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G R O U N D - W A T E R  R E S O U R C E S  O F  

B E E  C O U N T Y ,  T E X A S  

ABSTRACT 

Bee County, i n  s o u t h - c e n t r a l  Texas i n  t h e  West Gulf C o a s t a l  P l a i n ,  has  a n  
a r e a  o f  842 s q u a r e  m i l e s .  The topography ranges  from n e a r l y  f l a t  l a n d s  i n  t h e  
s o u t h e r n  p a r t  of t h e  coun ty  t o  g e n t l y  r o l l i n g  h i l l s  i n  t h e  n o r t h w e s t e r n  p a r t .  

Rock fo rmat ions  t h a t  c r o p  o u t  and y i e l d  f r e s h  t o  s l i g h t l y  s a l i n e  ground 
w a t e r  a r e  sed imenta ry  d e p o s i t s  o f  T e r t i a r y  and Qua te rnary  age .  I n  o r d e r  of 
d e c r e a s i n g  age,  t h e  f o r m a t i o n s  a r e  Ca tahoula  Tuf f ,  O a k v i l l e  Sandstone,  Lagar to  
Clay,  Goliad Sand, L i s s i e  Formation,  Beaumont Clay,  and a l luv ium.  The forrna- 
t i o n s  c o n s i s t  p r i n c i p a l l y  o f  i n t e r c o n n e c t e d  and in te rbedded  sand and c l a y  
d e p o s i t s  which a r e  h y d r o l o g i c a l l y  connected.  The d e p o s i t s ,  e x c e p t  t h o s e  o f  
Recent age,  c r o p  o u t  i n  b e l t s  roughly  p a r a l l e l  t o  t h e  c o a s t  l i n e  and d i p  s o u t h -  
eas tward a t  a n  a n g l e  g r e a t e r  t h a n  t h e  s l o p e  o f  t h e  l and ,  t h e r e b y  c r e a t i n g  f a v o r -  
a b l e  c o n d i t i o n s  f o r  t h e  o c c u r r e n c e  of a r t e s i a n  w a t e r .  The d e p o s i t s  o f  Recent 
age a r e  exposed i n  t h e  s t r e a m  v a l l e y s .  

Groilnd w a t e r  i n  t h e  county moves sou theas tward  from a r e a s  o f  recharge  t o  
a r e a s  of d i s c h a r g e  a t  abou t  10 f e e t  p e r  y e a r .  P r e c i p i t a t i o n  on t h e  o u t c r o p  o f  
t h e  fo rmat ions  i s  t h e  pr imary s o u r c e  of r e c h a r g e ;  and because  t h e  w a t e r  t a b l e  
averages  abou t  50 f e e t  below land  s u r f a c e ,  l i t t l e  i f  any ground w a t e r  i s  d i s -  
charged t o  s t reams  o r  l o s t  through e v a p o r a t i o n  o r  consumption by v e g e t a t i o n .  

A  t o t a l  o f  abou t  6,300 a c r e - f e e t  p e r  y e a r ,  o r  about  5.6 rngd ( m i l l i o n  g a l -  
l o n s  p e r  day),  was pumped from w e l l s  i n  1963 t o  s u p p l y  t h e  needs o f  Bee County. 
The pumpage was abou t  2.3 rngd (72 p e r c e n t  pumped b y  B e e v i l l e )  f o r  p u b l i c  supply ,  
1.3 rngd f o r  i r r i g a t i o n ,  0.7 rngd f o r  i n d u s t r i a l  use ,  and about  1.2 rngd f o r  r u r a l  
domes t ic  and s t o c k  needs .  

Ground-water l e v e l s  have d e c l i n e d - o n l y  s l i g h t l y  i n  t h e  l a s t  25 y e a r s .  The 
average  d e c l i n e  i n  17 w e l l s  was 2.4 f e e t  s i n c e  1939, o r  abou t  0 .1  f o o t  p e r  y e a r .  

A d d i t i o n a l  ground w a t e r  i s  a v a i l a b l e  f o r  development.  About 8 rngd could  be 
pumped p e r e n n i a l l y  w i t h o u t  d e p l e t i n g  t h e  s u p p l y .  I n  a d d i t i o n  t o  t h e  8 mgd, 
abou t  10,000,000 a c r e - f e e t  o f  w a t e r  i n  t r a n s i e n t  s t o r a g e  i s  a v a i l a b l e  f o r  d e v e l -  
opment a t  d e p t h s  l e s s  t h a n  400 f e e t  below land s u r f a c e .  

Areas  most f a v o r a b l e  f o r  t h e  development of a d d i t i o n a l  s u p p l i e s  of ground 
w a t e r  a r e  i n  t h e  s o u t h e a s t e r n  h a l f  o f  t h e  coun ty  where f r e s h  t o  s l i g h t l y  s a l i n e  
w a t e r - b e a r i n g  s a n d - - c o n t a i n i n g  l e s s  t h a n  3,000 ppm (part :s  p e r  m i l l i o n )  d i s s o l v e d  
s o l i d s - - i s  t h i c k e s t .  S u f f i c i e n t  q u a n t i t i e s  o f  w a t e r  f o r  r u r a l  domest ic  and 



s t o c k  needs c a n  be o b t a i n e d  i n  most p l a c e s  from w e l l s  150 f e e t  deep,  e x c e p t  i n  
t h e  o u t c r o p  of  t h e  Ca tahou la  Tuff where w e l l s  may have t:o be d r i l l e d  d e e p e r  t h a n  
300 f e e t .  

The chemical  q u a l i t y  of  t h e  ground w a t e r  i n  t h e  w a t e r - b e a r i n g  f o r m a t i o n s  i s  
g e n e r a l l y  s u i t a b l e  f o r  p u b l i c  supp ly ,  many i n d u s t r i a l  u s e s ,  and supp lementa l  
i r r i g a t i o n .  Much of  t h e  w a t e r  i s  ha rd ,  e s p e c i a l l y  t h e  r e l a t i v e l y  s h a l l o w  w a t e r ;  
b u t  s o f t  w a t e r  may be  o b t a i n e d  i n  p l a c e s  from d e p t h s  exceed ing  about  800 f e e t .  
The d i s s o l v e d - s o l i d s  c o n t e n t  of  t h e  w a t e r  i s  r a r e l y  l e s s  t h a n  500 ppm, b u t  w a t e r  
hav ing  l e s s  t h a n  1,000 ppm d i s s o l v e d  s o l i d s  i s  a v a i l a b l e  i n  many p l a c e s .  Gener- 
a l l y ,  t h e  b e t t e r  q u a l i t y  w a t e r  f o r  supp lementa l  i r r i g a t i o n  i s  found a t  r e l a -  
t i v e l y  s h a l l o w  d e p t h s .  

The use of  u n l i n e d  open s u r f a c e  p i t s  f o r  t h e  d i s p o s a l  o f  o i l - f i e l d  s a l t  
w a t e r  i s  a t h r e a t  t o  t h e  p o t a b l e  w a t e r  supp ly ,  and conta .minat ion from t h i s  
s o u r c e  i s  b e l i e v e d  t o  be  o c c u r r i n g  i n  some p l a c e s .  I n  1961, a lmos t  10,000 b a r -  
r e l s  o f  s a l t  w a t e r  p e r  day  was p laced  i n  open s u r f a c e  p i t s  i n  t h e  coun ty .  



G R O U N D - W A T E R  R E S O U R C E S  O F  

B E E  C O U N T Y ,  T E X A S  

INTRODUCTION 

P u r ~ o s e  and S c o ~ e  of Inves t iga t i -on  

I n  October 1963, t he  i n v e s t i g a t i o n  i n  Bee County was begun a s  a  coopera t ive  
p r o j e c t  of t h e  then  Texas Water Commission and the  U.S. Geological  Survey. The 
purpose was t o  determine t h e  occurrence, a v a i l a b i l i t y ,  dependabi l i ty ,  q u a l i t y ,  
and q u a n t i t y  of t he  ground-water resources  of t he  county and t o  publ i sh  these  
d a t a  a s  a  guide t o  developing and ob ta in ing  maximum b e n e f i t s  from t h e  a v a i l a b l e  
ground-water supp l i e s .  

S p e c i f i c a l l y  included i n  t h e  i n v e s t i g a t i o n  were: a  d e l i n e a t i o n  of t he  loca- 
t i o n  and e x t e n t  of f r e s h  t o  s l i g h t l y  s a l i n e - - l e s s  than  3,000 ppm ( p a r t s  per  m i l -  
l i o n )  d i sso lved  so l ids - -water -bear ing  sands;  t h e  chemical q u a l i t y  of t h e  water  
conta ined;  t he  q u a n t i t y  of water  being withdrawn and the  e f f e c t s  of these  with-  
drawals on water  l e v e l s  and q u a l i t y ;  t h e  hydrau l i c  c h a r a c t e r i s t i c s  of t he  impor- 
t a n t  water-bearing sands ;  and an e s t ima te  of t h e  q u a n t i t y  of ground water  a v a i l -  
a b l e  f o r  development. 

For purposes of t h i s  r epo r t ,  small  y i e l d s  of wells; a r e  those l e s s  than 100 
gpm (ga l lons  per  minute),  moderate a r e  100 t o  1,000 gpm, and l a rge  a r e  more than  
1,000 gpm. 

Methods of I n v e s t i g a t i o n  

To accomplish t h e  main o b j e c t i v e s  of t he  i n v e s t i g a t i o n ,  t he  fol lowing 
d e t a i l e d  work was performed. 

1. An inventory  was made of 507 water  we l l s  and 215 o i l  t e s t s  (Table 5 ) .  
The loca t ions  of t he  w e l l s  inventor ied  a r e  shown i n  P l a t e  1. 

2. D r i l l e r s  ' logs  of  34 w e l l s  were obtained (Table 6 ) ,  and more than  600 
e l e c t r i c  logs were examined i n  o rde r  t o  c o r r e l a t e  t he  siubsurface geology and t o  
de f ine  t h e  sand zones t h a t  comprise t he  a q u i f e r s .  

3 .  An inventory  was made of p re sen t  and pas t  ground-water pumpage. 

4. Pumping t e s t s  were run on nine w e l l s  t o  deterniine the  hydrau l i c  charac-  
t e r i s t i c s  of t h e  a q u i f e r s .  

5. E leva t ions  from topographic maps were obta ined  f o r  a l t i t u d e  c o n t r o l .  



6 .  Measurements o f  w a t e r  l e v e l s  i n  w e l l s  were made and r e c o r d s  o f  p a s t  
f l u c t u a t i o n s  were compiled.  

7. C l i m a t o l o g i c a l  and s t reamf low d a t a  were c o l l e c t e d  and compiled.  

8. Samples of w a t e r  from 85 w e l l s  and 17  s a l t - w a t e r  d i s p o s a l  p i t s  were c o l -  
l e c t e d  f o r  chemical  a n a l y s i s  and e a r l i e r  a v a i l a b l e  a n a l y s e s  on some w e l l s  were 
compiled f o r  comparison o f  q u a l i t y - o f - w a t e r  changes (Tables  7 and 8 ) .  

9. The h y d r o l o g i c  d a t a  were analyzed t o  de te rmine  t h e  q u a n t i t y  and q u a l i t y  
o f  w a t e r  a v a i l a b l e  f o r  development.  

P rev ious  I n v e s t i g a t i o n s  

P r i c r  t o  t h i s  i n v e s t i g a t i o n ,  few d e t a i l e d  s t u d i e s  had been made of t h e  
ground-wster  r e s o u r c e s  o f  Bee County. Among t h e  f i r s t  was a  b r i e f  i n v e s t i g a t i o n  
i n  1934, t h e  r e s u l t s  o f  which were d i s c u s s e d  i n  r e p o r t s  by Lynch (1935a, b ) .  A 
w e l l  i n v e n t o r y  made d u r i n g  1939 and 1940 inc luded  r e c o r d s  o f  w a t e r  w e l l s  and 
t e s t  w e l l s ,  d r i l l e r s '  logs ,  chemical  a n a l y s e s  o f  w a t e r ,  and a  map showing l o c a -  
t i o n s  o f  t h e  w e l l s  (Lynch and F r a z i e r ,  1941).  Broadhurs t ,  Sundstrom, and Rowley 
(1950, p .  21-24) p r e s e n t e d  a  summarized d e s c r i p t i o n  o f  t h e  p u b l i c  w a t e r  s u p p l i e s  
of s o u t h e r n  Texas, i n c l u d i n g  t h o s e  of B e e v i l l e  and P e t t u s .  Wood's r e p o r t  (1956) 
on t h e  a v a i l a b i l i t y  o f  ground w a t e r  i n  t h e  Gulf Coast  r e g i o n  a p p l i e d  t o  p a r t  of 
Bee County. Most of Bee County was c o n s i d e r e d  i n  a  reconna i ssance  i n v e s t i g a t i o n  
o f  t h e  ground-water  r e s o u r c e s  o f  t h e  Gulf Coast  r e g i o n  by Wood, Gabrysch, and 
Marvin (1963) . 

Although t h e  geology of  Bee County h a s  n o t  been s t u d i e d  i n  d e t a i l ,  t h e  gen- 
e r a l  geology of  t h e  county was inc luded  i n  r e p o r t s  by Deussen (1924) and by 
S e l l a r d s ,  Adkins, and Plummer (1932). The s u r f a c e  geology of t h e  county i s  
shown on t h e  Geologic  Map o f  Texas (Dar ton and o t h e r s ,  1.937). Doering (1956),  
i n  h i s  paper  on t h e  Qua te rnary  fo rmat ions  o f  t h e  Gulf Coas t ,  has  sl lggested 
changes i n  t h e  Geologic Map o f  Texas,  p a r t i c u l a r l y  i n  t h e  P l e i s t o c e n e  u n i t s .  

L o c a t i o n  and E x t e n t  of Area 

Bee County i s  i n  s o u t h - c e n t r a l  Texas i n  t h e  West Gulf C o a s t a l  P l a i n  ( F i g u r e  
1 ) .  It i s  bordered on t h e  n o r t h  by Karnes County, on t h e  e a s t  by Ca l iad  and 
Refugio  Count ies ,  on  t h e  s o u t h  by San P a t r i c i o  County, a.nd on tb w e s t  by Live 
Oak County. B e e v i l l e ,  t h e  county s e a t  and t h e  p r i n c i p a l  commercial c e n t e r  i n  
t h e  county,  i s  about  60 m i l e s  nor thwes t  o f  Corpus C h r i s t i  and about  90 m i l e s  
s o u t h e a s t  o f  San Antonio.  P e t t u s ,  T u l e t a ,  and Skidmore a r e  l o c a l  nlnrkets and 
s h i p p i n g  c e n t e r s  s e r v i n g  farming,  r anch ing ,  and o i l - p r o d u c i n g  a r e a s .  The a r e a  
o f  t h e  county i s  842 s q u a r e  m i l e s .  

Topoaraphv and Drainage 

The l and  s u r f a c e  of Bee County, s l o p i n g  g e n e r a l l y  toward t h e  c o a s t ,  i s  mod- 
e r a t e l y  r o l l i n g  and h i l l y  i n  t h e  n o r t h ~ r n  p a r t  and n e a r l y  f l n t  to  s l i g h t l y  r o l l -  
i n g  i n  t h e  s o u t h e r n  p a r t .  The a l t i t u d e  o f  t h e  land s u r f a c e  ranges  from 80 f e e t  
a l o n g  t h e  s o u t h e a s t e r n  boundary o f  t h e  coun ty  t o  abou t  500 f e e t  i n  t h e  n o r t h e r n  
p a r t .  



Figure I 

Index Map of Texas Showing the Location of Bee County 

U S Geo log~ca l  Survey in cooperation with the Texas Water Development Board 



The major s t reams  d r a i n i n g  Bee County a r e  t h e  Aransas River ,  Medio Creek, 
and Blanco Creek.  The s t reams  a r e  d r y  most o f  t h e  t ime excep t  a f t e r  s to rm p e r i -  
ods when s u r f a c e  runof f  o c c u r s .  

The U.S. Geolog ica l  Survey e s t a b l i s h e d  a  s t ream-gaging s t a t i o n  on Medio 
Creek,  8 m i l e s  n o r t h e a s t  o f  B e e v i l l e  i n  March 1962. From March through Septem- 
b e r  1962, runof f  o c c u r r e d  on 16 days ,  t h e  maximum d a i l y  d i s c h a r g e  b e i n g  1,250 
c u b i c  f e e t  p e r  second and t h e  t o t a l  d i s c h a r g e  be ing  4,225 a c r e - f e e t .  From Octo- 
b e r  1, 1462 through September 30, 1963, runof f  occur red  on 20 days - - the  t o t a l  
d i s c h a r g e  b e i n g  1,760 a c r e - f e e t .  

A szream-gaging s t a t i o n  on Aransas River ,  abou t  4 m i l e s  n o r t h e a s t  of Skid- 
more, was e s t a b l i s h e d  i n  March 1964. Records a r e  n o t  y e t  s u f f i c i e n t  t o  e v a l u a t e  
t h e  f low a t  t h e  s t a t i o n .  

Some of  t h e  r a n c h e r s  have c o n s t r u c t e d  s m a l l  s u r f a c e  ponds t o  c a t c h  runof f  
w a t e r  f o r  s t o c k  s u p p l i e s ,  b u t  no l a r g e  s u r f a c e  r e s e r v o i r s  have been b u i l t  i n  t h e  
coun ty  and no s u r f a c e  w a t e r  i s  used f o r  i r r i g a t i o n .  

P o p u l a t i o n  and Economy 

During a  10-year  pe r iod ,  1950-60, t h e  p o p u l a t i o n  o f  Bee County i n c r e a s e d  
approx imate ly  30 p e r c e n t .  I n  1960 t h e  p o p u l a t i o n  was 23,755, w h i l e  t h a t  o f  
B e e v i l l e  was 13,811--more t h a n  h a l f  o f  t h e  t o t a l  number. The s m a l l  t o m s  of 
P e t t u s ,  Skidniore, Pawnee, Mineral ,  T u l e t a ,  Normanna, and T u l s i t a  had a  combined 
p o p u l a t i o n  o f  abou t  1,400. 

Expansion o f  t h e  o i l  i n d u s t r y ,  coupled w i t h  farming and ranching,  has  
r e s u l t e d  i n  a  r e l a t i v e l y  s t a b l e  economy. Some o f  t h e  s m a l l e r  towns s e r v e  a s  mar- 
k e t s  and s h i p p i n g  c e n t e r s  f o r  farming, ranching,  and o i l  p r o d u c t s .  Smal l  indus -  
t r i e s  i n  B e e v i l l e  produce brooms, bedding,  l e a t h e r  i t ems ,  bakery  goods,  carbon-  
a t e d  beverages ,  and m e t a l  p roduc t s ,  many of  which a r e  marketed o u t s i d e  of t h e  
county.  

Numerous highways and t h e  r a i l r o a d  f a c i l i t a t e  t r a n s p o r t a t i o n  and s h i p p i n g .  
Fur thermore,  t h e  p rox imi ty  o f  t h e  county t o  t h e  p o r t  o f  Corpus C h r i s t i  makes 
s h i p p i n g  by w a t e r  a n  economic advantage.  

C l imate  

Bee County h a s  a  d r y  subhumid c l i m a t e  a c c o r d i n g  t o  t h e  c l a s s i f i c a t i o n  o f  
Thornthwai te  (1941, p. 2 ) .  A t  t h e  wea ther  s t a t i o n  5 m i l e s  n o r t h e a s t  o f  B e e v i l l e ,  
t h e  p r e c i p i t a t i o n  averaged 29.32 i n c h e s  a n n u a l l y  d u r i n g  t h e  p e r i o d  1915 t o  1962 
and was f a i r l y  w e l l  d i s t r i b u t e d  throughout  t h e  y e a r ,  b e i n g  g r e a t e s t  i n  September 
(3.8 i n c h e s )  and l e a s t  i n  February  (1.7 i n c h e s )  . (See F i g u r e  2  .) The t o t a l  
annua l  p r e c i p i t a t i o n  u s u a l l y  i s  s u f f i c i e n t  f o r  most o f  t h e  farm c r o p s ;  however, 
i r r i g a t i o n  i s  used when r a i n f a l l  i s  d e f i c i e n t .  

The average  annua l  g r o s s  l a k e - s u r f a c e  e v a p o r a t i o n  of abou t  58 inches  (Lowry, 
1960) i s  about  twice  t h e  average  annua l  p r e c i p i t a t i o n .  Evapora t ion  i s  lowest  i n  
February  (2.7 i n c h e s ) ,  g r a d u a l l y  i n c r e a s i n g  a s  t h e  t empera tu re  becoaies warmer, 
and r e a c h i n g  a  peak i n  August (7.9 inc l l es ) .  





The average annua l  t empera tu re  i n  Bee County i s  70.7"F, t h e  average  January  
t empera tu re  be ing  about  55°F and t h e  average August t empera tu re  abou t  85°F. The 
mild c l i r ~ a t e  i s  f a v o r a b l e  t o  a wide ly  d i v e r s i f i e d  a g r i c u l t u r e .  Usua l ly  more 
t h a n  one c r o p  may be grown p e r  y e a r ,  because  t h e  average  f r o s t - f r e e  per iod i s  
287 days .  

Numbering Systems f o r  Wel ls  and D i s p o s a l  P i t s  

The well-numbering system used i n  t h i s  r e p o r t  i s  t h e  one adopted by t h e  
Texas Water Development Board f o r  use  throughout  t h e  S t a t e  and i s  based on l a t i -  
tude  and l o n g i t u d e .  Under t h i s  system, each 1-degree  quadrang le  i n  t h e  S t a t e  i s  
g iven  a riumber c o n s i s t i n g  of 2 d i g i t s .  These a r e  t h e  f i r s t  2 d i g i t s  a p p e a r i n g  
i n  t h e  w e l l  number. Each 1 -degree  quadrangle  i s  d i v i d e d  i n t o  75-minute quadran- 
g l e s  which a r e  a l s o  g i v e n  2 - d i g i t  numbers from 0 1  t o  6L. These a r e  t h e  t h i r d  
and f o u r t h  d i g i t s  of t h e  w e l l  number. Each 7%-minute quadrang le  i s  d i v i d e d  i n t o  
2*-minute quadrang les  which a r e  g i v e n  s i n g l e - d i g i t  numbers from 1 t o  9. These 
a r e  t h e  f i f t h  d i g i t s  o f  t h e  w e l l  number. F i n a l l y ,  each w e l l  w i t h i n  a 2$-minute 
quadrang le  i s  g i v e n  a 2 - d i g i t  number i n  t h e  o r d e r  i n  which t h e  w e l l  i s  i n v e n t o -  
r i e d ,  s t a r t i n g  w i t h  01.  These a r e  t h e  las t  2 d i g i t s  of t h e  w e l l  number. I n  
a d d i t i o n  t o  t h e  7 - d i g i t  w e l l  number, a 2 - l e t t e r  p r e f i x  i s  used t o  i d e n t i f y  t h e  
county.  The p r e f i x e s  f o r  Bee and a d j a c e n t  c .ount ies  a r e :  

For  example, w e l l  AW-79-51-501 i s  i n  Bee County, i n  t h e  1-degree  quadrang le  
number 79, i n  t h e  72-minute quadrang le  5 1  t h e  2%-minute quadrang le  5, and was 

i t h e  f i r s t  w e l l  (01) i n v e n t o r i e d  i n  t h a t  22-minute quadrang le .  

