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FOREWORD 

On September 1, 1965 the  Texas Water Conmission (formerly, before February 
1962, the  S t a t e  Board of Water ~ n g i n e e r s )  experienced a far-reaching r e a l i g n -  
ment of funct ions and personnel, d i r e c t e d  toward the  increased emphasis needed 
f o r  planning and developing   ex as' water resources and fo r  administer ing water 
r i g h t s .  

Realigned and concentrat,ed i n  the  Texas Water Development Board were the  
inves t iga t ive ,  planning, deve,lopment, research,  financing, and support ing func - 
t i ons ,  including the  r e p o r t s  review and pub l i ca t ion  funct ions.  The name Texas 
Water Commission was changed t o  Texas Water Rights Commission, and r e s p o n s i b i l -  
i t y  fo r  funct ions r e l a t i n g  t o  water - r igh t s  adminis t ra t ion  was vested there in .  

For t h e  r e a d e r ' s  convenience, re ferences  i n  t h i s  r e p o r t  have been a l t e r e d ,  
where necessary, t o  r e f l e c t  the cu r ren t  (post  September 1, 1965) assignment of 
r e s p o n s i b i l i t y  f o r  the  funct ion  mentioned. I n  o the r  words c r e d i t  fo r  a func- 
t i o n  performed by the  Texas Water Commission before the  September 1, 1965 
realignment gene ra l ly  w i l l  be: given i n  t h i s  r e p o r t  e i t h e r  t o  t h e  Water Develop- 
ment Hoard or  t o  the  Water Rights Commission, depending on which agency now has 
respons ib i  li t y  f o r  t h a t  funct:ion. 

Texas Water Development Board 

ohn J. ander tu l ip  wJ- 
u ~ h i e f  Engineer 
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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  

G O N Z A L E S  C O U N T Y ,  T E X A S  

ABSTRACT 

Gonzales County, i n  t h e  West Gulf Coas t a l  P l a i n  of  s o u t h - c e n t r a l  Texas, 
has  a n  a r ea  of  1,058 square  mi les ,  and had a  popu la t i on  of  17,845 i n  1960. The 
economy depends c h i e f l y  on a g r i c u l t u r e  and, t o  a  sma l l e r  e x t e n t ,  on t h e  pro-  
d u c t i o n  of  o i l  and gas .  

The p r i n c i p a l  wate r -bear ing  format ion  i n  t he  county i s  t h e  C a r r i z o  Sand, 
which y i e l d s  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  wa te r  
throughout a  l a r g e  p a r t  o f  i t s  subsur face  e x t e n t .  Small t o  moderate q u a n t i t i e s  
o f  such wate r  a r e  ob ta ined  from t h e  Wilcox Group, t h e  Queen C i t y  Sand, and t h e  
Spa r t a  Sand. Other format ions  y i e l d  on ly  smal l  q u a n t i t i e s  of  wa t e r  f o r  domes- 
t i c  and l i v e s t o c k  use .  

A l l  t h e  domestic and pub l i c  s u p p l i e s ,  excep t  f o r  t h e  c i t y  o f  Gonzales, and 
a  l a r g e  p a r t  o f  t h e  l i v e s t o c k  s u p p l i e s  a r e  ob ta ined  from ground-water sources .  
About 10 mgd (mi l l i on  g a l l o n s  p e r  day) of ground wa te r  was pumped i n  1962; 0.68 
mgd was f o r  municipal  supply,  and 7 . 3  mgd was f o r  misce l laneous  purposes .  Only 
about  0 .1  mgd (120 a c r e - f e e t )  o f  wa t e r  was pumped f o r  i r r i g a t i o n  i n  1962. Of 
t he  ground wa te r  pumped i n  1962, 8 .0  mgd was from t h e  C a r r i z o  Sand. 

The y i e l d s  of w e l l s  i n  Gonzales County ranged from a  few g a l l o n s  a  minute 
t o  a s  much a s  1,200 gpm (ga l lons  p e r  minute) ,  b u t  y i e l d s  a s  l a r g e  a s  2,000 gpm 
can be expected from p rope r ly  cons t ruc t ed  w e l l s  screened i n  t h a t  p a r t  o f  t h e  
C a r r i z o  t h a t  con t a in s  f r e s h  t:o s l i g h t l y  s a l i n e  wa te r  i n  most o f  t h e  n o r t h e a s t -  
e r n  and southwestern p a r t s  of t h e  county.  

Water from w e l l s  i n  t h e  Ca r r i zo ,  Queen C i ty ,  and Spa r t a  Sands i s  s a t i s f a c -  
t o r y  f o r  domestic use ,  s t ock ,  pub l i c  s u p p l i e s ,  and most i n d u s t r i a l  u s e s ;  some 
of  t he  wa te r  from t h e  Ca r r i zo  Sand i s  of  ques t i onab l e  q u a l i t y  f o r  i r r i g a t i o n .  

The Ca r r i zo  Sand is ,  by f a r ,  t he  l a r g e s t  p o t e n t i a l  source  of  ground wa te r  
i n  t h e  county.  Computations i n d i c a t e  t h a t  t he  C a r r i z o  could t r ansmi t  wa t e r  a t  
t h e  r a t e  o f  170,000 a c r e - f e e t  p e r  yea r ,  assuming t h a t  t he  recharge  was adequate .  
However, t h i s  r a t e  probably exceeds t h e  r a t e  o f  recharge  t o  t he  a q u i f e r  i n  Gon- 
z a l e s  County. It i s  u n l i k e l y  t h a t  l a r g e  q u a n t i t i e s  o f  wa t e r  w i l l  be developed 
from t h e  Ca r r i zo  Sand because of  t he  g r e a t  dep th  t o  t he  top of  t h e  format ion 
and t he  doub t fu l  q u a l i t y  of  much of t h e  wa te r  f o r  i r r i g a t i o n .  

The p o t e n t i a l  ground-water development from the  Queen C i t y  and Spa r t a  
Sands could no t  be eva lua t ed  q u a n t i t a t i v e l y .  However, y i e l d s  up t o  about  600 
gpm might  be expected from the  Queen C i t y  Sand and about  200 gpm from t h e  
Spa r t a  Sand. 



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

G O N Z A L E S  C O U N T Y ,  T E X A S  

INTRODUCTION 

Location and Extent  of Area 

Gonzales County i s  i n  sou th -cen t r a l  Texas ( P l a t e  1). I t  i s  bordered on 
the  northwest by Guadalupe and Caldwell Counties, on t h e  no r th  by Bastrop 
County, on the  no r theas t  by Faye t t e  County, on t h e  e a s t  by Lavaca County, on 
t h e  sou theas t  by De W i t t  County, and on t h e  southwest by Karnes and Wilson 
Counties.  Gonzales, t h e  county s e a t ,  i s  about 70 mi les  e a s t  of San Antonio and 
about 60 mi les  south-southeast  of Austin. Gonzales County has a n  a r e a  of 1,058 
square mi les .  

P u r ~ o s e  and Scope of I n v e s t i g a t i o n  

This  i n v e s t i g a t i o n  was a cooperat ive p r o j e c t  of the  Texas Water Develop- 
ment Board, Gonzales County Commissioner's Court, t he  Guadalupe-Blanco River 
Authori ty,  and t h e  U.S. Geological  Survey t o  determine and desc r ibe  t h e  ground- 
water resources of Gonzales County and t o  present  information and d a t a  t h a t  can 
be used a s  a guide t o  the  development of the  a v a i l a b l e  ground-water supp l i e s .  
The r e s u l t s  of t he  inves t iga t i -on  a r e  descr ibed  i n  t h i s  r epor t ,  which inc ludes  
an a n a l y t i c a l  d iscuss ion  of t he  occurrence and a v a i l a b i l i t y  of ground water and 
t abu la t ions  of bas i c  d a t a  obtained during t h e  inves t i -gat ion.  

Determinations were made of the  loca t ion  and ex ten t  of t h e  water-bearing 
formations, the  chemical q u a l i t y  of t he  water  they contain,  t he  q u a n t i t y  of 
water being withdrawn and the  e f f e c t s  of t hese  withdrawals on the  water leve ls ,  
t he  hydraul ic  c h a r a c t e r i s t i c s  of t he  important  water-bearing formations, and 
es t imates  of the  q u a n t i t i e s  of ground water a v a i l a b l e  f o r  development. 

The i n v e s t i g a t i o n  was made under the  immediate supervis ion  of A. G. 
Winslow, d i s t r i c t  geo log i s t  of the  U.S. Geological  Survey i n  charge of ground- 
water  i n v e s t i g a t i o n s  i n  Texas* 

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

The following items of work were included i n  the  i n v e s t i g a t i o n  of the 
ground-water resources  of Gonzales County: 

1. An inventory was made of 216 water wel l s ,  inc luding  a l l  pub l i c  supply, 
i r r i g a t i o n ,  and i n d u s t r i a l  wel l s ,  and many of the  domestic and s tock  wel l s .  



Their  loca t ions  a r e  shown on P l a t e  1, and d r i l l e r s  ' logs of 12 water we l l s  a r e  
given i n  Table 4. 

2. The e l e c t r i c  logs of 96 o i l  and gas t e s t s  were used f o r  c o r r e l a t i o n  
purposes and f o r  a s tudy of the  water-bearing p roper t i e s  of the  formations. 
The loca t ions  of these  t e s t s  a r e  shown on P l a t e  1. 

3 .  An inventory was made of t h e  q u a n t i t i e s  of ground water used f o r  
publ ic  supply, i r r i g a t i o n ,  and indus t ry ;  es t imates  were made of t h e  q u a n t i t i e s  
of ground water used fo r  domestic, l ives tock ,  and r e c r e a t i o n a l  purposes. Also, 
a n  inventory was made of the  quant i ty  of su r face  water used f o r  publ ic  supply. 

4. Pumping t e s t s  were made i n  four we l l s  t o  determine t h e  hydraulic  
c h a r a c t e r i s t i c s  of the  water-bearing sands. 

5. Measurements of water  l eve l s  were made i n  wel ls  and compared with 
a v a i l a b l e  records  of pas t  f  1uctua.tions of water  l eve l s .  

6. Climatological  records were co l l ec ted  and compiled (Figure 1). 

7. Analyses of water co l l ec ted  during t h i s  and previous i n v e s t i g a t i o n s  
were used t o  determine the  chemical q u a l i t y  of the  water (Table 5) .  

8. A geologic map was compiled from f i e l d  notes and from maps accompany- 
ing  published and unpublished r e p o r t s  of geologic o r  mineral  resources inves t i- 
gat ions  i n  p a r t s  of t h e  county (P la t e  1) .  

9. Three geologic sec t ions  were made from e l e c t r i c  logs (P la t e s  2-4). 

10. A map showing the  ex ten t  and thickness of 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 i n  the  Carrizo Sand was made from e l e c t r i c - l o g  d a t a  
and from the  chemical analyses of water samples (Figure 10). 

11. Maps showing the  a l t i t u d e s  of and the approximate depths t o  the  tops.  
of the  Carrizo Sand, the Queen Ci ty  Sand, and the  Spar ta  Sand were made from 
e l e c t r i c - l o g  da ta  (Figures 2-4, 9, 11, and 12). 

12. The' hydrologic da ta  were analyzed t o  determine the  quan t i ty  and 
q u a l i t y  of ground water ava i  lab l e  f o r  development . 

1 3 ,  Problems r e l a t e d  t o  the  development of ground-water suppl ies  i n  
Gonzales County were s tudied .  

The author i s  indebted t o  t h e  property owners i n  Gonzales County fo r  sup- 
plying information about t h e i r  we l l s  and f o r  permi t t ing  access t o  t h e i r  proper- 
t i e s ,  t o  the  we l l  d r i l l e r s  f o r  logs and o ther  information on water wells ,  and 
t o  the  o f f i c i a l s  of the  c i t i e s  and towns, indus t ry ,  and t h e  S t a t e  and Federal  
agencies, e s p e c i a l l y  the  S o i l  Conservation Service  of the  U.S. Department of 
Agr icul ture  and the  Texas S t a t e  Highway Department. Considerable he lp  was 
rece ived from Gary Bowman, geo log i s t  wi th  Roland K. Bluxnberg of Seguin, and 
from D. Hoye Eargle, U.S. Geological Survey. Valuable records used i n  t h i s  
r e p o r t  had been c o l l e c t e d  previously by W. M. J a r r e l l ,  formerly an  employee of 
the  then (before February 1962) Texas Board of Water Engineers. 



Previous Inves t iga t ions  

The f i r s t  r e p o r t  on ground water  i n  Gonzales County w a s  a n  inventory of 
w e l l s  and sp r ings  by F r a z i e r  (1939). Included i n  t h i s  r e p o r t  were chemical 
ana lyses  of water,  d r i l l e r s  ' logs, and a  map showing t h e  loca t ions  of w e l l s  and 
spr ings .  The publ ic  water  supp l i e s  of Gonzales, Nixon, and Waelder were 
included i n  a n  inventory  of t h e  publ ic  water  supp l i e s  i n  southern  Texas by 
Broadhurs t, Sunds trom, and Row ley  (1950, p a  82 -84) . A reconnaissance r e p o r t  on 
t h e  ground-water resources  of t he  Guadalupe River Basin by Alexander, Myers, 
and Dale (1964) included information on Gonzales County. Basic d a t a  from a l l  
t hese  previous i n v e s t i g a t i o n s  a r e  included i n  t h i s  r e p o r t ,  

Two r e p o r t s  on r e g i o n a l  geology (Deussen, 1924; S e l l a r d s  and o thers ,  1932) 
inc lude  desc r ip t ions  of t he  geologic formations i n  t h e  r e p o r t  a rea .  Geological  
r e p o r t s  on p a r t s  of Gonzales County inc lude  those by Renick (1936), Chelf 
(1942), Eargle (1959a, 1959b), Har r i s  (1961), King (1961), and Moxham and 
Eargle (1961). 

Reports on t h e  ground-water resources  of a reas  ad jacent  t o  Gonzales County 
include the  following, by count ies :  Caldwell (Rasmussen, 1947), Karnes 
(Anders, 1960), and Wilson (Anders, 1957). 

Economic Development 

The economy of Gonzales County i s  based on a g r i c u l t u r e .  According t o  t h e  
U.S. Census Bureau, t h e  populat ion of t h e  county was 17,845 i n  1960, and the  
populat ions of t he  c i t i e s  and t m n s  were a s  follows: Gonzales, 5,829; Nixon, 
1,751; Waelder, 1,270; Smiley, 455; Cost, 225; Ot t ine ,  200; and Harwood, 132. 

Most of t h e  a g r i c u l t u r e  i n  Gonzales County i s  devoted t o  the  r a i s i n g  of 
l i ves tock  and poul t ry .  According t o  U.S, Census of Agr icul ture  data,  68,005 
ac res  was under c u l t i v a t i o n  i n  1959, which i s  about 10 percent  of t he  a r e a  of 
the  county. I n  1962, about 1,200 a c r e s  was i r r i g a t e d  wi th  su r face  water and 
about  200 ac res  wi th  water  from wel l s .  Most of the  .water f o r  l i ves tock  is  
obtained from w e l l s ;  t h e  r e s t  i s  obtained from smal l  r e s e r v o i r s  and from 
s trearnf low. The p r i n c i p a l  crops inc lude  cot ton,  g r a i n  sorghums, peanuts, corn, 
f l ax ,  watermelons, and vegetables  . The county was the  f i r s t  i n  Texas t o  
develop commercial pou l t ry  r a i s i n g  on a l a rge  s c a l e .  

O i l  was discovered i n  Gonzales County i n  1902, and the  cumulative produc- 
t i o n  t o  January 1, 1963 was 538,970 b a r r e l s ,  according t o  records  of the  
Railroad Commission of Texas. The product ion of o i l  i n  1962 was 84,166 
b a r r e l s ,  and the  product ion of n a t u r a l  gas was 5,154 Mcf (thousand cubic f e e t ) .  
Hydrocarbon l iqu ids  produced wi th  t h e  gas t o t a l e d  105 b a r r e l s .  The o i l  r e s e r -  
v o i r s  range i n  depth from about 1,400 t o  12,000 f e e t .  A t  t h e  Pa t t e r son  o i l  
f i e l d ,  about 5 mi les  e a s t  of Nixon, o i l  i s  produced from the  Carr izo  Sand a t  a  
depth of about 1,400 f e e t ;  i n  o the r  p a r t s  of Gonzales County, t h e  Carr izo  Sand 
i s  a  source of f r e s h  ground water.  

