
ANALYSIS BY REPUBLIC OF MEXICO 

The following analysis was prepared by the National Water 
Commission of the Republic of Mexico f o r  submittal to the 
International Boundary and Water Commission, United 
States and Mexico (IBWC) . The analysis is still under 
discussion in the international consultation between the 
United States and Mexico through IBWC. [Editorial Note: 
The f i g u r e s  included in this attachment are of the best 
quality available i n  the United States.] 

S i n c e  the 19608, measur ing h a s  been  made of ground w a t e r  

d e p t h s  i n  wells d i s p e r s e d  a l o n g  t h e  M e x i c a l i  V a l l e y  and t h e  

San L u i s  Mesa. The ground w a t e r  l e v e l  c o n t o u r s  c o r r e s p o n d i n g  

t o  d i f f e r e n t  d a t e s  c l e a r l y  d e m o n s t r a t e  t h e  ground water 

r e c h a r g e  r e c e i v e d  by t h e  M e x i c a l i  V a l l e y  f rom i t s  n o r t h e r n  

boundary.  (See  F i g u r e  No. 1). The ground water f low,  b a s e d  

t h e  h y d r a u l i c  g r a d i e n t  d a t a  and t r a n s m i s s i v i t y  a t  a s e c t i o n  

n e a r  t h e  i n t e r a n t i o n a l  boundary,  and more o r  less p a r a l l e l  t o  

t h e  boundary ,  and a wid th  similar t o  t h e  w i d t h  of  t h e  AAC. 

would r e s u l t  a t  80 t o  100 m i l l i o n  n3 (65,000 t o  81.000 acre 

f e e t )  per y e a r .  This amount c o i n c i d e s ,  i n  o r d e r  of magni tude ,  

w i t h  t h e  e s t i m a t e  o f  AAC w a t e r  s e e p a g e  t h a t  m i g r a t e s  t o w a r d s  

Mexico ( t h e  r a n g e  i s  based on t h e  u n c e r t a i n t y  and  v a r i a t i o n  of 

t r a n s m i s s i v i t y  and h y d r a u l i c  g r a d i e n t . )  These  c o n t o u r s  and 

t h o s e  c o r r e s p o n d i n g  t o  t h e  I m p e r i a l  V a l l e y  r e a s o n a b l y  c o i n c i d e  

w i t h  t h e  ground w a t e r  e l e v a t i o n s  a l o n g  t h e  b o r d e r  a r e a  and when 

considered i n  a 1 1  t h e  ground water r e c h a r g e s  t h e s e  conf i rm t h a t  



t h e  ground water  recharge  t h a t  e n t e r s  t h e  ~ e x i c a l i  Val ley  a t  

its n o r t h e r n  boundary i s  from t h e  ACC. (See F i g u r e  2 )  

Long term ground water  l e v e l  f l u c t u a t i o n s ,  of va r ious  

meters ,  have been r e g i s t e r e d  i n  Mexico, a s  a product  of 

v a r i a t i o n s  i n  a magnitude and d i s t r i b u t i o n  a s  t h a t  of recharge  

and pumping. This  showed drawdowns d u r i n g  t h e  1957-79 per iod ,  

a r e g i o n a l  recovery  i n  t h e  1980-87 p e r i o d ,  and resumed 

drawdowns i n  t h e  1988-90 per iod.  (See Figure  3 )  I n  gene ra l ,  

t h e  maximum f l u c t u a t i o n s  were of some 7 meters (23 f e e t )  and 

were p r e s e n t  i n  t h e  c e n t r a l  p o r t i o n s  of  t h e  Mexica l i  Val ley,  

wh i l e  the f l u c t u a f i o n e  a t  t h e  no r the rn  boundary were o n l y  L t o  

3 me te r s  3 t o  1 0  f e e t ) .  I n  accordance w i t h  in format ion  

pub l i shed  i n  U.S. Geologica l  Survey Repor t s  and d a t a  provided 

by t h e  U . S .  Bureau of Reclamation, AAC seepage  i n c r e a s e d  t h e  

ground water  l e v e l s  up t o  1 5  meters (49 f e e t )  i n  t h e  southern  

p a r t  of t h e  Imper i a l  Val ley  under t h e  AAC and i n  an  ex t ens ive  

zone of  i n f l u e n c e  f o r  v a r i o u s  dep ths  i n  Mexican t e r r i t o r y ,  

perhaps ex t end ing  t o  some 15  k i lome te r s  ( 9  miles) sou th  of t h e  

i n t e r n a t i o n a l  boundary. (See F igu re  NO. 4 1  On t h e  Mexican 

side t h i s  ground water  mound exper ienced  growth because 

s y s t e m a t i c  o b s e r v a t i o n s  s t a r t e d  i n  t h e  1960s when t h e  dome had 

a l r e a d y  s t a b i l i z e d .  