The numbering system f o r  t h e  s a l t - w a t e r  d i s p o s a l  p i t s  i s  an  a b b r e v i a t e d  
form of  t h e  S t a t e  wel l -numbering system, t h e  p i t  numbers c o n s i s t i n g  of o n l y  5 
d i g i t s  and a n  a l p h a b e t i c a l  p r e f i x .  The f i r s t  4 d i g i t s  c o n t i n u e  t o  s i g n i f y  t h e  
numbers o f  t h e  1 -degree  and 72-minute quadrang les  i n  t h e  S t a t e .  The f i f t h  d i g i t ,  
however, i n d i c a t e s  t h e  number o f  t h e  p i t ,  i n  t h e  o r d e r  i n  which t h e  p i t  was 
i n v e n t o r i e d  i n  t h e  7*-minute quadrang le .  The 2- l e t t e r  p r e f i x  a g a i n  i d e n t i f i e s  
t h e  coun ty .  

For  example, p i t  number AW-79-26-3 i s  i n  Bee Count:,, i n  tlie 1-degree  quad- 
r a n g l e  number 79, i n  t h e  7*-minute quadrang le  26, and w a s  t h e  t h i r d  p i t  i n v e n t o -  
r i e d  i n  t h a t  7*-minute quadrang le .  



On the  map showing t h e  loca t ions  of w e l l s  and s a l t - w a t e r  d i s p o s a l  p i t s  i n  
Bee County ( P l a t e  I ) ,  the  1-degree and 7*-minute quadrangles a r e  shown and num- 
bered;  t he  23-minute quadrangles a r e  not  shown, because they  would obscure o t h e r  
d e t a i l s .  The 3 - d i g i t  number shown wi th  t h e  w e l l  symbol i nc ludes  t h e  number of 
t he  2+-minute quadrangle i n  which the  w e l l  i s  loca ted  and the  number of t he  w e l l  
w i t h i n  t h a t  quadrangle.  The 1 - d i g i t  number shown wi th  t h e  p i t  symbol i n d i c a t e s  
t he  o rde r  i n  which the  p i t  was inventor ied  w i t h i n  the  7*-minute quadrangle.  
Table 1 shows the  w e l l  numbers used i n  t h i s  r e p o r t  and the  corresponding numbers 
used i n  t h e  r epo r t  by Lynch and F r a z i e r  (1941). 
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GEOLOGY 

Rock Formations and Thei r  Water-Bearing P rope r t i e s  

The rock formations t h a t  crop o u t  i n  t he  county a r e  sedimentary d e p o s i t s  of 
T e r t i a r y  and Quaternary age. They include,  i n  o rde r  of decreas ing  age, the  
Catahoula Tuff, Oakvi l le  Sandstone, Lagarto Clay, Goliad Sand, L i s s i e  Formation, 
Beaumont Clay, and al luvium (Figure 3 and Table 2 ) .  The formations, nonmarine 
i n  o r i g i n ,  a r e  composed of sand and sandstone interbedded wi th  c l a y .  The s e d i -  
ments become f i n e r  toward the  Gulf;  thus,  some of t he  sand l aye r s  grade i n t o  
c l a y  i n  t h a t  d i r e c t i o n .  Because of t h e  heterogeneous c h a r a c t e r  of t h e  forma- 
t i o n s ,  c o r r e l a t i o n  of i nd iv idua l  sand o r  c l a y  beds i s  d i f f i c u l t  even i n  s h o r t  
d i s t ances .  The formations younger than  the  Lagarto Clay a r e  d i f f i c u l t  t o  d e l i n -  
e a t e  i n  the subsurface owing t o  t he  s i m i l a r i t y  of t he  sediments,  and these  forma- 
t i o n s  have not  been d i f f e r e n t i a t e d  on t h e  c r o s s  s e c t i o n s  ( P l a t e s  2, 3, and 4 ) .  

The formations t rend northeastward and d i p  southeaistward toward the  Gulf of 
Mexico. The d i p  of t h e  formations ranges from about 20 f e e t  per  mile  f o r  the  
Beaumont Clay t o  about 65 f e e t  per  mi le  f o r  t he  Catahoula Tuff .  

The Carr izo  Sand of Eocene age i s  not tapped by water  we l l s  i n  Bee County; 
however, e l e c t r i c  logs  i n d i c a t e  t h a t  s l i g h t l y  s a l i n e  water  (1,000 t o  3,000 ppm 
disso lved  s o l i d s )  may be obtained from t h e  Carr izo  i n  an  a r e a  of about  10 square 
mi les  i n  t h e  extreme northwestern p a r t  of t he  county a t  a depth of about 6,000 
f e e t .  The wa te r  has  a h igh  temperature a t  t h i s  depth and would r equ i r e  cool ing  
f o r  many uses .  Because of t h e  expense of d r i l l i n g  t o  t he  Carr izo  and t h e  high 
temperature of t h e  water ,  development i n  Bee County i s  un l ike ly .  Therefore,  t he  
Carr izo  i s  not  d i scussed  f u r t h e r .  



Table  1.--Well numbers used i n  t h i s  r e p o r t  and cor responding  numbers 
i n  t h e  r e p o r t  by Lynch and F r a z i e r  (1941) 

0 l d  
no.  - 

1 

2 

3 

4 

5 

6 

9 

1 0  

11 

2 1 

2 2 

2 4 

2 5 

26 

2 7 

2 8 

2 9 

30 

3 1 

3 4 

3 8 

40 

4 1 

44 

45 

New 
no. 

AW- 78-24-903 

78-32-201 

78- 24- 905 

79-25- 104 

78-32-309 

7'2-25- 105 

73- 17- 802 

73-17-703 

73- 17- 702 

79- 17-901 

79- 17-903 

79- 18- 701 

79-25-309 

79-17-904 

79-17-905 

7'3- 18- 704 

79-26-201 

79- 18-805 

79- 18-902 

79-26- 301 

79-25-601 

79-25- 703 

79-25-802 

79-25-901 

79-25- 904 

0 l d  
no. - 

4 6 

5 0 

5 1 

52 

5 3 

54 

55 

5 7 

5 8 

5 9 

6 0 

6 2 

6 4 

6 6 

6 7 

68 

6 9 

7 1 

7 3 

7 5 

78 

80 

8 1 

8 2 

84 - 

New 
no. 

- 

AW- 79-25-607 

79-26-401 

79-26-503 

79-26-604 

79-26-601 

79-26-603 

79-26-906 

79-26-904 

79-26- 905 

79-34-206 

79-26-504 

79-2 7- 705 

79-26- 701 

79- 26-406 

79-25- 903 

79-25-905 

79-34- 102 

79-33-501 

79-33-301 

79-34-504 

79- 34- 703 

79- 34-205 

79-34-201 

79- 34- 204 

79-26-802 

New 
no. 

AW- 79-41- 602 

79-42-402 

79-42- 102 

79-42-201 

79-42-205 

79-42- 601 

79-42-504 

79-42-803 

79-42-502 

79-42-901 

79- 34- 604 

79-34-204 

79-34-301 

79-35-501. 

79-34-503 

79-34-806 

79- 35- 703 

79-43-114 

79-43-504 

79-36- 70 I 

79-35-90:, 

79-35-90 

79- 35-801 

79-43-20 1 

79- 35- 70.5 

0 ld  
no.  

140 

14 1 

143 

144 

145 

15 1 

152 

15 3 

154 

155 

15 7 

158 

168 

169 

171 

178 

179 

200 

201 

New 
no. 

AW- 79-35- 302 

79- 35- 301 

79-35-304 

79-36-401 

79-36-801 

79-50-201 

79-50-202 

79- 50- 302 

79-50- 602 

79- 50- 30.3 

79-51-401 

79- 50- 6 0 3  

79-43- 5133 

79-43- 501 

79-43-901 

79-43-806 

79-43-807 

79-44- 101 

79-44-402 



E X P L A N A T I O N  
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Gol iad Sand 
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M o d i f i e d  f r o m  Geologic M o p  o f  T e x a s  
( D a r t o n  and others ,  1937) 
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Figure 3 

Geologic Map of Bee County 
U.S. Geological Survey in cooperation with the Texas Woter Development Board 



Table  2.--Rock fo rmat ions  and t h e i r  wa te r -bear ing  p r o p e r t i e s  i n  Bee County 

Water-bear ing p r o p e r t i e s  

I 
Sys tern 

T e r t i a r y  

Alluvium 

- Unconformity 

S e r i e s  

Beaumont Clay 0  - 100 

Approximate 

L i s s i e  
Formation 

0 - 500 

ROC* 1 range i n  1 C h a r a c t e r  o f  rocks  
, formati-nn t h i c k n e s s  

Goliad Sand 0  - 500? 

Clay,  in te rbedded  w i t h  
l a y e r s  of medium t o  f i n e  
sand.  

F ine  sand, s i l t  and c l a y .  

Do. 

Y i e l d s  smal l  q u a n t i t i e s  o f  
w a t e r  t o  domest ic  and 
s t o c k  w e l l s .  

Sand w i t h  l e n t i l s  of g r a v e l  
in te rbedded  w i t h  c l a y  and 
s i l t .  Contains  c a l i c h e  
i n  t h e  o u t c r o p .  

Yie lds  s m a l l  t o  l a r g e  quan- 
t i t i e s  of f r e s h  t o  
s l i g h t l y  s a l i n e  w a t e r .  

Sand and sands tone  i n t e r -  
bedded w i t h  l e n t i l s  of 
grave 1 and c l a y .  Contains  
c a l i c h e  i n  t h e  ou tc rop .  

Capable of y i e l d i n g  moder- 
a t e  t o  l a r g e  q u a n t i t i e s  
c f  f r e s h  t o  s l i g h t l y  
s a l i n e  w a t e r .  

Miocene (?)  

/ i n  t h e  o u t c r o p .  

I I I I 

Clay, s i l t y  c a l c a r e o u s  c l a y ,  
and in te rbedded  sand and 
g r a v e l .  Contains  c a l i c h e  

I I I IF ine  t o  c o a r s e  sand,  sand- I Capable of y i e l d i n g  moder- 

Yie lds  smal l  t o  l a r g e  quan- 
t i t i e s  of f r e s h  t o  
s l i g h t l y  s a l i n e  w a t e r .  Lagar to  Clay 0 - 900 

Unconf o  mi  t y 

Pliocene s t o n e ,  and c l a y .  a t e  t o  l a r g e  q u a n t i t i e s  
of f r e s h  t o  s l i g h t l y  
s a l i n e  w a t e r .  

O a k v i l l e  
Sands tone  

0  - 600 

Predominant ly  t u f f a c e o u s  
c l a y  and t u f f ;  l o c a l l y  
sandy c l a y ,  b e n t o n i t i c  
c l a y ,  and t h i n  beds of 
sand and conglomerate .  

Yie lds  s m a l l  t o  moderate 
q u a n t i t i e s  of f r e s h  t o  
s l i g h t l y  s a l i n e  w a t e r .  



T e r t i a r y  System 

Miocene (?) S e r i e s  

Catahoula Tuff 

The Catahoula Tuff crops out  i n  t he  northwestern p a r t  o f  t he  county and is  
the  o l d e s t  formation exposed. Although i t  is  composed predominantly of  t u f f a -  
ceous c l a y  and t u f f ,  l o c a l l y  i t  con ta ins  sandy c l ay ,  b ~ e n t o n i t i c  c lay ,  i r r egu -  
l a r l y  d i s t r i b u t e d  l enses  of sand, and conglomerate. The Catahoula ranges i n  
t h i ckness  from 400 t o  about 700 f e e t .  

The Catahoula Tuff i s  a r e l a t i v e l y  unimportant water-bearing formation i n  
Bee County, y i e l d i n g  only  smal l  t o  moderate q u a n t i t i e s  of f r e s h  t o  s l i g h t l y  
s a l i n e  water  t o  w e l l s  i n  t h e  county. Two we l l s  i n  Pawnee f u r n i s h  water  f o r  the  
school  and enough water  t o  i r r i g a t e  a f o o t b a l l  f i e l d .  A l l  o t h e r  we l l s  tapping 
the  Catahoula a r e  used f o r  r u r a l  domestic and s tock  needs and i n d i v i d u a l l y  y i e l d  
about 5 gpm o r  l e s s .  I n t e r p r e t a t i o n s  of  e l e c t r i c  logs  i n d i c a t e  t h a t  t h e  water  
becomes r a p i d l y  mineral ized downdip, and potab le  water  i s  no t  a v a i l a b l e  from the  
Catahoula more than a few mi les  sou theas t  of t h e  outcrop .  

Miocene S e r i e s  

Oakvi l le  Sandstone 

The Oakvi l le  Sandstone crops o u t  i n  an i r r e g u l a r  p a t t e r n  i n  t he  northwest- 
e r n  p a r t  of t h e  county and unconformably o v e r l i e s  t he  Catahoula Tuff .  The f o r -  
mation, c o n s i s t i n g  of f i n e  t o  coarse  sand, sandstone, and c l ay ,  ranges i n  t h i ck -  
ness  from s l i g h t l y  l e s s  than  400 f e e t  i n  t h e  southwestern p a r t  of the  county t o  
about 600 f e e t  nea r  t he  southern  boundary. 

The Oakvil le ,  one of t he  p r i n c i p a l  water-bearing formations i n  t he  no r the rn  
h a l f  of t h e  county, i s  capable of y i e l d i n g  moderate t o  l a r g e  q u a n t i t i e s  of f r e s h  
t o  s l i g h t l y  s a l i n e  water  from proper ly  cons t ruc ted  w e l l s .  A northeast-southwest  
l i n e  about  3 mi les  south  of Beev i l l e  marks the  a p p r o x i m ~ t e  downdip l i m i t  of 
f r e s h  t o  s l i g h t l y  s a l i n e  water  i n  t h e  Oakvi l le .  

Water from t h e  Oakvi l le  Sandstone i s  used c h i e f l y  f o r  pub l i c  supply i n  Bee 
County. Beev i l l e  o b t a i n s  most of i t s  wa te r  from t h e  Oakvi l le  a t  depths from 
1,400 t o  1,600 f e e t ,  and one w e l l  tapping the  Oakvi l le  fu rn i shes  p a r t  of t he  pub- 
l i c  supply at Pe t tu s .  Other major w e l l s  tapping  t h e  Oa'kville inc lude  1 i r r i g a -  
t i o n  w e l l  6 mi les  northwest  of Pe t tu s  and 5 i n d u s t r i a l  w e l l s  which f u r n i s h  water  
f o r  cool ing  and o t h e r  i n d u s t r i a l  purposes. Many domestic and s tock  we l l s  on and 
near  t he  outcrop  of  t h e  formation f u r n i s h  small  q u a n t i t i e s  of water f o r  farm and 
ranch needs. 



Miocene (?) S e r i e s  

Lagar to  Clay 

The Lagar to  Clay,  conformably o v e r l y i n g  t h e  O a k v i l l e  Sandstone,  c r o p s  o u t  
i n  t h e  n o r t h - c e n t r a l  p a r t  o f  Bee County, t h e  o u t c r o p  e x t e n d i n g  sou theas tward  
down t h e  v a l l e y  of Medio Creek and westward up t h e  v a l l e y  o f  San Domingo Creek 
f o r  abou t  4  m i l e s .  I n  t h e  w e s t e r n  p a r t  o f  t h e  county,  t h e  Lagar to  i s  comple te ly  
over lapped by t h e  Gol iad Sand. The Lagar to ,  which t h i c k e n s  downdip from about  
500 f e e t  n e a r  Normanna t o  about  900 f e e t  n e a r  t h e  s o u t h e r n  boundary of t h e  
county,  c o n s i s t s  p r i m a r i l y  o f  c l a y  and s i l t y  c a l c a r e o u s  c l a y  i n t e r b e d d e d  w i t h  
l e n s e s  o f  sand and g r a v e l .  I n  p l a c e s  t h e  o u t c r o p  c o n s i s t s  o f  r e l a t i v e l y  t h i c k  
beds of c a l i c h e .  Where t h e  Lagar to  c o n t a i n s  t h i c k  sand zones ,  d i f f e r e n t i a t i o n  
of t h e  Lagar to  from t h e  u n d e r l y i n g  O a k v i l l e  Sandstone and t h e  o v e r l y i n g  Goliad 
Sand i s  d i f f i c u l t .  

The Lagar to  y i e l d s  s m a l l  t o  l a r g e  q u a n t i t i e s  o f  f r e s h  t o  s l i g h t l y  s a l i n e  
w a t e r  t o  many w e l l s  f o r  p u b l i c  supp ly ,  i r r i g a t i o n ,  and r u r a l  domes t ic  and s t o c k  
needs .  O f  t h e  19 w e l l s  used f o r  p u b l i c  supp ly  i n  t h e  cotrnty, 7 produce from t h e  
L a g a r t o ;  18 o f  t h e  42 i r r i g a t i o n  w e l l s  and 6 o f  t h e  9  l a r g e  i n d u s t r i a l  w e l l s  t a p  
t h e  L a g a r t o .  

P l i o c e n e  S e r i e s  

Gol iad Sand 

The (Goliad Sand, unconformably o v e r l y i n g  and o v e r l a p p i n g  t h e  Lagar to  Clay,  
c r o p s  o u t  i n  a  broad i r r e g u l a r  a r e a  i n  c e n t r a l  Bee County. The fo rmat ion ,  abou t  
500 f e e t  t h i c k ,  i s  predominant ly  sand and s a n d s t o n e  i n t e r b e d d e d  w i t h  c l a y  and 
g r a v e l .  I n  some p l a c e s  t h e  sand and c l a y  beds c o n t a i n  o n l y  a  s m a l l  amount of 
c a l c a r e o u s  m a t e r i a l ;  i n  o t h e r  p l a c e s  where s o l u t i o n  and r e d e p o s i t i o n  o f  ca lc ium 
c a r b o n a t e  have t a k e n  p l a c e ,  beds on and n e a r  t h e  land s u r f a c e  may c o n t a i n  more 
t h a n  50 p e r c e n t  o f  c a l i c h e .  The Goliad Sand, where cemented by c a l i c h e ,  i s  gen- 
e r a l l y  h a r d e r  t h a n  t h e  u n d e r l y i n g  Lagar to  Clay ;  consequen t ly ,  e r o s i o n  h a s ,  i n  
many p l a c e s ,  formed a  s c a r p  which marks t h e  s u r f a c e  c o n t a c t  o f  t h e  two forma- 
t i o n s .  

The Goliad Sand i s  one o f  t h e  p r i n c i p a l  w a t e r - b e a r i n g  fo rmat ions  i n  Bee 
County;  i t  i s  c a p a b l e  o f  y i e l d i n g  moderate t o  l a r g e  q u a n t i t i e s  o f  f r e s h  t o  
s l i g h t l y  s a l i n e  w a t e r  from p r o p e r l y  c o n s t r u c t e d  w e l l s  th roughout  t h e  s o u t h e r n  
h a l f  o f  t h e  county.  Twelve w e l l s  t a p p i n g  t h e  Goliad were used f o r  i r r i g a t i o n  i n  
1964; t h e  i n d i v i d u a l  w e l l s  r e p o r t e d l y  y i e l d e d  up t o  900 gpm. 

The o n l y  i n d u s t r i a l  w e l l s  drawing w a t e r  from t h e  Gol iad Sand were s m a l l -  
d i a m e t e r  w e l l s  used f o r  o i l - f i e l d  supp ly .  These w e l l s  u s u a l l y  a r e  conver ted  t o  
r u r a l  domes t ic  and s t o c k  use  a f t e r  t h e i r  o i l - f i e l d  u s e  is no l o n g e r  r e q u i r e d .  
One p u b l i c  s u p p l y  w e l l ,  f u r n i s h i n g  w a t e r  f o r  t h e  p u b l i c  s c h o o l  a t  Skidmore, al-so 
tapped t h e  Gc l i  ad Sand. 

Many farm and ranch w e l l s  f u r n i s h  s m a l l  amounts o f  w a t e r  from t h e  Goliad 
f o r  s t o c k  and r u r a l  domest ic  u s e .  Where o n l y  s m a l l  q u a n t i t i e s  of w a t e r  a r e  
needed f o r  such purposes ,  tile w e l l s  a r e  d r i l l e d  s o  t h a t  they  p e n e t r a t e  o n l y  
enough o f  t h e  sand t o  o b t a i n  t h e  n e c e s s a r y  s u p p l i e s .  



Quaternary System 

Ple is tocene  S e r i e s  

L i s s i e  Formation 

The L i s s i e  Formation, unconformably ove r ly ing  the  Goliad Sand, crops ou t  i n  
an i r r e g u l a r l y  shaped a r e a  occupying a  l a rge  p a r t  of southern  Bee County. The 
formation i s  composed of  t h i c k  beds of sand and l en t i l : ;  of g rave l  interbedded 
with c l a y  and s i l t .  I n  p laces  the  outcrop  c o n s i s t s  of r e l a t i v e l y  t h i c k  beds of 
c a l i c h e .  The th ickness  i nc reases  s o u t h e a s t e r l y  t o  about 500 f e e t .  

The su r f ace  of  the  L i s s i e  i s  an almost f e a t u r e l e s s  p l a i n .  Streams meander 
broadly  ac ros s  t he  f l a t  su r f ace  and have wide shallow v a l l e y s .  The only  l a rge  
v e g e t a t i o n  growing on the  L i s s i e  i s  mainly along s t ream channels .  

The L i s s i e  Formation y i e l d s  small t o  l a r g e  q u a n t i t i e s  of f r e s h  t o  s l i g h t l y  
s a l i n e  water  t o  we l l s  i n  t he  county. The l a r g e s t  use of  water  from t h e  L i s s i e  
i s  f o r  i r r i g a t i o n .  Eleven i r r i g a t i o n  w e l l s  t a p  the  foxmation and i n d i v i d u a l l y  
y i e l d  a s  much a s  1,100 gpm. Only small  q u a n t i t i e s  of water  f o r  publ ic  supply, 
i n d u s t r i a l ,  and r u r a l  domestic and s tock  needs a r e  obta~ined from the  L i s s i e  . 

