
CHAPTER 5
GROUNDWATER MODELING

5.1. Groundwater Modeling
5.1.1. Modeling approach

T he  te c h n iq u e s  o f g ro u n d w a te r  m o d e lin g  a re  e m p lo y e d  fo r ล s u b  b a s in -w id e  

g ro u n d w a te r  m a n a g e m e n t เท o rd e r  to c o m e  up  w ith  a p p ro p r ia te  s t ra te g ie s  fo r p re ven tio n  

o f n e g a t iv e  e ffe c t o f g ro u n d w a te r  a b s tra c t io n . T he  V isu a l M o d f lo w  so ftw a re  v e rs io n  3.1. 

is  u s e d  to  m ake  s im u la t io n  fo r  3 -D  g ro u n d w a te r  f lo w  in th e  re s e a rc h  a rea .

A fte r  d e f in in g  the  p u rp o se , the  m o d e l is  e s ta b lis h e d  b a s e d  on  a c c u ra te  

h y d ro g e o lo g ic a l in v e s t ig a t io n s  a n d  a n a ly s e s . A p p ro p r ia te  b o u n d a ry  c o n d it io n s  a n d  

g e o h y d ro lo g ic  p a ra m e te rs  a re  a s s ig n e d  to th e  m od e l. Initial c a lib ra t io n  fo r th e  m o d e l is 

c a r r ie d  ou t b y  s te a d y -s ta te  s im u la t io n  to  u n d e rs ta n d  the  m o d e l b e h a v io u r . T h e  a s s ig n e d  

b o u n d a ry  c o n d it io n s  a n d  the in pu t p a ra m e te rs  a re  c h e c k e d  a n d /o r m o d if ie d  b y  

c o m p a r in g  b e tw e en  c o m p u te d  p ie z o m e tr ic  h e a d s  a n d  the  o b s e rv e d  p ie z o m e tr ic  h e a d s .

A fte r  p re p a r in g  the  h is to r ic a l p u m p a g e  d a ta  from  1993  to 2 003 , th e  m o d e l is  

c a re fu lly  c a lib ra te d  b y  tra n s ie n t s im u la t io n . เท the  p ro c e s s , s o m e  e a r lie r  a s s u m e d  

p a ra m e te rs  a n d  b o u n d a ry  c o n d it io n s  a re  f in a lly  f ixed . T he  h is to r ic a l c a lib ra t io n  is c a rr ie d  

ou t u s in g  the  in pu t p u m p a g e  da ta . T he  c a lib ra t io n  c o n t in u e d  until th e  c o m p u te d  

p ie z o m e tr ic  h e a d s  a g re e d  s a t is fa c to r ily  w ith  the  o b s e rv e d  da ta .

T h e se  c a lib ra te d  m o d e ls  c a n  b e  u se d  to p re d ic t  fu tu re  g ro u n d w a te r  flow  an d  

p ie z o m e tr ic  h e a d s  b a s e d  on fu tu re  g ro u n d w a te r  p u m p a g e  p lan .

5.1.2. Conceptual model
C o n c e p tu a l m o d e l is  an  illu s tra tion  o f the  g e n e ra l c o n d it io n  o f g ro u n d w a te r  f low  

sy s te m  a n d  h y d ro g e o lo g ic a l unit, in the  b lo c k  o r c r o s s  s e c t io n  h y d ro g e o lo g y . T he  a im  o f 

c o n c e p tu a l m o d e l is to s im p lify  o f the  p ro b le m  a n d  fie ld  d a ta  o rg a n iz e r , s o  the s y s te m  

c a n  b e  a n a ly s e d  e a s ily . S im p lif ie d  the  m o d e l is an  im p o rtan t s te p  b e c a u s e  th e  d e ta il 

re co n s tru c t io n  on  h y d ro g e o lo g y  s y s te m  in the  re s e a rc h  a re a  is  im p o s s ib le .  T h re e  s te p s  

to d e v e lo p  a c o n c e p tu a l m ode l a re  (1) d e te rm in in g  the h y d ro s t ra t ig ra p h ic  unit; (2) 

d e te rm in in g  inpu t a n d  ou tpu t fa c to rs  o f g ro u n d w a te r  flow; (3) d e te rm in in g  flow  s y s te m
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(A n d e rso n  &  W o e s sn e r , 1992). C o n c e p tu a l m o d e l o f the re s e a rc h  a re a  is  illu s tra te d  เท 

F ig u re  5.1.

F ig u re  5.1. C o n c e p tu a l m ode l.

F ou r a q u ife rs  a re  p re s e n te d  in th e  c o n c e p tu a l m ode l. T he  firs t a q u ife r  is 

B a n g k o k  a q u ife r  lo c a te d  on  th e  to p  o f the  m o d e l, a n d  is  c o n f in e d  b y  c la y  la y e rs  on  top  

a n d  bo ttom . It is  c o n s id e re d  a s  s e m i-c o n f in e d  aqu ife r. T he  s e c o n d , th ird  a n d  fourth  a re  

P h ra  P a d a e n g  aqu ife r, N a kh o n  Lu a n g  a q u ife r  a n d  N o n th ab u r i a q u ife r  re sp e c t iv e ly . T h e y  

a re  c o n f in e d  aq u ife rs , a s  th e  c la y  la y e rs  on  to p  a n d  bo ttom  b o u n d a r ie s  a s  co n f in in g  

b o d s . T h e  ho rizon ta l b o u n d a r ie s  o f e a c h  la y e r a re  d e f in e d  u s in g  h y d ro g e o lo g ic a l 

c o n d it io n  o b ta in e d  from  g e o lo g ic a l d a ta  a n d  w e ll lo g  da ta . It is  im po rtan t to  no te  that the 

a ttem p t o f g ro u p in g  the  h y d ro g e o lo g ic  un its  to g e th e r is m a d e  b a s e d  not on ly  on  the 

lith o lo g ic  a n d  h y d ro g e o lo g ic a l p ro p e rt ie s  o f a q u ife r  b u t a ls o  th e ir  c o n s is te n c y  w ith  the  

a lre a d y  e x is te d  h y d ro g e o lo g ic  m a p s  o f th e  re s e a rc h  a rea .

5.1.3. Assumption of the model
It is u n d e rs to o d  that the  n u m e r ica l m o d e l h a s  s o m e  lim ita tion s . T he  lim ita tion s
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a re  sh o w n  w h en  g e n e ra liz a t io n  o f  the  m o d e l is m ad e . T he re fo re , s o m e  a s s u m p t io n s  

h a v e  to b e  m a d e  to a c c o m m o d a te  th is  im p lic a t io n . S u ch  a s s u m p t io n s  are:

•  T he  b o u n d a ry  o f the  m o d e l is d e te rm in e d  b a s e d  on  the  re su lt  from  c o n to u r in g  

the g ro u n d w a te r  ta b le  d a ta  that a v a ila b le  in the  re s e a rc h  a rea .

•  E a c h  la y e r  o f a q u ife r  a n d  c la y  a re  h o m o g e n o u s  a n d  is o tro p ic .

•  T he  re c h a rg e  ra te  is a s s u m e d  10%  from  the tota l ra in fa ll.

•  P u m p in g  ra te  is  co n stan t.

•  C a lib ra t io n  is c o n d u c te d  b a s e d  on the p a ra m e te r  v a lu e s  that still a c c e p ta b le  

w ith  the  f ie ld  co n d it io n .

•  In te rpo la tion  a n d  e x tra p o la t io n  from  the  fie ld  d a ta  a re  u s e d  fo r c o m p le t in g  the 

in pu t d a ta  fo r s im u la tion .

•  T he  v a lu e  from  th e  m o d e l s im u la t io n  is re la tive  a n d  not a b so lu te .

5.1.4. Model grid
B e c a u s e  o f  the  s tu d y  a re a  is s itu a te d  at the  L o w e r C e n tra l P la in , it is  n e c e s s a ry  

to c o n s id e r  the  h y d ro g e o lo g ic a l c o n d it io n s  o f the L o w e r C e n tra l P la in  in o rd e r  to in c lu d e  

the  e f fe c t o f re g io n a l g ro u n d w a te r  f low  in the m ode l. T he  k n o w le d g e  o f re g io n a l 

h y d ro g e o lo g ic a l c o n d it io n s  a llo w s  a b e tte r ju d g m e n t in a s s ig n in g  b o u n d a ry  c o n d it io n s  

a lo n g  b o u n d a r ie s  o f re s e a rc h  a re a . It is  o b s e rv e d  that the  g ro u n d w a te r  f low  w ith in  the  

s tu d y  a re a  is  a ffe c t b y  the  g ro u n d w a te r  f low  o u ts id e  the s tu d y  a re a , e s p e c ia l ly  a lo n g  the 

no rthe rn  a n d  w e s te rn  b o u n d a r ie s . The re fo re , in th is  s tu dy , the  g r id  o r ie n ta t io n  is  ro ta ted  

a ro u n d  20° in the  c lo c k w is e  d ire c t io n  to ad ju s t w ith  the  b o u n d a ry  c o n d it io n s . T h e  m o d e l 

g r id  is  c o n s t ru c te d  a s  sh o w n  in F ig u re  5.2.