Other i n d u s t r i e s  i nc lude  the  product ion of cot tonseed o i l ,  c l a y  and c l a y  
products,  sand and gravel ,  and e l e c t r i c  power a t  t h r e e  hydroe lec t r i c  p l a n t s  on 
t h e  Guada lupe River.  



Physiography and Drainage 

Gonzales County i s  i n  the  West Gulf Coastal  P l a i n  of Texas (Fenneman, 1938, 
p. 100). I n  most of the  county, t h e  topography ranges from f l a t  t o  r o l l i n g .  
However, two prominent l i n e s  of h i l l s  extend across  p a r t s  of the  county--one 
along the  northwestern boundary from Ot t ine  t o  about 7 mi les  northwest of Dew- 
v i l l e ,  and the  o ther  along the  boundary wi th  Lavaca County. 

Most of the  county l i e s  i n  the  drainage bas in  of t h e  Guadalupe River, one 
of t h e  major r i v e r s  i n  Texas. Two small a reas  i n  the  e a s t e r n  and southeas t e r n  
p a r t s  of the  county a r e  drained by the Colorado River. The Guadalupe River 
e n t e r s  the  county from the  west near Belmont, and flows eastward t o  t h e  c i t y  of 
Gonzales, where i t  i s  joined by the  San Marcos River;  from t h e r e  i t  flows 
southeastward i n t o  De W i t t  County. The a l t i t u d e  i n  Gonzales County ranges from 
200 f e e t  where the  Guadalupe River e n t e r s  De W i t t  County t o  about 600 f e e t  on 
t h e  d iv ide  between the  Guadalupe and San Marcos Rivers,  about 4 mi les  nor th  of 
Belmont. Most of the  southern and southwestern p a r t s  of t h e  county a r e  drained 
by Sandies Creek, which flows southeastward and e n t e r s  the  Guadalupe River near 
Cuero i n  De W i t t  County; most of the  nor thern  and nor theas te rn  p a r t s  of the  
county a r e  drained by Peach Creek, which flows southward, en te r ing  the  Guadalupe 
River about 10 mi les  southeas t  o:E Gonzales. 

Prominent physiographic f ea tu res  i n  Gonzales County a r e  the  f lood p l a i n s  
and t e r r a c e s  along the Guadalupe and San Marcos Rivers ( P l a t e  1) .  The flood 
p la ins  and low stream te r races  ctmprise a b e l t  2 t o  5 mi les  wide along the  
Guadalupe River southeas t  of Gonzales and a b e l t  1 t o  2 mi les  wide along t h e  
r i v e r  west of Gonzales. They a r e  about 1 mile  wide along the  San Marcos River. 
The a l l u v i a l  depos i t s  along both r i v e r s  a r e  very f e r t i l e  farmland, some of 
which i s  i r r i g a t e d  with water frcm the  r i v e r s .  

Climate 

The records of the  U.S. Weather Bureau a t  t h e  c i t y  of Gonzales provide the  
most camp l e t e  c l ima to log ica l  d a t a  f o r  the county. The annual p r e c i p i t a t i o n  a t  
Gonzales during the  period 1910-62 averaged 31.56 inches and ranged from 11.78 
inches in. 1954 t o  54.50 inches i n  1919. The average monthly p r e c i p i t a t i o n  f o r  
the  same period was lowest during January, February, March, and August, and 
h ighes t  d- ring A p r i l  and May (Figure 1 ) .  The occasions of far-above average 
r a i n f a l l  - ~ s u a l l y  a r e  due t o  t r o p i c a l  storms during the  summer o r  f a l l .  Records 
show t h a t  19.94 inches of r a i n  f e l l  during J u l y  1936. 

The average annual temperature a t  Gonzales during the  period 1948-62 was 
70.5'F. The average monthly temperature fo r  the  same period was lowest (54') 
during January and December and h ighes t  (85.2') during J u l y  and August (Figure 
1 )  . The growing season i s  about 270 days. 

Thornthwaite (1952, p. 23-35) c l a s s i f i e d  the  c l imate  i n  the  conterminous 
United S t a t e s  by an  index of moisture def ic iency o r  surplus ,  which was obtained 
from comparisons of the  p o t e n t i a l  evapot ranspi ra t ion  with t h e  p r e c i p i t a t i o n .  
When p r e c i p i t a t i o n  i s  the  same a s  p o t e n t i a l  evapot ranspi ra t ion  and water is  
ava i l ab  l e  a s  needed, the  c l imate  i s  n e i t h e r  dry  nor moist  and i s  c a l l e d  sub - 
humid. Gonzales County i s  i n  the  dry  subhumid b e l t  (Thornthwaite, f i g .  30). 
P r e c i p i t a t i o n  i n  Gonzales County usual ly  i s  s u f f i c i e n t  for  the  growing of 
crops;  consequently, t he re  has been very l i t t l e  development of i r r i g a t i o n .  



Average monthly temperature, 1948- 62 

Average monthly precipitation, 1910- 62 

Figure I 

Monthly Temperature and Precipitation at Gonzales 
(From records of U.S. Weather Bureau) 

Geological Survey in cooperotion with the Texas Water Development Board and Others 



Well-Numbering System 

The well-numbering system used i n  t h i s  r e p o r t  i s  one*accepted  by t h e  Texas 
Water Development Board f o r  use  throughout the  S t a t e  and i s  based on l a t i t u d e  
and longitude. Under t h i s  system, each 1-degree quadrangle i n  t h e  S t a t e  i s  
given a number c o n s i s t i n g  of two d i g i t s .  These a r e  t h e  f i r s t  two d i g i t s  
appearing i n  t h e  w e l l  number. Each l-degree quadrangle i s  d iv ided  i n t o  7*- 
minute quadrangles which a r e  a l s o  given 2 - d i g i t  numbers from 01 t o  64. These 
a r e  the  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 quadrangle 
is  subdivided i n t o  2*minute quadrangles and given a s i n g l e  d i g i t  number from 1 
t o  9. This  i s  the  f i f t h  d i g i t  of t h e  w e l l  number. F ina l ly ,  each w e l l  w i th in  
a 2$minute quadrangle i s  given a 2 - d i g i t  number i n  the  order  i n  which i t  i s  
inventoried,  s t a r t i n g  wi th  01. These a r e  the  l a s t  two d i g i t s  of t h e  w e l l  num- 
ber .  I n  a d d i t i o n  t o  t h e  7 - d i g i t  w e l l  number, a 2 - l e t t e r  p r e f i x  i s  used t o  
i d e n t i f y  t h e  county. The p r e f i x  f o r  Gonzales County i s  KR. Thus, Well KR-67- 
43 -903 (which supp l i e s  water f o r  t h e  c i t y  of Smi ley)  i s  i n  Gonzales County (ICR), 
i n  t h e  l -degree quadrangle 67 ( t h e  numbers of a l l  t h e  we l l s  i n  Gonzales County 
begin wi th  67),  i n  t h e  7kaoinute quadrangle 43, i n  t h e  2$minute quadrangle 9, 
and was t h e  t h i r d  w e l l  (03) inventor ied  i n  t h a t  @--minute quadrangle. 

On t h e  geologic and we l l - loca t ion  map i n  t h i s  r e p o r t  ( p l a t e  I), t h e  7*- 
minute quadrangles a r e  shown and numbered i n  the  northwest corner  of each quad- 
rangle .  The 3 - d i g i t  number shown wi th  the  we l l  s p b o l  conta ins  the number of 
t h e  2 h m i n u t e  quadrangle i n  which t h e  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. For example, t h e  c i t y  of Smiley w e l l  i s  numbered 
903 i n  t h e  quadrangle numbered 6743 i n  t h e  upper l e f t  corner .  

Def in i t i ons  of Terms 

I n  t h e  fol lowing sec t ions  of t h e  r epor t ,  c e r t a i n  t e c h n i c a l  terms o r  terms 
s u b j e c t  t o  d i f f e r e n t  i n t e r p r e t a t i o n s  a r e  used. For convenience and c l a r i f i c a -  
t ion ,  these  terms a r e  def ined  a s  fol lows:  

Aquiclude. --A geologic formation, group of formations, or p a r t  of a forma- 
t i o n  which, a l though porous and capable of absorbing water slowly, w i l l  not  
t ransmi t  i t  f a s t  enough t o  f u r n i s h  an apprec iable  supply f o r  a w e l l  o r  spr ing .  

Aquifer.--A geologic formation, group o f  formations, o r  p a r t  of a forma- 
t i o n  t h a t  i s  water bearing.  

Ar t e s i an  water.--Ground water  t h a t  i s  under s u f f i c i e n t  pressure  t o  r i s e  
above t h e  l e v e l  a t  which i t  i s  found i n  a w e l l ;  i t  does not necessa r i ly  r i s e  t o  
o r  above the  su r face  of t he  ground. 

Permeabil i ty ,  c o e f f i c i e n t  of.--The r a t e  of flow of water  i n  ga l lons  per 
day through a c ross  s e c t i o n a l  a r e a  of 1 square f o o t  under a u n i t  hydraul ic  
g rad ien t .  

Piezometr ic  surface.--The imaginary su r face  t o  which water w i l l  r i s e  i n  
a r t e s i a n  we l l s  and t h e  su r face  formed by t h e  water t a b l e  i n  t h e  outcrop a reas .  
The terms a r e  synonymous i n  t h e  outcrop area,  but  t h e  term piezometr ic  su r face  
a lone  i s  app l i cab le  t o  a r t e s i a n  a reas .  



Resist ivi ty.--That  proper ty  of a m a t e r i a l  t h a t  cha rac te r i zes  i t s  opposi- 
t i o n  t o  t h e  flow of e l e c t r i c i t y .  The r e s i s t i v i t y  of a water -sa tura ted  m a t e r i a l  
i s  a func t ion  of both  t h e  t e x t u r e  of t h e  m a t e r i a l  and t h e  contained f l u i d  and 
i s  recorded i n  ohms per square meter per meter (ohms mZ/m). This  i s  a term 
t h a t  p e r t a i n s  t o  e l e c t r i c  log!; of w e l l s .  

S p e c i f i c  capacity.--The d ischarge  of a w e l l  expressed a s  t h e  r a t e  of y i e l d  
per u n i t  of drawdown, gene ra l ly  i n  ga l lons  per minute per  f o o t  of drawdown. 

S p e c i f i c  conductance (conduct ivi ty) . --Specif ic  conductance, which i s  
expressed i n  micromhos per  cent imeter  a t  25OC, i s  a measure of t h e  a b i l i t y  of a 
s o l u t i o n  t o  conduct e l e c t r i c i t y .  It i s  approximately p ropor t iona l  t o  t h e  con- 
t e n t  of d isso lved  s o l i d s .  Herein, i t  i s  used i n  the  d e s c r i p t i o n  of the  q u a l i t y  
of water.  

Spontaneous p o t e n t i a l .  --The spontaneous p o t e n t i a l  curve on e l e c t r i c  logs 
i n d i c a t e s  t h e  d i f f e r e n c e  i n  e l e c t r i c a l  p o t e n t i a l  ac ross  boundaries of d i f f e r e n t  
types of ma te r i a l .  Spontaneous p o t e n t i a l  i s  recorded i n  m i l l i v o l t s  . 

Storage, c o e f f i c i e n t  of.--The volume of water  an  a q u i f e r  r e l e a s e s  from or 
takes  i n t o  s t o r a g e  per u n i t  of su r face  a r e a  of the  a q u i f e r  per u n i t  change i n  
t h e  component of head normal t o  t h a t  sur face .  Under water - tab le  condit ions,  
t h e  c o e f f i c i e n t  of s to rage  i s  p r a c t i c a l l y  equal  t o  t h e  s p e c i f i c  y i e ld ,  which i s  
def ined  a s  the  volume of water  r e l eased  from o r  taken i n t o  s to rage  i n  response 
t o  a change i n  head a t t r i b u t e d  p a r t l y  t o  compress ib i l i t y  of t h e  water and aqui -  
f e r  m a t e r i a l  i n  t h e  s a t u r a t e d  zone. 

T ransmiss ib i l i t y ,  c o e f f i c i e n t  of.--The number of ga l lons  of water  which 
w i l l  nove i n  1 day through a v e r t i c a l  s t r i p  of t h e  a q u i f e r  1 f o o t  wide and 
having the  he ight  of t h e  a q u i f e r  when t h e  hydraul ic  g rad ien t  i s  uni ty.  It i s  
the  product of t he  f i e l d  c o e f f i c i e n t  of permeabi l i ty  (ga l lons  per  day per 
square foot ,  measured a t  t h e  p r e v a i l i n g  water  temperature) and t h e  s a t u r a t e d  
th ickness  of t he  aqu i fe r .  

Transmission capacity.--The q u a n t i t y  of water which can be t ransmi t ted  
through a given width of a n  a q u i f e r  a t  a given hydraul ic  gradient .  

Water l e v e l ;  s t a t i c  l e v e l ;  h y d r o s t a t i c  level . - -In an  unconfined aqu i fe r ,  
t h e  water l e v e l  i s  t h e  d i s t ance  from the  land su r face  t o  t h e  water tab le .  I n  a 
confined ( a r t e s i a n )  aqu i fe r ,  i t  i s  the  l e v e l  t o  which the  water w i l l  r i s e  
e i t h e r  above or below the  land su r face .  

Water table.--The water  t a b l e  i s  the  upper su r face  of a zone of s a t u r a t i o n  
except where t h a t  s u r f a c e  i s  formed by an  impermeable body. 

Yield. --The fol lowing r a t i n g s  apply  i n  genera l  d i scuss ion  of y i e l d s  of 
we l l s  i n  Gonzales County. 

Descr ip t ion  Yield 
(ga l lons  per  minute) 

Sma 11 

Moderate 

Large 

Less than 50 

50 t o  500 

More than 500 



GEOLOGY AS RELATED TO THE OCCURRENCE OF GROUND WATER 

S t r a t i g r a p h i c  Units  and Thei r  Water-Bearing P:roperties 

The geologic formations d iscussed  i n  t h i s  r e p o r t  range i n  age from Paleo-  
cene t o  Recent. The thickness,  l i tho logy,  age, and water-bearing p r o p e r t i e s  of 
t he  formations a r e  summarized i n  Table 1. The a r e a l  geology and t h e  loca t ions  
of s e l e c t e d  we l l s  a r e  shown i n  P l a t e  1. The s t r u c t u r e  and th ickness  of t he  
formations a s  shown on t h r e e  geologic sec t ions  a r e  based on e l e c t r i c  logs of 
we l l s  (P la t e s  2, 3, and 4) .  

The rocks c o n s i s t  mainly of a l t e r n a t i n g  beds of sand and c l a y  o r  sha le ,  
which crop out  i n  b e l t s  t h a t  t rend  roughly nor theas t ,  p a r a l l e l  t o  t h e  coas t .  
The o l d e s t  s t r a t i g r a p h i c  u n i t  d i scussed  i n  t h i s  r epor t ,  t h e  Midway Group, crops 
out  about 20 mi les  northwest of Gonzales County. Southeast  of the  Midway ou t -  
crop, progress ive ly  younger formations a r e  exposed. The formations d i p  t o  t h e  
sou theas t  a t  an angle  s l i g h t l y  g r e a t e r  than t h e  s lope  of t he  land sur face ,  and 
most of the  formations th icken  i n  t h e  same d i r e c t i o n .  

The rocks i n  Gonzales County have been c u t  by many normal f a u l t s ,  most of 
which a r e  i n  the  sou theas t e rn  h a l f  of the  county. The major f a u l t s  gene ra l ly  
t rend  northeastward, approximately p a r a l l e l  t o  the  s t r i k e  of the  formations. 
Only a few of the  f a u l t s  a r e  shown on t h e  geologic map ( P l a t e  l ) ,  a s  most of 
them probably do not  s i g n i f i c a n t l y  a f f e c t  the  occurrence of ground water.  

Midway Group 

The Midway Group of Paleocene age does not  crop out  i n  Gonzales County, 
but  i t  unde r l i e s  t he  e n t i r e  county a t  depths ranging from about 1,500 f e e t  i n  
Well KR-67-27-501 ( P l a t e  2) i n  t h e  northwestern p a r t  of t h e  county t o  about 
6,600 f e e t  i n  Well KR-67-38-701. The Midway c o n s i s t s  predominantly of c l a y  and 
s i l t  wi th  a few lenses of sand, and i t s  th ickness  i n  Gonzales County, based on 
e l e c t r i c  logs, ranges from about 700 t o  960 f e e t .  The e l e c t r i c  logs of o i l  
t e s t  we l l s  i n d i c a t e  t h a t  t he  Midway Group conta ins  no f r e s h  t o  s l i g h t l y  s a l i n e  
water i n  Gonzales County. 

