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PART I. REGULARITIES AND CORRELATIONS 

1 .  I n t r o d u c t i o n  

1 . 1  O b i e c t i v e s  o f  t h e  Present  Communication 

The chemical l a b o r a t o r y  a t  Cerro P r i e t o  has 
accumulated a w e a l t h  o f  d a t a  d u r i n g  i t s  12 years 
o f  o p e r a t i o n .  These da ta  i n c l u d e  analyses o f  d i s -  
so l ved  ions and gases i n  e x p l o r a t i o n  and produc- 
t i o n  w e l l s  and i n  thermal  s p r i n g s ,  as observed i n  
r e p e a t e d l y  c o l l e c t e d  samples and measurements o f  
we l l head  and separa to r  p ressu res ,  f l o w  o f  steam 
and wa te r  and s i z e  o f  o r i f i c e ,  c o n d i t i o n  o f  w e l l ,  
e t c . ,  a t  t h e  t i m e  o f  chemical sampling. 

The o b j e c t i v e  o f  t h i s  p resen t  communication 
i s  t o  make t h i s  w e a l t h  o f  geochemical data a v a i l -  
a b l e  t o  t h e  s c i e n t i f i c  community i n  o r d e r  t o  f a c i -  
l i t a t e  new s t u d i e s  and i n t e r p r e t a t i o n s  f romas  many 
p o i n t s  o f  v iew  as p o s s i b l e .  Examples o f  such s t u -  
d i e s  may be r e l a t e d  t o  wa te r - rock  i n t e r a c t i o n s ,  
geothermometry, e v o l u t i o n  o f  a p roduc ing  geothermal 
f i e l d ,  comparison o f  thermal s p r i n g s  w i t h  samples 
f rom ad jacen t  w e l l s ,  o r  comparison o f  t h e  Cerro 
P r i e t o  system w i t h  o t h e r  geothermal complexes 
t h  

ma 
i n  
t o  
o f  
r e  

oughout t h e  wor ld .  

Bear ing  t h i s  o b j e c t i v e  i n  mind, we rega rd  t h e  
o r  p a r t  o f  t h i s  r e p o r t  t o  be t h e  t a b l e s  g i v e n  
P a r t  11. The d i s c u s s i o n  i n  P a r t  I i s  in tended 
i l l u s t r a t e  g r a p h i c a l l y  t h e  geochemical p a t t e r n  
t h e  Cerro P r i e t o  f l u i d s ,  t o  search f o r  i o n  c o r -  
a t i o n s ,  and t o  p r o v i d e  a p r e l i m i n a r y  d i s c u s s i o n  

o f  a sma l l  number o f  t o p i c s .  

1 .2 H i s t o r y  o f  t h e  Cerro P r i e t o  Geothermal Field- 

A t t e n t i o n  was drawn t o  t h e  Cerro P r i e t o  r e g i o n  
because o f  t h e  thermal s p r i n g s  s c a t t e r e d  over  an 
area o f  about 15 x 6 km. Several o f  these s p r i n g s  
reach b o i l i n g  o r  n e a r - b o i l i n g  temperatures.  The 
no r thwes te rn  p a r t  o f  t h e  thermal  s p r i n g  area i s  
dominated by t h e  g e o l o g i c a l l y  recen t  Cerro P r i e t o  
("Black H i  1 I " )  volcano.  Systemat ic  e x p l o r a t i o n  
f o r  geothermal resources was commenced i n  1959 
w i t h  f i e l d  and photo-geology work (MaKon, 1976). 
I n  1959 e x p l o r a t o r y  d r i l l s  p e n e t r a t e d  t o  a dep th  
o f  7 5 5 m  and were con t inued  t o  g r e a t e r  depths, and 
i n  1965 reached t h e  g r a n i t i c  basement rock  a t  a 
depth o f  2,500m. Two o f  t h e  w e l l s  d r i l l e d  up t o  
then produced steam-water m i x t u r e s  o f  e n t h a l p i e s  
h i g h e r  than 300 c a l / g .  G r a v i m e t r i c  and r e f r a c t i o n  
s e i s m i c  surveys were conducted d u r i n g  1961-1963. 
A temperature g r a d i e n t  survey was done i n  1965, 
a ided  by 50 d r i l l h o l e s  6 t o  20m deep. The same 
year  marked t h e  beg inn ing  o f  t h e  sys temat i c  chem- 
i c a l  s t u d i e s .  An aeromagnetic survey and a r e s i s -  
t i v i t y  s tudy  were i n i t i a t e d  i n  1972 cove r ing  more 

/ \ than  400 km o f  t h e  M e x i c a l i  V a l l e y .  

The s i t e  o f  t h e  p r e s e n t l y  p roduc ing  f i e l d  was W 
s e l e c t e d  based on t h e  s u c c e s s - o f  t h e  e x p l o r a t o r y  
w e l l  Number 5 .  Dur ing t h e  pas t  12 years,  16 p r o -  
duc ing  w e l l s  have been completed. The t o t a l  o u t -  

p u t  i s  750 tonnes/hr  separa ted  steam ( a t  75 p s i g )  
and 2,000 tonnes/hr  separated wa te r .  The w e l l s  
t h a t  supply  t h e  75 Mw/hr p l a n t  a r e  l o c a t e d  ove r  
an area o f  about 0 . 7 x 0 . 7  km. 

The 75 Mw/hour p l a n t  came i n t o  commercial 
o p e r a t i o n  i n  A p r i l  1973. 

1 . 3  Sources o f  A n a l y t i c a l  Data 

From 1965 t o  1969, t h e  chemical l a b o r a t o r y  o f  
Cerro P r i e t o  was headed by S.G.  Mercado; and s ince,  
by A.M. Mafion. I n  t h e  12 years o f  i t s  o p e r a t i o n  
t h e  l a b o r a t o r y  has handled ove r  10,000 samples o f  
wa te r  and steam c o l l e c t e d  f rom s p r i n g s ,  fumaroles, 
research w e l l s ,  and m a i n l y  f rom t h e  p r o d u c t i o n  
w e l l s  and d i scha rge  cana ls .  The w e a l t h  o f  da ta  
ob ta ined  i s  w e l l  documented i n  t h e  l a b o r a t o r y ' s  
a r c h i v e s .  The sample da ta  i n c l u d e  r e l e v a n t  i n f o r -  
ma t ion  on the  mode o f  sampl ing,  depth o f  produc- 
t ion ,  and p ressu re  and f l o w  measurements t h a t  p ro -  
v i d e d  t h e  b a s i s  f o r  en tha lpy  c a l c u l a t i o n s .  

I n  comparison, t h e  amount o f  Cerro P r i e t o  da ta  
pub l i shed  i n  t h e  l i t e r a t u r e  so f a r  i s  ex t reme ly  
s m a l l .  Mercado (1968) p u b l i s h e d  a chemical survey 
o f  t h e  s p r i n g s .  A t  t h e  f i r s t  U.N. Symposium on 
Geothermal Resources h e l d  i n  P i sa ,  I t a l y ,  Mercado 
(1970) r e p o r t e d  Na/K r a t i o s  and Si02 con ten ts  i n  
a number o f  w e l l s ,  and Mo l ina  and Banwell (1970) 
repeated Mercado's 1968 da ta  on t h e  s p r i n g s .  Werner 
and Olson (1970) i nc luded  i n  t h e i r  S a l t o n  Sea 
s tudy  the  con ten ts  o f  a number o f  elements i n  seven 
Cerro P r i e t o  w e l l s .  Crossby, Cha t te rs ,  Anderson 
and Fenton (1972) r e p o r t e d  measurements o f  s t a b l e  
hydrogen and oxygen i so topes  i n  t h e  geothermal 
w e l l s  and t h e  r e g i o n a l  shal low groundwaters. Chem- 
i c a l l y  r e l a t e d  papers o f  t h e  Second U.N. Symposium 
on Geothermal Resources, San F ranc isco ,  C a l i f o r n i a ,  
i n c l u d e d  a r e p o r t  by Reed (1975) on t h e  c o n s t r u c t i o n  
and maintenance o f  t h e  p roduc ing  w e l l s  a t  Cerro 
P r  i e t o .  

2. General Data 

2 . 1  Geology 

The Cer ro  P r i e t o  geothermal f i e l d  i s  l oca ted  
i n  t h e  M e x i c a l i - S a l t o n  Sea bas in ,  which hos ts  sev- 
e r a l  geothermal m a n i f e s t a t i o n s .  The genera l  f ea -  
t u r e s  a r e  seen i n  a map ( F i g u r e  I )  f rom a s a t e l -  
1 i t e  pho to  ( F i g u r e  2 ) .  The 1 i t h o l o g i c a l  sequence 
i n  t h e  p roduc ing  f i e l d  i s  revea led  by t h e  s e c t i o n  
o f  Wel l  M-39 ( F i g u r e  3 ) .  Clays and loose  sand 
p r e v a i l e d  t o  a depth o f  700111 i n  t h i s  w e l l ;  s h a l e  
and sandstone were observed f rom t h i s  depth down 
t o  t h e  bot tom o f  t h e  w e l l  a t  n e a r l y  1,500m. Gra- 
v e l s  and v a r i o u s  c l a s t i c  components a r e  f r e q u e n t  
i n  t h e  whole s e c t i o n .  An a l l u v i a l  f a c i e s  i s  thus 
d e a l t  w i t h ,  a t t r i b u t e d  by most workers t o  former 
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d e l t a s  o f  t h e  Colorado R i v e r .  The thermal wa te rs  
a r e  exposed t o  sandstone, sha le ,  s i l t ,  and g r a v e l s  
o f  v o l c a n i c  rocks and t o  m i n e r a l s  such as q u a r t z ,  
f e l d s p a r s ,  mica, as w e l l  as c a l c i t e ,  which i s  a 
common cementing agent .  P y r i t e  i s  o f t e n  r e p o r t e d  
t o  be d isseminated i n  t h e  rocks.  Reed ( 1 9 7 5 )  l i s t s  
t h e  f o l l o w i n g  m ine ra l s  d e t e c t e d  i n  w e l l  cores and 
c u t t i n g s :  q u a r t z ,  c a l c i t e ,  m i c r o c l i n e ,  p l a g i o c l a s e ,  
do lomi te ,  k a o l i n i t e ,  m o n t m o r i l l o n i t e ,  i l l i t e ,  mos- 
c o v i t e ,  c h l o r i t e ,  and ep ido te .  The Cerro P r i e t o  
thermal b r i n e s  a r e  i n  c o n t a c t  w i t h  these m i n e r a l s ,  
p a r t  o f  them be long ing  t o  t h e  o r i g i n a l  c o u n t r y  rocks 
and o t h e r s  be ing  t h e  p roduc t  o f  wa te r - rock  i n t e r -  
a c t i o n s .  The v a r i a b i l i t y  o f  rocks and m i n e r a l s  t o  
which t h e  s p r i n g  wa te rs  a r e  exposed may be even 
l a r g e r , a s  they occur  over  a g r e a t e r  area than t h e  
producing w e l l s  and w h i l e  ascending t o  t h e  s u r f a c e  
t h e i r  waters  a l s o  come i n  c o n t a c t  w i t h  t h e  sha l l ow  
sediments. 

Two g e o l o g i c a l  s e c t i o n s  a r e  g i v e n  i n  F igures 
4-6,  and a s e c t i o n  and p a r t i a l  v iew o f  t h e  M e x i c a l i  
V a l l e y  a r e  g i v e n  i n  F i g u r e  7.  Two major  f a u l t s  
( F i g u r e  2a) ,  a p o s s i b l e  c o n t i n u a t i o n  o f  t h e  Imper ia l  
f a u l t  and t h e  San J a c i n t o  f a u l t ,  a r e  e s t a b l i s h e d  
by a i r  photos and a r e  ma in l y  based on geophysica l  
work ( F i g u r e  2 b ) .  The b l o c k  s t r u c t u r e  o f  t h e  r e -  
g i o n  may have d i r e c t  i n f l u e n c e  on t h e  movement o f  
t h e  thermal b r i n e s  and d i f f e r e n t  t e c t o n i c  b locks  
may hos t  b r i n e s  of d i f f e r e n t  composi t ions.  

2 . 2  Well  Data 

Dominguez and V i t a l  (1975) desc r ibed  t h e  w e l l  
cas ings,  p e r f o r a t i o n s  and o t h e r  t e c h n i c a l  da ta  i n  
d e t a i l e d  drawings,  t a b l e s  and t e x t .  A b r i e f  and 
up - to -da te  summary o f  p r o d u c t i o n  depths, cas ing  
d iameters,  and o t h e r  remarks i s  g i v e n  i n  Table 1 
i n  P a r t  o f  t he  present  communication. These 
data may be u s e f u l  when u t i l i z i n g  t h e  chemical da ta  
(Tables 4 and 5,  P a r t  E), as v a r i a t i o n s  i n  t h e  
chemical compos i t i on  may be t r a c e d  back t o  v a r i a -  
t i o n s  i n  t h e  w e l l  setups.  

The w e l l  l o c a t i o n s  a r e  shown i n  F i g u r e  4 and 
a number o f  more remote e x p l o r a t i o n  w e l l s  a r e  i n -  
d i c a t e d  i n  F i g u r e  20. 

2.3 _Ana ly t i ca l  Methods and Est imated E r r o r s  

The a n a l y t i c a l  procedures a p p l i e d  by t h e  Cerro 
P r i e t o  l a b o r a t o r y  over  t h e  years a r e  summed up i n  
Table 3,  P a r t  11. 

The a n a l y t i c a l  e r r o r s  were no t  r o u t i n e l y  
assessed. A genera l  idea o f  t h e  a n a l y t i c a l  q u a l i t y  
was gained th rough  p rocess ing  o f  t h e  da ta .  I n  
S e c t i o n  3.1 b a s i c  p l o t s  a r e  presented o f  t he  concen- 
t r a t i o n  o f  v a r i o u s  elements i n  r e p e a t e d l y  c o l l e c t e d  
samples f rom each w e l l .  I n  seve ra l  cases t h e  data 
f a l l  on s t r a i g h t  l i n e s  when p l o t t e d  a g a i n s t  t h e  CI 
con ten t  (F igu res  9 a - f ) .  These 1 i nes  r e f l e c t  regu- 
l a r i t i e s  i n  t h e  geothermal system (e.g. ,  m i x i n g  
o r  c o n c e n t r a t i o n  l i n e s ,  t o  be d iscussed l a t e r  o n ) .  
The d e v i a t i o n  o f  t h e  i n d i v i d u a l  da ta  f rom a bes t -  
f i t  l i n e  a r e  i n  such cases a r e s u l t  o f  t h e  a n a l v t i -  
cal e r r o r s  and o f  t h e  n a t u r a l  v a r i a t i o n s .  Hence, 
these d e v i a t i o n s  may be a p p l i e d  t o  deduce upper 
l i m i t s  t o  t h e  a n a l y t i c a l  e r r o r s .  To do so, w e l l s  

w i t h  t h e  bes t  l i n e a r  f i t s  a r e  bes t  used, t h e  as- 
sumptions be ing :  a)  t h a t  i n  these cases t h e  n a t u r a l  
d e v i a t i o n s  were m in ima l ,  and b )  t h e  a n a l y t i c a l  e r -  
r o r s  were t h e  same f o r  a l l  w e l l s .  The da ta  o f  re -  
peated samples o f  Well  No. 1 1  have been chosen by 
t h i s  c r i t e r i o n  a r e  reproduced i n  F i g u r e  8.  The 
d e v i a t i o n s  observed i n  F i g u r e  8 a r e  t h e  a n a l y t i c a l  
e r r o r s  o f  each element and t h a t  o f  c h l o r i n e .  For 
s i m p l i c i t y  we suggest, t h e r e f o r e ,  t o  use h a l f  o f  
t h e  mean d e v i a t i o n  as t h e  one sigma e r r o r  o f  each 
o f  t h e  elements p l o t t e d  i n  t h e  clraphs o f  F i g u r e  8.  
These deduced a n a l y t i c a l  e r r o r s  a r e  summed up i n  
Table I. I t  i s  seen t h a t  t h e  e r r o r s  f o r  t h e  major  
elements a r e  r e l a t i v e l y  low and t h e  chemical da ta  
seem t o  be good f o r  geochemical p rocess ing  o f  t h e  
t ype  done i n  t h e  f o l l o w i n g  s e c t i o n s .  

c 

4 

TABLE I 

Deduced Upper L i m i t s  f o r  A n a l y t i c a l  E r r o r s "  

HC0+CO3 S i O n  

5% 5% 5% 5% 10% 8% 10% 

f: Tex t  and F i g u r e  8. 

3 .  Lon C o r r e l a t i o n s  i n  t h e  We l l s  

3 . 1  Basic  P l o t s  Against  C 1  

Table 4 i n  P a r t  I1 o f  t h i s  communication 
r e p o r t s  d i s s o l v e d  i o n  c o n c e n t r a t i o n s  i n  samples 
t h a t  were r e p e a t e d l y  c o l l e c t e d  f rom t h e  v a r i o u s  
w e l l s .  The data have been p l o t t e d  a g a i n s t  t h e  C I  
c o n t e n t  i n  F igu res  9 a - f .  These p l o t s  w i l l  be r e -  
f e r r e d  t o  i n  seve ra l  o f  t he  f o l l o w i n g  s e c t i o n s .  
Table 4,  P a r t  11, a l s o  c o n t a i n s  i n f o r m a t i o n  on t h e  
f l o w  c o n d i t i o n s  ( e . g . ,  o r i f i c e  d iameter  a t  wh ich  
each sample was c o l l e c t e d ) .  Th i s  i n f o r m a t i o n  i s  
i nc luded  i n  F igu res  9a - f  i n  t h e  form o f  symbols 
exp la ined  i n  t h e  f i g u r e  c a p t i o n .  The w e l l s  a r e  
ar ranged i n  F i g u r e  9a-f i n  t h e  f o l l o w i n g  o r d e r  
f rom a t o  f :  f i r s t  w e l l s  o u t s i d e  t h e  p roduc ing  
f i e l d ,  namely, We l l s  l A ,  3,  6 ,  7, and 53.  Then 
( f rom 11) t h e  w e l l s  o f  t h e  p roduc ing  f i e l d  a r rang -  
ed f rom n o r t h  t o  sou th .  Th is  geographica l  o r d e r  
has been s e l e c t e d  t o  f a c i l i t a t e  t h e  search f o r  
geographica l  t rends  i n  t h e  da ta .  

3.2 Weighted Most Concentrated Values o f  Each Well  

Most w e l l s  a r e  seen i n  F igu res  9a - f  t o  revea l  
l a r g e  v a r i a t i o n s  i n  t h e i r  i o n  c o n t e n t s .  I n  o r d e r  
t o  e v a l u a t e  t h e  d i s t r i b u t i o n  and composi t ion o f  t h e  
deep-seated b r i n e s  i n  Cerro P r i e t o ,  t h e  weighted 
most concen t ra ted  samples o f  each w e l l  was recon- 
s t r u c t e d  (Table 11). The h i g h e s t  C 1  va lue  obser-  
ved i n  each w e l l  was taken and t h e  co r respond ing  
v a l u e  o f  each o f  t h e  o t h e r  elements was read f rom 
t h e  diagrams i n  F i g u r e  9 a - f .  I n  l i n e a r  p l o t s  (e.g., 
Na as a f u n c t i o n  o f  C l )  t h e  necessary va lues were 
read f rom a b e s t - f i t  l i n e .  Th is  procedure was a l s o  
a p p l i e d  t o  t h e  h o r i z o n t a l  l i n e s  observed i n  most 
Na/K versus C 1  graphs (e.g. ,  Well  No. 1 1 ,  F i g u r e  
9 b ) .  I n  cases o f  c l u s t e r i n g ,  average va lues were 
taken ( c a l c u l a t e d  f rom the  o r i g i n a l  data,  i n  
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Table I1 

Weighted Composit ion o f  t h e  Most Concentrated Sample o f  Each Well  ( t e x t ) ,  mg/ l .  

3 

We1 1 Na K Na/K 
atomic 

L i  Ca B HCO 3+CO 3 Si02 C I  

I A  

3 
7 
6 

53 

1 1  

42 

38 
39 

4,400 

7,500 

6,000 

4,500 

8,300 

8,600 

6,100 

8,100 

6,400 

500 

1,500 
1,400 

470 

2,800 

2,230 

1,470 

2,000 

1,100 

1 1 . 5  11.8 230 8.8 50 250 

7.0 -20. 400 -12. - 80 650 

7 .3  15 .5  300 13. -200 500 

16.2 17. 620 7. 1,000 155 

5.0 350 1,250 

6.6 28. 550 20. 40 900 

7.0 1 7 . 5  380 

6.8 23. 380 17. -50 850 

-10. 16. 420 14. 50 650 

- - - 

- - - 

7,700 

12,000 

10,300 

8,200 

17,300 

16,700 

11,600 

14,300 

12,100 

10 5,500 

13 8,800 

15 3,200 

15A 7,400 

5 9,900 

I9A 8,700 

20 8,300 

25 9,200 

21 7,000 

1,700 

2,400 

2 70 

1,580 

2,350 

2,180 

2,000 

2,000 

2,050 

5.5 
-6.3 

-20. 

8.  

7.2 

6 .8  

7.0 

7 .8  

5.7 

18. 350 

26. 450 
- 40 

18. 430 

30 * 580 

-24. 550 

26. 500 

28. 600 

19.5 300 

-14.5 
-18. 

- 
- 

22. 
- 

-14. 
- 

-16. 

-300 

50 - 
- 

-20 

60 
- 

-200 

50 

100 

-680 10,600 

, I  ,050 16,200 
- 5,200 

-800 13,500 

1,000 17,900 

- 17,000 

950 15,500 

950 17,000 

-800 13,000 

21A 

26 

29 

30 

27 

8 

31 
35 

5 1  

12,500 

9,800 

7,100 

9,600 

9,000 

9,900 

8,700 

9,500 

8,500 

3,150 

2 , 400 

1,360 

2,500 

2,600 

2,600 

2,200 

2 , 600 

2,400 

6.7 -30. 

6.9 30. 

8 .8  -21. 

6.5 30. 

6.5 
6 .4  30. 

6.7 29 

6 . 2  25 

- 

5.9 28 

760 

-850 

600 

500 

950 

500 

550 

550 

420 

-40 960 

-50 950 

-50 470 

-40 920 
- - 
60 900 

-60 -900 

-40 1,030 

1,030 - 

21,400 

18,700 

13,100 

17 ,8GO 
18,000 

16,400 

16,300 

17,100 

15,900 

Table 4,  P a r t  11), e.g. ,  t h e  B con ten t  versus C I  
i n  Well  No. 21, F i g u r e  9 b .  

The d a t a  i n  Table I1 were p l o t t e d  i n  F i g u r e  10 
as f u n c t i o n s  o f  t h e  C I  con ten t .  Thus, an o v e r a l l  
p i c t u r e  o f  t h e  whole f i e l d  i s  ob ta ined .  A s u r p r i s -  
i n g  s i m i l a r i t y  i s  seen between t h e  p a t t e r n s  o f  t h e  
whole f i e l d  i n  F i g u r e  IO and t h e  i n d i v i d u a l  p a t t e r n s  
f o r  each w e l l  i n  F i g u r e  9 a - f .  T h i s  i n d i c a t e s  t h a t  
t h e  processes causing compos i t i ona l  v a r i a t i o n s  be- 
tween t h e  w e l l s  a r e  a l s o  o p e r a t i n g  i n  each w e l l  and 
a r e  r e f l e c t e d  i n  repea ted ly  c o l l e c t e d  samples ( t o  
be d iscussed l a t e r  o n ) .  

The da ta  o f  Table I1 a r e  a l s o  p l o t t e d  i n  
S c h o e l l e r  diagrams i n  F igu res  1 1  and 12. I n  t h i s  
t ype  o f  r e p r e s e n t a t i o n  t h e  v a r i o u s  ions a r e  p l o t t e d  

i n  a l o q a r i t h m i c  s c a l e  o f  c o n c e n t r a t i o  . As an 
example, t h e  most concen t ra ted  va lues o f  Well  No. 6 
( taken  from Table 11) a r e  p l o t t e d  i n  F i g u r e  1 1 .  Thus 
a g r a p h i c a l  r e p r e s e n t a t i o n  o f  the chemical composi- 
t i o n  i s  ob ta ined .  F i g u r e  12 i s  composed o f  such 
S c h o e l l e r  diagrams o f  t h e  weighted most concentra-  
t e d  va lues f o r  each w e l l .  The data f o r  t h e  produc- 
i n g  w e l l s  a r e  ar ranged i n  F igu re  12 i n  a geograph- 
i c a l  o r d e r  from south (on bot tom) t o  n o r t h  ( toward 
t h e  t o p  o f  t h e  f i g u r e ) .  The base l i n e s  o f  t h e  d i a -  
grams (10 m g / l i t e r )  a r e  r e g u l a r l y  spaced and marked 
on t h e  v e r t i c a l  a x i s .  The f o l l o w i n g  obse rva t i ons  
may be made: 

a .  The compos i t i ona l  l i n e s  f o r  t h e  m a i l  w e l l  
f i e l d  ( i . e . ,  f rom Well No. 51 t o  Well  No. 3) a r e  
r a t h e r  p a r a l l e l ,  i n d i c a t i n g  t h e  w e l l s  possess 
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s i m i l a r  d i s s o l v e d  s a l t  assemblages. The ma jo r  
v a r i a t i o n s  a r e  due t o  t h e  l a r g e r  range o f  HC03+C03 
c o n c e n t r a t i o n s .  

b. Well  No. 
s i d e  t h e  main f i e  
t h e i r  compos i t i on  
c i n g  w e l l s .  Th i s  
i n d i c a t e  t h a t  t h e  
Cerro P r i e t o  va ry  
Well  No. 6 be long 
t h e  p roduc ing  f i e  
lonas t o  an eas te  

6 and Well  No. 53, which a r e  o u t -  
d (F igures 4 and 7 ) ,  d i f f e r  i n  
t o  one another  and f rom t h e  produ- 
i s  o f  h i g h e s t  i n t e r e s t  as i t  may 
composi t ions o f  t h e  b r i n e s  a t  
f rom one t e c t o n i c  b l o c k  t o  ano the r .  

t o  a western b l o c k  separated f rom 
d by a f a u l t ,  and Well  No. 53 be- 
n b l o c k .  separated f rom t h e  produ- - , .  

c i n g  f i e l d  by another  f a u l t .  

c. I n  n i c e  agreement w i t h  such a t e c t o n i c -  
compos i t i on  c l a s s i f i c a t i o n ,  Wel ls  Nos. 3, 7,  and 
I A  as shown i n  F i g u r e  12 resemble t h e  main f i e l d  
w e l l s .  Thus, t he  b r i n e  r e s e r v o i r  o f  t h e  p roduc ing  
f i e l d  may w e l l  extend a t  l e a s t  2 km nor thward ( F i g -  
u r e  4 ) .  

3 . 3  Trace Elements 

Tab le  7 i n  P a r t  I1 c o n t a i n s  data on t r a c e  
elements and s u l f a t e  i n  samples c o l l e c t e d  on 23 
September 1976. These data a r e  p l o t t e d  a g a i n s t  
t h e  CI c o n t e n t  i n  F i g u r e  13, which a l s o  i nc ludes  
t h e  major elements observed i n  t h e  sample c o l l e c t -  
i o n  (Table 5, P a r t  11). With rega rd  t o  t h e  t r a c e  
elements we would l i k e  t o  draw a t t e n t i o n  t o  t h e  
good c o r r e l a t i o n s  observed f o r  L i ,  Cs, B ,  Rb, and 
B r ,  p l o t t e d  a g a i n s t  C I  (F igu res  13a and b ) .  Poor 
c o r r e l a t i o n s  were observed f o r  Ba, I ,  and S r  (F ig -  
u r e  1 3 ~ ) ;  and no c o r r e l a t i o n  was seen f o r  As and Fe 
( F i g u r e  13d). The i o n  data shou ld  be regarded w i t h  
c a r e  because o f  p o s s i b l e  con tamina t ion  f rom t h e  
cas ing.  

3 .4  Observat ions and P a r t i a l  D i scuss ion  o f  
D isso lved  Ions i n  We l l s  

3.4.1 V a r i a b i l i t y  o f  I on  Concen t ra t i ons :  Large 
v a r i a t i o n s  a r e  observed i n  t h e  i o n  - c o n c e n t r a t i o n  
i n  wa te r  samples o f  t h e  w e l l s .  T h i s  i s  seen b o t h  
i n  repeated c o l l e c t i o n s  i n  t h e  i n d i v i d u a l  w e l l s  
(F igu res  9a - f )  and i n  t h e  weighted most concentra-  
t e d  va lues  o f  t h e  d i f f e r e n t  w e l l s  ( F i g u r e  10). The 
most l i k e l y  causes f o r  these v a r i a t i o n s  a r e  concen- 
t r a t i o n  by steam loss on t h e  one end and d i l u t i o n  
w i t h  f r e s h  wa te r  o r  condensed steam on t h e  o t h e r .  
A l s o  l e s s  q u a n t i t a t i v e  v a r i a t i o n s  a r e  caused i n  
c e r t a i n  elements due t o  r e - e q u i l  i b r a t i o n  ( S e c t i o n  
5.2) .  

3.4.2 Conserva t i ve  E l  emen t s  : Var ious e l  ements 
a r e  seen (F igu res  9 a - f )  t o  f a l l  a long  s t r a i g h t  l i n e s  
when p l o t t e d - a g a i n s t  c l .  
1 1 ,  38, 39, 13, 15A, 5, 
27, 8, 31, 34, 35, and 5 
ma jo r  and t r a c e  elements 
i n  which d a t a  o f  t h e  v a r  
ge the r .  

Examples a r e  We l l s :  53, 
9A,  20, 25, 2 lA,  26, 30, 
. The same t rend ,  f o r  

ous w e l l s  a r e  p l o t t e d  t o -  
i s  a l s o  seen i n  F i g u r e  1 3  

The elements o f  t he  f i r s t  group i n  F i g u r e  13a 
e x t r a p o l a t e  t o  t h e  ze ro  v a l u e  o f  t h e  a x i s ,  thus 
e x h i b i t i n g  l i n e s  o f  t h e  genera l  equa t ion  y = ax. 
L i ,  Na, Rb, Cs, and B be long i n  t h i s  group. Value 
s h i f t s  a;long such l i n e s  a r e  expected whenever con- 
c e n t r a t i o n s  o f  b r i n e  due t o  steam loss o r  d i l u t i o n s  
w i t h  f r e s h  wa te r  take  p lace .  L ines  o f  t h e  p a t t e r n  
y = a x  exc lude  d e v i a t i o n s  caused by chemical r e a c t i o n s .  
T h i s  i s  because chemical r e a c t i o n s  would be expected 
t o  be o f  d i f f e r e n t  i n t e n s i t i e s  f o r  C 1  and o t h e r  e l e -  
ments, and would t h e r e f o r e  d e f l e c t  the l i n e s  o f  
F igu res  9 a - f  and 13 from e x t r a p o l a t i n g  t o  zero.  
Hence, L i ,  Na, Rb, Ca, and B a r e  termed c o n s e r v a t i v e  
w i t h  rega rd  t o  t h e i r  appearance a t  t h e  Cerro P r i e t o  
We l l s .  
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3 . 4 . 3  Reac t i ve  Elements: Ca, K, S i O 2 ,  and B r  a r e  
seen i n  F i g u r e  3b t o  p l o t  on s t r a i g h t  l i n e s  as w e l l ,  
b u t  these do n o t  e x t r a p o l a t e  t o  ze ro .  Instead,  they 
c ross  t h e  C 1  a x i s  and f o l l o w  t h e  equa t ion  y = a x - b .  
Another exp ress ion  o f  t h i s  t r e n d  i s  seen by t h e  
d i f f e r e n t  y / x  va lues t h a t  these l i n e s  possess a t  
t h e i r  d i f f e r e n t  s e c t i o n s .  For example, t h e  v a l u e  o f  
CI/Ca i n  t h e  upper p a r t  o f  t h e  l i n e  i n  F i g u r e  13 i s  
23, whereas i n  the  lower p a r t  i t  i s  36. S i m i l a r l y ,  
t he  C I / K  r a t i o s  seem t o  va ry  f rom 7.3 t o  12.0; 
C I / S i O 2  v a r i e s  from 12 t o  22; and C l / B r  r a t i o s  range 
f rom 450 t o  1700. 

The e x p l a n a t i o n  f o r  t h i s  "nonconservat ive"  
behav io r  o f  these elements seems t o  be t h e  f a c t  
t h a t  they r e a c t e d  w i t h  t h e  a q u i f e r  rocks b e f o r e  
ascending i n  t h e  w e l l s .  These r e a c t i o n s  seem most 
l i k e l y  t o  be temperature dependent, caused by tem- 
p e r a t u r e  v a r i a t i o n s ,  o r  temperature zones i n  t h e  
geothermal system. Such r e a c t i o n s  a r e  commonly a t -  
t r i b u t e d  t o  Si02 and K, o c c a s s i o n a l l y  t o  Ca and a t  
l e a s t  a t  Cerro P r i e t o ,  B r  seems to  behave s i m i l a r l y .  
These elements a r e  termed r e a c t i v e  i n  t h i s  communi- 
c a t i o n .  

3 . 4 . 4  Homogeneity o f  t h e  B r i n e  i n  t h e  Cerro P r i e t o  
B lock :  D iscuss ing  t h e  da ta  i n  F i g u r e  12 we noted - 

G 

t h a t  t h e  b r i n e  i n  t h e  western b l o c k ,  represented by 
Well  No. 6 , d i f f e r e d  i n  composi t ion f rom t h e  h i g h l y  
s a l i n e  b r i n e  i n  t h e  e a s t e r n  b l o c k ,  represented by 
Well  No. 53. Both these w e l l s  d i f f e r  from t h e  
b r i n e s  i n  t h e  p roduc ing  b l o c k ,  as represented by 
We l l s  No. 3,  l A ,  7, and t h e  p roduc ing  w e l l s .  The 
b r i n e s  o f  t h e  p roduc ing  w e l l s ,  seem, however, t o  be 
c l o s e  t o  each o t h e r  i n  t h e i r  compos i t i ons .  Th is  i s  
revea led  by t h e  s t r a i g h t  l i n e s  o b t a i n e d  by p l o t t i n g  
t h e  da ta  o f  t h e  p roduc ing  w e l l s  versus C I  (F igu res  
IO and 1 3 ) .  D e v i a t i o n  o f  i n d i v i d u a l  w e l l s  f rom a 
genera l  average compos i t i on  seems t o  be due t o :  a)  
temperature dependent r e - e q u i l i b r a t i o n  o f  t he  reac-  
t i v e  elements, and b)  d i l u t i o n  by f r e s h  wa te r  o r  
c o n c e n t r a t i o n  by steam l o s s .  