T he  g r id  s iz e  in :he s tu d y  is f ix e d  at 500  m X 500  m. T he  g r id  s iz e  is re f in ed  to 

2 5 0  m  X 250  m at K h o n g  P h ra ya  B un lue . A  tota l n u m b e r o f c e l ls  in e a c h  la y e r  a re  1209  

(39 ro w s X 31 co lu m n s) . T he  m o d e l a re a  d iv id e d  in to 9 la y e rs  b a s e d  on  the  

h y d ro g e o lo g ic a l c la s s if ic a t io n . T h e  to ta l n u m b e r o f 3 -D  c e ll is  10 ,881 . T h e  s tru c tu re  o f 

the 3 -D  m o d e l is p re s e n te d  in F ig u re  5.3., a n d  T a b le  5.1. s u m m a r ie s  th e  m o d e l g r id  

co n s tru c t io n . M a p  o f s u r fa c e  e le va t io n  o f e a c h  la ye r is a t ta c h e d  in A p p e n d ix  1.
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Figure 5.3. A 3-D model of the research area.

Table 5.1. The model grid construction.
Parameters Amount Width (meters)

Row 21 500
18 250

Column 11 500
20 250

Layer Minimum depth Maximum depth
Number (meters below SWL) (meters below SWL)

1 3 28
2 40.4 68
3 46.9 85
4 71.3 149
5 109.2 150
6 160 223
7 175 250
8 250 297.2
9 300 300

Source: Primary Analysis, 2004
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5.1.5. Flow boundary condition
Se tt in g  b o u n d a ry  c o n d it io n s  is  the s te p  in the m o d e l d e s ig n  that is  m o s t s u b je c t  

to s e r io u s  e rro r (F ra n ke  e t al, 1987). D e te rm in in g  the flow  b o u n d a ry  s y s te m  is  im po rtan t 

in the  p la n n in g  o f n u m e r ica l m od e l. B o u n d a ry  c o n d it io n s  a re  m a th e m a t ic a l s ta tem e n ts  

s p e c ify in g  the  d e p e n d e n t  v a r ia b le  (h ead ) o r the d e r iv a t iv e  o f th e  d e p e n d e n t  v a r ia b le  

(flux) a t th e  b o u n d a r ie s  o f the p ro b le m  d o m a in . เท the  s te a d y  s ta te  co n d it io n , the  

b o u n d a ry  co n d it io n  h a s  a b ig  e ffe c t fo r g ro u n d w a te r flow .

เท th is  s tu dy , a p p ro p r ia te  b o u n d a ry  c o n d it io n s  a re  s p e c if ie d  fo r n u m e r ica l 

c a lc u la t io n  b a s e d  on  th e  h y d ro g e o lo g ic a l in fo rm ation . F rom  the  o r ig in a l ou tse t, the  

ex ten t o f e a c h  a q u ife r  un it is  d e f in e d  b a s e d  on  th e  g e o lo g ic a l s tu d ie s  d o n e  in the  

p re v io u s  s ta g e . S in c e  the  p h y s ic a l b o u n d a r ie s  d o  not e x is t  in the  re s e a rc h  a rea , s o  

h y d ra u lic  b o u n d a r ie s  a re  a p p lie d  fo r s im u la t io n . The  h y d ro g e o lo g ic a l b o u n d a r ie s  in th is  

m o d e l a re  no flow  b o u n d a ry , c o n s ta n t  h e a d s , re ch a rg e , é v a p o tra n sp ira t io n  a n d  r ive r 

b o u n d a ry . T a b le  5.2. p re s e n ts  the  b o u n d a ry  c o n d it io n s  in the  m o d e l.

T a b le  5.2. A  s u m m a r iz e d  o f b o u n d a ry  co n d it io n s .

Number Boundary Boundary condition
1 N o rth -W est C o n s ta n t  h e a d

2 S o u th -E a s t C o n s ta n t h e a d

3 N o rth -E a s t N o  flow

4 S o u th -W es t N o  flow

5 F irst la ye r R e c h a rg e

6 F irst la ye r E v a p o tra n sp ira t io n

7 C h a o  P h ra ya  rive r R iv e r (c o n s ta n t flux)

S o u rce : P r im a ry  A n a ly s is , 2 004

N o  flow  b o u n d a r ie s  in th e  m o d e l a re  lo c a te d  in the  N o rth e a s t a n d  S o u th w e s t. B a s e d  on  

the  g ro u n d w a te r  f low  m a p  (F ig u re  4 .7 .), the  d ire c t io n s  o f g ro u n d w a te r  flow  in a ll a q u ife rs  

a re  c o m e  from  N o rth w e s t d ire c t io n . The re fo re , th e se  a re  no in flow  from  the  N o rth e a s t 

a n d  S o u th w e s t d ire c t io n s  s in c e  th e y  a re  p a ra lle l to  flow' d ire c t io n .
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The  c o n s ta n t h e a d  b o u n d a r ie s  a re  lo c a te d  in the  N o rth w e s t a n d  S o u th e a s t  o f the  

m o d e l a re a . B e c a u s e  o f the d if f ic u lt ie s  in m e a su r in g  the  g ro u n d w a te r  ta b le  in the  m o d e l 

b o u n d a r ie s , the  g ro u n d w a te r  ta b le  is e x tra p o la te d  from  m on ito r in g  w e lls . T he  d e ta ils  

c o n s ta n t  h e a d  in e a c h  a q u ife r  a re  su m m a r iz e d  in T a b le  5.3.

T a b le  5.3. C o n s ta n t  h e a d  v a lu e s  in the  m o d e l.

S o u rc e  : G ro u n d w a te r  f low  m ap  1993  a n d  2003

R e c h a rg e  in to  the  m o d e l m a in ly  c o m e  from  ra in fa ll in filtra tion  a n d  s o m e  p a rt from  

th e  C h a o  P h ra ya  river. It is  v e ry  d iff icu lt  to m e a su re  the ra te  o f in filtra tion  from  the fie ld . 

The  a s su m p tio n  is  m a d e  that on ly  10%  from  the ra in fa ll in filtra tes  to th e  g ro u n d , a n d  the 

ra te  o f in filtra tion  is  the  s a m e  fo r a ll a re a s . R e fe rs  to the ra in fa ll d a ta  in th e  re s e a rc h  a re a  

tha t a v a ila b le  from  1993  until 2 003 , the  in filtra tion  ra te  is  a d ju s te d  a c c o rd in g ly .

E v a p o tra n sp ira t io n  is  c a lc u la te d  b a s e d  on  th e  d a ta  on  th e  y e a r  1994 , s in c e  it is 

o n ly  d a ta  a v a ila b le . It u s e s  a s  an  inpu t into the  m ode l a n d  is not c h a n g e  fo r o v e r the 

yea rs .

C h a o  P h ra y a  r ive r is  d ig it iz e d  a n d  p re s e n te d  a s  r iv e r b o u n d a ry  in the  m o d e l. 

R iv e r y ie ld  in fo rm a tion  from  m on ito r in g  s ta t io n s  in B a n g  S a i a n d  M u a n g  s ta t io n s  a re  

u s e d  to d e te rm in e  th e  r ive r s ta g e  va lu e . The  w id th  o f r iv e r is 4 0 0  m e te rs  a n d  c o n s ta n t 

a lo n g  the s tu d y  a rea , w ith  d e p th  o f 4 .5  m e te rs  b a s e d  on  the  d a ta  from  Irrigation  

D epa rtm en t. P ro v id in g  th e se  in fo rm a tion  th e  c o n d u c ta n c e  o f C h a o  P h ra y a  r iv e r is 

d e te rm in e d  at 3 2 3 .8 7 5  m 3/day.
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5.1.6. Hydrologic parameters
T h e  p a ra m e te rs  o f a q u ife r  c o n s is t  o f p o ro s ity , s p e c if ic  s to ra g e  a n d  h y d ra u lic  

c o n d u c t iv ity . A s s u m p t io n  is  m a d e  tha t the  a q u ife rs  a n d  a q u ita rd s  a re  h o m o g e n o u s  a n d  

is o tro p ic . T he  v a lu e s  o f p a ra m e te rs  a re  o b ta in e d  from  the  a n a ly s is  o f p u m p in g  te s t d a ta  

from  th e  f ie ld  a n d  a re  in fe rred  from  the  p re v io u s  s tu dy . B e c a u s e  o f th e  s itu a tio n  a n d  

c o n d it io n  on  th e  s ite , the  p u m p in g  te s t is  o n ly  c o n d u c te d  at N o n th a b u r i aqu ife r . T he  

h y d ra u lic  p a ra m e te rs  o f a q u ife rs  a n d  a q u ita rd s  u s e d  a s  an  in p u t to the  m o d e l a re  

s u m m a r iz e d  in T a b le  5.4.

T a b le  5 .4 . Input p a ra m e te rs  fo r th e  in itia l m od e l.

H yd ra u lic S p e c if ic 1 ไ:̂ เ̂ -1 " ~ *
N o . L a y e r 1*ร ,!?,ร ่1- „ 1.,. -7v» S o u rc e  o f  D a ta
.. . . .. c o n d u c t iv ity  (m /day)

. '
s to ra g e  (1/m) .

ไ' ' .