Wilcox Group 

Rocks of the  Wilcox Group, which unconformably o v e r l i e  the  Midway Group, 
crop out  i n  a smal l  a r e a  i n  northwestern Gonzales County near O t t i n e  ( P l a t e  1 ) .  
I n  the  r e p o r t  a rea ,  t h e  Wilcox i s  composed of clay,  s i l t ,  f i n e -  t o  medium- 
grained sand and sandstone, sandy sha le ,  and t h i n  beds of l i g n i t e .  The t h i c k -  
ness of the Wilcox ranges from about 1,300 t o  3,200 f e e t ,  t he  maximum thickness 
occurr ing i n  the  southeas tern  p a r t  of t he  county where Hoyt (1959, f i g .  1, 
p. 42) repor ted  about 2,000 f e e t  of s h a l e  i n  an  e ros iona l  channel.  The depth 
t o  the  top of the  Wilcox ranges from 265 f e e t  i n  Well KR-~67-27-501 i n  the  
northwestern p a r t  of t he  county t o  probably more than 5,000 f e e t  i n  Well 
KR-67-38-801 i n  t h e  sou theas t e rn  p a r t  of t he  county ( P l a t e  2 ) .  The Wilcox 
Group y i e l d s  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 . gh t ly  s a l i n e  water  t o  
a few we l l s  i n  and near the  outcrop i n  t h e  northwestern p a r t  of the  county. 
Elsewhere i n  the  county, the  Wilcox i s  no t  tapped by water  we l l s  because f r e s h  
t o  s l i g h t l y  s a l i n e  water i s  a v a i l a b l e  i n  sands a t  shal lower depths.  The 





e l e c t r i c  logs of o i l  t e s t  wel l s  i n d i c a t e  t h a t  much of the  water i n  t h e  Wilcox 
i s  t o o  h igh ly  mineral ized f o r  most purposes. 

Claiborne Group 

The Claiborne Group inc ludes  the  Carr izo  Sand, the  Reklaw Member of t h e  
Mount Selman Formation, t h e  Queen C i ty  Sand Member of t h e  Mount Selman Forma- 
t ion ,  t h e  Weches Greensand Member of t h e  Mount Selman Formation, t h e  Spa r t a  
Sand, t h e  Cook Mountain Formation, and t h e  Yegua Formation, i n  ascending order .  
However, D.  H. Eargle (wr i t t en  communication, December 1963) has recommended 
t h a t  t h e  Reklaw, Queen City Sand, and Weches Greensand Members be e leva ted  t o  
the  rank of formation. He gave the  t h r e e  following reasons f o r  the  change, 
"The t h r e e  u n i t s  formerly considered t o  be members of t h e  Mount Selman Forma- 
t i o n  a r e  mapped s e p a r a t e l y  on the  Geologic Map of Texas (Darton and o thers ,  
1937) f o r  a d i s t a n c e  of more than 300 mi les  from the  Texas -Louisiana l i ne ,  
no r th  of t he  Sabine U p l i f t  i n  no r theas t  Texas, t o  t h e  Sari Antonio River i n  
sou theas t  Texas. Anders (1957) has mapped these  u n i t s  f o r  a few more mi les  
southwestward t o  t h e  Atascosa-Wilson county l i ne ,  and i t  i s  poss ib l e  t o  t r a c e  
them even f a r t h e r  t o  t h e  southwest. Also, these  d i s t i n c t  l i t h o l o g i c  u n i t s  can 
be recognized wi th  ease  on w e l l  logs. They a r e  of similiar th ickness  and extent ,  
a s  a r e  t h e  Spar ta  Sand, Yegua Formation, and Carr izo Sand, a l l  considered now 
t o  be formations. Further ,  these  u n i t s  have been regarded a s  formations by 
many geo log i s t s  who have mapped and s tud ied  them i n  d e t a i l  ( E l l i s o r ,  1929; 
Wendlandt and Knebel, 1929; Plumner, 1932 ; S tenze l ,  1938, 1953) ." I n  accord-  
ance wi th  the  above, t he  u n i t s  a r e  r a i s e d  t o  rank of formations i n  the  a r e a  of 
t h i s  r e p o r t ,  

Carr izo  Sand 

The Car r i zo  Sand o v e r l i e s  t h e  Wilcox Group unconfonnably and crops out  i n  
a smal l  a r e a  along the  west edge of Gonzales County ( P l a t e  1) .  It under l i e s  
t he  county a t  p rogres s ive ly  g r e a t e r  depths southeastward,, t h e  maximum depth t o  
the  top of t h e  Carr izo  being a t  l e a s t  4,400 f e e t .  Much of t h e  Carr izo  i n  the  
r e p o r t  a r e a  c o n s i s t s  of beds of massive, commonly crossbedded coarse  sand and 
some minor amounts of sandstone and c lay .  I n  general ,  tlhe sand i s  loose ly  
cemented, but  i n  some p laces  on the  outcrop the  sand i s  f i rmly  cemented wi th  
s i l i c a ,  commonly i r o n  s t a ined .  

I n  the  subsurface,  t h e  Carr izo ranges i n  th ickness  from about 385 f e e t  i n  
Well KR-67-27-601 t o  about 880 f e e t  i n  Well KR-67-38-701. P a r t  of t h e  v a r i a -  
t i o n  of the  th ickness  of t h e  Carr izo  i s  due t o  i t s  unconformable r e l a t i o n  wi th  
the  Wilcox, and p a r t  t o  t h e  d i f f i c u l t y  i n  d i f f e r e n t i a t i n g  the  Carr izo  from the  
sands i n  the  over ly ing  Reklaw Formation and the  underlying Wilcox Group i n  some 
e l e c t r i c  logs. The contac t  between t h e  Carr izo  and Wilcox, shown on t h e  c ross  
s e c t i o n s  ( P l a t e s  2-4), was placed a r b i t r a r i l y  a t  o r  near  the  base of the  mas- 
s i v e  sand overlying the  a l t e r n a t i n g  beds of sha le  and sand of the  Wilcox. 
Hence, t h e  Carr izo  Sand, as used i n  t h i s  r e p o r t ,  a c t u a l l y  may include a p a r t  of 
the  Wilcox or  a p a r t  of the  basa l  sand of the  Reklaw, or both;  i n  any event,  i t  
a;?pears t o  be a hydrologic uni t .  

The a l t i t u d e  of the  top of t he  Carr izo  Sand (Figure 2) ranges from about 
300 f e e t  above s e a  l e v e l  near t he  outcrop t o  more than  4,100 f e e t  below s e a  
l e v e l  i n  the  sou theas t e rn  p a r t  of t he  county. The i r r e g u l a r i t i e s  shown on t h e  



top of t he  Carr izo  (Figure 2) a r e  due probably t o  f a u l t i n g ,  though only a few 
of the  f a u l t s  a r e  shown on t h e  map. The d i p  of t he  Carr izo  averages nea r ly  200 
f e e t  pe r  mi l e  southeastward. 

The Carr izo  Sand i s  t h e  p r i n c i p a l  water-bearing, formation i n  t h e  county, 
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 t o  
wel l s ,  except  i n  an  a r e a  about 2$ t o  5 mi les  wide along t h e  De W i t t  and Lavaca 
county l i n e s  and i n  t h e  v i c i n i t y  of Gonzales, where t h e  water  i s  too  h igh ly  
minera l ized  f o r  most uses.  I n  and near  t h e  outcrop, t h e  water  i n  the  Carr izo  
i s  under wa te r - t ab le  condi t ions ;  downdip t h e  water i.s under s u f f i c i e n t  a r t e s i a n  
pressure  t o  cause w e l l s  t o  flow i n  most p laces .  

Reklaw Formation 

The Reklaw Formation conformably o v e r l i e s  t h e  Carr izo  Sand, and t h e  d i p  of 
t h e  Reklaw i s  about t h e  same a s  t h a t  of the  Car r i zo , ,  I n  Gonzales County, t he  
lower p a r t  of t h e  formation c o n s i s t s  p r i n c i p a l l y  of g l aucon i t i c  sand, i n  p laces  
t h i c k  bedded, and s i l t y  c lay .  This b a s a l  sand probably i s  equiva lent  t o  t h e  
Newby Glauconi t ic  Sand Member of S tenze l  (1938, p. 65-71). The upper p a r t  of 
t h e  Reklaw i s  composed mainly of c l a y  and s i l t ,  al though s e v e r a l  t h i n  beds of 
sandstone have been observed i n  t h e  a r e a  of outcrop. The upper p a r t  probably 
c o r r e l a t e s  wi th  t h e  Marquez Shale  Member descr ibed  by S tenze l  (1938, p. 71-78). 
Where t h e  complete s e c t i o n  i s  present ,  t he  Reklaw ranges i n  th ickness  from 
about 200 t o  390 f e e t .  

The lower p a r t  of t h e  Reklaw y i e l d s  sma l 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 t o  we l l s  t h a t  t a p  i t  a t  depths of l e s s  than 400 f e e t .  No we l l s  
a r e  known t h a t  ob ta in  water from t h e  upper p a r t .  

Queen C i ty  Sand 

The Queen C i ty  Sand o v e r l i e s  t he  Reklaw Formation con£ omab ly  and crops 
out  i n  a northeastward-trending b e l t  about 2 t o  4 mi l e s  wide ( P l a t e  1). The 
Queen C i ty  i s  composed of massive t o  thin-bedded medium t o  f i n e  sand and clay.  
On f r e s h  exposure, t he  Queen C i ty  ranges from l i g h t  gray t o  orange and brown, 
bu t  soon weathers t o  var ious  shades of red, tan, and brown. The th ickness  of 
t h e  Queen C i ty  ranges from about  400 t o  825 f e e t ,  where t h e  e n t i r e  s e c t i o n  is  
present .  The d i p  o f  t h e  Queen C i ty  i s  southeastwartl a t  a f a i r l y  uniform r a t e ,  
ranging from about  150 f e e t  i n  t h e  no r theas t e rn  p a r t  of t he  county t o  about 200 
f e e t  i n  the  southwestern p a r t .  The top of the  Queen C i ty  reaches a maximum 
depth of more than 3,000 f e e t  below s e a  l e v e l  near t h e  De W i t t  county l i n e  
(Figure 3 ) .  

The Queen Ci ty  Sand y i e l d s  smal l  t o  moderate q u a n t i t i e s  of f r e s h  t o  
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  a r e a  of outcrop and downdip f o r  a d i s -  
ance of about 5 t o  8 mi les  (Figure 3 ) .  Fa r the r  downdip, t h e  Queen C i ty  y i e l d s  

water  too  h ighly  minera l ized  f o r  most purposes. Yields of a s  much a s  200 gpm 
(ga l lons  per minute) have been r epor t ed ;  however, where t h e  sands a r e  thick,  
l a r g e r  y i e l d s  may be expected from proper ly  cons t ruc ted  we 11s. 



Weches Greensand 

The Weches Greensand con£ ormab l y  over l i e s  the  Queen Ci ty  Sand and crops 
out  i n  a northeastward-trending b e l t  1 t o  2 mi les  wide across  t h e  county ( P l a t e  
I ) .  The Weches c o n s i s t s  p r i n c i p a l l y  of f  o s s i  l i f e r o u s  g l a u c o n i t i c  s h a l e  and 
sand. The th ickness  of t h e  Weches ranges from 0 t o  150 f e e t  and averages about  
100 f e e t  i n  Gonzales County. A few we l l s  tapping t h e  Weches y i e l d  small quan- 
t i t i e s  bf s l i g h t l y  t o  moderately s a l i n e  water f o r  s tock  uses.  

Spa r t a  Sand 

The Spa r t a  Sand, conformably overlying t h e  Weches Greensand, crops ou t  i n  
a b e l t  about 1 mi le  wide t rending  northeastward ac ross  the  e n t i r e  county (P la t e  
1 ) .  The Spa r t a  c o n s i s t s  of f i n e -  t o  medium-grained sand wi th  some sha le .  The 
th ickness  of t h e  formation ranges from 0 t o  about 140 f e e t  and averages about 
100 f e e t  i n  Gonzales County. The d i p  of t h e  Spa r t a  i s  southeastward a t  about 
200 f e e t  per mile .  The top of t he  Spa r t a  i s  penet ra ted  by we l l s  a t  a l t i t u d e s  
ranging from more than  200 f e e t  above s e a  l e v e l  near  the  a r e a  of outcrop t o  
more than 2,800 f e e t  below s e a  l e v e l  near the  De W i t t  county l i n e  (Figure 4) .  

I n  the  outcrop and f o r  a few mi le s  downdip, the  Spar ta  y i e l d s  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  wel l s .  The water sup- 
p l i e s  f o r  Waelder and Cost a r e  obtained from we l l s  tapping t h e  Spa r t a  Sand. 
The downdip ( sou theas t )  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 s  shown i n  
F igure  4. Downdip from t h i s  l i ne ,  the  water becomes inc reas ing ly  more s a l i n e  
u n t i l  i t  i s  u n f i t  f o r  most uses.  A flowing well ,  KR-67-44-602, about 10 mi les  
downdip from the  outcrop, y i e l d s  very s a l i n e  water  from t h e  Spar ta .  

Cook Mountain Formation 

The Cook Mountain Formation o v e r l i e s  the  Spar ta  Sand and crops out  i n  a 
b e l t  2 t o  7 mi les  wide ac ross  the  c e n t r a l  p a r t  of Gonzales County ( P l a t e  1). 
It c o n s i s t s  of f o s s i l i f e r o u s  c l a y  and sha le ,  and contairls a few lenses  of sand- 
s tone  and limestone and small amounts of g lauconi te  and gypsum. The th ickness  
of the  formation ranges from 0 t o  about 750 f e e t .  The Cook Mountain y i e l d s  
smal l  q u a n t i t i e s  of f r e s h  t o  moderately s a l i n e  water t o  a few we l l s  i n  the  
county f o r  domestic use and fo r  l ives tock .  

Yegua Formation 

The Yegua Formation crops out i n  a b e l t  about 2 t o  6 mi les  wide ac ross  t h e  
c e n t r a l  p a r t  of Gonzales County ( P l a t e  1 ) .  It i s  composed of medium t o  f i n e  
sand, clay,  s i l t ,  small  amounts of gypsum, and beds of :Lignite. The Yegua has 
a maximum th ickness  of about 1,000 f e e t .  I n  Gonzales County, t h e  Yegua y i e l d s  
smal l  q u a n t i t i e s  of s l i g h t l y  t o  moderately s a l i n e  water  f o r  domestic use and 
f o r  l i ves tock .  

Jackson G r o u ~  

The Jackson Group conformably o v e r l i e s  t h e  Yegua Formation and crops ou t  
i n  a b e l t  3 t o  7 mi les  wide t h a t  i s  sou theas t  of t he  ad jacen t  outcrop of t h e  
Yegua ( P l a t e  1 ) .  The Jackson c o n s i s t s  of clay,  s i l t ,  tuffaceous sand, 



sandstone, b e n t o n i t i c  clay, and same volcanic  ash, and has a maxim= th ickness  
i n  Gonzales County of a t  l e a s t  950 f e e t  and possib1.y a s  much a s  1,200 f e e t .  A t  
some p laces  i n  t h e  county, sands i n  t h e  Jackson y i e l d  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  domestic use and f o r  1.ivestock. 

F r i o  Clav 

The F r i o  Clay, u n c o n f o m b l y  overlying the  Jackson Group, does n o t  crop 
out  i n  Gonzales County because i t  i s  overlapped by t h e  Catahoula Tuff ( P l a t e  1) .  
The F r i o  c o n s i s t s  of b e n t o n i t i c  clay,  sand, and sandy s i l t .  I n  t h e  south-  
e a s t e r n  p a r t  of Gonzales County near t h e  De W i t t  county l i ne ,  t h e  F r i o  i s  about 
350 f e e t  th ick .  The F r i o  Clay i s  not  known t o  y i e l d  water  t o  we l l s  i n  Gonzales 
County. 