A t t e n t i o n  i s  drawn a t  t h i s  p o i n t  t o  t h e  s i m i l a r -  
i t i e s  i n  t h e  composi t ion o f  t h e  b r i n e  samples o f  
t h e  Cerro P r i e t o  p roduc ing  f i e l d ,  r a t h e r  than t o  
d i f f e r e n c e s ,  which seem t o  be secondary e f f e c t s .  
These second-order e f f e c t s  and t h e  processes t h a t  
cause them w i l l  be d iscussed l a t e r .  

Comparing t h e  l i n e s  formed by t h e  d i f f e r e n t  
elements i n  F i g u r e  13, i t  seems t h a t  t w o  groups 
o f  elements e x i s t .  
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4. V a r i a t i o n s  i n  Ion  Concen t ra t i on  
i n  Space and w i t h  Time 

4 .1  E f f e c t  o f  t h e  Well  Head O r i f i c e  Diameter 

The da ta  i n  F igures 9a - f  a r e  p l o t t e d  i n  symbols 
i n d i c a t i n g  t h e  d iameter  o f  t h e  d i scha rge  p i p e  a t  t h e  
t ime  o f  sampling. I n  genera l ,  samples c o l l e c t e d  v i a  
1/4 ' ( ,  1/2", and I "  o r i f i c e  d iameters c o n t a i n  l e s s  
d i s s o l v e d  ions than samples c o l l e c t e d  v i a  2" d i a -  
meters o r  l a r g e r  and f u l l  p roduc t i on .  Examples a r e  
(F igu res  9 a - f )  seen i n  We l l s  No. 53, 1 1 ,  5, 19A, 25, 
26, 29, 27, and 51.  

Several exp lana t ions  may be o f f e r e d  t o  t h i s  
e f f e c t ,  one being t h a t  t h e  l a r g e r  t h e  o r i f i c e  d i a -  
meter i s , t h e  l e s s  s i g n i f i c a n t  t h e  c o o l i n g  i s  by 
conduc t ion  i n  t h e  w e l l ;  and t h e  f a r m a t i o n  o f  steam 
becomes more s i g n i f i c a n t .  The more steam t h a t  i s  
separated f rom t h e  c o l l e c t e d  samples, p r i o r  t o  t h e i r  
analyses ( t h e  a n a l y t i c a l  data be ing  r e p o r t e d  f o r  
a tmospher ic  p ressu res ) ,  t h e  h i g h e r  t h e  i o n  con ten t  
w i  1 1  be. 

Another aspect o f  t he  i n f l u e n c e s  observed due 
t o  sampling a t  d i f f e r e n t  o r i f i c e  d iameters i s  t h e  
change o f  p ressu re  observed w i t h  change o f  d iamete r .  
Two such examples a r e  shown i n  F i g u r e  14 f o r  Wel ls  
No. 25 and 31. By changing t h e  d iameter  from 1/2"  
t o  3" , increases i n  p ressu re  a r e  observed; b u t  f u r -  
t h e r  increases o f  t h e  o r i f i c e  d iameter  r e s u l t s  i n  a 
p ressu re  drop. To e x p l a i n  t h i s  phenomenon: t h e  geo- 
thermal p ressu re  a t  t h e  w e l l  bo t tom i s  p r o p o r t i o n a l l y  
c o r r e c t e d  t o  t h e  suppress ing h y d r o s t a t i c  p ressu re  o f  
t h e  wa te r  column i n  t h e  w e l l .  When d i scha rge  i s  
through an o r i f i c e  o f  a smal l  d iamete r ,  t h e  wa te r  
column i s  e f f e c t i v e l y  coo led  by conduc t ion  and i t s  
d e n s i t y  i s  r e l a t i v e l y  h i g h ,  r e s u l t i n g  i n  e f f i c i e n t  
suppress ion o f  t h e  geothermal p ressu re .  As t h e  f l o w  
i s  increased t h e  wa te r  i n  t h e  w e l l  g e t s  h o t t e r  and 
l i g h t e r ,  and some o f  t h e  n e t  p ressu re  a t  t h e  w e l l -  
head increases.  Beyond 3" t h e  p ressu re  seems t o  
d rop  due t o  two e f f e c t s  t h a t  t a k e  o v e r :  namely, t h e  
d rop  o f  r e s i s t a n c e  t o  t h e  f l o w  o f  t h e  f l u i d  as t h e  
o r i f i c e  d iameter  i s  increased and t h e  d rop  o f  t h e  
r e s e r v o i r  p ressu re  near t h e  w e l l  because o f  t h e  
increased f l o w .  

The C 1  does n o t  co-vary w i t h  t h e  p ressu re  
( va lues  a r e  g i v e n  i n  t h e  upper p a r t  o f  F i g u r e  14) 
b u t  i s  a f f e c t e d  by t h e  o r i f i c e  a t  sma l l  d iamete rs .  
T h i s  o b s e r v a t i o n  should be remembered when samples 
a r e  c o l l e c t e d  and t h e  da ta  i n t e r p r e t e d .  

4.2 Areal  V a r i a t i o n s  

The C 1  and S i02  con ten ts  and t h e  a tomic  Na/K 
r a t i o  o f  t h e  most concen t ra ted  samples of each w e l l  
(Table 11) a r e  i n d i c a t e d  i n  t h e  w e l l  maps o f  F i g u r e  
15.  The c e n t e r  o f  t h e  p roduc ing  f i e l d  seems t o  be 
c h a r a c t e r i z e d  by h i g h  C 1  and Si02 va lues  (maximal) 
and r e l a t i v e l y  low Na/K r a t i o s .  

T h i s  p a t t e r n  m igh t  be connected t o  h i g h e r  
en tha lpy  va lues  observed i n  t h e  c e n t e r  o f  t h e  p ro -  
duc ing  f i e l d .  Th i s  c o u l d  r e s u l t  i n  h i g h e r  K con- 
t e n t ,  and hence r e l a t i v e l y  low Na/K r a t i o s  which 
subsequent ly  c o u l d  a l s o  r e s u l t  i n  h i g h e r  steam los- 
ses p roduc ing  h i g h e r  i o n  con ten ts .  

r 4 . 3  V e r t i c a l  D i s t r i b u t i o n s  

F i g u r e  16 shows average c o n c e n t r a t i o n s  ( f o r  
seve ra l  years)  o f  C 1 ,  SiO,, and K con ten ts  f o r  t h e  
p roduc ing  w e l l s  as a f u n c t i o n  o f  the  dep th  o f  t h e  
p roduc ing  ( s l o t t e d )  zone. Two immediate d i f f i c u l t i e s  
a r e :  a )  t h e  l a r g e  ranges o f  p r o d u c t i o n  i n t e r v a l s ,  
reach ing  up t o  300 m; and b)  t h e  marked o v e r l a p  
o f  t h e  depth o f  t h e  p r o d u c t i o n  i n t e r v a l s  i n  t h e  
v a r i o u s  w e l l s .  No depth c o r r e l a t i o n s  a r e  observed; 
i . e . ,  t h e  i o n  concen t ra t i ons  do n o t  i n d i c a t e  s t r a -  
t i f i c a t i o n  o f  b r i n e s  i n  t h e  p r o d u c t i o n  zone. Th is  
conc lus ion  i s  t e n t a t i v e  due t o  t h e  poor depth r e -  
s o l u t i o n  d iscussed above. I t  i s  hoped t h a t  f u t u r e  
s t u d i e s  w i l l  c l a r i f y  t h i s  p o i n t .  

4 . 4  V a r i a t i o n s  w i t h  Time o r  P roduc t i on  

S i g n i f i c a n t  v a r i a t i o n s  a r e  noted i n  seve ra l  
w e l l s  i n  repea ted ly  c o l l e c t e d  samples (Table 4, 
P a r t  11). However, c a r e f u l  d a t a  a n a l y s i s  f o r  each 
w e l l  revea led  t h e  v a r i a t i o n s  a r e  r e a d i l y  e x p l a i n -  
a b l e  by w e l l  c h a r a c t e r i s t i c s ;  e.g., beg inn ing  o r  
end o f  p roduc t i on ,  changes o f  w e l l  dep th  o r  cas ing ,  
f o r m a t i o n  o f  cracks and t h e i r  r e p a i r ,  and v a r i a t i o n  
i n  t h e  o r i f i c e  d iamete r .  (The r e l e v a n t  i n f o r m a t i o n  
i s  g i v e n  i n  Tables I ,  4, and 5 i n  P a r t  11.) 

The i n f l u e n c e  o f  these o p e r a t i o n  c o n d i t i o n s  
on observed i o n  c o n c e n t r a t i o n s  seem t o  mask any 
v a r i a t i o n s  t h a t  may occur  w i t h  t ime ,  due t o  produc- 
t i on .  

5. En tha lpy  - D isso lved  Ion  C o r r e l a t i o n s  

5 .1  Conserva t i ve  Ions 

I n  F i g u r e  17 v a r i o u s  ions a r e  p l o t t e d  as a 
f u n c t i o n  o f  c a l c u l a t e d  e n t h a l p y .  P o s i t i v e  c o r r e -  
l a t i o n s  a r e  observed f o r  t h e  C 1 ,  Na, and L i  concen- 
t r a t i o n s  and e n t h a l p y .  The b e s t - f i t  l i n e s  (exc lu -  
d i n g  t h e  September 1976 d a t a )  e x t r a p o l a t e  t o  zero.  
Thus, CI, Na, and L i  revea l  c o n s e r v a t i v e  behav io r ,  
a l s o  i n  e n t h a l p y ,  s i m i l a r  t o  t h e i r  behav io r  i n  
F i g u r e  13, where Na and L i  were p l o t t e d  a g a i n s t  
CI. T h i s  seems t o  i n d i c a t e  t h a t  no n o t i c e a b l e  
chemical r e a c t i o n s  t a k e  p l a c e  as a r e s u l t  o f  t h e  
entha 1 py v a r  i a t  ions.  

5.2 Reac t i ve ,  Temperature-Dependent Ions 

The c o n c e n t r a t i o n s  o f  S i02 and K shown i n  
F i g u r e  17 revea l  p o s i t i v e  c o r r e l a t i o n s  w i t h  en- 
t h a l p y .  T h e i r  b e s t - f i t  l i n e s  ( e x c l u d i n g  t h e  Sep- 
tember 1976 da ta )  do n o t  e x t r a p o l a t e  t o  zero, i n -  
d i c a t i n g  chemical r e a c t i o n s  took  p lace .  T h i s  i s  
i n  good agreement w i t h  t h e  S i02  and K r e a c t i v e  
p a t t e r n s  i n  F i g u r e  13.  As these r e a c t i o n s  va ry  
w i t h  t h i s  e n t h a l p y ,  i t  might  be concluded t h a t  
they a r e  temperature dependent. I t  i s  t h i s  t y p e  
o f  o b s e r v a t i o n  when t h e  S iO,  and Na/K geothermo- 
meters a r e  used. c 
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5 . 3  Enthalpy-SiO, and Log Na/K C o r r e l a t i o n s  fo r -  
Repeated Sample C o l l e c t i o n s  

A b e s t - f i t  r e g r e s s i o n  c a l c u l a t i o n  has been 
made i n  Table I11 f o r  t h e  en tha lpy  and S i O ,  and 
l og  Na/K data i n  repea ted ly  c o l l e c t e d  sample s e t s  
g i v e n  i n T a b l e  5, P a r t  11. I n  Table I11 t h e  c o r -  
r e l a t i o n s  a r e  g i v e n  f o r  b e s t - f i t  l i n e s  o f  t h e  
equa t ion  y = a o x - a l  and t h e  va lues  o f  ag, a l ,  and 
f o r  r ,  t h e c o r r e l a t i o n  f a c t o r .  The f o l l o w i n g  p a t -  
t e r n s  a r e  obse rvab le  (F igu res  18 and 1 9 ) :  

a. The s l o p e  a0 v a r i e s  i n  s e t s  1 t o  15 
( F i g u r e  1 8 ) .  The v a r i a t i o n  i s  smal l  f o r  t h e  en- 
t h a l p y - l o g  Na/K r e l a t i o n  b u t  l a r g e  f o r  t h e  en tha lpy -  
SiO,  r e l a t i o n .  A p o s s i b l e  e x p l a n a t i o n , i s  a r a t i o  
o f  a c o n s e r v a t i v e  i o n  such as Na t o  a r e a c t i v e  i o n  
o r  K i s  n o t  v e r y  s e n s i t i v e  t o  v a r i a t i o n s  i n  i o n  
c o n c e n t r a t i o n s  induced by d i l u t i o n - c o n c e n t r a t i o n  
processes o c c u r r i n g  d u r i n g  t h e  r i s e  o f  t h e  f l u i d  
i n  t h e  w e l l s .  The Si02 v a l u e  i s ,  however, s e n s i -  
t i v e  t o  such i n - w e l l  v a r i a t i o n s .  I t  seems t h a t  
enthalpy-Si02/CI  may r e v e a l  h i g h e r  c o r r e l a t i o n s  
f o r  t h i s  reason. 

b. The r e l a t i v e  v a r i a t i o n s  o f  t h e  cons tan t  
a1  a r e  smal l  f o r  t h e  e n t h a l p y - l o g  Na/K r e l a t i o n s  
and h i g h e r  f o r  t h e  en tha lpy -S i02  r e l a t i o n ,  as w e l l .  

c. The c o r r e l a t i o n  f a c t o r  r v a r i e s  i n  t h e  
i n d i v i d u a l  s e t s  s i g n i f i c a n t l y .  For example, d a t a  
s e t s  1 ,  3, 1 1 ,  and 12 revea l  good c o r r e l a t i o n s ,  r 
be ing  g r e a t e r  t han  0 . 7  (Table 111). I n  c o n t r a s t ,  
s e t s  8, 13, and I 4  r e v e a l  no c o r r e l a t i o n ,  r be ing  
lower  than  0 . 2 .  The same t r e n d  i s  no ted  i n  F i g u r e  
1 7  i n  which t h e  September 1976 d a t a  show poor  c o r -  
r e l a t i o n s  b u t  t h e  o t h e r  da ta  s e t s  show s i g n i f i c a n t  
c o r r e l a t i o n s .  

The reason f o r  t h e  observed v a r i a t i o n s  i n  t h e  
c o r r e l a t i o n  parameters between da ta  s e t s  o f  d i f f e r -  
e n t  da tes  i s  n o t  c l e a r .  I t  m igh t  r e f l e c t  v a r i a t i o n s  
i n  t h e  q u a l i t y  o f  en tha lpy  component measurements 
o r  r e a l  v a r i a t i o n s .  

5 . 4  C o r r e l a t i o n  o f  t h e  Temperature-Dependent 
Reac t i ve  Ions, K and Si02 

Tab le  I11 and F i g u r e  I9  d e s c r l b e  t h e  c o r r e l a -  
t i o n  p a t t e r n s  c a l c u l a t e d  f o r  t h e  K-Si02 and Si0,- 
l o g  Na/K r e l a t i o n s .  The c o r r e l a t i o n  f a c t o r  r i s  
h i g h  i n  b o t h  cases; e .g. ,  d a t a  s e t s  I ,  8, I O ,  1 1 ,  
and I 4  r e v e a l  va lues  o f  0.70 t o  0.85 .  T h i s  can be 
expected because o f  t h e  good c o r r e l a t i o n  observed 
between temperature-dependent r e a c t i v e  ions w i t h  
entha 1 py. 

I t  i s  f e l t  t h a t  t h e  t o p i c  o f  geothermometry 
may be f u r t h e r  s t u d i e s  i n  l i g h t  o f  t h e  a v a i l a b l e  
i o n  c o n t e n t - e n t h a l p y  d a t a  f rom Cerro P i e t o  and 
m i g h t  be accompanied w i t h  a more d e t a i  ed d i s c u s  
s i o n  o f  t h e  e n t h a l p y  c a l c u l a t i o n s  app l  cab le  t o  
t h e  Cerro P r i e t o  f i e l d ,  

6 .  Thermal and M i n e r a l  Spr ings 

7 
I 

6.1 D i s t r i b u t i o n  and General D e s c r i p t i o n  

The s p r i n g s  p r o v i d e  thermal  geochemical 
i n f o r m a t i o n  on an extended area t h a t  l i n k s  t h e  
Laguna vo lcano w i t h  t h e  Cerro P r i e t o  vo lcano 
(F igu re  2 0 ) .  
o f  about 5 x  1 1  km ( f o r  comparison, t h e  c u r r e n t l y  
p roduc ing  w e l l s  a r e  l oca ted  on an area o f  0 . 7 ~  
0 .7  km, i .e . ,  about 2% o f  t h e  area covered by 
s p r i n g s ) .  

They a r e  s c a t t e r e d  ove r  an area 

The s p r i n g s  va ry  i n  t h e i r  d i scha rge  from 
IO l i t e r s / m i n  t o  a lmost  s tagnant  seepages. The 
s p r i n g  m a n i f e s t a t i o n s  a l s o  i n c l u d e  mud cones, 
mud p o t ,  and fumaro les,  which w i l l  be d iscussed 
s e p a r a t e l y .  

Observed temperature readings range f rom 16" 
t o  98°C. No c l e a r  geograph ica l  t r e n d  i s  observa- 
b l e  i n  t h e  temperature d i s t r i b u t i o n s  and h o t  s p r i n g s  
issue nex t  t o  t h e  c o l d  s p r i n g s  ( F i g u r e  17) .  

A n a l y t i c a l  da ta  o f  t he  s p r i n g s  i n c l u d e  a 
genera l  survey by Mercado (1968) summarized i n  
Table 9 ,  P a r t  11; and t h e  da ta  f rom a number o f  
s p r i n g s  w i t h  s teady f l o w  sampled s i x  t imes d u r i n g  
one year  a r e  shown i n  Table 10, P a r t  11. 

6 . 2  Evapora t i on  E f f e c t s  

The temperature o f  t h e  s p r i n g s  i s  p l o t t e d  as 
a f u n c t i o n  o f  CI i n  F i g u r e  22. Two groups o f  s p r i n g s  
emerge: a)  s p r i n g s  o f  30°C and h i g h e r  w i t h  r e l a t i v e -  
l y  low s a l t  con ten t  (up t o  14,000 m g / l i t e r  C I ) ;  and 
b)  s p r i n g s  c o o l e r  than 30°C and h i g h  i n  s a l t  c o n t e n t  
(up t o  182,000 m g / l i t e r  C I ) .  The l a s t  group, rep re -  
sented by 5 s p r i n g s ,  seems t o  have undergone s i g n i f i -  
cant  e v a p o r a t i o n  due t o  su r face  exposure p r i o r  t o  
sampling, and hence they a r e  coo l  and h i g h  i n  s a l i n -  
i t y .  Tha Na-Cl p l o t  i n  F i g u r e  22 r e v e a l s  the  same 
e v a p o r a t i v e  group o f  f i v e  s p r i n g s .  These cases a r e  
o m i t t e d  f rom t h e  f o l l o w i n g  f i g u r e s  and d i s c u s s i o n  o f  
t h e  s p r i n g s .  

6.3 I o n i c  V a r i a t i o n s  and C o r r e l a t i o n s  

The da ta  of t h e  genera l  s p r i n g  survey (Table 9, 
P a r t  11) a r e  p l o t t e d  i n  F i g u r e  2 3  as a f u n c t i o n  o f  
t h e  C I  c o n t e n t .  

The da ta  o f  t h e  repeated sampl ing i n  the  f a i r -  
f l o w i n g  s p r i n g s  (Table 10, P a r t  11) a r e  p l o t t e d  i n  
F i g u r e  24 as a f u n c t i o n  of the  observed temperatures.  
The most o u t s t a n d i n g  fea tu res  seen i n  t h i s  f i g u r e  a r e  
t h e  l a r g e  v a r i a t i o n s  observed b o t h  i n  the  temperature 
and i n  t h e  i o n  con ten t  o f  each s p r i n g  when sampled 
r e p e a t e d l y .  The v a r i a t i o n s  i n  t h e  CI c o n t e n t  a r e  
r e l a t i v e l y  smal l  b u t  those of Si02 a r e  l a rge .  

6 . 3 . 1  
and B :  
p o s i t i  

Conserva t i ve  Occurrence o f  C 1 ,  Ne, Ca, L i ,  
I n  F i g u r e  23 and e s p e c i a l l y  i n  F i g u r e  25 ,  

ve c o r r e l a t i o n s  a r e  seen between CI and Na, Ca, 
L i ,  andB. The b e s t - f i t  l i n e s  can be f o r c e d  t o  pass 
through zero,and these elements revea l  a c o n s e r v a t i v e  
behavior  s i m i l a r  t o  t h e  obse rva t i ons  made a t  t h e  w e l l s .  
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6.3.2 Temperature-Dependent React i ons :  The bes t -  7.  Gas Contents 
f i t  l i n e  o f  K i n  F i g u r e  25 does n o t  e x t r a p o l a t e  t o  
zero, r e v e a l i n g  t h e  r e a c t i v e  n a t u r e  o f  t h i s  i on ,  7 .1 C02, H2S,  and N H 3  i n  t h e  Wel ls  
s i m i l a r  t o  o b s e r v a t i o n s  made a t  t h e  w e l l s ,  The Na/ 
K p l o t  (F igu re  24) as a f u n c t i o n  o f  s p r i n g  tempera- Table 6, P a r t  I1 c o n t a i n s  data on t h e  C02 and 
t u r e s  r e v e a l s  t h a t  t h e  average va lues  a r e  n e g a t i v e l y  H2S con ten t  i n  one s e t  o f  samples c o l l e c t e d  a t  t h e  
c o r r e l a t e d  t o  t h e  temperature.  Hence t h e  K r e a c t i o n s  p roduc ing  w e l l s .  These data p l o t t e d  i n  F i g u r e  27, 
a r e  temperature-dependent and, as i n  t h e  case of t h e  show a p o s i t i v e  c o r r e l a t i o n  between C02 and H z S ,  
w e l l s ,  lower K c o n c e n t r a t i o n s  match lower temperatures. and between 1 i7S  and t h e  c a l c u l a t e d  w e l l  temperature.  

I n  c o n t r a s t ,  t h e  Si02 c o n t e n t  r e v e a l s  no c o r -  
r e l a t i o n  w i t h  s p r i n g  temperature,  i n d i c a t i n g  c o n t r o l  
by r e a c t i o n s  t h a t  a r e  n o t  temperature dependent, e .g . ,  
a h i g h  pH v a l u e  caus ing  d i s s o l u t i o n .  

6 .3 .3  H ighe r  HCO? Contents (Compared t o  t h e  W e l l s ) :  
The HCO, i n  t h e  s p r i n g s - r a n g e s  f rom 0 t o . 4 8 0  ppm; 
about h a l f  t h e  cases have va lues above 220 ppm. These 
va lues a r e  s i g n i f i c a n t l y  h i g h e r  than t h e  va lues  obser-  
ved i n  t h e  w e l l s ,  which a r e  below 100 m g / l i t e r  HC03. 
The HC03 c o n t e n t  i n  t h e  s p r i n g s  r e v e a l s  no c o r r e l a -  
t i o n  t o  C I  ( F i g u r e  23) and seem t o  o r i g i n a t e  f rom 
r e a c t i o n s  t o  C02-r ich waters  w i t h  rocks w h i l e  r i s i n g  
t o  t h e  su r face .  Such r e a c t i o n s  seem t o  be enhanced 
below about  20OoC. 

6.3.4 H i g h e r W e l t o s ) :  
The S O L  c o n t e n t  v a r i e s  f rom 4 t o  7000 m g / l i t e r ;  
about  h a l f  o f  t h e  s p r i n g s  have va lues  above 50 mg/ 
l i t e r .  I n  c o n t r a s t  t h e  w e l l s  c o n t a i n  l i t t l e  S O L + ,  
rang ing  up t o  I8  m g / l i t e r  (Tab le  7, P a r t  11). These 

' ghe r  h i g h e r  SOL, values i n  t h e  s p r i n g s  a r e  a t t r i b u -  
t e d  t o  o x i d a t i o n  o f  H2S a t  t h e  su r face ,  a phenomenon 
known i n  thermal s p r i n g s  i n  o t h e r  r e g i o n s .  

6 . 3 . 5  The Ca Content :  F i g u r e  23 shows a c l u s t e r  
around t h e  v a l u e  o f  GOO m g / l i t e r  Ca. 
r e v e a l s  two groups when Ca i s  p l o t t e d  a g a i n s t  H C O 3 .  
The one group c o n t a i n s  about  400 m g / l i t e r  Ca, n o t  
c o r r e l a t i n g  w i t h  t h e  HCO, c o n t e n t  and exceeding 
i t  i n  m e q / l i t e r  ( t h e  maximal HC03 v a l u e  be ing  8 
m e g / l i t e r ) .  
m a i n l y  enr ichments r e l a t i v e  t o  t h e  b a s i c  v a l u e  o f  
400 m g / l i t e r .  

F i g u r e  26 

The second group shows d e v i a t i o n ,  

The va lue  o f  400 m g / l i t e r  Ca i s  c h a r a c t e r i s t i c  
f o r  t h e  w e l l s  ( F i g u r e  IO), and thus i t  seems t h a t  
most s p r i n g  wa te rs  i ssue  w i t h  t h e i r  o r i g i n a l  Ca 
con ten t ,  i . e . ,  no losses o r  g a i n s  occu r red  i n  most 
s p r i n g s .  

6 .3 .6  The P a t t e r n  o f  B: Boron i s  seen i n  F i g u r e  
25 t o  make up two groups. Most s p r i n g s  p l o t  on a 
s t r a i g h t  " conserva t i ve "  1 ine. Yet, t h r e e  s p r i n g s ,  
number 22, 31,  and 48, have remarkably h i g h  B con- 
t e n t s ,  o f  up t o  68 mg/l i t e r .  These va lues  have 
been v e r i f i e d  i n  t h e  r e p e a t e d l y  c o l l e c t e d  samples 
(Table IO, P a r t  11). The h i g h  B va lues  a r e  h i g h e r  
than  t h e  va lues observed i n  t h e  w e l l s  ( F i g u r e  9 a - f  
and IO). The t h r e e  h i g h  B s p r i n g s  a r e  n o t  c l o s e  
t o  each o t h e r  and an e x p l a n a t i o n  o f  t h e i r  B con ten t  
i s  n o t  i n  s i g h t .  

r 

- 
A s i m i l a r  genera l  c o r r e l a t i o n  i s  seen between t h e  
average C02 and H2S va lues summed up i n  Table 8,  
P a r t  11. 

The c o r r e l a t i o n  o f  C02, H2S,  and w e l l  tempera- 
t u r e  m igh t  be exp la ined  by a steam and gas phase 
e x i s t i n g  i n  t h e  f i e l d  and v a r i a b l y  c o n t r i b u t i n g  ex- 
cess steam, C02, and H2S t o  c e r t a i n  w e l l  under c e r -  
t a i n  p r o d u c t i o n  c o n d i t i o n s .  A most l i k e l y  l o c a t i o n  
f o r  such steam would be above t h e  b r i n e  zone, below 
t h e  s e a l i n g  cap rock.  
steam cap has o r i g i n a l l y  been suggested by A.  
T r u e s d e l l  i n  o r d e r  t o  e x p l a i n  d i f f e r e n c e s  between 
temperatures deduced f rom Si02 con ten ts  and those  
determined from en tha lpy  measurements (personnel  
communication). 

The p o s s i b l e  e x i s t e n c e  o f  a 

7.2 Gas Observat ions i n  Fumaroles 

A number o f  steam ven ts  ( i . e . ,  f u n a r o l e s )  a r e  
observed i n  t h e  thermal s p r i n g s  areas.  Three furna- 
r o l e s  (Table 1 1 ,  P a r t  I1 and F i g u r e  20) have been 
r e p e a t e d l y  mon i to red  d u r i n g  1972. The measured 
temperatures ranged f rom 83°C t o  100°C. C O 2  and 
H2S a r e  p o s i t i v e l y  c o r r e l a t e d  t o  each o t h e r  b u t  no 
c o r r e l a t i o n  emerges w i t h  t h e  NH3 va lues.  

8. A Model ___- 
The chemical data o f  Cerro P r i e t o  e x h i b i t  

c e r t a i n  r e g u l a  i t i e s  and revea l  v a r i o u s  c o r r e l a t i o n s  
which a r e  bv no means random. The observed t r e n d  
may be f i t t e d  toge the r  by a work ing  model, which 
might  be summed up i n  t h e  f o l l o w i n g  manner: 

8 .  B a s i c a l l y  one t ype  o f  b r i n e  has t o  be assumed 
t o  e x p l a i n  the ma f e s t a t i o n s  encountered i n  t h e  
p roduc ing  w e l l s  and i n  We l l s  I A ,  3 ,  and 7, t h a t  a r e  
l oca ted  t o  t h e  n o r t h  i n  t h e  same t e c t o n i c  b l o c k s  
(F igu res  4 and 7 ) .  

B .  Wel ls  6 and 5 3  a r e  l oca ted  i n  d i f f e r e n t  b l o c k s ,  
b o r d e r i n g  t h e  b l o c k  o f  t h e  p roduc ing  f i e l d .  T h e i r  
chemical compos i t i on  i s  d i f f e r e n t ,  p o s s i b l y  i n d i c a -  
t i n g  d i f f e r e n c e s  i n  t h e  chemis t r y  o f  t h e  b r i n e s  o f  
each ma jo r  t e c t o n i c  b l o c k  ( F i g u r e  12) .  

C .  M o d i f i c a t i o n s  i n  t h e  chemical compos i t i on  o f  
i n d i v i d u a l  w e l l s  i n  t h e  p roduc ing  f i e l d  may be 
caused by: 

I )  Steam losses o r  ga ins  causing respec t  
c o n c e n t r a t i o n  o r  d i l u t i o n  (F igu res  9 and IO). 

2) Producing f rom d i f f e r e n t  temperature 
zones be ins  r e f l e c t e d  bv lower con ten ts  o f  S i0  

ve 

and c 
K due t o  r e e q u i l i b r a t i o n  w i t h  a q u i f e r  rocks (hence, 
h i g h e r  Na/K r a t i o s ) .  
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3 )  Ex i s tence  o f  a steam and gas cap a t  t h e  
upper p a r t  o f  t h e  f l u i d  system, below t h e  c l a y  se- 
quence. Var ious a d d i t i o n s  o f  steam and gas t o  d i f -  
f e r e n t  w e l l s  may e x p l a i n  t h e  observed p o s i t i v e  
c o r r e l a t i o n  between C02, H z S ,  and w e l l  temperature 
( F i g u r e  27 ) .  

4) Di f fe rences  i n  i o n  con ten ts  i n  samples 
repea ted ly  c o l l e c t e d  i n  a w e l l  may be caused by 
l a s t - m i n u t e  processes caused by p r o d u c t i o n ,  These 
may i n c l u d e  c o n c e n t r a t i o n s  by steam loss (main ly  
i n  samples c o l l e c t e d  a t  l a r g e  o r i f i c e  d iameters)  
and occas iona l  d i l u t i o n s  by condensed steam ( i n  
samples c o l l e c t e d  a t  narrow o r i f i c e  d iamete rs ) ,  
Such processes may cause t h e  s h i f t s  a long  c o r r e -  
l a t i o n  l i n e s  observed i n  i n d i v i d u a l  w e l l s  (F igu res  
9.3-f).  

t 

5) The temperature-dependent r e a c t i v e  ions, 
ma in l y ,  K and Si02, r e e q u i l i b r a t e  t o  t h e  tempera- 
t u r e s  p r e v a i l i n g  i n  t h e  v a r i o u s  temperature zones 
o f  t h e  system, b u t  they have no t ime  t o  r e e q u i l i -  
b r a t e  i n  response t o  changes caused d u r i n g  ascen- 
dance i n  t h e  w e l l s .  Hence, the  K and S i02  a r e  
e x t r a p o l a t i n g  t o  ze ro  ( i  . e . ,  revea l  c o n s e r v a t i v e  
behav io r )  i n  t h e  i n d i v i d u a l  w e l l  p l o t s  (F igu res  
9 a - f ) ,  b u t  do n o t  e x t r a p o l a t e  t o  ze ro  ( i  .e . ,  revea l  
a r e a c t i v e  n a t u r e )  when average data f rom d i f f e r e n t  
w e l l s  a r e  p l o t t e d  a g a i n s t  C I  ( F i g u r e  IO) o r  e n t h a l -  
py ( F i g u r e  17). Hence t h e  Na/K geothermometer r e -  
f l e c t s  c o n d i t i o n s  a t  t he  w e l l  bot tom and i s  n o t  
s h i f t e d  by steam loss and o t h e r  p roduc t i on - induced  
processes.  

6) I t  seems t h a t  t h e  o r i g i n a l  b r i n e  a t  depth 
has a C I  con ten t  o f  around 10,000 m g / l i t e r .  T h i s  
i s  h i n t e d  a t  by t h e  graphs o f  F igu res  9 a - f .  The 
v a r i o u s  samples o f  each w e l l  p l o t  i n  many cases 
a long  s t r a i g h t  l i n e s  (e.g., Wel l  No. 1 1 ;  F i g u r e  8 
and many o t h e r s ) .  These 1 ines a r e  r a t h e r  equal l y  
popu la ted  a long  s e c t i o n s  t h a t  i n  most w e l l s  revea l  
an l ' i n i t i a I L '  v a l u e  around 10,000 - ll,OOO m g / l i t e r  
C 1 .  Examples (F igu res  9 a - f )  a r e  We l l s  3, 7, 6, 53, 
42, 38, 5, 19A, 20, 25, 21, 26, 29, 30, 8 ,  34,  35, 
and 51.  