P r e s e n t l y  t h e  ground water t a b l e  i s  v e r y  h i g h  i n  the 

Mexican p a r t  of t h e  a q u i f e r  thanks  t o  an e x t r a o r d i n a r y  recharge  

brought  about  by Colorado River  exces s  f lows  i n  t h e  l a s t  

decade.  Due t o  t h i s ,  t h e  p r e s e n t  ground water  e l e v a t i o n s  

l e v e l s  a r e  from 2 t o  10  meters ( 7  t o  33 f e e t )  below t h e  

Mexica l i  Val ley land s u r f a c e  and from 5  t o  1 5  meters ( 1 6  t o  49 

f e e t )  a t  t h e  Andrade Mesa. (See F i g u r e  No. 5 ) .  Along t h e  f o o t  

of t h e  Andrade Mesa t h e  ground wa te r  c rops  o u t  i n t o  t h e  La Mesa 

d r a i n  which was c o n s t r u c t e d  i n  1960 i n  o r d e r  t o  reclaimed 

swampy l ands .  I n  1990 flow measurements and e l e c t r i c  

c o n d u c t i v i t y  measurements were made a t  v a r i o u s  p o i n t s  a long 

- t h i s  d r a i n  and i t s  t r i b u t a r i e s ,  a long  wi th  l a b o r a t o r y  

de t e rmina t ions  f o r  w a t e r  s a l i n i t y .  This  was performed to  

unders tand  t h e  flow v a r i a t i o n s  and s a l i n i t y  of t h e  waters .  

(See F igu res  6 ,  7,  and ' 8 )  

Figure 7 shows t h a t  t h e  L a  Mesa Drain r e c e i v e s  some 2000 

I p s  (70  c f s ) ,  d i s t r i b u t e d  as,  400 Ips ( 1 4  cfs) from va r ious  

l a t e r a l  d r a i n s  and 1600 lpa  (56 c f s )  d i r e c t l y  from ground 

wa te r s .  About 60 p e r  c e n t  of  t h i s  l a s t  f low e n t e r s  i n  t h e  

f i r s t  15  k i lometers  ( 9  miles) of t h e  d r a i n  beginning i n  t h e  

upper p a r t .  Figure  No. 8  shows t h a t  t h e  s a l i n i t y  of t h e  water 

c a r r i e d  by this d r a i n  g r a d u a l l y  i n c r e a s e s  w i t h  t h e  downstream 

flow from 900 ppm in the upper reach to j u s t  over 2000 ppm 



a t  i ts  lower p a r t  a t  k i l ome te r  38 (Mile No. 2 4 ) .  The s a l t  

con ten t  c o n t i n u e s  t o  i n c r e a s e  downstream o f  Kilometer  38 (Mile 

No. 2 4 )  a t  i r r e g u l a r  r a t e s  due t o  i n f l o w s  and d i v e r s i o n s  t o  

reach an ave rage  s a l i n i t y  con ten t  of 3500 ppm. The water  

d i scharged  by very sha l low t r i b u t a r y  d r a i n s ,  has  a  s a l i n i t y  

va lue  of  from 1200 ppm t o  4400 ppm, w a t e r s  which a r e  t h e  

product  of  i r r i g a t i o n  r e t u r n  f lows  t h a t  f l o w  on t h e  s u r f a c e  

wi th  p e n e t r a t i n g  t h e  a q u i f e r .  