Beaumont Clay 

The Beaumont Clay crops o u t  i n  smal l  a r eas  i n  t he  southern  p a r t  of the  
county and covers  about 40 square mi les  of t he  land su r f ace .  The Beaumont, con- 
s i s t i n g  of c l a y  interbedded wi th  l a y e r s  of medium t o  f i n e  sand, has  a  maximum 
th ickness  of  about 100 f e e t  w i t h i n  the  county. P a r t  of t he  Beaumont outcrop  i s  
c u l t i v a t e d  and i r r i g a t e d  in t ense ly ,  t h e  i r r i g a t i o n  water  being pumped from the  
underlying L i s s i e  Formation and Goliad Sand. 

The Beaumont y i e l d s  only  smal l  q u a n t i t i e s  of f r e s h  t o  s l i g h t l y  s a l i n e  water  
f o r  r u r a l  domestic and s tock  needs from shal low w e l l s  on t h e  outcrop .  

Recent S e r i e s  

A 1 luv  ium 

The al luvium i s  no t  an  important water-bearing u n i t  i n  Bee County. The 
alluvium, found only  i n  some of t he  s t ream v a l l e y s ,  i s  a s  much a s  30 f e e t  t h i c k  
and c o n s i s t s  of f i n e  sand, s i l t ,  and c l a y .  Only small-diameter  we l l s  produce 
f r e s h  t o  s l i g h t l y  s a l i n e  water  from the  al luvium; because most of them a r e  pow- 
ered by wlndmills they  produce no more than  a  few gallorls per  minute. 



GROUND- WATER HYDROLOGY 

Source  and Occurrence o f  Ground Water 

The g e n e r a l  c i r c u l a t i o n  o f  w a t e r  as i t  r e l a t e s  t o  t h e  e a r t h  is  c a l l e d  t h e  
"Hydrologic  Cycle." A complete  diagrammatic  r e p r e s e n t a t i o n  o f  t h e  phenomena 
invo lved  was p u b l i s h e d  by P i p e r  (1953, p. 9 ) .  A  somewhat l e s s  comprehensive,  
b u t  r e a d i l y  v i s u a l i z e d  diagram, i n d i c a t i n g  t h e  major  e lements  i n  t h e  h y d r o l o g i c  
c y c l e  p e r t a i n i n g  t o  Bee County and a d j a c e n t  a r e a s ,  i s  shown i n  F i g u r e  4. 

P r e c i p i t a t i o n  is  t h e  s o u r c e  o f  a l l  f r e s h  ground w a t e r  i n  Bee County. Of 
t h e  t o t a l  p r e c i p i t a t i o n  i n f i l t r a t i n g  t h e  s u r f a c e  of t h e  ground, a  p a r t  may reap-  
pear  v e r y  q u i c k l y  a s  r u n o f f ,  whereas t h e  r e n u i n d e r  may pass  downward i n t o  t h e  
zone of a e r a t i o n .  Of t h e  l a t t e r ,  some may be b rought  back t o  t h e  s u r f a c e  by cap- 
i l l a r y  a c t i o n  and evapora ted ,  some may e n t e r  t h e  p l a n t s  through t h e i r  r o o t  s y s -  
tems and be t r a n s p i r e d ,  some may be used t o  make up d e f i c i e n c i e s  i n  s o i l  mois- 
t u r e ,  and t h e  r e s t  may u l t i m a t e l y  reach  t h e  zone of s a t u r a t i o n .  The zone o f  
s a t u r a t i o n  i s  t h e  zone below t h e  w a t e r  t a b l e  where t h e  open s p a c e s  i n  t h e  s e d i -  
ments a r e  f i l l e d  w i t h  w a t e r .  

Ground w a t e r  i n  Bee County o c c u r s  under  b o t h  w a t e r , - t a b l e  and a r t e s i a n  cond i -  
t i o n s .  W a t e r - t a b l e  c o n d i t i o n s  p r e v a i l  i n  t h e  wa te r -bea- r ing  fo rmat ions  n e a r  t h e  
land s u r f a c e  i n  most of t h e  county,  and a r t e s i a n  c o n d i t i o n s  p r e v a i l  d e e p e r  i n  
t h e  fo rmat ions  o r  downdip where beds o f  c l a y  o r  s h a l e  have a  c o n f i n i n g  e f f e c t  on  
t h e  w a t e r .  A w e l l  t a p p i n g  t h e  w a t e r - t a b l e  p a r t  o f  a  waiter-bearing fo rmat ion  
becomes f i l l e d  w i t h  w a t e r  t o  a  l e v e l  where t h e  w a t e r  was f i r s t  f o u n d - - t h a t  i s ,  a  
l e v e l  e q u a l  t o  t h e  s u r f a c e  o f  t h e  zone of s a t u r a t i o n  o r  w a t e r  t a b l e .  Any 
changes i n  w a t e r  l e v e l s  i n  w a t e r - t a b l e  w e l l s  r e f l e c t  d i r e c t  changes i n  t h e  v o l -  
ume of w a t e r  s t o r e d  i n  t h e  a q u i f e r .  A w e l l  t a p p i n g  t h e  a r t e s i a n  p a r t  o f  a  w a t e r -  
b e a r i n g  f o r m a t i o n  becomes f i l l e d  w i t h  w a t e r  t o  a  l e v e l  above where t h e  w a t e r  was 
f i r s t  f o u n d - - t h a t  i s ,  a  l e v e l  p r o p o r t i o n a l  t o  t h e  h y d r a u l i c  p r e s s u r e  o f  t h e  con- 
f i n e d  w a t e r .  The p r e s s u r e  t h a t  c a u s e s  t h e  w a t e r  t o  r i s e  i n  t h e  w e l l  i s  c r e a t e d  
and mainta ined by t h e  w a t e r  i n  t h e  upd ip  p a r t  o f  t h e  fo rmat ion ,  and changes i n  
w a t e r  l e v e l s  r e p r e s e n t  p r i m a r i l y  changes i n  p r e s s u r e .  The l e v e l  o r  s u r f a c e  t o  
which t h e  w a t e r  w i l l  r i s e  i n  a r t e s i a n  w e l l s  is c a l l e d  t h e  p i e z o m e t r i c  s u r f a c e .  

Recharge, Movement, and Discharge o f  Ground Water 

Rechzrge o f  t h e  w a t e r - b e a r i n g  fo rmat ions  i n  Bee County i s  a lmos t  whol ly  
from r a i n f a l l  o n  t h e  o u t c r o p s  of t h e  f o r m a t i o n s .  The s o i l  and o u t c r o p p i n g  rocks  
o f  t h e  sandy p a r t s  o f  a l l  o f  t h e  f o r m a t i o n s  i n  t h e  c o u n t y - - t h e  Ca tahoula  Tuf f ,  
O a k v i l l e  Sandstone,  L a g a r t o  Clay,  Goliad Sand, L i s s i e  Formation,  Beaumont Clay,  
and a l l u v i u m - - r e a d i l y  absorb  r a i n f a l l  and a r e  t h e r e f o r e  e f f e c t i v e  a r e a s  f o r  
rep len i shment  of ground w a t e r .  

The ground w a t e r  i n  t h e  county moves from t h e  a r e a s  o f  recharge  t o  t h e  
a r e a s  o f  d i s c h a r g e ,  g r a v i t y  b e i n g  t h e  m o t i v a t i n g  f o r c e  i n  t h e  movement of t h e  
w a t e r .  The w a t e r  i s  i n  t r a n s i e n t  s t o r a g e - - t h a t  i s ,  i t  i s  i n  a  c o n s t a n t  s t a t e  of 
movement, and t h e  volume of  w a t e r  moving o u t  of t h e  coun ty  o r  b e i n g  d i s c h a r g e d  
w i t h i n  t h e  county i s  e s s e n t i a l l y  o f f s e t  by rep len i shment  o f  w a t e r  e n t e r i n g  t h e  
fo rmat ions .  An average  ratye o f  movement might be on t h e  o r d e r  of 10 f e e t  p e r  
y e a r .  The g e n e r a l  d i r e c t i o n  of movement i s  sou theas tward  toward t h e  Gulf o f  
Mexico. 





Discharge from t h e  w a t e r - b e a r i n g  fo rmat ions  o c c u r s  n a t u r a l l y  by underf low 
o u t  of t h e  county t o  t h e  s o u t h e a s t ,  e v a p o r a t i o n  of s o i l  m o i s t u r e ,  o r  t r a n s p i r a -  
t i o n  by v e g e t a t i o n ,  and a r t i f i c i a l l y  by pumping w e l l s .  The q u a n t i t y  o f  w a t e r  
d i s c h a r g e d  by n a t u r a l  means i s  s e v e r a l  t imes g r e a t e r  t h a n  t h e  q u a n t i t y  d i s -  
charged by w e l l s .  L i t t l e ,  i f  any, ground w a t e r  i s  r e j e c t e d  o r  d i scharged  i n t o  
s t r e a m s ;  t h u s ,  t h e  s t reams  i n  t h e  coun ty  a r e  n o t  p e r e n n i a l .  

The n a t u r a l  r e c h a r g e - d i s c h a r g e  r e l a t i o n s h i p  i s  a l t e r e d  by pumping o r  a r t i f i -  
c i a l  d isc :harge.  Whenever pumping occurs ,  cones of d e p r e s s i o n  ( d e p r e s s i o n s  i n  
the  w a t e r  t a b l e  o r  piezomc2tric s u r f a c e  hav ing  t h e  shape of i n v e r t e d  cones w i t h  
t h e  apexes of t h e  cones a t  t h e  p o i n t s  o f  d i s c h a r g e )  a r e  formed around t h e  pump- 
i n g  w e l l s  and d i r e c t  ground w a t e r  t o  t h e  w e l l s  from a l l  d i r e c t i o n s .  A b e n e f i -  
c i a l  e f f e c t  o f  t h e s e  cones o f  d e p r e s s i o n  i n  Bee County i s  t h a t  t h e y  c a p t u r e  
ground w a t e r  which o t h e r w i s e  would move o u t  of t h e  coun ty  by underf low.  

Pumping T e s t s  

The development o f  an  a q u i f e r  i s  l a r g e l y  dependent  upon i t s  a b i l i t y  t o  
t r a n s m i t  w a t e r  and i t s  c a p a c i t y  t o  s t o r e  w a t e r .  These p r o p e r t i e s  a r e  d e s c r i b e d  
by t h e  terms:  c o e f f i c i e n r  o f  t r a n s m i s s i b i l i t y ,  and c o c E f i c i e n t  of s t o r a g e .  

The c o e f f i c i e n t  o f  t r a n s m i s s i b i l i t y  i s  t h e  number of g a l l o n s  o f  w a t e r  t h a t  
w i l l  move i n  1 day through a  v e r t i c a l  s t r i p  o f  an  a q u i f e r  1 f o o t  wide and having 
a  h e i g h t  e q u a l  t o  t h e  t h i c k n e s s  of t h e  a q u i f e r  when t h e  h y d r a u l i c  g r a d i e n t  i s  
1 f o o t  p e r  f o o t .  

The c o e f f i c i e n t  o f  s t o r a g e  is  d e f i n e d  a s  t h e  volume of  w a t e r  t l ~ a t  an  a q u i -  
f e r  r e l e a s e s ,  o r  t a k e s  i n t o  s t o r a g e ,  pe r  u n i t  s u r f a c e  a r e a  o f  t h e  a q u i f e r  pe r  
u n i t  change i n  t h e  component o f  head normal t o  t h a t  surEace.  

These p r o p e r t i e s  may be determined i n  t h e  l a b o r a t o r y  by t e s t i n g  samples c o l -  
l e c t e d  i n  t h e  f i e l d ,  o r  by a n a l y z i n g  d a t a  o b t a i n e d  i n  t h e  f i e l d  from pumping 
t e s t s  on w e l l s .  The pumping- tes t  method has  advantages  o v e r  t h e  l a b o r a t o r y  
method because  o f  t h e  d i f f i c u l t y  o f  o b t a i n i n g  1aborator:y samples of t h e  forma- 
t i o n  t h a t  a r e  r e p r e s e n t a t i v e  o f  t h e  u n d i s t u r b e d  w a t e r - b e a r i n g  m a t e r i a l .  S h o r t -  
term pumping t e s t s  under  w a t e r - t a b l e  c o n d i t i o n s  a r e  n o t  d e s i r a b l e  and do n o t  
g i v e  a c c u r a t e  a q u i f e r  c o e f f i c i e n t s  because  a l l  o f  t h e  w a t e r  does  n o t  d r a i n  from 
t h e  sediments  i n  a  s h o r t  t ime, and complete d r a i n a g e  may r e q u i r e  months o r  even 
y e a r s .  Pump t e s t i n g  o f  a r t e s i a n  a q u i f e r s  does  n o t  r e q u i r e  d r a i n a g e  o f  t h e  s e d i -  
ments b u t  o n l y  lowering o f  t h e  p r e s s u r e  h e a d ;  hence, l e s s  t ime i s  needed t o  
o b t a i n  t h e  d a t a  f o r  a n a l y s i s .  

The T h e i s  non-equ i l ib r ium method a s  modif ied by Cooper and Jacob (1946, p. 
526-534) and t h e  T h e i s  r e c o v e r y  method (Wenzel, 1942, p. 95-96) were used t o  
a n a l y z e  t h e  a q u i f e r  t e s t  d a t a  o b t a i n e d  i n  Bee County and a d j a c e n t  a r e a s .  Pump- 
i n g  t e s t s  were made on 8 w e l l s  i n  Bee County and 1 i n  San P a t r i c i o  County (Table 
3 ) .  The c o e f f i c i e n t s  o f  t r a n s m i s s i b i l i t y  i n  w e l l s  t a p p i n g  t h e  O a k v i l l e  Sand- 
s t o n e ,  Lagar to  Clay,  Goliad Sand, and L j s s i c  Format ion ~ a n g e d  from 7,500 gpd per  
f o o t  ( g a l l o n s  p e r  day p e r  f o o t )  t o  30,000 gpd p e r  f o o t  (Table  3)  . C o e f f i c i e n t s  
of s t o r a g e  were o b t a i n e d  o n l y  i n  t h e  Lagar to  Clay and Chl iad Sand and ranged 
from 4.7 X 10-4 t o  1.1 x L O - 3 .  

The c o e f f i c i e n t s  may be used t o  p r e d i c t  t h e  lowering of w a t e r  l e v e l s  caused 
by pumping w e l l s .  F i g u r e  5 shows t h e  computed maximum drawdown o f  w a t e r  l e v e l s  
caused by pumping from w e l l s  t a p p i n g  sands  hav ing  assumed c o e f f i c i e n t s  a s  shown. 



Table 3.--Results of aqu i f e r  t e s t s  i n  Bee and San P a t r i c i o  Counties 
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Geologic 
formation 
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Oakvil le  

Sands tone 

Lagarto 
Clay 

Oakvil le  
Sands tone 

Lagarto Clay 
and Goliad 
Sand 

DO. 

DO. 

DO. 

DO. 

Goliad Sand 
and L i s s i e  
Formation 

Well 
number 

I 

AW- 79- 18-503 

AW- 79-34-902 

AW-79-35- 702 

AW-79-43-103 

AW- 79-43- 104 

AW- 79-43- 105 

AW- 79-43- 106 

AW- 79-43-401 

WW-79-51-705 

Screened 
i n t e r v a l  

( f e e t )  

727- 767 
797- 907 

526- 561 
576- 622 

1,428- 1,468 
1,478- 1,590 

? - 770 

? - 770 

? - 770 

? - 770 

340- 370 
375- 400 
412- 433 
465- 498 
570- 635 
680- 690 
725- 778 
798- 835 

280- 331 
347- 588 
639- 696 
711- 751 

Averagedischarge  
during t e s t  

I (gprn) 

255 

340 

1,000 

1,070 

1,070 

1,070 

1,070 

1,070 

1,600 

C o e f f i c i e n t o f  
t r a n s m i s s i b i l i t y  

!gpn/ft) 

11,000 

7,500 

19,000 

26,000 

2 9,000 

30,000 

19,000 

20,000 

23,000 

Spec i f i c  
capacity 
(gpm/f t )  

6.7 

4.2 

9 .O 

- - 

- - 

- - 
- - 
- - 

10.7 

Coe f f i c i en t  
I of s torage  

- - 

-- 

- - 

8.5 X 

4.7 x lo-4 

8.9 X 

1.1 x 

- - 

I Remrks  

Recovery of pumped 
wel l .  

Do. 

Do. 

Drawdown i n  observa-  
t i o n  we l l .  

Do. 

Do. 

Do. 

Recovery of pumped 
we l l .  

I 



The c o e f f i c i e n t s  a r e  t y p i c a l  of  t h o s e  t h a t  might be measured i n  w e l l s  i n  Bee 
County.  The w a t e r  l e v e l s ,  a s  shown on t h e  graph,  would he reached a f t e r  e q u i l i b -  
r ium had been e s t a b l i s h e d .  Before  e q u i l i b r i u m  c a n  be e s t n h l i s l i e d ,  w a t e r  l e v e l s  
must d e c l i n e  s u f f i c i e n t l y  th roughout  t h e  w a t e r - b e a r i n g  foi-rnations t o  reduce t h e  
n a t u r a l  d i s c h a r g e  o r  i n c r e a s e  t h e  r e c h a r g e  by a n  amount e q u a l  t o  t h e  amount 
pumped. The c a l c u l a t i o n s  o f  drawdown assume s u f f i c i e n t  r e c h a r g e  t o  p r e v e n t  low- 
e r i n g  t h e  w a t e r  t a b l e  i n  t h e  o u t c r o p  a r e a  which i s  assumed t o  be 18 m i l e s  from 
t h e  c e n t e r  of pumping. T h e  c a l c u l a t i o n s  a l s o  assume a  p~lniping r a t e  of  500 gpm 
( g a l l o n s  p e r  minute)  from t h e  v a r i o u s  f o r m a t i o n s  hav ing  average  c o e f f i c i e n t s  of  
t r a n s m i s s i b i l i t y  and s t o r a g e  a s  shown i n  F i g u r e  5 .  I f  a  d i s c h a r g e  o f  1,000 gprn 
i n s t e a d  o f  500 gpm had been used i n  t h e  c a l c u l a t i o n s ,  t h e  drawdown would have 
been approx imate ly  doubled f o r ,  i n  a  homogeneous a q u i f e r ,  t h e  drawdown i s  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  pumping r a t e .  

On F i g u r e  6  i s  shown t h e  r e l a t i o n  o f  drawdown ( o r  d e c l i n e  o f  w a t e r  l e v e l s  
i n  w e l l s )  t o  d i s t a n c e  due t o  a  w e l l  pumping 500 gprn c o n t i n u o u s l y  f o r  30 days ,  
1 y e a r ,  and 10  y e a r s  under  a r t e s i a n  c o n d i t i o n s .  The c a l c u l a t i o n s  a r e  based on 
c o e f f i c i e n t s  o f  t r a n s m i s s i b i l i t y  and s t o r a g e  t h a t  might  be t y p i c a l  f o r  w e l l s  
t e s t e d  i n  t h e  coun ty .  The approximate  drawdown o r  d e c l i n e ,  1,000 f e e t  from a  
w e l l  pumping c o n t i n u o u s l y  f o r  30 days ,  would be 16 f e e t ;  a f t e r  1 y e a r ,  24 f e e t ;  
and a f t e r  10  y e a r s ,  30  f e e t .  

I n  Tab le  3  a r e  shown s p e c i f i c  c a p a c i t i e s  of  f o u r  w e l l s  measured d u r i n g  tllc 
pumping t e s t s .  The s p e c i f i c  c a p a c i t y ,  a n  e x p r e s s i o n  of t h e  y i e l d  o f  a  w e l l  i n  
g a l l o n s  p e r  minute  p e r  f o o t  of  drawdown, i s  u s e f u l  i n  e s t i m a t i n g  t h e  y i e l d  of  a 
w e l l  a t  v a r i o u s  drawdowns. 

Ground-Wa t e r  Development 

Tab le  4 shows pumpage o f  ground w a t e r  i n  Bee Count:? f o r  p u b l i c  s u p p l y  and 
i n d u s t r y  from 1955-63 and f o r  i r r i g a t i o n  and r u r a l  domes t i c  and s t o c k  needs  f o r  
1963. A t o t a l  o f  abou t  6,300 a c r e - f e e t  p e r  y e a r ,  o r  abou t  5.6 mgd ( m i l l i o n  
g a l l o n s  p e r  d a y ) ,  was pumped from w e l l s  i n  1963 t o  s u p p l y  tlie needs  of  Bee 
County. 

Records o f  507 w a t e r  w e l l s  were o b t a i n e d  d u r i n g  t h e  ground-water  i n v e s t i g a -  
t i o n  i n  t h e  coun ty  (Table 5 ) .  The i n v e n t o r y  inc luded  most o f  t h e  p u b l i c  s u p p l y ,  
i n d u s t r i a l ,  and i r r i g a t i o n  w e l l s ,  and a  r e p r e s e n t a t i v e  number o f  domes t i c  and 
s t o c k  w e l l s .  L o c a t i o n s  of  t h e  w e l l s  i n v e n t o r i e d  a r e  shown i n  P l a t e  1. 

P u b l i c  Supply  

The pumpage o f  ground w a t e r  f o r  p u b l i c  s u p p l y  i n  t h e  coun ty  i n  1963 was 
2,584 a c r e - f e e t ,  o r  abou t  2.31 mgd. T h i s  i s  41 p e r c e n t  of t h e  t o t a l  pumpage f o r  
a l l  purposes  i n  t h a t  y e a r .  Seventy-two p e r c e n t  (about  L .67 rngd) of t h e  w a t e r  
pumped f o r  p u b l i c  s u p p l y  i n  1963 was used by t h e  c i t y  of B e e v i l l e ,  the  c i t y ' s  
w a t e r  b e i n g  p~lmped from 4 w e l l s  t a p p i n g  t h e  O a k v i l l e  Sandstone and 1 w e l l  t a p -  
p i n g  t h e  Lagar to  Clay .  O t h e r  c e n t e r s  o f  pumping f o r  p u b l i c  s u p p l y  i n  1961 
i n c l u d e d :  t h e  U.S. A u x i l i  a r y  A i r  S t a t i o n  a t  Chase F i e l d ,  which pumped [t80,000 
gpd from t h e  L a g a r t o  C l a y ;  t h e  c i t y  of  P e t t u s ,  abou t  90 ,000  gpd frc~m t h e  Lagar to  
and O a k v i l l e  ; t h e  South  Tcsxas C h i l d r e n ' s  Home, a b o u t  2 9,, 000 gpd f-rom t h e  Lagart o  : 
t h e  Skidmore P u b l i c  School ,  abou t  21,000 gpd from t h e  Gol iad  Sand and L i s s i e  F o r -  
m a t i o n ;  and t h e  Pawnee P u b l i c  School ,  about  18,000 gpd from t h e  Ca tahou la  T u f f .  
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Public-supply usage i n  the  county increased  122 percent  from 1.04 mgd i n  
1955 t o  2.31 mgd i n  1963 (Table 4 ) .  About 75 percent  of t h i s  i nc rease  was a t t r i -  
buted t o  pumping by the  c i t y  of Beevi l le .  