1 F irs t la ye r 4.65x1 O'2 6.75 x10 3 J I C A

2 B a n g k o k  a q u ife r 13.7 1 X 10-4 J I C A

3 P h ra  P a d a e n g  c la y 1.77 X 10'6 2.12 X10'4 J I C A

4 P h ra  P a d a e n g  a q u ife r 17.8 1 X 10-4 J I C A  &  A IT

5 N a kh o n  L u a n g  c la y 9.01 X 10'7 1.67 X 10"4 J I C A

6 N a kh o n  L u a n g  a q u ife r 16.1 1 X 10'4 J I C A  & A IT

7 N o n th ab u r i c la y 7.29 X 10'7 1.15 X 104 J I C A

8 N o n th ab u r i a q u ife r 22.72 1.29 X 10-4 F ie ld  a n a ly s is

9 S am  K h o k  c la y 3.33 X 10'7 7.72 X 10'5 J I C A

S o u rc e  : C o m p ila t io n  d a ta , 2 004

5.1.7. Steady state simulation
A  s te a d y  s ta te  s im u la t io n  is  d e v e lo p e d  b a s e d  on  the  d a ta  เท th e  y e a r  1993 , a s  

in itia l tim e. T he  g ro u n d w a te r  le v e ls  o f a q u ife rs  a re  d e te rm in e d  from  th e  w a te r leve l 

o b s e rv e d  in m on ito r in g  w e lls  (se e  F ig u re  4.7). B a s e d  on  th e  co n to u r in g  o f g ro u n d w a te r  

ta b le , th e  flow  d ire c t io n  a n d  the  in itia l b o u n d a ry  fo r m o d e lin g  a re  d e te rm in e d .

Fo r the  c a lib ra t io n  m o d e l, the  m on ito r ing  w e lls  lo c a te d  in s id e  th e  re s e a rc h  a re a  

a re  u se d . T he re  a re  6 m on ito r in g  w e lls  w ith in  the re s e a rc h  a rea , tw o  m on ito r in g  w e lls  fo r
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e a c h  a q u ife r . The  d e ta il in fo rm a tion  o f m on ito r in g  w e lls  is  s u m m a r iz e d  in th e  A p p e n d ix  

3.

5.1.8. Transient simulation
T he  tran s ien t s im u la t io n  is  c a r r ie d  out e m p lo y in g  the re su lt o f g ro u n d w a te r  leve l 

from  th e  s te a d y  s ta te  s im u la t io n  a s  in itia l co n d it io n . T h e  c a lib ra t io n  o f the  m o d e l is 

c o n d u c te d  u s in g  d a ta  from  the  y e a r  1993  until 2 003 . T he  c a lib ra t io n  is  p ro c e s s e d  in 

c o n s id e ra t io n  o f ra in fa ll d a ta  a n d  g ro u n d w a te r  leve l m on ito r in g  da ta . D ue  to the 

in c o m p le te  in fo rm ation  o f p u m p in g  ra te  a n d  p u m p in g  s c h e d u le  o f g ro u n d w a te r  w e lls  

lo c a te d  w ith in  the  re s e a rc h  a re a , th e re fo re , the a s su m p tio n  is  m a d e  tha t th e  in fo rm a tion  

o f th e  in c o m p le te  d a ta  w e lls  a re  in te rp o la te d  from  th e  c lo s e s t  w e lls . A n d , th e y  a re  

a s s u m e d  to h a ve  a c o n s ta n t p u m p in g  ra te  th rou g h ou t the p e r io d  o f  1993  to  2003 .

5.1.9. Model calibration
M o d e l c a lib ra t io n  is  c a r r ie d  ou t in the s te a d y  s ta te  s im u la t io n  a n d  in tra n s ien t 

s im u la t io n . The  a c c u r a c y  o f c a lib ra t io n  is d e te rm in e d  b y  a c o m p a r is o n  b e tw e en  

o b s e rv e d  v a lu e s  a n d  c a lc u la te d  v a lu e s  in the m ode l. T he  d iffe re n t b e tw e en  o b s e rv e d  

v a lu e s  a n d  c a lc u la te d  v a lu e s  a re  c a lc u la te d  u s in g  s ta t is t ic a l a n a ly s is . A R M  (A b so lu te  

R e s id u a l M ea n ) a n d  N R M S  (N o rm a liz e d  R oo t M e a n  S q u a re )  a re  u s e d  to c a lc u la te  the 

e rro r o f ca lc u la t io n .

A R M  is a m e a su re  o f the  a v e ra g e  a b so lu te  re s id u a l v a lu e  d e f in e d  b y  the 

e q u a t io n  :

w h e re  is R.t is  the  c a lib ra t io n  re s id u a l.

T h e  A R M  m e a su re s  th e  a v e ra g e  m a g n itu d e  o f the re s id u a ls  a n d  th e re fo re  

p ro v id e s  a  b e tte r in d ic a t io n  o f c a lib ra t io n  than  the re s id u a l m ean .

N R M S  is the root m ean  s q u a re d  d iv id e d  b y  the  m ax im u m  d if fe re n c e  เท the 

o b s e rv e d  h e a d  v a lu e s  a n d  is e x p re s s e d  b y  the  e q u a t io n  :
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N R M S  =
( * 0, ร )  max - ( * 0, , )  II

T he  N R M S  is  e x p re s s e d  a s  ล p e r c e n ta g e  a n d  is a m o re  re p re se n ta t iv e  m e a su re  o f th e  fit 

th an  th e  s ta n d a rd  root m ean  s q u a re d  b e c a u s e  it a c c o u n ts  fo r th e  s c a le  o f the  po ten tia l 

ra n g e  o f d a ta  v a lu e s .

C a lib ra t io n  ta rg e t fo r s te a d y  s ta te  s im u la t io n  is  s e t w ith in  A R M  a n d  m ax im u m  

e rro r o f e s t im a tio n  v a lu e s  le s s  th an  1 m eter. C a lib ra t io n  fo r tra n s ie n t  s im u la t io n  is  s e t 

w ith in  A R M  le s s  th an  o r e q u a l to 1.5  m e te r a n d  N R M S  le s s  th an  25% . T h e  c a lib ra t io n  is 

a p p lie d  s te p  b y  s te p  s ta rts  from  the  u p p e r  la ye r o f  Ph ra  P a d a e n g  a q u ife r  to the  low e r 

la y e r  o f N o n th ab u ri aqu ife r. T h is  s te p  m in im ize s  the  e ffe c t from  u p p e r  la y e r aq u ife rs .

S ix th  m on ito r in g  w e lls  w ith  re c o rd e d  d a ta  from  1993  to 2 0 0 3  a re  u s e d  in the 

c a lib ra t io n  p ro c e s s  to m a tch  w ith  the  re c h a rg e  d a ta . T he  d e ta il o b s e rv e d  v a lu e s  from  

1993  to 2003 , on  e a c h  m on ito r in g  w e ll a re  a tta c h e d  in A p p e n d ix  3.

Ph ra  P a d a e n g  a q u ife r  h a s  tw o m on ito r in g  w e lls , w h ich  a re  P D  68  a n d  P D  74. 

N a kh o n  L u a n g  a q u ife r  a ls o  h a s  tw o  m on ito r in g  w e lls , w h ich  a re  N L  12 a n d  N L  78. A n d , 

N o n th a b u r i a q u ife r  h a s  tw o  m on ito r in g  w e lls , w h ich  a re  N B  69  a n d  N B  13. T h e  d e ta ils  o f 

w e ll lo c a t io n  a n d  s c re e n  p o s it io n  a re  s u m m a r iz e d  in T a b le  5.5.

T a b le  5.5. M o n ito r in g  w e lls  in the  m o d e lin g  a rea .

No. Well Code Easting Northing ggjg Screen Position 
(meters, below SWL)

1. PD 68 665126 1569470 -91.5
2. PD 74 663979 1562320 -110
3. NL 12 665120 1569478 -145
4. NL 78 663970 1562311 -160
5. NB 69 665126 1569478 -225
6. NB 13 663979 1562311 -186

S o u r c e  : G r o u n d w a t e r  D e p a r t m e n t  T h a i l a n d ,  2 0 0 3

5.1.10. Calibration of Groundwater Flow Model in the steady state Condition
T he m o d el is d e v e lo p e d  from th e result o f stra tigrap h ic  m o d elin g  with

p a ra m eters  input from p u m p in g  te s t  a n a ly sis  an d  from p rev iou s stu d y , an d  is ca lle d
b a s e  c a s e  m o d el. T he calibration p r o c e s s  is carried  out in th e  b a s e c a s e  m o d el. The
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h y d ra u lic  c o n d u c t iv it ie s  o f o b s e rv e d  a q u ife rs  a re  v a r ie d , w h ile  o th e r p a ra m e te rs  rem a in  

co n s ta n t. N o te  that, in sh o rt t im e  the  e ffe c t o f th e  re c h a rg e  from  ra in fa ll is no t s ig n if ic a n t  

a n d  c a n  b e  n e g le c te d  b e c a u s e  a ll a q u ife rs  in the re s e a rch  a re a  a re  c o n f in e d  aqu ife r. 

T h is  c a n  b e  re co n f irm e d  from  the re su lt p ro v id e d  from  m on ito r ing  w e lls  in P h ra  P a d a e n g  

a q u ife r  w h e re  the re  is no  c h a n g e d  in g ro u n d w a te r  leve l d u r in g  th e  p u m p in g  c a r r ie d  ou t 

on  N o n th a b u r i aqu ife r. T he  h y d ra u lic  c o n d u c t iv ity  is  v a r ie d  b a s e d  on  th e  v a lu e  tha t still 

a c c e p ta b le  w ith  f ie ld  c o rd it io n .

