao Noi 
w a t e r f a l 1 ,Muak Lek D ia ry  Farm and P asak  r i v e r  f l o a t i n g .  Due to  
S a ra b u ri i s  c lo s e  to  Bangkok, t o u r i s t  a re  u s u a l ly  spend one day 
to u r in g .

The r e c r e a t io n  s i t e s  m ainly  s i t u a t e  in  4 Amphoe, nam ely, 
Muang, P hra  P h u tth a b a t ,  Kaeng Khoi and Muak Lek. The h i s t o r i c a l  and 
r e l ig i o u s  ty p e s  a re  lo c a te d  in  Amphoe Muang and Amphoe P hra  
P h u tth a b a t where as  th e  n a tu r a l  type  i s  i s  lo c a te d  in  Amphoe Muak Lek 
and Amphoe Kaeng Khoi (F ig u re  4 .1 9 , T able  4 .1 4 ) .

The a c c e s s i b i l i t y  to  th e se  r e c r e a t io n  ty p es can be c o n v e n ie n tly  
made a l l  y ea r  round . The c u l tu r a l  ty p ^  i s  a v a i la b le  o n ly  in  th e
f e s t i v a l  s e a so n s .
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Table 4 .14 The R ecreation  s i t e  in Changwat Saraburi.

No. Name & Locat ion d ista n ce
from

changwat

Type in te r 
e s t in g

In Amphoe Phra Phutthabat

1. Buddha’s fo o t p r in t T.Khun Klone 28 H & R High
2. N ational Meseum Saraburi " 28 H & R High
3. Bo Pran Lang Nua " 28 H & R High
4. Tham Kra Bok P r ie s t  Camp s i t e  " 25 Cult High
5. Phra That Cave " 36 Nature Low
6. Tak Bat Dok Mai F e s t iv a l " 28 Cult Mod.
7. Hae Phra Keaw Kaew " 28 Cult Low
8. Chao Phoa Khao Tok F e s t iv a l 28 Cult Low

In Amphoe Ban Mo

9. Muang Kid Kin T. Ban Mo 33 H & R Low

In King Amphoe Don Put

10. Snake trad ing  T. Don Put Cult Low

In Amphoe Sao Hai
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T a b l e  4 . 1 4  ( c o n t . )  T h e  R e c r e a t i o n  s i t e  i n  C h a n g w a t  S a r a b u r i .

no. Name & Locat ion d ista n ce
from

changwat

Type in te r 
e s t in g

11. Sao Rong Hai T.Sao Hai 8 H & R Mod
12. Wat Samuha PraditTaram T.Sao Hai 8 H & R Low

In Amphoe Sao Hai

13. N ative Weaving T.Ton Tanm 5-7 Cuit Mod.
14. Bung Ngog T.Muang Koa 12 Nature Low

In Amphoe Muang

15. Tham Pra Thun T.Nha Pra Lan 22 Nature Low
16. Tham Sri wi Lai ft 22 Nature Low
17. Phu Khae Botany T. Phu Khae 17 Nature Mod.
18. Wat Pasak T. Dao Rueng 2 H & R Low
19. Wat S ala  Daeng T. Klong Prew - H & R Low
20. San Chao Pao Lak Muang " - H & R Low
21. Klong Prew R eservoir ft - Nature Mod.
22. Wat Phra Phut tach a i T.Nong P la  Lai 12 H & R High
23. Jom Pung Farm ft 13 Cuit Mod.
24. Khao Sam Lan N ational Park " 16 1 Nature Mod.
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T a b l e  4 . 1 4  ( c o n t . )  T h e  R e c r e a t i o n  s i t e  i n  c h a n g w a t  S a r a b u r i .

no. Name & L ocation d ista n ce
from

changwat

Type in te r 
e s t in g

In Amphoe wihan Daeng

25. Jedi Phra Khun Mae T. Nong Mu 42 Cult Low

In Amphoe Kaeng Khoi

26. Phra Phutthabat Noi T.Song Khon 28 H & R Mod
27. Tham Phra That charoen Tham " 28 Cult High
28. Pasak R iver f lo a t in g  T.Tha Klo 15 Nature High
29. Pha Sa Det T.Tab Kwang H & R Low
30. Tham Phra Pho Ti Sat T.Tab Kwang 32 H & R Mod.

In Amphoe Muak Lek

31. Phu Kao w a te r fa ll  T. Wang Muang Nature Low
32. Tham Dao Khao Kaew T.Lam Praya Klani? 75 Nature Low
33. Pak Klong w a te r fa ll  T. Muak Lek - Nature Low
34. Jed Sao Noi w a te r fa ll 45 Nature Mod.
35. Rest area a long highway n o .2 " 43 Nature Low
36. Kusuma Karden " 42 Nature Mod.



T a b l e  4 . 1 4  ( c o n t . )  T h e  R e c r e a t i o n  s i t e  i n  c h a n g w a t  S a r a b u r i .

no. Name & Locat ion d ista n ce
from

changwat

Type in te r 
e s t in g

37. Muak Lek Botany " 37 Nature Mod.

COCÔ Thai-Denmark Diary Farm " 38 Nature Mod.

Source ะ T ou rist A u th ority  o f  Thailand.

Note; H & R i s  H is to r ic a l  and R elig io n  recrea tio n  type 
Nature i s  n atu ral r e cr e a tio n  type  
T. i s  tarabon
C u lt, i s  c u ltu ra l r e cr e a tio n  type  
Mod. i s  m oderately in te r e s t in g
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