Catahoula Tuff 

The Catahoula Tuff overlaps both  t h e  F r i o  Clay and t h e  upper p a r t  of the  
Jackson Group and crops out  i n  Gonzales County i n  a b e l t  from $ t o  3$ miles  
wide t h a t  roughly p a r a l l e l s  the  De W i t t  county l i n e  (P la t e  1). I n  t h i s  r epor t ,  
t h e  Catahoula Tuff a l s o  inc ludes  the  Catahoula Sandstone, which crops out i n  
t h e  e a s t e r n  corner  of Gonza l e s  County. 

I n  Gonzales County, t h e  Catahoula Tuff c o n s i s t s  predominantly of t u f f ,  
tuffaceous clay,  sandy clay,  b e n t o n i t i c  clay,  and lenses of sandstone. The 
th ickness  of the  Catahoula ranges from 0 t o  about 200 f e e t .  The Catahoula 
y i e l d s  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  t o  we l l s  i n  the  
county f o r  domestic and l ives tock  use;  downdip i n  aldjacent counties ,  i t  sup- 
p l i e s  moderate t o  l a rge  q u a n t i t i e s  of water  f o r  pub l i c  supply and i r r i g a t i o n .  

Oakvi 1 l e  Sands tone 

The Oakvi l le  Sandstone o v e r l i e s  t h e  Catahoula Tuff and crops out  along t h e  
e a s t e r n  and sou theas t e rn  boundary l i n e s  of Gonzales County ( P l a t e  1). The 
Oakvi l le  c o n s i s t s  of f i n e -  t o  medium-grained sand and sandstone, ashy and sandy 
clay,  and beds of b e n t o n i t i c  c l ay .  Only p a r t  of t he  Oakvi l le  i s  present  i n  
Gonzales County, and i t s  th ickness  i n  t h e  r e p o r t  a r e a  probably does not  exceed 
about 150 f e e t .  

The Oakvi l le  Sandstone y i e l d s  smal l  q u a n t i t i e s  of f r e s h  water t o  we l l s  i n  
Gonzales County f o r  domestic and l ives tock  use. Downdip i n  ad jacen t  count ies  
where the  f u l l  th ickness  i s  present ,  i t  y i e l d s  l a rge  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  i r r i g a t i o n  and municipal  uses.  

Uva lde ( ?) Grave 1 

Gravel depos i t s  a r e  present  on the  h igh  d iv ides  and cues t a s  i n  much of 
Gonzales County. The d i s t r i b u t i o n  of these  depos i t s  i s  not  shown on t h e  geo- 
log ic  map ( P l a t e  1 ) .  Near Ot t ine  they a r e  present  a t  an e l e v a t i o n  of about 120 
f e e t  above the  f lood p l a i n  of t h e  San Marcos River.  The Uvalde(?) Gravel kon- 
s i s t s  most ly of gravel ,  bu t  cobbles a r e  abundant and it  conta ins  a number of 
boulders .  The g rave l s  and cobbles a r e  composed of dark-colored f l i n t  or quar tz ,  
bu t  t h e  boulders  a r e  composed of limestone. I n  general ,  t h e  g rave l s  a r e  



uncemented, al though some a r e  s l i g h t l y  cemented and o the r s  a r e  f i rmly  cemented. 
The cementing m a t e r i a l  gene ra l ly  i s  calcium carbonate;  however, a t  some places 
where the  gravel  depos i t s  o v e r l i e  formations r i c h  i n  i ron,  t h e  cementing mate- 
r i a l  i s  i r o n  oxide. A t  most outcrops i n  Gonzales County, the  g r a v e l  depos i t s  
a r e  l e s s  than 5 f e e t  t h i ck ;  however, t h e  maximum thickness i s  about 20 f e e t .  

The ~ v a l d e ( ? )  Gravel i s  used ex tens ive ly  a s  a  road b a l l a s t .  The formation 
i s  not  knmn t o  y i e l d  water t o  wel ls  i n  Gonzales County, but  a t  some places i t  
con t r ibu tes  t o  recharge by r e t a r d i n g  runoff .  

A 1 luvium 

The f lood-p l a i n  and a l l u v i a l - t e r r a c e  depos i t s  along the  San Marcos and 
Guadalupe Rivers i n  Gonzales County a r e  wide (P la t e  1 )  and extens ive ly  c u l t i -  
vated. They a r e  composed of sand, s i l t ,  c lay,  and gravel ,  and range i n  th i ck -  
ness from 0 t o  70 f e e t ;  however, t h e  average thickness jis about 30 f e e t .  The 
a l l u v i a l  depos i t s  y i e l d  small  q u a n t i t i e s  of f r e s h  water t o  a  l a rge  number of 
shallow wel ls  i n  Gonzales County. These suppl ies ,  however, a r e  not  always 
dependable during periods of drought. 

GROUND -WATER HYDROLOGY 

Source and Occurrence of Ground Water - 
The occurrence of ground water a s  i t  app l i e s  t o  Go~lzales County i s  d i s -  

cussed b r i e f l y  here. The genera l  p r i n c i p l e s  of the  occurrence and movement of 
ground water i n  a l l  types of rocks have been described by many workers, inc lud-  
ing  Meinzer (1923, p. 2-142)) Meinzer and o the r s  (1942, p. 385-478), Tolman 
(1937)) Leopold and Langbein (1960), and Baldwin and McGuinness (1963). 

The source of ground water i s  p r e c i p i t a t i o n  on t h e  su r face  of the  ea r th .  
A l a rge  p a r t  of the p r e c i p i t a t i o n  runs o f f  or  i s  consumed by evapot ranspi ra-  
t ion ,  or  i s  s to red  i n  t h e  s o i l  l a t e r  t o  be evaporated 01: t ranspi red .  A small 
p a r t  of the  water i n f i l t r a t e s  through t h e  s o i l  and s u b s o i l  and moves downward 
t o  the  water t a b l e  and becomes recharge. Factors  a f f e c t i n g  recharge inc lude  
the i n t e n s i t y  and amount of r a i n f a l l ,  t he  s lope  of the  land surface,  t he  type 
of s o i l ,  the  permeabil i ty of t h e  aqui fer ,  the  quan t i ty  of water i n  t h e  aqui fer ,  
and the  r a t e  of evapot ranspi ra t ion .  

I n  the sandy outcrop areas ,  ground water i s  unconfined and i s  s a i d  t o  be 
under water - table  condi t ions .  Downdip from the  recharge area,  t he  aqu i fe r  may 
be ove r l a in  by l e s s  permeable m a t e r i a l  and the  water becomes confined, when i t  
i s  then s a i d  t o  be under a r t e s i a n  condit ions.  

Water under a r t e s i a n  condi t ions  w i l l ,  i f  not  d is turbed by man's wi th-  
drawals, r i s e  t o  an e l eva t ion  equal  t o  i t s  e l e v a t i o n  i n  the  recharge a r e a  l e s s  
the  los s  i n  head due t o  f r i c t i o n  caused by movement of the  water through t h e  
aqui fer .  Where t h e  e l eva t ion  of the  land su r face  i s  co~ l s ide rab ly  below the  
genera l  l e v e l  of the  a r e a  of outcrop, the  pressure  may be  s u f f i c i e n t  t o  cause 
the  water t o  r i s e  a  cons iderable  d i s t ance  i n  a  w e l l  or  even t o  flow. Flowing 
wel ls  a r e  more common a t  lower a l t i t u d e s ,  e s p e c i a l l y  i n  the  va l l eys  of the  
l a rge r  streams. 



Ground water  moves slowly ( t ens  t o  hundreds of f e e t  a year)  under the  
in f luence  of g r a v i t y  from a r e a s  of recharge t o  a reas  of discharge.  It i s  d i s -  
charged n a t u r a l l y  through spr ings ,  by t r a n s p i r a t i o n  where t h e  water t a b l e  i s  
c l o s e  enough t o  t h e  su r face  t h a t  i t  may be reached by t h e  r o o t s  of t he  p l an t s ,  
and by seepage through semiconfining beds o r  along f a u l t s  i n t o  another  a q u i f e r  
having a lower head, o r  t o  t h e  land sur face .  The a r t i f i c i a l  d ischarge  i s  t h a t  
.from flowing or pumped wel l s .  It i s  descr ibed  i n  the  fol lowing s e c t i o n  on t h e  
development of ground water. 

Development of Ground Water: 

A l l  t h e  domestic and municipal  supp l i e s  i n  Gonzales County (except f o r  the  
c i t y  of Gonzales) and a l a rge  p a r t  of the  l i ves tock  supp l i e s  a r e  obtained from 
ground-water sources.  Most of the  pumpage i s  from t h e  a r e a  between Leesvi l le ,  
Nixon, and Smiley; a small amount i s  from the  v i c i n i t y  of O t t ine .  Elsewhere i n  
the  county, only minor amounts of water a r e  used. 

I n  1962, about 10 mgd (mi l l i on  ga l lons  per  day) o r  11,000 a c r e - f e e t  of 
ground water was used i n  Gonzales County (Table 2) . Of t h i s  amount, 680,000 
gpd (ga l lons  per day), o r  about 7 percent ,  was f o r  publ ic  supply, and more than 
7.3 mgd, o r  73 percent ,  was f o r  miscel laneous purposes, which inc ludes  water 
pumped or  allowed t o  flow i n t o  smal l  r e s e r v o i r s  and water from uncontrol led 
flowing we l l s .  Only smal l  amounts of ground water were used f o r  i r r i g a t i o n  i n  
Gonzales County; about  120 a c r e - f e e t  of water was pumped t o  i r r i g a t e  about 200 
acres .  The r e s t  of t h e  water,  about 19 percent ,  was used f o r  domestic and l i v e -  
s tock purposes. 

Table 2 shows t h a t  80 percent  of the  ground water pumped i n  1962 was from 
the  Carr izo  Sand and l e s s  than 10 percent  was from the  Queen Ci ty  Sand and 
Spa r t a  Sand. The r e s t  of t h e  pumpage, or 1.3 mgd, was from the  o ther  fonna- 
t ions ,  most of which i n d i v i d u a l l y  furnished only smal l  amounts of water ,  

Carr izo  Sand 

Wells tapping t h e  Carr izo  Sand i n  t h e  v i c i n i t y  of Nixon and Smiley y ie lded  
about 5.1 mgd i n  1962, o r  about 50 percent  of the  ground water produced i n  
Gonzales County. The town of Nixon used 0.5 mgd, Smiley, 0.03 mgd; the  remain- 
ing  4.57 mgd was f o r  miscel laneous purposes. Most of t h e  d ischarge  was from 
flowing wel l s ,  bu t  t h e  pub l i c  supply we l l s  a t  Nixon and Smiley a r e  equipped 
wi th  tu rb ine  pumps. The depths of 15 flowing we l l s  i n  t h e  v i c i n i t y  of Nixon 
and Smiley ranged from 1,150 t o  2,530 f e e t ,  and the  y i e l d s  ranged from 5 t o  400 
gpm* 

The d ischarge  of 15 we l l s  tapping the  Carr izo  Sand i n  t h e  v i c i n i t y  of 
O t t ine  was about 1.3 mgd i n  1962. The depths of t he  we l l s  ranged from 151 t o  
600 f e e t .  I n  1963, t h e  flows of 10 of t hese  we l l s  ranged from 5 t o  180 gpm. 
I n  1962, about 57,000 gpd was pumped f o r  O t t i n e  and the  Texas R e h a b i l i t a t i o n  
Center ;  the  remaining 1.24 mgd was used t o  supply s m a l l  r e s e r v o i r s  and a f i s h  
hatchery.  

The d ischarge  of 19 wel l s  tapping t h e  Carr izo  i n  t h e  v i c i n i t y  of Leesv i l l e  
was about 1.1mgd i n  1962. The depths of t h e  we l l s  ranged from 312 t o  872 f e e t .  
I n  1963, the  flows of 13 of t hese  wel l s  ranged from 15 t o  170 gpm; the  y i e l d s  





of t h e  pumped we l l s  ranged from 20 t o  1,200 gpm. Most of t he  water  i s  used t o  
supply smal l  r e s e r v o i r s  and f o r  l i ves tock .  

I n  1962, about 0.5 mgd was obtained from 24 w e l l s  tapping t h e  Car r i zo  Sand 
i n  t h e  a reas  north,  west, and southwest of t h e  c i t y  of Gonzales. A l l  t h e  
pumped water  was f o r  d a n e s t i c  and l ives tock  s u p p l i e s ,  except  f o r  about  10,000 
gpd, which was used t o  supply water  f o r  s e v e r a l  f ami l i e s  i n  Harwood. The flows 
of 19 of t h e  24 we l l s  ranged from 1 t o  1,000 gpm. 

I n  t h e  c i t y  of Gonzales, Well KR-67-37-201, which t aps  t h e  Carr izo  Sand, 
y ie lded  water  t h a t  was too  h ighly  mineral ized f o r  murzicipal use; consequently, 
t h e  c i t y  obta ins  i t s  water supply from t h e  Guadalupe River. No known supp l i e s  
of ground water  have been developed from the  Carr izo  Sand i n  Gonzales County i n  
the  a reas  nor theas t ,  e a s t ,  and sou theas t  of t h e  c i t y  of Gonzales, p r i n c i p a l l y  
because water  s u i t a b l e  f o r  domestic and l ives tock  use can be obtained from 
shallower a q u i f e r s  . 

Queen C i tv  Sand and S ~ a r t a  Sand 

I n  1962, about 0.83 mgd was obtained from t h e  Queen C i ty  Sand o r  t h e  
Spar t a  Sand i n  Gonzales County. Although a v a i l a b l e  d a t a  a r e  meager, probab l y  
more than 400,000 gpd was pumped from t h e  Queen C i ty  Sand. Wells KR-67-22-501 
and KR-6 7 -22 -502, tapping t h e  Spar t a  Sand, suppl ied  Wae lde r  w i th  about 60,000 
gpd. These we l l s  a r e  510 and 520 f e e t  deep, r e spec t ive ly ,  and each had a 
repor ted  y i e l d  of about 230 gpm. The community of Cost pumped a n  average of 
about 20,000 gpd i n  1962 from Well KR-67-36-604, which taps  t h e  Spa r t a  Sand. 
This  w e l l  i s  530 f e e t  deep and had a r epor t ed  y i e l d  of 15 gpm. About 450,000 
gpd was pumped f o r  domestic and l ives tock  needs and 300,000 gpd was pumped or  
allowed t o  flow i n t o  small r e s e r v o i r s .  

Channes i n  Water Levels 

Long-term records  of water-  l e v e l  f l u c t u a t i o n s  i n  we 11s i n  Gonzales County 
a r e  not  a v a i l a b l e ;  however, i n  J u l y  1963, personnel  of t h e  then  Texas Water 
Cammission measured water l e v e l s  i n  23 s e l e c t e d  wel l s .  The same we l l s  w i l l  be 
measured annual ly  by personnel  of t h e  Texas Water Development Board a s  a p a r t  
of t he  s t a t ewide  observat ion-well  program. I n  7 of t hese  observa t ion  wells ,  
water  l e v e l s  were measured a l s o  i n  1959, and the  changes i n  water l e v e l  s i n c e  
t h a t  time a r e  shown i n  t h e  fol lowing t ab le .  
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The changes i n  water l eve l s  s ince  1959 a r e  due ma:inly t o  changes i n  wi th-  
drawal r a t e s ,  although changes i n  wel ls  i n  the  outcrop a r e a  may r e f l e c t  changes 
i n  t h e  r a t e  of recharge,  Most of the  we l l s  l i s t e d  i n  the  t a b l e  a r e  i n  t h e  
a r t e s i a n  p a r t  of the  aqui fer ,  and t h e  dec l ine  of water l eve l s  merely r ep resen t s  
a  decrease i n  pressure  i n  the system. The aqui fers ,  f o r  a l l  p r a c t i c a l  purposes, 
a r e  s t i l l  a s  f u l l  of water a s  they ever were. 

The water l eve l s  i n  10 we l l s  were measured i n  1938 and again  i n  1962. I n  
4 of these  wells ,  t he  water l e v e l s  dec l ined  1.3 t o  14.2 f e e t ,  and i n  6 they 
r o s e  from 1.1 t o  66.1 f e e t .  L i t t l e  s ign i f i cance  can be a t t r i b u t e d  t o  these  
changes i n  water l eve l s  over the  25 -year period a s  no p a r t i c u l a r  t rend can be 
i n f e r r e d .  Actual ly,  t h e  l a rge  changes i n  water l eve l s  i n  some of t h e  wel ls  may 
be due t o  changes i n  the  phys ica l  condi t ion  of the  we l l  caused by deepening or  
by leaking casing.  For example, the  cas ing  i n  Well KR-67-35-803, i n  which the  
water l e v e l  has r i s e n  42.6 f e e t  s ince  1938, r epor t ed ly  was corroded, and the  
high water l e v e l  probably r ep resen t s  a  d i f f e r e n t  a q u i f e r  from t h a t  i n  which the  
we l l  was o r i g i n a l l y  cumpleted. 