M e th o d  o f c a lib ra t io n  u se s  a tria l a n d  e rro r m e thod . C a lib ra t io n  p ro c e s s  o f 

h y d ra u lic  c o n d u c t iv ity  p a ra m e te r  is  a p p lie d  to fo r P h ra  P a d a e n g  a q u ife r , N a k h o n  Lu a n g  

a q u ife r  a n d  N o n th ab u ri aqu ife r, w h ic h  a re  ta rg e t a q u ife rs . T h e  h y d ra u lic  c o n d u c t iv ity  in 

e a c h  a q u ife r  is s c a le  d o w n  an d  u p  to 10 t im e s  the  m a g n itu d e  from  the  b a s e c a s e  va lu e . 

T he  d e ta ils  o f h yd ra u lic  c o n d u c t iv ity  fo r e a c h  c a lib ra t io n  a re  s u m m a r iz e d  in T a b le  5.6.

T a b le  5.6 . G ro u n d w a te r  f low  m o d e ls  a n d  its h y d ra u lic  c o n d u c t iv ity  p a ram e te r.

No. C ase  Model - V K (ทา/day) 
Phra Padaeng

K (m/day) 
Nakhon Luang

K (m/day) 
Nonthaburi

1 B asecase 17 8 16.1 27.22
Phra Padaeng aquifer

2 Model 1 1.78 16.1 27.22
3 Model 2 8.9 16.1 27.22
4 Model 3 12.46 16.1 27.22
5 Model 4 35.6 16.1 27.22
6 Model 5 89 16.1 27.22
7 Model 6 178 16.1 27.22

Nakhon Luang aquifer
8 Model 7 178 1.61 27.22
9 Model 8 178 8.05 27.22
10 Model 9 178 11.27 27.22
11 Model 10 178 32.2 27.22
12 Model 11 178 80.5 27.22
13 Model 12 178 161 27.22

Nonthaburi ac uifer
14 Model 13 178 161 2.722
15 Model 14 178 161 13.61
16 Model 15 178 161 19.054
17 Model 16 178 161 54.44
18 Model 17 178 161 136.1
19 Model 18 178 161 272.2

N o te  : a ll p a ra m e te rs  in o th e r la y e r  a re  the  s a m e  a s  b a s e c a s e  m o d e l.
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A c tu a lly , a fte r ru nn in g  the  b a s e c a s e  m o d e l w ith  in p u t v a lu e s  from  th e  f ie ld  a n d  

p re v io u s  a n a ly s is  y ie ld s  an  a c c e p ta b le  resu lt, b e c a u s e  th e  a b s o lu te  e rro r  o f e s t im a t io n  

is  le s s  1 m e te r fo r a ll la ye rs . H ow eve r, the va ria tion  o f h y d ra u lic  c o n d u c t iv ity  v a lu e  is  still 

c a r r ie d  ou t in c a lib ra t io n  p ro c e s s  to f in d  the b e s t  m o d e l a n d  to u n d e rs ta n d  the e f fe c t o f 

h y d ra u lic  c o n d u c t iv ity  v a lu e  va ria tion .

T h e  re su lts  o f c a lib ra t io n  o f P h ra  P a d a e n g  a q u ife r  a re  s h o w e d  in F ig u re s  5 .4  a n d

5.5. B a s e d  on  the  F ig u re s , the  b e s t  o f m ode l is o b ta in e d  เท m o d e l 6  w ith  h y d ra u lic  

c o n d u c t iv ity  o f 178  m /day . The  v a lu e  o f A R M  is 0 .7 8 5  m e te rs , a n d  N R M S  is  36 .067% . 

T he  m ax im u m  a b so lu te  e rro r o f e s t im a tio n  in th is  m o d e l is  0 .8 7 6  m ete r.

F ig u re s  5 .6  a n d  5 .7  illu s tra te  th e  re su lts  o f c a lib ra t io n  s im u la t io n  in th e  N a kh o n  

L u a n g  aqu ife r . F rom  the  F ig u re s , th ey  sh o w  tha t th e  b e s t  s im u la t io n  c o u ld  b e  o b ta in e d  

in m o d e l 12 w ith  h y d ra u lic  c o n d u c t iv ity  o f 161 m /day . T h e  v a lu e  o f A R M  is  0 .7 6 4  m ete r, 

a n d  N R M S  is  179 .382% . T he  m ax im um  a b so lu te  e rro r o f  e s t im a t io n  in th is  m o d e l is

0 .8 6 8  m ete r.

T h e  re su lts  o f c a lib ra t io n  o f N o n th ab u r i a q u ife r  a re  illu s tra te d  in F ig u re s  5 .8  a n d

5.9. F rom  the  F ig u re s , the  b e s t  s im u la t io n  m o d e l is  m o d e l 14 w ith  h y d ra u lic  c o n d u c t iv ity  

o f 13.61 m /day. T h e  v a lu e  o f A R M  is  0 .6 13  m eter, a n d  N R M S  is  4 1 .7 06% . T h e  m ax im u m  

a b s o lu te  e rro r  o f e s t im a t io n  in th is  m o d e l is  0 .6 1 9  m eter.

A R M  a n d  N R M S  o f the  fina l m o d e l in the  s te a d y  sta te  s im u la t io n  a re  0 .7 4 7  m e te r 

a n d  1 6 .8 18  % re sp e c t iv e ly . T he  a b so lu te  m ax im um  e rro r is  0 .9 1 2  m eter.

T h e  re su lts  o f a ll la y e rs  s h o w  tha t b y  in c re a s in g  th e  h y d ra u lic  c o n d u c t iv ity  v a lu e  

g re a te r  th an  th e  b a s e c a s e  v a lu e  h a s  a  sm a ll e f fe c t on  c a lib ra t io n  re su lts . O n ly  the  

h y d ra u lic  c o n d u c t iv ity  that le s s  than  the  b a s e c a s e  v a lu e  h a s  s ig n if ic a n t  im p a c t  on 

c a lib ra t io n  re su lts . T h e  c a lib ra t io n  s ta t is t ic s  c o n v e rg e s  s h a rp ly  from  m o d e ls  1, 7 a n d  13, 

then  th e y  b e c a m e  s ta b le  o r  v e ry  sm a ll e ffect. T h is  b e h a v io r  is  o b s e rv e d  fo r  a ll ta rg e t 

a q u ife rs . T h e  re su lts  o f g ro u n d w a te r  m o d e lin g  a re  p re s e n te d  in A p p e n d ix  4.
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Absolut Residual Mean
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Figure 5.4. Absolute residual mean at Phra Padaeng aquifer 
in the steady state condition.

Normalized Root Mean Squared

-Ô-NRMS

Figure 5 .5 . N orm alized  root m ea n  s q u a r e d  at Phra P a d a e n g  aqu ifer
in th e  s te a d y  s ta te  con d ition .
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Absolut Residual Mean
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Figure 5.6. Absolute residual mean at Nakhon Luang aquifer 
in the steady state condition.

Normalized Root Mean Squared

Calibration

—♦—NRMS

Figure 5 .7 . N orm alized  root m ea n  sq u a r e d  at N akh on L u ang aqu ifer
in th e  s te a d y  s ta te  con d ition .
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Figure 5.8. Absolute residual mean at Nonthaburi aquifer 
in the steady state condition.

Normalized Residual Mean Squared

Calibration

— NRMS

Figure 5 .9 . N orm alized  root m e a n  s q u a r e d  at N onthaburi aqu ifer
in th e  s te a d y  s ta te  con d ition .
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5 .1 .11 . Calibration of groundwater flow m odel in the transient condition
T he  tran s ien t s im u la t io n  is  p e r fo rm e d  b a s e d  on  the b a s e c a s e  m o d e l. T h e  re su lt 

o f c a lib ra te d  g ro u n d w a te r  le ve l from  s te a d y  s ta te  s im u la t io n  is  u s e d  a s  an  in itia l 

c o n d it io n  fo r tra n s ien t m ode l. เท th is  s im u la t io n , tw o p a ra m e te rs  h y d ra u lic  c o n d u c t iv ity  

a n d  s to ra g e  c o e ff ic ie n t  o f ta rg e t a q u ife rs  a re  v a r ie d . T he  h y d ra u lic  c o n d u c t iv ity  a n d  

s to ra g e  c o e ff ic ie n t  a re  v a r ie d  w ith in  the  ra n g e  o f m in im um  a n d  m ax im u m  v a lu e s  d e f in e d  

from  th e  fie ld  te s t a n d  re fe rred  from  p re v io u s  s tu d ie s .

To  fin d  the  b e s t m ode l, the  h y d ra u lic  c o n d u c t iv ity  v a lu e s  a re  v a r ie d  from  0 .1 7 8  

m /d ay  to  89  m /d ay  ,0 . 1 6  m /day  to 8 0 .5  m /day, from  0 .2 7 2 2  to 136.1 m /d ay  fo r P h ra  

P a d e a n g , N a kh o n  Lu a n g  a n d  N o n th ab u r i a q u ife rs , re sp e c t iv e ly . T h e  s p e c if ic  s to ra g e  

v a lu e s  a re  v a r ie d  from  1Û"5 to 10"3 1/m fo r a ll a q u ife rs . T he  d e ta ils  in p u t p a ra m e te rs  fo r all 

a q u ife r s  a re  s u m m a r iz e d  in T a b le s  5 .7 , 5 .8  a n d  5.9.

