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FOREWORD 

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

Realigned and concentrated i n  the Texas Water Development Board were the  
inves t iga t ive ,  planning, development, research ,  financing, and support ing func- 
t ions ,  inc luding  the  r e p o r t s  review and pub l i ca t ion  funct ions .  The name Texas 
Water C m i s s i o n  was changed t o  Texas Water Rights  Cnmnission, and r e s p o n s i b i l -  
i t y  f o r  funct ions r e l a t i n g  t o  water - r ights  admin i s t r a 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 c u r r e n t  (pos t  September 1, 1965) assignment of 
r e s p o n s i b i l i t y  f o r  t h e  funct ion  mentioned. I n  o the r  words c r e d i t  f o r  a func- 
t i o n  performed by the  Texas Water Commission before  the  September 1, 1965 
r e a l i g w e n t  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 Board or  t o  t h e  Water Rights C m i s s i o n ,  depending on which agency now has 
r e s p o n s i b i l i t y  f o r  t h a t  funct ion .  

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 U A D A L U P E  C O U N T Y ,  T E X A S  

ABSTRACT 

Guadalupe County, i n  the West Gulf Coastal  P l a i n  of  sou th -cen t r a l  Texas, 
has an area  of 715 square mi les ,  and it had a  populat ion of 29,017 i n  1960. 
The economy of the county depends l a r g e l y  on a g r i c u l t u r e  and the production of  
o i l .  

The p r i n c i p a l  water-bearing u n i t s  underlying t h e  county a r e  the Wilcox 
Group, Carr izo  Sand, Edwards and assoc ia ted  limestones, Aust in Chalk, and the  
alluvium and Leona Formation. Of these  the  Wilcox Group and the Carr izo  Sand 
together  c o n s t i t u t e  the most favorable  a q u i f e r  f o r  l a rge - sca le  ground-water 
development. 

The y i e l d s  of water  we l l s  range from a  few gal lons  pe r  minute t o  a s  much 
a s  2,000 gpm (gallons pe r  minute),  t h e  l a r g e s t  y i e l d s  being from we l l s  i n  the  
Wilcox Group. P o t e n t i a l l y  l a r g e r  y i e l d s  genera l ly  can be expected from properly 
cons t ruc ted  we l l s  tapping both the  Carr izo  Sand and t h e  Wilcox Group. 

I n  1963, only 2,200 a c r e - f e e t  o r  2.0 mgd (mi l l ion  ga l lons  pe r  day) of 
ground water  was pumped i n  the county. Of t h i s  amount near ly  80,000 gpd (ga l -  
lons  per day) was f o r  publ ic  supply, about  800,000 gpd was f o r  i r r i g a t i o n ,  and 
t h e  r e s t  (1.1 mgd) was f o r  domestic and l i v e s t o c k  needs. Where ground-water 
supp l i e s  a r e  meager o r  d i f f i c u l t  t o  ob ta in ,  a s  i n  t h a t  p a r t  of  the  co t~nty  where 
the  Taylor Marl and Navarro Group crop out ,  t h e  domestic and municipal needs 
a r e  supplied by w e l l s  o u t s i d e  of  t h e  county o r  by c i s t e r n s .  

The chemical q u a l i t y  of the  water  from the  seve ra l  a q u i f e r s  d i f f e r s  widely. 
The Wilcox Group conta ins  f r e s h  t o  s l i g h t l y  s a l i n e  water  throughout a  l a rge  
p a r t  of  i t s  e x t e n t  i n  the  county; i n  general  the water  i s  hard t o  very hard and 
has a  high i r o n  content .  The water  from t h e  Carr izo  Sand i s  s o f t  t o  very hard, 
gene ra l ly  low i n  s u l f a t e  and ch lo r ide ,  high i n  i ron,  and i s  a c i d i c .  The a l l u v -  
ium and Leona Formation fu rn i sh  water  f o r  most purposes, but  the hardness and 
high concent ra t ion  of  n i t r a t e  render  the  water  l e s s  d e s i r a b l e  Eor publ ic  supply 
o r  domestic use.  The Edwards and assoc ia ted  l imestones y i e l d s  water  t h a t  com- 
monly conta ins  objec t ionable  q u a n t i t i e s  of hydrogen s u l f i d e .  I n  only a  small 
a r ea  i n  the  western p a r t  of the  county, the  water  from the Edwards i s  f r e sh ,  
conta in ing  l e s s  than 1,000 ppm (par t s  per  m i l l i o n )  d isso lved  s o l i d s ,  but very 
hard.  

The Carr izo  Sand and Wilcox Group, a s  an a q u i f e r ,  i s  capable of support ing 
a  ground-water development of a t  l e a s t  40 mgd wi th  pumping l e v e l s  not  exceeding 
400 f e e t  a long an assumed l i n e  of  d ischarge .  In  a d d i t i o n  t o  the  40 mgd which 
can be pumped i n d e f i n i t e l y ,  dur ing  the process of lowering the  water  l e v e l s  t o  



400 f e e t ,  about 7,000,000 ac re - fee t  o f  water  would be re leased  from s to rage  and 
made a v a i l a b l e  t o  wel ls .  I n  f ac t ,  the  a q u i f e r  probably t ransmi ts  annually on 
the  order  of 19 mgd a t  the  present  hydraul ic  gradient ,  o r  near ly  10  times t h e  
quan t i ty  of ground water  discharged by we l l s  from a l l  a q u i f e r s  and f o r  a l l  pur- 
poses i n  Guadalupe County. The alluvium and Leona Formation contained a n  e s t i -  
mated 156,000 ac re - fee t  o f  ground water  i n  s to rage  i n  1964. 