P l a c i n g  a  d i s s o l v e d  s a l t s  ba lance  f o r  t h e  La Mesa Drain 

waters ,  one 2an deduce t h a t  t h e  flow i s  made up  of  some 1000 

Ips  (35 c f s )  f o r  Mexica l i  Val ley i r r i g a t i o n  r e t u r n  f lows  wi th  

an average  s a l i n i t y  of 3500 ppm. The g r e a t e r  water  g a i n  with 

l o w  s a l i n i t y  i n  t h e  upstream reach of t h e  d r a i n  is  a t t r i b u t e d  

t o  t h e  f a c t  t h a t  t h e  h i g h e s t  pe rmeab i l i t y  o f  t h e  a q u i f e r  and 

t h e  c o n d i t i o n  t h a t  b e s t  f a v o r s  seepage from t h e  AAC i s  found i n  

this a r e a .  According to  s t u d i e s  by t h e  USBR t h e  reach of t h e  

AAC from P i l o t  Knob and Drop 2 t h e  ground w a t e r  l e v e l  i s  n o t  

connected t o  t h e  c a n a l ,  a cond i t i on  t h a t  causes  a  maximum 

h y d r a u l i c  g r a d i e n t  which induces l o s s e s  i n  t h i s  cana l .  To t h e  

c o n t r a r y ,  t h e  Drop 2 t o  Drop 4 r each  is h y d r a u l i c a l l y  

connected,  t h u s  t h e  l o s s  i s  less t hen  i n  t h e  f i r s t  



r e a c h .  A t  t h e  same t i m e ,  such h y d r a u l i c  c o n d i t i o n s  a r e  

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

a q u i f e r .  The l a r g e  t r a n s m i s s i o n  c a p a c i t y  of t h e  d e p o s i t s  i n  

t h e  a r e a  o f  t h e  upstream r e a c h  p e r m i t  a r a p i d  d i s p e r s i o n  o f  t h e  

s e e p e d  w a t e r ,  which w i t h  a low h y d r a u l i c  g r a d i e n t ,  t h e  ground 

w a t e r  mound d i d  n o t  r e a c h  t h e  c a n a l  bottom. 

The w a t e r  c o l l e c t e d  by t h e  La Mesa D r a i n  is  d i v e r t e d  fo r  

i r r i g a t i o n  t h r o u g h  i n t a k e s .  The l a r g e s t  i n t a k e  s t r u c t u r e  i s  at - 
k i l o m e t e r  40 (Mile 2 4 )  d i v e r t s  8 0 0  Ips ( 2 8  c f s ) .  There  are a 

large number of pumps w i t h  less c a p a c i t y  i n s t a l l e d  th roughout  

t h e  d r a i n  which t o g e t h e r  d i v e r t  a n o t h e r  200 I p s  ( 7  c f s ) .  The 

t o t a l  d i v e r t e d  flow i s  at some 1000 Ips (35 cfe) which is 

u t i l i z e d  t o  i r r i g a t e  1 ,200  h e c t a r e s  (2 ,960-ac res )  t o  b e n e f i t  60 

f a r m e r s  who a r e  n o t  s e r v e d  by t h e  d i s t r i c t .  

From t h e  above c o n s i d e r a t i o n s ,  and a c c e p t i n g  t h e  

i n f o r m a t i o n  p r o v i d e d  by t h e  USBR, t h e  seepage from t h e  AAC is  

d i s t r i b u t e d  a s  shown i n  F i g u r e  No. 9. Of  t h e  t o t a l  losses i n  

the r e a c h  under  c o n s i d e r a t i o n  of some 117  mi1, l ion  n3 (94,800 

a c r e  f e e t )  per year, some 5 m i l l i o n  hl3 ( 4 , 0 0 0  acre f e e t )  a r e  

utilized by natural vegetation along t h e  canal banks, and 1 0 8  



million n3 (07,600 acre feet) are incorporated into the 

aquifer. Ten per cent of this volume flows towards the 

~mperial Valley and 90 per cent ( 97  million n3 [ 78 ,60o  acre . 

feet]) migrates towards the ~exicali Valley. This unequal 

distribution between both sides is due to the less intense 

surface water irrigation and an insignificant of ground water 

pumping in the Imperial Valley. Consequently, the ground water 

is shallow which limits it flow gradient that the ACC induces 

towards the north. Finally, of the 97 million n3 (78,600 

acre feet) that flow into Mexican territory, some 30 million 

n3 (24,300 acre feet) flow into the La Mesa drain and another 

67 million n3 (54,300 acre feet) are transmitted through the 

aquifer to the south. 

EFFECTS OF LINING 

Based on information available, the probable effects in 

Mexico of the AAC lining were analyzed. For this purpose, as a 

start, a Mexicali Valley ground water model was utilized. The 

model was calibrated to analyze different joint management and 

use options. The model is one with finite difference technique 

baaed on the Prickett and Lonnquist Acquifer Simulation model . 