I r r i g a t i o n  

I r r i g a t i o n ,  p rac t i ced  on a  smal l  s c a l e  f o r  many years  i n  the  county, i s  
l a r g e l y  supplementary and i s  s i g n i f i c a n t l y  increased  dur ing  periods of d e f i c i e n t  
r a i n f a l l .  Of t he  49 w e l l s  c l a s sed  a s  i r r i g a t i o n  we l l s ,  only 17  pump r e l a t i v e l y  
l a r g e  q u a n t i t i e s  of  water ,  t h e  average y i e l d  of t hese  1,arger capac i ty  we l l s  
be ing  about 650 gpm. Seve ra l  of t h e  i r r i g a t i o n  we l l s  were formerly o i l  t e s t s  
t h a t  were plugged back and per fora ted  oppos i te  f resh-water  sands. 

I n d u s t r i a l  Use 

The pumpage of ground water  f o r  i n d u s t r i a l  use  i n  t he  county i n  1963 was 
811 a c r e - f e e t ,  o r  0.72 mgd. This i s  13 percent  of t h e  t o t a l  withdrawals f o r  a l l  
purposes i n  t h a t  year .  The i n d u s t r i a l  u s e  decreased 27 percent  from 0.99 mgd i n  
1955 t o  0.72 mgd i n  1963 (Table 4) . 

A l l  of t he  i n d u s t r i a l  water  pumped i n  the  county i s  used by the  petroleum 
indus t ry .  The l a r g e s t  u s e r  i s  Pan American Petroleum Co., which pumps about 413 
acre-fee: per  year  f o r  cool ing  purposes.  Gasoline Product ion Corp. pumps about 
202 a c r e - f e e t  per  yea r ;  Tidewater O i l  Co., i n  ope ra t ion  s i n c e  1962, pumps about 
147 a c r e - f e e t  per  yea r ;  and Danaho Refining Co. pumps about 49 a c r e - f e e t  per  
year .  

Rural  Domestic and Livestock Needs 

The pumpage of ground water  f o r  r u r a l  domestic and l i v e s t o c k  needs i n  t he  
county i n  1963 was est imated t o  be 1,390 a c r e - f e e t ,  o r  1.2 mgd. This  i s  about 
22 percent  of t he  ground-water withdrawals f o r  a l l  purposes i n  t h a t  year .  

Most of the  r u r a l  domestic and s t o c k  w e l l s  a r e  shal low and pene t r a t e  on ly  
enough water  sand t o  produce t h e  q u a n t i t y  of water  needed. The w e l l s  a r e  
equipped wi th  pumps powered by windmil ls ,  small  e1ectr i .c  motors, o r  small  gaso- 
l i n e  engines and a r e  not designed t o  pump more than  a  few g a l l o n s  per  minute. 

Changes i n  Water Levels 

Changes i n  water  l e v e l s  i n  w e l l s  i n  t he  county a r e  caused by f a c t o r s  such 
a s  changes i n  r a t e s  of recharge t o  and d ischarge  from t h e  water -bear ing  forma- 
t i o n s ,  changes i n  barometr ic  pressure ,  and changes i n  hydrau l i c  connect ion of 
we l l s  and a q u i f e r s .  These changes may be r eg iona l  o r  l o c a l  and of s h o r t  o r  long 
du ra t ion .  

Probably the  most s i g n i f i c a n t  cause of r eg iona l  wa te r - l eve l  changes i n  t he  
county i s  the  l a c k  of balance between recharge and d ischarge  of ground water .  
During per iods  of  low r a i n f a l l  t h e  recharge t o  the  water -bear ing  formations i s  
reduced and pumpage from w e l l s  i s  increased  caus ing  s u b s t a n t i a l  reduct ions  i n  



Table L.--F'tlmpage of grol~nd wate r  i n  Rep Cnrinty f o r  p ~ ~ h l i c  supp ly  and i n d u s t r y ,  1955-63, and f o r  i r r i j a t i o n  and r u r a l  domest ic  and s t o c k  needs,  1963 

Year 
Pub 

Acre - fee t  
p e r  year  

1,165 

1,572 

1,393 

1,957 

1,786 

1,946 

2,111 

2,479 

2,584 

i c  supp ly  
M i l l i o n  g a l l o n s  

pe r  day 

1 .O& 

1.40 

1.24 

1.75 

1.59 

1.74 

1.88 

2.21 

2.31 

I r r i g a t i o n  Rural  domest ic  and s t o c k  needs 
A c r e - f e e t  1 M i l l i o n  g a l l o n s  

I n d u s t r y  

pe r  y e a r  I per  day 
Acre - fee t  
pe r  y e a r  

M i l l i o n  g a l l o n s  
p e r  day 

* Figures  a r e  approximate because some of t h e  pumpage i s  e s t i m a t e d .  T o t a l s  a r e  rounded t o  two s i g n i f i c a n t  f i g u r e s .  T o t a l s  a r e  incomplete  f o r  t h e  
period 1955-62 because d a t a  f o r  i r r i g a t i o n  and r u r a l  domest ic  and s t o c k  were no t  a v a i l a b l e .  

I 
1,109 1 0.99 

- -- 

T o t a l s *  
A c r e - f e e t  
p e r  y e a r  

M i l l i o n  g a l l o n s  
pe r  day 

I 



t he  q u a n t i t y  of ground water  i n  s to rage  and dec l ines  i n  water  l e v e l s .  Con- 
v e r s e l y ,  dur ing  periods of high r a i n f a l l  when recharge i s  increased,  the water  
prev ious ly  withdrawn from s to rage  may be replaced and water  l e v e l s  tend t o  r i s e .  

Purlping may cause l a rge  l o c a l  dec l ines  i n  water  l e v e l s .  When water  i s  
pumped, a cone of depress ion  i s  c r ea t ed  around t h e  w e l l .  I f  pumping i s  cont inu-  
ous, the cone expands u n t i l  i t  i n t e r c e p t s  a  source o r  sources of replenishment 
capable of supplying water  equal  t o  the  q u a n t i t y  pumped. I n  an  a r e a  where we l l s  
a r e  c l o s e l y  spaced, t he  ind iv idua l  cones may over lap  and cause l a r g e r  water-  
l e v e l  dec l ines  than  would occur  i f  t he  we l l s  were spaced f a r t h e r  a p a r t .  

He~vily-pumped i r r i g a t i o n  a reas  normally have s i g n i f i c a n t  wa te r - l eve l  
changes annual ly  because of seasonal  pumping. During the  season when pumping i s  
discont inued,  the  water  l e v e l s  u s u a l l y  r i s e  and may reach t h e i r  former l e v e l s  
p r i o r  t c  pumping. 

Water l e v e l s  i n  17 w e l l s  measured i n  1939 were measured aga in  i n  1963-64. 
The change i n  water  l e v e l s  ranged from a r i s e  of 1.2 f e e t  i n  we l l  AW-79-25-905 
t o  a  d e c l i n e  of 5.3 f e e t  i n  w e l l  AW-79-18-805. The average change i n  t h e  17 
we l l s  was a  dec l ine  of 2.4 f e e t ,  o r  about 0.1 f o o t  per  year .  Because most of 
t he  we l l s  a r e  wa te r - t ab l e  we l l s ,  t he  dec l ines  represent: a  reduct ion  of water  i n  
s to rage  i n  t he  water-bearing formations.  I n  gene ra l  however, t h e  d e c l i n e s  i n  
water  l e v e l s  i n  Bee County s i n c e  1939 have not  been l a rge  enough t o  be alarming. 

Figure 7 shows the  approximate a l t i t u d e  of t h e  water  l e v e l s  i n  we l l s  i n  Bee 
County, 1963-64. The f i g u r e  r ep re sen t s  c h i e f l y  measurements i n  wa te r - t ab l e  
we l l s ,  a l though some of the  measurements may r ep resen t  the  a r t e s i a n  piezometr ic  
su r f ace .  The map does not  n e c e s s a r i l y  po r t r ay  one s i n g l e  water  su r f ace .  This  
i s  e s p e c i a l l y  t r u e  i n  the  no r the rn  p a r t  of t he  county wrhere t h e r e  appears t o  be 
a  high on the water  su r f ace .  The high apparent ly  r ep re sen t s  a t  l e a s t  two water-  
l e v e l  su r f aces .  Northwest of t he  high, t h e  water  l e v e l s  probably represent  the 
water  su r f ace  i n  we l l s  tapping  the  Catahoula Tuff and the  lower p a r t  of t he  Oak- 
v i l l e  S a ~ d s t o n e ;  sou theas t  of t he  high, the  su r f ace  r ep re sen t s  water  l e v e l s  i n  
we l l s  c h i e f l y  i n  the  Lagarto Clay, Goliad Sand, and L i s s i e  Formation. The ch ief  
va lue  of the  i l l u s t r a t i o n  i s  t h a t  i t  shows the  approximate a l t i t u d e  t h a t  can  be 
expected i n  we l l s  d r i l l e d  a t  any p a r t i c u l a r  l o c a t i o n  i n  t he  county. 

Well Construct ion 

Large-capaci ty w e l l s  completed i n  t he  a q u i f e r s  underlying Bee County have 
been d r i l l e d  t o  supply the  needs of some of t he  m u n i c i p a l i t i e s  and i r r i g a t o r s ;  
whereas,  smal le r -capac i ty  w e l l s  a r e  used throughout t he  county t o  supply water  
f o r  domestic and s tock  needs. 

Recently d r i l l e d  municipal we l l s  gene ra l ly  a r e  underreamed, screened, and 
g rave l  packed. The g rave l  packing inc reases  t h e  e f f ec t . i ve  diameter  of t he  we l l ,  
a i d s  i n  prevent ing the  en t rance  of sand i n t o  the  we l l ,  and p r o t e c t s  t he  ca s ing  
from caving of the surrounding formation.  The e a r l i e r - d r i l l e d  municipal we l l s  
were completed without  g rave l  packing. 

I r r i g a t i o n  w e l l s  i n  Bee County gene ra l ly  a r e  designed t o  pump a l a rge  quan- 
t i t y  of water  a t  a s  low a c o s t  a s  poss ib l e .  A few of t he  w e l l s  used f o r  i r r i g a -  
t i o n  a r e  underreamed and g r a v e l  packed. The wel l s  gene ra l ly  a r e  f i n i shed  wi th  
t o r c h - s l o t t e d  cas ing  and l i t t l e  e f f o r t  i s  made t o  r e l a t e  t he  width of the s l o t  
t o  the  diameter  of t he  sand p a r t i c l e s .  I f  t he  s l o t s  a r e  too la rge ,  cons iderable  



q u a n t i t i e s  of sand e n t e r  t h e  w e l l ,  r e s u l t i n g  i n  wear o f  t h e  pumps and c a s i n g .  
On t h e  o t h e r  hand, s l o t s  t h a t  a r e  t o o  s m a l l ,  o r  an  i n s u f f i c i e n t  number o f  s l o t s ,  
may c a u s e  e x c e s s i v e  "entrance l o s s e s "  i n  head,  t h e r e b y  r e d u c i n g  t h e  s p e c i f i c  cap-  
a c i t i e s  I Q E  t h e  w e l l s .  

S t o i k  and domes t ic  w e l l s  g e n e r a l l y  a r e  of s m a l l  c a p a c i t y ;  most a r e  equipped 
w i t h  windmi l l s ,  pumpjacks, o r  s m a l l  j e t  pumps. Genera l ly ,  t h e y  a r e  cased w i t h  
ga lvan ized  p ipe  n e a r l y  t o  t h e  bot tom of t h e  w e l l  and no s c r e e n  o r  s l o t t e d  c a s i n g  
i s  u s e d ;  t h e s e  a r e  u s u a l l y  c a l l e d  "open-end" w e l l s .  Although t h e  s t o c k  and 
domes t ic  w e l l s  u s u a l l y  a r e  pumped a t  l e s s  t h a n  5  gpm, t h e y  s t i l l  a r e  v u l n e r a b l e  
t o  sand t r o u b l e s  and some must be c leaned  p e r i o d i c a l l y .  When l a r g e r  y i e l d s  a r e  
needed, t h e  w e l l s  a r e  completed w i t h  t o r c h - s l o t t e d  o r  p e r f o r a t e d  g a l v a n i z e d  c a s -  
i n g  and equipped w i t h  submers ib le  pumps o r  l a r g e r  j e t  pumps. 

P o t e n t i a l  Development 

Bec,zuse most of t h e  w a t e r - b e a r i n g  f o r m a t i o n s  i n  Bee County a r e  composed 
c h i e f l y  (:f in te rbedded  sand and c l a y ,  p e r m i t t i n g  w a t e r  t o  move from one forma- 
t i o n  t o  z n o t h e r ,  t h e  e n t i r e  sequence o f  t h e s e  w a t e r - b e a r i n g  f o r m a t i o n s  (excep t -  
i n g  t h e  Ca tahoula  T u f f )  might be cons idered  t o  function1 a s  a  s i n g l e  a q u i f e r .  
There fore ,  i n  d i s c u s s i n g  p o t e n t i a l  development t h e  O a k v i l l e  and younger wa te r -  
b e a r i n g  fo rmat ions  a r e  t r e a t e d  a s  one a q u i f e r .  T h i s  sequence of w a t e r - b e a r i n g  
fo rmat io r s  i s  d e s i g n a t e d  t h e  "Gulf Coas t "  a q u i f e r ,  a  t e r m  a p p l i e d  t o  a  s i m i l a r  
sequence o f  f o r m a t i o n s  i n  o t h e r  a r e a s  o f  t h e  Texas Gulf C o a s t a l  r e g i o n .  

The amount o f  ground w a t e r  t h a t  c a n  be pumped p e r e n n i a l l y  i n  t h e  county 
w i t h o u t  d e p l e t i n g  t h e  ground-water  supp ly  depends c h i c f l y  on t h e  r a t e  o f  
r echarge  t o  t h e  a q u i f e r s .  The average  r a t e  o f  r echarge  c a n  be e s t i m a t e d  by 
d e t e r m i n i n g  t h e  amount o f  w a t e r  moving through t h e  a q u i f e r s .  Th i s  i s  computed 
u s i n g  t h e  formula  Q = TIL, i n  which Q i s  t h e  q u a n t i t y  o f  w a t e r  i n  g a l l o n s  p e r  
day moving through t h e  a q u i f e r ,  T  i s  t h e  c o e f f i c i e n t  of t r a n s m i s s i b i l i t y  i n  g a l -  
l o n s  p e r  day  per  f o o t ,  I i s  t h e  h y d r a u l i c  g r a d i e n t  o f  t h e  p i e z o m e t r i c  s u r f a c e  o r  
w a t e r  t a b l e  i n  f e e t  p e r  mi le ,  and L i s  t h e  l e n g t h  o f  t h e  a q u i f e r  i n  m i l e s  normal 
t o  t h e  h y d r a u l i c  g r a d i e n t .  The average  g r a d i e n t  i s  e s t i m a t e d  t o  be about  8 f e e t  
p e r  m i l e ,  t h e  c o e f f i c i e n t  of t r a n s m i s s i b i l i t y  o f  a l l  f r e s h  t o  s l i g h t l y  s a l i n e  
w a t e r  sar-ds through which t h e  w a t e r  p a s s e s  n e a r  t h e  s o u t h e r n  boundary o f  t h e  
coun ty  i s  e s t i m a t e d  t o  be abou t  50,000 gpd p e r  f o o t ,  and t h e  average w i d t h  
a c r o s s  t h e  county approx imate ly  normal t o  t h e  h y d r a u l i c  g r a d i e n t  i s  19 m i l e s .  
On t h e  b s s i s  o f  t h e s e  f i g u r e s ,  t h e  average  r a t e  o f  r e c h a r g e  i s  approx imate ly  
8 mgd o r  about  9,000 a c r e - f e e t  p e r  y e a r .  L i t t l e ,  i f  any,  ground w a t e r  i s  d i s -  
charged i n t o  s t r e a m s  a s  r e j e c t e d  r e c h a r g e  o r  l o s t  th rough  e v a p o r a t i o n  and con- 
sumption by v e g e t a t i o n ,  because  t h e  w a t e r  t a b l e  averages  abou t  50 f e e t  below 
land  surEace.  There fore ,  %he 8 mgd r e p r e s e n t s  t h e  approximate  q u a n t i t y  o f  
w a t e r  a v a i l a b l e  f o r  development on a  p e r e n n i a l  b a s i s  w i t h o u t  d e p l e t i n g  t h e  a q u i -  
f e r .  

C o r ~ e r t e d  t o  annua l  p r e c i p i t a t i o n  t h e  8 mgd, o r  '),000 a c r e - f e e t  p e r  y e a r ,  
i s  e q u i v a l e n t  t o  a b o u t  0.5 inch  o f  w a t e r  c o v e r i n g  and e f f e c t i v e l y  r e c h a r g i n g  t h e  
sandy p a r t s  of t h e  a q u i f e r  t h a t  c r o p  o u t  i n  t h e  c o u n t y ;  0.5 inch  of recharge  i s  
s l i g h t l y  l e s s  t h a n  2 p e r c e n t  o f  t h e  average  annua l  p r e c i p i t a t i o n .  Most o f  t h e  
p r e c i p i t a t i o n  f a i l s  t o  r e c h a r g e  t h e  a q u i f e r ,  probably  because  i n f i l t r a t i o n  of 
t h e  w a t e r  i s  impeded by t h e  t h i c k  beds o f  c a l i c h e  t h a t  form much of t h e  o u t c r o p  
a r e a  of t h e  a q u i f e r s .  



I n  a d d i t i o n  t o  the 8 mgd, which i s  a v a i l a b l e  on a  pe renn ia l  b a s i s ,  about 
48,000,000 a c r e - f e e t  of f r e s h  t o  s l i g h t l y  s a l i n e  water  i s  i n  t r a n s i e n t  s to rage  
i n  t he  county. Although most of t h i s  water  i s  not  a v a i l a b l e  t o  we l l s ,  a t  l e a s t  
p a r t  i s  a v a i l a b l e  f o r  development--for example, about 10,000,000 a c r e - f e e t  from 
t h e  upper 400 f e e t  of t he  a q u i f e r .  To u t i l i z e  t h i s  l a r g e  q u a n t i t y  of ground 
water ,  withdrawals exceeding the  pe renn ia l  y i e l d  of 8 mgd could be made f o r  long 
per iods  before  the  water  i n  the upper 400 f e e t  would be deple ted .  

Areas most favorable  f o r  the  development of l a r g e  a d d i t i o n a l  ground-water 
supp l i e s  a r e  i nd ica t ed  by a  map showing t h e  approximate th i ckness  of sand con- 
t a i n i n g  f r e s h  t o  s l i g h t l y  s a l i n e  water  (Figure 8 ) .  I n  genera l ,  the  a r e a s  having 
the  t h i c k e r  amounts of  sand a r e  the  more favorable .  The th ickness  of sand con- 
t a i n i n g  f r e s h  t o  s l i g h t l y  s a l i n e  water  ranges from l e s s  than 50 f e e t  i n  the  
northwestern corner  of the  county t o  more than 650 feeit i n  t he  sou theas t e rn  p a r t .  
Thicknesses g r e a t e r  than  300 f e e t  a r e ,  f o r  t h e  most p a r t ,  r e s t r i c t e d  t o  the  
sou theas t e rn  h a l f  of the  county; th icknesses  i n  excess  of 400 f e e t  occur  i n  t he  
Beev i l l e  a r e a  and i n  t he  sou theas t e rn  q u a r t e r  of t he  county. Yields  of proper ly  
cons t ruc ted  w e l l s  might be expected t o  range from l e s s  than 100 gpm i n  the nor th-  
west t o  more than  1,000 gpm where the  th ickness  i s  g r e a t e s t .  The s t i p p l e d  a reas  
shown on Figure  8 a r e  t he  most favorable  f o r  f u t u r e  development. 

Ground water  i n  s u f f i c i e n t  q u a n t i t i e s  f o r  r u r a l  domestic and s tock  needs 
can be obta ined  almost anywhere i n  t he  county from depths l e s s  than  150 f e e t .  
The only except ions a r e  i n  t he  outcrop  of t he  Catahoula Tuff where, i n  p laces ,  
w e l l s  may have t o  be d r i l l e d  deeper than  300 f e e t .  

CHEMICAL QUALITY OF GROUND WATER 

The chemical c o n s t i t u e n t s  of ground water  a r e  d isso lved  from the  s o i l  and 
rock through which t h e  water  has passed; t h e r e f o r e  the d i f f e r e n c e  i n  the  chemi- 
c a l  c h a r a c t e r  of  t h e  water  i n d i c a t e s ,  i n  a  gene ra l  way, t he  na tu re  of the  geo- 
l o g i c  formations i n  con tac t  w i th  the  water .  Most deep ground water  i s  f r e e  from 
contamination by organic  ma t t e r  bu t  the  chemical conten t  of ground water  u sua l ly  
i nc reases  wi th  depth.  

The s u i t a b i l i t y  of a water  supply depends on the  c:hemical q u a l i t y  of the  
water  and t h e  l i m i t a t i o n s  a s soc i a t ed  with the  contemplated use of t he  water .  
Various c r i t e r i a  f o r  wa te r -qua l i t y  requirements have been developed f o r  most 
ca t egor i e s  of  water  q u a l i t y ,  inc luding  b a c t e r i a l  conten t ,  phys i ca l  c h a r a c t e r i s -  
t i c s ,  an< chemical c o n s t i t u e n t s .  Usual ly problems concerned wi th  b a c t e r i a l  con- 
t e n t  and phys i ca l  c h a r a c t e r i s t i c s  can be remedied r a t h e r  economically, but  
removal c3r n e u t r a l i z a t i o n  of unwanted chemical c o n s t i t u e n t s  may prove d i f f i c u l t  
and e x p e x i v e .  For many purposes, the  d i s so lved - so l id s  conten t  of water  i s  a  
major l i m i t a t i o n  on use  of t h e  water .  The gene ra l  c l a s s i f i c a t i o n  of water  shown 
on t h e  fol lowing page i s  based on t o t a l  d i s so lved - so l id s  conten t  (Winslow and 
Ki s t e r ,  1956, p. 5 ) .  