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

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

INTRODUCTION 

Locat ion and Extent of  Area 

Guadalupe County (Figure 1 )  occupies an a rea  of 715 square mi les  i n  south-  
c e n t r a l  Texas. The county is  near  the  boundary between the  Edwards Pla teau  and 
and the  West Gulf Coastal  P la in ,  and is bordered by t h e  fol lowing counties:  on 
the  north, by Coma1 and Hays; on the  e a s t ,  by Caldwell and Gonzales; on the  
south,  by Wilson; and on t h e  west, by Bexar. Seguin, the  county s e a t ,  is  about 
34 mi l e s  no r theas t  of  San Antonio. 

P u r ~ o s e  and Scoue of Inves t iga t ion  

The 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  t h e  Texas Water Development 
Board, the  Guadalupe-Blanco River  Authority,  Guadalupe County, and the  U.S. Geo- 
l o g i c a l  Survey. The purpose was t o  determine and descr ibe  the  ground-water 
resources  of  the county and t o  p resen t  information a s  a guide t o  t h e i r  develop- 
ment. The r e s u l t s  o f  the  i n v e s t i g a t i o n  a r e  described i n  t h i s  r epor t ,  which 
inc ludes  a d i scuss ion  of the  occurrence and a v a i l a b i l i t y  of  ground water,  the 
problems t h a t  may r e s u l t  from su r face  o r  subsurface d i sposa l  of b r i n e  from o i l  
f i e l d s  i n  t h e  a rea ,  and the  t abu la t ions  of  b a s i c  d a t a  obtained dur ing  the  inves- 
t i g a t i o n .  Moreover, determinat ions were made of  the  l o c a t i o n  and e x t e n t  of the  
water-bearing formations, the  chemical q u a l i t y  of t h e  water  contained,  the  quan- 
t i t y  of ground water  being withdrawn and the  e f f e c t s  o f  these  withdrawals on 
the  water  l e v e l s ,  t h e  hydraul ic  c h a r a c t e r i s t i c s  of  t h e  important water-bearing 
formations, and t h e  est imated 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  develop- 
ment. 

The r e p o r t  i s  based on records of  426 water  we l l s  and sp r ings  (Table 3 ) ,  
88 e l e c t r i c  logs  o f  wel l s ,  15 d r i l l e r s '  logs (Table 5) ,  chemical analyses of  
water  co l l ec t ed  dur ing  t h i s  i n v e s t i g a t i o n  and previous ones (Table 6 ) ,  cl imato-  
l o g i c a l  d a t a  (Figures 2 and 3 ) ,  streamflow da ta ,  and water - leve l  da t a .  

The i n v e s t i g a t i o n  cons is ted  of  an inventory of  a l l  publ ic  supply, i r r i g a -  
t i on ,  and i n d u s t r i a l  wel l s ,  and a r ep resen ta t ive  number of  the domestic we l l s ,  
l i v e s t o c k  wel l s ,  and o i l  t e s t s  t o  provide b a s i c  ground-water d a t a  throughout 
the  county (Table 3) .  The e l e c t r i c  and d r i l l e r s '  logs  of wel l s ,  i n  conjunct ion 
wi th  o the r  da t a ,  were used t o  s tudy t h e  subsurface geology and t o  determine the  
thickness of sand conta in ing  f r e sh  t o  s l i g h t l y  s a l i n e  water  and the  a l t i t u d e  of 
the  base of  t h i s  water.  An inventory was made of  t h e  1963 municipal,  indus- 
t r i a l ,  and i r r i g a t i o n  pumpage; and es t imates  were made of  the  pas t  pumpage. 
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Previous Inves t iga t ions  

Basic da t a  from p r i o r  i nves t iga t ions  on ground water  i n  the county a r e  
incorporated i n  t h i s  repor t .  The e a r l i e s t  r e p o r t  on the s u b j e c t  by A l t g e l t  and 
Michal (1937) contained an inventory o f  we l l s  and springs,  records of w e l l s ,  
chemical analyses of water  samples, d r i l l e r s '  logs, and a  map showing the  loca-  
t i o n s  of  we l l s  and spr ings .  The publ ic  water  supp l i e s  of Marion and Seguin 
were described by Broadhurst, Sundstrom, and Rowley (1950, p. 58-59). A recon- 
naissance r e p o r t  on the  ground-water resources  of  the Guadalupe, San Antonio, 
and Nueces River  Basins by Alexander, Kyers, and Dale (1963) contained d a t a  on 
the  ground water  i n  Guadalupe County. A d e s c r i p t i o n . o f  t h e  reg ional  geology, 
including the  geologic formations i n  the  r e p o r t  a rea ,  i s  i n  r e p o r t s  by Deussen 
(1924) and Se l l a rds  and o the r s  (1932). 

Reports on ground-water resources of  count ies  ad jacen t  t o  Guadalupe County 
include the following: Bexar (Arnow, 1963)) Caldwell (Rasmussen, 1947 and 
F o l l e t t ,  1965), Coma1 (George, 1952), Gonzales (Shafer, 1964)) Hays (De Cook, 
1963)) and Wilson (Anders, 1957). 