Aquifer Tes ts 

Aquifer t e s t s  were made i n  four we l l s  i n  Gonzales County t o  determine t h e  
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 to rage  of the  Carrizo Sand, the  p r i n c i p a l  
aqu i fe r .  The r e s u l t s  of these t e s t s  a r e  shown i n  the  fol lowing t ab le .  

The d a t a  from the  t e s t s  were analyzed by use of the  Theis nonequilibrium 
method a s  modified by Cooper and Jacob (1946) and the  Theis recovery method 
(Wenzel, 1942). The 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  determined from the  t e s t s  
i n  Gonzales County ranged from 39,000 t o  65,000 gpd per foo t  and averaged about 
50,000 gpd per foot .  The c o e f f i c i e n t  of s to rage  obtained from the  t e s t  of 
Well KR-67-42 -904 was 0.00016, which compares reasonably w e l l  with the  average 
c o e f f i c i e n t  of s to rage  (0,00019) a s  determined i n  four wel ls  i n  the  Carrizo 
Sand i n  Wilson and Atascosa Counties (Anders, 1957, t a b l e  3) .  

Well 

KR-67-27-701 

35 -201 

401 

42 -904 

The 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 to rage  may be used t o  p r e d i c t  
f u t u r e  drawdown of water l eve l s  caused by pumping. F igure  5 shows t h e  theore t -  
i c a l  r e l a t i o n  between drawdown of water l e v e l  and d i s t ance  from the  cen te r  of 
pumping f o r  d i f f e r e n t  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 ,  The ca lcu la t ions  of 
drawdown were based on a withdrawal of 1 mgd (mi l l ion  ga l lons  per  day) f o r  1 
year f r m  an extens ive  aqu i fe r  having a s to rage  c o e f f i c i e n t  of 0.0002 and coef-  
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  a s  shown. The f i g u r e  shows t h a t  t h e  amount of 
drawdown w i l l  i nc rease  with the  decrease i n  the  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 .  
For example, a t  a poin t  5,000 f e e t  from t h e  discharging well ,  t h e  drawdown w i l l  
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Relation Between Drowdown, Distance, and Transmissibility in an Infinite Aquifer 
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6 f e e t  1 year  a f t e r  t h e  s t a r t  of pumping, i f  t h e  c o e f f i c i e n t  of t r ansmiss i -  
l i t y  i s  100,000 gpd per f o o t ;  11 f e e t ,  i f  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  
50,000 gpd per f o o t ;  and 24 f e e t ,  i f  t he  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 s  

20,000 gpd per  foo t ,  

F igure  6 shows t h e  r e l a t i o n  between drawdown, d is tance ,  and time i n  a  w e l l  
pumping from an  a r t e s i a n  a q u i f e r  of i n f i n i t e  a r e a l  ex ten t .  Pumping i s  assumed 
t o  be a t  a  cons tan t  r a t e  of 1,000 gpm, the  s to rage  c o e f f i c i e n t  i s  0.0001, and 
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 s  50,000 gpd per f o o t ,  The f i g u r e  shows 
t h a t  t h e  r a t e  of drawdown decreases wi th  time. For example, a t  a  po in t  1,000 
f e e t  f r o n  the  pumped well ,  t he  drawdown w i l l  be 19 f e e t  a f t e r  30 days of pump- 
ing, 22 f e e t  a f t e r  90 days, 25 f e e t  a f t e r  1 year,  28 f e e t  a f t e r  3  years ,  and 31 
f e e t  a f t e r  10 years .  

Pumping from we l l s  d r i l l e d  c lose  together  may c r e a t e  cones of depress ion  
t h a t  i n t e r s e c t ,  thereby causing a d d i t i o n a l  lowering of t h e  piezometr ic  su r face  
o r  water  t ab le .  The i n t e r s e c t i o n  of cones of depression,  or  i n t e r f e r e n c e  
between wells ,  w i l l  r e s u l t  i n  lower pumping l e v e l s  (and increased  pumping c o s t s )  
and may cause s e r i o u s  dec l ines  i n  y i e l d s  of t h e  wel l s .  I f  the  pumping l e v e l  i s  
lowered below the  top of t he  w e l l  screen,  t h a t  p a r t  of t h e  a q u i f e r  w i l l  become 
dewatered, and the  y i e l d  of t h e  w e l l  w i l l  decrease  wi th  t h e  decrease  i n  th i ck -  
ness of t h e  s a t u r a t e d  p a r t  of the aqu i fe r .  The proper spacing of wel l s  t o  
minimize i n t e r f e r e n c e  can be determined from the  a q u i f e r  t e s t  da ta .  

Cons t ruc t ion  of Wells 

Almost a l l  t h e  water  we l l s  i n  Gonzales County a r e  d r i l l e d  wells ,  t he  few 
exceptions being those  we l l s  about 30 f e e t  deep t h a t  were dug i n  the  a l l u v i a l  
depos i t s  a long the  Guadalupe and San Marcos Rivers .  The cas ings  range i n  diam- 
e t e r  from 4 t o  16 inches.  Casings 4 t o  6 inches i n  diameter a r e  commonly used 
i n  we l l s  d r i l l e d  f o r  domestic and s tock  s u p p l i e s ;  the  :Larger cas ings  a r e  neces- 
s a r y  t o  accommodate the  deep -we 11 tu rb ine  pumps t h a t  supply l a r g e r  q u a n t i t i e s  
of water f o r  pub l i c  supply and i r r i g a t i o n  needs. I n  many wel l s ,  large-diameter 
cas ing  i s  s e t  i n  the  upper p a r t  of t he  w e l l  and 4 -  or  6- inch cas ing  is  s e t  i n  
the  lower p a r t .  I n  most wel l s ,  s l o t t e d  cas ings  a r e  i n s t a l l e d  oppos i te  t h e  
water-bearing sands, but,  i n  a  few wel l s ,  sc reens  a r e  used f o r  t h i s  purpose, 
and t h e  we l l s  a r e  g rave l  packed. A number of unsuccessfu l  o i l  and gas t e s t  
we l l s  have been plugged back t o  t h e  base of t h e  a q u i f e r  and completed a s  water 
we l l s  by gun-perforat ing t h e  cas ing  oppos i te  the  water-bearing sands, 

USE OF SURFACE WATER 

Surface  water,  p r i n c i p a l l y  from the  Guadalupe River, i s  used i n  Gonzales 
County f o r  pub l i c  supply, f o r  i r r i g a t i o n ,  and f o r  the  genera t ion  of e l e c t r i c i t y .  
I n  order  t o  provide f o r  t he  e q u i t a b l e  d i s t r i b u t i o n  and use of t he  water i n  t h e  
s treams of t h e  S t a t e ,  the  Texas Water Rights  Commission has t h e  a u t h o r i t y  t o  
i s s u e  permits  f o r  t h e  d i v e r s i o n  of water from streams a t  s p e c i f i e d  loca t ions .  
The po in t  of d ivers ion ,  the  r a t e  of withdrawal, t h e  amounts of land t o  be i r r i -  
gated,  and, i n  some cases,  t h e  time of year  t h a t  t hese  withdrawals may be made 
a l s o  a r e  s p e c i f i e d  by the  C m i s s i o n .  

Records of t h e  Texas Water Rights  Commission show t h a t  2,100 a c r e - f e e t  of 
water  a  year may be d ive r t ed  from the  Guadalupe River f o r  t he  i r r i g a t i o n  of 
1,200 ac res  i n  Gonzales County, I n  1962, t h e  c i t y  of C;onzales pumped 



Figure 6 

Relation Between Drowdown, Distance, and Time 

U.S. Geological Survey in cooperation with the Texas Water Development Board and Others 

C 

0) 
a8 - 

50 

60 
I 0 0  5 0 0  woo 5 , 0 0 0  10,000 5 0 , 0 0 0  100,000 

Distance from pumping well, in feet 

a 

Curves computed for on extensive 
aquifer, assuming coefficient of 
transmissibility of 5 0 , 0 0 0  gpd per 
feet , storage coefficient of I x 
and o pumping rote of !,OW gpm 



353,710,000 gal lons  (1,085 ac re - fee t )  of water from t h e  r i v e r .  E l e c t r i c i t y  i s  
generated a t  t h ree  hydro-e lec t r ic  p l an t s  on t h e  Guadalupe River i n  the  county. 
The water used by these  p lan t s  i s  not  conswned, but  remains i n  the  r i v e r  f o r  
use downstream. 

QUALITY OF GROUND WATER 

The chemical cons t i tuen t s  of ground water o r i g i n a t e  p r i n c i p a l l y  from the  
s o i l  and rocks through which the  water moves; most of the  d i f f e rences  i n  t h e  
chemical cha rac te r  of the  water i n  Gonzales County the re fo re  r e f l e c t  t he  d i f -  
ferences i n  the  minera l  content  of t h e  geologic formatiorrs with which t h e  water 
has been i n  contac t .  Generally, t he  chemical content  of ground water increases  
with depth ,  The temperature of t h e  water, which near the  land su r face  i s  gen- 
e r a l l y  about the  same a s  t h e  mean a i r  temperature of t h e  region, a l s o  increases  
with depth. Analyses of water from 138 wel ls  i n  t h e  r e p o r t  a rea  a r e  given i n  
Table 5, and the  temperatures of the  water samples a r e  given i n  Table 3. 

The major f a c t o r s  t h a t  determine t h e  s u i t a b i l i t y  of a water supply a r e  the  
l imi t a t ions  imposed by t h e  contemplated use of the  water.  Various c r i t e r i a  of 
water -qua l i ty  requirements have been developed, which inc lude  b a c t e r i a l  content  ; 
physica l  c h a r a c t e r i s  t i c s ,  such a s  temperature, odor, color ,  and t u r b i d i t y ;  and, 
chemical cons t i tuen t s  . Usually, t he  b a c t e r i a l  content  and the undesirable phys- 
i c a l  p rope r t i e s  can be lessened economically, but  the  removal of undes i rable  
chemical cons t i tuen t s  may be d i f f i c u l t  and expensive. For many purposes, t h e  
d issolved-sol ids  content  i s  a major l i m i t a t i o n  on the  use of t h e  water.  A 
genera l  c l a s s i f i c a t i o n  of water based on d issolved-sol ids  content  follows 
(Winslow and Kis ter ,  1956, p. 5) :  

Descript ion 
Dissolved - so l ids  content  

(par ts per  m i  l'li on) 

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  

Less than 1,000 

I Brine I More than 35,000 1 
The U.S. Publ ic  Health Service  has e s t ab l i shed  and p e r i o d i c a l l y  r e v i s e s  

s tandards of dr inking 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. These s tandards,  designed t o  p r o t e c t  the  t r ave l ing  public ,  may be 
used a l s o  t o  evalua te  domestic and publ ic  water suppl ies .  According t o  the  
s tandards,  chemical cons t i tuen t s  i n  a publ ic  water supply should not  exceed the  
concent ra t ions  l i s t e d  i n  the  following table ,  except where o ther  more s u i t a b l e  
suppl ies  a r e  not  a v a i l a b l e  (U.S. Publ ic  Health Service, 1962, p. 7-8). 



Substance 

Chloride (Cl) 

F luor ide  (F) I 
I r o n  (Fe) 

Manganese (Mn) 

N i t r a t e  (NO3) 

S u l f a t e  (S04) 

T o t a l  d isso lved  s o l i d s  I 

7kWhen f l u o r i d e  i s  present  n a t u r a l l y  i n  d r ink -  
ing  water,  t he  concent ra t ion  should not  average 
more than the  appropr i a t e  upper l i m i t  shown i n  
the  fol lowing t a b l e .  

Excessive concent ra t ions  of f l u o r i d e  i n  water may cause t e e t h  of young c h i l d r e n  
t o  become mott led.  The U.S. Publ ic  Heal th Serv ice  (1962, p. 41) s t a t e s  t h a t  
t he  optimum f l u o r i d e  l e v e l  f o r  a given community depends on c l i m a t i c  condi t ions  
because the  amount of water  (and consequently the  amount of f luo r ide )  i nges t ed  
by c h i l d r e n  i s  p r imar i ly  inf luenced  by a i r  temperature. 

During the  5 -year period 1958-62, t h e  annual average of t h e  maximum d a i  l y  a i r  
temperatures a t  Gonzales ranged from 80.0 t o  84.0°F, and t h e  5-year average was 
81.3O3. Consequently, t h e  recommended c o n t r o l  l i m i t s  of f l u o r i d e  concent ra t ions  
i n  the  r e p o r t  a r e a  range from 0.6 t o  0.8 ppm ( p a r t s  per m i l l i o n ) .  Of t h e  102 
water  samples analyzed f o r  f luo r ide ,  13  contained amounts g r e a t e r  than 0.8 ppm. 

Annua 1 average of maximum d a i l y  
a i r  temperatures (computed f o r  

a minimum of 5 years )  (OF) 

50.0 - 53.7 

53.8 - 58.3 

58.4 - 63.8 

63.9 - 70.6 

70.7 - 79.2 

Concentrations of n i t r a t e  i n  excess of 45 ppm i.n water  used f o r  i n f a n t  
feeding  have been r e l a t e d  t o  t h e  inc idence  of infant ;  cyanosis  (methemoglobi- 
nemia, o r  "blue baby" d i sease ) ,  a reduct ion  of t h e  oxygen content  i n  the  blood 
c o n s t i t u t i n g  a form of asphyxia (Maxcy, 1950, p. 271.). High concent ra t ions  of 
n i t r a t e  may be an i n d i c a t i o n  of p o l l u t i o n  from organic mat te r .  Of t h e  123 
water  samples analyzed f o r  n i t r a t e ,  8 contained amounts of more than 45 ppm. 

79.3 - 90.5 1 - 7  I 

Recommended con t ro l  l i m i t s  of 
f l u o r i d e  concent ra t ions  (ppm) 

Lower 

0 .9  

.8  

.8. 

.7 

.7 

Op t imum 

1.2 

1.1 

1.0 

.9 

.8 

Upper 

1.7 

1.5 

1.3 

1.2 

1.0 



Excessive concent ra t ions  o:E i r o n  and manganese i n  water  cause reddish-  
brown o r  dark-gray p r e c i p i t a t e s  t h a t  d i s c o l o r  c lo thes  and s t a i n  plumbing f i x -  
tures. I r o n  appears  t o  be a problem i n  p a r t s  of Gonzales County; of 40 i r o n  
determinat ions,  26 were i n  excess of 0.3 ppm. 

Water having a ch lo r ide  content  exceeding 250 ppm may have a s a l t y  t a s t e .  
Such concent ra t ions  a r e  c m o n  i n  Gonzales County i n  t h e  deeper p a r t s  of t he  
p r inc ipa  1 a q u i f e r s  where t h e  waiter i s  s l i g h t l y  o r  moderately s a l i n e ,  and a t  
shal low depths i n  some of the  l e s s  important water -bearing formations. 

S u l f a t e  i n  water  i n  excess of 250 ppm may produce a l axa t ive  e f f e c t .  High 
concent ra t ions  of s u l f a t e  a r e  common i n  much of the  s l i g h t l y  and moderately 
s a l i n e  water  i n  the  r e p o r t  a r e a .  

Calcium and magnesium a r e  ithe 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 increased  consumption of soap and induces 
t h e  formation of s c a l e  i n  ho t  water hea te r s  and pipes.  A commonly accepted 
c l a s s i f i c a t i o n  of water  hardness i s  given i n  the  fol lowing t a b l e :  

Hardness range 
( P P ~ )  

60 or  l e s s  

61 - 120 

121 - 180 

More than 180 

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

Sof t  

Moderately hard 

Hard 

Very hard 

The hardness a s  calcium carbonate i n  136 water  samples ranged from 3 t o  
1,880 ppm; however, t he  hardness was l e s s  than 60 ppm i n  samples c o l l e c t e d  from 
19 of 34 we l l s  i n  t h e  Carr izo Sand, the  p r i n c i p a l  a q u i f e r  i n  t h e  county. 