T a b le  5.7 . C a lib ra t io n  m o d e l a n d  its p a ra m e te rs  a t P h ra  P a d a e n g  a q u ife r .

Simulation Parameters ra a aeng Nakhon Luang
. . .  ■.

Nonthaburi

Base C ase K (m/cay) 17.8 16.1 27.22
S s (1/m) 1E"4 1E 4 1.29E"4

Model 1 K (m/day) 0.178 16.1 27.22
S s  (1/m) 1E-4 1E-4 1.29E-4

Model 2 K (m/day) 1.78 16.1 27.22
S s (1/m) 1E-4 1 e -4 1.29E-4

Model 3 K (m/day) 8.9 16.1 27.22
S s (1/m) 1E-4 1E-4 1.29E"4

Model 4 K (m/day) 12.46 16.1 27.22
S s  (1/m) 1E"4 1E-4 1.29E'4

Model 5 K (m/day) 35.6 16.1 27.22
S s  (1/m) 1E"4 1E-4 1.29E^

Model 6 K (m/day) 89 16.1 27.22
S s (1/m) 1E4 1 e -4 1.29E"4

Model 7 K (m/day) 0.178 16.1 27.22
S s  (1/m) 1E"3 1E"4 1.29E'4

Model 8 K (m/day) 1.78 16.1 27.22
S s (1/m) 1E‘3 1E4 1.29E"4

Model 9 K (m/day) 8.9 16.1 27.22
S s (1/m) 1E'3 1E-4 1.29E"4

Model 10 K (m/day) 12.46 16.1 27.22
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S s  (1/m) 1E‘3 1E^ 1.29E"4

Model 11 K (m/day) 35.6 16.1 27.22
S s (1/m) 1E'3 1E"4 โฆ

Model 12 K (m/day) 89 16.1 27.22
S s (1/m) 1E’3 ' IE4 1.29E"4

Model 13 K (m/day) 0.178 16.1 27.22
S s (1/m) 1E"5 1E 4 1.29E"4

Model 14 K (m/day) 1.78 16.1 27.22
S s (1/m) 1E"5 1E-4 1.29E-4

Model 15 K (m/day) 8.9 16.1 27.22
S s (1/m) 1E'5 1E"4 1.29E-4

Model 16 K (m/day) 12.46 16.1 27.22
S s (1/m) 1E'5 ' IE4 1.29E"4

Model 17 K (m/day) 35.6 16.1 27.22
S s  (1/m) 1E‘5 1E 4 1.29E-4

Model 18 K (m/day) 89 16.1 27.22
S s (1/m) 1E‘5 1E-4 1.29E"4

T a b le  5.8. C a lib ra t io n  m o d e l a n d  its p a ra m e te rs  a t N a kh o n  L u a n g  aqu ife r .

Simulation Parameters - . •' - Phra Padaeng Nakhon Luang Nonthaburi

Base C ase K (m/day) 17.8 16.1 27.22
S s (1/m) 1E"4 1E-4 1.29E"4

Model 1 K (m/day) 89 0.322 27.22
S s (1/m) 1E’5 1E-4 1.29E"4

Model 2 K (m/day) 89 1.61 27.22
S s (1/m) 1E"5 1E'4 1.29E'4

Model 3 K (m/day) 89 8.05 27.22
S s  (1/m) 1E"5 1E-4 1.29E"4

Model 4 K (m/day) 89 11.27 27.22
S s (1/m) 1E 5 1E*4 1.29E-4

Model 5 K (m/day) 89 32.2 27.22
S s (1/m) 1E~5 1 E 4 1.29E"4

Model 6 K (m/day) 89 80.5 27.22
S s  (1/m) 1E"5 1E-4 1.29E-4

Model 7 K (m/day) 89 0.322 27.22
S s  (1/m) 1E'5 1E‘3 1.29E"4

Model 8 K (m/day) 89 1.61 27.22
S s  (1/m) 1E'5 1E‘3 1.29E"4

Model 9 K (m/day) 89 8.05 27.22
S s  (1/m) 1E"5 1E'3 1.29E-4
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Model 10 K (m/day) 89 11.27 27.22
S s (1/m) 1E"5 1E 3 1.29E"4

Model 11 K (m/day) 89 32.2 27.22
S s (1/m) 1E"5 1E"3 1.29E"4

Model 12 K (m/day) 89 80.5 27.22
ธร (1/m) 1E~5 1E 3 1.29E^

Model 13 K (m/day) 89 0.322 27.22
S s (1/m) 1E'5 5E~5 1.29E"4

Model 14 K (m/day) 89 1.61 27.22
S s (1/m) 1E'5 5E~5 1.29E"4

Model 15 K (m/day) 89 8.05 27.22
S s (1/m) 1E~5 5E'5 1.29E"4

Model 16 K (m/day) 89 11.27 27.22
S s (1/m) 1E‘5

LO๒LO 1.29E"4

Model 17 K (m/day) 89 32.2 27.22
S s (1/m) 1E"5 5E"5 1.29E-4

Model 18 K (m/day) 89 80.5 27.22
S s (1/m) 1E'5 5E'5 1,29E‘4

T a b le  5.9. C a lib ra t io n  m o d e l a n d  its p a ra m e te rs  a t N o n th a b u r i aqu ife r.

Simulation Parameters Phra Padaeng Nakhon Luang Nonthaburi

B ase C ase K (ทา/cay) 17.8 16.1 27.22
S s (1/m) 1E-4 1E 4 1.29E-4

Model 1 K (m/day) 89 0.322 0.2722
S s (1/m) 1E‘S 5E'5 5.16E"4

Model 2 K (m/day) 89 0.322 2.722
S s (1/m) 1E’5 5E~5 1.29E"4

Model 3 K (m/day) 89 0.322 13.61
S s (1/m) 1E"5 5E"5 1.29E"4

Model 4 K (m/day) 89 0.322 19.054
S s (1/m) 1E"5 cn m บ่า 1.29E-4

Model 5 K (m/day) 89 0.322 54.44
S s (1/m) 1E'5 5E~5 1.29E-4

Model 6 K (m/day) 89 0.322 136.1
S s (1/m) 1E‘5 5E"5 1.29E-4

Model 7 K (m/day) 89 0.322 0.2722
S s (1/m) 1E‘5 5E~5 5.16E'3

Model 8 K (m/day) 89 0.322 2.722
S s (1/m) 1E‘5 5E~5 1.29E"3

Model 9 K (m/day) 89 0.322 13.61



9 3

S s  (1/m) 1E"5 5E~5 1.29E"3
Model 10 K (m/day) 89 0.322 19.054

S s (1/m) 1E~5 5E"5 1.29E'3
Model 11 K (m/day) 89 0.322 54.44

S s (1/m) 1E"5 5E’5 1.29E"3
Model 12 K (m/day) 89 0.322 136.1

S s  (1/m) 1E'5 5E"5 1.29E'3
Model 13 K (m/day) 89 0.322 0.2722

S s (1/m) 1E"5 5E~5 5.16E"5
Model 14 K (m/day) 89 0.322 2.722

S s  (1/m) 1E"5

•9๒LO 1.29E'5
Model 15 K (m/day) 89 0.322 13.61

S s (1/m) 1E"5 5E’5 1.29E'5
Model 16 K (m/day) 89 0.322 19.054

S s  (1/m) 1E~5 5E"5 1.29E"5
Model 17 K (m/day) 89 0.322 54.44

S s  (1/m) 1E‘5 5E~5 1.29E'5
Model 18 K (m/day) 89 0.322 136.1

S s  (1/m) 1E’5 5E~5 1.29E'5
Note: O th e r  p a ra m e te rs  a re  th e  s a m e  a s  the b a s e c a s e  m od e l.

T he  re su lts  from  s im u la t io n  o f P h ra  P a d a e n g  a q u ife r  s h o w  tha t m o d e l 18 is the 

b e s t  m od e l. เท th is  m ode l, the v a lu e  o f h y d ra u lic  c o n d u c t iv ity  is 89  m /day, a n d  the 

s to ra g e  co e ff ic ie n t  is 1 X 10 ’5 1/m. It p ro v id e s  the  low e s t v a lu e  o f  A R M  (1 .5  m e te rs ) a n d  

N R M S  (21 .97% ) (se e  F ig u re s  5 .1 0  a n d  5.11).

Fo r the N a kh o n  L u a n g  a q u ife r  s im u la t io n , the b e s t  m o d e l is m o d e l 13, w ith  the 

h y d ra u lic  c o n d u c t iv ity  c f  0 .3 2 3  m /day  a n d  the  s to ra g e  c o e ff ic ie n t  o f 5 X  10 ’5 1/m. It 

p ro v id e s  th e  lo w e s t v a lu e  o f A R M  (1 .18  m ete rs) a n d  N R M S  (22 .46% ) ( s e e  F ig u re s  5 .12  

a n d  5 .1 3  ).

Fo r the N o n th ab u ri a q u ife r  s im u la t io n , the b e s t  m o d e l is  m o d e l 13, w ith 

h y d ra u lic  c o n d u c t iv ity  o f 0 .2 7 2 2  m /day  a n d  s to ra g e  c o e ff ic ie n t  o f 1 .29  X  10 ’5 1/m. It 

p ro v id e s  the lo w e s t v a lu e  o f A R M  (1 .32 m ete rs) a n d  N R M S  (17 .22% ) (se e  F ig u re s  5. 14 

a n d  5 .15).
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Absolut Residual Mean

Calibration

- © - A R M

Figure 5.10. A b so lu te  residual m ean  at Phra P a d a e n g  aqu ifer 

in the transient condition.