Economic Develo~ment  

The income i n  Guadalupe County is  der ived  p r i n c i p a l l y  from farming and the 
r a i s i n g  of  l i ves tock .  According t o  t h e  U.S. Bureau of the Census (1961, 
p. 161),  134,783 ac res ,  o r  29 percent  of the  land a r e a  i n  the county, was c u l t i -  
vated i n  1959. Of t h e  acreage c u l t i v a t e d  i n  1963, only 735 ac res  was i r r i g a t e d  
wi th  su r face  water,  whereas 990 ac res  was i r r i g a t e d  wi th  ground water .  The 
p r i n c i p a l  crops included corn,  g r a i n  sorghum, cot ton,  grasses ,  watermelons, pea- 
nuts ,  pecans, and a  v a r i e t y  of vegetables .  

The product ion of b i l  i s  a l s o  an important source of revenue i n  the  county. 
O i l  was discovered i n  1929 about 13 mi l e s  e a s t  of Seguin, i n  an a rea  now p a r t  
of  the Darst  Creek f i e l d .  According t o  records of  the Railroad Commission of 
Texas (1963)) the cumulative production i n  Guadalupe County through 1962 was 
about 120 m i l l i o n  b a r r e l s ,  of which 5 m i l l i o n  b a r r e l s  was produced i n  1962. 
These f i g u r e s  a r e  conservat ive because they do not  include some production from 
f i e l d s  t h a t  extend across  t h e  county l i n e .  

I n  1960, the  county had a  populat ion of  29,017, of which 14,299 l ived  i n  
Seguin. Other towns i n  the  county include Schertz ,  populat ion 2,281; Marion, 
557; Cibolo, McQueeney, and Kingsbury, each about  300; and Staples ,  150. 

From these small  communities come products t h a t  c o n t r i b u t e  t o  the county 
economy, such a s  poul t ry ,  f l o u r ,  f i be rg la s s ,  c l o t h ,  s t e e l ,  Mexican food, and 



f u r n i t u r e .  Supplementary income is cont r ibuted  by t o u r i s t s  who a r e  a t t r a c t e d  
to  the  lakes  along the Guadalupe River.  

P h v s i o e r a ~ h v  and Drainage 

Guadalupe County i s  i n  the  West Gulf Coastal  P l a in  of Texas (Fenneman, 
1938, p. 100).  The county i s  divided i n t o  two northeastward-trending b e l t s  
which a r e  c l e a r l y  marked by s o i l ,  p l an t ,  and topographic c h a r a c t e r i s t i c s .  

The blackland p r a i r i e  b e l t  i s  in  the  northwestern t h i r d  of the county i n  
the  a rea  under la in  by rocks of the Taylor, Navarro, and Midway Groups. The s u r -  
face i s  h i l l y ,  and the s o i l  produced from the weathering of  the rocks is  r i c h ,  
heavy, and black. Local ly,  f a u l t i n g  has r e s u l t e d  i n  a  h i l l - and-da le  topography. 

The post-oak b e l t  occupies most of t h e  r e s t  of  t h e  county. I n  t h i s  b e l t ,  
the  su r face  s lopes  gent ly  southeastward, and t h e  s o i l  i s  sandy and heav i ly  
timbered . 

The most prominent physiographic f ea tu res  i n  the county a r e  the broad, 
f l a t ,  a l l u v i a l  p l a i n s ;  f o r  example, t h e  one (on which t h e  c i t y  of Seguin i s  
s i t u a t e d )  t h a t  extends gene ra l ly  northward a  few miles  from Seguin--or t h e  one 
t h a t ,  extending along Cibolo Creek, reaches i t s  maximum width 3 o r  4 mi les  south 
of  Marion. Both of  these  a l l u v i a l  p l a ins  a r e  covered by b lack  topso i l ,  gener- 
a l l y  c u l t i v a t e d ,  and very  productive. 

The a l t i t u d e  of the land su r face  i n  t h e  county ranges from about  900 f e e t  
a  few mi les  nor th  of  Schertz  t o  about 300 f e e t  i n  the  Guadalupe River channel 
where t h e  r i v e r  leaves  the  county. 

Most of the  county i s  i n  the  dra inage  bas in  of the  Guadalupe River; the  
western fou r th  of the  county i s  i n  the  San Antonio River  Basin. Cibolo Creek, 
a  t r i b u t a r y  of the  San Antonio River, d r a i n s  a n  area  ad jacen t  t o  Bexar and 
Wilson Counties.  The Guadalupe River  e n t e r s  t h e  county northwest of Seguin, 
flows southeastward through Seguin, and thence eastward i n t o  Gonzales County. 
The no r theas t e rn  p a r t  of  the county i s  drained by the  San Marcos River,  a  t r i b u -  
t a r y  of  the  Guadalupe River. 

Climate 

The subhumid c l imate  of Guadalupe County i s  cha rac te r i zed  by moderate r a i n -  
f a l l ,  mild winters ,  and h o t  summers. The normal annual p r e c i p i t a t i o n  a t  Seguin 
during the  period 1931-60 was 30.85 inches. The p r e c i p i t a t i o n  ranged from 15.89 
inches i n  1956 t o  49.47 inches i n  1949 (Figure 2 ) .  The p r e c i p i t a t i o n  i s  f a i r l y  
wel l  evenly d i s t r i b u t e d  throughout the  year ,  t h e  monthly average ranging from 
1 . 7 1  inches i n  November t o  3.60 inches i n  September (Figure 3) .  