I t  i s  suggested t h a t  t h e  samples above t h i s  
o r i g i n a l  i o n  con ten t  under went d i f f e r e n t  degrees 
of  steam loss. The sma l l  number o f  samples w i t h  
l ess  than 10,000 m g / l i t e r  C I  seem t o  have been d i -  
l u t e d  e i t h e r  by sha l l ow  f r e s h  wa te r  i n t r u d i n g  a 
w e l l  (when samples a t  smal l  o r i f i c e  d iamete r )  o r  
by condensed steam. 

7) The b r i n e s  i n t e r a c t  w i t h  a q u i f e r  rocks as 
revea led  by t h e  occu r rence  o f  secondary m i n e r a l s  i n  
t h e  cores and c u t t i n g s .  Viewed v i a  t h e  wa te r  chemis- 
t r y  these r e a c t i o n s  m a i n l y  i n v o l v e  the  r e a c t i v e  ions,  
e.g., S i O 2 ,  K, and Ca (F igu res  IO and 13). Bromide 
revea ls  a r e a c t i v e  p a t t e r n  i n  F i g u r e  13 b u t  i t  i s  
f e l t  t h a t  more da ta  i s  d e s i r e d  i n  o r d e r  t o  d i scuss  
t h i s  t r e n d  f o r  B r .  

8) The thermal and m i n e r a l  sp r ings  may be 
exp la ined  as be ing  f e d  by a b r i n e  o f  t h e  same t ype  
as encountered i n  t h e  p roduc ing  w e l l s .  The v a r i a -  
t i o n s  observed may be caused by:  

a)  
enhanced by t h e  lower temperatures reached i n  
t h e  ascending water  due t o  conduc t i ve  c o o l i n g ,  

F u r t h e r  i n t e r a c t i o n s  w i t h  c o u n t r y  rocks,  

Such r e a c t i o n s  seem t o  cause the  h i g h e r  H C O 3 ,  
t h e  lower Si02, and h i g h e r  Na/K va lues (F ig -  
u res  23-26). 

b)  O x i d a t i o n  o f  H2S t o  s o b ,  by c o n t a c t  w i t h  
a i r  a t  t h e  su r face ,  e x p l a i n i n g  t h e  h i g h e r  S O  
va lues .  

c )  Occasional e v a p o r a t i o n  b e f o r e  sample c o l -  
l e c t  i o n  ( F i g u r e  22) .  

d) The above processes may cause changes i n  
t h e  pH, t o t a l  i o n  c o n c e n t r a t i o n  and o t h e r  p ro -  
p e r t i e s ,  which i n  t u r n  may t r i g g e r  f u r t h e r  
r e a c t i o n s ,  e . g . , s o l u t i o n  o f  S i02 by h i g h l y  
a c i d i c  wa te rs .  

e) Vary ing d i l u t i o n s  by c o l d  f r e s h  ( s a l t  poor)  
wa te r .  

f )  The fumaro les seem t o  o r i g i n a t e  f rom steam 
t h a t  ascends a long  c racks  t h a t  a r e  n o t  invaded 
by f r e s h  wa te r .  
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F igu re  1 .  Mexica l  i - S a l t o n  Sea Area (from Palmer, Howard, and Lande,1975). 
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F ig .  2a. Satel l i te  photograph of the  Mexicali-Salton Sea Valley (NASA).  
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Figure 3a. 
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SAND SANDSTONE CEMENT 

C L b Y  SHALE 

4 1  - C L A Y  AND S I L T ,  C O F F E E  COLORED; ANGULAR AND 
ROUNDED C L A S T I C S  OF CEMENT,  Q U A R T Z  AND OTHER 
M I N E R A L S .  

125 - COFFEE C L A Y  AND SILT, INTERSTRATIFIED WITH 
F I N E  TO CORASE SANDSTONE AND G R A V E L S :  ANGULAR 
Q U A R T Z ,  M I C A ,  I G N E O U S  ROCKS,  F E L D S P A R S ,  S H A L E  
CARBONACEOUS MATER I A L  . 

165 - MEDIUM TO VERY COARSE ANGULAR AND ROUNDED SAND 
W I T H  C L A S T I C  QUARTZ,  S H A L E ,  F E L D S P A R ,  I G N E O U S  
ROCKS, CARBONACEOUS M A T E R I A L ,  M I C A ,  O C C A S I O N A L  
T A L U S .  

195 - COFFEE C L A Y  AND SILT ALTERNATING WTIH C O A R S E  
SAND AND G R A V E L S ;  C L A S T I C  ANGULAR AND ROUNDED 
QUARTZ,  F E L D S P A R ,  I G N E O U S  ROCKS,  M I C A ,  CHERT,  
HORNBLENDE,  C L A S T I C S  AND CEMENT 1 0 % .  

2 5 5  - COFFEE C L A Y  AND SILT: FINE T O  C O A R S E  SAND.  

268 - O R G A N I C  M A T E R I A L ,  C O F F E E  C L A Y  AND COARSE 
ANGULAR S A N D  O F  Q U A R T Z ,  M I C A ,  CARBONACEOUS 
MATER I A L  . 

2 7 7  - FOSSIL S E E D S .  

2 8 5  - COFFEE C L A Y  AND SILT; S A N D  OF QUARTZ,  FELD- 
SPARS,  M I C A ,  I G N E O U S  ROCKS,  E P I D O T E ( ? ) ,  Q U A R T Z I T I C  
SANDSTONE,  Q U A R T Z ,  CHALCEDONY,  CARBONACEOUS 
M A T E R I A L .  

385 - C O F F E E  C L A Y  A L T E R N A T I N G  W I T H  M E D I U M  T O  COARSE 
S A N D  O F  QUARTZ,  M I C A ,  I G N E O U S  ROCKS,  CARBONACEOUS 
M A T E R I A L ,  Q R G A N I C  M A T E R I A L .  

XBL776 - 1202 

Figure 3. Lithological column of Well M-39 (general ized from Razo, 1968). 
(The depth is indicated in meters.) 
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C L A S T I C  IGNEOUS ROCKS. 

COFFEE A N 0  GREY-GREEN CLAY W I T H  SAND AND GRAVELS I N -  
C L U D I N G  QUARTZ A N 0  CARBONACEOUS MATERIAL .  

CLAY A N 0  COFFEE-GREY-GREEN S I L T  ALTERNATING W I T H  F I N E  
T O  COARSE, ANGULAR A N 0  ROUNDED SAND O F  QUARTZ, FELDSPAR. 
CARBONACEOUS M A T E R I A L ,  IGNEOUS ROCKS, M I C A .  

COMPACTED LOOSE COFFEE-GREY-GREEN CLAY:  SAND A N 0  GRAVELS 
O F  QUARTZ, IGNEOUS ROCKS, FELDSPARS, CARBONACEOUS M A T E R I A L ,  
C A L C I T E ,  E P I D O T E  AND P O S S I B L Y  METAMORPHIC ROCKS. OCCUR- 
RENCES OF P Y R I T E  AND COPPER M I N E R A L S  ( 7 ) .  

CALCAREOUS GREY-GREEN SHALE: 
SAND AND SANDSTONE. 

CALCAREOUS SHALE,  I N T E R S T R A T I F  

SOME POORLY TO 

I E O  W I T H  SANDS1 

WELL 

'ONE 

. CEMENTED 

AND C L A S T  
QUARTZ,  FELDSPAR. M I C A ,  CARBONACEOUS M A T E R I A L ,  C A L C I T I C  
CEMENT, P Y R I T E .  

GREY CALCAREOUS SHALE:  SAND A N 0  SANDSTONE: POOR TO GOO0 
C A L C I T E  CEMENTATION: P Y R I T E .  

I C  

XBL 776-1203 

Figure  3b (cont inued. . ) f 
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1, 370 

1 , 4 4 5 -  

SANDSTONE. P A R T I A L L Y  CEMENTED: SAND,  C O F F E E  C L A Y :  GREY 
S H A L E S ,  CARBONACEOUS M A T E R I A L :  F O S S I L  S E E D S .  

GREY S H A L E .  SAND.  W E L L  TO POORLY CEMENTED: SOME C L A Y ,  
O C C A S I O N A L  P Y R I T E .  

GREY CALCAREOUS S H A L E :  POORLY AND WELL CEMENTED SANDSTONE.  

CALCAREOUS GREY S H A L E  W I T H  SOME P Y R I T E :  SANDSTONE,  POORLY 
TO WELL CEMENTED B Y  C A L C I T E  AND C O N T A I N I N G  QUARTZ AND SOME 
F E L D S P A R :  S H A L E  AND M U S C O V I T E .  

D A R K  GREY CALCAREOUS S H A L E :  L I T T L E  SANDSTONE AND Q U A R T Z ,  
M I C A ,  CARBONACEOUS M A T E R I A L  AND C A L C I T I C  CEMENT. 

S H A L E Y  AND Q U A R T Z I T I C  SANDSTONE, WELL CEMENTED: E P I D O T E  

S H A L E Y  GREY SANDSTONE (NON-CALCAREOUS) :  DARK GREY S H A L E ,  

M I C A ,  E P I D O T E  ( 7 )  AND WELL CEMENTED; P Y R I T E  ( 7 ) .  
CALCAREOUS AND HARD. GREY SANDSTONE WITH CLASTIC Q U A R T Z ,  

XBL 776- I204 

F i g u r e  3c. (continued . . ) 
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X B  L 776-  1179 

Figure 4. Location map o f  wells and the section lines of Figures 5 and 6. 
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Geologic section and partial view of the Mexicali Valley, B.C. 
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- Figure 7. Geological section and partial view o f  the Mexicali Valley, B . C .  



LBL- 70 19 21 

Si02 
mg/l 

500 

c 2000 K 

HCO3 + C 0 3  
mg/l 

B 
mg/l 

500 1 
I 7=T-@%we 0 

20/ IO // ~ , . le 
0 

I 

Ca 500 I 

Li 
mg/l 

u 
CI  (mg/l) 

OO I0,OOO 

30 t y e 

2ol IO 

20 
e. 301 IO e I'/ 
u 

C I  (mg/l) 

OO I0,OOO 

XBL 771 1-1 0495 

f i g u r e  8. Ion  conten ts  i n  r e p e a t e d l y  c o l l e c t e d  samples f rom Well No. 1 1  as 
a f u n c t i o n  of t h e  C 1  c o n t e n t .  
f i t  i n  each case were used t o  e s t i m a t e  upper l i m i t s  f o r  t h e  
a n a l y t i c a l  e r r o r s  ( t e x t  and Tab le  I). 

The mean d e v i a t i o n s  f rom t h e  bes t -  
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XBL 771 1-10499 

F i g u r e  9 .  Ion conten ts  and pressure  p l o t t e d  as a f u n c t i o n  o f  the C 1  con ten t  
i n  repea ted ly  c o l l e c t e d  samples. 
t o  r i g h t  ( success i ve l y )  i n  t h e  f o l l o w i n g  o rde r :  f i r s t  remote w e l l s ,  
then w e l l s  o f  t h e  produc ing  f i e l d  arranged from n o r t h  t o  south.  
Data were taken from Table r! o f  P a r t  I1 o f  t h i s  r e p o r t .  

The w e l l s  a r e  arranged from l e f t  c 
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F igu re  9b. (Continued . . ) 
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F i g u r e  9 c .  (Continued . . 
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F i g u r e  9d. (Cont inued . . ) 



26 

v) 
In E 200 
a 4001 I ? L 

I 

L a, 
I 

LBL- 70 19 

I I I 

0 
2 
\ 1 ,  f ,  I( T I  t l  le:l tA4. T I  - F 

CI(mg/l) (0 IQOOO 0 10,000 0 l0,OOO 

0 5000 
z 

0 l0,OOO 
26 29 30 27 Wel l  No. I 

XBL 771 1-1 0502 

Figure 9e. (Continued . . 
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F i g u r e  9 f .  ( C o n t i n u e d  . . )  
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XBL 7711-10497 

F i g u r e  10. Ion conten ts  i n  t h e  we igh ted  most concent ra ted  samples i n  t h e  
v a r i o u s  w e l l  p l o t t e d  as a f u n c t i o n  of t h e  C 1  con ten t  (da ta  from 
Tab le  2 i n  P a r t  11). 
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XBL 7711-10496 

F i g u r e  12. Schoe l l e r  diagrams f o r  t h e  we igh ted  most concent ra ted  samples o f  
t h e  va r ious  w e l l s .  The base l i n e  f o r  each w e l l  i s  marked on t h e  
l e f t  s i d e  (compare t o  F i g u r e  1 1 ) .  On t h e  t o p  a r e  t h e  w e l l s  remote 
from t h e  produc ing  f i e l d  and t h e  produc ing  w e l l s  f o l l o w  i n  n o r t h  
t o  south  o r d e r .  

c 
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XBL 776- I176 

F igu re  13. Trace elements (Tab le  7, P a r t  11) and major  elements (Tab le  5, 
P a r t  11) i n  samples c o l l e c t e d  on September 23, 1976, p l o t t e d  
as a f u n c t i o n  of t h e  C 1  con ten t .  A -  c o n s e r v a t i v e l y  behaving 
elements; B - reac t i ve  elements; C- elements r e v e a l i n g  poor  
c o r r e l a t i o n ;  D-elements r e v e a l i n g  no c o r r e l a t i o n  t o  t h e  C 1  
con ten t  ( t e x t ) .  

- 
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XBL775- I038 

F i g u r e  14. Observed pressures as a f u n c t i o n  o f  t h e  o r i f i c e  diameter.  
Relevant data i n  t h e  smal l  t a b l e s  g i v e  re fe rence t o  corresponding 
chemical composi t ions (samples may be looked up i n  Table 4, 
P a r t  11). 
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F i g u r e  15. Maps w i t h  S i 0 2  and C 1  conten ts  and Na/K va lues of most weighted 
concent ra ted  samples a t  each w e l l  (from Tab le  2, Pa r t  11). 
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F i g u r e  17. En tha lpy - ion  conten t  c o r r e l a t i o n s  i n  samples o f  t h e  produc ing  
w e l l s ,  c o l l e c t e d  a t  d i f f e r e n t  dates (Tables 5 and 6,  P a r t  11). 
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F i g u r e  18. B e s t - f i t  1 ines (Tab le  3, P a r t  11) o r  t h e  c o r r e l a t i o n s  between 
en tha lpy  and t h e  S i02  con ten t  and l o g  Na/K va lues.  
r e f e r  t o  t h e  sampling da ta  ( s e t  number) i n  Table 5, P a r t  11. 

Numbers 
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F i g u r e  19. B e s t - f i  t 1 ines (Tab le  3, P a r t  11) f o r  t h e  c o r r e l a t i o n s  between 
S i 0 2 - K  and l o g  Na/K-Si02. Numbers r e f e r  t o  sampling da ta  ( s e t  
number) i n  Tab le  5, Pa r t  11. 
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F i g u r e  21.  Temperatures measured i n  t h e  s p r i n g s  (Mercado, 1968).  
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F i g u r e  2 2 .  Temperature and Na conten t  o f  t h e  s p r i n g s  as a f u n c t i o n ~ o f  
t h e  C 1  conten t  ( s o l  i d  c i r c l e s  a r e  evaporated samples; t e x t ) ,  
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F i g u r e  23. Ion conten ts  o f  t h e  s p r i n g s  as a f u n c t i o n  o f  C 1 ;  r e s u l t s  o f  
t h e  genera l  survey by Mercado (1968),  Tab le  9, Pa r t  11. 
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F i g u r e  24 .  V a r i a t i o n s  o f  Si02 and 
s p r i n g s  t h a t  were reco  
P a r t  11). 

atomic I I I 
- 

I 

I 6 l  12 

CI 
mg/ l  

8,000 

6,000 

C 

,318 *I 
I T 

- 
- 

I I I I I I I 1 
60 80 100 20 40 

TE M P E RAT u R E ~ C  

C 1  con ten t  and t h e  Na/K va lues i n  
l e c t e d  s i x  t imes i n  one year  (Tab 

XBL 7711-10493 
t h e  
e 10, 



LBL-7019 

I I 

43 

Spring 2 2 0  

Spring 31 0 40 

Spring 4 8  0 - - 30 - 

0 
0 0  0 

0 

E 20 
v 

. 
m 

y 12 
\ 

0 
- O 8  0 

0 
IO 

400 I 
- I  - 0 

Rnn C \ 300 P - """ - 0 0  
0 

0 O O  
0 0% 

\ 

v 400 
Y 

V I  t 

0" 200 
.- cn 

IO0 

0 

0 OO 
0 

ooo oo 0 

6000 
h 600 3 

0 

0 000 
0 

0 (Po 
0 

E 4000 
v 

0 

2000 s 2 0 0 1  

0 L 
4000 8000 
CI (mg/ l )  

4000 8000 
CI (mg/l) 

XBL775- IO41 

F i g u r e  25. Average i o n  concen t ra t i ons  as a f u n c t i o n  of t h e  C 1  con ten t  -- 
i n  the  s p r i n g s  (Tab le  10, P a r t  11). 
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F i g u r e  27. Temperature and C02 con ten t  as a f u n c t i o n  o f  t he  H2S conten t  
i n  t h e  produc ing  w e l l s  (Table 6, Pa r t  11). 
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Tab le  1 .  Well  C o n s t r u c t i o n  Data w i t h  Time I n t e r v a l s  Relevant  t o  t h e  Chemistry T a b l e s .  

- 
We1 1 
- 
M- I A  

P roduc t i on  
I n t e r v a l  Meters 

P roduc t i on  
Casing Diameter Remarks Time I n t e r v a l  

311.9 - 523.5 10-3/4" 4/ 4/66 - 4/27/74 

M- 2 A l l  Data 35.7 - 726.5 26" 

M-2A 4/27/74 - 1/21/75 98.5 - 402.6 22" 

M- 3 / /66 - 9/ 2/72 650.6 - 894.5 1 1  -3/4" 

M- 4 No Chemistry Data 927.5 - 2001.3 1 1  -3/4" 

/ /65 - 2/ 1/77 1097.2 - 1298.0 M- 5 - 
M- 6 - 
M- 7 

M- 8 

M- 9 

534.7 - 740.8 1 1  -3/4" 3/31/66 - 12/ 5/72 

6/11/66 - 12/22/76 

7/20/66 - 2/11/77 

4/20/67 - 12/22/76 

723.7 - 991.5 11-3/4" 

7-5/8" 1120.0 - 1313.6 

1060.9 - 1416.0 
1060.9 - 1416.0 
220.9 - 864.1 

1079.0 - 1449.0 

7 - 5/8' ' 
7 - 5/ 8' 

O r i g i n a l  l i n e r  
L i n e r  and s h u t t i n g s  

1/27/67 - 1 /  3/72 7-5/8" M-10 

M-11 

- 
M-13 

- 
M-14 

~~ ~ ~ 

8/21/67 - IO/I6/71 

5/27/76 - 2/17/77 

868.0 - 956.8 
1133.0 - 1229.0 
1133.0 - 1229.0 

7-5/8" 

5- 1 /2" P r o d u c t i o n  cas ing  was rep laced  by 
5-1/2" 4 and c a n c e l l e d  t h e  868 t o  966.( 
p r o d u c t i o n  i n t e r v a l .  

1020.0 - 1312.0 

1020.0 - 1312.0 
8-5/8 E. 1 1 -2/4' 

7-5/8" 

Braked cas ing  ll-3/4t1 a t  200m was r e -  
p laced  by 7-5/8" on 2/7/73. 
A f t e r  3/25/74 t h e  w e l l  was f i l l e d  w i t h  
mud. 

7/18/68 - 2/16/72 

1/26/74 - 3/25/74 

7-5/8" IO/ 3/74 - 3/1/77 

7-5/8' E. 5" Col lapsed cas ing  f rom 160 t o  614m were 
d e t e c t e d  3/10/72 and was abandoned i n  
1973. 

M- 15 8/18/67 - 111 9/73 

M- 1 5 A  7/10/74 - 2/10/77 lOgl.0 - 1264.0 7-5/8" 