Water used f o r  i ndus t ry  may be c l a s s i f i e d  i n t o  t h r e e  categories--process 
water, cool ing water,  and b o i l e r  water.  Process water i s  the  term used f o r  t he  
water incorporated i n t o  or i n  con tac t  w i th  the  manufactured products.  The 
q u a l i t y  requirements fo r  t h i s  use  may inc lude  phys ica l  and b i o l o g i c a l  f a c t o r s  
i n  a d d i t i o n  t o  chemical f a c t o r s .  Water f o r  cool ing and b o i l e r  uses should be 
noncorrosive and r e l a t i v e  ly f r e e  of scale-forming cons ti tuen t s  . The presence 
of s i l i c a  i n  b o i l e r  water i s  undes i rab le  because i t  forms a hard s c a l e  of 
encrus ta t ion ,  the  scale-forming tendency inc reas ing  wi th  the  p res su re  i n  t h e  
boi  ler . The following t a b l e  shows t h e  maximum suggested concent ra t ions  of 
s i l i c a  f o r  water used i n  b o i l e r s  (Moore, 1940, p. 263): 

Concentrat ion of 
s i l i c a  (ppm) 

Boi le r  pressure  
(pounds per square inch)  

Less than 150 

150 - 250 

251 - 400 

More than 400 



The s i l i c a  content  i n  t h e  water samples from 124 w e l l s  i n  t h e  r e p o r t  a r e a  
ranged a s  follows: from 8.8 t o  20 pprn i n  73 samples, from 21 t o  40 pprn i n  32 
samples, and from 41 t o  84 ppm i n  19 samples. 

Seve ra l  f a c t o r s  o t h e r  than t h e  chemical q u a l i t y  a r e  involved i n  determin- 
i n g  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  purposes. The type of s o i l ,  ade- 
quacy of drainage, crops grown, c l i m a t i c  condit ions,  and quan t i ty  of water used 
a l l  have important bear ing  on the  continued product i ,v i ty  of i r r i g a t e d  land. 

A 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 a water  f o r  
i r r i g a t i o n  was proposed i n  19.54 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  i s  based on t h e  s a l i n i t y  hazard a s  measured by 
the  e l . ec t r i ca1  conduc t iv i ty  of t h e  water and t h e  sodium hazard a s  measured by 
the  SAR (sodium-adsorption r a t i o ) .  The r e l a t i v e  importance of t he  d isso lved  
c o n s t i t u e n t s  i n  i r r i g a t i o n  water  i s  dependent upon the  degree t o  which they 
accumulate i n  t h e  s o i l - m o r e  of t h e  minera l  content  of t h e  water w i l l  accumu- 
l a t e  i n  t i g h t  s o i l s  than i n  more permeable s o i l s  under s i m i l a r  condi t ions .  
S o d i m  can be a s i g n i f i c a n t  f a c t o r  i n  eva lua t ing  q u a l i t y  of i r r i g a t i o n  water  
because a h igh  SAR of t h e  water w i l l  cause t h e  s o i l  s t r u c t u r e  t o  break down by 
def loccu la t ing  the  c o l l o i d a l  s o i  1 p a r t i c l e s .  Consequently, t h e  s o i  1 can become 
p l a s t i c ,  thereby lessening  the  a e r a t i o n  and a v a i l a b i l i t y  of the  water.  This  i s  
e s p e c i a l l y  t r u e  i n  f ine - t ex tu red  s o i l s .  Wilcox (1955, p. 15) s t a t e s  t h a t  the  
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  waters  proposed by t h e  Laboratory S t a f f  ". . .is not  d i r e c t l y  app l i cab le  t o  supplemental waters  used i n  a reas  of r e l a -  
t i v e l y  high r a i n f a l l . "  He i n d i c a t e s  (p. 16) t h a t  gene ra l ly  water can 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  conduct iv i ty  i s  l e s s  than 2,250 
micromhos per cent imeter  a t  25OC and i t s  SAR i s  less than  14. The SAR value 
and t h e  conduc t iv i ty  of samples from we l l s  tapping t h e  Carr izo  Sand and Queen 
Ci ty  Sand a r e  shown i n  F igure  7. 

Another f a c t o r  used i n  a s ses s ing  t h e  q u a l i t y  of water fo r  i r r i g a t i o n  i s  t h e  
t h e  RSC ( r e s i d u a l  sodium carbonate)  i n  the  water.  Excessive RSC w i l l  cause the  
water  t o  be a l k a l i n e ,  and t h e  organic content  of t h e  s o i l  w i l l  tend t o  d isso lve .  
The s o i l  becomes a g ray i sh  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  . I 1  Wilcox (1955, p. 11) s t a t e s  t h a t  labora tory  and f i e l d  s t u d i e s  
have r e s u l t e d  i n  t h e  conclusion t h a t  water conta in ing  more than 2.5 epm (equiv- 
a l e n t s  per m i l l i o n )  RSC i s  not  s u i t a b l e  for  i r r i g a t i o n .  Water conta in ing  from 
1.25 t o  2.5 epm i s  marginal,  and water  conta in ing  l e s s  than  1.25 epm RSC proba- 
b l y  i s  s a f e .  However, i t  i s  be l ieved  t h a t  good i r r i g a t i o n  p r a c t i c e s  and proper 
use of s o i l  amendments might make i t  poss ib l e  t o  use t h e  marginal  water  success-  
f u l l y  f o r  i r r i g a t i o n .  Furthermore, t h e  degree of leaching w i l l  modify the  per -  
mis s ib l e  l i m i t  t o  some e x t e n t  (Wilcox, Bla i r ,  and Bower, 1954, p. 265). The 
RSC exceeded 2.5 epm i n  46 samples c o l l e c t e d  i n  Gonzales County, t he  maximum 
being 26.0 eprn. 

An excess ive  boron c0nten.t w i  11 make water  unsui tab le  f o r  i r r i g a t i o n .  
Wilcox (1955, p. 11) i n d i c a t e s  t h a t  a boron concent ra t ion  of a s  much a s  1.0 pprn 
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, a s  much a s  2.0 pprn f o r  s emi to l e r -  
a n t  crops, and a s  much a s  3.0 f o r  t o l e r a n t  crops.  Crops s e n s i t i v e  t o  boron 
inc lude  most deciduous f r u i t  and n u t  t r e e s  and navy beans; s emi to l e ran t  crops 
inc lude  most sma l l  gra ins ,  potatoes,  and sane o the r  vegetables ,  and co t ton ;  and 
t o l e r a n t  crops inc lude  a l f a l f a ,  most r o o t  vegetables ,  and the  d a t e  palm. Boron 
does not  seem t o  be a s i g n i f i c a n t  problem i n  Gonzales County. Of 17 boron 
determinat ions,  only 3 were g r e a t e r  than  1 pprn and a l l  were l e s s  than 2 ppm. 



Figure 7 

Diagram for the Classi f icat ion of Irr igation Waters 
( A f t e r  U n ~ t e d  States Sa l in i ty  Laboratory Staf f ,  1954, p. 8 0 )  

U . S .  Geological Survey in cooperation with the Texas Water Development Board and Others 

Sal inity hazard 



Nearly a l l  of Gonzales County i s  under la in  by 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 and extending t o  var ious  depths (Figure 8 ) .  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 was determined from a s tudy  of e l e c t r i c  logs 
and chemical ana lyses  of water samples. The apparent  r e s i s t i v i t y  of sand beds 
conta in ing  s l i g h t l y  s a l i n e  water  based on the  long normal and l a t e r a l  curves i s  
about 1.0 ohms m2/m. F igure  8 shows t h a t  t h e  base  of f r e s h  t o  s l i g h t l y  s a l i n e  
water extends t o  a  depth of a s  much a s  4,250 f e e t  below s e a  l e v e l  i n  t h e  south-  
western p a r t  of t h e  county along the  l i n e  marking t h e  downdip l i m i t  of f r e s h  t o  
s 1ight l .y  s a l i n e  water  i n  the  Car r i zo  Sand. Southward from t h i s  l ine ,  t h e  base 
of f r e s h  t o  s l i g h t l y  s a l i n e  water s h i f t s  upward n e a r l y  v e r t i c a l .  I n  t h i s  p a r t  
of t h e  county, f r e s h  t o  s l i g h t l y  s a l i n e  water  occurs a t  a  depth ranging from 
about 200 t o  more than 600 f e e t  below s e a  l eve l .  

Carr izo  Sand 

Most of t h e  water from the  Carr izo  Sand i n  Gonzales County i s  s u i t a b l e  f o r  
domestic use, l ives tock ,  and pub l i c  supp l i e s ,  and most i n d u s t r i a l  uses ;  i t s  use 
f o r  i r r i g a t i o n  i s  ques t ionable  i n  some ins t ances .  Water from 33 of t h e  35 
we l l s  sampled was f r e s h  ( l e s s  than 1,000 ppm disso lved  s o l i d s )  ; samples of 
water  from 2 wel ls ,  1,750 and 2,175 f e e t  deep, KR-67-37-201 and JCEt-67-37-203 i n  
and near  Gonzales, were s l i g h t l y  s a l i n e ,  conta in ing  d isso lved  s o l i d s  of 1,82,0 
and 2,330 ppm, r e spec t ive ly .  The g r e a t e s t  depth from which f r e s h  water  was 
obtained was 2,530 f e e t  i n  Well KR-67-43-903, which supp l i e s  water f o r  t h e  c i t y  
of Smiley. 

I n  general ,  the  water from t h e  Carr izo  Sand i s  s u i t a b l e  f o r  i r r i g a t i o n .  
I n  a  few loca l i zed  a reas ,  howe.ver, t h e  water from the  Carr izo  i s  of doub t fu l  
s u i t a b i L i t y  f o r  i r r i g a t i o n ,  according t o  the  c l a s s i f i c a t i o n  of t he  U.S. S a l i n i t y  
Laboratory S t a f f  (1954, f i g .  1 . 1 ) .  The SAR of the  water  from the  Carr izo  Sand 
ranged from 0.7 t o  103, and the  s p e c i f i c  conductance ranged from 149 t o  3,960 
micromhos. Of t h e  34 samples for  which SAR and s p e c i f i c  conductance d a t a  a r e  
a v a i l a b l e ,  30 had SAR values of l e s s  than  30 (Figure 7) ; of these  samples, 21 
had SAR values l e s s  than 14 and s p e c i f i c  conductance l e s s  than 2,250 micromhos, 
The RSC i n  water from 35 we l l s  i n  the  Carr izo  Sand ranged from 0.00 t o  26.0 epm, 
and t h a t  i n  21 samples was l e s s  than  2.5 epm. 

A s  mentioned previously,  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  waters  
proposed by the  Laboratory S t a f f  probably i s  not  d i r e c t l y  app l i cab le  t o  Gonzales 
County where p r e c i p i t a t i o n  i s  f a i r l y  high and ground water  would be a  supple-  
mental supply. Where water from the  Carr izo  i s  of ques t ionable  s u i t a b i l i t y  fo r  
i r r i g a t i o n ,  such items a s  t h e  type of s o i l ,  l o c a l  condi t ions  of drainage, the  
type of crop, t h e  method of a p p l i c a t i o n  of water,  and the  economics of t he  use 
of s o i l  amendments need t o  be considered. 

Queen C i ty  Sand 

I n  Gonzales County, water  from t h e  Queen Ci ty  Sand i s  used only f o r  domes- 
t i c  and l ives tock  needs. However, 15 of t h e  18 samples c o l l e c t e d  from wel l s  
tapping the  Queen Ci ty  were f r e s h  water and meet 'most of t h e  s tandards  f o r  
pub l i c  s upp l y  . 

Chemical ana lyses  of samp:Les from 8 we l l s  l e s s  than  500 f e e t  deep i n d i c a t e  
t h a t  water  t o  t h i s  depth would b e  s u i t a b l e  f o r  i r r i g a t i o n .  I n  these  samples 
the  SAR values ranged from 1.5 t o  4.7; c o n d u c t i v i t i e s  ranged from 553 t o  1,950 



micromhos; and, RSC values ranged from 0.00 t o  1.67. Analyses of water  from 7 
we l l s ,  which range i n  depth from 500 t o  1,150 f e e t ,  i n d i c a t e  t h a t  water from 
depths g r e a t e r  than 500 f e e t  would be unsu i t ab le  f o r  i r r i g a t i o n .  I n  these  
samples t h e  SAR values ranged from 28 t o  81; c o n d u c t i v i t i e s  ranged from 751 t o  
3,350 micromhos ; and, RSC values ranged from 3.18 t o  10.9. 

Spar ta  Sand 

Water from we l l s  tapping t h e  Spa r t a  Sand i s  used f o r  pub l i c  supp l i e s  a t  
Waelder and Cost and f o r  domestic and l ives tock  needs. Samples were c o l l e c t e d  
from 13 we l l s  t h a t  t a p  the  Spar ta  Sand i n  Gonzales County. I n  water  from 7 of 
these  wel l s ,  t he  d i s so lved- so l ids  content  ranged from 560 t o  1,090 ppm-most of 
t h e  c o n s t i t u e n t s  were w i t h i n  t h e  l i m i t s  suggested by the  Publ ic  Heal th Serv ice  
for  pub l i c  supp l i e s .  Of these  7 wel l s ,  t he  water  from 5 (400 t o  600 f e e t  deep) 
was s u i t a b l e  f o r  i r r i g a t i o n ,  and t h a t  from t h e  2 o the r  wel l s  contained exces-  
s i v e  amounts of sodium and bicarbonate.  I n  water £ram the  6 remaining w e l l s  
t h e  d i s so lved- so l ids  content  ranged from 1,250 t o  11,200 ppm--or from s l i g h t l y  
t o  very s a l i n e .  The depth of 1 w e l l  i s  345 f e e t  and t h e  depths of 5 we l l s  
range from 500 t o  1,200 f e e t .  These ana lyses  i n d i c a t e  t h a t  water below t h e  
depths of 500 o r  600 f e e t  i s  unsu i t ab le  f o r  most uses, but  p a r t  of t h e  high 
d i s so lved- so l ids  content  may be contamination from the  sa l ine-water  sands t h a t  
o v e r l i e  t h e  Sparta .  The movement of h igh ly  minera l ized  water through corroded 
cas ing  i s  p o s s i b l e  i n  fou r  we l l s  t h a t  were d r i l l e d  before  1930. I n  two of 
these  wel l s ,  ca s ing  was not s e t  opposi te  t h e  sands conta in ing  s l i g h t l y  t o  
moderately s a l i n e  water.  

Other Formations 

Water samples were c o l l e c t e d  from t h r e e  wells  tapping t h e  Wilcox Group i n  
and near Ot t ine .  Fresh  water,  s u i t a b l e  f o r  i r r i g a t i o n ,  was obtained from Well 
KR-67-19-901, 230 f e e t  deep. S l i g h t l y  s a l i n e  water  unsu i t ab le  f o r  i r r i g a t i o n  
was obtained from Well KR-67-28-202, 1,548 f e e t  deep, and Well KR-67-28-203, 
1,601 f e e t  deep. 

Water from 7 wel l s ,  93 t o  393 f e e t  deep, tapping the  b a s a l  sand of t h e  
Keklaw Formation was f r e s h  t o  s l i g h t l y  sa l ine ,  and contained i r o n  ranging from 
1.5 t o  67 ppm. The hardness of t he  water from t h e  we l l s  l e s s  than about 200 
f e e t  deep ranged from 201 t o  1,020 ppm; from a w e l l  250 f e e t  deep i t  was 115 
ppm; and from a w e l l  393 f e e t  deep, which a l s o  taps  t h e  Carr izo  Sand, i t  was 
only  58 ppm. 

The Weches Greensand i s  not  known t o  y i e l d  f r e s h  water  t o  we l l s  i n  Gonzales 
County. Water samples were obtained from Well KR-67-22-402, 32 f e e t  deep, and 
Well KR-67-35-601, 100 f e e t  deep,, were s l i g h t l y  s a l i n e ,  very hard, and unsu i t -  
a b l e  f o r  most uses.  The i r o n  content  of one sample was 4 . 9  ppm. 