The normal annual temperature a t  Seguin was 69.Z°F f o r  the  period 1931-60; 
the normal monthly temperature ranged from 52.5"F i n  January t o  84.3OF i n  
August. The average annual gross  l ake  su r face  evaporat ion i n  Guadalupe County, 
f o r  the  period 1940-57 was about 63 inches (Figure 3 ) ;  t h i s  i s  more than twice 
the  normal annual p r e c i p i t a t i o n  a t  Seguin. 





Figure 3 

Normal Monthly Temperature and Precipitation at Sequin, and 
Average Monthly Gross Lake Surface Evaporation in Guadalupe County 

(From US Weother Bureou and Texas Board of Woter Engineers. 19601 
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Well -Numbering System 

The numbers assigned t o  we l l s  i n  t h i s  r e p o r t  conform t o  the Statewide 
system which is used by the Texas Water Development Board and which i s  based on 
t h e  d i v i s i o n  o f  Texas i n t o  1-degree quadrangles bounded by l i n e s  of l a t i t u d e  
and longitude.  F igure  4 i l l u s t r a t e s  the  well-numbering system. Under t h i s  
system, each 1-degree quadrangle i n  the  s t a t e  i s  given a  number cons i s t ing  of 
two d i g i t s .  These a r e  the f i r s t  two d i g i t s  appearing i n  the we l l  number. Each 
1-degree quadrangle i s  d iv ided  i n t o  7*-minute quadrangles which a re  a l s o  given 
2 - d i g i t  numbers from 01 to  64. These a r e  the  t h i r d  and four th  d i g i t s  of t h e  
well  number. Each of  t h e  7*-minute quadrangles i s  subdivided i n t o  2:-minute 
quadrangles and a r e  s i m i l a r l y  designated by 1 - d i g i t  numbers from 1 t o  9. This 
is  the  f i f t h  d i g i t  of  the  wel l  number. F i n a l l y ,  each wel l  w i t h i n  a  2*-minute 
quadrangle i s  given a  2 - d i g i t  number i n  the o rde r  i n  which the  wel l  i s  inven- 
t o r i e d ,  s t a r t i n g  wi th  01. These a r e  t h e  l a s t  two d i g i t s  of  the  wel l  number. 
I n  a d d i t i o n  to  the 7 - d i g i t  we l l  number, a  2 - l e t t e r  p r e f i x  is  used t o  i d e n t i f y  
the county. The p r e f i x  f o r  Guadalupe County i s  KX. Thus, Well KX-68-31-401 
(Pla te  1 )  i s  i n  Guada lu~e  County (KX), i n  the  1-degree quadrangle 68 ( the num- 
bers  of t h e  we l l s  i n  Guadalupe County begin wi th  67 and 68), i n  the 7*-minute 
quadrangle 31, i n  the  2$-minute quadrangle 4, and was the  f i r s t  wel l  (01) inven- 
to r i ed  i n  t h e  2*-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 la te  I ) ,  t h e  7s- 
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  symbol conta ins  the  number of 
t h e  2e-minute quadrangle i n  which the wel l  i s  located and t h e  number of the  
we l l  w i th in  t h a t  quadrangle. 

Def in i t i on  of Terms 

I n  the  fol lowing s e c t i o n s  of the  r epor t ,  c e r t a i n  t echn ica 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 s s i f i c a -  
t ion ,  these  terms a r e  def ined .  

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

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

Coef f i c i en t  of  permeability.--The r a t e  of  flow of  water  i n  ga l lons  per  
day through a c ross - sec t iona l  area of  1 square foo t  under a  u n i t  hydraul ic  grad- 
i e n t .  

Coef f i c i en t  of  storage.--The volume of water  an a q u i f e r  r e l e a s e s  from o r  
takes  i n t o  s to rage  per  u n i t  of sur face  area  of the  a q u i f e r  per u n i t  change i n  
the  component of head normal t o  t h a t  sur face .  Under wa te r - t ab le  condi t ions  the  
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 l d ,  which i s  
defined a s  t h e  volume of  water  re leased  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  g rav i ty  dra inage  o r  r e f i l l i n g  of  the  
zone through which t h e  water  t a b l e  moves, and p a r t l y  t o  compress ib i l i ty  of  the 
water  and a q u i f e r  ma te r i a l  i n  t h e  sa tu ra t ed  zone. 
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Well -Numbering System 
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Coef f i c i en t  of  t r a n s m i s s i b i l i t y .  --The number o f  ga l lons  of  water  t h a t  w i l l  
move i n  1 day through a  v e r t i c a l  s t r i p  of  t h e  a q u i f e r  1 f o o t  wide and having the 
he igh t  of  the  a q u i f e r  when t h e  hydraul ic  g rad ien t  is  un i ty .  It i s  the  product 
of the f i e l d  c o e f f i c i e n t  of  permeabil i ty  and the sa tu ra t ed  th ickness  of  the  
aqu i fe r .  

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 a l s o  t h e  su r face  formed by the water  t a b l e  i n  the  outcrop 
a reas .  The terms a r e  synonymous i n  the outcrop area ,  bu t  only piezometr ic  su r -  
face i s  app l i cab le  t o  a r t e s i a n  a reas .  