M- 19A 6/28/74 - 2/ 7/77 1045.0 - 1263.0 7-5/8" O r i g i n a l l y  open f rom 1045 t o  1488 m 
b u t  w i t h o u t  f l o w  data.  

~~~~ ~ ~~ ~~ 

Co l lapsed cas ing  o f  11-3/4" f rom 252 
t o  784 rn was rep laced  by 7-5/8"@ on 
3/20/73. 

11-3/4" braked cas ing  a t  504 m was 
rep laced  by 7-5/8" 4 on 1/2/73 b u t  
abandoned. 

11/21/67 - 2/ 7/77 812.0 - 1386.0 7-5/8 E. 1 I -3/4' M- 20 

- 
M-2 1 

M-21P 

M-25 

M-26 

- 

~~ 

7/10/68 - 1 I /  7/72 7-5/8 & 1 l-3/4' 

1081.0 - 1300.0 7-5/8" 4/24/74 - 2/ 7/77 

1/25/73 - 2/ 8/77 

9/12/67 - 21 9/77 

1140.0 - 1271.0 7- 5/  8' I 

1140.0 - 1271.0 7 - 5 /  8' A cement p l u g  was i n s t a l l e d  f rom 1140 
t o  1206 m on 2/24/75. 

M-27 1087.0 - 1296.0 

830.0 - 918.0 
1100.0 - 1309.0 

I 1/16/68 - 21 8/74 
12/23/75 - 2/ 9/77 

1 1 -3/4" 
7-5/8" I n  1975 t he  w e l l  was r e p a i r e d  ( r e d r i l -  

l e d  f rorn 1054 t o  1309 m) . M-29 

- 



LBL-7019 
Tab le  1 .  (Continued) 

We1 1 

49 

Produc t ion  P roduc t i on  Time I n t e r v a l  Remarks 
I n t e r v a l  Meters Casing Diameter 

M-30 

M-31 

M-34 

M-35 

M-38 

M-39 

M-42 

M-45 

9/22/73 - 2/10/77 1077.0 - 1497.0 7-5/8" 

3/12/68 - 2/11/75 1062.0 - 1222.0 7-5/8" 3/2763 t he  11-3/4" cas ing  was rep laced  
by one 7-98" 

3/25/68 - 11/10/75 797.0 - 927.0 1 1  -3/4" The w e l l  was c losed  and r e p a i r e d  i n  

No Chemistry Data 1095.0 - 1516.0 7-5/8" There a r e  no d a t a  o f  f l o w  a f t e r  repara-  
I975 

t i o n  

9/22/73 - 2/14/77 1082.0 - 1286.0 7-5/8" 

2/ 6/68 - 3/31/73 1086.0 - 1490.0 8-5/8" On 6/23/73 c o l l a p s e s  on t h e  8-5/8" were 
found from IO4 t o  470 m, i t  was repa i  r- 
b u t  l a t e r  abandoned 

4/17/68 - 1/24/77 1104.0 - 1493.0 7-5/8" On 7/31/72 c o l  lapses on t h e  1 l-3/4" 
c a s i n g  were found f rom 115 t o  630 rn 
and rep laced  by a 7-5/8" 

5/ 7/76 - 2/11/77 974.0 - 1326.0 7-5/8" 

No Chemistry Data 1079.0 - 1396.0 5-1/2" On 4/18/77 t h e  7-5/8" cas ing  was r e p l a c -  
ed by t h e  5-1/2" p r o d u c t i o n  c a s i n g  due 
t o  c o l l a p s e  i n  t h e  7-5/8" 

M-46 

M-51 

M-53 

M-92 

M-48 

M-84 

M-91 

No Chemist ry  Data 1086.0 - 1422.0 

8/24/73 - 1/24/77 1122.0 - 1599.0 
10/31/74 - 12/22/76 1785.0 - 1996.0 

No Chemistry Data 

No Chemistry Data 

No Chemist ry  Data 

No Chemist ry  Data  D r i  1 1  i n g  Stage Not concluded u n t i l  4/23/77 I 

7- 5/8" 

7- 5/8' I 

7-5/8" 

D r i  1 1  i n g  Stage 

D r i l l i n g  Stage 

D r i l l i n g  Stage 

7-5/8" c o l  lapsed c a s i n g  - needs t o  be 
repa i r e d  

E x p l o r a t o r y  We1 1 .  

Not concluded u n t i l  4/23/77 - 973 m 

Not concluded u n t i l  4/23/77 
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Tab le  2. C o n d i t i o n  o f  Temperature P r o f i l e  Measurements i n  Wel ls  P r i o r  t o  Commercial P roduc t i on  (1969). 

M- 8 

M- 9 

M-10 

M-20 

M-26 

M- 29 

M- 34 

I Well  NO. I Flow C o n d i t i o n  I 

F lowing t h r o t t l e d  w i t h  a 2 i n c h  d iameter  o r i f i c e  a t  a w e l l  head p ressu re  o f  625 p s i g .  

F low ing  t h r o t t l e d  w i t h  a 3 i nch  d iameter  o r i f i c e  a t  a w e l l  head p ressu re  o f  287 p s i g .  

Non f l o w i n g ,  wa te r  l e v e l  a t  unknown depth.  

F lowing t h r o t t l e d  w i t h  a 3 i nch  d iameter  o r i f i c e  a t  a w e l l  head p ressu re  o f  475 p s i g .  

F lowing w i t h  t h e  w e l l  head v a l v e  p a r t i a l l y  open, a t  a w e l l  head p ressu re  o f  698 p s i g .  

F lowing t h r o t t l e d  w i t h  a 3 i n c h  d iameter  o r i f i c e  a t  a w e l l  head p ressu re  o f  265 p s i g .  

Non f l o w i n g ,  wa te r  l e v e l  a t  unknown depth.  

I M - 3  I F lowing by smal l  d iameter  p i p e  (2  inches)  a t  a w e l l  head p ressu re  o f  3 . 7  p s i g .  I 

M-39 

I M-5 1 F lowing t h r o t t l e d  w i t h  a 2 i n c h  d iameter  o r i f i c e  a t  a w e l l  head p ressu re  o f  693 p s i g .  1 

Non f l ow ing ,  wa te r  l e v e l  a t  unknown depth.  

I I M-6  1 Non f l o w i n g ,  w a t e r  l e v e l  a t  12.5 mts. depth. 

I M - 7  I Non f l o w i n g ,  wa te r  l e v e l  a t  unknown depth. 1 

1 M - 3 8  1 F low ing  t h r o t t l e d  w i t h  a 3 i nch  d iameter  o r i f i c e  a t  a w e l l  head p ressu re  o f  475 p s i g .  I 

h 

m 
L 

Y 
al 

0) 
E 

.c 
U 
P 
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v 
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c 
20 60 100 140 I 80 220 260 
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T a b l e  3. A n a l y t i c a l  Methods A p p l i e d  a t  t h e  C e r r o  P r i e t o  L a b o r a t o r y  - D i s s o l v e d  I o n s  

Ba 

Be 

I C o n s t i t u e n t  I Dates  I Met hod 1 R e f e r e n c e  

9 /23 /76  - P r e s e n t  AA - Flame E m i s s i o n  Mode 6 

9 /23 /76  - P r e s e n t  AA - Flame E m i s s i o n  Mode 7 

Ca 

c o  

9/18/68 - P r e s e n t  EDTA T i t r a t i o n  9 
1975 - P r e s e n t  AA - Flame E m i s s i o n  Mode 10 

9 /23 /76  - P r e s e n t  AA - Absorbance Mode 1 1  

9 / 2 3 / 7 6  - P r e s e n t  

9/18/68 - P r e s e n t  

AA - Flame E m i s s i o n  Mode 12 

T i t r a t i o n  t o  P h e n o l p h t h a l i e n  13 
E n d p o i n t  

Mg 

Mn 

9/18/68 - 7/15/76 EDTA - T i t r a t i o n  27 

7 /15 /76  - P r e s e n t  AA - Absorbance Mode 28 

9 /23 /76  - P r e s e n t  AA - Absorbance Mode 29 

9 /18 /68  - 7 /15 /76  

7/15/76 - P r e s e n t  

9 /23 /76  - P r e s e n t  

Flame P h o t o m e t r i c  30 

AA - Flame E m i s s i o n  Mode 3 1  

AA - Absorbance Mode 32 

Pb 

Rb 

9 /23 /76  - P r e s e n t  AA - Absorbance Mode 33 

9 /23 /76  - P r e s e n t  AA - Flame E m i s s i o n  Mode 34  

9 /23 /76  - P r e s e n t  

9 /18 /68  - 9 /23 /76  

TQH ( T e t r a h y d r o x i q u i n o n e )  Method 

T u r b i d i m e t r i c  

S r  

Zn 

9 /23 /76  - P r e s e n t  AA - Flame E m i s s i o n  Mode 39 

9 /23 /76  - P r e s e n t  Ab - Absorbance Mode 40 

9 /23 /76  - P r e s e n t  

7/ 9 / 7 6  - 9 /23 /76  

9 /23 /76  - P r e s e n t  

6 /  9 /72  - P r e s e n t  

AA - Flame Absorbance Mode 

M e r c u r i c  Bromide S t a i n  

AA - Absorbance Mode 

A I  

As 

B 

I B r  I 6 /  9 /72  - P r e s e n t  1 C o l o r i m e t r i c  w i t h  Phenol  Red I 8 

~~ ~ ~~ 

I ~~~ C 1  (/18/68 - P r e s e n t  I Mohr Method I 14 

I Cr I 9/23 /76  - P r e s e n t  I AA - Absorbance Mode I 15 
~~ ~~ I ~ Cu r 9 / 2 3 / 7 6  - P r e s e n t  I AA - Absorbance Mode 

T h o r i u m  N i t r a t e  T i t r a t i o n  17-18 

C o l o r i m e t r i c  w i t h  P h e n a n t h r o l i n e  

AA - Absorbance Mode 

T i t r a t i o n  f r o m  P h e n o l p h t h a l i e n  
t o  M e t h y l  Orange E n d p o i n t  

6 /  9 / 7 2  - P r e s e n t  

6 /  9 /72  - 9 /23 /76  

9 /23 /76  - P r e s e n t  

9/18/68 - P r e s e n t  

I I I 6/ 9 /72  - P r e s e n t  I P h o t o m e t r i c  w i t h  C e r i c  S u l f a t e  I 22 

I K  9/18/68 - 7/15/76 
7/15/76 - P r e s e n t  

Flame P h o t o m e t r i c  

AA - Flame E m i s s i o n  Mode 

9 / 1 8 / 6 8  - 7/15/76 
7/15/76 - P r e s e n t  

Flame P h o t o m e t r i c  

AA - Flame E m i s s i o n  Mode 

7/15/77 - 7/ 9/77 G r a v i m e t r i c  

J/ 9/77 - P r e s e n t  AA - Absorbance Mode I S i 0 2  
35 I 36 
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T a b l e  4. Chemica l  A n a l y s e s  ( m g / l ;  Na/K r a t i o  i s  a t o m i c )  i n  R e p e a t e d l y  C o l l e c t e d  Samples o f  t h e  W e l l s .  

F low  C o n d i t i o n  D i c t i o n a r y  f o r  T a b l e  4 
( S p a n i s h  - E n g l i s h )  

1 .  

2. 

3. 

4. 

5. 
6 .  

7. 

8. 

9. 
IO. 

Con0 = C 

Desca rga  L a t .  

Desc. Aqua Laguna 

D e s c o n t r o l a d o  

L i n e a  = L 

L i n e a  L a t e r a l  = 
L i n e a  L a t .  

Fondo Sep = Fondo 
S e p a r a t o r  

P = Purga  

P.Sep. = P . S .  

P r i m e r o s  F l u j o s  

Cone, t h r o t t l e ,  o r  e q u a l  t o  I I .  

12. 

L a t e r a l  o r  h o r i z o n t a l  d i s c h a r g e . 1 3 '  
14.  Wate r  d i s c h a r g e  t o  t h e  e v a p o r a -  

t i o n  pond ( l a k e ) .  15. 
B l o w o u t .  

L i n e  - p i p e  ( l a t e r a l  p i p e ) .  16. 

L a t e r a l  p i p e .  17. 
18. 

Sample f rom t h e  b o t t o m  o f  t h e  19. 

20. 

21. 
Sma l l  p i p e  ( f l o w b y ) .  

S e p a r a t o r  p r e s s u r e .  

F i r s t  f l o w .  

o r i f i c e  b u t  by v e r t i c a l  d i s -  
c h a r g e .  

s e p a r a t o r .  

S = Sep.=Separador  C e n t r i f u g a l  s e p a r a t o r .  

Sp and S V  F low  by s e p a r a t o r  and s i l e n c e r .  

0 = D r i f i c i o  Or i f i ce .  

@ D i a m e t e r  o f .  

V e r t . =  V e r t e d o r  = W e i r .  
V 

S . V .  V e r t i c a l  s i l e n c e r .  

N i v e l  B a j o  Low w a t e r  l e v e l  i n  t h e  s e p a r a t o r  

Med. M e a s u r i n g  f l o w  o f .  

Tub0 P i p e .  

V.  R. P a r t i a l l y  open v a l v e  

N.D. Not  a n a l y z e d .  



T a b l e  4. Chemica l  A n a l y s e s  (mg/ l ;  Na/K R a t i o  i s  A t o m i c )  i n  R e p e a t e d l y  C o l l e c t e d  Samples of t h e  W e l l s .  

W e l l  M-IA 

Sample 
Number 

5 

6 

IO 

1 1  

12 

13 

14 

15 

16 

18 

19 

K L i  Ca Mg C I  B r  I F As B SO{ COT ~ ~ 0 3 -  s i 0 2  PH Na/K 
a t o m i c  

/4/66 4450 570 12.2 210 n.d.  7420 5.2 0.95 t r a c e  n . d .  54.2 7.2 9.0 51.8 229 8.1 13.25 

7/67 5025 644 15.3 220 n . d .  7900 11.3 3.7 t r a c e  n.d.  44.5 71.5 6.0 48.8 241 8.2 13.04 

Flow Date  Na Pc 
( p s i g )  C o n d i t i o n s  

a 

8.0 - 17.9 27.9 240 - 12.1 

7.1 - 11.0 54.5 260 - 12.4 

7511 - 

- V.R. I /  8/72 4125 526 9.9 222 - 7497 - 

L i n e a  - /8,, IO/ 7/72 4335 610 11.0 208 - 

- V.R. 2/ 9/72 4150 632 11.72 228 - 7674 - 9.5 - 5.2 58.6 205 - 1 1 . 1  

- V.R. 3/10/72 4200 612 13.25 224 - 7741 - 7.3 - 4.8 43.9 240 - 11.7 

8.4 - 10.5 47.9 250 - 10.8 - V.R. 7/11/72 3737 587 11.75 236 - 7669 - 
- V.R. 5/12/72 4175 575 11.62 212 - 7470 - 8.7 - 0 62.5 235 - 11.3 

4/ 1/73 4575 590 11.8 232 - 7719 - 9.2 - 8.0 68.0 200 - 13.18 

I /  2/73 4375 587 11.8 228 - 7636 - - 10.0 - 8.2 59.8 300 - 12.65 

7498 - - 12.70 201 4/74 4396 587 8.2 233 - 

r- 
W r 

W e l l  M-2A -- 



c 

Sample 
Number 

c. 

K Li Ca Mg CI Br I F A S  B SO< COT ~ ~ 0 3 -  si02 p~ Na/K 
Pc Flow 

(psig) Conditions Date Na atomic 

Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples of  the Wells. 

Well M-3 

451 

687 

787 

788 

790 

792 

793 

794 

795 

798 

800 

801 

802 

~~ 

I10 P .  1/2"$ 18/ 9/68 5750 1353.0 9.95 348.0 - 10365 - 8.4 - - 17.1 586.2 - 7.15 

7.11 

272 S.10" 12/10/70 6468 1442.0 20.4 360.0 - 11426 - - 10.8 - 3.6 n.d. - 7.62 

8.73 

204 P. 2"$ 26/ 1/72 7312 1372.0 16.75 312.0 - 11279 - - 13.1 - - 58.5 570.0 - 9.06 

- 81.7 629.0 - 325 S. IO" 6/ 3/70 6562 1568.0 20.7 392.0 - 12019 - 7.6 - 

- 488.0 524.5 - - 10.8 - 242 P .  2"$ 2/ 3/71 7125 1387.0 27.7 352.0 - 11040 - 

7.0 

6.9 201 P .  2"$ 1 1 /  3/72 6500 1600.0 16.25 324.0 - 11026 - - 14.6 - 

210 P .  2"@ 18/ 4/72 5775 1362.5 15.12 281.4 - 10831 - - 14.3 - - 93.63 590.0 - 7.2 

- 87.3 525.0 - 

- 96.4 650.0 - 

204 P .  Z"$ 17/ 2/72 6250 1502.0 14.75 316.0 - 10836 - - 15.2 - 

198 P. 2"r) 9/ 5/72 5800 1387.0 17.37 316.2 - 10998 - - 13.0 - - 42.7 537.5 - 7. IO 

205 P .  2"$ 9/ 6/72 6125 1380.D 19.0 322.5 10.4 11279 1.9 0.5 2.12 0.33 15.2 13.8 11.9 63.1 630.0 8.03 7.54 

205 P .  2"@ 7/ 7/72 6125 1390.0 18.75 355.8 - 11120 - - 11.3 - - 55.9 485.0 - 7.6 

7.6 

6.8 

200 P .  2"r) I /  8/72 5875 1312.0 15.0 331.0 - 11261 - - 11.0 - 13.7 64.2 507.0 - 

130 P .  2"@ 2/ 9/72 5175 1287.0 16.5 320.0 - 10216 - - 10.9 - 11.1 175.0 512.0 - 
P 

Sample 
Number 

427 

482 

557 

560 

561 

563 

K Li Ca Mg CI Br I F A S  B SO; COT ~ ~ 0 3 -  si02 p~ Na/K 
Pc F l o w  

atomi c (psig) Conditions Date Na 

orifice 
570 3 , ~  6 18/ 9/68 8637.5 2317.5 29.1 506 - 16473 - - 21.5 - 3.66 I176 - 6.33 

IO/ 4/69 9062.5 2287.0 - 520 - 16045 - - 13.7 - - 74.4 - - 6.7 570 3" $ 

110 '/'"@ 6/ 3/70 6000.0 1518.0 17.4 316 - 10504 - 7.1 - - 174.4 639 - 6.71 

150 I/'"@ 12/  9/7C 6 475.12 1681.0 21.4 344 11278 - - 11.7 - 15.6 - 6.54 

- 11.6 - - 13.42 785 - 6.13 rn 
v1 

150 1 / 2 ' z @  2/ 3/71 5812.0 1612.0 21.6 324 - 11038 - 
190 1/2"$ 27/ 1/72 4825.0 1630.0 16.25 316 - 11230 - - 13.2 - - 104.9 785 - 5.03 

4 



Table 4. Chemical Analyses (mg/l; Na/K Ratio i s  Atomic) in Repeatedly Collected Samples o f  the Wells 

567 1 170 1 1/2"@ 117/ 4/721 6125.01 1667.51 16.8 1 255.2 I - I 11241 1 - 1 - i - - 

Well M-5 (Continued) 

15.1 - - 10.2 675 - 6.2 

568 

569 

571 

573 

I69 1/2"0 8/ 5/72 6200.0 1675.0 15.50 262.0 - 11057 - - 13.5 - - 829.5 757 - 6.29 

170 p. 1/2"$ 9/ 6/72 6125.0 1487 15.7 301.0 - 11131 - - 14.1 - 0 108.7 672 - 7.0 

I74 p. 1/2"$ 7/ 7/72 6312.0 1337 15.4 347 - 11315 - - 14.2 - 0 132.1 792 - 8.0 

180 p. 1/2"$ I /  8/72 5687 1567 15.2 279 - 11290 - - 10.1 - 0 138.3 795 - 6.2 

580 

581 

583 

584 

585 

591 

597 

598 
599 

- 10.5 - 7.86 117.2 790 - 6.3 180 P. 1/2"$ 3/10/72 5625 1512 19.5 360 - 11187 - 
193 P .  1/2"$ 3/11/72 6012 1487 18.0 312 - 11354 - - 12.0 - 0 146.5 695 - 6.9 

- 12.1 - 5.35 11.5 665 - 6.6 166 P .  1/2"$ 5/12/72 5950 1525 16.6 320 - 10657 - 

166 P. 1/2"$ 3/ 1/73 5800 1440 18.0 266 - 10956 - - 14.2 - 0.0 141 

204 P .  1 / 2 " $  1/11/73 6250 1560 17.5 328 - 11108 - 
660 - 6.8 

- 11.7 - 5.3 106 840 - 6.8 

320 123 P. 23/ 4/73 8750 2225 15.0 504 - 15195 17.7 0.5 0.25 0.09 16.2 2.0 0.0 73 683 7.5 6.7 

- 24.0 - 0.0 67 n.d, - 7.2 300 4-7/410,+ 24/ 5/73 9950 2350 30.7 584 - 17864 - 
300 100 0 . 5 .  21/  6/73 8914 2187 27.9 506 - 16747 - - n.d. - 986. - 6.9 
3oo Vertedor 

123 p.s. 

L. agua 

 IMP,^. 7 1 1  6/77 8737  711717 78 7 456 - 15346 - 707 - 6.8 

600 
601 

602 

603 r m 
r- I 

U 0 

W 
- 

300 II !I 2 5 1  7/73 83nn 2210 27.5 5 21 2.4 16431 - 6 .1  44 864 - 6.4 
L. agua. - 5.1 30 n.d. - 6.5 300 1OOp.s. 25/ 7/73 7950 2075 26.0 487 2.4 15597 - 

300 I' 'I 26/ 7/73 8135 2030 26.5 485 4.8 15577 - - 6.1 29 879 - 6.8 

- 950 - 7.1 290 " " 26/ 7/73 8250 1977 27.4 455 - 15344 - 
604 

605 

- 958 - 7.0 

vert. - 1035 - 7.2 
290 " '' 2 2 /  9/73 8053 1949 28.4 441 - 14999 - 
89.6 86.7p.s. 31/ 1/74 8750 2070 24.8 489 - 15850 - 



c 

K L i  Ca Mg C I  B r  I F As B SO; COT ~ ~ 0 3 -  s i 0 2  PH Na/K 
Sample Pc Flow 
Number (ps ig )  Condi t ions Date Na atomic 

605 1000 
v e r t .  - 611 - 6.3 

608 98.0 95.0p.s. 29/ 4/74 8582 2095 14.4 481 - 15241 - 
609 2595 S.V. v e r t  IO/ 7/74 8825 2028 25.9 500 - 15720 - - 1048 - 7.4 

Zw9b sep. 54'' 

610 96-95 I '  'I 30/ 8/74 9013 2066 26.2 450.5 - 15834 - - 7.4 ~ - ~ ~ _ _ _ _ _ ~ ~  ~ __ 
615 103 Sep. 54" 15/ 1/75 8079 1970 22.0 332 7.3 15600 - 1.42 1.34 0.7 18.5 1.3 9.6 28.0 949 - 6.97 

620 100 Sep. 54" IO/ 3/75 8037 1994 - 463 - 15005 - - 884 - 6.8 

625 90 " I' 20/ 5/75 8007 1877 - 46 1 - 15407 - 
632 110 I' " 15/ 7/75 7950 1950 22.3 460.5 15150 - 

651 108 I '  " 1 1 /  9/75 7900 1950 21.2 456.0 - 15466 - 

657 105 Sep. 54" 12/11/74 7550 1820 21.6 455.0 - 15600 - 

- 901 - 7.20 

- 958.4 - 6.93 

- 1097 - 6.89 

- 930 - 7.05 - 1 -  

662 100 " 8/ 3/76 7976 1892 21.8 455 0.5 15210 - - 1159 - 7.17 

- 900 - 7.01 663 108 Sep. 54" 24/ 5/76 7921 1922 18.9 523 0.48 14990 - 

666 106 " I' 21/ 9/76 8016 1899 22.90 504.0 0.50 1 14828 23.75 0.74 2.0 1.50 17.74 13.0 - 59.11 1318 7.89 7.18 

I, - 1034 - 7.08 667 I' " 21/12/7q 8487 1969 21.4 403.0 0.24 15599 - - 23.0 - 

. I 

Sample 
Number 

115 

c 

K L i  Ca Hg C 1  B r  I F A S  B SO; COT ~ ~ 0 3 -  s i 0 2  PH Na/K 
Pc Flow 

atomic (ps ig )  Condi t ions Oate Na 

- 26.8 481 - 25.82 80 1/2"$ 18-9-68 5156 1125 12.5 348 - 9603 - 2.3 - 

r W 
r 

122 

123 

125 

Table 4. Chemical Analyses (mg/l; Na/K Ra t io  i s  Atomic) i n  Repeatedly C o l l e c t e d  Samples o f  the Wel ls .  

23.4 1/2"$ 12-10-70 5000 1087 15.4 320 - 8815 - 9.3 - - 38.4 - - 7.81 

76.0 I"$ 17-2-72 4575 1187.0 11.75 292 - 9900 - 13.0 - - 197.6 465 * 6.55 

78.0 I"$ 111-3-72 5875 1287.0 14.5 1 322 1 - 
10245 - - 14.0 - - 257.9 485 - 6.7 

Well M-5 (Continued) 

Well M-7 

U z 
W 

v1 U 



Table 4 .  Chemical Analyses (mg/l; Na/K Ra t io  i s  Atomic) i n  Repeatedly Co l l ec ted  Samples o f  the Wel ls .  

w e l l  M-7 (Continued) 

I 

Sample P c  F l o w  Date Na K L i  Ca Mg C I  B r  I F As B SO; COT 
Number ( p s i g )  Condi t ions 

- 126 80.0 I"@ 18-4-72 4300 1287,O 14.5 316 - 10346 - - 13.6 - 
- 127 77.0 I"@ 18-4-72 5050 1125.0 13.75 268.3 - 9924 - 14.8 - 

128 ';,nan. I"@ 9-5-72 5400 1250.0 15.37 275.2 - 10176 - - 12.3 - - 

- 13.8 - 21.1 

- 13.1 - 8 . 2  

- 11.0 - 9 .6  

I"@ 8-6-72 6012 1187 15.12 311 - 10422 - 132 79 

133 74 I"@ 7-7-72 6000 1362 14.45 312 - 10340 - 
134 79 I"@ 1-8-72 5250 I187 12.75 295 - 10166 - 

2.62 135 77 I"@ 2-9-72 5250 1237 14.75 320 - 10266 - - 13.0 - 

- 10.0 - 7.2 

- 14.0  - 7.86 

- 13.8 - 26.8 

- 13.6 - 5 .4  

- 1 1 . 4  - 5.4 

I36 75 I " @  3-10-72 5625 1262 16.25 304 - 10030 - 

137 71 I"@ 7-11-72 5800 1175 16.0 316 - IO258 - 
I39 75 I"@ 5-12-72 5800 1262 16.0 304 - 10109 - 
140 81 P1/2"@ 3-1-73 5800 1125 14.5 308 - 10060 - 

143 88 P1/2"@ 1-2-73 5500 I137 15.6 316 - 10066 - 
146  1 1 4  Turb ine 

l"h I 8-11-73 5562 1099 - 264 - 9665 

147 50 ~ 1 / 2 " @  23-5-74 5759 936 10.4 304 - 9900 

P2"@ 20-1-75 4669 932 5.0 287 - 9100 

P2"@ 22-12-76 6125 922m 13.80 421 3.7 I l l 0 6 0  - 

148 35 

150 68 

~ ~ 0 3 -  s i 0 2  PH Na/K 
atomic 

264.4 445 - 5.68 

258.9 520 - 7.6 

187.3 475 - 7.55 

187.9 505 - 8 .6  

201.1 527 - 7 .5  

203.9 597 - 7 - 5  

207.7 482 - 7 . 2  

156.16 560 - 7.5 

197.0 530 - 8 .4  

136.0 480 - 7 .8  

190.4 485 - 8 . 7  

204.0 545 - 8.2 

- 9 .5  

- 454 - 10.4 

- 8.51 

- 546 - 7.02 



c 

Sample Pc 
Number (psig) 

K L i  Ca Mg CI B r  I F AS B SO; COT ~ ~ 0 3 -  s i 0 2  PH Na/K Flow 
Conditions Date Na atomic 

: 

176 

293 

296 

299 

307 

c 

- 101.6 - - 797 - I34 Con0 5.9" 3/10/67 - 401 30 15251 - 

- Cono 7" 4/11/67 8028 1948 - 395 18.6 14362 - - 824 - 7 - 93  - 

- Con0 7" 4/11/67 8562 1993 - 497 50.4 14645 - - 84.6 - - 1039 - 7 .3  

4/11/67 8512 2106 - 415 19.2 14835 - - 89.6 - - 954 - 6 . 8  

- 899 - 6 . 8  300 Nivel b a j o  4/11/67 8580 2123 - 398 34.7 14805 - - 82.1 - 

r W 

I Table 4 .  Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples o f  the Wells. r- 

- 1024 - 7.0 311 200 " 4/11/67 8782 2123 - 353 75.3 14909 - - 84.4 - 

322 113 - 4/11/67 8488 2171 - 405 36.2 14919 - - 80.9 - - 905 - 6.64 

- 1083 - 6.35 445 

- 68.3 IO44 - 7.28 

2/ 6/69 8305 2223 - 394 24.7 15841 - - 12.3 - 

6/ 3/70 7656 1787 22.8 428 - 14503 - - 10.7 - 

648 Cono 4" 
orif. 4" 
Sep. 54" 

665 j80 Vert .  

688 530 I '  12/10/70 7156 1795 22.0 380 - I3366 - - 13.6 - 1 . 2 2  - - 6.77 

691 507 2/ 7/70 7738 1912 - 378 14.1 13414 - - 12.8 - - 933 - 6.88 

2 .44  864.5 - 6 .5  697 648 Sep. 54" 2/ 3/71 7125 1862 23.1 404 - 13642 - - 10 .5  - 

705 670 Sep. 20" 28/ 1/72 7437 1990 19.25 404 - 13840 - - 17.7 - 

- 17.4 - 

- 46.3 770.0 - 6.35 

- 66.8 810.C - 7 .3  709 225 Sep. 544,  20" 17/ 2/72 7750 1800 20 .12  388 - 13889 - 

710 157 14/ 3/72 7800 1845 20.0 412 - 13563 - - 1 4 . 7  - - 7 7 . 1 2 9 4 0 . 0 -  7 .18 

711 160 Sep. 54" 17/ 4/72 6775 1687.!i 18.75 337 - 13417 - - 18.2 - - 68.8 870.0 - 6 .8  

712 168 Sep. 54" 8/ 5/72 6825 1825 19.50 342 - 12133 - - 17.0 - I n.d. 10.7 865 - 6 .34  

721 159 Sep. 54" 9 /  6/72 7025 1675 20.50 347 - 13052 - - 15.6 - 10.9 44.68 850 - 7.10 

726 159 Sep. 54" 8/ 7/72 8000 2075 20.0 425 - 14242 - - 16.2 - 0 33.5 995 - 6.54 

729 363 P. 2" $I I /  8/72 7750 2300 18.75 375 - I 14858 - 9.1 - 13.7 44.7 995 - 5.72 

738 690 Sep. 54" 4 /  9/72 7250 1800 23.00 398 - 14153 - - 13.0 - 23.6 14.6 910 - 6 . 8  

739 490 P .  2" @ 3/10/72 7400 2600 27.00 424 - 15732 - - 12.7 - 18.3 37.28 915 - 4.83 
vl u3 

I 741 1 740 1 S . V .  1 3/I l /721 8850 I 2500 1 31.75 1 472 1 - 1 16284 1 - I - I - I - 1 16.71 - I 5.24 145 .27  I 8 7 5  I - 1 6.02 1 

U 
0 

W 
- Well M-8 



Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples o f  the Wells. 
Well M-8 (Continued) 

I I 

743 705 

744 463 P. 2" @ 

m 
0 

, I , 
5/ 7/72 8400 2425 28.25 436 - 15089 - - 16.0 - 0 57.12 765 - 5.88 

3/ 1/73 9925 2550 29.75 488 - 16439 - - 16.1 - 8.02 48.96 765 - 6.61 

749 700 P. 2'' @ I I /  2/73 

752 435 Con0 3-1/2(16/ 4/73 

8250 2250 29.0 400 , - 14976 - - 15.2 - 2.7 57.1 1020 - 6.2 
I 

7775 2075 - 381.6 - 14514 - - 780 - 6.4 

753 

754 

755 

756 

757 

758 

759 

761 

765 

768 

772 

432 'I 16/ 4/73 6625 I984 - 315.3 - 13905 - . - 5.7 

120 Con0 7" @ 17/ 4/73 6775 2062 - 368 13885 - - 5.6 

232 Descarga 27/ 6/73 7995 2125 24.4 427 - 15885 - - 18 - 5.56 74 1218 - 6.4 

105 valv. 2'' 22/ 9/73 8483 2236 28 497 - 16241 - - 918 - 6.4 

102 22/2/74 8060 2066 23.7 487 - 15400 - - 979 - 6.6 

Lat.v. 6" 

112  3O/ 4/74 3525 1958 15.1 577 - 14408 - - 943 - 7.4 

IO3 Sep. ' I  I I /  7/74 8213 1835 22.8 445 - 14384 - - 914 - 7.61 
100 sv-med4c 

103 l o '  8 1  29/ 8/74 7919 1893 20.8 408 - 15158 - - 7.1 

;;; " 16/ 1/75 6535 1675 17.0 244 9.7 12700 - 1.28 0 .8  2.2 9.5 4.3 19.2 17.0 896 - 6.63 

110 Sep. 54" 12/ 3/75 6526 1557 - 324 - 11994 - - 893 - 7.1 

98 I '  21/ 5/75 6625 1557 - 315 - 12140 - - 863 - 7.27 

773 

781 

784 

1 

- 872.8 - 6.23 - I -  106 " 171 7/75 6100 1664 18.0 303 - 11800 - 

115 " 1 1 /  9/75 6420 1470 16.2 323 - 11863 - - 1098 - 7.42 

113 I '  11/11/75 6300 1440 20.0 314 0 11900 - - 895 - 7.43 

790 

791 

8 /  3/76 6435 1419 17.1 297 0.3 1 12110 - - 1045 - 7.71 

- 840 - 6.93 

1 1 1  " 

IO5 " 24/ 5/76 5591 1371 15.3 281 0.1 1 10580 - 

792 

79 3 

0.60 15.52 10.0 11.38 32.49 974 8.21 6.82 
m 

- r -  

98 ' I  23/9/76 5257 1310 14.50 258 0.04 10128 12.50 0.45 - 
94 " 21/12/76 6411 1456 18.60 382 0.14 11945 - - 974 - 6.80 A 

0 



c 

Sample 
Number 

Table 4 .  Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples o f  the Wells 
Well M-9 

Na/K B  SO^ COT ~ ~ 0 3 -  si02 PH K Li Ca Mg Cl B r  I F AS 
Pc Flow 

(psig) Conditions Date Na atomic 

c 

430 

432 

434 

r m 
r 
-4 0 

W 
- 

300 Con0 4.9" 17/12/67 7430 1358 16.9 505 21.5 12313 - - 93.9 - - 308 - 9 . 3  

250 17/12/67 7292 1345 16.2 504.4 I9 12208 - - 86.9 - - 272 - 9 .22  

635 17/12/67 7545 1399 16.8 523 22.4 12299 - - 35.9 - - 359 - 9.17 

717 

720 

- 489.5 - 8.75 300 Purga 1/2" 6/ 3/70 5968 1160 15.0 I 424 I 21 .8  10706 - 8.1 - 
75 " 12/10/70 5718 12063 17 1 400 I 17 9850 - 6.1 - - 8 . 2  

721 

723 

725 

726 

727 

100 " 2/ 3/71 4750 1187 14 .5  396 10.9 9652 - 8.7 - - 379.5 - 6 .8  

128 P. 2" $ 27/ 1/72 5575 1128 11.28 412 2 . 9  10540 - - 11.5 - - 410 - 8.4 

122 " 17/ 2/72 5675 1475 12.75 410 - 10545 14 - 11.3 - n.d. 76.4 - 3 5 5  - 6 .5  

126 " 1 1 /  3/72 6200 1300 17.5 442 - 10245 - - 11.9 - n.d. 82.6 655 - 8.1 

143 " 18/ 4/72 5600 1250 15.0 406 - 11192 - - 13.1 - n.d. 77.1 470 - 7.6 

728 

729 

140 " 9/ 5/72 5700 1340 19.25 416.8 - 11497 - - 11.6 - - 26.2 652 - 7.22 

'140 " 9/ 6/72 5762 1212 19.25 468.6 - 11771 - - 13.0 - 18.5 34.9 640 - 8.1 

731 

732 

733 

734 

755 

762 

738 

739 

741 

742 

743 

8/ 7/72 7000 1375 19.0 512.1 - 12291 - - 13.4 - 13.7 30.7 410 - 8 .65  

9 . 7  - 10.48 46.6 572.5 - 7.89 

245 " 

220 " 4/ 8/72 6500 1400 17.75 512.1 - 12284 - 

220 " 2/ 9/72 6425 I385 19.5 512.0 - 12309 - - 12.7 - 2.62 61.2 515.0 - 7.87 

9.6 29.28 530.0 - 8.24 165 " 3/10/72 6550 1350 19.0 480.0 - 11936 - 9.8 - 

7/11/72 6850 1340 20.30 492.0 - 12001 12.7 - - 12.7 - 18.34 39.94 510.0 - 8.69 192 " 

150 5/12/72 6000 1300 17.0 448.0 - 10657 - - 12 .0  - 0 73.44 540.0 - 7.84 

9.6 - 13.4 40.8 540.0 - 8 . 3  160 I /  2/73 6125 1260 17.2 468 - 11008 - 

- 16.8 - 10.7 57.1 532 - 8.0 I10 S.  54" $ 24/ 4/73 5437 I150 13.7 517 - 12773 - 

105 :. :4,, 24/ 5/73 6450 1070 17.3 499 - 11662 - 
100 " 14/ 6/73 6331 1067 n . d .  447 - 11459 - - 11.5 - 7 . 8  65.3 495 - 10.1 

- I 22.7 - 8.4 1 6 1 . 7  , - - 10.2 o n  o 

m - 
5/ 9/73 6128 1030 18.5 465 - 11537 - - 10.2 

loo Des. aqua 
Laguna 



Table 4. Chemical Analyses (mg / l ;  Na/K R a t i o  i s  Atomic) i n  Repeatedly Co l l ec ted  Samples o f  the  We l l s .  

Well  M-9 (Continued) 

Sample Pc Flow Na K L i  Ca Mg C I  
Number (ps ig )  Condi t ions Date 

B r  I F As B SO: COT ~ ~ 0 3 -  s i 0 2  PH Na/K 
atomic 

744 

745 

100 " 22/  9/73 - - 527 - 
82 fondo sep.26/ 2/74 5842 941 16.1 422 - 10076 - - 10.5 

746 

747 

- 512 - 11.2 go I '  (30/ 4/74 5550 838 12 .2  ( 437 1 - 10144 - 

168 1 5/ 7/74 6100 778 14.7 I 371 I - 9538 - - 13.39 

m N 

748 

749 

Well M-10 

70 Purga I " $  2 0 /  1/75 4058 532 4.0 343 - 7450 - - 12.98 

200 Con0 3-1/2"21/ 8/75 5820 910 13.6 500 - 11162 - - 346.5 10.87 

750 200 Orif.  4" " 5870 879 13.30 470 - 11032 - - 342.3 - 
751 190 O r i f .  6"$ 2 2 /  8/75 5730 848 13.35 465 - 10645 - - 357.3 - 11.49 

752 80 Con0 6" 9 " 5820 860 13.60 472 - I0845 - - 353 - 12.31 

753 230 P. 2" 25/ 8/75 5590 772 12.35 438 - 10311 - - 347.6 - 

754 108 Sep. 54" 1 1 /  9/75 6020 910 13.8 440 - 10862 - - 594.0 - 11.25 

757 108 " 11/11/75 5800 944 14.2 442 - 11100 - - 495.c - 10.44 

- 12.48 762 Lateral 9/ 3/76 5358 730 13.6 396 1.9 10020 - 

763 150 " 1 1 /  8/76 3918 522 - 317.6 - 7098.4 - - 65.9 - - 12.76 

Linea 

, 764 , 115 , P o  1 "  ,22/12/76,  4977 , 661' , 11.80 , 500 .0 ,  0 .75 , 9350 , - , - , - , - , - I - , - , - , 641.0, - , 9.75 I 

K L i  Ca Mg C I  B r  I F As B so[ COT ~ ~ 0 3 -  s i02  PH Na/K 
a tomic 

Sample Pc Flow 
Number ( p s i g )  Condi t ions Date Na 

3 360 271 1/67 ~ ~ : ~ ~ a l  7530 I155 - - 10530 - - 1 1 . 1  

4 465 27/ 1/67 " 5900 1100 - - 10700 - 9.1 

5 360 27/ 1/67 " 5950 1094 - - 10670 - - 520 - 9 .2  

- 43.8 16.1 - 73.2 451 5.9 9.12 24 350 30/ 1/67 " 5100 950 15.4 390 - 15.4 3.24 0 .3  

r- 
W P 

4 
0 - 
v, 



r m 
T a b l e  4. Chemical A n a l y s e s  (mg/ l ;  Na/K R a t i o  i s  Atomic)  i n  Repeatedly Co l l ec ted  Samples o f  the Wel ls .  r 

Sample 
Number 

101 

155 

0 

W 
- Well M-10 (Continued) 

+ 

Date  Na K L i  Ca Mg CI B r  I F A S  B SO; COT ~ ~ 0 3 -  s i 0 2  PH Na/K Pc Flow 
( p s i g )  Condit ions a t o m i c  

280 171 3/67 Orif. 3,, 4425 582 10.9 311 - 7020 7.0 - - 11.5 20.7 - 61.0 351 5 .6  12.9 

265 12/ 5/67 :rni'f.\?t 4900 670 7.9 332 - 8100 6.0 2.5 0 .7  - 65.3 20.8 - 59.9 381 - 12.4 

160 

161 

162 

171 

167 

174 

I 8 3  

187 

207 

225 

249 

251 

253 

254 

255 

256 

266 

- 309 - 15.8 218 31/ 5/67 Orif.3-4,, 4850 520 7.4 7670 - 

- 306 - 15.4 219 2/ 4/67 I '  4225 465 6.4 6680 - 

- 301 - 15.6 220 2/ 6/67 'I 4310 468 6 .4  6600 - 
182 31  7/67 Orif.),, 4600 486 10.0 348 - 7760 4.0 3.0 t r a c e  - 24.4 25.1 - 48.2 306 5.5 16.1 

175 21/ 6/67 ' I  3875 370 6.9 276 - 6150 - - 91.5 - 

255 8/ 8/67 " 5375 705 8.3 316 - 7870 7.3 2.5 0 . 7  - 41.3 14.6 - 79.3 351 5.7 12.9 

5.7 202 8/ 9/68 P. 1/2" 5437 1620 12.4 316 - 9613 6.9 t r a c e  - - 2.8 6.0 26.8 746 - 

I90 27/ 3/69 P. 1/2" 5040 1781 - 283 17.8 10639 - - 12.2 - 4.81 

8.8 - - 674.g - 5.63 

5.5 17.8 

395 6/ 3/70 I' 4968 1500 16.4 216 21.8 8958 - 

195 12/10/70 5968 825 16.8 460 27.9 9653 - - 10.7 - - 12.3 

462 2/  3/71 P. 1/2" 4562 1592 15.2 276 4.8 9405 - 6.6 - - 684.5 - 4.87 

- 17.0 - - 615 - 4.85 

5. I O  - 14.8 - n.d. 570.5 635 - 

210 1 1 /  3/72 " 5375 1550 15.25 300 - 9465 - - 15.6 - I '  454.4 780 - 5.89 

5.00 

234 27/ 1/72 I' 4750 1665 13.62 304 2 .4  9686 - 

212 17/ 2/72 P. 1/2"1$ 4875 1600 15.62 332 - 9555 - 

'I 462.7 700 - 9875 - - 17.1 - 210 17/ 4/72 I '  4675 1580 14.87 261 - 

222 a/ 5/72 1 1  5500 1625 18.75 300 - 10200 - - 14.6 - I '  354.3 622. - 5.74 

151 Purga 1/2" 3/ 1/73 4687 1362 15.0 284 - 9162 - - 15.3 - - 217 625 - 5.8 



Table 4.  Chemical Analyses (mg/l; Na/K Ratio is Atomic) i n  Repeatedly Collected Samples of the Wells. 

r 

80 

181 

Well M-ll 

~ ~ 

599 Purga l / 2 "  27/ 8/67 9210 2168 26.6 443 23.6 15525 - - 100.5 - - 599.8 - 7.22 

275 ,I 23/ 4/69 2040 7331 - 443.7 24.7 14353 - - 1 2 . 2  - - 6.11 

I Sample1 ~c I FIOW 1 Date 1 Na I K 1 Li 1 Ca I Mg 1 CI 1 Br I I 1 F I As 1 B 1 SO; 1 C O F  1 HCO3- 1 Si02 1 pH I Na/K 
Number (psig) Conditions atomic 

201 

204 

- 674.5 - 6.52 252 6/ 3/70 1637 6281 19 318 28.9 11059 - 4.75 - 

262 12/10/70 1887 6281 19.9 336 13.3 11130 - - 10.7 - I, - 6.33 

206 

208 