Fresh 

S l i g h t l y  s a l i n e  

Moderately s a l i n e  

Very s a l i n e  

Brine 

Descr ip t ion  

Less than  1,000 

1,000 - 3,000 

3,000 - 10,+000 

10,000 - 35,?000 

More than  35 ,7 000 

Disso lved-so l ids  
p a r t s  per  m i l l i o n  (pprn) 

The U.S. Publ ic  Heal th Serv ice  has e s t a b l i s h e d  s tandards  of d r ink ing  water  
t o  be used on common c a r r i e r s  engaged i n  i n t e r s t a t e  commerce. The s tandards  a r e  
designed t o  p r o t e c t  t h e  t r a v e l i n g  pub l i c  and may be used t o  eva lua t e  pub l i c  
water  supp l i e s .  According t o  t he  s tandards ,  chemical c o n s t i t u e n t s  should no t  be 
present  i n  water  supp l i e s  i n  excess  of the  l i s t e d  concent ra t ions  shown i n  the 
fol lowing cable ,  except  where o t h e r  more s u i t a b l e  supp l i e s  a r e  not  a v a i l a b l e .  
Below a r e  some of t h e  s tandards  adopted by t h e  U.S. Publ ic  Heal th Serv ice  (1962, 
p. 7 -8) :  

I Substance I 
Chloride (Cl) 

F luor ide  (F) 

I r o n  (Fe) 

Manganese (Mn) 

N i t r a t e  (N03) 

S u l f a t e  (SO4) 

T o t a l  d i sso lved  s o l i d s  

Concentrat ion (pprn) I 

$;Assumed upper l i m i t  f o r  Bee County based on an 
approximate annual average of maximum d a i l y  a i r  
temperature of 80°F a t  the  s t a t i o n  near  Beev i l l e .  

Water having concent ra t ions  of chemical c o n s t i t u e n t s  i n  excess  of t he  recom- 
mended l i m i t s  may be ob jec t ionab le  f o r  va r ious  reasons.  Concentrat ions of 
n i t r a t e  iR excess  of 45 pprn i n  water  used f o r  feeding  i n f a n t s  have been r e l a t e d  
t o  the  incidence of i n f a n t  cyanosis  (methemoglobinemia o r  "blue baby" d i s e a s e ) ,  
a  r educ t i cn  of the  oxygen content  i n  t he  blood caus ing  a  form of asphyxia t ion  
(&xcy, 1950, p. 271). High n i t r a t e  concen t r a t ion  may be an i n d i c a t i o n  of po l lu-  
t i o n  from organic  mat te r ,  commonly sewage. Concentratioins of i r o n  and manganese 
i n  water  i n  excess  of 0.3 ppm and 0.05 ppm, r e s p e c t i v e l y ,  cause reddish-brown o r  
dark-gray p r e c i p i t a t e s  t h a t  s t a i n  c lo th ing  and plumbing f i x t u r e s  and impart an  
ob j e c t i o n z - ~ l e  t a s t e  t o  t he  water .  Water having a  c h l o r i d e  content  exceeding 250 
ppm, and En equ iva l en t  amount of sodium, may have a  s a l t y  t a s t e ;  and water  hav- 
i n g  a  s u l f a t e  conten t  i n  excess  of 250 pprn may produce a  l a x a t i v e  e f f e c t .  



Excessive f l u o r i d e  concen t r a t ion  may cause t e e t h  t o  become mott led,  whereas 
optimum amounts may reduce the  incidence of t oo th  decay (Dean, Arnold, and 
Elvove, 1942, p. 1155-1179). 

Calcium and magnesium a r e  t he  p r i n c i p a l  c o n s t i t u e n t s  i n  water  t h a t  cause 
hardness .  Excessive hardness  causes a n  inc rease  i n  t he  consumption of soap and 
promotes t he  formation of s c a l e  i n  hot-water  hea t e r s ,  b o i l e r s ,  and water  p ipes .  
That po r t ion  of  hardness equ iva l en t  t o  t h e  amount of carbonate  and b icarbonate  
i s  termed carbonate  hardness ;  hardness  exceeding t h i s  amount i s  termed noncarbon- 
a t e  hardness .  Below a r e  t he  commonly accepted s tandards  and c l a s s i f i c a t i o n s  of 
water  hardness : 

Two gene ra l  methods a r e  commonly used t o  s o f t e n  l a r g e  q u a n t i t i e s  of  water :  the  
lime o r  lime-soda ash process  which, i n  a d d i t i o n  t o  so f t en ing ,  reduces the  miner- 
a l i z a t i o n ;  and the  z e o l i t e  process  which involves the  exchange of  calcium and 
magnesium i n  the  water  f o r  sodium i n  the  exchange ma te r i a l .  Carbonate hardness 
may be removed most economically by us ing  lime a s  t he  p r e c i p i t a n t .  Because car -  
bonate hardness predominates i n  Bee County, most of the  water  can be softened 
e f f e c t i v e l y  by the  lime process .  

Hardness range 
( P P ~  

60 or l e s s  

61  - 120 

1 2 1  - 180 

More than  180 

The qua l i t y -o f -wa te r  requirements f o r  va r ious  i n d u s t r i e s  vary  widely with 
each type of process .  Water f o r  i n d u s t r i a l  use  may be c l a s s i f i e d  i n t o  t h r e e  
p r i n c i p a l  ca tegor ies - -cool ing  water ,  b o i l e r  water ,  and process  water .  

C l a s s i f i c a t i o n  

Sof t 

Moderately hard 

Hard 

Very hard 

Water f o r  cool ing  purposes i s  u s u a l l y  s e l e c t e d  on the  b a s i s  of i t s  tempera- 
t u r e  and the  a v a i l a b l e  source of  supply, although i t s  chemical q u a l i t y  i s  a l s o  
s i g n i f i c a n t .  The temperature of ground water  near  t he  land su r f ace  approximates 
t h e  mean annual a i r  temperature of the  reg ion  and inc reases  wi th  depth.  The 
undes i r ab le  chemical c o n s t i t u e n t s  i n  cool ing  water  a r e  those which cause s c a l e  
o r  cor ros ion ,  and thereby adverse ly  a f f e c t  the  heat-exchange su r f aces .  

Sca le  formation can be caused by d isso lved  s o l i d s ,  such a s  calcium and mag- 
nesium, carbonate  and bicarbonate ,  aluminum, i ron ,  and s i l i c a .  Among the  so lu -  
b l e  m a t e r i a l s  t h a t  make water  co r ros ive  a r e  calcium and magnesium ch lo r ide ,  
sodium c h l o r i d e  i n  t he  presence of magnesium, ac ids ,  and gases  such a s  oxygen 
and carbon d ioxide .  Any co r ros ive  water  i s  ob jec t ionab le  because i t  a t t a c k s  
metal  s u r f a c e s .  

For steam b o i l e r s  the  problems of co r ros ion  and s c a l e  a r e  g r e a t l y  i n t e n s i -  
f i e d ,  and a s  a r e s u l t  t he  q u a l i t y  of water  must meet r i g i d  requirements .  T rea t -  
ment of b o i l e r  water  may be necessary ;  t he re fo re ,  examining the  water  from t h e  
viewpoint of s u i t a b i l i t y  of t rea tment  i s  p re fe rab le  t o  examining i t  s o l e l y  f o r  
use  a s  raw water .  I n  b o i l e r  water ,  s i l i c a  i s  e s p e c i a l l y  undes i r ab le  because 
s i l i c a  forms a hard s c a l e ,  t h e  scale-forming tendency inc reas ing  with the  pres -  
su re  i n  t he  b o i l e r .  



Process water ,  which i s  incorpora ted  i n  t he  man~f~ac tu red  product,  i s  sub- 
j e c t  t o  a  wide range of q u a l i t y  requirements t h a t  a r e  u s u a l l y  r i g i d l y  c o n t r o l l e d .  
For example, water  used i n  t e x t i l e  manufacturing must be low i n  d isso lved  s o l i d s  
and f r e e  from the  s t a i n i n g  e f f e c t s  of i r o n  and manganese. The beverage indus t ry  
r equ i r e s  water  f r e e  of i ron ,  manganese, and organic  substances.  Water used i n  
making high-grade paper must be f r e e  o r  have exceedingly smal l  concent ra t ions  of 
heavy metals .  Whereas cool ing  and b o i l e r  water  can o f t e n  be reused, process  
water  may be consumed and t h e r e f o r e  i s  no t  a v a i l a b l e  f o r  reuse.  

The s u i t a b i l i t y  of water  f o r  i r r i g a t i o n  depends on the chemical q u a l i t y  of 
t h e  wa te r  and on o t h e r  f a c t o r s ,  such a s  s o i l  t e x t u r e  and composition, c rop  types,  
i r r i g a t i . o n  p r a c t i c e s ,  and c l imate .  Many c l a s s i f i c a t i o ~ ~ s  of i r r i g a t i o n  water  
express  the  s u i t a b i l i t y  of water  i n  terms of one o r  more of these  v a r i a b l e s  and 
o f f e r  c r i t e r i a  f o r  eva lua t ing  the  r e l a t i v e  o v e r a l l  s u i t a b i l i t y  of i r r i g a t i o n  
water  r a t h e r  than  p lac ing  r i g i d  l i m i t s  on the  concent ra t ions  of c e r t a i n  chemical 
c o n s t i t c e n t s .  The most important chemical c h a r a c t e r i s t i c s  p e r t i n e n t  t o  the  eva l -  
ua t ion  o f  water  f o r  i r r i g a t i o n  a re :  the  propor t ion  of sodium t o  t o t a l  ca t ions ,  
an  index of t he  sodium hazard ;  t he  t o t a l  concen t r a t ion  of so lub le  s a l t s ,  an 
index of' t he  s a l i n i t y  hazard ;  the  r e s i d u a l  sodium carbonate ;  and the  concentra-  
t i o n  of boron. 

A system of  c l a s s i f i c a t i o n  commonly used f o r  judging the  q u a l i t y  of water  
f o r  i r r i g a t i o n  was proposed i n  1954 by the  U.S. S a l i n i t y  Laboratory S t a f f  (1954, 
p. 69-82). The c l a s s i f i c a t i o n  (diagrammed i n  Figure 9) i s  based p r imar i ly  on 
the  s a l i n i t y  hazard a s  measured by t h e  e l e c t r i c a l  conduc t iv i ty  of the  water  and 
on the  sodium hazard a s  measured by t h e  SAR (sodium-adsorption r a t i o ) .  

The importance of t h e  d isso lved  c o n s t i t u e n t s  i n  water  t o  be used f o r  i r r i g a -  
t i o n  depends upon t h e  amount of s a l t  accumulation i n  t he  s o i l .  Kel ly  (1951, p .  
95-99) c i t e d  a r e a s  having an  average annual p r e c i p i t a t i o n  of about 18 inches i n  
which s a l t s  d id  not  accumulate i n  t he  s o i l .  Wilcox (1955, p. 15) be l i eves  t h a t  
t he  system of c l a s s i f i c a t i o n  of  i r r i g a t i o n  water  proposed by the  S a l i n i t y  Labora- 
t o r y  S t a f f  i s  not  d i r e c t l y  app l i cab le  t o  supplemental i r r i g a t i o n  i n  a r e a s  of r e l -  
a t i v e l y  high r a i n f a l l .  Therefore,  i n  Bee County, where the  annual average pre- 
c i p i t a t i o n  i s  about 30 inches,  t he  system of c l a s s i f i c a t i o n  by the  S a l i n i t y  Lab- 
o r a t o r y  S t a f f  may not  be d i r e c t l y  app l i cab le .  Wilcox (1955, p. 16) i nd ica t ed  
t h a t  water  gene ra l ly  may be used s a f e l y  f o r  supplemental i r r i g a t i o n  i f  i t s  con- 
d u c t i v i t y  i s  l e s s  t han  2,250 micromhos per  cent imeter  a t  25OC, i t s  SAR i s  l e s s  
than  14, and so i l -d ra inage  condi t ions  a r e  good. Therefore,  i n  Bee County, ca re  
should be taken when supplemental i r r i g a t i o n  water  approaches these  l i m i t s  (Fig- 
u re  9) .  

Another f a c t o r  i n  a s se s s ing  t h e  q u a l i t y  of water  f o r  i r r i g a t i o n  i s  the  RSC 
( r e s i d u a l  sodium carbonate)  i n  t he  water .  Excessive RSC causes t h e  water  t o  be 
a l k a l i n e  and the  organic  content  of t h e  s o i l  tends t o  d i s so lve .  The s o i l  may 
become a grayish  b lack  and the  land a r e a s  a f f e c t e d  a r e  r e f e r r e d  t o  a s  "black 
a l k a l i . "  Wilcox (1955, p. 11) s t a t e s  t h a t  l abo ra to ry  and f i e l d  s t u d i e s  have led 
t o  t he  conclusion t h a t  water  conta in ing:  more than  2.5 epm (equiva len ts  per  m i l -  
l i o n )  RSC i s  not  s u i t a b l e  f o r  i r r i g a t i o n ;  from 1.25 t o  2.5 epm i s  marginal ;  and 
l e s s  than  1.25 epm RSC probably i s  s a f e .  Through good i r r i g a t i o n  p r a c t i c e s  and 
proper  use o f  amendments, however, even the  marginal wa.ter may be s u c c e s s f u l l y  
used f o r  i r r i g a t i o n .  Furthermore, the degree of leaching  w i l l  modify the  permis- 
s i b l e  l i m i t  t o  some e x t e n t  (Wilcox, B l a i r ,  and Bower, 1954, p. 265). 
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An excessive concen t r a t ion  of boron w i l l  cause the  water  t o  be unsu i t ab l e  
f o r  i r r i g a t i o n .  Wilcox (1955, p. 11) sugges ts  t h a t  a bloron concen t r a t ion  of a s  
much a s  1.0 ppm i s  permiss ib le  f o r  i r r i g a t i n g  s e n s i t i v e  crops--as  much a s  3.0 
ppm f o r  t o l e r a n t  crops.  

A l l  of Bee County i s  unde r l a in  by water-bearing s t r a t a  conta in ing  f r e s h  t o  
s l i g h t l y  s a l i n e  water  t h a t  extend t o  vary ing  depths ( P l a t e s  2 ,  3, and 4 ) .  The 
base of t h e  f r e s h  t o  s l i g h t l y  s a l i n e  water  (Figure 10) ranges from s l i g h t l y  more 
than 1,700 f e e t  below s e a  l e v e l  i n  t h e  e a s t e r n  p a r t  of the  county, 23 mi les  e a s t  
o f  Beevi l le ,  t o  more than  200 f e e t  above sea  l e v e l  i n  the  northwestern p a r t .  
Rocks conta in ing  moderately s a l i n e  water  t o  b r ine  unde r l i e  t h e  f r e s h  t o  s l i g h t l y  
s a l i n e  water .  

A combination of e l e c t r i c  logs  and chemical ana lyses  was used t o  determine 
the base of  t he  f r e s h  t o  s l i g h t l y  s a l i n e  water .  A comparison of t h e  r e s i s t i v i -  
t i e s  of water-bearing sand on e l e c t r i c  logs wi th  the  q u a l i t y  of the  water  i n  t he  
sand i n d i c a t e s  t h a t  t h e  apparent  r e s i s t i v i t y  of sand conta in ing  water  having 
about 3,000 ppm disso lved  s o l i d s  i s  about 10 ohms m2/m based on t h e  long normal 
curve. The apparent  r e s i s t i v i t y  of sand conta in ing  water  having about 1,000 ppm 
disso lved  s o l i d s  i s  about 20 ohms m2/m. The c o r r e l a t i o ~ n  of chemical q u a l i t y  of 
ground water  t o  r e s i s t i v i t y  i s  on ly  approximate, because sand i n  d i f f e r e n t  a r eas  
and a t  d i f f e r e n t  depths con ta ins  w a t e r  t h a t  may be of a d i f f e r e n t  chemical type 
(sodium ch lo r ide  water  o r  sodium bicarbonate  water )  and has a d i f f e r e n t  tempera- 
t u r e .  Other f a c t o r s  such a s  t he  degree of cementat ion and permeabi l i ty  of t he  
sands a l s o  a f f e c t  t he  curves.  

The ch lo r ide  and d i s so lved - so l id s  conten t  of the  ground water from w e l l s  
and t h e i r  depth, a s  w e l l  a s  t he  ch lo r ide  and d i s so lved - so l id s  conten t  of water  
from sa l t -wa te r  d i s p o s a l  p i t s ,  a r e  shown i n  F igure  11. This i l l u s t r a t i o n  ind i -  
c a t e s  t he  q u a l i t y  of ground water  a t  va r ious  depths throughout t h e  county and i s  
u s e f u l  i n  p red ic t ing  the  q u a l i t y  of water  from f u t u r e  w e l l s  of  s i m i l a r  depths.  
The presence of t he  h igh ly  mineral ized water  i n  t he  salt:-water d i s p o s a l  p i t s  
po in t s  ou t  t h e  t h r e a t  of contamination t o  nearby w e l l s .  

Tables 7 and 8 show 224 chemical ana lyses  of water  from 166 we l l s  and 17 
chemical ana lyses  of water  from s a l t - w a t e r  d i s p o s a l  p i t s .  These ana lyses  
stemmed from t h r e e  p r i n c i p a l  sources :  1934 ( f i e l d  de te rmina t ions  of  t h e  U.S. 
Geological  Survey), 1945, 1955, and 1960, from t h e  U.S. Geological  Survey; 1939, 
from the  Works Progress  Adminis t ra t ion ;  and 1964, from the  Texas S t a t e  Depart- 
ment of Health.  The w e l l s  and p i t s  sampled a r e  i d e n t i f i e d  i n  P l a t e  1 by means 
of bars  over  t h e  w e l l  and p i t  numbers. Determining the  formations from which 
some we l l s  produce i s  d i f f i c u l t ,  because t h e  water-bearing formations i n  t he  
county a r e  p r i n c i p a l l y  a s e r i e s  of interconnected sand and c l a y  beds. However, 
based on loca t ions  of  t he  we l l s ,  es t imated  th ickness  of t he  formations, and 
depth  of t h e  we l l s ,  most of t he  we l l s  have been assigned t o  a water -bear ing  f o r -  
mation. , 

The q u a l i t y  of water  i n  the  Catahoula Tuff,  Oakvi l le  Sandstone, Lagarto 
Clay, and Goliad Sand and younger formations i s  d i scussed  s e p a r a t e l y  i n  the  f o l -  
lowing s e c t i o n s .  

Catahoula Tuff 

Fresh t o  s l i g h t l y  s a l i n e  water  occurs  i n  t he  outcrop  of  t he  Catahoula Tuff 
and f o r  on ly  s h o r t  d i s t a n c e s  downdip beneath the  ove r ly ing  Oakvi l le  Sandstone. 



The water  r a p i d l y  becomes more mineral ized wi th  inc reas ing  depth of occurrence, 
a s  i nd ica t ed  by ana lyses  of water  and a  s tudy  of e l e c t r i c  logs .  The d isso lved-  
s o l i d s  conten t  i n  f i v e  samples from the  Catahoula ranged from 247 t o  4,041 ppm; 
i n  two samples, i t  was l e s s  than 500 ppm; but ,  i n  only  two samples, more than 
1,000 pprr.. The two samples exceeding 1,000 pprn were from w e l l s  275 and 375 f e e t  
deep, the deepes t  we l l s  sampled. E l e c t r i c  logs  and water  ana lyses  i n d i c a t e  t h a t  
f r e s h  water  probably does not  occur  much deeper  than  300 f e e t  i n  t he  outcrop.  

The Catahoula i s  capable of y i e l d i n g  water  gene ra l ly  s u i t a b l e  f o r  publ ic  
supply, some i n d u s t r i a l  purposes,  and supplemental i r r i g a t i o n .  The water  i s  typ-  
i c a l l y  hard t o  very  hard, t h e  hardness i n  f i v e  samples ranging from 153 t o  677 
ppm. Because of t h e  hardness,  the  water  may be unsu i t ab l e  f o r  some i n d u s t r i a l  
purposes, e s p e c i a l l y  i f  s c a l e  formation must be avoided. Well AW-78-24-901, 
used p a r t i a l l y  f o r  i r r i g a t i o n ,  y i e l d s  water  having a SAR of on ly  1.4, 1.32 epm 
(equiva len ts  per  m i l l i o n )  RSC, and a  s p e c i f i c  conductance of  515 micromhos (Fig- 
u re  9 ) .  No boron de termina t ions  a r e  a v a i l a b l e  f o r  water  from the  Catahoula i n  
Bee County. On the  b a s i s  of an  average boron concen t r a t ion  of 2.6 pprn i n  water  
from t h e  Catahoula i n  Live Oak and Karnes Counties ,  however, and assuming t h a t  
water  of t h i s  concen t r a t ion  might be found i n  t he  Catahoula i n  Bee County, only 
boron- to le ran t  crops should be i r r i g a t e d  i n  Bee County. 

Oakvi l le  Sandstone 

The Oakvi l le  Sandstone conta ins  f r e s h  t o  s l i g h t l y  s a l i n e  water  from the  out -  
c rop  southward t o  a  l i n e  t r end ing  northeast-southwest  about 3 miles  south of Bee- 
v i l l e .  The l e a s t  mineral ized water  i s  i n  and near  t he  outcrop,  and the  water  
becomes g radua l ly  more mineral ized wi th  inc reas ing  depth of  occurrence.  

The water  i n  the  Oakvi l le  is  gene ra l ly  s u i t a b l e  f o r  pub l i c  supply and f o r  
some i n d u s t r i a l  purposes.  Although the  d isso lved  s o l i d s  i n  most of t h e  water  
sampled exceeds the  l i m i t  e s t a b l i s h e d  by the  U.S. Publ ic  Heal th Serv ice ,  the  
water  neve r the l e s s  has been used f o r  years  f o r  human consumption. The l a r g e s t  
u s e r  of  water  f o r  pub l i c  supply i s  t he  c i t y  of Beevi l le ,  which has fou r  w e l l s  
drawing water  from the  Oakvi l le .  

The d i s s o l v e d - s o l i d s  conten t  ranged from 479 t o  2,7990 pprn i n  16 samples, 
exceeding 500 pprn i n  a l l  bu t  1 sample, and exceeding 1,,000 pprn i n  9 samples.  
The hardness of 17 samples ranged from 23 t o  1,070 ppm, exceeding 60 pprn i n  a l l  
bu t  3 samples. S o f t  water  can gene ra l ly  be obtained from depths exceeding about 
800 f e e t ;  shal lower water  gene ra l ly  i s  moderately hard t o  very  hard.  The s i l i c a  
content  i n  10 samples ranged from 16  t o  63 pprn and averaged 38 ppm. The hard- 
ness  anc the  r e l a t i v e l y  high s i l i c a  content  a r e  undes i r ab le  i n  b o i l e r  and cool -  
i ng  water ,  because they  c o n t r i b u t e  t o  s c a l e  formation i n  b o i l e r s  and on hea t -  
exchange su r f aces .  S u l f a t e  and n i t r a t e  concent ra t ions  i n  t he  water  t e s t e d  a r e  
r e l a t i v e l y  low and not  excess ive  f o r  human consumption. 