Res is t iv i ty . - -That  proper ty  of a  ma te r i a l  which c h a r a c t e r i z e s  i t s  opposi- 
t i o n  t o  the  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  ma te r i a l  
is a  func t ion  of both the  t e x t u r e  of  t h e  ma te r i a l  and t h e  contained f l u i d  and 
is  recorded i n  ohms per  square meter  per  meter (ohms m2/m) i n  e l e c t r i c  logs of  
w e l l s .  

S p e c i f i c  capacity.--The d ischarge  of a  we l l  expressed a s  the  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 (conductivity).--As expressed i n  micromhos pe r  c e n t i -  
meter a t  25'C, 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 .  
The conduc t iv i ty  is  approximately propor t ional  t o  the  con ten t  of d isso lved  
s o l i d s .  Herein the  term i s  used i n  connect ion wi th  the  d e s c r i p t i o n  of the  qual-  
i t y  of  water .  

Spontaneous potent ial . - -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 .  

Transmission capacity.--The quan t i ty  of wa te r  t h a t  can be t ransmi t ted  
through a  given width of  an a q u i f e r  a t  a  given hydraul ic  g rad ien t .  

Water l e v e l  ( s t a t i c  l e v e l  o r  h y d r o s t a t i c  l eve l ) . - - In  an unconfined (water 
t a b l e )  aqu i f e r ,  it i s  t h e  d i s t a n c e  from t h e  land su r face  t o  t h e  water  t ab le ;  
i n  a  confined ( a r t e s i a n )  aqu i fe r ,  the  term a p p l i e s  t o  the  l e v e l  t o  which the  
wa te r  w i l l  r i s e  e i t h e r  above o r  below t h e  land su r face .  

Water table.--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  
su r face  i s  formed by impermeable m a t e r i a l .  

Yield.--The fol lowing r a t i n g s  apply f o r  genera l  d i scuss ions  of y i e l d s  of  
w e l l s  i n  Guadalupe County. 

I n  t h i s  r epor t ,  water  conta in ing  l e s s  than 1,000 ppm (pa r t s  per  m i l l i o n )  
d isso lved  s o l i d s  is  considered f r e sh ;  1,000 t o  3,000 ppm, s l i g h t l y  s a l i n e ;  
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Description 

Small 

Moderate 

Large 

Yield i n  
ga l lons  p e r  minute (gpm) 

Less than 50 

50 t o  500 

More than 500 



3,000 t o  10,000, moderately s a l i n e ;  10,000 t o  35,000, very  s a l i n e ;  and more 
than 35,000, br ine  (Winslow and Kis ter ,  1956, p. 5) .  

GEOLOGY AS RELATED TO THE OCCURRENCE OF GROUND WATER 

The geologic formations t h a t  a r e  penetrated by water  we l l s  o r  t e s t  w e l l s  
i n  Guadalupe County range i n  age from Cretaceous t o  Quaternary and a r e  composed 
c h i e f l y  of sand, sandstone, gravel ,  c lay,  sha le ,  marl, and limestone. The 
thickness,  l i t ho logy ,  and water-bearing p roper t i e s  of the  rocks a r e  summarized 
in  Table 1, although only those rock u n i t s  important t o  the  ground-water 
resources a r e  discussed i n  d e t a i l  i n  t h i s  r epor t .  The rock u n i t s  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 n  the  county are ,  from o l d e s t  t o  youngest: t he  
Edwards and associa ted  limestones and the  Aust in Chalk of Cretaceous age; the  
Wilcox Group, Carr izo  Sand, and Reklaw Formation o f  T e r t i a r y  age; and the a l l u -  
vium and Leona Formation of Quaternary age. 

L i t t l e  i s  known o f  the  water-bearing p roper t i e s  of the  S l igo  and Hosston 
Formations of Early Cretaceous age i n  Guadalupe County. However, water  r epor t -  
edly from the  Sl igo  (depth 1,998 f e e t )  i n  Well KX-68-31-212 contained 3,000 ppm 
s u l f a t e  and 4,920 ppm dissolved s o l i d s  (Table 6). Well KX-68-30-602, o r i g i n a l l y  
d r i l l e d  t o  t h e  Edwards and associa ted  limestones, was deepened i n  1947 t o  the  
basa l  sands of the  T r i n i t y  Group. Water from a loose,  coarse sand from 2,225 
t o  2,350 feet--probably the  Hosston Formation--reportedly contained 1,530 ppm 
s u l f a t e .  The S l i g o  and Hosston Formations probably con ta in  moderately s a l i n e  
water  o r  worse throughout Guadalupe County; therefore ,  they w i l l  no t  be d i s -  
cussed f u r t h e r  i n  t h i s  r e p o r t .  

The general  geologic s t r u c t u r e  i n  the  county is  f a i r l y  simple. The forma- 
t i o n s  crop out  i n  b e l t s  t h a t  t rend genera l ly  northeastward (Plate  l ) ,  the  o ld-  
e s t  un i t - - the  Austin Chalk--cropping ou t  i n  the  western p a r t  of the  county. 
The formations d i p  southeastward toward the  Gulf of Mexico a t  a r a t e  s l i g h t l y  
g r e a t e r  than the  d i p  of the land surface ;  the  r a t e  of d i p  increases r a t h e r  
r ap id ly  i n  the  southeas tern  p a r t  of the  county. The genera l  s t r u c t u r e  and the  
r e l a t i o n s h i p  between the  formations a r e  shown on the  geologic s e c t i o n  (Plate  2) .  
The contac ts  between the  formations a r e  based on the  i n t e r p r e t a t i o n  o f  e l e c t r i c  
logs  of o i l  t e s t s ,  and consequently may be somewhat a t  var iance  wi th  those based 
on pa leonto logica l  da ta .  