I 3  - 780 - 6 .07  283 27/ 1/72 1787 6387 18 332 12.15 12530 - - 13.6 - 

283 17/ 2/72 6750 1825 16.2 358 - 12412 - - 13.6 - n.d. 96.1 695 - 6.2 

" 104.6 665 - 6 .7  1 1 /  3/72 7000 1762 19.7 330 - 12292 - - 14.0 - 209 260 

213 295 I 8 /  6/72 1362 1362 15.7 279 - 10540 - - 1 2 . 0  - - 147.6 680 - 7.3 

- 220.7 402 - 7.9 214 214 8/ 7/72 3120 720 9 . 5  86 .8  - 5511 - 6 . 9  - 

215 215 4/ 8/72 4250 1242 10.45 243 8157 - 7.2 - 

249 360 2/ 9/72 8350 2260 28.2 544 - 16445 - 

- - 186.4 595 - 5 . 8  

- 21.9 - 3.9 39.9 840 - 6 . 3  

261 360 !I 5/10/72 7000 2075 30.0 596 - 15732 - - 14.9 - - 39.9 015 - 5 . 7  

8954 - 267 270 7/11/72 4625 1250 1 4 . 2  280 

269 306 5/12/72 4300 1337 14.2 276 9262 - 

- 10.3 - 5.2 316.9 525 - 6 . 3  

- 1 1 . 5  - 16.0 152.3 535 - 5 .4  

- I68 I 520 , - 6 .9  

I t  

, 270 , 308 , " , 3/ 1 /73 ,  5300 , 1300 15 I 310 , - , 9263 , - - 12  , - 

271 

275 

280 

281 

282 

284 

285 

r 

r I 
U 

Lo 

m 

0 

362 P. 2"41 I /  2/73 6425 1530 18 344 - 11256 - - I I  - 136 775 - 7.1 

- I6 6 . 2  - 46 597 7.6 5.2 

- 66 652 - 7.2 

- 59 870 - 7.1 

- 15324 - - 927 - 7.7 

- 15300 - - 682 - 7.4 

580 3-513:,, " 231 4/73 5500 1787 14 452 153 13150 1 . 5  . l  

' I  24/ 5/73 7775 1825 28 498 - 15032 - - 25 

14/ 6/73 8281 1987 n.d. 494 - 15965 - - 17 
580 med. ni:el 

578 m.n. 3-5/8'' 
570 ext. tub. 22/  9/73 8416 1846 27 551 

587 ver.3-5/32"18/ 2/74 8166 1880 26 565 
,I 

,I - 838 - 7.9 603 29/ 5/74 8333 1806 24  55 1 - 14800 - 



e 

Sample 
Number 

286 

287 

298 

311 

315 

316 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 

332 

1 

c 

K Li Ca Mg C 1  Br I F A s  B SO; C O ~  ~ ~ 0 3 -  si02 PH Na/K Pc Flow 
atomic (psig) Conditions Oate Na 

2, IO/ 7/74 8600 1818 25.1 563 - 15088 - .9 - 873 - 8.04 Sep. 54" 
608 "er.3-5/3 

,I 615 30/ 8/74 8875 1834 24.4 527 - 15284 - - 8 . 2  

450 ,I 20/1/75 7504 1496 22.0 561 7.3 14450 - 1.3 0.4 0.4 9.8 4.3 9.6 44 758 - 8.5 

445 Sep. 54" IO/  3/75 7829 1510 - 639 - 14791 - - n.d. - 8.8 

- 551 - 13.4 

180-190 Sep. 54" 27/ 5/75 6360 772 - 653 - 11994 - - 14.0 

225 Orif.5/32 22/ 5/75 6332 801 - 645 - 12160 - 

200 Purga 2" 13/10/75 6380 630 - 747 - 12750 - - 535.7 - 17.21 

175 Con0 3-1/2 13/10/75 6400 650 - 742 - 12750 - - 482.1 - 16.74 

187 Orif.3" 13/10/75 6600 668 - 813 - 13300 - - 582.8 - 16.80 

128 Cono 5" 13/10/75 6300 630 - 780 - 12300 - - 531.4 - 17.16 

133 Lat. 6" 14/10/75 6100 600 1 - I 696 - 12100 - - 1 - 525.0 - 117.28 

- 514.c - 17.75 79 Cono 6" 14/10/75 5950 570 - 620 - 11400 - 

65 Con0 7" 16/10/75 6010 560 - 600 - 11000 - - 546.5 - 18.24 

Pga. 1/411 271 5/76 6765 1466 18.4 479 - 11850 - - 7.84 

I97 Orif. 3" 16/10/75 5600 560 - 618 - 11300 - - 525.C - 17.00 

312 Pga. 1 1 1  71 6/76 7272 1581 20. I 454 - 12850 - - 6.82 

275 Cono 2" 7/ 6/76 7871 1955 23.7 521 - 15167 - - 6.84 

150 Orif. 3" 8/ 6/76 8365 2069 24.8 524 - 15342 - - 6.87 

98 23/ 9/76 8229 2031 25.20 550 0.34 16129 36.50 0.70 1.70 1 . 1 0  - 12.00 - 59.11 1345.~ 7.90 6.89 

92 Orif. 4" 14/ 6/76 8106 2048 25.0 521 - 15372 - - 6.73 

105 22/12/76 8366 2124 23.60 389 0.22 15588 - - 6.70 

VI 

r- m r- 
I 

U 

Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples o f  the \Jells. 

0 Well M-ll (Continued) 
W 



Table 4. Chemical Analyses ( m g / l ;  Na /K  Ratio is Atomic) i n  Repeatedly Collected Samples o f  the Wells. 

Well M-13 

Sample Pc F l o w  K Li Ca Mg CI Br I F As B SO[ C O ~  
Number (psig) Conditions Date Na ~ ~ 0 3 -  si02 PH Na/K 

atomic 

5 

56 

129 

138 

139 

26/ 7/68 7928 2245 21.8 406.9 6.15 13920 - - 9.1 - - 1169 - 6.0 240 

417 29.8 15675 - - 12.9 - - 1149 - 6.07 555 Orifice 6" 
555 Orif. 3.5 6/ 3/70 7406 1975 24.5 436 21.8 14140 - - 11.2 - - 1109 - 6.37 

- 6.52 

270 Purga 1" 2/ 3/71 6687 1780 18.7 384 14.6 12721 - - 11.8 - 754 - 6.58 

5" 27/ 3/69 8559 2396 27 

247 Purga 1 "  12/10/70 6593 1718 25.7 408 21.8 12854 - - 14.1 - 

141 

143 

Well M-14, 

231 I 4  26/ 1/72 6262 1705 19.5 328 17.0 12560 - - 17.6 - 840 - 6.24 

660 P. I"@ 16/ 2/72 8937 2162 23.5 460 - 15761 - - 19.0 - n.d. 57.3 951 - 7.0 

144 

147 

174 

217 

263 

264 

265 

160 1 1 /  3/72 6225 1587 16.0 296 - 11172 - - 14.1 - n.d. 107.4 635 - I 6.7 

S.M. Descontro 18/ 4/72 8000 2525 21.1 406 - 15642 - - 19.2 - n.d. 79.9 870 - 5.4 

220 i:5,k;, 9/ 5/72 8750 1950 22.8 492 - 15949 - - 16.6 - n.d. 40.3 910 - 7.6 
Lado. 

148 :lrp ' 9/ 6/72 8775 2200 26.0 448 - 16254 - - 18.5 - 11.9 26.8 880 - 6.7 

I04 P .  2"@ 26/ 1/74 5690 841 I3 372 29 10120 - - 11.7 

300 12/ 2/74 6608 1152 19 461 5 11950 - - 9.9 ' 

50 25/ 3/74 5463 745 12 360 22 8821 - - - 12.5 

2 

3 

4 

5 

210 V.R. Pga LI' I /  7/76 2811 789 - 150 - 5409 - - 6.05 

- 5.92 r 

- 8.51 4 
0 

m r- 
- PGA. 1" 12/ 7/76 3202 919 - 158 - 6098 - 
395 Con0 3-1/2'14/ 7/76 3087 617 - 21 - 5864 - 
325 Con0 3-7/8 151 7/76 318 58 - 17.8 - 550 - - - 9.26 
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Table 4. Chemical Analyses (mg/l; Na/K R a t i o  i s  Atomic)  i n  Repeatedly  C o l l e c t e d  Samples o f  t h e  Wel ls  

We1 1 M - l 5 A  

Sample 
Number 

1 

B r  I F AS B SO; COT ~ ~ 0 3 -  Si02 PH atomic Na/K Date Na K L i  Ca Mg C I  Pc F low 
(ps i g )  Cond i t i ons  

686 Purga IF IO/ 7/74 10.3 2.4 - 41 - - n.d. - 7.00 
v. r. 

2 

3 

4 

5 

6 

7 

8 

9 

563 Con0 3" 15/ 7/74 3000 722.7 - 164.3 - 5730 - - 7.05 

432.8 - 13505 - - 728 - 7.61 526 O r i f . 3 "  15/ 7/74 7530 1640 - 

395 O r i f . 4 - 1 / 4 '  16/ 7 /74  6833 1541 - 448.8 - 13011 - - 846 - 7.53 

16/ 7 /74  7150 1563 - 416.8 - 12991 - - 823 - 7.78 

300 Or i f .5-1/2 17/ 7 /74  7100 1525 - 420.8 - 13042 - - 817 - 7.91 

420.8 - 13193 - - 820 - 7.69 293 L inea 6" 17/ 7/74 7083 1565 - 

420.8 - 13068 - - n.d. - 8.66 300 l g /  7/74 7544 1480 - 

~~ ~~ 

389 

I, 22/ 7 /74  7360 1437 - 801.6 - 13158 - - 8.70 298 

IO 

1 1  

321 29/ 7/74 7566 1360 - 408.6 - 12868 - - 9.45 I, 

280 30/ 8/74 7731 1405 16.6 425.0 - 13042 - I t  - 9.40 

A 

17 

20 

22 

28 

32 

212 Sep .54"  1 5 / 1 / 7 5  6003 1125 15.0 321.0 13.1 11500 n.d. 1.0 1.7 2.3 9.1 29.8 24.0 19.5 678 n d 9.07 

200 1 1 /  3/75 5992 I107 - 

288 23/ 5/75 6141 1044 - 
413.0 - 10926 - - 668 - 9.1 

405.0 - 11311  - - 636 - 10.0 

165 I, 28/ 7/75 5980 IO04 12.64 265.0 - 11100 - - 619 - 9.74 

,I - 717 - 10.69 158 1 1 /  9/75 6350 I010 13.0 432.0 - 11315 - 
38 

43 

44 

45 

46 

47 

100 10/11/75 5830 1000 13.0 375.0 - 11140 - - 600 - 9.91 

8/ 3/76 5810. 984 13.3 381.0 1 .5  10900 - - 717 - 9.62 

- 580 - 9.89 

97 

102 24/ 5/76 5822 1001 13.5 409.0 1.6 IO890 - 

100 2 j /  9/76 5051 984 12.90 407.0 1.57 11057 9.25 0.63 - 

100 21/12/76 5819 855 10.90 313.0 1.70 10286 - - 781.0 - 11.57 

1.20 14.72 8.0 9.84 54.51 746 8.25 10.28 

- 781.0 - 11.98 - r  A 
0 

100 24/ 1 /77  5630 799 10.90 345.0 1.70 9877 - - 



c 

0 

u3 
- Well M-lgA 

w 

K Li Ca Mg CI Br I F As B so,= COT ~ ~ 0 3 -  si02 PH Na/K 

29/ 6/74 5890 1095 n.d. 490 n.d. 9488 n.d. n.d. n.d. - 7.90 1 

2 0 l9/ 7/74 5608 1203 n.d. 353 n.d. 9975 n.d. n.d. n.d. - 7.91 

Sample Pc Flow 
Number (psig) Conditions Date Na atomic 

Purga 2" 
v.  r. 

I, 

I, 3 0 12/ 8/74 6120 1438 n.d. 305 n.d. 10145 n.d. n.d. n.d. - - 7.22 

4 445 20/ 1/75 7518 1872 20.0 464 n.d. 14320 n.d. n.d. n.d. - 6.81 

5 445 IO/ 2/75 7233 1877 - 455 n.d. 14740 n.d. n.d. n.d. - 6.55 

6 440 Orif. 3" 1 1 /  2/75 8722 2183 - 553 n.d. 17000 n.d. n.d. n.d. - 6.79 

7 315 Orif. 4" 1 1 /  2/75 8607 2177 - 557 n.d. 16960 n.d. n.d. n.d. - - 6.72 

8 200 Linea 6"$ 12/ 2/75 8648 2157 - 549 n.d. 16970 n.d. n.d. n.d. - 6.84 

9 88 Con0 7" 0 12/ 2/75 7122 1825 - 449 n.d. 14360 n.d. n.d. n.d. - 6.62 

IO 415 Orif. 3" l3/ 2/75 8540 2124 - 547 n.d. 16750 n.d. n.d. n.d. - 6.83 

1 1  558 Linea 6"$ 14/ 2/75 8066 2058 1 - /505 n . d ~ 1 5 8 5 0 n . d . n . d . n . d . - - - - - - - ~  - 862 - 6.7 

- 923 - 6.9 14 102 Sep. 54" IO/ 3/75 8606 3157 - 525 n.d. 16025 n.d. n.d. n.d. 

19 99 20/ 5/75 8702 2105 - 517 16431 - 880 7.03 

23 120 Sep. 54" 15/ 8/75 8320 2260 24.33 525 - 16950 975 6.25 

I ,  

I, 26 115 1 1 /  9/75 7580 1890 20.3 441 - 14666 - - 1296 - 6.82 

35 114 9/ 3/76 8232 2087 22.9 493 0.4 16200 - - I121 - 6.71 

36 110 24/ 5/76 8490 2110 23.4 572 0.25 16110 - - 6.84 

,I 

,I 

,I 231 9/76 8238 2058 24.40 556 0.21 16329 28.33 0.65 - 1 . 1 1  17.26 12.00 0.0 43.70 1291 8.25 6.81 

,I 21/12/76 8707 2118 21.30 440 0.18 16148 - - 1094 - 6.98 
37 114 

38 109 

o\ ul 

c 



1 

-4 0 

Sample 
Number 

74 

Table 4. Chemical Analyses ( m g / l ;  Na/K R a t i o  i s  Atomic) i n  Repeatedly Co l l ec ted  Samples o f  the Wel ls .  

L i  B r  I F AS B so{ COT ~ ~ 0 3 -  s i 0 2  PH Na/K 
atomic 

Ca Mg C I  K Pc Flow Date Na 
( p s i g )  Condi t ions 

442 :. dfes:. 6 - 776 - 8.47 r i  * *5",18/ 1/68 7625 1530 - 428 34 12780 - - 81.8 - 

Well M-20- 
1 

443 

445 

446 

447 

449 

451 

452 

453 

454 

455 

456 

457 

459 

267 Purga 2"$ 27/ 1/72 7125 1212 16.75 628 7.29 12708 - - 16.2 - - 835 - 9.99 

276 Purga 2"$ 17/ 2/72 6000 1175 15.2 508 - IO885 - - 11.8 - n.d. 84.6 480 - 8.68 

110 Purga 2"$ 14/ 3/72 5875 1180 19.2 700 - 12051 - - 17.0 - n.d. 88.12 579.5 - 8.46 

93 Purga I " $  17/ 4/72 5632 1255 16.6 549 - 11309 - - 11.7 - n.d. 308.4 610.0 - 7.63 

n.d. 227.4 622.5 - 7.29 

~ 

95 Purga I " $  8 /  5/72 5800 1350 19.0 553 - 11546 - - 13.5 - 
105 Purga l"$ 8/ 6/72 6387 1285 19.12 610 - 12215 - - 12.6 - 0.0 281.8 537.0 - 8 .4  

109 Purga I "$  7/ 7/72 6500 1390 18.7 642 - 11901 - - - 14.2 - 8.2 262.6 635.0 - 7.94 

126 Purga 1"O 5/ 8/72 6675 1500 18.12 707 - 12510 - - 10.4 - 

128 Purga I " $  5/ 9/72 6325 1415 19.6 708 - 12608 - - - 10.5 - 11.8 174.5 595.0 - 7.60 

0 170.4 635.0 - 8.01 144 Purga I"$ 3/10/72 6050 1475 23.0 728 - 12935 - - 11.0 - 

157 Purga I"$ 3/11/72 6760 1425 20.25 672 - 12948 - - - 13.7 - 0 154.5 615.0 - 8.04 

120 Purga I"$ 5/12/72 6200 1450 21.75 656 - 12250 - - 13.0 - 

0 268.1 605.0 - 7.56 

- 

5.35 108.8 590.0 - 7.44 

110 Purga I " $  3/  1/73 6187 1275 18.2 664 - 10657 - - 13.2 - 0 263 500 - 8 . 2  

460 

461 

462 

463 

464 

465 

466 

467 

0 185 650 - 8.0 

- 447 - 8 . 1  

400 Cono 2" 7 /  8/73 6090 1375 1 1  52 1 - 12060 - - 7.5 

170 Cono 6" 8/ 8/73 5817 1165 - 463 - 10603 - - 8 . 5  

170 Cono 6" 8/ 8/73 5825 1170 - 473 - 10773 - - 8 . 5  

9 1  8/73 6725 1450 - 555 - 12673 - - 7.9 

- 8.0 

150 Purga I " $  I /  2/73 6750 1475 ' 21.7 656 - 12645 - - 14.2 - 
30 Purga 2"@ 9 /  4/73 5775 1212 n.d. 628 9787 - 

- 255 Tsbu.b u 0 

r 1 

137 Con0 7" 9 /  8/73 6000 1275 - 46 1 - 10773 - 
89 Cono 8" 9 /  8/73 5900 1267 - 46 1 - 11055 - - 7.9 4 

u) 



c 

- 951 - 6 .8  - 15494 - 495 

50 1 

516 

Sep. 54" 2 2 1  9/73 8286 2058 27 468 "5 vert. 

vert. 469 

471 "7 vert. 

472 95 vert. 

473 93  vert. 

vert. 

- 776 - 6 .6  - 13150 - 88 54" 31/ 1/74 6580 1690 19 

Sep* 54" 30/ 4/74 7006 1551 16 - 12399 - - 684 - 7 .7  

90 Sep. 54" IO/ 7/74 7150 1432 19.6 507 - 12335 - - 910  - 8.47 

100 Sep. 54" 30/ 8/74 6950 1433 18.8 484.5 - 12227 - - 8 .2  

- 646.6 - 8 .9  . 477 255 Sep. S4" I 1/11/74 4835 920 - 457 - 10028 - 
- 603.3 - 9 . 6  

13/11/74 5612 1407.6 - 377.9 - 12014.7 - - 404.7 - 6.7 

478 194 12/11/74 5267 930.6 - 470 - 10574.9 - 
479 316 

Table 4. Chemical Analyses (mg/l; Na/K Ratio i s  Atomic) i n  Repeatedly Collected Samples o f  the Wells 

Well M-20 (Continued) 

480 

482 

486 

488 

489 

- 546.3 - 6 .3  350 13/11/74 5750 1536.6 - 518.5 - 12312.6 - 
99 Sep* S4" IO/ 1/75 6035 1222.0 15 451.0 - 11496.0 - 0.9 1 . 1  0 . 4  8 .2  11 .6  2 1 . 6  52.5 6 0 6 . 6 ? ) -  8 .4  

- 11265 - - 606 - 8 . 5  

8 . 3 3  

vert. 

95 Sep. 54" IO/ 3/75 6086 1222 - 465 
158 Linea 6" 281 4/75 6210 1267 - 583 - 11897 - V . R .  

I - 8 .56  262 281 4/75 5813 1155 - 442 - 11192 - -2 - 

490 

491 

496 

I /  240 301 4/75 5019 909 - 425 - 10083 - - 9.39 
I 94 2 1 1  5/75 6785 1437 - 491 - 12969 686 - 8.03 

95 15/ 8/75 5700 1216 11.92 470 1 I350 595 7.96 

r 
W r 

U 

0 
u) 

500 

504 

510  

514 

517 

1 1  I Sep. 54" 1 1 1  9/75 6380 1200 12.8 450 11412 - - I -  - 641 - 9.04 

128 Linea 6" 10/11/75 6600 1468 14.2 495 - 12700 - - 675 - 7.64 

99 Sep. 54" 8 1  3/76 5980 1254 13 .5  445 2 . 1  11580 - - 735 - 8.11 

98 24/ 5/76 6346 1361 14.7 544.9 0.7 12050 - - 7.93 

94 21/12/76 6266 1234 12.40 448 1.90 11724 - - 760 - 8 . 6 4  

I, 

-. - 



Tab le  4. Chemical Analyses (mg/l; Na/K R a t i o  i s  Atomic) i n  Repeatedly Co l l ec ted  Samples of the Wel ls .  

Well  M-21 

Sample 
Number 

59 

61 

62 

63 

64 

65 

67 

68 

69 

70 

U N 

Pc Flow K L i  Ca Mg CI B r  I F As B SO; COT ~ ~ 0 3 -  s i 0 2  PH Na/K 
(ps ig )  Condi t ions Oate Na atomic 

- 16.3 - n.d. 85.4 830 - 5.49 

n.d. 98.2 775 - 5.55 

674 P. 2" 0 14/ 3/72 6325 1972 19.25 376 - 12392 - - 13.9 - n.d. 115.6 694.5 - 5.45 

420 P. 2" 4 17/ 4/72 5625 2062 18.0 287.9 - 12676 - - 15.1 - n.d. 115.7 840.0 - 4.63 

- 17.8 - n.d. 67.1 852.5 - 5.05 

688 P. 2" 0 27/ 1/72 6300 1950 14.0 31.2 - 10954 - 
~ 

680 P. 2" 0 17/ 2/72 6312 1930 18.75 338 - 12461 - - 17.2 - 

422 P. 2" @ 8/  5/72 5875 1975 18.75 310.5 - 12329 - 

607 P. 2" $ 8/ 6/72 6120 1787 19.5 206.4 - 11328 - - 16.6 - 17.2 81.9 845.0 - 5 .8  

- 11.6 - 13.7 95.0 550.0 - 5.69 639 P. 2" 4 8/  7/72 5875 1750 19.25 295.1 - 10925 - 
S.M. P. 2" 0 4/ 8/72 7000 2050 18.25 321.2 - 13052 - - 13.5 8 . 2  122.8 772.5 - 5.79 

650 P. 2" 9 4/ 9/72 5900 1805 19.75 340.0 - 12259 - - 12.1 - 26.2 47.9 640.0 - 5.55 

- 10.3 - 13.1 106.5 675.0 - 5.44 610 P. 2" 4 3/10/72 5525 1725 18.12 304.0 - 11437 - 

71 550 P. 2" 0 7/ 2/72 4325 1265 12.75 352.0 - 7968 - - 11.3 - 0 676.4 700.0 - 5.81 

Well M - 2 1 A  

Sample 
Number 

3 

~~ . ~ ~ 

Pc Flow K Li Ca Mg C 1  B r  I F As B SO; COT ~ ~ 0 3 -  Si02 PH Na/K 
(ps ig )  Condi t ions Date Na atomic 

24/ 4/74 5803 1628 14.3 318.6 8.8 10301 - - 804 - 6 .0  280 Purga 2" 
v . r .  

O r i f '  3" 19/ 8/74 11650 2873 - 664.0 - 19554 - - 6 .9  
59' v e r t .  

O r i f .  3" l g /  8/74 10300 2540 - 587.0 - 17292 - - 6 .9  
59' muest. a. 

O r i f '  3" 20/ 8/74 11581 2971 - 625.0 - 19956 - - 6 .6  615  v e r t .  

20/ 8/74 10167 2607 - 627.0 - 17745 - - 6 .6  muest. 
615  arena. 

21/ 8/74 12401 3022 - 747.0 - 20710 - - 7.0 3oo O r i f .  3" 

165 :::""! 411 21/ 8/74 12406 3061 - 746.0 - 20821 - - 6.9 
S.V. 

r m 
r 8 

U 0 

A 



c 

8 

12 

13 

14 

18 

22 

26 

30 

34 

38 

39 

40 

41 
~ 

c 

I 

22/ 8/74 10269 2428 - 591.0 - 17091 - - 7.2 136 Con0 7" 
mues. a r e  

158 :;,.'6 4 23/ 8/74 12708 3163 - 769.0 - 21414 - - 6.8 

840 k,i#n' L a t '  11/12/74 9825 2811 - 609.2 - 17705 - - 830 - 5.9 

12/12/74 10540 2773 - 723.4 - 20720 - - 961 - 6.5 
v . r .  

590 L a t .  6" 

125 Sep. 54" IO/ 1/75 9602 2517 24.0 557.0 - 18700 - 1.3 2.9 2.1 13.3 0.2 12.0 41.5 894 - 6.5 
v . r .  

120 Sep. 54" 1 1 /  3/75 9177 2262 - 647.0 - 17190 - - 903 - 6.8 

140 261 5/75 8989 2206 - 605.0 - 17289 - - 829 - 6.93 

120 28/ 8/75 8020 2150 20.3 571.0 - 16300 - - 817 - 6.34 

120 1 1 /  9/75 8500 2120 19.8 555.0 - 16518 - - 819 - 6.82 3 

660 P .  2" ll/ll/75 9200 2616 22.2 561.0 - 17700 - - 890 - 5.97 

137 8/ 3/76 8628 2153 20.9 597 0.3 17100 - - 941 - 6.81 

130 Sep. 54" 24/ 5/76 8683 2186 20.9 699 0.3 16880 - - 6.75 

#I 23/ 9/76 8761 2252 21.70 679 0.18 17271 26.80 0.67 3.16 2.55 20.71 13.0 0.0 63.25 1104 7.95 6.62 119 
I t  - 972 - 7.10 120 21/12/76 8355 2000 17.50 537 0.23 16058 - 

L ~~~ 

T a b l e  4. Chemical Analyses (mg/l; Na/K R a t i o  i s  Atomic) i n  Repeatedly C o l l e c t e d  Samples o f  t h e  Wel ls  

We1 1 (Continued) 

Sample 
Number 

1 

2 

3 

4 

K L i  Ca Mg C 1  B r  I F As B SO< CO? ~ ~ 0 3 -  s i 0 2  PH Na/K 

3 25/ 1/73 930 20 - 176 - 1487 - - 79.9 

5 251 1/73 934 20 - 180 - I537 - - 79.4 

Pc Flow 
atorni c ( p s i g )  Condit ions Date Na 

~ ~ ~~ ~~~ ~ ~ 

6 251 1/73 930 21 - 180 - 1487 - - 74.6 

6 251 1/73 936 22 - 180 - 1487 - - 72.4 
U 

, 
U 0 

W 
- 



Table 4, Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples o f  the Wells. 
Well M-25 (Continued) 

K L i  Ca Mg CI Br I F As B SO; COT ~ ~ 0 3 -  Sample Pc Flow 
Number (psig) Conditions Na 

s i 0 2  PH Na/K 
atomic 

5 

8 

9 

IO 

1 1  

12 

14 

34 25/ 1/73 930 34 - 176 - I 5 3 7  - - 46.5  

92 27/ 1/73 5825 1412 - 376 - 10413 - 7.0 

7.2 81 

51 29/ 1/73 5825 1330 - 360 - 10413 - 7.4 

27/ 1/73 5450 1287 - 360 - 10513 - 

7.0 

6 .7  

7.1 

360 - 10413 - - 500 - 52 29/ 1/73 5625 1362 - 
30/ 1/73 5750 1450 - 372 - 10413 - - 525 - 52 

55  Purga 1/2" I /  2/73 5875 1400 21.2 344 - 10413 - - 1 1 . 4  - 166 560 - 
I 6  

I 7  

18 

19 

2o 

2 1  

22 

2 3  

24  

25 

26  

26A 

27  

265 Purga 2" 24/ 5/73 7040 1440 24.9 500 - 12982 - - 22.3 - 57 n.d. - 8.3 

460 I 26/11/73 7450 1644 - 480 - 13600 - 7.7 

500 ,I 27/11/73 7650 1590 - 480 - 13800 - - 762 - 8.1 

482 Con0 3" 3/  3/73 7980 1820 - 521 - 14500 - 7.4 

3/12/73 8520 I 9 9 0  - 565 - 15750 - 7.3 

3/12/72 8580 1930 - 565 - 15750 - 7 . 5  

4/12/73 8520 1915 - 565 - 15700 - - 946 - 7 .5  

- 956 - 7.9 

480 :L::edzi 
ri . 'I 

358 :er:ed:r 

264 "Y:::kdz; 

236 :L:Eedtl] 4/12/73 8510 1835 - 561 - 15600 - 
236 ,I 5 /12 /73  8490 1850 - , 561 - 15650 - 7.8 

,I 8/12/73 8700 1850 - 570 - 15950 - - 901 - 8.0 
I 

230 

22/ 1/74 8515 2055 14 .6  561 - 16000 - - 878 - 7.0 

22/ 1/74 8650 2000 23.0 585 0 .6  I 6 9 0 0  - 7.0 - 44.0 900 - 7 . 3  

105 - 30/ 4 /74  8950 2055 14.3 561 - 16418 - - 948 - 7.4 

erte or 
96 iin.Odrif. 

Lat. " 

96 vertedtr 

I 

Sep' * " IO/ 7/74 6598 2230 n.d. 628 - 16373 - - 888 - 5.2 6 

- E  

. 28 89 vertedof r- 

U 29 91 27 /  8/74 9238 1990 28.0 544 - 17041 - - 7.9 - ' 



75 



Table 4. Chemical Analyses ( m g / l ;  Na/K Ratio i s  Atomic) in Repeatedly Collected Samples o f  the Wells 

Well M-26 (Continued) 

,I 17/ 4/72 6000 1575 16.12 294 - 11417 - - 12.9 - n.d. 99.1 680 - 6.47 462 I96 

463 191 8/ 5/72 6525 1750 17.0 306 - 1 I742 - - 14.2 - n.d. 69.8 725 - 6.32 

, 8/ 6 /72 ,  4625 , 1587 , 20.5 , 297 , - I 11919 - I - I - I - , 13.0 , - , 13.2 , 5 2 . 3  , 7 3 8  , - , 4.9 , , 465 I 189 I ' I  

I S a m p l e l  pc I 1 Date 1 Na 1 K 1 Li I Ca I Mg 1 CI I Br I I - 1  F I As 1 B 1 SO{ I COT 1 HCO; 1 Si02 1 pH 1 Na/K I 
Number (psi g)  Conditions atomic 

466 

467 

468 

469 

470 

471 

473 

474 

475 

476 

477 

, I  7/ 7/72 6500 1610 20.75 338 - 11706 - - 9.7 - 13.7 55.9 797 - 7.02 93  
I t  204 4/ 9/72 6650 1612 16.5 338 - 11771 - - 10.7 - 4 . 1 2  100.5 755 - 7.0 

227 I, 5/ 9/72 6300 1582 19.75 320 - 12409 - - y . 0  - 7 ,9  58.6 760 - 6.77 

220 3/10/72 6375 1662 21.0 368 - 12336 - - 11.3 - 5.24 71.9 745 - 6.51 

213 3/11/72 6400 1565 18.75 328 - 12100 - - 13.0 - 2.62 87.87 810 - 6.95 

208 5/12/72 6175 1625 19.5 336 - 11810 - - 12.0 - 0 81.6 725 - 6.46 

289 3/ 1/73 6750 1537 24 356 - 12848 - - 13.5 - IO 71 740 - 7.5 

279 I /  2/73 6775 1637 21 364 - 12794 - - 14.4 - 8 62 850 - 6 .9  

370 Con0 3" 21,' 8/73 8740 2224 - 481 - 16029 - - 6 .7  

210 Con0 4" 21/ 8/73 9300 2464 - 529 - 17289 - - 6.4 

142 Orif. 6" 22/ 8/73 9300 2396 - 525 - 17286 - - 6.6 

478 

479 

480 

- 954 - 6 .5  

17347 - - 961 - 6.5 

- IO03 - 6.6 

Sep.54" 22/  9/73 9012 2358 30 537 - 17227 - 
vert edo r 
Sep. 54" 221 9/73 9175 2398 30 542 - l o o  fondo sep. 

l o o  vertedor 
Sep' 54" 27/11/73 9187 2394 - 543 - 17098 - 

481 

482 

485 

486 

27/ 1/74 - 929 - Sep. 
98 vertedor 

950 - 7.0 98  " 29/ 1/74 9475 2285 26 773 - 17600 - 

105 Vertedor 29/ 4/74 9380 2361 23 , 966 - 17006 - 838 - 6 .8  

31/ 5/74 9300 2251 23 442 - 17153 - - 7.02 Sep. 54" 
I 89 , Vertedor , r 

W r- 

487 U 0 - 92 1 1 /  7/74 9875 2205 31 
W 



t 

I t  488 100 27/ 8/74 

490 539 Linea Lateral "" 15/11/74 
491 149 18/11/74 

493 104 ~~~~e~~~ IO/ 1/75 

I 1  

496 - del sep. 24/ 2/75 

497 440 p. 2" 8 26/ 2/75 

498 535 Con0 3" 30/ 6/75 

499 524 'I 1 /  7/75 

500 500 2/ 7/75 

501 680 Orif. .Z-l/> 3/ 7/75 

54" 8 

,, 

502 460 Con0 4" 3/ 7/75 

503 550 Orif.3-1/2" 4/ 7/75 

504 540 Orif.4" 7/ 7/75 
Des ca rga 505 - L ~ ~ .  6)$4 81 7/75 

c 

I I 

9863 2284 29.9 892.5 - 18730 - - 7.3 

7682 2056 - 839 - 16781 - - 6.3 

8096 2207 - 823.4 - 17376 - - 902 - 6.23 

8663 2043 23 521.0 9.7 16900 - 1.5 1.8 2.2 11.7 2 .0  13.2 15.9 876 - 7.21 

9579 2066 - 962 - 18500 - - 7.89 

8019 2100 18.5 853 - 16700 - - 570 - 6.49 

8257 2200 19.6 886 - 17200 - - 6.38 

8762 2300 20.0 946 - I8100 - - 6.47 

9048 2366 20.6 826 - 18500 - - 6.50 

8667 2300 19.6 814 - 17900 - - 6.41 

- 806 - 6.32 

8550 2283 19.7 802 - 17850 - - 848 - 6.52 

8620 2283 19.4 788 - 17950 - - 792 - 6.42 

- 820 - 6.37 8550 2283 19.4 780 - 17900 - 

- 

8550 2300 15.8 830 - 179500 - 
- 

Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) i n  Repeatedly Collected Samples of the Wells. 
Well M-26 (Continued) 

r m 
r 

I 
U 

0- 
W 

Sample/ PC 1 F l o w  
Number (psig) Conditions 1 Date 1 Na I K 1 Li 1 Ca 1 Mg 1 C1 1 Br I I 1 F 1 As I B I SO: 1 C O T  1 HCO3- 1 Si02 / pH 1 I 



Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples o f  the Wells. 

Well M-26 (Continued) 

' 
2 

3 

4 

5 

6 

7 

8 

I I I I I I I I I I I 

Purga 7/ 4/76 1.8 1.9 - 12 - - 1.65 
Io*  1/4"V.R. 

180 12/ 4/76 11.7 3.6 - 17 - - 5.44 

210 ,I l 3 /  4/76 8.0 2.9 - 24 - - 4.71 

,I IT/ 4/76 32.2 9.3 - 54 - - 5.85 

I I  20/ 4/76 34.1 9.8 - 57 - - 5.87 

231 4/76 169.5 48.8 - 350 - - 5.90 

440 I, 28/ 4/76 380.0 382.0 - - 2850 - - 6.14 

16 - - 4.77 162 14/ 4/76 9.7 3.4 - 

250 

295 

340 

I , 
583.3 - 41.5 - 7.73 

I 23/ 9/76 6686 1514 19.90 581.0 0.69 12606 32.50 n . d .  n.d. 2.36 14.60 12.0 3.79 118.74 1006 8.0 7.53 

- - 11960 - 527 350 L. Lat. 14/ 8/76 6505 1432 

528 312 

- 

- 942 - 7.60 529 308 21/12/76 6562 1467 15.10 510.0 0.43 14606 - 

1 1 /  5/76 2108.0 605.5 - - 4500 - 

I O  548 14/ 5/76 2001.0 508.0 5.09 178.0 - 4340 - 

, 18/ 5/76 2420.0 676.0 5.95 208.9 - 5020 - 1 1  595 

9 550 

.Well M-27 

- 5.92 

- 5.87 

- 6.09 

I I I I I I I I I 

14 520 ,, 1 4 1  6/76 1988 598 4.9 181 - 4426 - - 5.65 

- 6.37 15 703 I /  7/76 3173 990 - 351 - 7278 - 

r 
W 
r- , 
-4 0 

W 
- 



c 

Sample 
Number 

16 

c 

K Li Ca Mg CI Br I F As B SO[ COT ~ ~ 0 3 -  si02 PH Na/K Pc F l o w  
(psig) Conditions Oate Na atomic 

696 21 7/76 3082 1023 - 345 - 7425 - - 6.31 # I  

Table 4. Chemical Analyses (mg/l; Na/K Ratio i s  Atomic) in Repeatedly Collected Samples o f  the Wells. 
Well M-27 (Continued) 

17 

18 

19 

20 

21 

22 

23 

24 

25 

II 700 5/ 7/76 3948 1030 - 356 - 7622 - - 6.52 

384 - 10498 - - 5.95 725 6/ 7/76 4147 1184 - 

300 Cono3-1/2" 6/ 7/76 9481 2631 - 928 - 18538 - - 6.13 

380 Orif.3-1/2" 7/ 7/76 6046 1581 - 459 - 11267 - - 6.50 

250 Orif.4"@ 7/ 7/76 5923 1555 - 428 - 11017 - - 6.47 

400 Orif. 4" 8/ 7/76 5472 1445 - 372 - 10398 - - 6.44 

414 - 11097 - - 6.78 148 Lat .  1 inea 6 , ,@ 12/ 7/76 6024 1511 - 

,I  

110 II 23/ 9/76 5884 1384 13.10 361 0.04 11366 22 .0  0.57 2.44 1.98 18.0 14.00 7.58 77.74 960 8.05 6.55 

102 21/12/76 5752 1314 15.30 471 0.04 11233 - - 933 - 7.45 #I 

13 

26 

80 

92 

94 

95 

96 

97 

Well M-29 

I ! 

- 496.5 - 8.3 

202 Prif.3/4" 27/ 3/69 6531 1462 - 520 20.7 12312 - - 9.6 - - 7.6 

209 Sep.54" 3/ 3/70 5875 1 3 1 8  16.7 440 17.0 11211 - - 5.84 - - 485.5 - 7.57 

110 Purga 1/2" 21/ 1/72 6762 1287 12.75 436 1.7 11132 - - 11.3 - - 390 - 8.93 

95 Purga 2"@ 17/ 2/72 6000 1225 14.0 484 - 11033 - - 14.8 - n.d. 234.7 410 - 8.32 

260 Orif.3-1/2' 7/12/68 6550 1331 - 490 21.8 11880 - - 13.2 - 

95 1 1 /  3/72 6625 I337 14.7 506 - 11368 - - 14.5 - I '  237.6 509 - 8.42 

90 18/ 4/72 5375 1237 14.2 425 - 11222 - - 11.8 - " 209.3 440 - 7.38 

88 Purga I"@ 9/ 5/72 5425 1262 17.2 507 - 10665 - - 11.4 - ' I  270.0 437 - 7.29 

I Sample/ ~c 1 FIOW 1 Date I Na 1 K 1 Li 1 Ca 1 Mg 1 CI I Br 1 I 1 F 1 As 1 B I SO; 1 C O T  1 HCO3- 1 Si02 1 pH 1 Na/K 1 
Number (psig) Conditions atomic 



Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples of the Wells. 

Well M-29 (Continued) 

98 

100 

OD 0 

I! - 12.2 - 26.4 166.4 465 - 5.50 92 8/ 4/72 4262 1312 18.0 434 - 0934 - 
92 I, 7/ 7/72 6187 1255 18.0 486 - 11120 - - 9.8 - 12.4 216.5 482 - 8.36 

101 I 92 3 " , 4/ 8/72, 6250 , 1287 , 15.1 , 520 , - , 11230 , - , - I - , - , 8.5 , - I 4.12 ~ 273.7 I 435 , - , 9.94 . 
102 

103 

100 I ,  2/ 9/72 6050 1365 17.6 500 - 11163 - - 12.7 - 5.24 189.0 472 - 7.53 

95 3/10/72 6562 1337 18.2 492 - 11387 - - 10.1 - 2.4 178.1 500 - 8.33 

r m 
r 
I U 

0 
W 

104 

105 

107 

IO8 

'I2 

114 

115 

117 

119 

120 

- 13.4 - 7.86 186.4 490 - 8.64 114 7/11/72 6550 1287 18.0 508 - 11553 - 
109 Purga 2" 5/12/72 6200 1437 19.5 484 - 11553 - - 12.8 - - 108.8 475 - 7.33 

100 Purga 1/2" 3/ 1/73 5925 I375 17.5 469 - 10657 - - I3 

101 Purga 1" I /  2/73 6450 1280 20.0 516 - 11405 - - 12 

'95 muest. 

100 Sep. 54" 24/ 5/73 6780 1305 22.5 506 - 12576 13 38 - - 8.8 

- 16 128 480 - 7.3 

- 242 470 - 8.5 

54" 23/ 4/73 6875 1362 2 2 . 0  509 90 12505 10.2 0.7 0.1 0.1 14 10.7 IO gl 472 8.2 8.6 

32 467 - 8.9 95 Sep. 54" 14/ 6/73 7125 1362 - 493 - 13093 - - 13 - I6 Fondo. s. 

93 ext. t i b .  
Sep' 54" 5/ 9/73 6307 1198 19.4 459 - 11929 - - 8.7 

90 Sep' 54" 5/ 9/73 6380 1216 19.8 473 - 11907 - - 388 - 8.9 

Sep. " 8/ 2/74 6249 935 11.9 473 - 12000 - - 479 - 9.1 
ext rems 

85 fondo 2. 
75 P. 2" 23/12/75 4970 490 = 477 - 8980 - - 17.24 

- 16.81 I 145 I " I 9/ 1/7& 5320 I 538 I - I 529 I - I 9750 I - I - I - 1  - 1  - 1  - 1  - 1  - 1  - 1  

121 

I22 

123 

124 

127 

135 Cono3-1/2" 12/ 1/76 5620 570 - I 549 I - 10450 - - 16.76 

95 Con0 47/8" 13/ 1/76 4680 464 - 425 - 8300 - - 17.15 

57 Cono 6" 13/ 1/76 5750 583 - 523 - 10500 - - 16.77 

140 Or.4" Lat. 14/ 1/76 5900 622 - 531 - 10550 - - 16.13 

100 Sep. 4" 8/ 3/76 6813 1088 19.2 513 14 12510 - - 708 - 10.65 



c 

C 

128 

129 

131 

c 

3/ 4/76 6801 1121.5 19.5 584 - 12570 - - 610 - 10.31 9 5  

100 24/ 5/76 6841 I152 19.7 529 0.81 12580 - - 10.10 

105 Sep. 54" 21/12.76 7072 1236 19.30 271 0.90 12830 - - 320 - 9.72 

Table 4. Chemical Analyses (mg/ l ;  Na/K Ra t io  i s  Atomic) i n  Repeatedly Co l l ec ted  Samples o f  the Wells. 

K L i  Ca Mg C I  B r  I F As B SO,= COT ~ ~ 0 3 -  s i 0 2  PH atomic Na/K Sample Pc Flow Date Na 
Number ( p r i g )  Condi t ions 

1 105 Purga 2" 22/ 9/73 6032 1665 19.3 340 - 11578 - - 517 - 6.1 

2 500 5/12/73 8119 2071 - 457 - 15200 - - 6.6 

3 560 Con0 3" 6/12/73 7930 2230 - 461 - 15100 - - 6.0 

4 540 O r i f .  3" 6/12/73 9640 2360 - 557 - 17800 - - 6.9 

5 420 O r i f .  9" 6/12/73 9590 2460 - 557 - 17750 - - 6 .6  

6 238 Tub06"s.v. 7/12/73 9560 2450 - 561 - 17500 - - 6.6 

7 279 8/12/73 9450 2640 - 557 - 173200 - - 6.5 

- ' l o  vertedo: " 24/ 1/74 8270 1962 27.2 565 - 16000 - - 920 - 7 . 2  

- 778 - 7 .6  9 118 30/ 4/74 9370 2100 28.6 622 - 16565 - 

- 896 - 8 .0  IO 112  1 1 /  7/74 9375 1990 26.2 602 - 15931 - 

1 1  112 27/ 8/74 8825 1973 26.4 612  - 15784 - - 7 .6  

I, 

~ ~~ ~~ ~ ~- ~ ~~ 

I, 

,I 

I 

- 913.7 - 9.78 25/11/74 7827 1360 - 541 - 15295 - 1 4  540 Purga 2" 
v. r. 

8/ 1/75 8430 1968 23.0 540 7.0 15715 - 0 . 9  1 . 2  0 .9  10.3 15.2 10.8 28.8 899 - 7 . 3  15 115 vertedo: 

18 112 Sep. 54" 13/ 3/75 8111 1929 - 569 - 15345 - - 877 - 7.1 

20 578 Purga 2" 23/ 4/75 8043 2001 - 565 - 16035 - - 6.83 cT: 
L - 

We1 1 M-29 (Continued) 

€ 

r W 

r 
U 

u) 
2 

We1 1 M-30 



Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples of  the Wells. 

Well M-30 (Continued) 

21 

22 

25 

31 

35 

46 

52 

56 

58 

60 

61 

m 
N 

- 7.29 

553 24/ 4/75 8188 2086 - 571 - 16489 - - 6.67 

110 Sep. 54" 23/ 5/75 8093 1818 - 554 - 15612 - - 839 - 7.57 

109 16/ 7/75 7600 1880 21.66 561 - 15200 - 

115 

Linea " 24/ 4/75 8330 1941 - 569 - 16338 - 472 Orif. 

$ 1  - 791.5 - 6.87 

1 1 /  9/75 8100 1850 21.0 560 - 15466 - - 107O.C - 7.44 

114 I! 1 1 /  9/75 7620 1940 20.3 543 - 15100 - - 870.C - 
- 1008 - 7.12 435 Lat. 31, O r i f  8/ 3/76 7950 1899 21.6 497 0.7 15400 - 0.674: - 

115 Sep. 54" 24/ 5/76 7952 1864 22.1 625 0.79 15080 - - 7.25 

116 IO/ 8/76 6913 1592 - 532.1 - 12647.2 - - 34.2 - - 7.38 

113 , 23/ 9/76 7809 1833 22.00 596.0 0.82 15173 33.50 0.58 1.32 0.47 17.50 13.00 3.79 0.84 1077 8.0 7.39 

118 21/12/76 7881 1927 16.80 514.0 0.50 15263 - 947 - 7.85 

I 

Na/K 
atomic 

6.3 

E so; COT ~ ~ 0 3 -  sio2 PH Na K '  Li B r  I F As Ca Mg CI Sample Pc Flow 
Number (psig) Conditions Date 

- 12.6 - - 1344 - 

- 11.7 - - 712.9 - 6.5 

187 601 Con0 3" 22/ 3/69 9040 2439 28.7 495 19.5 15887 - 

228 380 Sep. 54" 4/ 3/70 7793 2038 22.4 441 26.1 15137 - 
- 824.5 - 6.08 