Normalized Root Mean Squared

Calibration

N R M S

Figure 5 .1 1 . N orm alized  root m ea n  s q u a r e d  a t Phra P a d a e n g  aqu ifer
in th e  tran sien t sim ulation .
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Absolute Residual Mean

Calibration

F igure  5.12. A b so lu te  residual m ean  at N akh on  L u a n g  aqu ifer 

in the transient condition.

Figure 5 .1 3 . N orm alized  root m ea n  s q u a r e d  a t N akh on  L uang aqu ifer
in th e  tran sien t sim ulation .
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Figure 5.14. A b so lu te  residual m ean  at N onthaburi aqu ifer 

in the transient condition.

Figure 5 .1 5 . N orm alized  root m e a n  s q u a r e d  a t N onthaburi aq u ifer
in th e  tran sien t sim ulation.
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5.1.12. F inal m odel for transient sim ulation

A fte r  f in ish in g  a ll s im u la t io n s  a n d  c a lib ra t io n s  fo r ta rg e t a q u ife rs , th e  c a lib ra te d  

v a lu e  w ith  the  lo w e s t e rro r a re  u s e d  a s  an  inpu t into the  fina l m od e l. W h ile  a ll p a ra m e te rs  

a re  re m a in s  the s a m e  a s  the b a s e c a s e  m o d e l (in itia l m ode l).

M ea n w h ile , the  fin a l m o d e l is  c a lib ra te d  b y  ta k in g  in to a c c o u n t  o f th e  c la y  la ye rs . 

เท g e n e ra l,  it c a n  b e  s a id  tha t the  re su lts  from  ca lib ra t io n  re ve a l th a t the  fina l m o d e l h a s  

le s s  e r ro r  tha t tha t o f the  in itia l m ode l. The  c a lib ra t io n  s ta t is t ic s  a re  ju s t if ie d  b e c a u s e  the 

c a lib ra t io n  o f th e  in itia l m o d e l h a s  a lre a d y  re d u c e d  the  e rro r in v o lv e d  in th e  m ode l. 

T h e re fo re , th e  in p u t p a ra m e te rs  a re  the  b e s t  re p re se n t o f  th e  s y s te m . เท th e  p ro c e s s ,  the 

h y d ra u lic  c o n d u c t iv ity  o f c la y  la y e rs  a re  s c a le d  u p  a n d  d o w n  ten  t im e s  ( m u lt ip ly  a n d  

d iv id e  b y  10) fo rP h a  P h ra d a e n g  c la y , N a kh o n  Lu a n g  c la y  a n d  N o n th a b u r i c la y .

T h e  s im u la t io n s  re su lt s h o w  that c h a n g in g  the  h y d ra u lic  c o n d u c t iv it ie s  o f Ph ra  

P a d a e n g , N a kh o n  L u a n d  a n d  N o n ta b u r i c la y s  d o  not e ffe c t the  a q u ife r  sy s te m .

T he  re su lts  o f A R M  a n d  N R M S  in the  fina l m o d e l fo r P h ra  P a d a e n g  a q u ife r  a re  

1 .50  m e te rs  a n d  21 .97% , N a kh o n  L u a n g  a q u ife r  w ith A R M  o f 1 .18  m e te rs  a n d  N R M S  

o f 22 .46% , a n d  N o n th ab u ri a q u ife r  w ith  A R M  o f 1 .32  m e te rs  a n d  N R M S  o f 17 .22  %. The  

A R M  a n d  N R M S  o f a ll a q u ife rs  a re  1 .33  m e te rs  a n d  13.31 % re sp e t iv e ly .

N o te  tha t the d is p e r s io n s  b e tw een  th e  m e a su re d  h e a d s  a n d  s im u la te d  h e a d s  

a re  o b s e rv e d  in m on ito r ng  w e lls  P D 7 4  a n d  N L  78 o f P h ra  P a d a e n g  a n d  N a k h o n  L u a n g  

a q u ife r s  re sp e c t iv e ly . T h e se  e rro rs  m ay  a r ise  from  the  in c o m p le te  in fo rm a tion  o f 

g ro u n d w a te r  w e ll w ith in  the  re s e a rc h  a rea . It is  re c o rd e d  that o n ly  17 w e lls  from  53  w e lls  

a re  s to re d  w ith  c o m p le te  w e ll in fo rm ation  ( w e ll d ep th , s c re e n  p o s it io n  a n d  p u m p in g  

rate). T h e  e x tra p o la t io n  o f w e ll in fo rm ation  from  the  c lo s e s t  w e ll m ay  c a u s e  s o m e  e rro r in 

the  p ro c e s s . H ow eve r, the  c o m p a r is o n  b e tw een  the m e a su re d  h e a d s  a n d  s im u la t io n  

h e a d s  o f m on ito r in g  w e ils  P D  68, N L  12 , N B  13 a n d  N B  69  o f P h ra  P a d e a n g , N a kh o n  

L u a n g  a n d  N o n th ab u ri a q u ife rs  p ro v id e s  a  s a t is fa c to ry  re su lts  (F ig u re s  5 .16 , 5 .17  a n d  

5.18).
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Figure 5.16, Com parison between m easured and observed values 

at Phra Padaeng aquifer.

Figure 5.17. Com parison between m easured and observed values 

at Nakhon Luang aquifer.

Figure 5.18. Com parison between m easured and observed values 

at Nonthaburi aquifer.
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5.13. S ce n a rio  for the future pum ping

S c e n a r io  1 a s s u m e s  that th e  n ew  w e lls  w ith  p a rtia l p en e tra t io n  ( D R  132, D R  133  

a n d  D R  134) a re  p u m p e d  w ith  p u m p in g  ra te  15 m /day  fo r e a c h  w e ll. T h e  re su lt from  

s im u la t io n  in the  next 5 y e a rs  sh o w s  the  d raw d o w n  re a c h e s  2 m e te rs  a n d  s p re a d s  ou t 

0 .5  km  from  the  w e lls . เท overa ll, the g ro u n d w a te r b a la n c e  still m a in ta in e d .

S c e n a r io  2 a s s u m e s  that the  p u m p in g  ra te  is  in c re a s e d  to 20  m /d ay  fo r  e a c h  

w e ll (D R  132, D R  133  a n d  D R  134). T he  re su lt from  s im u la t io n  in th e  nex t 5 y e a rs  

s h o w s  the  d ra w d o w n  o f g ro u n d w a te r re a c h e s  2 m e te rs  a n d  s p r e a d s  ou t 1 km  from  the  

w e lls . เท o ve ra ll, the  g ro u n d w a te r b a la n c e  a ls o  still m a in ta in ed .

เท th e  s c e n a r io  3  a s s u m e s  tha t the  p u m p in g  ra te  is  in c re a s e d  to  25  m /d a y  fo r 

e a c h  w e ll (D R  132, D R  133 a n d  D R  134). T he  re su lt from  s im u la t io n  in th e  n ex t 5 y e a rs  

s h o w s  the  d ra w d o w n  o f g ro u n d w a te r  re a c h e s  2 m e te rs  a n d  s p re a d s  ou t m o re  than  1 km  

from  the  w e lls . เท th is  c a s e , the  g ro u n d w a te r  b a la n c e  a ls o  still m a in ta in e d . T he  re su lt fo r 

s im u la t io n s  is  s h o w e d  in F ig u re  19.

5.2. G rou ndw ater Potential

Po ten tia l o f g ro u n d w a te r  d e p e n d s  on the g e o lo g ic  a n d  h y d ro lo g y  co n d it io n s . 

T h e  re s e a rc h  a re a  is  lo c a te d  in m id d le  p a rt o f C h a o  P h ra ya  river. T h e  lith o lo g y  c o n s is ts  

o f s e d im e n t  la y e rs  that a re  fo rm ed  from  a llu v ia l a n d  m a rin e  d e p o s it .  T h e  la y e rs  that 

co n ta in  s a n d  a n d  g ra v e l s e d im e n ts  a re  w a te r-b e a r in g  fo rm a tio n  a s  aqu ife r.

B a s e d  on  the  lith o lo g ic  log , the  d e p o s it io n a l s e d im e n t s h o w s  th in n in g  u p w a rd  

a n d  re p e a t in g  a g a in . เท a  s e r ie s  from  the  bottom  to to p  a re  v e ry  f in e  g ra v e l, v e ry  c o a r s e  

s a n d , c o a r s e  s a n d , s a n d  a n d  c la y . T h is  s itua tio n  s u p p o r ts  th e  fo rm in g  o f c o n f in e d  

a q u ife r , w ith  m a n y  o f a q u ife r  la ye rs .

G e n e ra lly , c o n s id e r in g  to the  p ro p e rt ie s  a n d  c h a ra c te r is t ic s  o f litho logy , the 

g ro u n d w a te r  sy s te m  c a n  b e  d iv id e d  into 4 aq u ife rs . T he  firs t a q u ife r  lo c a te d  at 

a p p ro x im a te  d e p th  o f 50  m e te rs  b e lo w  S W L  w ith  the  a v e ra g e  th ic k n e s s  o f 4 0 .7 3  m ete rs . 