The formations i n  t h e  county a r e  c u t  by two major systems of no r theas te r ly -  
t rending f a u l t s .  I n  the  northwestern p a r t  of the  county, t he  f a u l t s  (which 
belong t o  the  Balcones f a u l t  system) genera l ly  a r e  of the normal o r  tens ion  
type i n  which the  downthrown s i d e  i s  toward the  southeas t .  Conversely, although 
i n  the  e a s t e r n  and southern p a r t s  of the  county, t he  f a u l t s  (which belong t o  the  
the  Luling-Mexia f a u l t  system) a r e  normal f a u l t s  a l so ,  t he  downthrown s i d e s  a r e  
toward the northwest. Only a few of the f a u l t s  a r e  shown on t h e  geologic map 
(Pla te  I), and, f o r  purposes of s impl i f i ca t ion ,  none a r e  shown on the  geologic 
s e c t i o n  (P la t e  2). 

The a x i s  of the  San Marcos Arch, a subsurface s t r u c t u r a l  a rch  (Sel lards 
and o the r s ,  1932, p. 266), approximately follows t h e  course of the  San Marcos 
River. The arch probably has l i t t l e  e f f e c t  on the  occurrence of ground water  
i n  the  county, but has r e su l t ed  i n  a thinning of some of t h e  sediments t h a t  
normally occur above the  Edwards and associa ted  limestones. 





Edwards and Associated Limestones 

The Edwards and a s soc ia t ed  limestones i n  Guadalupe County comprises t h e  
Comanche Peak, Edwards, and Georgetown Limestones. As s t a t e d  by P e t i t t  and 
George (1956, p. 21), " . . . in  some p laces  i t  is impossible t o  d i s t i n g u i s h  the  
Edwards from the over ly ing  Georgetown Limestone and the  underlying Comanche 
Peak Limestone, both of  which a r e  water  bearing,  t h e  t h r e e  formations a r e  
r e fe r r ed  t o  a s  the Edwards and assoc ia ted  l imestones."  

The Edwards and assoc ia ted  limestones is  p resen t  i n  Guadalupe County only 
i n  t h e  subsurface.  For purposes of t h i s  r,Eport, i t  was mapped only i n  approxi-  
mately t h e  northwestern h a l f  of  t h e  county where it occurs a t  depths ranging 
from 490 f e e t  above sea  l e v e l  (880 f e e t  below land su r face )  i n  Well KX-68-30-306 
(Figure 5 )  t o  2,055 f e e t  below sea  l e v e l  ('2,455 f e e t  below land su r face )  i n  Well 
KX-67-18-602. The u n i t  c o n s i s t s  of about 550 f e e t  of hard, massive limestone 
and dolomit ic  l imestone i n  which some marl and f l i n t  is  present .  The limestone 
i s  cavernous i n  p laces .  The u n i t  i s  the p r i n c i p a l  a q u i f e r  i n  an a r e a  along the  
Balcones f a u l t  zone extending from Kinney County on the  west  t o  a t  l e a s t  Hays 
County on the north. Within t h i s  a rea ,  the  u n i t  y i e l d s  moderate t o  l a r g e  sup- 
p l 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  many sp r ings  and a l a r g e  number of  
we l l s .  The Edwards and assoc ia ted  l imestones i s  n o t  s o  p r o l i f i c  an a q u i f e r  i n  
Guadalupe County; however, the  u n i t  y i e l d s  small t o  moderate supp l i e s  of f r e s h  
water  t o  a  few we l l s  only i n  an a rea  nor th  of  Schertz .  South and sou theas t  of  
t h e  l i n e  t rending nor theas t  through t h e  western corner  of  the county (Figure 5) ,  
the  water  i n  the  u n i t  conta ins  hydrogen s u l f i d e  and more than 1,000 ppm d i s -  
solved s o l i d s ,  and f a r t h e r  downdip the  water  becomes too h ighly  mineral ized f o r  
most purposes. I n  some of  the  southern and southeas tern  p a r t s  of the county, 
the  u n i t  y i e l d s  commercial q u a n t i t i e s  o f  o i l .  

Aust in Chalk 

The Aust in Chalk, exposed on t h e  upthrown s i d e s  of f a u l t s  i n  the  western 
p a r t  of  the  county, is  i n  f a u l t  con tac t  w i th  t h e  Taylor Marl and Anacacho Lime- 
s tone,  u n d i f f e r e n t i a t e d  (Pla te  1 ) .  The Aust in ranges from about 60 t o  220 f e e t  
i n  thickness,  according t o  e l e c t r i c  logs  of o i l  t e s t s ,  and c o n s i s t s  p r i n c i p a l l y  
of  beds of  chalky l imestone interbedded wi th  sha le .  On t h e  outcrop the  Austin 
c h a r a c t e r i s t i c a l l y  is  white  t o  buff  f o s s i l i f e r o u s  chalky l imestone and marl 
wi th  some c r y s t a l s  of  p y r i t e .  