240 400 Sep. IO" 27/ 1/72 6775 1890 20.37 392 2.9 13594 - - 15.3 - - 700 - 6.09 

242 332 P. 2" r$ 17/ 2/72 7375 1800 19.00 404 - 13594 - 

238 540 Purga 2" 2/ 3/71 6937 1940 27.6 412 14.6 13667 - - 12.4 - 

~ ~ ~ - ___-_______ 
- 16.3 - n.d. 68.2 730 - 6.96 

88.12 569 - 8.87 

' I  81.4 710 - 6.06 

243 185 111 3/72 5875 1125 11.25 520 - 10197 - - 15.1 - 

244 309 18/ 4/72 6825 1915 17.80 366 - I3173 - - 10.6 - 
2 

$ 
4 
I 



c 

245 

247 

. 

~ ~~ - 
288 9/ 5/72 7187 1800 21.50 399.8 - 13033 - - 13.3 - " 24.8 705 - 6.78 

265 8/ 4/72 7125 1725 21.75 331.1 - 13397 - - 20.7 - 10.6 53.7 725 - 7.0 

. 

248 

249 

c 

294 7/ 7/72 7325 1812 21.75 355.9 - 13266 - - 12.8 - 20.6 30.7 810 - 6.87 

258 4/ 8/72 7550 1887 19.75 394.9 - 13249 - - 11.5 - 8.24 97.7 662 - 6.80 

Table 4. Chemical Analyses (mg/l; Na/K Ratio i s  Atomic) in Repeatedly Collected Samples o f  the Wells 

We] 1 M-31 (Continued) 

250 

251 

252 

253 

254 

255 

256 

r 
W r 1 

U 
0 

W 
- 

245 " 2/ 9/72 7350 1920 23.25 400.0 - 13059 - - 14.2 - - 90.5 650 - 6.51 

3.6 73.20 640 - 7.14 230 3/10/72 7250 1725 21.25 396.0 - 13185 - 
242 3/11/72 7812 1955 24.12 416.0 - 13944 - - 14.5 - 5.24 74.56 850 - 6.78 

269 5/12/72 6925 1712 24.25 408.0 - 13396 - - 14.2 - - 78.80 685 - 6.87 

269 1 /  7/73 4982 1117 I5 370 1 9650 - 1.4 - 20 - 105 480 8.3 7.6 

200 I /  2/73 7000 1717 21.5 384 - 12695 - - 13.5 - 8.0 78.9 800 - 6.9 

- 12.0 - 
I 

I 

I! 

430 I, 14/ 7/73 7500 1928 n.d. 421 - 14311 - - 11.4 70.8 806 - 6.6 

I Sample/ ~c I FIOW 1 Date 1 Na 1 K 1 Li I Ca 1 Mg I C 1  1 Br I I 1 F I As 1 B I S O T  I C O T  1 HCO3- I S i 0 2  1 pH 1 Na/K I 
Number (psig) Conditions atomic 

- 6.9 

- 6.9 

- 6.8 

- 6.5 

- 6.9 

- 6.5 

9.1 41.1 - 

259 400 Orif. 4" I /  8/73 8160 2000 - 502 - 15175 - 8.5 32.8 - 

258 500 Orif. 3" 31/ 7/73 8330 2050 - 507 - I 15467 - 

260 310 Cono 5" I /  8/73 5000 1250 - 316 - 9648 - 9.5 92.4 - 
261 160 Cono 7" 2/ 8/73 6665 1750 - 420 - 12843 - 0.0 110.9 - 

262 160 2/ 8/73 506 225 - 32 - 934 - 

- ~ - 

6.6 61.6 - 

263 95 Cono 8" 2/ 8/73 7495 1960 - 469 - 14421 - 0.0 83.1 - 

265 

266 

267 
~ 

553 - 829 - 6.8 290 27/ 9/73 8783 2201 - - 16301 - 
270 Vertedor 16/ 2/74 8044 2011 21.6 453 - 935 - 6.8 - 14506 - 

30/ 4/74 7850 2447 18.6 430 - 710 - 5.5 280 I, 

m 
- 13849 - 

~ 



Na K L i  Ca Mg C I  B r  I F A5 B S O ~  COT ~ ~ 0 3 -  Sample Pc F l o w  
Number (ps ig )  Condi t ions 

t I  - - 268 277 1 1 1  7/74 7988 1795 - 413 - 13761 - 

269 278 27/ 8/74 8100 1432 22.8  476 - 13975 - ,I 

3/12/74 2533 679 - 148 - 5560 - - 272 540 P u w  2" 
\I r 

m & 

s i 0 2  p~ Na/K 
atomic 

766 - 7.56 

- 9.6 

399 - 6 .3  

275 

280 

281 

285 

289 

293 
I 

245 Sep. 54 12/ 3/75 6907 1604 - 413 - 12470 - - 657 - 7 .3  

4-5 Linea 6 18/ 4/75 6181 1498 - 373 - 11814 - 

470 18/ 4/75 5930 1408 - 293 - 11301 - 

250 Sep. 54" 21/ 5/75 6965 1563 - 441 - 13262 - 

245 

120 

- 7.01 

7.16 I t  - 711 - 

17/ 7/75 6320 I500 - 413 - 12750 - - 744 - 7.16 

18/ 9/75 6450 1480 18.5 434 - 13114 - - 838 - 7.4 

298 

303 

Well M-34 

400 I, 10/11/75 6100 1454 16.3 355 - 11800 - - 740 - 7.13 

- 864 - 7.45 8 /  3/76 5950 1356 16.5 307 0 . 3  11220 - 406 Lat .  O r i f .  
71 I 

304 

305 

306 

J 1 

115 Sep. 54" 24/ 5/76 6551 1494 17.8 437 0.15 13530 - - 7.45 

,I 231 9/76 6913 1540 18.40 463 0.16 13205 13.0 0.54 n.d. 0.89 18.0 18.00 6.32 57.82 833 8.0 7.31 109 

108 21/12/77 7104 1539 16.70 336 0.11 13076 - - 800 - 6.95 

11 

194 

203 

206 

r- W 

r I 
U 0 

W 
- 

_ _ _ _ ~  - 

- 8.23 

- 8.66 

465 S .  54" @ 5/ 3/70 6591 1362 14.4 584 20.5 11734 - - 4.2 - - 642 - 
208 S.1/2" @ 12/10/70 5062 993.;' 16.7 456 14.5 9406 - - 9 . 2  - 
203 P. 2" @ 27/ 1/72 6137 1062 9.12 532 7 . 3  10245 - - 11 .2  - - - 580 - 9.82 



c 

K Li Ca Mg CI Br I F As B SO; COT ~ ~ 0 3 -  Sample Pc Flow 
Number ( p s i g )  Conditions Date Na 

.. C 

Na/K 
si02 PH atomic 

c 

209 

208 

210 

211 

213 

214 

215 

216 

217 

218 

219 

Table 4. Chemical Analyses (mg/ l ;  Na/K Ratio is Atomic) i n  Repeatedly Collected Samples o f  the Wells. 

Well M-34 (Continued) 

I - 82.6 854 - 6.76 327 1 1 /  3/72 7262 1825 20.25 I 400 1 - 13173 - - 10.5 - 
,I 190 16/ 2/72 5575 I 1 4 2  12.0 564 10589 - - 12.8 - n.d. 570 - 8.29 

1 - 74.3 605 . - 7.5 200 18/ 4/72 5000 1132 10.95 497 - 10242 - - 10.9 - 
I, 200 9 /  5/72 5412 1150 15.25 505 - 10469 - - 9 7  - 22.0 530 - 7.99 

195 a/ 6/72 6000 1337 16.50 537 - I1234 - " 1 1 . 1  - 8 .4  65.2 657 - 7.60 I, 

195 7/ 7/72 6125 1200 17.0 607 - 11023 - - - 10.5 - 11.0 33.5 597 - 8.67 

194 41 8/72 5875 1262 14.0 599 - 11082 - - 5.47 69.8 677 - 7.90 
0 ,  2/ 9/72 6075 1230 16.87 600 - 11063 - - 10.8 - - 63.9 680 - 8.38 

,I - 9 .5  - 
190 

175 3/10/72 6450 1190 15.62 584 - 11137 - - 8.6 - 4.8 56.1 2685 - 9.21 

150 3/11/72 5500 1135 14.0 568 - 10806 - - 11.9 - 7.86 66.5 625 - 8.23 

152 5/12/72 5550 1237 15.25 556 - 10507 - - 1 1 . 4  - - 65.28 8635 - 7.61 

,I 

9 ,  

221 

223 

224 

225 

226 

227 

228 

90 3/ 1/73 5250 1050 13.5 524 ' - 9761 - - 12.8 - - 119.7 530 - 8 .5  

- 6 . 5  

- 8 . 2  

- 9.7 

- 543 - 11.4 

932 - 604 - 12586 - - - 436 - 12.6 

350 3/ 7/73 7165 I863 - 427 - 14717 - 
475 4/ 7/73 - 1725 - 495 - 15225 ' - 
320 Cono 3" 4/ 7/73 - 1426 - 565 - 14869 - 
235 Con0 3" 5/ 7/73 - 1083 - 625 - 13245 - 
165 6 1  7/73 - 

I22 0 .4  7.8 6/ 7/73 - 733 - - - - 12.9 484 - 10048 - 
229 

230 

231 

232 

233 

r- 
W r- I 

U 0 

u) 
- 

409 - 8495 - - 13.5 68  Con0 6" 7/ 7/73 - 591 - 
115 L. 6" $ 9/ / / / 3  - 875 - 623 - 12606 - - 13.5 

- 13.5 - 115 11/ 7/73 6927 875 - 632 - 12586 - 

m 
85 F. Sep. 22/ 9/73 6924 1048 24 637 - 12704 - - 500 - 11.2 

VI 

80 54" 16/ 2/74 7462 1251 22 597 - 12840 - - - 553 - 10.2 
vertedor 



K L i  Ca Mg C l  B r  I F As B SO; COT ~ ~ 0 3 -  si02 pH 
Sample Pc F l o w  
Number (ps ig )  Condi t ions Date Na 

,) 234 100 30/ 4/74 6966 1193 25 888 - 12644 - r - 566 - 
235 90 I ] /  7/74 6975 1045 - 587 - 12858 - - - 554 . - 

236 92 27/ 8/74 7613 1106 15.4 629 - 12940 - - 

. ~~ 

I t  

I, 

Na/K 
atomic 

9.9 

11.36 

11.7 

239 

240 

242 

245 

247 

250 

254 

258 

18/11/74 5980 1273 - 597 - 12709 - 7.98 

110 18/11/74 6037 1218 - 637 - 12759 - - - - 8.42 

Lat .  v . r .  
279 ve r tedo r  

I ,  

99 9/ 1/75 6925 I104 20.0 563 9.3 13096 - 0.6 2.0 0.3 7.7 34.4 16.8 46.4 553 - 10.60 

99 Sep. 54" 13/ 3/75 6670 1161 - 569 - 12528 - - - 557 - 9.8 

98 L inea 6" 13/ 5/75 6950 1054 - 593 - 13158 - - - - 11.20 

95 Sep. 54" 22/ 5/75 7202 1220 - 597 - 13349 - - - 477 - 10.04 

96 16/ 7/75 6650 1142 18.7 593 - 12900 - - - 556 - 9.90 

110 1 1 /  9/75 6700 1180 18.5 665 - 12964 - c - - 714 - 9.65 

I, - - 

,I 

17 

262 I, 218 10/11/75 6350 1240 16.8 494 - 12200 - - 560 - 8.70 

B so[ COT ~ ~ 0 3 -  s i 0 2  PH atomic Na/K K L i  Ca Mg C I  F As B r  I Sample Pc Flow 
Number (ps ig )  Condi t ions Date Na 

I 290 P. l i t  $ 22/ 9/73 5661 1576 17.8 569 - 10811 - - 6.1 

2 640 O r i f .  3" 9 /  3/74 9571 2611 23.4 551 13.4 16810 - - 6.2 

3 350 O r i f .  6" 12/ 3/74 9709 2476 23.7 498 1.9 16859 - - 6.7 

4 290 OF.6"x3" 13/ 3/74 9459 2557 19.6 545 - 17064 - - 6.3 

- 6.6 5 225 OF.6"x5" 14/ 3/74 9500 2431 24.4 519 - 16859 - 
- 1040 - 6.2 6 160 s.54" $ 30/ 4/74 8754 2385 26.3 457 - 16104 - 

- 

- 

r- 

r 
U - 



c. 

Sample 
Number 

7 

l 2  

15 

17 

18 

Table  4. Chemical Analyses (mg/l;  Na/K R a t i o  i s  Atomic) i n  Repeatedly C o l l e c t e d  Samples o f  the  Wells. 

B so; COT H C O ~ -  s i 0 2  PH Na/K Na K L i  Ca Mg CI Br I F As PC Flow 
atomic ( p s i g )  Condit ions Date 

- 6 . 6  IO/ 9/74 8600 2215 24.7 459 - 15325 - 
18/12/74 8209 2200 - 477 - 16377 - 998 - 6 . 3  

150 
352 Lat .  v . r .  

v e r t  edor 

145  verted:r 

148 

688 0 r i f . 2 - 1 / 2  

720 

Sep. " 8/ 1/75 8506 2281 22.0 342 35.0 16195 - 0.8 2 .1  0 .9  8 .6  4.8 7.2 30.5 1029 - 6 . 3  

,I 12/ 3/75 8356 2122 - 473 - 15665 - - 1007 - 6.7 

Linea IO/ 4/75 8119 2186 - 467 - 16026 - - 6.31 

I, IO/ 4/75 8114 2183 - 463 - 15977 - - 6 .32  

We1 1 M-35 (Continued) 

21 

25 

29 

34 

53 

c 

140 Sep. 54" 27/ 5/75 8337 2072 - 459 - 15992 - - 891 - 6.84 

I ,  28/ 7/75 7840 2098 21.6 435 - 15600 - - I O I O  - 6.35 140 

140 1 1 /  9/75 7500 2090 21.5 434 - 15667 - - I070 - 6.10 

,I 11/11/75 8070 2070 21.2 445 - 15700 - - 920 - 6.62 

$ 4  8/ 3/76 7875 1969 21.7 414 0 . 5  15160 - - I129 - 6.80 

495 

135 

IO7 

I69 

i g i  

192 

24/ 5 /76 '  7781 2016 ' 22.2 496 ' 0.27 15100 - - 6.56 

132 IO/ 8/76 6831 1718 - 422.2 - 1249.2 - - 12.2  - - 6.76 

127 231 9/76 7658 1956 22.20 459 0.24 14776 24.0 0.66 1.28 1.00 19.87 10.00 1 O . l l  33.41 1207 - 8.00 

- IO37 - 6.77 127 21/12/76 7987 2005 20.50 381 0.12 15075 - 

' *I I35 
I, 

Sample 
Number 

Well  M-38 

Pc F l o w  K L i  Ca Mg C 1  Br I F A S  B SO; COT H C O ~ -  s i 0 2  Na/K 
pH atomic ( p s i g )  Condit ions Date Na 

345 

347 

r m 
r- 

- 9045 - 6.04 330 P. Z X  1/2' 2/ 3/71 7250 2040 26.2 328 17 13923 - - 14.4 - 

413 P. 2" I$ 27/ 1/72 7250 1600 12.75 264 2.4 11624 - - 16.2 - - 630.0 - 7.7 

0 

W 
- 



Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples o f  the Wells. 

Ca Mg Cl As B SO; COT ~ ~ 0 3 -  F Br I Sample Pc Flow Date Na K Li 
Number (psi g )  Conditions 

We1 1 M-38 (Continued) 

si02 PH Na/K 
atomic 

17/ 2/72 7500 1862 18.25 270 - 11574 - - 16.7 - n.d. 124.2 349 430 

,I 14/ 3/72 7375 1855 17.75 304 - 13075 - - 18.1 - " 115.8 

351 440 ,I 17/ 4/72 5925 1825 17.50 235 - 11612 - - 16.3 - ' '  126.7 

350 438 

,I 352 416 8/ 5/72 6275 1950 18.50 240 - 11644 - - 13.6 - " 67.1 

- 144.9 

355 70 7/ 7/72 7000 2062 18.25 338 - 12872 - - 15.7 - 16.5 99.7 

356 45 4/ 8/72 8100 2275 21.25 412 - 14283 - - 14.5 - 6.87 75.4 

353 410 9/ 6/72 5562 1575 18.0 193 - 10639 - - 14.0 - 

I 8  5/ 9/72 7800 1950 21.90 416 - 14153 - - 13.7 - 10.5 43.9 363 565 

364 540 Sep. 3/10/72 7050 I900 23.60 360 - 13984 - - 14.7 - 7.86 58.6 

365 219 P. 6" @ 3/11/72 7050 1600 22.12 408 - 13147 - - 16.8 - 13.1 47.9 

- 14.0 - 16.0 136.0 371 264 P. 1" @ 5/12/72 5937 1637 15.75 236 - 10159 - 
373 390 2 /  1/73 6562 1700 20 

374 430 

375 378 I /  3/73 - 

377 260 3/ 3/73 - 
378 - 3/ 3/73 - 

379 - 

392 - 12301 - - 16.2 - 16.0 70.7 

,I I /  2/73 6800 1735 21.6 308 - 12595 - - 15.5 - 10.7 92.5 

,I 

380 - - I -  
381 413 P. I "  @ 4/ 3/73 - 

382 412 ::y+.5:1: 9/ 3/73 - - --I_ _.I.---- 383 410 =23/ 3/73 7850 1587 21.0 432 40 13000 13.1 0.65 .24 . I 2  17.0 15.0 - 78 

384 zii- Sep. 54" 31/ 3/73 - c - - r 

800 - 5.75 

849 - 6.75 

775 - 5.52 

855 ~ - 5.47 

655 - 6.0 

762 - 5.76 

855 - 6.05 

767 - 6.80 

755 - 6.30 

740 - 7.48 

680 - 6.15 

780 - 6.6 

920 - 6 .6  

732 7.7 8 .3  

p1 f i  

m 03 

r 
W 
r- I 

U 0 

W 
- 



r - 

385 

386 

387 

388 

389 

390 

39 1 

392 

393 

394 

395 

396 

Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples o f  the Wells. 

Well M-38 (Continued) 

- - 311 3/73 6790 1285 - - 12611 - - - 
1 8  

- 8.98 
,I - - r - 8-5 31/ 3/73 7295 1460 - - 13504 - 

8 - - 3l/ 3/73 7025 1345 - - 12859 - rJ - 
311 3/73 7295 1360 - - 12909 - r - 

- 8.9 

~ - 9.1 I, - - - 
,, - - 12958 - - 8.7 

I - 13504 - - 8.8 

- 12760 - - 8.6 

- 8.3 

- 8.4 

- 8.5 

- 8.4 

.. 8 . 3  

11 311 3/73 7525 1475 - 

311 3/73 7750 1500 - 
31/ 3/73 6760 1330 - 
31/ 3/73 7100 1460 - - 13206 - 

8 ,  ,I - - 
I ,  I - r - 
,I I, 

r 

,I I O  - 311 3/73 7375 1500 - - 13653 - 
,I - - - " 31/ 3/73 7250 1450 - - 13107 - 

, ,I - - - 31/ 3/73 6900 I400 - - 12988 - 
I, I 

r - m 311 3/73 7250 1485 - - 13604 - 

c 

Sample 
Number 

I 1 I I I I I I 

Na/K K Li Ca Mg C1 B r  I F As B SO; COT ~ ~ 0 3 -  s i 0 2  
Pc Flow 

pH atomic (psig) Conditions Date Na 

45 

61 

62 

59 

63 

64 

Well M-39 

a. 77 235 P. 2" Q 12/10/70 5031 975 16.0 250 14.6 .9377 - - 8.3 - 

- 10.8 - - 94.2 435 - 12.58 90 17/ 2/72 4374 591 9.5 284 - 7880 - 
8 ,  - 10.6 - - 74.3 610 - 15.84 110 1 1 1  3/72 5125 550 8.5 318 - 8196 - 

168 17/ 4/72 4175 485 9.5 255 - 7562 - - 9.9 - 
$, - 10.8 - - 112.7 590 . - 13.52 76 a/ 5/72 4775 600 9.75 270 - 7945 - 

,I 9.29 I40 27/ 1/72 6012 1100 9 284 1 . 2  9506 - - 12.3 - - 505 - 

0 71.6 615 - 14.63 - 

r m 
r 
v 
0 
W 
- 



Table 4 .  Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples o f  the Wells 

Well M-39 (Continued) 

Sample 
Number 

65 

W 
0 

Li Ca Mg C1 Br I F As B SO; COT ~ ~ 0 3 -  si02 p~ Na/K 
atomic 

K P c  Flow Date Na (psig) Conditions 

I, 76 9 /  6/72 4375 687 9.75 251 - 7979 - - 10.0 - 1 1 . 8  84.5 502 - 10.80 

/ I  - 10.3 - n.d. 731 400 - 17.0 67 0 3O/ 4/73 4500 450 1 1  300 - 7727 - 
68 175 5/ 5/73 5062 737 n.d. 308 - 9752 - - 17.9 - - 650 - 11.7 

- 502 - 15.3 69 295 Cono 3" 31/ 5/73 5031 560 - 344 - 9135 - 

- 413 - 12.9 70 246 Con0 4" I /  6/73 4812 635 - 312 - 8850 - 

71 155 Con0 5" I /  6/73 3425 690 - 220 - 6353 - - 390 - 8 .4  

351 - 10464 - - 14 .7  - 30 48 603 - 13.0 74 100 S . V .  14/ 6/73 6000 785 - 
- 190 - 12.2 72 122 Con0 6" 4/ 6/73 1800 250 - 100 - 2359 - 

- 53 592 - 11.2 77 A loo s. 54" I /  8/73 5940 a95 - 480 1 . 3  11080 - i .a - 20 

77 100 S . P ~ S . V .  221 9/73 6134 988 17.6 417 - 11279 - - 593 - 10.5 

- 520 - 10.8 

I, 12/ 2/74 6146 1090 17.4 421 - 11300 - - 621 - 9.6 

I 78 100 221 9/73 5731 904 15.6 385 - 10362 - 
79 a5 

ao 98 vertedor 30/ 4/74 6410 I 1098 1 2 . 1  419 - 12154 - - 644 - 9 . 9  

83 a i  I, 30/ 8/74 6275 I 827 22.16 433 - 10698 - - 12.9 

a i  86 30/ 5/74 6037 1017 14.0 409 - 10733 - - 10.9 

410 - 10889 - - 578 - 1 2 . 0  82 a5  IO/ 7/74 6420 909 - 

_______---__.--7 

119 30 P. 2" 4 111 4/76 198.8 35.9t - 335 - 9.39 

120 48 P. 2" 13/ 4/76 4557. 593.9 - 8300 - - 13.05 

- - 10.26 

122 204 1 9 1  4/76 5394 873.1 12.19 439.2 - 10220 - - 10.50 

- 10.79 123 215 201 4/76 5419, 854.0 12.01 442.9 - io130 - 

124 222 Con0 3 - 1 / 2 ~ ~ 2 1 /  4/76 5789. 1007 13 .61  428.6 - 10670 - 9.77 

121 165 141  4/76 5283. 875.6 11 .67  437.3 - goo0 - 

~ ~ ~ ~~ ~ ~~ 

, 

t 

r m 

r I 
-4 0 

W 
- 



c 

Sample 
Number 

. 

K L i  Ca Mg C I  B r  I F As B SO; COT ~ ~ 0 3 -  s i 0 2  
P C  1 FIOW 

( p s i g )  ICond i t i ons  Oate Na 

Table 4. Chemical Analyses (mg/l; Na/K R a t i o  i s  Atomic)  i n  Repeatedly  C o l l e c t e d  Samples of  t h e  W e l l s .  

We1 1 M-39 (Cont inued)  

125 

126 

127 
___ 

128 

129 

130 

131 

132 

133 

134 

c 

205 22/ 4/76 5577 930 12.91 418.5 - 10390 - - 10.20 

140 Con0 5" 22/ 4/76 4815 836 11.66 374.8 - 9400 - 9.79 

I 3 5  23/ 4/76 4731 819 11.41 363.1 - 9220 - 9.82 
~ ~ 

200 L a t . O r i f . 3 ' 2 3 /  4/76 5595 925 12.82 419.2 - 10300 - - 10.28 

129 Con0 16" 23/ 4/76 530 48.7 4.6 45.9 - 200 - - 18.5 

3" @ - 10.23 

90 Sep. 54" 3/ 4/76 5631 984 13.19 426.7 - 10550 - - 516 - 9.73 

26/ 4/76 5362 891 12.25 415.4 - 10180 - 180 Cat. Orif. 

- 10.16 94 " 24/10/76 5719 957 13.17 452.4 - 10500 - 

I, 94  12/ 8/76 5178 876 - 418.1 - 94429 - - k07.4 - - 10.05 

90 ,I 2 3 / 9 / 7 6  5417 901 12.20 404.0 3.24 10181 5.80 0.56 n.d. 0.32 14.12 8.00 1.26 147.79)611.C8.05 0.21 

1 

2 

3 

4 

5 

6 

7 

I 

38 Purga 1/4" 7/ 5/76 5179 1259 15.2 339 - 10200 - - 6.99 

110 I 1 1 /  5/76 5935 1400 17. I 369 - 11350 - - 7.21 

145 ,I 14 /  5/76 6181 1479 17.3 377 - 11550 - - 7.10 

360 Purga 2" 24/ 5/76 6984 1646 18.6 429 - 12680 - - 7.21 

460 Purga I "  14/  6/76 6710 1628 19.4 430 - 12598 - - 7.01 

465 I I /  7/76 6774 - 434 - I2838 - 

190 18/ 5/76 6100 1498 17.5 377 - 11650 - - 6.92 

Well  M-42. 



B so; COT ~ ~ 0 3 -  s i 0 2  PH Na/K K L i  Ca Mg C I  B r  I F A S  
a tomic 

Na Sample PC Flow 
Number (ps ig )  Condi t ions Oate 

10 112 Purga 1/2" 1 1 /  8/76 4697 1178 - 328 - 9298 - - 6.28 

1 2  525 Purga 2" 15/11/76 7261 1701 - 455 - 12967 - - 7.26 

- 7.46 13 479 O r i f .  3" 16/11/76 7184 1638 - 445 - 12996 - 

- 7.47 14 290 O r i f .  5" 17/11/76 7332 1669 - 455 - 12996 - 

- 7.37 15 225 O r i f .  6" 17/11/76 7184 1658 - 449 - 12948 - 

- 7.43 16 137 Con0 7" 17/11/76 6611 1513 - 416 - 11949 - 

- 7.41 17 485 O r i f .  3" 19/11/76 7223 I658  - 455 - 13062 - 
- I - I - I - 1 9 2 9  I - I 7.91 - 1  I 18 I 117 I " 121/12/761 7442 I 1600 I 17.80 I 355 10 .21  I 13815 I - I - 

W N 

I 

Well M-5l 

Sample 
Number 

Na K L i  Ca Mg C I  B r  I F AS B SO,= COT ~ ~ 0 3 -  s i 0 2  PH Na/K 
atomic 

Pc Flow 
( p s i g )  Condi t ions Oate 

1 317 P. 2" $ 24/ 8/73 6600 1920 - 224 - 12411 - - 510 - 5.8 

3 520 20/10/73 7975 2285 28 435 - 15245 - - 999 - 5.9 

4 510 2 2 /  9/73 7775 2238 27 385 - 14866 - - 860 - 5.9 

- 5.9 5 790 Con0 3" 1/10/73 8550 2470 - 

2/10/73 8112 2385 - 414 - I5593 - - 1030 - 5.8 6 790 

7 690 Con0 4" 5/10/73 8128 2407 - 417 - 15444 - - 5.7 

- 785 - 5.5 8 340 P. 1" $ 27/ 4/74 6180 1905 16 

9 300 20/ 1/75 5380 1618 13 256 - 10800 - - 5.6 

- ~ ~ ~ ~ ~ ~ ~ - __ -~ 
408 - 15912 - - 1 -  - 

302 - 11184 - 

- 5.72 

12 230 21/12/76 5199 1551 13.0 208.0 0.06 10046 - - 727 - 5.70 

- 91.5 - IO 112 P . 1 / 2 "  1 1 /  8/76 2746 816 - 148.3 - 5448.8 - r- 
W r I 

U 0 

W 
- 



Table 4. Chemical Analyses (mg/l; Na/K Ratio is Atomic) in Repeatedly Collected Samples of  the Wells 

Well U-53- 

Sample PC Flow K L i  Ca Mg Cl Br I F As Number (psig) Conditions Date Na 

281 - 9433 - 
237 - 9850 - 

1 52.89 Purga 1/2"31/10/74 5116 1548 - 

2 52.89 " 31/10/74 5127 1658 - 

3 64.9 ' I  31/10/74 4427 1652 - 246 - 8936 - 
4 157.8 I '  1/11/74 '4612 1525 - 246 - 9334 - 

6 147.7 I' 4/11/74 4849 1681 - 224 9830 - 
264 - 9830 - 5 125 2/11/74 4954 I673 - 

7 162 5/11/74 5078 1716 - 220 - 10674 - 
8 175 " '1 6/11/74 5154 1740 - 114 - 9929 - 

--~_____-_______________________.__-- 

9 184 7/11/74 4932 1728 - 220 - 9880 - 
I 10 186 8/11/74 4908 1783 - 246 - 10525 - 

241 - 10574 - 1 1  268 11/11/74 5286 1790 - 
1 2  270 12/11/74 5290 1859 - 241 - 10922 - 

13 274 " 12/11/74 5384 1912 - 233 - 11121 - 

I4 280 15/11/74 5002 1850 - 202 - 10624 - 
15 301 18/11/74 5493 2016 - 246 - 11617 - 

16 328 19/11/74 3500 1314 - 171 - 8043 - 

t ,  

I 

I, 

t 

,I I7 315 21/11/74 4861 2011 - 277 - 11965 - 
,I 18 335 25/11/74 5014 2050 - 220 - 11746 - 

26/11/74 5697 2138 - 244 - 13446 - 

20 724 p:ry: A" 27/11/74 6900 2678 - 300 - 14995 - 
340 - 16295 - 21 849 27/11/74 7055 2748 - 

19 429 " 

22 909 28/11/74 7753 2801 - 352 - 16284 - 

B S O T  C O T  HCO3- Si02 ph Na/K 
atomic 

- 5.62 

- 5.26 

- 4.55 

- 5.14 

- 5.03 

- 4.9 

- 5.02 

- 765.7 - 5.04 

- 733 - 5.45 

- 762 - 4.68 

- 5.01 

- 715.5 - 4.87 

- 899.5 - 4.78 

- 466 - 4.6 

- 442 - 4.63 

- 442 - 4.53 

- ---~--__ 

- 430 - 3.95 

- 4.15 

- 4.52 

- 4.37 

- 4.36 

- 4.7 

r m 
r- I 

U 0 

W 
- 

W w 



~ ~ b l ~  4. ,-hemical Analyses (mg/l; Na/K Ratio i s  Atomic) in Repeatedly Collected Samples o f  the Wells - 
We1 1 M - 5 3  (Continued) 

I I I I I I I I n ,  

-, /-- I I I I I I 
I 

I I I I I I 



c 

Date 

1-31 -74 

2-22-74 

2-26-74 

2- 18- 74 

1-31 -74 

S e p a r a t o r  Separa tor  
P r e s s u r e  Steam Flow 

Kg/cm Ton/Hr. 

6 . 3  65.5 

7.2 71.6 

5 . 8  22.0 

"u.7 35.7 

6 .2  44.3 

Well 
No. 

M- 5 

M- 8 

M- 9 

M-11 

M-20 

M- 25 

Sample 
No. 

605 

757 

745 

284 

469 

26 

M-31 

M-34 

266 2-16-74 1 9 . 0  79.5 

233 2-16-74 5 . 6  25.0 

Well 
No. 

M- 5 

M- 8 

M-25 

M-26 

M- 30 

M-31 

M-34 

M-39 

K S e p a r a t o r  Separa tor  S e p a r a t o r  Tota l  Flow Na 
Sample Date P r e s s u r e  Steam Flow Water Flow Enthalpy 

mg/l mg/l No. Kg/cm Ton/ Hr . Ton/Hr. c a l / g  

608 4-29-74 6 . 7  65.0 123.0 3 36 8585 2052 

758 4-30-74 7.2 69.8 135.8 335 8515 1955 

27 4-30-74 6 .6  6.6 131 .3  307 8936 2052 

485 4-29-74 6.6 6 .6  56.5 325 9356 2357 

9 4-30-74 7.5 7.4 204.3 307 9356 2099 

267 4-30-74 7.1 7.1 154.1 332 7859 2443 

234 4-30-74 6 .2  6.1 108.2 245 6971 1192 

80 4- 30- 74 5.7 5.7 131 .O 262 6409 1095 

e 
r 
W 
r Table 5. Separator Flow, Enthalpy and Chemical Composition in Sets of Repeatedly Collected Samples 

o f  the Producing Wells. Sets are Numbered successively According to Sampling Dates. U 
0 

Lo 

I I S e p a r a t o r  
Water Flow 

Ton/Hr. 

146.9 

132.3 

W l  mg/l I Li 

S i 0 2  
mg/1  

1035 

979 

- 

682 

776 

878 

950 

920 

9 35 

553 

621 

Enthalpy 

2068 24.8 z 15,850 

15,400 

10,076 

566 15,300 

Set 1 

82.9  1 265 I 6316 *- 118.7 I 283 I 8187 

107.4 I 307 I 6573 1709 I 19.0  

1-22-74 I 6 . 7  I 59.0 146.2 1 563 I - I16,OOO 

I M-26 1 482 I 1-29-74 1 6 . 3  I 33.6 774 1 - 117,600 

I M-30 I 8 I 1-29-74 I 7 . 9  I 81.8 231.5 I 295 I 8655 2G33 I 27.2 567 1 - I16,OOO 

134.1 I 348 I 8047 , 2009 I 21.6 453 I - 114,506 
I 

125.0 I 241 I 7462 12,849 

I M-39 I 79 1 2-11-74 I 6 . 0  I 41.8 165.0 I 258 1 6552 

S i 0 2  1 mg/l 

14 .4  I 481 I - Set 2 

15.1 I 575 1 - 

16,565 

13,849 

25.0 

12.1 
W 
vl 



Table 5. Separator Flow, Enthalpy and Chemical Composition in Sets of Repeatedly Collected Samples 
o f  the Producing Wells. - 

We1 1 
No. 

W 
Cn 

, M-30 

' M-34 

I 

1 M-39 

7 
12,227 ~* 
15,931 * 
10,889 

609 7-10-74 I 6.1 64.6 118.0 337 8802 2028 I 25.9 500 - 

759 

286 

473 

28 

487 

10 

268 

235 

7-11-74 6.0 70.8 135.3 3 36 8213 1835 22.8 445 - 

7-10-74 6 .5  23.4 63.9 298 8599 1818 25.1 563 - 

7-10-74 6 . 2  44.4 108.2 308 7151 1432 1 8 . 8  507 - 

7-10-74 6 . 2  50.3 121.5 308 8950 2055 - 628 - 
7-1 1-74 5 .9  25.6 50 .8  328 9874 2205 31.0 838 - 
7-1 1-74 6 .9  76.2 196.5 305 9373 1990 26.2 602 - 

7-11-74 6 . 7  76.6 150.7 332 7988 1795 - 413 - 
7-11-74 5 . 8  23.6 104.8 253 6975 1045 - 587 - 

Well 
No. 

M- 5 

M- 8 

M-11 

M-15A 

M-20 

M-25 

M-26 

M- 30 

M-31 

M-34 

M- 35 

M- 39 

Sample 
No. 

61 0 

761 

287 

11 

473 

29 

488 

11 

269 

236 

7 

83 
I 

M- 5 Set 3 

M- 8 

M-11 

M- 20 

M-25 

M- 26 

M- 31 

82 I 7-10-74 I 5.1 I 29.2 I 126.9 1 251 I 6419 I 909 I - I 410 I - 

I 
S e p a r a t o r  K L i  Na Water Flow Enthalpy 

Ton/Hr. c a l / g  

Tota l  Flow 

mg/l mg/l mg/l 
c1 SiOz 

mg/l mg/l 

15,834 - 

15,158 - 

15,284 - 

13,042 - 

12,227 - 

17,041 - 

18,730 - 

15,784 - 

13,975 - 

12,940 - 

Date Ton/Hr. 

Set 4 451 - 

408 - 

527 - 

425 - 

485 - 

544 - 

893 - 

612 - 

476 - 

629 - 

459 - 

434 - 

8- 30- 74 

8-29-74 

8-30-74 

- 

6 . 9  65.0 

6 . 3  19 .0  

7 .5  92.5 

6 . 8  37.0 

5 . 8  46.0 

8- 30- 74 

8- 30- 74 

8-27-74 

8-27-74 

8-27-74 

8- 27- 74 75.5 
r 
m 8-27-74 I 6.0  I 20.9 r 

I 
U 

0 
W 

9-10-74 I 7 .8  I 101.1 

8- 30- 74 5 . 6  17 .7  104.7 233 6275 827 21.2 



c 

Set 5 

L 

M- 5 61 5 1-1 5-75 6.4 59.0 

M- 8 765 1-16-75 7.2 65.4 

e 

1970 

1675 

1496 

1125 

1222 

2517 

1487 

2043 

1968 

1588 

. . 

22 332 

17 244 

22 561 

15 321 

15 451 

24 557 

23 457 

23 521 

23 540 

17 398 

Table 5. Separator F l o w ,  Enthalpy and Chemical Composition in Sets. o f  Repeatedly Collected Samples 
o f  the Producing Wells. 

188.3 

100.0 

54.2 

114.7 

73.6 

170.3 

135.8 

r 
W 
r 

I 
U 

ul 
0, 

2 86 6003 

303 6035 

473 9602 

305 8525 

320 8663 

31 2 8430 

343 7241 

M- 35 12  1-8-75 8 . 0  105.0 

We l l  Sample 
No. No. 

M- 5 620 

M- 8 768 

M-11 311 

M-15A 20 

M-19A 14  

M-20 186 

M-21A 18  

M-25 37 

M- 30 18 
- 

Mg c1 
mg/ l  m g / l  

- 15,005 

11,994 - 

- 14,791 

10,926 

16,025 

11,265 

17,190 

15,199 

15,345 

- 

- 

- 

- 

- 

S i 0 2  
mg/ l  

884 

893 

- 

668 

923 

606 

903 

942 

877 

3- 10- 75 

3- 10- 75 

3- 11 - 75 

3-11-75 

3-13-75 

~ - -  - ~ ~~~~ 

6 .4 55.4 138.5 306 8606 2157 

6.4 33.2 90.4 297 6086 1222 

7.4 82.3 74.5 425 9177 2262 

5 .7  43.2 96.3 31 5 8211 1972 

4.8 68.2 171.9 309 8111 1929 

______- 

S e p a r a t o r  Separa tor  
Pressure  Steam Flow I ''i;! 1 Sa::!e 1 Date 1 Kg/cm I Ton/Hr. Ton/Hr. 

12,700 113.5 I 348 I 6535 

127.9 I 286 I 7504 7.3 

11,496 606 

13.1 

- 

18,700 I 894 19.4 q- 
15,715 

21 .o 

9.7 

7.0 

12.8 

85.7 I 241 I 6925 9.3 - 

16,195 11029  214.4 I 333 I 8506 35.0 

- 
Ca 

mg/ 1 
- 
46 3 

324 

639 

41 3 

525 

- 
- 

- 

__ 

Separa tor  Separa tor  S e p a r a t o r  Total  Flow K Pressure  Steam Flow Water Flow Enthalpy 
Date 1 Kg/cm2 1 Ton/Hr. 1 Ton/Hr. 1 c a l / g  1 'mi1 -1 "'g/' 

L i  
mg/ 1 

Set 6 

3-12-75 I 7.1 I 65.0 I 119.2 I 342 I 6 5 2 6  11557  

3-10-75 I 6.9 I 35.0 I 116.2 I 282 1 7829 1 1 5 1 0  

3-11-75 I 6.7 I 56.8 I 196.1 1 278 I 5 9 9 2  1 1 1 0 7  

465 

647 

539 W 
U 

569 
- 



~~ ~ 

Set 6 

Set 7 

Separa tor  S e p a r a t o r  S e p a r a t o r  Total Flow Na K L i  Ca Mg c1 S i O n  
mg/l mg/l mg/l  mg/l mg/l mg/l mg/l No. No. Kglcm TonIHr. Ton/Hr. c a l l g  

M- 5 625 5-20-75 6 . 3  54.5 127.2 31 2 - 461 - 15,407 901 8001 1877 

12,140 863 6656 1557 M- 8 772 5-21-75 6.6 68.6 118.4 346 

12,160 551 6332 801 M-11 315 5-22-75 5.9 14.5 62.9 255 

Well Sample Date Pressure Steam Flow Water Flow Enthalpy 

- 315 - 
645 - - 

I, - - 31 6 5- 27- 75 N .  D. N . D .  N . D .  6360 772 653 - 11,994 - 
M-15A 22 5-23-75 6.4 52.3 180.6 276 - 405 - 11,311 636 6141 1044 

16,431 680 M- 19A 19 5- 20- 75 5 .8  50.9 108.4 31 9 8702 2105 - 

12,969 686 

- 517 - 

491 - - 6785 1437 

M-21A 22 5- 26- 75 7.1 81 .8  85.3 407 8989 2206 

8510 1847 M-25 43 5-23-75 6 . 3  45.4 100.4 31 8 

M- 30 25 5- 23- 75 6 .9  66.3 167.2 309 - 554 - 15,612 839 8993 1818 

13,263 711 

- 597 - 13,349 477 

15,992 891 

M-20 491 5-21-75 6 .4  36.4 91.2 309 

- 605 - 17,289 829 
--_____________ 

- 15,807 765 527 - 

- M-31 285 5-21-75 7 .6  70.4 136.7 336 6965 1563 441 - 

M-34 250 5-22- 75 5 . 9  13.6 80.2 234 7202 1220 

M- 35 21 5-27-75 7.5 104.0 202.2 3 36 8337 2072 459 - - - 

Table 5. Separator Flow, Enthalpy and Chemical Composition in Sets o f  Repeatedly Collected Samples 
o f  the Producing Wells. 

I I I I I I I I 

M- 35 15  3-12-75 7 .4  105.0 218.7 331 8356 2122 - 473 - 15,665 1007 

W 
00 

U 
0 



c 

7-28-75 

7-1 5-75 

7-15-75 

7-28-75 

~ ~~~~ ~ 

6 .6  44.5 163.6 272 5980 

7.21 85.3 116.0 375 8320 

6.0 37.7 115.8 286 5700 

7.1 77.2 84.1 405 8020 

440 

432 

441 

450 

- 10,862 594 

- 11,315 717 

- 14,666 1296 

- 11,412 641 

c 
Table 5. Separator F l o w ,  Enthalpy and Chemical Composition in Sets o f  Repeatedly Collected Samples 

o f  the Producing We1 Is. r 
W 
r 
I 
v 
0 

W I 

2950 22.3 

~~ 

S e p a r a t o r  Separa tor  S e p a r a t o r  Total  Flow Na 
Pressure  Steam Flow Water Flow Enthalpy 

Date 1 Kg/cm2 1 Ton/Hr. 1 Ton/Hr. 1 c a l / g  Img" We1 1 
.No. 

Sampl e 
No. 

M- 5 632 7-15-75 I 6 .4  I 54.5 I 112.1 I 326 7950 Set 8 

Set 9 

15,150 958 

11,800 873 

11,100 619 

16,950 975 

M- 8 773 7-17-75 I 6.9 1 59.9 I 127.6 1 325 16100  1664 118 .0  I 3 0 3  

24.3 

M-15A 23 

M-19A 

M-20 

M-21A 

M-25 

23 

495 

26 

47 

31 

- 11,350 595 

- 115,300 I 817 1 
7-28-75 I 6 .3  I 39.9 I 93.2 I 312 I 7 6 3 0  - 115,400 1 893 I 

M- 30 7-16-75 I 7.1 I 62.6 I 134.2 I 224 I 7 6 0 0  

M- 31 289 7-17-75 I 7.0 I 64.0 I 135.0 I 326 1 6 3 2 0  

M- 34 2 54 7-16-75 I 5.9 I 13.6 1 64.8 I 251 1 6 6 5 0  1142 1 1 8 . 7  1 5 9 3  112,900 I ,::: 1 
15,600 M-35 25 -7-28-75 I 7.8 I 102.6 I 195.2 I 340 ~ I 7 8 4 0  2098 I 21.6 1 435 

I S e p a r a t o r  Ca 
mg/ 1 

Separa tor  
Steam Flow 

T G n / H r .  
Sample 

No. 
Pressure 1 Kg/cm2 Date We1 1 

No. 

M- 5 

M- 8 

M- 9 

--p- 9- 22- 75 49.9 I 304 I 7900 651 

781 

176.9 

169.8 61.8 I 347 I 6420 I t  I 7.2 
I 

754 118.3 28.9 1 290 1 6020 910 1 13.8 

M-15A 32 266.1 50.4 I 262 I 6 3 5 0  1010 1 1 3 . 0  II 7.0 

7.6 

6.7 

7.7 

I, 

I, 

II 

M-19A 26 187.3 73.6 I 362 I 7580 

M- 20 500 124.0 
~~ 

30.9 289 6 380 

73.2 389 8500 

39.1 31 9 7960 

84.5 354 8350 

M-21A 30 163.6 555 - 116,518 I 819 

M-25 53 124.9 532 - 115,667 I 1 1 7 1  
W 
W 

51 2 226.6 780 - 116,418 I 9 6 2  M-26 



Table 5. Separator Flow, Enthalpy and Chemical Composition in Sets o f  Repeatedly Collected Samples 
o f  t h e  Producing Wells. 

Set 9 

K Li Ca Mg C 1  Si02 \.!ell Sample Date Pressure Steam Flow Water Flow Enthalpy 
No. No. Kg/cm Ton/ Hr. Ton/Hr. mg/l w / l  mg/l mg/l mg/l mg/l mg/l 

M-30 35 7.4 21 8 . 4  61.3 30 7 8100 1850 21.0 560 - 15,466 1070 

M-31 293 8.1 220.0 73.6 336 6450 1480 18.5 434 - 13,114 838 

12,964 714 M-34 258 7.1 69.5 11 .3  250 

M- 35 29 8.0 284.2 95.0 336 7500 2090 21.5 434 - 15,667 1070 

S e p a r a t o r  S e p a r a t o r  S e p a r a t o r  Total  Flow Na 

11 

,I 

II 6700 1180 18 .5  665 - 

II 

Set 10 

Well Sample 
No. No. 

M-5 657 

M-8 784 

Set 1 1  

S e p a r a t o r  S e p a r a t o r  
Date Pressure Steam Flow 

Kg/cm Ton/Hr. 

11 -1 2-75 6.9 50.0 

11-1 1-75 7.1 58.2 