T he  s e c o n d  a q u ife r  is  P h ra  P a d a e n g  A q u ife r , lo c a te d  at a p p ro x im a te  d e p th  o f 100

T he pred iction  o f grou n d w ater  level an d  grou n d w ater  b a la n c e  in th e  rese a r c h
a rea  are  carried  out by  a final m od el o f grou n d w ater  flow  m o d elin g . เท th is sim ulation , it
h a s  th ree  s c e n a r io s .



F ig u re  5 .19 . T h e  d ra w d o w n  m a p  o f p u m p in g  s c e n a r io  s im u la t io n s
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m ete rs  b e llo w s  S W L , w ith  a v e ra g e  th ic k n e s s  o f 39.31 m e te rs . T he  th ird  a q u ife r  is 

N a kh o n  L u a n g , lo c a te d  at a p p ro x im a te  d e p th  o f 175  m ete rs , w ith  a v e ra g e  th ic k n e s s  o f 

4 8 .2 3  m ete rs . T he  la s t a q u ife r  is  N o n th ab u ri aqu ife r, lo c a te d  at a p p ro x im a te  d e p th  o f 

2 50  m e te rs  w ith  a v e ra g e  th ic k n e s s  o f 54 .94  m ete rs. เท th is  a n a ly s is , o n ly  the 

g ro u n d w a te r  p o te n tia l o f P h ra  P a d a e n g , N a kh o n  Lu a n g  a n d  N o n th a b u r i a q u ife r s  a re  

e v a lu a te d .

5.2.1 . Quantity of groundwater
B a s ic a lly ,  th e  q u an tity  o f g ro u n d w a te r  c a n  b e  d iv id e d  in to tw o ty p e s , s ta t ic  a n d  

d y n a m ic , s ta t ic  q u an t ity  is  a  to ta l v o lu m e  o f g ro u n d w a te r  th a t s to ra g e  in th e  aqu ife r. 

D y n a m ic  q u an t ity  is  a  tota l v o lu m e  o f g ro u n d w a te r  that f low in g  to th e  a q u ife r  in the  un it 

t im e , th is  am o u n t o f g ro u n d w a te r  is c h a n g in g  w ith tim e. B o th  s ta t ic  a n d  d y n a m ic  

q u a n t it ie s  a re  e s t im a ted .

5 .2 .1 .1 . Static reserves
T he  s ta t ic  re s e rv e s  in th e  re s e a rc h  a re a  a re  d iv id e d  in to th ree  la y e rs  o f aqu ife r; 

P h ra  P a d a e n g  a q u ife r , N a kh o n  Lu a n g  a q u ife r  a n d  N o n th ab u ri a q u ife r . T h e  v o lu m e s  o f 

g ro u n d w a te r  at P h ra  P a d a e n g , N a kh o n  Lu a n g  a q u ife r  a n d  N o n th ab u r i a re  8 4 9 ,3 04 .1 7  

ทา3, 1 ,0 4 1 ,8 7 4 .1 3  ทา3, 1 ,530 ,990 .81  m 3 re sp e c t iv e ly . T h e  d e ta ils  o f  c a lc u la t io n  a re  

s u m m a r iz e d  in T a b le  5 .10 .

T a b le  5 .10 . The s ta t ic  re se rv e s  o f g ro un d w a te r.

A q u ife r  N a m e V o lu m e  (ทา3) S to ra g e  C o e f f ic ie n t V o lu m e  {กา3)

P h ra  P a d a e n g 8 ,4 9 3 ,0 4 1 ,6 6 1 .4 3 1 x 1 0 ^ 8 4 9 ,3 0 4 .1 7

N a kh o n  L u a n g 1 0 ,4 1 8 ,7 4 1 ,3 05 .70 1 X  1 0 4 1 ,04 1 ,8 7 4 .1 3

N o n th ab u r i 1 1 ,8 6 8 ,1 4 5 ,8 35 .70 1 .29  X  10 '4 1 ,530 ,990 .81

To ta l 3 ,4 22 ,169 .11

S o u rc e  : P r im a ry  A n a ly s is ,  2 004

5.2 .1 .2 . Dynamic reserves
S im ila r  a s ta t ic  re se rv e s , th e  d y n a m ic  re s e rv e s  a ls o  d iv id e d  in to  th ree  la y e rs  o f
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a q u ife rs . T h e  v o lu m e s  o f g ro u n d w a te r  that f low in g  in to  the  P h ra  P a d a e n g , N a kh o n  

L u a n g  a n d  N o n th ab u ri a q u ife rs  a re  7 ,5 31 .7 2  m 3/day , 9 ,3 3 4 .0 2  ทา3/d a y , 1 3 ,7 23 .96  

m 3/d a y  re sp e c t iv e ly . T he  d e ta ils  o f c a lc u la t io n s  a re  s u m m a r iz e d  in T a b le  5 .11 . It is 

im p o rtan t to note  that th e re  is  a b ig  n u m b e r o f tota l in flow , bu t o n ly  c e rta in  am o u n t o f 

g ro u n d w a te r  v o lu m e  c a n  b e  e xp lo ite d .

T a b le  5 .11 . T he  D y n a m ic  R e s e rv e s  o f G ro u n d w a te r

Aquifer N am e

Average
Hydraulic A verage

Conductivity AqUlfer Hydraulic

(m/day) ๖ Gradient 
(m)

A rea

C ro ss

J Section (m)

Total 

Inflow 

(ทา3/day)

Phra Padaeng 17.8 39.31964 0.000497 21660 7,531.72
Nakhon Luang 16.1 48.23491 0.000555 21660 9,334.02
Nonthaburi 27.22 54.94512 0.000424 21660 13,723.96
Total 30,589.7
S o u rc e  : P r im a ry  A n a ly s is , 2004

5.2.2. Q uality  o f groundw ater

B a s e d  on  the  re su lts  from  c h e m ic a l a n a ly s is  o f g ro u n d w a te r  s a m p le  from  the 

fie ld  a n d  a ls o  s e c o n d a ry  da ta , th e y  s h o w  that the  q u a  ity o f g ro u n d w a te r  still a c c e p ta b le  

fo r d r in k in g  w a te r p u rp o s e  in g e n e ra l. B u t s o m e  e le m en t h a s  h ig h e r  th an  the  s ta n d a rd  

o f w a te r d r in k in g  re q u irem en ts  (s e e  T a b le  4 .12 .). The re fo re , the  p u m p e d  w a te r from  th is  

a re a  m u st b e  tre a tm en t o e fo re  u s e d  fo r w a te r su p p ly .

The  q u a lity  o f g ro u n d w a te r  in the  Ph ra  P a d a e n g  a q u ife r  s h o w s  tha t the  co n te n t 

o f iron , c h lo r id e , to ta l d is s o lv e d  s o lid  a n d  tota l h a rd n e s s  a re  h ig h e r  c o n te n t th an  that o f 

th e  s ta n d a rd  o f w a te r d r in k in g  re q u irem en ts  (see  T a b le  4 .12 .). O n ly  in a  sm a ll a re a  

(N o rth ea s t) w h e re  th e  w a te r q u a lit ie s  re co rd  u n d e r  th e  s ta n d a rd  re q u ire m e n ts  ( s e e  

F ig u re  5 .20  )

T he  N a kh o n  Lu a n g  a q u ife r  d is p la y s  g ro u n d w a te r  q u a lit ie s  p ro b le m  s im ila r  to 

P h ra  P a d a e n g  aq u ife r . T he  e le m e n ts  h ave  h ig h e r  c o n te n t th an  tha t o f th e  s ta n d a rd  fo r 

w a te r d r in k in g  re q u ire m e n ts  a re  iron, ch lo r id e , to ta l d is s o lv e d  s o lid , to ta l h a rd n e s s  a n d  

p H  (se e  T a b le  4 .12). H ow eve r, the h igh  co n ce n tra t io n  is lo c a te d  in the  m id d le  o f the 

re s e a rc h  a re a  (se e  F ig u re  5.21).
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T he  N o n th ab u ri a q u ife r  h a s  a g o o d  q u a lity  o f  g ro u n d w a te r. B a s e d  on  the 

e le m e n ts  tha t b e in g  c h o s e n  fo r w a te r c h e m ic a l a n a ly s is  o f th is  a q u ife r , it s h o w s  tha t th e  

q u a lity  o f w a te r is still m ee t w ith  the re q u irem en ts  fo r d r in k in g  w a te r (s e e  T a b le  4 .1 2  a n d  

F ig u re  5.22).

5.3. Groundwater Balance
G ro u n d w a te r  b a la n c e  in the s tu d y  a re a  is e x a m in e d  b a s e d  on  th e  re su lt  o f the 

h is to r ic a l h e a d s  ca lib ra t io n . T he  m od flow  co m p u te s  s to ra g e  c h a n g e , re c h a rg e  from  

c o n s ta n t  h ea d , é v a p o tra n sp ira t io n , rive r le a k a g e , h o rizon ta l a n d  v e r t ic a l e x c h a n g e , a n d  

w e ll d is c h a rg e  in the  s p e c if ie d  a re a  fo r e a c h  a q u ife r  unit.

T h e  c a lc u la t io n s  fo r g ro u n d w a te r  b a la n c e  a re  p e r fo rm e d  fo r  P h ra  P a d a e n g  

a q u ife r , N a kh o n  L u a n g  a q u ife r  a n d  N o n th ab u ri aqu ife r. T h e se  v a lu e s  a re  c a lc u la te d  

b a s e d  on  th e  fina l m o d e l s im u la t io n  o f g ro u n d w a te r  flow .