Small 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  a r e  obtained 
from a few w e l l s  i n  and near  the  outcrop of the  Austin Chalk. Aside from sup- 
p ly ing  the town o f  Marion, t h e  water  from the Aust in is used c h i e f l y  f o r  domes- 
t i c  and l i v e s t o c k  needs. 

Wilcox Group 

The Wilcox Group crops o u t  i n  a  northeastward-trending b e l t  t h a t  ranges i n  
width from about  8 t o  12 mi les  (P la te  1 ) .  The Wilcox c o n s i s t s  of c lay ,  s i l t ,  
f i n e  t o  medium sand and sandstone, sandy shale ,  and t h i n  beds of  l i g n i t e ,  and 
has  a  maximum thickness of  about  1,420 f e e t .  The ind iv idual  sand beds gene ra l ly  
a r e  not  continuous over  long d i s t a n c e s  and c o r r e l a t i o n  of  the  beds is  d i f f i c u l t  
even i n  s h o r t  d i s t ances  (P la t e  2 ) .  



The Wilcox supp l i e s  small t o  l a r g e  q u a n t i t i e s  of f r e s h  t o  s l i g h t l y  s a l i n e  
water  used p r i n c i p a l l y  f o r  domestic and l i v e s t o c k  needs, a l though some i s  used 
f o r  i r r i g a t i o n .  A few shallow w e l l s  ( l e s s  than 100 f e e t  deep) y i e l d  moderately 
s a l i n e  water .  The e l e c t r i c  logs o f  o i l  t e s t s  r evea l  t h a t  the  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  throughout a  l a r g e  p a r t  of i t s  e x t e n t  i n  the 
county, although i n  the  lower 100 t o  300 f e e t  o f  the  formation the  water  prob- 
ably is  too h ighly  mineral ized f o r  most purposes. I n  t h e  southwestern p a r t  of 
the  county, where the Wilcox i s  o v e r l a i n  by t h e  Car r i zo  Sand, the  two can be 
considered a s  a  s i n g l e  hydrologic u n i t ,  although no known we l l s  a r e  screened 
oppos i te  both aqu i fe r s .  

Carr izo  Sand 

The Carr izo ,  unconformably over ly ing  the  Wilcox Group, crops out  i n  the  
southern and sou theas t e rn  p a r t s  of  the county i n  a  b e l t  t h a t  averages about 4 
mi les  i n  width. Most of t h e  outcrop is  heavi ly  timbered wi th  b lackjack  oak, o r  
w i th  hickory and brush. The Carr izo  c o n s i s t s  c h i e f l y  of  f i n e  t o  coarse, loose,  
cross-bedded sand and some t h i n  beds of sandstone, s i l t ,  c l ay ,  and sha le .  Gen- 
e r a l l y ,  the  sand i s  whi te  t o  salmon pink and c o n s i s t s  of  rounded t o  subangular 
coarse quartz  gra ins .  According t o  e l e c t r i c  logs of  s eve ra l  o i l  t e s t s ,  the  
Carr izo  has a  maximum th ickness  of about  550 f e e t .  The con tac t  between t h e  
Carr izo  and t h e  Wilcox Group (Pla te  2) was placed a r b i t r a r i l y  a t  o r  near  t h e  
base of the  massive sand over ly ing  t h e  a l t e r n a t i n g  beds of  s h a l e  and sand of 
t h e  Wilcox. 

The a rea  under la in  by the  Carr izo  Sand i n  Guadalupe County is spa r se ly  pop- 
u la ted ,  and development of  water  suppl ies  from t h e  formation has been p r i n c i -  
pa l ly  from a few w e l l s  designed t o  supply only small  q u a n t i t i e s  of  f r e sh  t o  
s l i g h t l y  s a l i n e  water  f o r  domestic and l i v e s t o c k  purposes. Larger  y i e l d s  
undoubtedly could be obtained i f  screens were s e t  through the e n t i r e  thickness 
of the formation. A t  some p laces  i n  the outcrop, water - tab le  spr ings  i n  the  
Carr izo  Sand supply water  f o r  l i v e s t o c k  use. I n  the  extreme southern  p a r t  of  
t h e  county, y i e l d s  of probably more than  2,000 gpm could be expected from pro- 
pe r ly  cons t ruc ted  w e l l s  t h a t  screen  both the  Carr izo  Sand and Wilcox Group. 

Reklaw Formation 

The Reklaw Formation, conformably over ly ing  the Carr izo  Sand, crops out  i n  
a  h i l l y  b e l t  t h a t  ranges from about 1 t o  2 miles  i n  width i n  the southeas t  cor -  
n e r  o f  the  county (Pla te  1 ) .  The lower p a r t  of the formation c o n s i s t s  p r i n c i -  
p a l l y  of  g l a u c o n i t i c  sand and s i l t y  c l ay ;  t h e  upper p a r t  i s  c h i e f l y  s i l t  and 
c lay .  The basa l  sand, which i s  f i n e r  grained than the  underlying Carr izo,  
probably is  equiva lent  t o  the  Newby Glauconit ic  Sand Member of Stenzel  (1938, 
p. 71-78). The thickness of t h e  Reklaw was not  determined bu t  probably does 
not  exceed 200 f e e t .  Few wel l s  o b t a i n  water  from the Reklaw, p r i n c i p a l l y  
because of t h e  small a r e a  the  formation occupies. I n  general ,  the  basa l  sand 
y i e l d s  small  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  a  few we l l s  c h i e f l y  
f o r  l i v e s t o c k  use. 