~~~ - ~~ 

7550 1820 

6300 1440 

21.6 455 - 15,600 930 

20.0 314 - 11,900 895 

M-25 I 57 I 11-10-75 1 7.0 1 36.8 

5800 

5830 

7880 

7830 

7620 

944 14.2 422 - 11,100 495 

1000 13.0 375 - 11,140 600 

2030 22.0 687 - 15,700 895 

1910 17.5 687 - 15,300 817 

1940 20.3 543 - 15,100 807 

~ ~~~~ 

S e p a r a t o r  
Water Flow 

Ton/Hr. 

M- 9 

M-15A 

125.6 

115.0 

70.9 

168.4 

6.7 23.6 

38 11-10-75 6 .9  44.1 

~ ~~ ~~ ~~ 

Total Flow 
Enthalpy 

c a l / g  

M-26 

M-30 

308 

516 11 -1 0-75 7.0 76.8 

46 11-11-75 7 . 3  60.4 

333 

Separa tor  S e p a r a t o r  S e p a r a t o r  Total  Flow Na K Li Ca Mg 
mg/l mg/l mg/l mg/l mg/l Well Sample Date Pressure  Steam Flow Water Flow 

M- 5 662 3-8- 76 6 .2  48.1 106.7 31 7 7976 1892 21.8 445 0 .5  

M- 8 790 3-8-76 6.9 54.5 118 .3  323 6435 1419 17.1 297 0 .3  

M-15A 43 3- 8- 76  6.3 40.9 169.2 261 5810 984 1 3 . 3  381 1 . 5  

M-19A 35 3- 9- 76 6.7 61.7 102.2 351 8232 2087 22.9 493 0 .4  

M-20 510 3-8-76 6 . 3  29.0 72.4 307 5980 1254 13.5 445 2.1 

M-25 62 3-8- 76 6 . 3  35.4 77.1 320 8081 1935 22.3 465 0 .8  

No. No. Kg/cm Ton/Hr. Ton/Hr. c a l / g  

290 

c1 
mg/l 

15,210 

12,110 

10.900 

16,200 

11,580 

15,380 

271 

111.8 

155.2 

S i 0 2  
mg/ 1 

1159 

1045 

71 7 

1121 

735 

1076 

414 



Set 1 1  - 
c1 S i 0 2  

mg/l mg/l mg/l mg/l mg/l 

16.8 577 0.7 13,300 1000 

19.2 513 1 .4  12,510 708 

21.7 414 0 . 5  15,160 1129 

Ca Mg L i  

Set 12. 

4 
0 

CD 
d 

Table 5. Separator Flow, Enthalpy and Chemical composition i n  Sets of Repeatedly Collected Samples 
o f  the Producing Wells. 

Llell 
KO. 

M-26 

M-29 

M- 35 

~ ~ ~~~ ~ ~ 

K Separa tor  Separa tor  S e p a r a t o r  Total  Flow 

mg/l W l  
Sample Date Pressure  Steam Flow Water Flow Enthalpy 

No. Kglcm Ton/Hr. TonIHr. c a l / g  

522 3-8- 76 7.7 87.6 186.8 328 6830 1548 

127 3-8- 76 6 . 3  26.8 220.2 21 9 6813 1088 

53 3-8-76 7.1 89.4 196.0 322 7875 1969 

M-39 I 132 6.93 I " I 

Separa tor  
Steam Flow 

Ton/Hr. 