The geologic formations younger than t h e  Spa r t a  Sand (Table 1) y i e l d  only 
small q u a n t i t i e s  of water  t o  we l l s  i n  Gonzales County p r i n c i p a l l y  f o r  domestic 
and l ives tock  use. Water from tlhe Cook Mountain Fonnat:ion was f r e s h  t o  moder- 
a t e l y  s a l i n e ;  £ran  t h e  Yegua Fonnation, f r e s h  t o  moderately s a l i n e ;  and, from 
the  Jackson Group, f r e s h  t o  s l i g h t l y  s a l i n e .  The Catahoula Tuff,  Oakvi l le  
Sandstone, and the  a l l u v i m  a l l  y ie lded  f r e s h  water.  Shallow we l l s  t h a t  t ap  
both the  al luvium and underlying formations y ie lded  f r e s h  t o  moderately s a l i n e  
water .  



Temperature of Ground Water 

The temperature of ground water near  t h e  land su r face  i s  genera l ly  about 
t he  same a s  the  mean a i r  temperature of t h e  r eg ion  and inc reases  wi th  depth. 
The mean a i r  temperature i n  Gonzales County probably i s  about 7 0 ' ~ .  The temper- 
a t u r e  of the  water  i n  the  Carr izo  Sand ranged from 7h°F i n  Well KR-67-27-701,. 
which i s  180 f e e t  deep, t o  114OF i n  Well KR-67-44-402, which i s  2,425 f e e t  deep, 
a  g rad ien t  of about 1.8OF per 100 f e e t  of depth. The temperature of t h e  water 
i n  t h e  Wilcox Group ranged from 72OF i n  Well KR-67-19-901, which i s  230 f e e t  
deep, t o  101°F i n  Well KR-67-28-202, which i s  1,548 f e e t  deep, a  g rad ien t  of 
n e a r l y  2OF per 100 f e e t  of depth.  

AVAILABILITY OF GROUND WATER FOR FUTURE DEVEWPMENT 

The a v a i l a b i l i t y  of water f o r  f u t u r e  development from the  a q u i f e r s  i n  
Gonzales County i s  dependent upon s e v e r a l  hydrologic and economic f a c t o r s ,  
Among the  hydrologic f a c t o r s ,  t he  most important a r e  the  a b i l i t y  of t he  aqu i -  
f e r s  t o  t ransmi t  water,  t he  amount of water i n  s torage ,  and the  r a t e  of 
recharge  t o  the  a q u i f e r s .  Economic f a c t o r s  inc lude  the  c o s t  of wel l s - - in  some 
p laces  t h i s  f a c t o r  i s  very important because of t h e  g r e a t  depth t o  t h e  top of 
the  aqu i fe r s .  

Wilcox Group 

Tne Wilcox Group i n  Gonzales County i s  tapped by only a  few wells ,  p r i n -  
c i p a l l y  i n  o r  near  t h e  a r e a  of outcrop, due mainly t o  t h e  presence of t h e  over- 
ly ing  Carr izo  Sand, which i s  capable of y i e ld ing  t h e  needed q u a n t i t i e s  of water.  
Consequently, i t  i s  d i f f i c u l t  t o  eva lua te  q u a n t i t a t i v e l y  i t s  p o t e n t i a l .  

E l e c t r i c  logs of o i l  t e s t s  i n d i c a t e  t h a t  t he  Wilcox conta ins  f r e s h  t o  
s l i g h t l y  s a l i n e  water i n  the  a r e a  of outcrop and downdip t o  a  l i n e  t h a t  extends 
roughly from t h e  southwestern corner  of the  county northeastward t o  about 
Gonzales, thence eastward t o  t h e  county l i ne .  Within t h i s  a rea ,  t he  th ickness  
of 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  ranges over r a t h e r  wide 
l i m i t s  .within a  s h o r t  d is tance .  Avai lab le  d a t a  i n d i c a t e  t h a t  t h e  s a t u r a t e d  sand 
sand i s  t h i c k e s t  i n  t h e  western p a r t  of t h e  county where e l e c t r i c  logs show a s  
much a s  830 f e e t  of sand 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 about  8 mi les  
mi les  no r theas t  of Nixon. I n  t h i s  p a r t  of t he  county, t h e  s a t u r a t e d  sand th i ck -  
ness  probably averages about  250 f e e t ;  i n  t h e  e a s t e r n  p a r t  of t he  county where 
few da ta  a r e  ava i l ab le ,  t he  sand th ickness  may be somewhat l e s s .  

On t h i s  bas is ,  t h e  Wilcox Group seemingly i s  capable of furn ish ing  con- 
s i d e r a b l y  l a rge r  q u a n t i t i e s  of water than a r e  now being produced from i t .  

Carr izo  Sand 

The Carr izo  Sand i s  the  p r i n c i p a l  source f o r  the  development of ground 
water i n  Gonzales County. F igure  9 shows t h 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  Carr izo  Sand and t h e  apprloximate depth t o  t h e  top 
of the  aqu i fe r .  This  depth i s  about 1,800 f e e t  i n  t h e  v i c i n i t y  of Gonzales, i n  
t h e  c e n t r a l  p a r t  of t h e  county, and a s  much a s  3,800 f e e t  i n  the  southwestern 
p a r t  of the  county. The th ickness  of the  sands i n  the Carr izo  t h a t  con ta in  
f r e s h  t o  s l i g h t l y  s a l i n e  water i s  shown i n  Figure 10. The s a t u r a t e d  th ickness  



i s  s l i g h t l y  more than 900 f e e t  i n  the  v i c i n i t y  of Waelder and about 800 f e e t  i n  
the  Nixon -Smi l ey  a rea .  Between these  two areas ,  t h e  th ickness  decreases 
r a p i d l y  u n t i l  i t  i s  l e s s  than  100 f e e t  a t  Gonzales. The map a l s o  shows i n  a  
gene ra l  way, by the  th ickness  of t hese  sands, those p a r t s  of t h e  county where 
the  l a r g e s t  y i e l d s  may be expected. From a s tudy of F igure  10 and of t h e  pe r -  
formance of we l l s  t h a t  tap  t h e  Carr izo  i n  t h e  county, i t  i s  be l ieved  l i k e l y  
t h a t  y i e l d s  of a s  much a s  2,000 gpm can be obtained from properly cons t ruc ted  
we l l s  screened i n  t h a t  p a r t  of t he  Carr izo  t h a t  conta ins  f r e s h  t o  s l i g h t l y  
s a l i n e  water  i n  most of t h e  northeas t e r n  and southweste~:n p a r t s  of t h e  county. 

The Car r i zo  Sand i n  Gonzales County conta ins  a n  es t imated  80 m i l l i o n  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 n  s to rage .  This  f i g u r e  i t s e l f  i s  not  
s i g n i f i c a n t ,  however, because much of the  water w i l l  no t  d r a i n  f r e e l y  t o  we l l s .  

One of t h e  p r i n c i p a l  f a c t o r s  i n  determining the  amount of water a v a i l a b l e  
i s  t h e  a b i l i t y  of an  a q u i f e r  t o  t ransmi t  water t o  we l l s ,  I n  order  t o  e s t ima te  
t h e  amount of water t h a t  may be a v a i l a b l e  from the  Carrizo, a  s e t  of t h e o r e t i -  
c a l  computations was made. It was assumed t h a t  a  l i n e  of we l l s  was i n s t a l l e d  
about midway between the  center  l i n e  of t h e  Carr izo  outcrop and the  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 (Figure 10) .  The l i n e  of wel l s  would 
be about 46 mi les  long and extend from a poin t  on t h e  southwest county l i n e  
about 1.4 mi les  northwest of Nixon, t o  a  po in t  on the  no r theas t  county l i n e  
about  46 mi les  no r theas t  of Waelder, and i t  was assumed t h a t  the  we l l s  were 
pumped i n  such a  way t h a t  water l eve l s  along the  l i n e  o:E wel l s  were lowered t o  
400 f e e t  below the  land su r face .  It was assumed t h a t  during the  pumping period, 
no water  was recharged t o  the  aqu i fe r  except along t h e  c e n t e r l i n e  of t h e  out -  
crop a r e a  ( l i n e  of recharge)  and t h a t  recharge was adequate t o  keep the  a l t i -  
tude of the  water l eve l s  the  same everywhere along the  l i n e  of recharge,  On 
the  bas i s  of the  hydraul ic  g rad ien t  t h a t  would be e s t ab l i shed ,  i t  was computed 
t h a t  about 170,000 a c r e - f e e t  of water per year  (150 mgd) would be t ransmi t ted  
toward the  l i n e  of discharge.  I n  a d d i t i o n  t o  t h i s ,  during t h e  period of lower- 
i ng  of t he  water l eve l s  t o  400 f e e t ,  about 47,000 a c r e - f e e t  of water would be 
r e l eased  from s torage .  This i n d i c a t e s  t h a t  the  Carr izo  Sand i n  Gonzales County 
could be pumped i n d e f i n i t e l y  a t  t he  r a t e  of about 170,000 a c r e - f e e t  per year ;  
however, t h i s  r a t e  probably exceeds the  r a t e  of recharge t o  t h e  a q u i f e r  i n  
Gonzales County. It i s  est imated t h a t  a t  l e a s t  ha l f  of t h i s  amount, o r  85,000 
a c r e - f e e t  per year,  can be suppl ied  by recharge.  It should be r e a l i z e d  t h a t  i f  
t he  water l eve l s  a r e  lowered exct.ssively, t he  hydraul ic  g rad ien t  a t  the  i n t e r  - 
face  between the  s l i g h t l y  and the  moderately s a l i n e  water would be reversed, 
and u l t ima te ly  a  very slow i n t r u s i o n  of water of higher  s a l i n i t y  would occur 
e s p e c i a l l y  i n  t h e  sou theas t e rn  p a r t  of t h e  county. 

Another problem i s  the  t h r e a t  of contamination of the  water i n  the  Carr izo  
Sand from sa l ine-water -bear ing  si3nds above or  below t h e  Carr izo.  Wells tapping 
the  Carr izo  Sand a r e  cased through the  over ly ing  sal ine,-water  -bearing sands, 
and i n  some of the  o lde r  wel l s  t he  cas ing  may corrode oppos i te  t hese  sands, 
thus perm:itting ent rance  of t he  :saline water.  

A p o t e n t i a l  source of conta~nina t ion  of t h e  water i n  the  Carr izo Sand i s  by 
the  movement of b r ines  from underlying sands through improperly cased o i l  we l l s  
o r  from improperly plugged o i l  t e s t s .  I n  r e c e n t  years,  t he  Texas Water Devel- 
opment Board has made recomenda.tions, t o  the  o i l  opera tors ,  of the  depths t o  
which water-bearing formations a r e  t o  be pro tec ted  by casing,  and t h e  O i l  and 
Gas Divis ion  of the  Railroad Cmnis s ion  of Texas i s  respons ib le  f o r  the  pro tec-  
t i o n  of the  water-bearing formations. No contamination of t h i s  type has been 
repor ted  o r  observed i n  the  county. 



It i s  un l ike ly  t h a t  l a r g e  q u a n t i t i e s  of water w i l l  be developed from t h e  
Car r i zo  Sand i n  the  sou theas t e rn  p a r t  of Gonzales County, c h i e f l y  because of 
t h e  g r e a t  depth t o  t h e  top of t he  formation (Figure 10) and the  doub t fu l  qual -  
i t y  of much of the  water f o r  i r r i g a t i o n .  

Queen C i ty  Sand 

Wa.ter from the  Queen City Sand i s  used only f o r  domestic and l ives tock  
needs i n  Gonzales County. Because t h e r e  a r e  no large.-capaci ty w e 1  1s tapping 
t h i s  a q u i f e r  i n  the  county, i t  i s  d i f f i c u l t  t o  eva lua te  i t s  p o t e n t i a l  develop- 
ment. F igure  11 shows the  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  Queen City Sand and, by contours,  t h e  map shows the  approximate depth t o  
t h e  top of the  a q u i f e r  i n  Gonzales County. A s  shown on t h e  map (Figure l l ) ,  
most of the  f r e s h  t o  s l i g h t l y  s a l i n e  water occurs where the  depth t o  t h e  top of 
t h e  a q u i f e r  i s  l e s s  than 1,200 f e e t .  

The th ickness  of t he  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 i n  
the  Queen C i ty  va r i e s  g r e a t l y  w i t h i n  s h o r t  d i s t ances .  The th ickness  ranges 
from 0 a t  t h e  downdip l i m i t  of t h e  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  water 
(Figure 3) t o  a  maximum of 290 f e e t  and averages about 130 f e e t .  Based on t h e  
sand th ickness  and t h e  r a t h e r  l imi ted  a r e a l  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  
water, t he  quan t i ty  of water  p o t e n t i a l l y  a v a i l a b l e  i n  t h e  Queen C i ty  i s  r e l a -  
t i v e l y  small,  cons iderably  l e s s  than t h a t  £ran  the  Carr izo  Sand o r  t h e  Wilcox 
Group. Wells d r i l l e d  t o  t h e  Queen Ci ty  should be proper ly  cased t o  prevent  t h e  
en t r ance  of s a l i n e  water  from the  overlying f o r m a t i o ~ ~ s .  

S ~ a r t a  Sand 

The ex ten 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  Spar ta  Sand and the  
approximate depth t o  t h e  top of t h e  a q u i f e r  i n  Gonzales County a r e  shown on 
Figure  12. The contour l i n e s  show t h a t  the  Spa r t a  conta ins  f r e s h  t o  s l i g h t l y  
s a l i n e  water  i n  the  a r e a  of outcrop and f o r  a  d i s t a n c e  downdip t h a t  ranges from 
about 2 mi les  southwestward, where t h e  top of the  a q u i f e r  i s  l e s s  than 300 f e e t  
deep, t o  about 7 mi les  northeastward, where t h e  top of the  aqu i fe r  i s  almost 
1,200 f e e t  deep. The th ickness  of t h e  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  i n  t h e  Spar ta  Sand i n  Gonzales County i s  about 100 f e e t .  

Data a r e  not  s u f f i c i e n t  t o  eva lua te  q u a n t i t a t i v e l y  t h e  p o t e n t i a l  develop- 
ment of the  Spa r t a  Sand, However, on t h e  b a s i s  of the  performance of the  c i t y  
we l l s  a t  Wae lder ,  previous l y  discussed,  and t h e  gene ra l ly  unif orm hydrologic 
p rope r t i e s  of the  aqu i fe r ,  y i e l d s  of a s  much a s  200 gpm probably can be obtained 
anywhere w i t h i n  the  e x t e n t  of the  f r e s h  t o  s l i g h t l y  s a l i n e  water .  Wells 
d r i l l e d  t o  the  Spa r t a  Sand should be properly cased t o  prevent  t h e  en t rance  of 
s a l i n e  water from t h e  over lyi.ng sands. 

Other Formations 

The geologic formations younger than the  Spa r t a  Sand (Table 1 )  y i e l d  only 
smal l  q u a n t i t i e s  of water  t o  domestic and l ives tock  we l l s ,  With a  few excep- 
t i ons ,  t he  q u a l i t y  of t h e  water from these  we l l s  ranges from s l i g h t l y  t o  moder- 
a t e l y  s a l i n e  and i s  not  s u i t a b l e  f o r  , p u b l i c  supply, i n d u s t r i a l ,  o r  i r r i g a t i o n  
use. Data a r e  not  a v a i l a b l e  t o  permit a  q u a n t i t a t i v e  a p p r a i s a l  of t he  p o t e n t i a l  



of these un i t s ;  however, very l i t t l e  add i t iona l  development i s  ant ic ipated 
because of the low y ie lds  of the wells  and the  generally poor chemical qua l i ty  
of the water. 
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Table  4. - - ~ r i  llers ' logs of w e l l s  i n  Gonzales County 

Well 67-22-503 

Owner: C i ty  of Waelder. Driller: - - ,  

Rock----------------------- 

Gumbo---------------------- 

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

Gumbo---------------------- 

Rock----------------------- 

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

Shale and rock------------- 

Rock, hard----------------- 

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

Rock, hard----------------- 

Sha le  and gumbo------------ 

Rock----------------------- 

Sha le  and gumbo------------ 

Rock----------------------- 

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

Depth 
( f e e t )  

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

Sha le  and gumbo------------ 10 

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

Thickness 
( f e e t )  

Thickness 
( f e e t )  

Sha le  and g~anbo------------ 14 

Depth 
( f e e t )  

Sha le  and gumbo------------ 2 

Sha le  and gumbo------------ 13 

(Continued on next  page) 



Table 4. - -Dr i l l e r s  ' logs of wel ls  i n  Gonzales County--Continued 

Well 617-22 -503 --Continued 

Thickness 
( f e e t )  

Shale and soapstone-------- 39 

Sand----------------------- 24 

Shale, sandy--------------- 12 

Well 67-27-701 

Depth 
( f e e t )  

Owner: W. B. Soefje .  D r i l l e r :  J. Ma a tek .  