The water  i n  and nea r  t he  outcrop  gene ra l ly  i s  more s u i t a b l e  f o r  i r r i g a t i o n  
than  deeper  water  f a r t h e r  south of t he  outcrop .  Analyses of water  from 6 we l l s  
showed t h a t  2 samples had SAR's exceeding 14, whi le  t h e  conduc t iv i ty  of 5  sam- 
p l e s  was l e s s  than  2,250 micromhos (Figure 9) . The SAR of 8 samples ranged from 
2.9 t o  49 and exceeded 14 i n  3 samples; t he  RSC i n  8 samples ranged from 0.31 t o  
9.39 epK and exceeded 2.5 epm i n  4 samples. Most of t he  h igher  RSC and SAR va l -  
ues,  which render  water  ques t ionable  f o r  cont inuous i r r i g a t i o n ,  a r e  a s soc i a t ed  
wi th  r e l a t i v e l y  deep water ,  bu t  sha l lower  water  ( l e s s  than 200 t o  300 f e e t  deep) 
i s  g e n e r a l l y  more s u i t a b l e  f o r  i r r i g a t i o n .  Only 1 boron de termina t ion  was made 



on w a t e r  from t h e  Oakvi l l e  i n  Bee County. Water from w e l l  AW-79-18-503, which 
con ta ined  3.1 pprn boron, i s  o f  d o u b t f u l  v a l u e  i n  i r r i g a t i n g  b o r o n - t o l e r a n t  c r o p s ;  
however, t h i s  c o n c e n t r a t i o n  may not  be n e c e s s a r i l y  r e p r e s e n t a t i v e  of t h e  Oak- 
v i l l e  throughout  t h e  county.  

Lagar to  Clay  

The Lagar to  Clay c o n t a i n s  f r e s h  t o  s l i g h t l y  s a l i n e  w a t e r  from t h e  o u t c r o p  
southward throughout  t h e  remainder  o f  t h e  county,  e x c e p t  i n  t h e  Skidmore-Tynan- 
P a p a l o t e  a r e a  where t h e  f o r m a t i o n  c o n t a i n s  more h i g h l y  m i n e r a l i z e d  w a t e r .  On 
t h e  b a s i s  o f  a  s t u d y  of t:he chemical  a n a l y s e s ,  t h e r e  i s  l i t t l e  a p p a r e n t  r e l a t i o n -  
s h i p  between t h e  degree  o f  m i n e r a l i z a t i o n  and dep th  of occur rence  o f  t h e  w a t e r  
w i t h i n  t h e  a r e a  o f  f r e s h  t o  s l i g h t l y  s a l i n e  w a t e r .  

The w a t e r  i n  t h e  Lagar to  i s  g e n e r a l l y  s u i t a b l e  f o r  p u b l i c  s u p p l y  and some 
i n d u s t r i a l  purposes .  Although t h e  d i s s o l v e d  s o l i d s  i n  most of t h e  w a t e r  t e s t e d  
exceeds  t h e  500 pprn l i m i t .  e s t a b l i s h e d  by t h e  U.S. P u b l i c  H e a l t h  S e r v i c e ,  t h e  
w a t e r  h a s ,  n e v e r t h e l e s s ,  been used f o r  p u b l i c  s u p p l y  f o r  y e a r s  w i t h o u t  any known 
ill e f f e c t s .  The d i s s o l v e d - s o l i d s  c o n t e n t  i n  37 samples ranged from 405 ppm i n  
a  w e l l  120 f e e t  deep t o  1,760 pprn i n  a  w e l l  a l s o  120 f e e t  deep,  and exceeded 500 
pprn i n  a l l  b u t  1 sample.  The hardness  o f  55 samples ranged from 19 pprn i n  a  
p u b l i c - s u p p l y  w e l l  831 f e e t  deep  t o  1,157 ppm i n  a  well. 147 f e e t  deep, and 
exceeded 60 pprn i n  49 samples .  S o f t  w a t e r  c a n  g e n e r a l l y  be o b t a i n e d  from d e p t h s  
exceed ing  abou t  800 f e e t ;  most of t h e  s h a l l o w e r  w a t e r  i s  modera te ly  ha rd  t o  v e r y  
h a r d .  The s i l i c a  c o n t e n t  i n  26 samples ranged from 1 0  t o  80 pprn and averaged 35 
ppm. The hardness  of t h e  w a t e r  and t h e  r e l a t i v e l y  h i g h  s i l i c a  c o n t e n t  a r e  unde- 
s i r a b l e  i n  b o i l e r  and c o o l i n g  w a t e r  because  s c a l e  p robab ly  would be formed i n  
t h e  b o i l e r s  and on  t h e  heat-exchange s u r f a c e s .  S u l f a t e  and n i t r a t e  c o n c e n t r a -  
t i o n s  i n  t h e  w a t e r  sampled a r e  r e l a t i v e l y  low and n o t  ~ ! x c e s s i v e  f o r  human con- 
sumpt ion .  

Most o f  t h e  w a t e r  i n  t h e  Lagar to  Clay  i s  s u i t a b l e  f o r  supp lementa l  i r r i g a -  
t i o n .  Analyses  o f  w a t e r  from 16 w e l l s  show t h a t  1 3  o f  t h e  samples had conduc t iv -  
i t i e s  l e s s  t h a n  2,250 micromhos and SAR's l e s s  t h a n  14 (F igure  9 ) .  The SAR of  
20 samples ranged from 2.1 t o  110, and t h e  RSC i n  18 samples ranged from 0.13 t o  
8.76 epm. Most o f  t h e  lower val-ues of SAR and RSC a r e  a s s o c i a t e d  w i t h  r e l a -  
t i v e l y  sha l low w a t e r .  On t h e  b a s i s  o f  boron concen t ra t : ions  i n  w a t e r  from t h e  
Lagar to  i n  ne ighbor ing  Live Oak and Karnes Count ies ,  boron p robab ly  i s  n o t  a  
problem i n  u s i n g  w a t e r  from t h e  Lagar to  f o r  i r r i g a t i o n  i n  Bee County. 

Go l i a d  Sand and Youngler Format i o n s  

The Goliad Sand and t h e  younger fo rmat ions  ( L i s s i e  Formation,  Beaumont Clay,  
and a l luvium) p robab ly  c o n t a i n  f r e s h  t o  s l i g h t l y  s a l i n e  w a t e r  th roughout  t h e i r  
e x t e n t  i n  t h e  county.  Because t h e i r  l i t h o l o g y  i s  s i m i l a r  and t h e y  a r e  p robab ly  
i n  good h y d r a u l i c  connec t ion ,  t h e  Goliad Sand and younger fo rmat ions  a r e  t r e a t e d  
a s  a  unit:.  On t h e  b a s i s  o f  t h e  a v a i l a b l e  chemical  a n a l y s e s ,  no s i g n i f i c a n t  r e l a -  
t i o n s h i p  e x i s t s  between t h e  degree  o f  m i n e r a l i z a t i o n  o f  t h e  w a t e r  and t h e  d e p t h  
o f  o c c u r r e n c e  o f  t h e  w a t e r .  

Watrzr from t h e  Goliad Sand and younger f o r m a t i o n s  i s  g e n e r a l l y  s u i t a b l e  f o r  
p u b l i c  s . ~ p p l y  and some i n d u s t r i a l  purposes .  The d i s s o l v e d  s o l i d s  i n  99 samples 
ranged from 304 t o  2,957 ppm, exceeding 500 pprn i n  a l l  b u t  5  samples .  I n  o n l y  
28 samples,  however, d i d  i t  exceed 1,000 pprn. No p u b l i c - s u p p l y  w e l l s  d e r i v e  



t h e i r  w a t e r  from t h e  Goliad Sand and younger fo rmat ions ,  b u t  numerous r u r a l  
domes t ic  w e l l s  pump w a t e r  f o r  human consumption.  Most of t h e  w a t e r  sampled was 
v e r y  h a r d ;  t h e  ha rdness  i n  133 samples ranged from 8 1  pprn i n  a  w e l l  465 f e e t  
deep t o  1,527 pprn i n  a  w e l l  47 f e e t  deep,  and exceeded 180 pprn i n  a l l  b u t  11 
samples .  The s i l i c a  c o n t e n t  i n  48 samples ranged from 6 t o  91 pprn and averaged 
57 ppm. The hardness  o f  t h e  w a t e r  and t h e  h igh  s i l i c a  c o n t e n t  a r e  u n d e s i r a b l e  
i n  w a t e r  used e i t h e r  f o r  c o o l i n g  o r  f o r  b o i l e r s  because  o f  t h e  tendency t o  form 
s c a l e .  S u l f a t e  and n i t r a t e  c o n c e n t r a t i o n s  i n  t h e  w a t e r  sampled a r e  r e l a t i v e l y  
low and n o t  e x c e s s i v e  f o r  human consumption.  

Much of t h e  w a t e r  i n  t h e  Goliad Sand and younger fo rmat ions  i s  s u i t a b l e  f o r  
supp lemec ta l  i r r i g a t i o n .  Analyses  of w a t e r  from 17  w e l l s  show t h a t  o n l y  2  o f  
t h e  samples had c o n d u c t i v i t i e s  g r e a t e r  t h a n  2,250 micrornhos w h i l e  t h e  SAR was 
Less t h a n  1 4  i n  a l l  t h e  samples (F igure  9 ) .  The SAR i n  2 0  samples ranged from 
1.9 t o  10 ;  and t h e  RSC i n  31 samples ranged from 0.11 t o  4.25 epm, exceed ing  
2.5 epm i n  o n l y  5  samples .  Boron p robab ly  i s  n o t  a  s e r i o u s  problem i n  w a t e r  
from t h e  Goliad and younger fo rmat ions  i n  Bee County. 

PROBLEMS 

Sa l t -Wate r  D i s p o s a l  

A s t a t e w i d e  i n v e n t o r y  conducted by t h e  R a i l r o a d  Cornmission o f  Texas i n  1961 
was ana lyzed  s t a t i s t i c a l l y  by t h e  Texas Water Commission and Texas Water P o l l u -  
t i o n  C o n t r o l  Board (1963) t o  de te rmine  t h e  p r o d u c t i o n  arid d i s p o s a l  o f  o i l - f i e l d  
s a l t  w a t e r .  The survey  i n d i c a t e d  t h a t  t h e  t o t a l  q u a n t i t y  of s a l t  w a t e r  produced 
i n  t h e  coun ty  i n  1961 was r e p o r t e d  t o  have been 23,741 b a r r e l s  p e r  day.  Of t h i s  
amount, 13,721 b a r r e l s  p e r  day  (57.8 p e r c e n t )  was r e p o r t e d  t o  have been r e t u r n e d  
t o  s u b s u r f a c e  f o r m a t i o n s  th rough  i n j e c t i o n  w e l l s ,  9,990 (42.1 p e r c e n t )  was 
r e p o r t e d  t o  have been p laced  i n  open s u r f a c e  p i t s ,  and t:he method of  d i s p o s a l  o f  
a  r e p o r t e d  30 b a r r e l s  p e r  day  (0.1 p e r c e n t )  was n o t  determined. 

The t h e o r y  behind d i s p o s a l  through t h e  use  of p i t s  i s  t h a t  t h e  w a t e r  w i l l  
evapora te ,  l e a v i n g  a  r e s i d u e  o f  s a l t s  which w i l l  be r e t a i n e d  i n  t h e  p i t s .  Th i s  
t h e o r y  can  be t r u e  o n l y  i f  t h e  p i t s  a r e  l i n e d  w i t h  impervious  m a t e r i a l  and no 
w a t e r  i s  allowed t o  escape .  However, most of t h e  p i t s  i.n Bee County a r e  u n l i n e d ,  
t h u s  p e r m i t t i n g  seepage of t h e  sa l t  w a t e r  i n t o  t h e  ground. The b r i n e  i s  t h u s  
f r e e  t o  con tamina te  p o t a b l e  w a t e r .  

Because ground-water  movement i s  slow, t h e  s a l t  wat:er may n o t  reach  t h e  po t -  
a b l e  w a t e r  f o r  y e a r s .  Hence compla in t s  may n o t  be imrnedliately made a s  no one 
may r e a l i z e  t h e  p o t e n t i a l  damage. A f t e r  t h e  s a l t  w a t e r  r e a c h e s  t h e  p o t a b l e  
w a t e r  and w a t e r  q u a l i t y  d e t e r i o r a t e s ,  t h e  damage cannot  be r e c t i f i e d  merely  by 
e l i m i n a t i n g  i t  a t  t h e  source ,  because  a  l o n g e r  pe r iod  w i l l  be r e q u i r e d  f o r  p u r i -  
f i c a t i o n  by l e a c h i n g  and d i l u t i o n  t h a n  f o r  t h e  o r i g i n a l  p o l l u t i o n .  

T a b l s  8 shows t h e  a n a l y s e s  o f  1 7  samples from s a l t - w a t e r  d i s p o s a l  p i t s  i n  
t h e  county.  Loca t ions  o f  t h e s e  p i t s  a r e  shown i n  P l a t e  1 and F i g u r e  11. The 
d i s s o l v e d - s o l i d s  c o n t e n t  o f  t h e  s a l t  w a t e r  ranged from 68,100 t o  73,000 pprn and 
averaged about  35,000 ppm. 

The amount o f  d i s s o l v e d  s o l i d s  i n  w a t e r  c a n  a l s o  be expressed  a s  t o n s  p e r  
a c r e - f o o t  of w a t e r .  The average  amount o f  d i s s o l v e d  s o l i d s  i n  9,990 b a r r e l s  p e r  
day  ( t h e  r e p o r t e d  amount of s a l t  w a t e r  p laced  i n  open s u r f a c e  p i t s  i n  1961) was 



s l i g h t l y  more than  60 tons  per  day, o r  about 22,000 tons  of s a l t  i n  1961. Assum- 
ing 80 pounds per  cubic  f o o t  f o r  the  d isso lved  s o l i d s  i n  a  s o l i d  s t a t e ,  560,000 
cubic  f e e t  of s a l t s  would have been deposi ted i n  1961 i f  a l l  t he  o i l - f i e l d  s a l t  
water placed i n  open su r f ace  p i t s  had been evaporated.  Very l i t t l e  s a l t  has 
a c t u a l l y  been observed t o  have accumulated i n  t he  p i t s .  

I n j e c t i o n  of s a l t  water  i n t o  subsurface formations beneath the  deepes t  beds 
conta in ing  f r e s h  t o  s l i g h t l y  s a l i n e  water  i s  one of t h e  s a f e s t  ways t o  d ispose  
of t he  o i l - f i e l d  waste.  The proper cons t ruc t ion  and ope ra t ion  of  t h e  i n j e c t i o n  
wel l s  a r e  important,  however. 

No d i r e c t  evidence of s a l t - w a t e r  contamination was found i n  t h e  we l l s  sam- 
p led .  Contamination i s  bel ieved t o  be occurr ing ,  neve r the l e s s ,  because of t he  
many unl ined open su r f ace  p i t s .  I n t e n s i v e  development of t he  ground water  i n  
Bee County would inc rease  the s lope  of t he  water  t a b l e  and r e s u l t  i n  f a s t e r  move- 
ment of ground water ,  thus al lowing the  water-bearing formations t o  become con- 
taminated a t  a  f a s t e r  r a t e .  

Improperly Cased O i l  Wells 

Water-bearing formations may be contaminated through improperly cased o i l  
we l l s .  The O i l  and Gas Div is ion  of t h e  Rai lroad Commission of Texas i s  respons i -  
b l e  f o r  the  proper cons t ruc t ion  of o i l  we l l s ,  and the  Texas Water Development 
Board i s  fu rn i sh ing  ground-water d a t a  t o  o i l  ope ra to r s  and t o  the  Rai lroad Com- 
mission so t h a t  a l l  f r e s h  t o  s l i g h t l y  s a l i n e  water  sands may be pro tec ted .  The 
Rai lroad Commission r equ i r e s  f resh-water  s t r a t a  t o  be pro tec ted  by cas ing  and 
cement. 

A s tudy  of t h e  published f i e l d  r u l e s  of t he  Rai lroad Commission r evea l s  
t h a t ,  of the  19 o i l  and gas f i e l d s  having r u l e s  governing t h e  amount of cemented 
cas ing  requi red  t o  p r o t e c t  t h e  f r e s h  t o  s l i g h t l y  s a l i n e  water ,  only t h r e e  f i e l d s  
had inadequate requirements.  Under t he  present  f i e l d  r u l e s ,  about 400 f e e t  of 
f r e s h  t o  s l i g h t l y  s a l i n e  water s t r a t a  a r e  unprotected i n  t h e  Caesar f i e l d ;  about 
800 f e e t  i n  t he  Pe t tu s  New f i e l d ;  and about 850 f e e t  i n  t he  Voss f i e l d ,  aban- 
doned i n  1949. No cases  have been determined i n  which s a l t - w a t e r  contamination 
has r e s u l t e d  from inadequate ly  cased o i l  w e l l s  i n  Bee County. I n  the  above- 
named f i e l d s  and i n  any o t h e r  a r eas  i n  which ho le s  d r i l l e d  f o r  o i l  and gas a r e  
inadequate ly  cased, however, contamination i s  a  p o s s i b i l i t y .  

CONCLUSIONS 

Addi t iona l  q u a n t i t i e s  of ground water  a r e  a v a i l a b l e  f o r  development i n  Bee 
County. About 8 mgd of f r e s h  t o  s l i g h t l y  s a l i n e  ground water  i s  a v a i l a b l e  f o r  
development pe renn ia l ly  wi thout  d e p l e t i n g  the  ground-water supply. I n  a d d i t i o n  
t o  the  8 rngd, about 10,000,000 a c r e - f e e t  i n  t r a n s i e n t  s to rage  i s  a v a i l a b l e  f o r  
development above a  depth of 400 f e e t  below land s u r f a c e .  I n  o r d e r  t o  take 
advantage of t h i s  l a r g e  q u a n t i t y  of ground water  a v a i l a b l e  f o r  development, wi th-  
drawals exceeding t h e  pe renn ia l  y i e l d  of 8 mgd could be made f o r  long periods o f  
time before  the  10,000,000 a c r e - f e e t  would be dep le t ed .  

Areas most favorable  f o r  t he  development of a d d i t i o n a l  ground-water sup- 
p l i e s  a r e  i n  t h e  sou theas t e rn  h a l f  of t he  county where the  sands conta in ing  
f r e s h  t o  s l i g h t l y  s a l i n e  water  a r e  t h i c k e s t .  Thicknesses of sand i n  excess  of 
400 f e e t  occur  i n  the  Beev i l l e  a r e a  and i n  t he  sou theas t e rn  q u a r t e r  of the  



county. Ground water  i n  s u f f i c i e n t  q u a n t i t i e s  f o r  r u r a l  domestic and s tock  
needs can be obtained almost anywhere from w e l l s  150 f e e t  deep. I n  some p laces  
we l l s  shal lower than 50 f e e t  t a p  smal l  q u a n t i t i e s  of wa te r ;  and i n  o t h e r  p laces ,  
e s p e c i a l l y  i n  the  outcrop  of  the  Catahoula Tuff,  w e l l s  may have t o  be d r i l l e d  
deeper  than  300 f e e t  i n  o rde r  t o  o b t a i n  smal l  q u a n t i t i e s .  

The q u a l i t y  of t he  ground water  i s  gene ra l ly  s u i t a b l e  f o r  publ ic  supply, 
many i n d u s t r i a l  needs, and i r r i g a t i o n .  R e l a t i v e l y  l i t t l e  water  having a 
d i s so lved - so l id s  conten t  l e s s  than  500 pprn is  ava i l ab l e ,  bu t  water  having l e s s  
than  1,000 ppm i s  a v a i l a b l e  i n  many p laces .  The ground water  i s  t y p i c a l l y  hard,  
p a r t i c u l a r l y  t he  r e l a t i v e l y  shal low wa te r ;  however, salft water  can be obtained 
i n  p laces  from depths exceeding about 800 f e e t .  Much of t h e  water  i s  s u i t a b l e  
f o r  supylemental i r r i g a t i o n ,  and the  b e t t e r - q u a l i t y  i r r i g a t i o n  water  i s  obtained 
gene ra l ly  from r e l a t i v e l y  s h a 1 l . o ~  depths.  

The d i s p o s a l  of l a rge  q u a n t i t i e s  of o i l - f i e l d  s a l t  water  i n  open s u r f a c e  
p i t s  i s  a contamination t h r e a t  t o  t he  po tab le  water .  Although no contaminated 
water  was repor ted ,  contaminat ion i s  be l ieved  t o  be occurr ing  by seepage of s a l t  
water  from unl ined open su r f ace  p i t s .  
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Table  5.--Records o f  w e l l s  i n  Bee and a d j a c e n t  c o u n t i e s  
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Table 5.--Records of wells in Bee and adjacent counties--Continued 



Tablr  5.--fircurds of wel l s  i n  Bee and ad jacent  counties--Continued 

Well 1 owner 

AW-79-25-304 C. R. Ballard 

308 James T. Taylor,  J r .  I 
401 Ernest  Overby 

501 J .  0. Har r i s  

* 602 South Texas Chi ldren ' s  1 Home 

502 

503 

Mrs. O l l i e  Sherwood 

Roy R. Dubose 

605 

606 

D r i l l e r  

I 

A. J .  Kimball 

do 

f. 607 

+ 701 

702 

703 

C. R. Ballard I 

R. C. Har r i s  

W. D. Maley 

C. R. Ballard 

0. D. Edwards 

do 

W. E.  Eeds 

C. R.  Ba l la rd  

W. E.  Eeds 

-- Davis 

W. E. Eeds 

J .  0. Har r i s  

- - 
- - 
-- 

Ber t  Archer 

Car l  Vickers 

August Pohlar  

- - 
- - 
- -  

- -  

- -  
- -  
- -  

W d  t e r  lev? 1 

daturi, I 
( f t )  

37.9 Mar. 11, 1964 

50 1964 

109.9 Mar. 12, 1964 

40 1964 

150 1963 

43 Nov. 1939 

270 1964 

53 do 

- -  - - 
90 1964 

46.1 Nar. 5, 1964 

63.3 Apr. 27, 1960 
66.3 Jan.  29, 1964 

200 1963 

- 

D e p t h  Dlarn- Water- 

w;;l 1 y 1 be;;;;g 1 Method 
0 f 

: i f t  
( t t )  

50 

150 

300 

156 

440 

60 

402 

70 

101 

107 

60 

69 

831 

340 

220 

59 

55 

136 

110 

124 

128 

Remarks ! 
Cased to  bottom, S l o t t e d  from 40 f t  to  
bottom. 

wcl l  
( i n . )  

4 

4 

4 

8 

4 

6 

4 

4 

4 

4 

4 

8 

12 

8 

4 

4 

8 

3 

4 

4 

4 

Cased to  bottom. S l o t t e d  from 129 f t  t o  
bottom. 

I 

Tl 

T1 

' r l  

TI 

T1 

T1 

To 

Tg 

Tg 

Tg 

Tg 

Tg 

TI 

TI 

TI 

Tg 

Tg 

Tg 

To 

To 

To 

Cased t o  bottom. S l o t t e d  from 279 f t  to  
bottom. 