G ro u n d w a te r  b a la n c e  in the  P h ra  P a d a e n g  a q u ife r  s h o w s  tha t it h a s  o u tp u t 

s to ra g e  o f 0 ทา3/d a y  a n d  in pu t s to ra g e  o f 8 7 .6 8  m 3/day , a n d  in p u t o f c o n s ta n t  h e a d  o f 

3 1 ,7 2 0  ทา3/d a y  a n d  ou tpu t o f 3 2 ,2 86  ทา3/d ay . Tota l d is c h a rg e  from  a ll w e lls  is 158 ทา3/d ay . 

T he  o u tp u t v e rt ic a l e x c h a n g e  is 0  m 3/day , a n d  the in pu t v e r t ic a l e x c h a n g e  o f 6 3 7 .1 4  

กา3/d ay . T he  to ta l o u tpu t a n d  in pu t in the  a q u ife r  is  still b a la n c e . T h e  d e ta ils  g ro u n d w a te r  

b a la n c e  in the  P h ra  P a d a e n g  a q u ife r  is s u m m a r iz e d  in T a b le  5 .12 .

N a kh o n  L u a n g  a q u ife r  h a s  ou tpu t s to ra g e  o f 0 m 3/d a y  a n d  in pu t s to ra g e  of

3 6 0 .1 2  ทา3/d ay . The  c o n s ta n t h e a d  inpu t is 36 .23  ทา3/d a y  a n d  o u tp u t o f 133 .8 3  ทา3/d ay . 

T h e  to ta l d is c h a rg e  from  the w e ll is  3 2 5 .5 2  กา3/d ay . T he  o u tp u t o f v e r t ic a l e x c h a n g e s  

(3 .72  กา3/day), a n d  the  in pu t v e r t ic a l e x c h a n g e s  (66.71 กา3/d a y )  s u rp lu s  a ro u n d  63  

m 3/day . T he  tota l o u tpu t a n d  inpu t เท the a q u ife r  is  still b a la n c e . T h e  d e ta ils  o f 

g ro u n d w a te r  b a la n c e  a re  su m m a r iz e d  in T a b le  5 .13.

N o n th ab u ri a q u ife r  h a s  in p u t s to ra g e  o f 168 .22  ทา3/d a y  a n d  o u tp u t s to ra g e  o f 0 

กา3/d a y . T h e  to ta l d is c h a rg e  from  all w e ll is 6 13  ทา3/d ay . T he  c o n s ta n t  h e a d  h a s  in p u t o f 

3 6 1 .6 9  กา3/d a y  a n d  ou tpu t o f 3 .29  ทา3/d a y , w ith  v e rt ic a l e x c h a n g e  s u rp lu s  a ro u n d  86  

3/day . T he  d e ta ils  o f g ro u n d w a te r b a la n c e  in the N o n th ab u ri a q u ife r  a re  s u m m a r iz e d  in

T a b le  5 .14 .
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Figure 5 .19 . G roundwater quality m ap s at Phra P ad aen g  aquifer. 2



: Higher than standard for drinking water requirements._________________________________________
Figure 5 .20 . Groundwater quality m aps at Nakhon Luang aquifer. 105
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Figure 5 .21 . Groundwater quality m ap s at Nothaburi aquifer.
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Table 5.12. Groundwater balance in Phra Padaeng aquifer.

Parameters Output (rrrVday) Parameters Input (ทา'Vday)
Storage 0 Storage 87.68
Constant head 32,286 Constant head 31,720
Wells 158 Wells 0
River leakage 0 River leakage 0
Et 0 Et 0
Recharge 0 Recharge 0
Vertical exchange 0 Vertical exchange 637.14
Total 32,444 Total 32,444

Source : Primary Analysis, 2004

Table 5.13. Groundwater balance in Nakhon Luang aquifer.
Parameters Output (m'Vday) Parameters Input (กา'Vday)

Storage 0 Storage 360.12
Constant head 133.83 Constant head 36.23
Wells 325.52 Wells 0
River leakage 0 River leakage 0
Et 0 Et 0
Recharge 0 Recharge 0
Vertical exchange 3.72 Vertical exchange 66.71
Total 463.08 Total 463.08

Source : Primary Analysis, 2004

Table 5.14. Grouncwater balance in Nonthaburi aquifer.
Parameters Output (m'Vday). Parameters Input (ทา'Vday)

Storage 0 Storage 168.22
Constant head 3.29 Constant head 261.69
Wells 613 Wells 0
River leakage 0 River leakage 0
Et 0 Et 0
Recharge 0 Recharge 0
Vertical exchange 0 Vertical exchange 86.34
Total 616.29 Total 616.25

Source : Primary Analysis, 2004
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5.4. Groundwater Management

The management of groundwater in the research area, basically can be divided 
into two categories; quantity and quality managements. The quantity management 
depends on the aquifer potential. And, the aquifer potential depends largely on the 
hydrogeologic condition. Maintaining of the recharge area is necessary to guarantee 
supply of water to the aquifer.

Well management is the most important in the management of quantity. เท 
general, the maximum pumping rate and screen position are defined for all pumping 
wells, although this condition is very difficult to apply in the field. เท the research area, 
based on the hydraulic conductivity values and the average thickness of aquifer layers, 
the most productive aquifer is Nonthaburi aquifer. The data from monitoring well shows 
that the Nonthaburi aquifer has a biggest drawdown volume recorded from 1993 to 2003 
(see Figure 5.23), and the lowest drawdown of groundwater level is recorded at Nakhon 
Luang aquifer. This condition expresses that almost all the wells in modeling area pump 
groundwater from Nonthaburi aquifer. The amount of groundwater volume released 
since 1993 to 2003 are 125,351.59 ทา3, 120,425.75 ทา3 and 225,741.24 ทา3 for Phra 
Padeang, Nakhon Luang and Nonthaburi aquifers, rescpectively. The details of 
releasing groundwater volume are summarized in Table 5.15.

Table 5.15. The Groundwater volume released from each aquifer accumulated
since 1993 to 2003.

; ' • fc i Volume Drawdown Storage Total volume
No. Aquifer .''โ  T- "โ.'.'- T- . ไ '  โ ..' ■

๙ ) Coefficient groundwater (กา3)

1 Phra Padaeng 1,253,515,866.64 1 X 10'" 125,351.59
2. Nakhon Luang 1,204,257,495.77 1 X  10'4 120,425.75
3. Nonthaburi 1,749,932,072.71 1.29 x10’4 225,741.24

Total 4,207,705,435.12 471,518.58
Source: Primary Analysis, 2004
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Management of groundwater quality is also very important. Even though, the 
research area has a good groundwater potential but the groundwater quality has to take 
into consideration too. The quality of groundwater is relative to lithology in that area. เท 
the research area, some of lithology is a marine sediment deposit that has a high 
chloride content. This condition contributes to the high content of chloride in some area 
( see Figures 5.19 and 5.21).

The groundwater drawdown and groundwater quality maps can be used as a 
tool to make recommendations for groundwater exploitation in the research area. Based 
on the overlay maps (drawdown and groundwater quality maps) on each aquifer, the 
areas of development and their characteristics are provided for the target aquifers. 
Figure 5.24. illustrates developing areas maps for target aquifers, and Table 5.16 
provides the detail of aquifer characteristics and method of development.



A. Drawdown at the Phra Padaeng aquifer.
Legend :

4  m ------  : Contour of drawdown groundwater level 4 meters.

Figure 5.22. The drawdown map of groundwater level from 1993 to 2003.



A. Developing area of Phra Padaeng aquifer.

Figure 5.23. Developing areas map for each aquifer.



T ab le  5 .1 6 . D e v e lo p m e n t of aqu ifer b a s e d  on its ch arac ter istic .

Aquifer Area 1 Area 2 Area 3

Phra Padaeng

Characteristics
• Draw down of SWL is < 0.75 m/year.
• Quality of groundwater is poor.

Characteristics
• Draw down of SWL is < 0.75 m/year.
• Quality of groundwater is good .

Characteristics
• Draw down of SWL is > 0.75 m/year.
• Quality of groundwater is good.

Method of Development
• It can still be developed for new well.
• Groundwater can be used for agricultural 

and industrial except for water supply 
system.

Method of Development
• It can still be developed for new well.
• The first priority using groundwater is 

a water supply system.

Method of Development
• It has a limitation for new well.
• The first priority using groundwater is 

a water supply system.
• Development of artificial recharge.

Nakhon Luang

Characteristics
• Draw down of SWL is < 0.75 m/year.
• Quality of groundwater is good.

Characteristics
• Draw down of SWL is < 0.75 m/year.
• Quality of groundwater is poor.

Method of Development
• It can still be developed for new well.
• The first priority using groundwater is a 

water supply system.

Method of Development
• It can still be developed for new well.
• Groundwater can be used for 

agricultural and industrial except for 
water supply system.

Nonthaburi

Characteristics
• Draw down of SWL is < 0.75 m/year.
• Quality of groundwater is good.

Characteristics
• Draw down of SWL is > 0.75 ทา/year.
• Quality of groundwater is good.

Method of Development
• It can still be developed for new well.
• The first priority using groundwater is a 

water supply system.

Method of Development
• It has a limitation for new well.
• The first priority using groundwater is 

a water supply system.
• Development of artificial recharge.

Note : SWL = static Water Level 112
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