Thickness 
( f e e t )  

-- 

Well 67-28-203 

Owner: Texas ~ l k ' s  Chi ldrens Hospi t a  1. D r i l l e r  : Layne-Texas Co. 

Depth 
( f e e t )  

S o i l  and gravel------------ 4 

Clay, sandy, and gravel---- 50 

Sand and sandy clay-------- 78 

Rock, sandy---------------- 3 

Shale, sandy--------------- 8 

Sand----------------------- 112 

Shale, sandy--------------- 12 

Sand----------------------- 55 

Shale, sandy--------------- 16 2 

Sand and shale,  hard------- 30 

Sand----------------------- 14 6 

Shale, sand breaks--------- 85 

Shale-------------------- 43 

Sand-------------------- 14 

Shale and sandy shale------ 170 

Sand, hard----------------- 3 

Shale--------------------- 14 

Shale and sand------------- 57 

Sand---------------------- 35 

Shale and sandy shale------ 50 

Shale---------------------- 35 

Sand, sha le  breaks --------- 365 

Sand----------------------- 44 

Shale---------------------- 22 



Table 4. - - ~ r i l l e r s  ' logs of we l l s  i n  Gonzales County--Continued 

Well 67-29-101 

Thickness 
( f e e t )  

Owner: M. C. Butcher. D r i l l e r :  M. H. Hanson. 

C l a y  and rock-------------- 40 

Clay----------------------- 20 

Shale---------------------- 8 0 

Sand ---------------------- 50 

Shale---------------------- 8 O 

Shale and shell------------ 70 

Sand----------------------- 4.0 

Depth 
( f e e t )  

Shale, hard, sandy wi th  
shell-------------------- 12 O 

Shale, sandy wi th  sand 
streaks------------------ 15 0 

Thickness 
( f e e t )  

Sand wi th  hard s treaks-----  8 

Depth 
( f e e t )  

Well 67-31-701 

Owner: HoustonMunson, Jr. D r i l l e r :  JohnMaresh. 

Surface soi l ---------------  10 

C l a y ,  10 

Shale, l i g h t  blue---------- 60 

Well 67-35-401 

Owner: Quien Sabe Ranch. D r i l l e r :  R. McCollough. 

Surface soil--------------- 3 

Gravel and clay------------ 3 3 

Rock, hard----------------- :2 

Shale and rock, sandy------ 26 

Rock----------------------- 12 

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

Shale, sticky-------------- 8 

Sand, hard, and rock------- 43 

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

Sand and rock-------------- 73 

Shale and l igni te----------  11 

Sand--------------------- 49 

Shale,  hard, sandy l i g n i t e -  14 

Shale and sand s t reaks- - - - -  3 1  

Sand, coarse  (water) ------- 2 7  

Sand, hard----------------- 36 

(Continued on next  page) 

- 77 - 



Table 4. - - D r i  l l e r s  ' logs of wel ls  i n  Gonzales County--Continued 

Sand, s h a l e  and l ign i t e - - - -  27 

Lignite-------------------- 4 

Sand, coarse, loose-------- 110 

Sand, hard, boulders ------- 43 

Sand, hard, and rocks ------ 4 

f 

Well 6 7-35 -802 

Owner: Lloyd Cook. D r i l l e r :  A. R. Thierry.  

Depth 
( f e e t )  

Sand, f ine ,  and gravel----- 71 

Shale---------------------- 4 

Sand, coarse  (water)------- 17 

~~~k- - - - - - - - - - - - - - - - - - - - - - -  2 

Sand, coarse  (water) ------- 62 

sha le ,  sandy--------------- 12 O 

Sand, black---------------- 38 

I Shale, brown--------------- 66 
I ~ 
Sand, bro~n-------------- 46 

~ Rock----------------------- 5 

S h a l e  and rock------------- 83 

Thickness 
( f e e t )  

Thickness 
( f e e t )  

647 

651 

668 

670 

732 
A 

Shale, sandy--------------- 190 

Shale, hard, brown--------- 91 

Shale, s o f t ,  white--------- 109 

Shale, hard, brown--------- 30 

Sand, white---------------- 80 

Depth 
( f e e t )  

Idell 67-37-201 

Owner: City of Gonzales. D r i l l e r :  Layne-Texas Co. 

arse--------------- Sand, con 9 

Shale and clay------------- 43 

Clay, blue, and s h a l e  
layers------------------- 49 

(Con tinued or 

Clay, blue, tough---------- 44 

Clay, b lue  and shale------- 22 

Sand and shale------------- 23 

Clay, blue, and shale------ 66 

Rock--------------------- 1 

I next  page) 



Table 4. - - ~ r i l l e r s  ' logs of wel l s  i n  Gonzales County--Continued 

Thickness 
( f e e t )  

Thickness 
( f e e t )  

Depth 
( f e e t )  

7-37-201--Continued 

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

Rock----------------------- 

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

Rock----------------------- 

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

Rock----------------------- 

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

Gumbo---------------------- 

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

Shale, sandy and shale----- 

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

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

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

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

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

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

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

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

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

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

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

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

Shale and sand------------- 

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

next  page) 

Well 

Shale, blue, and clay------ 186 

Sand----------------------- 64 

Shale and clay------------- 10 

Shale-------------------- 60 

Shale, hard, sandy--------- 27  

Shale, sof  t---------------- 16 

Rock----------------------- 1 

Shale, soft---------------- 1 15 

KOCk----------------------- 2 

Shale, hard---------------- 97 

Gumbo---------------------- 2 

Shale, sandy--------------- 159 

Rock----------------------- 1 

Shale, hard layers--------- 5 

Shale, sandy--------------- 167 

Shale, hard---------------- 37 

Rock----------------------- 1 

Shale, bard layers  --------- 40 

Shale, soft---------------- 5 1 

Shale, hard layers--------- 2 1  

Shale, soft---------------- 5,4 

Sand, blue----------------- 49 

Sand----------------------- 3 1  

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

Depth 
( f e e t )  

6 

476 

540 

550 

610 

637 

653 

654 

769 

771 

868 

870 

1,029 

1,030 

1,035 

1,202 

1,239 

1,240 

1,280 

1,331 

1,352 

1,406 

1,455 

1,486 

1,488 

(Continued on 



Table 4 . - -Dr i l le rs1  logs of w e l l s  i n  Gonzales County--Continued 

Well 6 7-37-201--Continued 

Thickness 
( f e e t )  

Owner: A .  C. Lowe. D r i l l e r :  

Surface soil--------------- 

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

Rock----------------------- 

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

Rock----------------------- 

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

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

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

Rock----------------------- 

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

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

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

Rock----------------------- 

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

Depth 
( f e e t )  

2,129 Shale, sandy--------- 83 

2,149 Sand, broken--------------- 3 1  

2,198 Sand-----------------LL---- 40 

2,209 1 1  Shale, sandy--------------- I 

Thickness 
( f e e t )  

Well 67-42-905 

+ 

Depth 
( f e e t )  

A .  R. Thierry.  

(Continued on next  page) 

5 

56 

58 

115 

116 

198 

236 

26 1 

262 

314 

331 

372 

375 

391 

Rock----------------------- 

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

Sand, s h e l l s  and shale----- 

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

Rock----------------------- 

Shale and sand------------- 

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

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

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

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

Rock----------------------- 

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

Shale, sandy, hard s t r e a k s -  

Shale, sticky-------------- 



Table 4 . - - ~ r i l l e r s '  logs of wel ls  i n  Gonzales County--Continued 

Shale wi th  lime------------ 48 

Shale, hard---------------- 154 

Rock, brown---------------- 1 

Shale, hard---------------- 79 

Shale and sand s t r e a k s  ----- 89 

Sand, hard----------------- 23 

Well 67-43-401 

Thickness 
( f e e t )  

Owner: Edgar Mercier, D r i l l e r :  A ,  R. Thierry.  

Depth 
( f e e t )  

Thickness 
( f e e t )  

Well 67-43-601 

Owner: Hubert Chandler. D r i l l e r :  A .  R. Thierry.  

Depth 
( f e e t )  

Gumbo and rock, hard------- 513 

Shale, sandy, and rock----- 67 

~~~k-- - - - - - - - - - - - - - - - - - - - - -  3 

Shale---------------------- 45 

Shale, hard and rock------- 88 

513 

580 

583 

628 

7 16 1 

(Continued ( 

Shale, sandy--------------- 14 

Shale, hard----------------- 10 

Shale, sandy--------------- 41 

Sand, green---------------- 45 

Sand and rock-------------- 20 

n next page) 



Table 4. - -Dr i l l e r s  ' logs of we l l s  i n  Gonzales County--Continued 

Well 67-43-601--Continued 

Thickness 
( f e e t )  

Shale, hard, sticky-------- 23 

Shale, hard, sand s t r eaks - -  71 

Sand, black---------------- 50 

I Shale, hard, sand s t r eaks - -  15 

Depth 
( f e e t )  

I Shale, limy, sand s t r eakso -  45 

Isand, f ine-grained, white-- 65 

Thickness 
( f e e t )  

Shale, limy, s o f t ,  f i n e  
sand, 67  

Depth 
( f e e t )  

Ishale, limy, hard---------- 23 

Shale, limy, s o f t ,  and 
sand, white,, fine-------- 88 

Shale, hard, and sand, 

fine 2 2 1  
Shale, limy, s o f t ,  sand 

streaks------------------ 

Shale and sand, l i g h t  -brown 
43 I 

Sand and sha le ,  limy------- 1111 

Sand, coarse-grained i n  
s t r e a k s  of f i n e  sand----- 13 1 

Shale and rock.------------- 
3 9 ~  

Well 67-51-102 

(Continued on next  page) 

Owner: Jack Wheat. D r i l l e r :  A .  R. Thierry.  

N~ record------------------ 440 

Shale---------------------- 58 

Shale, sticky-------------- 22 

Shale, sandy--------------- 114 

Shale,  hard, rock---------- 2 1  

Sand, hard streaks--------- 45 

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

Shale, sandy--------------- 23 

Shale, sticky-------------- 22 

Shale, s t i cky ,  sand s t r e a k s  68 

Shale, hard and sand 
streaks------------------ 23 

440 

498 

520 

634 

655 

700 

720 

743 

765 

833 

856 

Shale, sandy--------------- 14 

Sand brown---------------- 
.Y 85 

Shale, sandy--------------- 1 2  

Shale, sandy, hard s t r e a k s -  61 

Shale, hard, sand s t r eaks - -  45 

Lime, hard, s h a l e  and sand 
streaks---------------- 22 

Sand and lime, brown------- 23 

Shale, sandy--------------- 66 

Sand and shells------------ 33 

Shale, hard, and lime------ 30 

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



Tab l e  4. - -Dr i l l e r s  ' logs of we l l s  i n  Gonzales County--Continued 

Shale, limy, hard sand 
streaks---------------- 3 1  

Thickness 
( f e e t )  

I Sand, green, hard---------- 22  

Sand and sha le ,  hard 
streaks------------------ 13 9 

Shale, hard, sand s t r i n g e r s  45 

- 
Depth 
( f e e t )  

Shale, sandy, brown, hard 
streaks------------------ 22 

Shale, limy, hard, sandy 
streaks------------------ 113 

Thickness 
( f e e t )  

Sand, f ine-grained,  b lue  
and 45 

Depth 
( f e e t )  

Shale, limy, 

Shale, limy, s o f t ,  sand 
and shells--------------- 

Shale, hard, limy, s t i cky- -  531 
Sand, brown (and white, 

s t r e a k s  of shale--------- 

Sand, white, hard s h a l e  
streaks------------------ 
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Table 5.--Chemical a n a l y s e s  o f  wate r  from wel l s  i n  Gonzales county--Continued 

See foo tno tes  a t  end of t a b l e .  

S p e c i f i c  
~ o n d u c r a n c e  
(micromhos 
a t  25'C) 

551 

Sodium 
adsorp- 

t i o n  
r a t i o  
(SAR) 

23 7.8 

P e r -  
cen t  
so-  
dium 

97 

Resi-  
d u a l  

sod~um 
c a r -  

bona te  
(RSC) 

4.77 

Hard-  
ness  

a s  
CaC03 

6 

- 
t r a t e  
(NO3) 

0.0 

p a  
sium 
(K) 

3.2 

Boron 
(B) 

0.39 

FI,lu- 
r i d e  

(F) 

0.7 

- 
bonate 
(PCO3) 

298 

Dis- 
solved 
s o l i d s  

331 

M a g I ~ ~ o d ; u , i .  - 
f a t e  
(SOL+) 

16 

S i l i c a  
(Si02) 

16 

Water- 
bear -  

ing 
u n i t  

Tc 

sium 
(Mg) 

0.5 

Chill-  
r i d e  
(C1) 

19 

- 

Date of 
c o l l e c t i o n  

Apr. 26, 1962 

-- 
I ' Depth 

(Na) 

127 

I ron  
(Fe) 

0.08 

Wfll 

67-28-503 

i a l -  
cium 
(Ca) 

1.5 

o f 
well  
( f  t )  

385 
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Table 5.--Chemical ana lyses  of  wate r  from w e l l s  i n  Gonzales County--Continued 

See foo tno tes  a t  end o f  t a b l e .  

1 -  
t r d t e  
(lGo3) 

P e r -  
cep t  
s o -  
dlum 

Sodium 
adsorp- 

t i o n  
r a t l o  
(SAR) 

Resi-  
dua l  

sodium 
c a r -  

bonate 
(RSC) 

Sul -  
f a ~ ~  

(SOL,) 

Boron 
(E) I r a n  

(Fe) 

Depth I Y a ~ e  o i  1 ot 

Chlo- 
K iClr 

(C1) 

S p e c i f i c  
conductance 
(micromhos 
a t  25°C) 

Water- 
L e d l -  

~ n g  
unit 

wel l  
( f t )  

Dis-  
so lved  
s o l i d s  

Fluo- 
I L ~ S  

(F) 

Cal-  
cldm 

(Ca) 
pH S ~ l r ~ a  

(S1O2) collection 

Hard- 
c e s s  
a s  

CaC03 

Magne- 
s l u m  

(Mg) 

Sodlum 
(%) 

P o t a s - B l c a r -  
slum 
(K) 

h o n a r ~  
(HCO3) 
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- 
Table 5.--Chemical a n a l y s e s  o f  wate r  from w e l l s  i n  Gonzales County--Continued 

* Sodium and potassium c a l c u l a t e d  a s  sodium (Na). 
- - -  

y Analysis  made by personnel  of the  Works Progress  Adminis t ra t ion  under s u p e r v i s i o n  of Bureau of I n d u s t r i a l  Chemistry of  the U n i v e r s i t y  of Texas. 
ky Analys i s  by C u r t i s  Labora tor ies ,  Houston, Texas. 

Bicar-  
bonate 
(HC03) 

316 

338 

Sodium 
(Na) 

Po tas -  
sium 
(K) 

Gal- 
cium 
(Ca) 

259 

136 

*360 
I 

* 49 

Sul -  
f a t e  
(SO&) 

374 

173 

Magne- 
sium 
(Mg) 

25 

7.2 

S i l i c a  
(Si02) 

68 

77 

67-52-502 

601 

Fluo- 
r i d e  
(F) 

-- 

0.3 

Chlo- 
r i d e  
(C1) 

610 

166 

Date of 
collection 

Jan.  15, 1963 

Oct. 10, 1962 

I ron  
(Fe)  

-- 
-- 

Depth 
o  f 

we l l  
( f t )  

140 

132 

Water- 
bear -  

ing 
u n i t  

Tj  

Tc t  

N i -  
t r a t e  
(NOg) 

2 9  

.O 

Boron 
(B) 

- -  
-- 

Dis-  
so lved  
s o l i d s  

1,880 

906 

Hard- 
ness  

a s  
CaC03 

749 

369 

Per -  
c e n t  
so-  
dium 

5.1 

47 

Sodium 
adsorp- 

t i o n  
r a t i o  
(SAR) 

5.7 

3.4 

Resi-  
dua l  

sodium 
c a r -  

bonate 
(RSC) 
3.00 

.OO 

S p e c i f i c  
conductance 
(micromhos 
a t  25°C) 

3,070 

1,320 

pH 

6.9 

6.7 