Cased to  bottom. S l o t t e d  from 135 f t  to  
bottom. 1 
Cased to  bottom. S l o t t e d  from 426 f t  t o  
bottom. Not used i n  1963. lj 

I Reported s t r o n g  supply of hard water.  I I Cased to  bottom. I/ I 1 old  wel l .  I 
/ c a s e d  t o  bottom. Old wel l .  I 1 Cased t o  bottom. I 1 a s  t o  bottom. Old wel l .  I 
Cased t o  bottom. I 
Reported d i scharge  600 g p .  Produces some 
su lphur  gas.  Suppl ies  water f o r  140 people 
and 100 head of s tock .  Screen from 730 t o  
830 f t .  Temp. 87'F. 

T,Ng I D:S ]Cased t o  bottom. Screen f m m  320 f t  t o  

1 /bottom. Used a s  standby wel l .  

C,W I S (Cased to  bottom. 

Cased to  bottom. S l o t t e d  from 45 f t  to  
bottom. 

C,W D,S Reported weak supply o f  hard water.  Old 
wel l .  

C,W D,S 

C,H N Abandoned. Old wel l .  

See footnotes a t  t>nd o f  t a b l e .  



Table 5.--Records o f  wells in Bee and adjacent counties--Continued 



Table 5.--Records of wells in Bee and adjacent counties--Continued 

See footnoLcs a t  cnd of table. 





Owner 

I 

202 W. L. Duffy 

203 D. B. Graham 

do 

205 Ben Adams 

20 Williams Ranch 4 
* 301 Sophie E. Williams 

302 Ben W. Adams 

303 J. R. Salmon I 

505 Fleming Estate 

601 L. Q. Jordon 

i 6031 Fleming Esrare 

6 04 - -  

605 Ben Adams 

T a b l e  5.--Records o f  wells in Bee and adjacent counties--Contlnurd 



Table 5.--Records of wells in Bee and adjacent counties--Continued 



Table 5.--Records of  w e l l s  in  Bee and ad jacent  counties--Continued 

Well 

403 

404 

i 405 

408 T. J. Robertson 

John Looney 

J. L. Gardner 

D. C. Roberts 

406 

407 

do 

F. W. Jones 

501 

502 

k 503 

504 

601 

701 Frank Jones 

Vernon Col lyer  

Gerald H o l l i s  

R. B. B u r d i t t  

T. J .  Foreman E s t a t e  

Beevi l le  Country Club 

604 

605 

P. T. Martin 

J .  M .  Lunsford 

702 

703 

704 

- - 
-- 

- - 

- -  

W. E. Eeds 

Sidney Smith 

Whitehead E s t a t e  

Thomas J. Robertson 

705 

- - 

E. Eeds 

A. L. B. Williams 

.. R. Lawson 

- - 
- -  

- Brooks 

- - 
ayne-Texas Co. 

See foo tnoles  a t  end o f  t ~ b l e .  

do 

w. E. Erds 

J .  Kel ly  

W. E. Eeds 

I Method 

I of  
; l i f t  

0 f 
water 1 

Rerna rks 

Ind Supplied water  f o r  d r i l l i n g  o i l  t e s t .  
Cased t o  bottom. 

D,S /cased t o  bottom. 

D,S Cased t o  bottom. S l o t t e d  from 119 f t  t o  
bottom. 

S Cased t o  bottom. S l o t t e d  from 80 f t  t o  
bottom. 

D,S I ~ a s e d  t o  bottom. 

S Cased t o  bottom. S l o t t e d  from 100 f t  t o  
bottom. 

D,S IcaSed t o  bottom. 

D,S I Do. 

I r r  Cased t o  bottom. Screen from 320-366, 394- 
406, and 426-466 f t .  I r r i g a t e s  fa i rways  
and greens a t  go l f  course.  D r i l l e d  t o  991 
f t ,  plugged back t o  478 f t .  y 

P In..-> ~ . * s r u  t o  bottom. S i o f i e d  irom 234 Ei co 

bottom. Pump s e t  a t  120 f t .  Suppl ies  
water f o r  a commercial swimming pool. 

N Cased 20 f t .  Abandoned. I 
D,S Cased t o  bottom. S l o t t e d  from 119 f t  t o  

bottom. 

S l ~ a s e d  t o  bottom. 

D,S Cased t o  bottom. 

N l ~ e s t r o ~ e d  i n  1964. Old wel l .  

D,S Old wel l .  

D,S Not used a t  p resen t .  Old wel l .  



Table 5 .  - -hecords o f  w e i i s  i n  Bee and adjacent  counLies--Cortt icnceJ 

See foo tnotes  a t  end o f  t a b l e .  



Table 5.--Records of wells in Bee and adjacent counties--Continued 
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Table 5.--Records of wells in Bee and adjacent counties--Continued 

See footnotes at end of t a b l e .  



Table 5.--?.ccords o f  v c ? l s  i n  Bcc and a d j a c e n t  counties--Continued 

AW-79-37-802 Manning w e l l  1 

906 C. J. Turman I 

803 

804 

805 

902 

907 Guy Warren 

Mrs. Crace Malone 

do 

M r s .  Crace Handy 

M. McCill E s t a t e  

908 Mrs. Grace Malone 

41-301 

302 

i 6021 Emil Kinkler  

Ernes t  Schmidt 

C. W. McMahon 

3 03 

304 

305 

601 

do 

Bolland Ranch 

do 

Mrs. - -  Handly 

D r i l l e r  

42-101 

i 102 

t 103 

104 

Tex-Kan Oil  Co. 

- - 

Truman G i l l  

Ernes t  Kink le r  

Truman G i l l  

Gil l -Grogan Co. 

- -  

W. E. Eeds 

B. E.  Beady 

Youngblood Well S e r v i c e  

H & S D r i l l i n g  Co. 

Ke l ly  Well S e r v i c e  

Burl  L. S i k e s  

W. D. Walton 

- -  

- - 

- - 
A. A .  Wench 

W. E.  Eeds 

W. E. Eeds 

- -  

- -  

M e  I i j e  1 
l i f t  wa te r  

Flows, 

T,Ng 

S Cased t o  bottom. 

S Cased t o  bottom. Old w e l l .  

S l ~ a s e d  t o  bottom. 3 

D,S Cased t o  bottom. Reported flowed when I d r i l l e d .  Screen from 729  f t  t o  bottom. Y 

I r r  Cased t o  bottom. S l o t t e d  from 300 f t  t o  I bottom. Reported i r r i g a t e s  300 a c r e s .  

D,S Cased t o  bottom. S l o t t e d  from 159 f t  t o  
bottom. 

Irr Cased t o  bottom. S l o t t e d  from 458 Ft t o  
bottom. Reported d i s c h a r g e  750 gpm. 

D,S Cased t o  bottom. S l o t t e d  from 197 f t  t o  
bottom. lJ 

D,S Cased t o  bottom. I 
I Do. 

N Cased t o  bottom. S l o t t e d  from 440 Ft  t o  
bottom. Abandoned and plugged i n  1964. 

D , Z  / ~ e ~ o r t e d  s i ~ g n r  s u i p h u r  r a s r e  

S Cased t o  bottom. S l o t t e d  from 159 f t  t o  
bottom. 

D,S Old we l l .  

S Cased to  bottom. S l o t t e d  from 306 f t  to 
bottom. J 

S Cased t o  bottom. S l o t t e d  from 311 f t  t o  
bottom. 

Cased t o  bottom. S l o t t e d  from 200 f t  t o  
bottom. 

See f o o t n o t e s  a t  end of  t a b l e .  



Table  5. - -Records o f  w e l l s  i n  Bee and a d j a c e n t  coun t i e s - -Con t inued  

See f o o t n o t e s  a t  end o f  t a b l e .  



T-L, L ~ Y L C  . ~ . - - R T c Y ~ ~ ~  U :  w r i  i b  i n  Bee and adjacenc counries--Continued 

- -  

W .  E .  Eeds 

R .  R .  Lavson 

- -  Coe 

Walker h Alsup 

M .  G .  llobbs 

- -  

W .  E .  Eeds 

-- Powell 

W. E.  Eeds 

R .  W .  Lawson 

- -  

- - 

R .  R .  Lawson 

Howell & Rudman 

- - 

ir'. E. Eeds 

See Kooinoti.5 .tt , ~ n d  o f  t n t l l c .  
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Table 5.--Records of wel l s  i n  Bee and ad jacent  counties--Continued 

- - 

(Chase F i e l d )  

do 

3 03 do 

k 304 Claud E. Heard 

k 305 do 

k 3 06 do 

307 Mrs. Ida Wood 

k 401 F .  W. Heldenfels Farms 

402 E. R. V i l l a r e a l  

403 Heldenfels Farms 

404 G. J. Grass 

405 C. W. Segar 

do , do 

do 

409 Linke Es ta te  well  1 

501 D. Perrez 

502 A. J .  Ford 

503 R. L. Jones 

504 Oscar Lvming  
-- 

See footnotes a t  cnd o f  t a h l e .  

1 Dri 1 I P T  

- -  

Car l  Vickers 

' H h a D r i l i ~ n g  Co. 

- - 
W. E. Eeds 

- - 
- - 

M. G. Hobbs 

1 Goman D r i l l i n g  CO. 

- -  Powell 

- - 

- -  Brooks 

Method 
3 f 

l i f t  

Use 
3f ..-- ~ . ~ e r  

D,S Old v e l l .  

P Cased t o  bottom. Screen from 481 i t  t o  556 
i t .  Reported d i scharge  350 gpm. 

P Cased t o  557 f t .  Screen from 485 f t  t o  557 
i t .  Reported d i s c h a r g e  350 gpm. D r i l l e d  t o  
614 f t ,  plugged back t o  557 f t .  

bottom. Screen from 488 i t  t o  

D,S p a s e d  t o  bottom. Old w e l l .  I 
D,S Cased t o  bottom. S l o t t e d  from 550 f r  t o  

bottom. 

S Cased t o  b o t t a .  Old w e l l .  

S Caaed t o  bottom. I I 
b o t t a .  Screen from 340-370, 375- 

00, 412-433, 465-498, 570-635, 680-690, 
and 798-835 f t .  Pump s e t  a t  260 

i r r i g a t e d  about 25 a c r e s  i n  1964. 

S 

s 

S Cased t o  bottom. 

S Cased t o  bottom. S l o t t e d  from 79 Ct to  
Ibo t tom. I 

D,S /cased t o  bottom. I 
D,S Cased t o  bottom. S l o t t e d  from I29 f t  t o  

bottom. 

O i l  t e s t .  A l t i t u d e  o f  land s u r f a c e  159 i t .  

- -  iy 
D,S Cased t o  bottom. Old v e l l  
D's I 



T a b l e  5 .  --Records o f  w e l l s  i n  Bee and a d j a c e n t  coun t i e s - -Con t inued  

See f o o t n o t e s  a t  ~ n d  t,! L3bli . .  



Table 5.--Records of wells in Bee and adjacent counties--Continued 

! Remarks I 

Cased to bottom. Old well. +---I 
Cased to bottom. Slotted from 334 ft to 
/bottom. I 
/ Cased to bottom. 
Reported discharge 16,000 to 18,000 gpd 
for indttstrial u s e ;  irrigates about 15 
acres. Cased to bottom. Screen from 495 
ft to bottom. 

Cased to bottom. 

1 Cased to bottom. Old well. I 
Cased to bottom. Slotted from 242 ft to 
bottom. y 

Cased to bottom. Old well 

Cased to bottom. Slotted from 329 it to 
bottom. 

Oil test. Altitude of land surface 130 it. 

21 
Cased to bottom. Old well. 

j01d well. 

1 Cased to bottom. 
011 test. Altitude o f  land surfacr 148 ft. 

13 
Cased tu buLLuto.  Siuttrd f l i l n l  159 ft to 
bottom. J 

1 Cased to bottom. Old well. I 
Cased to bottom. Y 

Cased to bottom. Old well. 

Reported flowed untll 1940. Old well. I 
See footnotes at lend of table. 



Table 5.--Records of wells in Bee and adjacent counties--Continued 

See footnotes a t  end o f  table. 



Table  5 .  --Records o f  w e l l s  i n  Bee and a d j a c e n t  counties--Cant inued 

See f o o t n o t e s  a t  e n d  o f  t a b l e .  



Table 5.--Records of wells in Bee and adjacent counties--Continued 



Table  5,--Kecords o f  w e l l s  i n  Bee and a d j a c e n t  coun t i e s - -Con t inued  

502 Mrs. 3 .  A. Hynes w e l l  1  Quinn,  Murchison, h 
M a s s i n g i l l  

601 3 .  E. Wilson - - 

701 Abe Katz C a r l  Vicker s  

702 f. E. F e l s i n g  

7 08 do  

709 David E l l i s  

802 Homer & Robert  Mick 

M. G. Hobbs 

- - 
- -  

B. T. S i k e s  

803 John  L. f t a r r e l l  -- 

Karnes County 

Goliad County 

KP-79-28-501 Magnolia Pe t ro lcum Co. - -  - -  

See f o o t n o t e s  a t  end of t a b l e .  

I .~ ---- - 1 4  1 , -  1 -- 1 \ n i l  t e s t .  A l t i t u d e  o f  !and s u r f a c e  230 fi. 
I- - f 

- -  

- 

Dirks  & Woods, e t  a l .  

Kydn, Hayes, & Burns, e t  
a l .  & Alaska Steamship 
Co. 

L i v e  Oak County 

PZ-79-09-701 

- - 

E r n e s t  Esse w e l l  1  John  J. Coyle 

1950 

1948 

- - 

1954 6,520 -- - - 

3,986 

4,512 

- - 011 t e s t .  A l t l t u d e  o f  l and  s u r f a c e  482 f t .  - -  

- -  

- -  

- - - -  

- -  

- - 

- - 

- -  

- -  

- - 
- - 

- -  

- - 

-- 
Oil L r s t .  A i ~ l t u d e  o f  l and  s u r t a c e  L I 3  t t .  

O i l  t e s t .  A l t i t u d e  o f  l and  s u r f a c e  74 f t .  





Table  6 . - - D r i l l e r s t  l o g s  o f  w e l l s  i n  E~ee County 

Well AW-79-18-501 

Thickness  
( f e e t )  

Owner: Pan American Petroleum Co. D r i l l e r :  Layne-Texas Co. 

Depth 
( f e e t )  

1 Clay, sandy, and hard  
l a y e r s  ----------------  29 

C a l i c h e  and l ime--- - - - - -  50 

C a l i c h e  and c l a y - - - - - - - -  25 

[ ~ a l i c h e  and l ime--- - - - - -  -- 3 0  

Clay and b o u l d e r s  - - - - - - -  29 53 0  

Clay,  sandy, and l a y e r s  
o f  b o u l d e r s  - - - - - - - - - - -  44 5 74 

C a l i c h e  and l ime--- - - - - -  141 715 

Clay,  sandy, and sand 
s t r e a k s  - - - - - - - - - - - - - - -  3 0  745 

Sand, hard ,  f i n e - - - - - - - -  3 0  775 

Clay,  hard--- - - - - - - - - - - -  21 7 96 

C a l i c h e  and l i m e -  - - - - - - -  12 8  08 

I I Sha le ,  sandy -,-- --- - - -  - -  9 1 817 I 
I I Sand and l ime  l a y e r s - - - -  26 I 851 I 
I I Limerock, ha rd- - - - - - - - - -  2  853 1 

Sand, c l e a r ,  and hard 
layers---------------- 3 1  8 9 6 ;  

Lime and 1ayer:s 
o f  hard  rock--- - - - - - - -  12 

Well AW-79-18-803 

865 

Owner: Ilanaho R e f i n i n g  Co. D r i l l e r :  Layne-Texas Co. 

Topso i l - - - - - - - - - - - - - - - - -  Sandrock, h a r d - - - - - - - - - -  

- -  C a l i c h e ,  sandy--- - - - - - - -  20 Cal i che ,  sandy--- - - - - - - -  

(Continued on n e x t  page) 



Table 6 . - -Dr i l l e r s1  logs  of we l l s  i n  Bee County--Continued 

Sand and shale----------  19  

Thickness 
( f e e t )  

Shale------------------- 18 

Sand and sandy sha le- - - -  3 9  

Shale and few sand 
breaks----------------  109 

Depth 
( f e e t )  

Shale,  sandy------------ 19 

Shale, tough8------------ 109 

Shale  and saxid l aye r s - - -  3 8 

Shale  breaks, tough----- 3 

Sand wi th  s h a l e  breaks - -  29 

Shale ,  tough..----------- 10 

Thickness 
( f e e t )  

Well AW-79-18-901 

Depth 
( f e e t )  

Owner: George A. Ray, Jr. D r i l l e r :  W. E. Eeds. 

Well AW-79-25-102 

Owner: Edgar L. Williams. D r i l l e r :  R. R. Lawson. 

Surface  s o i l  ------------ 3 

Sand - - - . - - - - - - - -  --------- 13 

C a l  i che  ------ ----------- 6 

Clay, red---------------  33 

Sand-------------------- 40 

3 

16 

22 

55 

9 5 

Surface  s o i l  ------------ 1 

Clay-------------------- 107 

Sand, salty-------------  27 

Shale,  blue------------- 13 

Rock s tr ips-------------  9 

Clay, red--------------- 40 

Sand---------#----------- 10  

Shale--------*----------- 7 

Sand .................... 15 

1 

108 

135 

148 

157 

Shale------------------- 11 

Rock and shale----------  6 

Shale,  s t i c k y  ----------- 18 

Sand-------------------- 15 

135 

145 

152 

167 

I 

168 

174 

192 

2 07 



Table 6 . - - D r i l l e r s 1  logs  of we l l s  i n  Bee County--Continued 

Well AW-79-25-308 

Thickness 
( f e e t )  - 

Owner: James T. Taylor,  Jr. D r i l l e r :  
- 

Surface so i l - - - - - - - - - - - -  3 3 

W. E. Eeds. 

Depth 
( f e e t )  

Shale  and hard rock----- 7 8 

Well AW-79-25-401 

Thickness 
( f e e t )  

Owner: Ernes t  Overby. D r i l l e r :  W. E. Eeds. 

Depth 
( f e e t )  

Clay, red, and s t r e a k s  
of cal. iche------------ 93 I 97 

Surface so i l - - - - - - - - - - - -  4 4 

Sand-------------------- 7 

I Shale,  blue------------- 36 

Well AW-79-26-402 

Shale,  brown-- . ----------  113 

Shale, blue---.---------- 9 O 

Sand-------------------- 23 
104 

140 

Owner: Gasol i ne  Product ion Corp. D r i l l e r :  -- 

270 

360 

383 

Shale  wf t h  s t r e a k s  
35 130 

I I Sand s t r e a k s ,  sha l e ,  
and ca l iche- - - - - - - - - - -  55 

I I Shale,  hard-------------  20 

I l Shale,  s t r e a k s  of sand, 
and ca l iche- - - - - - - - - - -  72 



Table 6 . - - D r i l l e r s T  logs of we l l s  i n  Bee County--Continued 

Well AW-79-27-701 

Thickness 
( f e e t )  

Well AW-79-27-901 

Depth 
( f e e t )  

Owner: Eldo E. Davis, Jr. D r i l l e r :  R. R. Lawson. 

Owner: Humble O i l  Co. D r i l l e r :  Thompson Well Serv ice .  

1 S o i l  and clay-----------  6 

I Shale, sandy------------ 24 

I 
1 Sand-------------------- 11 

Clay-------------------- 34 

Rock and sand----------- 7 

Thickness 
( f e e t )  

Well AW-79-28-701 

Depth 
( f e e t )  

6 

30 

41  

75 

8 2 

Surface sand and c lay- - -  60 

Shale------------------- 4 5 

Sand-------------------- 18 

Shale------------------- 2 O 

Sand-------------------- 13 

Clay ---  58 

Sand and rock.----------- 10 

Sand-------------------- 20 

Rock-------------------- 2 

Sand and rock-----------  10 

60 

105 

123 

143 

156 

Owner: Tennaco O i l  Co. D r i l l e r :  W. E. Eeds. 

140 

150 

170 

1 7 2  

182 

Surface soil------------ 4 

Sand and cal iche--------  2 8 

C l a y ,  "hite-------------  28 

sand-------------------- 8 

Shale-------------------  17 

Sand-------------------- 30 

Cal iche and sand 
s t r eaks  - - - -.- - - -- - - - - - - 145 

Sand----- ----..---------- 48 

173 

2 03 

348 

3 96 

4 

3 2 

60 

68 

C l a y ,  red---------------  3 6 

sand-------------------- 10 

C l a y ,  red---------------  54 

sand--------------------  20 



Table 6 . - - D r i l l e r s 1  logs  of we l l s  i n  Bee County--Continued 

Well AW-79-33 -201 

Thickness 
( f e e t )  

Owner: Ben W. Adams. D r i l l e r :  R. R. Lawson. 

Sand----------.---------- 

Shale,  sandy, and c lay- -  98 141 Sand-------------------- 2 0 18 0 

Depth 
( f e e t )  

Well AW-79-33-302 

Thickness 
( f e e t )  

Well AW-79-34-103 

Depth 
( f e e t )  

Owner: Ben W. Adams. D r i l l e r :  - -  

Owner: John Looney. D r i l l e r :  R. R. Lawson. 

Sand-------------------- 10 

Clay-------------------- 105 

Sand-------------------- 23 

Surface soi l - ----- ' - - - ---  1 

clay-------------------- 13 1 

Sand-------------------- 9 

C l a y - - - - - - - - - - - - - - - - - - - -  1 

Well AW-79-34-601 

1 

132 

141 

142 

Surface so i l - - - - - - - - - - - -  1 1 

Caliche-----------------  22 2 3 

Shale,  red-------------- 2 5 48 

Sand, dry--------------- 3 5 1 

Shale,  gray-------------  16 67 

Owner: Beev i l l e  Country Club. D r i l l e r :  Layne-Texas Co. 

Sand----------,---------- 8 

Shale-------------------  6 

Sand and shale----------  11 

Shale------------------- 24 

Sand and rock-----------  14 

Cal iche, sandy---------- 

Cal iche,  hard-----------  3 1 23 146 

(Continued on next  page) 



Table  6 . - - D r i . l l e r s '  l o g s  o f  w e l l s  i n  Bee County--Continued 

Well AW-79-34-601--Continued 

- 
Thickness  

( f e e t )  

Clay, sandy------------- 

Sand and c l a y  l a y e r s - - - -  

C l a y ,  sandy------------- 

Clay and cal iche--- - - - - -  

S h a l e  sandy------------ , 
S h a l e ,  hard ,  sandy, 

s t reaky- - - - - - - - -  ------ 

Sha le ,  sandy------------ 

Sand-------------------- 

Shale ,  hard ,  sandy------ 

Sand and s h a l e  l ayers - - -  

Sha le ,  sandy------------ 

Sand-------------------- 

Sha le ,  sandy------------ 

Sha le ,  hard ,  sandy------ 

Shale ,  sandy------------ 

Shale------------------- 

Sha le ,  sandy------------ 

Shale------------------- 

S h a l e  and sand---------- 

Shale------------------- 

Depth 
( f e e t )  

Sha le ,  sandy------------  6 

1 Shale---------------  - - - -  11 

sandy, and broken 
sand------------------  1 8  

I Shale------------------- 
I 

1 Shale ,  sandy-.----------- 

Sand---------,----------- 

Sha le ,  sandy-.----------- 

Shale--------..---------- 

Sha le ,  sandy, and s h a l e  
breaks------ .----------  

S h a l e  and sandy s h a l e - - -  

Sha le ,  sandy, and sand--  

Sand-------------------- 

Sha le ,  sandy------------ 

Sand, hard--------------  

Shale ,  sandy------------ 

Sha le ,  ha rd ,  s t r eaky- - - -  

Sha le ,  sandy------------  

Sha le ,  ha rd ,  s t r e a k y - - - -  



Table  6 . - - D r i l l e r s 1  l o g s  o f  w e l l s  i n  Bee County--Continued 

Well AW-79-34-811 

Thickness  
( f e e t )  

Owner: Truman G i l l .  D r i l l e r :  W. E. Eeds. 