2 2 which.cover6- an area of appr.oximately 1700 Km (660 Mi ) 



(marked by a crossed lines forming rectangular pixels) within 

which the eastern part of the Hexicali Valley, the northwest 

part of the San Luis Mesa, the Andrade Mesa and the southern 

boundary of the Imperial Valley are located. Its northern 

border coincides with the line approximately formed by the AAC 

and for the purpose of the model serves as the recharge 

boundary represented by seepage from this canal. (See Figure 

No. 10). 

The model was calibrated paying special attention to the 

northern half of the area considering and adjusting the 

parameters to reproduce the growth of the mound created by the 

AAC. The magnitude of losses from this canal was fixed in 

accordance to data that was presented in this respect at the 

September 11, 1990 meeting of the IBWC. Once adjusted, the 

model was analyzed for behavior of the ground water levels that 

could result after the AAC is lined and the seepage from the 

AAC were reduced by 80 per cent, utilizing the present 

situation as a reference. (See Figure No. 11) 

The results of analysis, demonatrated in Figures Nos. 12 to 

14, show the decline in the ground water mound. The drawdowns 

would occur in Mexican territory in amounts that would decrease 



to the south arriving at values of 5, 10 and 14 meters (16, 3 3 ,  

and 46 feet) in the immediate international boundary area for 

3, 5 and 10 years, respectively, after lining. For the same 

periods, the influence would extend to distances of 4, 8, and 

11 kilometers (2, 5, and 7 miles), south of the boundary, 

respectively. Within this zone of influence, the drawdown 

caused by the canal lining would be contingent on the drawdown 

caused by the exploitation of the Mexicali Valley. The results 

of a simulation of the Mexicali Valley aquifer indicate that 

the first cause would be of a serious magnitude than the second 

after a period of 10 to 15 years beginning at the time that the 

reductions in seepage began. The magnitude would decrease over 

time until depleting at the end of thie period. 

These results are compatible with the fact that it took the 

mound 15 to 20 years to form since the AAC went into operation 

in 1940 to the end of the 1950s when the ground water table 

stabilized. Also this is consistent with the fact that pumping 

over 15 years of ground water in an amount similar to that at 

present just barely caused drawdowns of less than 3 meters (10 

feet) at the northern part of the Mexicali Valley. (See Figure 

No. 15) 



Thus, t h e  r e f e r e n c e d  drawdown would cause  t h e  f 01 lowing 

c o l l a t e r a l  e f f e c t s :  

The ground water  r e c h a r g e  of t h e  Mexica l i  Val ley  

w i l l  be reduced by 70 m i l l i o n  hi3 (56.700 a c r e  f e e t )  

an  amount e q u i v a l e n t  t o  t h a t  which would no longer  

e n t e r  from the n o r t h e r n  boundary. 

Upon suspending t h e  r echa rge  of f r e s h  wa te r  i n  

t h e  n o r t h e r n  p a r t  of t h e  Mexica l i  Val ley  t h e  growing 

tendency f o r  ground water  s a l i n i t y ,  caused by 

i r r i g a t i o n  r e t u r n s  seepage,  would be a c c e l e r a t e d .  

The f r e s h  wa te r  t h a t  t h e  La Mesa Drain r e c e i v e s  

from t h e  AAC would t e r m i n a t e .  As a r e s u l t ?  1200 

h e c t a r e s  ( 2 , 9 6 0  a c r e s )  of i r r i g a t i o n  would no longer  

b e n e f i t  d i r e c t l y  and the remaining f lows?  from 

i r r i g a t i o n  r e t u r n s ,  would no  longe r  be u s e a b l e  i n  

a g r i c u l t u r e  due t o  t h e i r  h igh  s a l i n i t y .  

The pumping l e v e l s  of w e l l s  i n s t a l l e d  i n  t h e  a r e a  

in f luenced  by t h e  AAC w i l l  have a d d i t i o n a l  drawdowns. 



As shown i n  Figure No. 16, the number of wells 

affected after 3r 5 ,  and 10 years, beginning with the 

AAC lining would be 27r 95, and 190r for those years 

respectively. In general the a f f e c t e d  wel ls  prov ide  

discharges greater thatn 50 I p s  ( 2  c f s )  with drawdowns 

of less than 10 meters (33 f e e t )  due to  the  high 

t r a n s m i s s i v i t y  of the aquifer. Thus in many of these 

w e l l 6  t h e  additional drawdown w i l l  be equal  or g r e a t e r  

than t h a t  caused by operation. 





















- a A C Q U I F E R  A R E A  

SCALE 












	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