47.7 

56.4 

48.6 

63.4 

27.9 

S e p a r a t o r  Total  Flow 
Water Flow Enthalpy 

TonIHr. c a l / g  mg/ 1 

112.2 31 2 7921 

90.2 358 5591 

183.0 272 5822 

108.0 350 8490 

85.3 287 6346 

~~~ 

14,990 

10,580 

10,890 

16,110 

12,050 

16,880 

15,060 

13,480 

12,580 

15,080 

13,530 

15,100 

10,500 

900 

840 

580 

- 
- 
- 

- 
- 

- 
- 

- 

- 

- 

r 
W 
r 

2186 20.9 

1918 23.1 

1509 16.7 

1152 19.7 

1864 22.1 

1494 1 7 . 8  

2016 22.2 

957 13.2 

699 

557 

610 

529 

625 

437 

496 

452 

1001 13.5 409 

33.2 

85.4 

28.2 

58.2 

59.5 

2110 123.4  I 5 7 2  

84.4 305 7804 

184.4 328 6556 

246.6 6841 6841 

147.4 309 7952 

124.5 328 6551 

89.0 

28.6 
I 

Mg 
mg/ 1 

0.48 

0.10 

1 . 6  

0.25 

187.5 327 7781 

139.5 252 571 9 

.7  

0 . 3  

0.46 

0.61 

0.81 

0.79 

0.15 

0.27 

5.63 



8-10-76 

8-10-76 

7.70 46.5 105.6 31 7 6914 1631 

7.42 57.2 140.7 31 1 6913 7592 

I, 

I1 

I I  

I1 

II 

5257 6.5 38.9 77.3 330 

6.5 - - 304 8229 

7 .0  57.7 132.3 31 7 7079 

6 .7  48.3 170.0 276 5951 

8238 7.2 56.6 142.8 308 

I, 

I1 

,I 

I I  

7.1 56.5 170.9 291 7809 

7.2 59.6 114.2 337 691 3 

7658 7.4 82 .3  179.7 324 

5.6 13.5 67.0 245 541 7 

Table 5. Separator  F low,  Enthalpy and Chemical Composit ion i n  Sets o f  Repeatedly C o l l e c t e d  Samples 
o f  t h e  Producing We l l s .  - 

0 
N 

-1 S e p a r a t o r  Separa tor  S e p a r a t o r  Total  Flow 
Pressure Steam Flow Water Flow Enthalpy 

Date 1 Kg/cm2 1 Ton/Hr. 1 Ton/Hr. I c a l / g  1 m:71 1 nl:/l [ mk)l lm;7l 1 m?1 

M- 5 664 Set 13 

Set 1 4  

* 
M- 39 

8-10-76 I 7.56 I 82.6 I 188.4 I 245 I 6831 1 1718 - I 422 I - 

8-12-76 I 6.16 1 15.9 I 80.2 I 245 I 5178 I 876 I - 1 4 1 8  I - 

1 Separa tor  S e p a r a t o r  S e p a r a t o r  Total Flow Na 
Pressure Steam Flow Water Flow Enthalpy I Kg/cm2 1 Ton/Hr. 1 Ton/Hr. 1 c a l / g  1 mg/l Date 

K 
mg/l 

L i  
mg/ 1 

Ca 
mg/ 1 

S i O n  
mg/ 1 

1318 

Sample 
No. 

We1 1 
No. - 

M- 5 

M- 8 

M-11 

M-14 

-(9-23-761-6.3 T - 4 7 . 6  I 124.7 I 301 18016 1899 22.9 504 114,828 

10,128 1310 14.5 258 971 792 

331 

11 

2032 25.20 550 0.34 116,129 1345 

17.7 445 0.61 113,113 960 1439 

984 

2058 

2252 

1911 

407 

556 

679 

526 

- 

___ 

__ 

M-15A 45 746 

1291 

1104 

1141 

1006 

960 

12.9 

24.4 

21.7 

M-l9A 37 

M-21A 40 I " I 7.1 I 63.9 I 89.9  I 372 I8761 

M- 25 64 I, I 5.6  I 31.8 I 78.2 I 308 I 8063 23.4 0.47 15,315 

12,606 M- 26 528 I I  I 7.4 I 7716 I 153.8 I 335 I 6 6 8 6  1514 19.9 581 

M- 27 24 I 'I I 7.2 I 50.1 I 37.2 I - I 5884 1384 13.1 36 1 0 .04  111,366 

130 II 1 6.5  I 30.4 I 253.7 I 219 I 6 9 6 6  1156 20.3 554 1.39 112,971 739 M- 29 

M- 30 

M-31 

M- 35 

M- 39 

90 1833 22.0 596 0.82 115,173 1077 
~~ 

305 463 * 
10,181 

833 18 .4  

22.0 

12.2 

1540 

1956 

801 

459 

404 
- 

1207 191 

134 
r 
W 
r 
I 
U 
0 

a 

61 1 



Date 

2-1 7-77 

2-10-77 

2-1 7-77 

2- 3- 77 

2-4-77 

2-7-77 

2-7-77 

K L i  Ca Mg c1 S i O z  
mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

Separa tor  Separator  S e p a r a t o r  Total  Flow Na 
Pressure  Steam Flow Water Flow Enthalpy 

Kg/cm T o n / H r .  Ton/Hr. c a l / g  

6.6 46.0 124.5 298 8167 1975 21.2 423 0.63 15,364 1066 

6.4 25.9 53.6 326 6369 1525 16.2 285 0.21 11,863 973 

6.9 18.5 48.6 321 8478 2044 24.0 471 0.44 15,751 1034 

7.5 57.8 154.6 308 7212 1468 16.7 389 0 .99  12,893 845 

6 . 3  12.3 49.5 264 5576 791 10.4 337 1.85 9,886 578 1 

7.3 52.1 124.2 31 2 8463 2318 22.6 481 0 .44  15,892 1151 

6.6 24.5 72.0 39 1 6392 1189 13.1 481 2.20 11,846 729 
1 

* 
Table 5. Separator Flow, Enthalpy and Chemical Composition in Sets o f  Repeatedly Collected Samples 

of the Producing Wells. 
r 
W 
r I 
u 
0 

Separa tor  
Pressure  
Kg/cm 

Separa tor  S e p a r a t o r  Total Flow 
Steam Flow I Water Flow 1 Enthalpy I m",l 1 1 Li 1 I Mg 1 I I Ton/Hr. Ton/Hr. c a l / g  mg/l mg/l m g / l  mg/l mg/I mg/l Date 

12-21-76 7 . 3  46.1 122.5 304 8487 1969 21.4 403 0.24 15,599 1034 

31.2 78.6 305 6411 1456 18.6 382 0.14 11,945 920 
Set 15 

ll 6.9  

12-22-76 7.0 17.0 47.3 298 8366 2124 23.6 389 0.22 15,588 1040 

58.4 149.7 308 7375 1469 17.0 346 0.41 13,383 877 

21.2 81 .O 267 5819 855 10.9 313 1.70 10,286 781 

57.4 140.8 31 5 8707 2118 21.3 440 0.180 16,148 1094 

27.1 85.4 288 6266 1234 12.4 448 1.90 11,724 760 

64.2 111.3 351 8355 2000 17.5 537 0.23 16,058 972 

29.3 72.1 31 2 8138 1942 21.4 372 0.28 15,263 984 

73.8 21 3. 299 6562 1467 15.1 510 0.33 12,606 942 

42.6 58.5 378 5752 1314 15 .3  471 0.04 11,233 933 

12-21 -76 7.5 
I ,  6 . 3  
11 7.5 

6.6 

7.2 

6 . 9  

7 . 4  

7.0 

6 .7  26.7 228.1 221 7072 1236 19 .3  271 0.90 12,830 320 

55.0 141.5 31 0 7881 1927 16.8 514 0.50 15,263 947 

52.8 I L  I .9 322 7104 1539 16 .7  336 0.11 13,076 800 7 n7 

78.2 178.0 32 3 7987 2005 20.5 381 0.12 15.075 1037 

I 1  7 . 5  
I1 7.6  
I 1  7.5 

Sample 
No. 

Set 16 I M-5 668 

IE1-8 798 

333 1 M-11 

1 3  

M-15P 

M- 19P 

48 

39 

51 8 

- 
0 
W 



Table 5. Separator  F l o w ,  Enthalpy and Chemical Composition i n  Sets o f  Rpneatedly C o l l e c t e d  Samples 
of t h e  Producing Me1 Is. 

63.3 116.2 Set 16 
~. 

340 1 8361 I 2096 I 18.5 I 533 

\.!el 1 
No . 

41 .O 

28.2 

55.3 

52.6 

78.9 

M-21P 

M-25 

M-26 

M- 27 64.3 359 

235.3 21 9 

140.7 307 

116.4 320 

179.1 31 9 

M-29 0.91 

0.81 

0.22 

0.31 

42 

12,915 682 

15,225 960 

12,260 824 

14,585 1119 

66 

M-30 

M-31 

5 30 

26 

62 2-10-77 7.2. 

307 2-11-77 6.7 

132 

2-9-77 

2-8-77 

2-9-77 

2-10-77 

2-9-77 6.5 

M-35 I 214 I 2-11-77 I 7.4 

Separator Separator Total Flow 
Steam Flow Water Flow Enthalpy 

Ton/ Hr. I Ton/Hr. 1 ca l /g  1 m!71 1 nl$l I m b j l  I 
29.8 I 69.7 I 314 I 8043 I 2029 I 21.6 I 461 

72.5 I 193.2 I 304 I 6 6 0 7  I 1 5 7 2  1 15.6 I 4 9 3  

8063 2005 20.7 

651 4 16.8. 

7874 I 1980 I 20.4 

293 

501 

595 

373 

399 

* 
12,409 

0.12 111,041 

948 

990 

903 

963 

r 
W 
r 

I 
U 
0 

W 
- 



LBL-7019 

T o t a l  

233.5 
224.0 

I50 
173.8 
166.3 
225.1 
114.5 
64 

348.0 
234.2 
166.4 
228.8 

T o t a l  
E n t h a l p y  
( c a I / g )  

305.9 
327 .8  
234 
271.9 
296.3 
294.3 
309 .8  
242 

285.5 
337.8 
237.1 
254.0 

S e p a r a t o r  
Temperature 

("C) 

Separator 
Steam 

166.1 
169.6 
160.0 
173.6 
163.0 
163.2 
163.2 
164.0 
1 6 8 . 5  
170.0 
161.2 
162.1 

65 .5  
71.6 
2 2  

35.7 
44 .3  

33.6 
10 

8 1 . 8  

79 .5  

59 .0  

25 .0  
41 .8  

Na 

8350 
8000 

5550 
8200 
7100 
8650 
9050 
6450 
8500 
7700 
7100 
6100 

K Mg Ca 

2050 0 . 8  525 
2000 0 . 4  460 

880 1 . 8  420 
1800 1 . 1  540 
1620 1 .4  510 

2000 0 . 6  585 
2200 0 . 9  840 
1200 3 .7  480 
1980 0 . 9  585 
1930 0 . 2  500 
1200 3 . 0  645 
1080 1 .9  455 

M- 5 
M- 8 

M- 9 
M- I I 
M- 20 
M-25 
14-26 
M-29 
M-30 
M-31 
M-34 
M-39 

8 . 2  
8 . 3  
8.0 
8 . 2  
8.  4 
8.1 
8.0 

8.1 
8 .1  

8 . 3  
8 . 3  
8.4 

105 

T a b l e  6.  Chemical and P h y s i c a l  We l l  Data by Reed (1975) .  

6a .  Wel l  C o n d i t i o n s  d u r i n g  Sampl ing,  f o r  P r o d u c i n g  I d e I l s ,  i n  t h e  C e r r o  P r i e t o  Geothermal F i e l d  

We1 1 
No 

- 
11-5 
M- 8 
M- 9 

M - l  1 

M- 20 
M-25 

M-29 
M-26 

M- 30 
M-31 
M- 34 
M- 39 

Pressu re  ( b a r )  Mass F l o w  (IO3 k g / h r )  

Date 

1/30/74 
2/22/74 
2/22/74 
2/18/74 
1/31 /74 
2/21/74 
2/21/74 
2/ 8/74 
2/21 /74 
2/ 16/74 
2/16/74 
2/12/74 

S i  1 encer  
Steam 

21.1 
20. I 

0 

19.4 
14 .6  
19.9 
9 . 7  
0 

34.7 
20.6 
16.4 
22.0 

S i l e n c e r  
Water 

146.9 

132.3 
( 1 28) ;t 
118.7 
107.4 
146.2 
7 1 . 2  

(54) ;': 

231.5 
134.1 
125.0 
165.0 

Wel l  Head 

7.49 
7.91 
6 .67  

41.7 
7 .08  
7 .58  
7. I9 
6 .87  
8 .74  

6 . 5 3  
6 .87  

19.6 

S e p a r a t o r  

7.22 
7 .84  
6 .18  
8 . 6 7  
6 .67  
6 .70  
6 .70  
6 .80  

7 .63  
7.91 
6 .39  
6 .53  

9: S e p a r a t o r  w a t e r  f l o w  e s t i m a t e d  f rom w e l l  r e c o r d s  made p r i o r  t o  removal  o f  t h e  s i l e n c e r .  

6b. Chemical Compos i t i on  o f  Separa ted  Water Samples f rom W e l l s  i n  t h e  C e r r o  P r i e t o  F i e l d .  

C o n c e n t r a t i o n  (mg / l )  I 
- 

L i  HCO, 

22.5 
18.5 
12 .5  
20.0 
15 .5  
23.0 
20.5 
15.0 

22.0 
19.5 
18.0 
14.0 

42.8 
65 
66 
40 
57.9 
44.0 
39.6 
54 .7  
36 .4  
48.4 
48.4 
60.4 
__ 

6c.  Compos i t i on  o f  Separa ted  Steam Samples from W e l l s  i n  t h e  C e r r o  P r i e t o  F i e l d .  

7.91 
7 .98  
8.18 

7.47 
7.36 
7.22 
6 .24  

10.8 

67,000 
73,000 
32,000 
46,000 
41,000 
57,000 
78,000 
42,000 

6 ,200  
8 ,060  

5,500 
6,060 
8 ,  I50 

10,100 

6 ,530  
7,960 

1,420 

1,950 
1,300 
1,470 
1,540 
1,450 
1,750 
1,630 

:': Ana lyses  s u p p l i e d  by A .  Maiion (pe rsonna l  communicat ion,  1974).  
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LBL- 70 1 9 

I 

I Well N O  Years CO2 H2S 

107 

M-3 
M- 5 

M- 8 

Table 8. Average gas con ten ts  i n  p roduc ing  wells; percen t  of d r y  gas 
i n  t h e  steam (and number of  samples). 

I NH3* 

- 

0.009 ( 4 )  

0.009 ( 3 )  

- 

- 

0.009 ( 2 )  

C02/H2S 

12.84 

7.94 

11.26 

7.76 

18.92 

7.63 

0.009 (1) 7.99 

- 16.73 

0.008 ( 3 )  7.14 

0.009 ( 3 )  10.42 

0.010 ( 3 )  10.58 

0.010 (3 )  6.96 1 

- 14.67 

- 9.59 

M- 9 

M-10 

67-75 

67-75 

67-75 

67-70 

1.43 (31 )  0.18 (31 )  

3.38 (53)  0.30 (53)  

1.32 (31) 0.17 (31)  

4.73 ( 8 )  0.25 ( 8 )  

M-11 I 67-75 I 1.83 (17)  I 0.24 (17)  

0.010 ( 3 )  

0.009 ( 3 )  

0.010 ( 3 )  

0.010 ( 3 )  

0.009 ( 3 )  

10.87 

7.55 

11.24 

10.38 

8.25 

0.23 (10) 

0.20 ( 7 )  

M- 1 5A 

M- 1 9A 

M- 20 

M-21A 

M-25 

M-26 

M- 29 

0.233 (22)  

0.184 ( 9 )  

74-75 2.50 (10)  

75 1.51 ( 7 )  

68-75 2.62 (22)  

74-75 ;.91 ( 9 )  

74-75 1.51 ( 9 )  

67-75 1.63 (28) 

69-73 3.43 (13)  

0.183 ( 9 )  

0.204 (28 )  

M- 30 

M- 31 

M- 34 

M- 35 

M- 38 

0.205 (13)  

74- 75 

68- 75 

68- 75 

74- 75 

68- 69 

1.30 (8) 

2.50 (21)  

1.82 (17 )  

1.17 ( 8 )  

4.02 (46 )  

M-39 I 74 

0.182 (8 )  

0.240 (21 )  

0.172 (17 )  

0.168 ( 8 )  

0.274. (46)  

2.78 (1) 0.290 

* "3 analyses o f  1975. 



Table 9. Chemical Composit ion o f  Spr ings i n  ppm (Mercado, 1968). 

- 
Na/Ca - 
19.7 
17.4 
24.2 
12.5 
6.2 
24.4 
22.6 
20.4 
12.2 
15.3 

16.0 
20.7 
22.3 
15.8 
23.5 
20.0 
19.1 

17.9 
13.9 

- 

18.1 

p r i n (  
No. - 

1 
2 
3 
4 
5 
6 
7 

9 
IO 

a 

PH 

6.8 
6.35 

6.50 
2.0 
6.15 
7.55 

4.60 
6.20 

3.60 
2.60 
3.73 
4.25 

- 
6. a5 

7.08 

- 

5. a5 
5.95 
6.05 
5.50 
5.57 
6.25 

c i d i t y  
co2 

Na K L i  Ca CI B r  HC03 Si02  Na/K 
atomic Na/Li Cl/SOq Ca/Mg ZmP 

C 

51 
75 
94 
a2 
41 
68 
93 
a5 
16 
32 

29 
36 
74 
79 
16 
I9 
40 
20 
45 
44 

- 

- 

- 
so 

ao 

78 

78 

a3 

a5 

75 

30 
37 

66 
75 

56 
- 

54 
60 

73 
36 
27 
65 
25 
65 - 

359 
405 
375 
459 

296 
304 
329 

2,710 
440 

760 
246 
327 
454 

5,880 
4,170 
340 

2,680 
622 
392 

468 

- 

4.3 
4.6 
6.6 
12.1 

0 
6.1 
25.5 
9.1 
6.5 
7.5 

21.1 

- 

8.7 

2.5 
6.9 
3.1 
21.9 

8.2 

41 
30 
39 
21 
225 
92 
62 
76 

3,650 
143 

308 
366 
290 
414 
0 

122 
98 

110 
244 
4aa - 
0 
0 
6 
6 
732 
132 
224 

122 
584 

488 

123 
112 

93 
295 
87 

1 I4 
120 

159 

1 I9 
273 
222 
253 
36 
71 
96 

166 
130 

a i  

I 38 
- 

a i  

4.4 
3.9 
9.1 
3.0 
2.9 
3.4 

11.4 
2.9 
2.9 

15.8 

4,050 
4,050 
4,200 
3,300 
1,700 
4,050 
3,950 

19,000 
3,900 

7,000 
2,930 
4,170 
4,150 
79,800 

3,750 

6,400 
3,140 

3,830 

48, ooo 

27,800 

655 
642 
680 
510 
160 
662 

640 

447 

6aa 

I ,850 

1,044 
570 
74 1 
59 a 

6, a90 
3,700 
546 

2,430 
1,030 
390 

12.6 
11.5 
14.7 
12.7 
2.5 

10.2 
10.2 
61 . O  
12.0 

17.4 

8.5 

a. 3 

220.0 
105.0 
10.0 
69.0 
19.0 
8.9 

49 
63 
25 
91 

53 
12 

9s 

l a  
568 
92 

206 
22 
13 
3 

2,020 
1,730 

51 

120 
65 

948 

8,360 
8,640 
10,000 
9,250 
2,900 
9,000 
9,050 

41,000 
8,650 

8,280 

13,760 
6,730 
8,500 
8,000 

I 83, 000 

58,400 

99,500 
7.570 

12,340 
6,450 

5 53 

702 
1,212 

35 
270 
40 3 
302 
33 
158 

35 
71 
125 
67 
395 
75 
235 

53 
154 

22 1 
1,215 

24 
553 

782 

48 

a2 

718 
a95 

1,145 
1,705 
1,273 

1,355 
216 
342 
86 
242 

2,670 
I7 
72 
31 
142 

15 
20 
15 

410 
20 
22 
15 
85 
28 

1 IO 
1 IO 
38 
30 
900 
230 
30 
70 
40 
40 

l a  

97 
106 
107 
78 
205 
135 
1 I7 
113 
94 
98 

121 
106 

109 

113 
121 
101 
106 

I 38 

10.5 
10.7 
13.0 
11.0 

10.4 
9.7 
10.2 
17.4 
14.4 

l a .  1 

10.8 
a. 7 

11.8 
9.6 

17.1 
22.0 
11.7 
19.4 
10.6 
13.7 

1 1  
12 
13 
14 
15 
16 
17 

19 
20 

l a  

2.2 
6.7 
15.2 

1.7 
1.5 
4.0 
1.7 
3.1 
3.6 

5.3 
8.5 
4.5 
3.4 
5.1 
4.2 
3.4 
4.4 

11.6 

86.0 

~ 

13.8 

1,060 
260 
I a6 
328 

aa 
1,275 
3,640 

3,310 
630 
115 

21 
22 
23 
24 
25 
26 
27 

29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

28 

- 

7.02 

6.65 
5.05 
5.55 

6.65 
6.45 

7.33 

6.48 

6.28 

a. 15 

a. 35 
6.48 

- 

6.35 

6.75 
6.75 
6.70 
6.40 

1.65 
4.68 

4.05 

400 
340 
720 

1,625 
335 

360 
410 

358 

380 
364 

354 
394 

325 
316 
344 

1,436 
1,060 
612 

1,160 

- 

348 

46 
24 
96 
292 
39 
51 
64 
56 
17 
19 

10,500 

10,050 
26,300 
9,100 
8,040 
7,900 
7,930 

7,930 

8,600 

a, 300 

12.3 
14.3 
19.0 
13.3 
11.4 

6.9 
13.0 
12.3 

8.4 

130 
20 
350 

2,960 
45 
4 
21 
19 
13 
17 

194 

352 

74 
452 

74 

9a 

a4 

388 
388 

1 I4 

a7 
101 
59 
186 
162 
100 
108 
121 
94 
88 

13. 1 
13.5 
5.2 
9.0 
1.3 
2.9 
2.7 
2.9 

1.7 
1 . a  

22.4 
21.7 
12.0 
14.3 
24.0 
20.0 
19.6 

19.5 
19.1 

21.4 
16.7 
16.9 
20.5 

l a .  I 

- 

18.1 
18.3 
7.2 
7.2 
11.2 
9.0 - 

i i a  
110 
127 
141 
128 
109 
124 
119 

127 

124 
100 
100 
I07 
104 
1 1 1  
99 
165 
132 
134 

i i a  

670 
535 
555 

1,180 
695 
540 
545 
603 
61 0 
537 

657 
664 

757 
990 
540 

425 
420 
670 

580 

aoo 

13.2 
11.6 
11.8 
28.2 
10.9 
11.3 
9.9 

10.9 
9.5 

10.8 

10.8 

10.8 

18.4 
8.0 

11.4 
10.2 

11.9 
9.9 

9 .0  
13.5 

15 
20 
0 
42 

40 
20 
30 
0 
15 

0 
40 
30 
IO 
IO 
28 

70 
2 40 
75 

3a 

38 

5,150 
4,250 
4,970 
13,200 
4,620 
4,100 

4,270 
4,250 
4,000 

4,350 
3,770 

4, oao 

3,380 
3, a50 
4,100 
3,660 
6,000 
4,370 
3,950 
6,000 

27.3 
4.3 
2.6 
3.7 

5.3 
8.2 

1 . 1  
1 .o 

a .  o 

0 .  a 

8 
55 

53 
24 
39 
105 
753 
332 
706 

a0 

a, 400 
6, a90 

a, 360 

a ,  ooo 

7,120 

7,700 

7,600 

9,950 

13,700 

12,250 

17 
91 
55 
244 
102 
8 

1,920 

702 
264 

378 

- 

30 
438 
438 
9a 
4a 
282 
204 
12 
0 
12 - 

70 
134 
103 
114 
100 
130 
80 
95 
126 
104 - 

11.2 
9.6 
9.9 

7.0 
11.4 

17.5 
16.0 
15.0 

a. 7 

12.8 

1.4 
1 .o  
6.4 
14.6 

16.6 
17.6 
10.9 

5. a 

18.0 

r- m 
r- I 
U 
0 

1 z  



c 

1,010 
1,110 
567 
600 

1,040 
565 
540 
500 
233 
91 

1,200 
305 

1,210 
400 
430 
410 
415 
495 

12.1 
20.0 
10.8 
10.6 
16.2 
13.4 
13.9 
10.7 
4.4 
1 . 0  

15.8 
0.6 
16.0 
8.0 
8.5 
8.0 
8.3 
10.8 

40 
37 
60 
33 
26 
63 
46 
69 
57 
69 

65 
33 
56 
98 
100 
loo 
100 
35 

2.40 180 
6.55 20 
6.70 20 
1.56 218 
7.75 IO 
6.55 20 
6.35 25 
6.44 30 
6.50 40 
7.10 30 

8.0 0 
1.32 3,605 
5.70 88 
7.4 0 
8.1 0 
7.8 0 
7.5 0 
6.65 58 

c 

Table 9. (Continued) -- 
r 
W 
r- I 
U 
0 

W 
- - 

p r i n g  
No. 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
“54 
“55 
“56 
“57 
58 

- 

- 

- 

- 
Na/Ca - 
17.4 
15.7 
16.4 
15.1 
19.5 
19.5 
17.6 
18.0 
IO. 1 
12.7 

- 
Ca/Mg 

- 
Mg - 

81 
71 
68 
347 
28 
55 
49 
61 
20 
2 

7 

19 
38 
39 
48 
35 
82 

A c i d i  iy :;;“I pH 1 c02 Na - 
4,100 
5,800 
3,700 
6,020 
5,000 
4,620 
4,450 
3,700 
1,350 
250 

C I  B r  
- 
9.4 
21.9 
7.8 
15.6 

11.4 
- 

9.4 

0 

so4 

690 
8 
I8 
429 
20 
6 
7 
5 

960 
225 

- 
HC03 

- 
0 

390 
268 
0 

122 
212 
232 
484 
128 
340 

SiOz 

247 
375 
1 I4 
172 
80 
93 
125 
80 
45 
40 

- 
Na/K 

a tomic  

7.0 
9.0 

1 1 . 1  
17.5 
8.3 
13.9 
14.0 
12.5 
9.8 
4.6 

6.9 
2.8 
6.7 
15.5 
15.8 
16.1 
15.1 
13.0 

Ca 

407 
64 1 
39 1 
698 
450 
41 5 
435 
358 
28 3 
34 

- 
Na/Li - 
102 
87 
103 
172 
93 

101 
97 
104 
92 
75 

93 
256 
90 
139 
145 
147 
I35 
106 

c 1 /SO4 

33 
390 

1,120 
98 
138 
382 

3,600 
3,730 

8 
9 

2.8 
5.5 
3.5 
1.2 
9.6 
4.5 
5.9 
3.6 
8.5 
8.6 

8,410 
11,950 
7,350 
13,150 
10,000 
8,820 
8,500 
7,070 
2,930 
79 3 

IO, I50 
0 

10,160 
6,700 
7,070 
6,930 
6,510 
7,240 

381 
116 
416 
492 
488 
480 
458 
360 

17.2 

12.0 
14.7 - 

28 
7,025 
172 
130 
112 
107 
132 
5 - 

60 
0 

158 
42 
22 
36 
40 
624 - 

92 
395 
1 I4 
92 
81 
74 
80 
80 
- 

22.0 
7.6 
19.8 
13.0 
14.3 
14.1 
14.1 
18.3 

987 

162 
141 
I73 
178 
136 

3,750 

35.0 

14.0 
7.9 
7.8 
6.2 
7.9 
2.7 - 

4,860 
51 0 

4,760 
3,700 
4,010 
3,900 
3,700 
3,780 

f Tulecheck; 100°C Spr ings,  17 km N-W of Cerro P r i e t o  Volcano, 



1 IO 

Tab 

Date TzFp Flow C o n d i t i o n s  Na K Ca c1 8 S i O b  Na/K jampl  e 
(umber a tomi c 

S p r i n g  
NO. MF-1 

S p r i n g  
No. H - 1  -2C 

c 
LBL-7019 

e 10. Chemical Analyses o f  Sp r ings  Sampled S i x  T imes Dur ing  One Year (mg / l ) .  

580 

585 

609 

614 

626 

636 

21-111-72 - - 4625 512.5 294.5 8001 8.8 350.2 15.34 

20-V-72 3500 355.0 335.4 7925 8.6 - 16.76 

1 2 - X I I I - 7 2  - - 3750 365-0 352.4 7985 7 .9  345.0 17.46 

11- IX-72 92 11 l t s / M i n  4175 475.0 328.0 8123 8 .3  325.0 14.93 

29-XI-72 94 - 4175 887.5* 336.0 8167 9.0 360.0 7.99* 

20-XIII-72 8 8  - 4300 937.0* 330.0 8167 8.5 340.0 7.8* 

- - 
_______ 

1 
Averages : 

603 

4100 585. 329. 8060 8.5 344 12.0 

61 3 

9 - V I I I - 7 2  93 N.D. 3850 500.0 295.1 6866 

9- IX-72 98 N.D. 3837 543.7 276.0 7126 

618 

5.3 - 13.0 

7.7 117.5 12.0 

623 

632 

16-X-72 

24- X I  - 72 

85 N.D. 3775 531.2 264.0 6842 6.2 110.0 12.07 

95 N.D. 3812 487.5 292.0 7021 9.7 105.0 13.29 
I I I I 

15-X I I -72  96 N.D. 3726 487.0 

Averages : 3800 510. 

276.0 7022 14.7" 110.0 13.1 

280.6 6975 7.2 111. 12.7 

593 10 -V I I -72  47 10  l t s / M i n  3912 425 390.6 7072 

605 9 - V I I I - 7 2  - - 4000* 587.5* 624.9* 23150* 

616 13- IX-72 50 5 l t s / M i n  4000 450.0 272.0 7275 

617 16-X-72 44 - 5435 562.0 272.0 7341 

622 24-XI-72 44 I - 4000 412.5 272.0 7270 

No. 17 5 . 2  153.3*  15.64 

9.7* 100* 39.0* 

6.9 125 15.10 

6.5 115 16.44 

9.5 100 16.48 

630 
I I I I I I I I I 

15 -X I I -72  36 - 3875 395.0 272.0 7470 9 .3  105 16.7 

Averages : 4244 449. 296. 7286 7.5 119 16.1 

Spring 
No.  21 571 29-1-72 61 1 ow 3000 407.5 192 5280 10.9 105 12.5 

573 18-11-72 64 1 ow 3000 405.0 214 551 6 6.8 110 12.6 

577 15-111-72 67 1 ow 3437 675.0* 216 5806 8.1 145 8.65 

581 28-LV-72 68 - 3300 425.0 212 5773 8.6 120 13.2 

583 18-V-72 71 4 l t s / M i n  4012 470.0 249 6604 8.0 135 14.5 

590 22-VI-72 68 4 l t s / M i n  3675 452.5 250 6649 8.0 125 13.8 

597 20 -V I I -72  64 m in ima l  3687.5 490.0 206.4 6730 6.2 110 12 .8  

601 8 - V I I I - 7 2  3750 475.0 256.0 6600 N.D. 13.4 

602 9 - V I I I - 7 2  4000* 537.5*1 390.6* 7289.7* 6.4* 12.65 

631 1 5 - X I I - 7 2  56 N.D. 3500 462.0 248 6225.0 8.6 90 12.9 

___- ~~~~~~~~ ~ ~ ~ ~ 

- - 
~ 

- - 

Averages : 3536 458.3 227 6131 7.3 122 12.8 



L B L -  70 19 

Temp F l o w  C o n d i t i o n s  Na K Ca c 1  B S i O ,  N a / K  
a t o m i c  " C  D a t e  Samp l  e 

N u m b e r  
* 

I l l  

I 46 111-11-67 32 - 1 5275 I 615 I 31 5 

Spring 
No.  22 

8560 1 34.1 I 121.0 I 14.6 

Tab le  10. Chemical Analyses o f  Sp r ings  Sampled S i x  Times Dur ing  One Year (mg / l ) .  

- 78 17-111-67 38 5450 650 31 7 8650 N.D. N.D. 14.2  

101 11-IV-67 42 - 5830 684 31 6 8800 N.D. N.D. 14.5 

125 12-V-67 48 5575 675 320 8920 N.D. N.D. 14.0  

58.9 N.D. 1 3 . 5  149 8-VI-67 50 5500 690 342 8780 

173 3-VII-67 41 5625 690 336 8940 42.4 N.D. 1 3 . 8  

209 8-VI 11-67 55 5675 750 336 81 20 38 .8  N.D. 12.80 

- 

- 
~ ~ ~ ~~ _____ 

- 

- 
- 

Averages: 

1 2 111-1-67 1 48 I - 1 5050 1 570 I 324 I 8220 1 53.8  I 118.5 I 15.0  

5497 665 326 8624 45.6 119.7 14.05 

9 

48 

79 

102 

126 

150 

174 

210 

- 18-1-67 62 5325 660 344 8930 35.9 103.5 13.7 

17-11-67 62 5400 685 357 8900 44.7 86.0 13.4 

17-111-67 62 5750 700 347 8900 N.D.  N.D. 13.96 

11-IV-67 67 5400 710 3 36 9040 N.D. N.D.  12.9  

5625 740 364 91 00 N.D. N.D. 12.9 12-V-67 69 

8-VI-67 70 5800 724 344 9060 63.9* N.D. 13.6 

5650 736 348 9050 33.0 N.D. 13.0 3-VII-67 70 

8-VIII-67 69 6050 730 356 91 20 40.2 N.D. 14.10 , 

- 

- 
~ _ _ _  

- 

- 

- 
- 

- 

Spr ing  
No.  31 

Averages: 

S p r i n g  
No. 31B 

5625 711 349 9012 38.4 94.7 13.45 

Spring 
No.  45 

594 

604 

612 

624 

633 

10-VII-72 94 10 1ts.Min 4812 737.5 329.8 8289 8.7 137.5 11.08 

9-VIII-72 4300 675.0 329.8 8235 6 . 8  90.0 11 .83  - - 

9-IX-72 100 - 4562 681.0 316.0 8372 8 .9  100.0 11.4 

24-XI-72 49 - 4425 725.0 324.0 8366 10.1 95.0 10.37 

15-XII-72 92 - 4550 712.0 316.0 8416 11.5 120.0 10.9 

Averages : 4556 715 323. 8370 8 . 7  106. 11.0 

Not i n c l u d e d  i n  the  averages.  

567 29-1-72 61 F a i r  4550 480.0 436 8866 

574 18-11-72 54 F a i r  4800 487.5 448 8737 

578 15-111-72 58 F a i r  5187 762.0* 396 8685 

586 20-V-72 58 0 . 5  Lts/Min 4625 487.0 451 8806 

593 23-VI-72 55 1 L t / M i n  4525 440.0 472.6 8865 

598 20-VII-72 55 0 . 8  Lts/Min 5000 495.0 464.0 8681 

11 .2  190.0 16.1 

1 0 . 3  145.0 16.7 

10.5 135.0 11.57* 

9.1 175.0 16.05 

9 . 2  160.0 17 .5  

8.0 137.5 17.1 

~ 



112 

Temp F l o w  Conditions Na K Ca " C  Date 

9-VI I 1-72 61 N.D. 4887.5 572.5 451.3 

11 - IX-72 65 4 l ts /Min 4675 587.5 440.0 

17-X-72 63  4625 500.0 424.0 

29-XI-72 59 - 4875 505.0 432.0 

18-XII-72 64 N.D. 4750 550.0 426.0 

- 

___________ 
Averages : 4773 510. 440. 

LBL-7019 

-- Table 10. Chemical Analyses o f  Spr ings Sampled S i x  Times Dur ing  One Year (mg/l). 

c1 B SiOb Na/K 
atomic 

8668 7 .8  125.0 1 4 . 5  

8770 815 115.0 13.52 

8740 8 . 3  120.0 15.73 

8814 10 .8  155.0 16.41 

8864 

8772 9 . 4  145. 15.8 

360 7560 N.D. N.D. 15.30 

360 

356 

352 

360 

7540 44.9 N.D. 15.5  

7470 26.9 N.D. 15.00 

7500 27.3 N.D. 16.10 

7524 33.6 103 1 5 . 3  

905* 644* 14747* 15.6 100 

3375 244 6235 8 .7  120 

592* 232 61 77 9 . 0  110 

1 3 . 3  

18 .3  

10 .9  

78 

72 

71 

68 

82 

2 Lts/Min 3800 

1 . 2  Lts/Min 3675 

N.D. 3625 

N.D. 3250 

N.D. 3625 

Averages : 3627 

362.5 

347 

350 

354 - 

269 6403 6 .2  115 17.0 

246 6249 5,7 152.5 15.9 

236 61 93 5 . 3  165.0 17.60 

255 6344 7.10 148.3 15.2 

608 

611 

625 

635 

12-VIII-72 89 - 3675 482.5 556* 6600 

9-IX-72 86 - 3437 543.0 264 6718 

29-XI-72 90 - 4062 500.0 252 6723 

20-XII-72 90 - 3875 475.0 260 6673 

Avera qes : 3725 495 258.7 6659 

6 . 0  127.5 10.7 

S m p l  e 
Number 

I 634 

Spring 
No. 48 

Spring 
No.  60 

14.96 

15.10 

352 7470 

500 

532 

520 

552 

540 

530 

540 

555 

34 

575 1 8- I I - 72 Regular 

Regular 3787. 

1 .2  Lts/Min 

579 15- I 11-72 

589 28- V- 72 915* I 267 I 6262 I 7.2 I 200 I 9.75 I 
591 22-VI-72 375 I 290.8 I 7092 I 8.7  1 182.5 I 17.2 1 

350 1 256 1 6145 1 6.0  1 190 1 17.8 I 20-VI 1-72 

9-VI 11-72 

596 

607 

61 0 

621 ~ 17-X-72 

6 . 8  138.5 12.75 

;? Not i nc luded  i n  t he  averages. 



L B L -  70 19 

Fuma r o  1 e 
Number 

- 

FV- 1 

MF- 1 

F-42 

T a b l e  1 1 .  Gas Ana lyses  o f  Fumaro les  ( p e r c e n t  volume o f  d r y  gases ) .  

Samp 1 e 
Number 

Date  Temp. 
"C co2 "3 

Res i dua 1 
Gas 

Moles  T o t a l  Gas 
Moles  Water 

36 
37 
41 
45 
47 
52 
54 
67 

251 3/72 
251 3/72 
191 5/72 
26/ 6/72 
22/ 7/72 
14/ 8/72 
121 9/72 
22/12/72 

50.1 
56 .5  
58 .7  
59.9 
57 .8  
49.6 
54.6 

57 .7  

26.9 

33.5 
25 .3  

9 .0  
5 . 3  

15.9 
23 .3  
13.0 
8.2 

45 .8  
38.8 
52 .6  
4 8 . 7  

- 

- 

52.2 
44.5 
43.4 
46.3 
50.0 
39.3 
46.9 
68.4 

11.9 
12 .0  

1 2 . 1  

12.9 
13.0 
7 . 8  

11.6 
I O .  3 
- 
10.3 
9 . 8  
6 . 7  
2.3 
1.7 
3 .9  
5 . 7  
3 .0  
1 . 8  
- 

27.0 
27.4 
21.8 
1 2 . 9  

14.2 
10.2 

12 .3  
1 1 . 2  

7 . 7  
4 . 9  
9 . 6  
9 . 7  - 

0.027 
0.028 
0 .022  

0.028 
0.023 
0.029 
0 .033  
0.036 

35.8 
31.3 
28.9 
28.9 
28 .5  
42.1 
33.6 
31.7 

62 .8  
56.7 
68.0 
88 .8  
93.0 
79.9 
71 . O  

84.0 
90.0 

100 

100 
- 
- 
- 
- 
- 
- 

91 
91 
92 
92 
83 
83 
92 
92 
88 

0 .27  
0 .27  
0.30 
0 .30  
0.35 
0.50 
0.32 
0 . 2 6  

- 
- 
- 
- 
- 

0.31 
0.02 

0.003 
0.003 

2 .5  
2 . 1  

1 .8  
1.9 

2 . 1  

2 . 3  
1 . 3  
3 . 8  
2 . 1  

2 . 1  

3 . 5  
5 . 0  

34 
35 
42 
44 
48 
49 
51 
53 
63  

231 3/72 
231 3/72 
20/ 5/72 
231 6/72 
24/ 7/72 
271 7/72 
12/  8/72 
1 1 /  9/72 
201 12/72 

- 

- 
- 

0.218 
1 .13  
1 . 2 2  

31 
32 
33 
38 

39 
40 

43 
46 
50 
56 
61 
65 

31 3/72 
3/ 3/72 
6 /  3/72 

2 7 1  3/72 

28/ 4/72 
I8/ 5/72 
22/ 6/72 
2 1 1  7/72 
1 I /  8/72 
14/ 9/72 
4/1 1/72 

21 / I  2/72 

24 .8  
32 .3  
23 .8  
3 6 . 5  

31.6 
43.0 
43.0 
38 .7  
40.2 
53.7 
40.0 
16.9 

0.0061 
0.0064 
0.0056 
0 .0045  

0.0056 
0.0047 
0.0060 
0.0058 
0.0061 
0.0077 
0.0040 
0.0030 
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