Depth 
( f e e t )  

1 

I I Sha le ,  sandy, .white-----  

87 1 2 7 2 1  

Surface so i l - - - - - - - - - - - -  2 

Sand and c a l i c h e - - - - - - - -  6 0 

s h a l e ,  52 

------------- - - -  3 2 

Well AW-79-34-901 

2 

62 

114 

146 

(Continued on n e x t  page) 

Layne-Texas Co. 

Sand-------------------- 

Shale ,  sandy------------  

shale-------------------  

S h a l e  and sandy s h a l e - - -  

Shale ,  s t i cky- - - - - - - - - - -  

Shale,  hard-------------  

Shale ,  sandy------------  

Shale,  hard-------------  

Shale ,  sandy------------  

Shale,  hard------------- 

Shale ,  sandy, and sand--  

Shale-------------------  

Shale ,  sandy------------  

Sha le ,  hard--- - - - - - - - - - -  

Shale-------------------  

Sha le ,  sandy, and sand--  

Owner: C i t y  o f  B e e v i l l e .  D r i l l e r :  

Surface soil------------ 4 

caliche----------------- 46  

C a l i c h e ,  broken---------  95 

Clay,  broken--- - - - - - - - - -  70 

Sand, c a l i c h e ,  and c l a y -  75 

Clay and tu f f - - - - - - - - - - -  108 

clay, sandy------------- 39  

Shale-- - - - - - - - - - - - - - - - - -  3 5 

sha le ,  l imy -----------  -- 4 2  

Sand anti sandy s h a l e - - - -  101 

Lime, ha rd ,  and s h a l e - - -  3 1 

Sha le ,  s t i cky- - - - - - - - - - -  76 

Sha le ,  sandy------------  10 

Sand and broken s h a l e - - -  3 2 

Sha le ,  broken-----------  5 3 

Sha le ,  s t i cky- - - - - - - - - - -  7 0 

4 

50 

145 

215 

290 

3 98 

437 

472 

514 

6 15 

646 

722 

732 

764 

817 

887 



Table  6 . - - D r i l l e r s 1  logs  o f  w e l l s  i n  Bee County--Continued 

Well AW-79-34-901--Continued 

Thickness  
( f e e t )  

Shale ,  hard,  broken sand, 
and shale-- - - - - - - - - - - -  3 1 

S h a l e  and bou lders - - - - - -  5 2 

Sand and shale-- - - - - - - - -  17 

S h a l e  and broken l a y e r s -  1 9  

Sha le ,  sandy------------  2 1 

Shale-- - - - - - - - - - - - - - - - - -  15 

Depth 
( f e e t )  

Sand---------.----------- 5 9 

S h a l e  and san.dy s h a l e - - -  16 

Sha le ,  broken-----------  2 2 

Sand-------------------- 12 

Sha le ,  broken-----------  11 

Well AW-79-35-105 

Well AW-79-35-406 

Owner: Mrs. J o h n  Monroe. D r i l l e r :  R. R. Lawson. 

Sur face  so i l - - - - - - - - - - - -  2 

C l a y ,  gray--------------  6 

Caliche----------------- 37 

Clay,  g ray ,  sandy------- 3 5 

Sand, 2 

Owner: B. H. Hickman. D r i l l e r :  R. R. Lawson. 

2 

8 

45 

80 

82 

S u r f a c e  so i l - - - - - - - - - - - -  1 

Hardrock---------------- 5 7 

Sandrock---------------- 3 

Rock and shale-- - - - - - - - -  4 1 

Sand-------------------- 3 

Clay, g ray ,  sandy-------  3 8 

Sand, w h i t e ,  and rock---  15 

C l a y ,  red----..---------- 6 

Sand, r ed ,  roc:ky-------- 4 7 

1 

58 

6 1 

102 

105 

Shale-------------------  3 1 

Rock and sand--- - - - - - - - -  3 

Shale-------------------  7 

Sand and rock-----------  1 7  

136 

139 

146 

163 



Table  6 . - - D r i l l e r s 1  l o g s  o f  w e l l s  i n  Bee County--Continued 

Owner: U.S. Naval S t a t i o n .  D r i l l e r :  Layne-Texas Co. 

Thickness  
( f e e t )  

C a l i c h e  and c lay- - - - - - - -  

Depth 
( f e e t )  

Clay,  brown, s t i c k y - - - - -  

Well AW-79-35-901 

Sand, broken, and g r a v e l  
and .clay l ayers - - - - - - -  

Sand, f i n e ,  gray--- - - - - -  

Clay,  s t icky--- - - - - - - - - -  

Sand, coarse ,  brown, and 
s t r e . s k s  o f  c lay- - - - - - -  

C l a y ,  red--------------- 48 

Sand, f i n e ,  brown------- 13 

Clay,  red--------------- 111 

C l a y ,  sandy-------------  13 

Sand and s t r e a k s  o f  c l a y  49 

Sand and c l a y  l a y e r s - - - -  11 

Clay- - - - - - - - - - - - - - - - - - - -  29 

Sand, broken------------  18 

C l a y - - - - - - - - - - - - - - - - - - - -  5 

Sand, broken------------  11 

Clay,  sandy, and c l a y - - -  2 6 

Well AW-79-36-902 

Owner: J .  J .  O'Rrien.  D r i l l e r :  H & S Well S e r v i c e .  

S h a l e  and c a l i c h e  
s t reaks-- - - - - - - - - - - - - -  19 

C a l i c h e ,  hard-----------  2 

Clay and c a l  i c h e  
s t reaks - - - - - - - - - - - - - - -  8 4 

Sand and c lay--- - - - - - - - -  48 

Clay- - - - - - - - - - - - - - - - - - - -  22 

Sand--------------------  4 5 

Shale-------------------  16 

Sha le ,  sandy------------  7 2 

Shale-------------------  2 5 

Sand-------------------- 3 2 

Shale-- - - - - - - - - - - - - - - - - -  122 

Sand-------------------- 122 

(Continued on n e x t  page) 

- 84 - 



Table 6 . - - D r i l l e r s 1  logs  of we l l s  i n  Bee Ctounty--Continued 

Well AW-79-36-902 --Continued 

Thickness 
( f e e t )  

Well AW-79-37-805 

Depth 
( f e e t )  

Well AW-79-37-906 

Owner: Mrs. Grace Handy. D r i l l e r :  W. E. Eeds. 

Owner: C .  J .  Turman. D r i l l e r :  Youngblood Well Service.  

Thickness 
( f e e t )  

surface soil------------ 3 

Sand and cal iche--------  65 

Well AW-79-41-302 

Depth 
( f e e t )  

Owner: C .  W. McMahon. D r i l l e r :  W.  D. Walton. 

3 

68 

Clay, red----I 

sand------------------- 

(Continued on next  page) 

Sbrface soil ------------ 1 

Caliche,  sand, and 
gravel---------------- 13 

1 

14 

Rock, concrete----------  3 2 

Packsand and clay-------  4 9 

46 

95 



Table  6 . - - D r i l l e r s f  l o g s  o f  w e l l s  i n  Bee County--Continued 

Thickness  
( f e e t )  

Depth 
( f e e t )  

Well AW-79-41-302--Continued 

Well AW-79-42-103 

Owner: Truman G i l l .  D r i l l e r :  W.  E .  Eeds. 

Sand and c a l i c h e - - - - - - - -  
59 1 62 

Well AW-79-42 -806 

Owner: Pau l  W. Treptow. D r i l l e r :  W. E. Eeds. 

Sand and cal iche--- - - - - -  
56 I 58 

Shale ,  sandy------------ 18 

Sand-------------------- 1 5  

Owner: F. W. H e l d e n f e l s  Farms. 

Clay-------------------- 10 

Sand and s t r e a k s  o f  c l a y  15 

Well AW-79-43-401 

D r i l l e r :  M. G. Hobbs. 
I I 

Sha le  and s t r e a k s  
o f  sand-----.---------- 1 5  

(Continued on n e x t  page) 



Table  6 . - - D r i l l e r s t  l o g s  o f  w e l l s  i n  Bee County--Continued 

Well AW-79-43 -401--Continued 

C 
Sand and hard  s t r e a k s - - -  

Shale-------.------------ 

Sand--------------------  

Shale-------.------------ 

Sand---------------------  

Shale-------- ,-----------  

Sand-------------------- 

Shale------------------- 

Thickness  
( f e e t )  

Well AW-79-43-902 

Depth 
( f e e t )  

Well AW-79-44-304 

Owner: C .  W. Hammonds. D r i l l e r :  R. R. Lawson. 

Thickness  
( f e e t )  

Surface so i l - - - - - - - - - - - -  2 

C l a y - - - - - - - - - - - - - - - - - - - -  6 

Rock and gravel- - - - - - - - -  6 

C lay - - - - - - - - - - - - - - - - - - - -  2  1 

Sha le ,  sandy------------ 2 2 

Sand an2 rock---- - - - - - - -  4 

(Continued on n e x t  page)  

Depth 
( f e e t )  

Owner: Mrs. Grace Malone. D r i l l e r :  R. R. Lawson. 

2 

8 

14 

35 

57 

61 

Topsoil-----------------  1 

Clay- - - - - - - - - - - - - - - - - - - -  2 2 

Clay and gravel- - - - - - - - -  12 

Shale ,  sandy------------  4 3 

Gravel and c lay--- - - - - - -  9 

Sand and rock--- - - - - - - - -  3 

Clay---------..---------- 7 

Sand---------..---------- 3 

Clay---------- . - - --------  13  

Sand--------------------  13 

1 

23 

3 5 

78 

1 

7 0 

7 3 

8 0 

83 

9 6 

109 

Sand-------------------- 4 

clay-------------------- 4 3 

Sand----------,---------- 7 

Clay -----  - - - - - - - - - - - - - - -  23 

8 2 

125 

132 

155 



Table 6 . - - D r i l l e r s 1  logs  of  w e l l s  i n  Bee County--Continued 

Well AW-79-44-304--Continued 

Thickness 
( f e e t )  

Well AW-79-44-701 

Depth 
( f e e t )  

Sand-------------------- 10 

Shale,  sandy------------ 5 0 

Sand s treaks------------  9 

Well AW-79-45-101 

Owner: Mrs. Grace Malone. D r i l l e r :  R. R. Lawson. 

Thickness 
( f e e t )  

165 

2 15 

224 

Owner: D r i s c o l l  Es ta te .  D r i l l e r :  R. R. Lawson. 

Depth 
( f e e t )  

Surface soi l - -----------  1 

clay-------------------- 11 

Sand-------------------- 10 

C l a y ,  sandy------------- 19  

Sand and rock s t r eaks - - -  15 

~ ~ ~ k - - - - - - - - - - - - - - - - - - - -  5 

Clay-------------------- 17 

Sand-------------------- 42 

Clay-------------------- 1 

Surface soi l - -----------  1 

Clay--- - - - - - - - - - - - - - - - - -  17 

Sand and gravel---------  2 7 

Sand-------------------- 5 

Shale ,  sandy------------ 7 0 

sand--------------------  5 

241 

2 83 

2 84 

1 

12 

2 2 

41 

56 

6 1 

1 

18 

45 

50 

120 

125 

clay-------------------- 44 

Clay, rocky, sandy------ 7 

Sand, rocky------------- 6 

Clay--- - - - - - - - - - - - - - - - - -  2 2 

Sand, rocky------------- 40 

105 

11 2 

118 

140 

180 

Shale,  sandy------------ 29 

Sand-------------------- 7 

Shale,  sandy------------ 3 6 

Sand-------------------- 1 9  

Shale,  sandy, and rock-- 19 

Rock and sand----------- 72 

154 

161 

197 

216 

23 5 

3 07 



Table  6 . - - D r i l l e r s '  l o g s  o f  w e l l s  i n  Bee County--Continued 

Well AW-79-50-301 

Thickness  
( f e e t )  

Owner: H. F. J o s t e s .  Driller: 
- 

Topsoil-----------------  3 

Caliche-----------------  6 

Clay and ca l i che- - - - - - - -  34 

Depth 
( f e e t )  

C a l i c h e  and rock--- - - - - -  2 0 

C a l i c h e  and rock--------  2 2 

Thickness  
( f e e t )  

Clay and ca l i che- - - - - - - -  17 

Sand and rock----------- 28 

Depth 
( f e e t )  

Sand and c lay--- - - - - - - - -  2 5 

B. T. S ikes .  

Clay- - - - - - - - - - - - - - - - - - - -  

clay-------------------- 2 96 

Well AW-79-51-201 

6 0  

70 

90 

93 

115 

Owner: Edwin Snyder.  D r i l l e r :  M. G. Hobbs. 

Sand and s t r e a k s  
o f  ca l iche--- - - - - - - - - -  22 

Clay--------------------  3 

Clay, sandy------------- 6 

Sand-------------------- 15 

Clay-------------------- 2 7 

Sand-------------------- 2 O 

(Continued on n e x t  page) 

3 12 

318 

333 

3 60 

3 80  



Table  6 . - - D r i l l e r s 1  l o g s  o f  w e l l s  i n  Bee County--Continued 

Well AW-79-51-201--Continued 

Thickness  
( f e e t )  

Shale------------------- 

Sand and hard  s t r e a k s - - -  

Shale-------------------  

Sand-------------------- 

Shale-------------------  

Sand and gravel- - - - - - - - -  

Shale------------------- 

Sand and shale-- - - - - - - - -  

Shale------------------- 

Sand, s t -a le ,  and s t r e a k s  
o f  sand--------------- 

Depth 
( f e e t )  

195 Sand and shale-- - - - - - - - - -  2 1. 

238 Sand-------------------- 14 

Well AW-79-51-701 

Owner: J .  W. S e t c l i f f .  D r i l l e r :  M. G. Hobbs. 

Hard s t reaks - - - - - - - - - - - -  100 

Sand, s t r e a k s  o f  s h a l e ,  
and hard  s t r e a k s - - - - - -  3 0  

S h a l e  and s t r e a k s  
o f  sand--------------- 2 O 

Sand and gravel- - - - - - - - -  3 1 



Table  6 . - - D r i l l e r s 1  l o g s  o f  w e l l s  i n  Bee County--Continued 

Well AW-79-52-403 

Thickness  
( f e e t )  

Depth 
( f e e t )  

Owner: V. G. Gwynn. D r i l l e r :  M. G. Hobbs. 

Clay - - - - - - - - - - - - - - - - - - - -  15 

C a l i c h e  s t r e a k s ,  hard---  3 7  

Clay- - - - - - - - - - - - - - - - - - - -  5 

Clay  and hard s t r e a k s - - -  3 1 

Sand-------------------- 12 

Shale-------------------  15 

Sand and shale-- - - - - - - - -  5 5 

Sand-------------------- 23 

Shale-------------------  50  

Sha le ,  s t r e a k s  
o f  c a l i c h e ,  and sand-- 27 

Sand (good)------------- 45 

15 

52 

5 7 

88 

100 

11 5 

170 

193 

2 43 

2 7 0 

315 

Shale------------------ 2 0 

Sand and sha1.e--------- 3 0 

Sand, broken------------ 4 5 

Sha le  and s t r e a k s  
o f  sand----.---------- 3 5 

Shale ,  sandy-----------  3 0 

Sand, f i n e ,  and s t r e a k s  
of shale-- - - - - - - - - - - -  1 5  

Sha le ,  sandy----------- 2 5 

3 0  Sand, f ine-- - - - - - - - - - - -  

Shale------------------ 4 5 

Sand------------------- 4 5 

335 

365 

410 

445 

475 

4 90 

515 

545 

5 90 

63 5 



Table  7.--Chemical  a n a l y s e s  o f  w a t e r  from w e l l s  in  Bee and a d j a c e n t  c o u n t i e s  

(Analyses g i v e n  a r e  i n  p a r t s  p r r  m i l l i o n  e x c e p t  s p e c i f i c  conduc tance ,  pH, sodium a d s o r p t i o n  r a t i o ,  and r e s i d u a l  sodium c a r b o n a t e . )  

Wate r -bea r ing  un i t :  Q1, l . i s s i e  Formation;  Tg, Goliad Sand; T1, Lagar to  Clay;  To, O a k v i l l e  Sandstone;  T c t ,  Ca tahou la  Tuf f  

i \ n n ~ y s e s  ~n  1 9 i u  ( i ~ e i ~ i  "er~rminnrinnhj, i 9 4 5 ,  4 ~ 1 4  i955 by X.S .  GcviuEica: Sui-ca-~,  :!I39 bv ::s;k ?r;i~ctn .".d--inictrztio::, ~ n d  1964 h:, T Y ~ A -  State 
Department  o f  Hea l th .  

Well 
u n i t  

-- 

208 Aug. 10 ,  1960 

375 Nov. 8 ,  1939 

54 Apr. 22,  1964 

135 Nov. 7, 1939 

275 Nov. 8 ,  1939 

127 Apr. 22,  1964 

90 May 8, 1934 

90 Nov. 8, 1939 

1 4 2 ,  Apr. 29, 1964 

180  Apr. 21,  1964 

56 do  

L U U  May 8, 1934 

1 200 Nov. 8, 1939 

802 1 2  May 8  1934 

802 276 Nov. 8 ,  1939 

802 27c) Apr. 21, 1964 1 1 do 
I I 

904 1 115 / May 9,  1934 

go* / l l i  1 Nov. 14, 1935 

905 / 170 / May 9, 1934 

905 1 170 / Sov. 14,  1935 

18-501 ( :;a 1%: 21, 1964 
- .  

See f o o t n o t t . ~  a t  t,nd o f  t a b l e .  





T a b l e  7.--Chemical analyses of water from w e l l s  In Bee and adidcent counties--Continued 

Well 

T - 

I Date o f  1 
collection 

I 

Dec. 12, 1939 

May 11, 1934 

Nov. 6, 1939 

Dec. 20, 1939 

Apr. 22, 1964 

May 15, 1934 

Nov. 14, 1939 

Apr. 18, 1945 

Apr. 21, 1964 

June 16, 1934 

Dec. 5, 1939 

May 11, 1934 

Nov. 14, 1939 

Apr. 21, 1964 

Dec. 12, 1939 

May 15, 1934 

Nov. 26, 1939 

Dec. 12, 1939 

May 15, 1934 

Nov. 26, 1939 

Apr. 21, 1964 

Nov. 8, 1934 

DPC. 12, 1979 

Apr. 20, 1964 

Dec. 12, 1939 

Apr. 21, 1964 

May 26, 1934 

Scc  footnotes at end o f  table. 



Table 7.--Chemical a n a l y s e s  of water from wells In Bee and a d j a c e n i  counties--Continued 



Table 7.--Chemical d n a l y s e s  of w a t e r  f r o m  wells i n  Bee and a d j a c e n t  c o u n t i r s - - C o n t i n u e d  

I AW-79-34-601 1 478 1 Apr. 22, 1964 / TI  

140 Apr. 22, 1964 

49 May 22, 1934 

49 Nov. 15, 1939 

140 Mav 21. 1934 
I 

140 Nov. 15, 1939 

250 Apr. 22, 1964 

!56 Nov. 9, 1934 

156 Nov. 28, 1939 

56 J u n e  15, 1934 

56 Nov. 28, 1939 1 I 
127 J u n e  15, 1934 

127 I Nov. 28, 1939 

290 Apr. 22, 1964 

163 1 Apr. 28, 1964 

148 J u n e  13, 1934 

14b Nov. 28, 1939 

1UU July 1 ,  IYW' 

200 June 3, 1964 i I 
1,539 Apr. 19, 1945' 

73 J u n e  19, 1934 I I 
73 Nov. 18, 1939 

100 Oct. 13, 1939 

60 I 

539 Apr. 28, 1964 

90 Oct. 13, 1939 

S i l i c a  S u l -  Ch l0 -  1 t  1 r i d e  1 

419 

30 

24 

105 

19 84 

17 128 

51 164 

56 170 

- - 175 

60 180 

- -  690 

24 114 

71 245 

34 125 

- -  135 

44 135 

192 

480 

145 

1 Sodium and / B i c a r -  
po t a s s ium z!!:, 1 bona tp  

Sec fuulnutes ~t end r t  t . ?h le .  

110 

169 

162 

175 

- -  

129 

- - 
124 

138 

129 

- -  

151 

148 

200 

541 

I -- 
1 128 

127 

113 

184 

85 

268 

3 05 

378 

336 

394 

397 

390 

384 

384 

342 

384 

315 

344 

372 

372 

329 

322 

601 

340 

348 

366 

317 

364 

305 
-- -- 



Tnhl P 7. - - C h e m i c a !  ana:yses u l  wacer from we1 Is in Bee and ad iacent counties--Continued 

Depth 
Water- 

unit 

AW-79-35-903 

36-101 Fi 801 

801 

801 

802 

803 

804 

805 

901 

901 

905 

37-702 

803 200 do 

902 64 June 5, 1934 

902 64 Oct. 17. 1939 

908 180 May 29, 1964 

41-301 610 Apr. 29, 1964 

602 224 May 24, 1934 

42-102 

102 

I15 June 3, 19641 I 
1,113 do 

550 do 

200 June 3, 1964 

350 do 

928 Oct. 13, 1939 

928 June 1, 1964 

750 June 3, 1964 

80 May 29, 1964 

120 0 1  Nov. do 1, 1939 1 
202 200 Apr. 30, 1964 

- 
See footnotes at end of t d b l e .  
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Table 7.--Chemical analyses of water from wells in Bee and adjacent counties--Continued 

See footnotes a t  end of table. 



Tab le  :.--Chemical a n a l y s e s  o f  w a t e r  from w e l l s  i n  k t .  drld d d j a c a n t  i i ) u ~ i L i ~ s - - C ~ , n t ~ n l i e d  

San P a t r i c i a  County 

* Sodium and potassium c a l c u l a t e d  a s  sodium (Na).  
S u l f a t e  l e s s  than 10 ppm. 

9 N i t r a t e  l e s s  than 20 ppm. 
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