Leona Formation 

I n  Guadalupe County the  Leona Formation forms a broad f l a t  t e r r a c e  which 
gene ra l ly  occupies a  p o s i t i o n  between t h e  Recent f loodp la in  depos i t s  and t h e  



Uvalde Gravel t h a t  caps t h e  uplands. Although the  a l l w i u m  and Leona have not  
been mapped sepa ra t e ly ,  by f a r  t h e  l a r g e r  p a r t  of  t h e  Quaternary sediments shown 
on t h e  geologic map (Pla te  1 )  belongs to  the  Leona Formation. Small outcrops 
of  t h e  formation a r e  found a l s o  a s  e ros iona l  remnants i n  o t h e r  p a r t s  of  t h e  
county, bu t  because of  t h e i r  small e x t e n t  and hydrologic in s ign i f i cance ,  these  
outcrops a r e  not  shown on the  geologic map. I n  general ,  t h e  su r face  of  the  
Leona is a nea r ly  l e v e l  p l a i n  having a c h a r a c t e r i s t i c a l l y  black, f e r t i l e  s o i l .  

Where exposed i n  gravel  p i t s ,  the Leona c o n s i s t s  of  s t r a t i f i e d  g rave l  and 
sand, p a r t l y  c ross  bedded, and of lenses  of ca l i che ,  s i l t ,  and water-worn fos -  
s i l s .  The gravel  is composed c h i e f l y  of  l imestone, but  a l s o  con ta ins  some 
che r t .  The photographs i n  Figure 6 show the  s t r a t i f i c a t i o n  and t h e  v a r i a t i o n  
i n  s i z e  of  the  ma te r i a l .  The l ight -colored  bed i n  t h e  upper p a r t  of  the  lower 
photograph is a sand l e n s  which pinches o u t  beyond the  a r e a  shown i n  the  photo- 
graph. Overlying t h i s  sand a r e  seve ra l  f e e t  of ca l iche .  The maximum th ickness  
of  the  Leona i s  about  60 f e e t .  

Although most of the small  t o  l a r g e  q u a n t i t i e s  of  water  which t h e  formation 
y i e l d s  t o  we l l s  and sp r ings  i n  t h e  county a r e  used f o r  domestic and l i v e s t o c k  
purposes, some of the  water  serves  f o r  i r r i g a t i o n  and publ ic  supply. The s a t -  
urated thickness of t h e  Leona ranges from l e s s  than 1 foo t  t o  a s  much as  15 
f e e t ,  bu t  these  th icknesses  a r e  r a t h e r  v a r i a b l e  depending on the  r a i n f a l l .  
Local ly,  where the sa tu ra t ed  s e c t i o n  of t h e  formation i s  t h i c k  (general ly i n  
the r i v e r  v a l l e y s ) ,  the  Leona y i e l d s  enough water  t o  i r r i g a t e  small  farms. 
Where r a t h e r  impermeable formations (such a s  t h e  Taylor Marl, Navarro, o r  Mid- 
way Groups) l i e  beneath the  Leona, i t  i s  t h e  only source of  small wa te r  sup- 
p l i e s ;  and where t h e  Wilcox o r  Aust in Chalk unde r l i e  the  Leona, it may f a c i l i -  
t a t e  recharge t o  these  rocks by r e t a r d i n g  the  r a t e  of  su r face  runoff .  

Alluvium 

Ple is tocene  and Recent s t ream alluvium conta in ing  c lay ,  s i l t ,  sand, and 
gravel  i s  exposed along some of t h e  major stream channels i n  the  county. A t  
some p laces  these m a t e r i a l s  have a thickness of a s  much a s  25 f e e t ;  however, 
no we l l s  a r e  known t o  o b t a i n  water  from t h e  a l l w i u m .  A t  many p laces  i n  t h e  
stream va l l eys ,  however, the  a l l w i u m  and the  Leona Formation a r e  contiguous 
and a c t  a s  a s i n g l e  hydrologic u n i t ;  they a re ,  t he re fo re ,  not  d i f f e r e n t i a t e d  
along t h e  streams shown on t h e  geologic map (Pla te  1) .  

GROUND -WATER HYDROLOGY 

Source and Occurrence of  Ground Water 

The p r i n c i p a l  source of  ground water  i n  Guadalupe County i s  p r e c i p i t a t i o n  
on t h e  outcrop areas  of t h e  water-bearing rocks o r  on t h e  hydrologica l ly  con- 
nected rock u n i t s .  A l a r g e  p a r t  o f  the  p r e c i p i t a t i o n  e i t h e r  runs o f f ,  o r  is 
consumed by evapot ranspi ra t ion ,  o r  i s  s tored  i n  the s o i l  u n t i l  evaporated o r  
t r ansp i r ed .  A small  p a r t  of t h e  water  migrates  downward by g r a v i t y  t o  t h e  
water  t a b l e  t o  become a p a r t  of  the  ground water  i n  s to rage .  

The ground water  occurs  under water - tab le  (unconfined) o r  a r t e s i a n  (con- 
f ined )  condi t ions .  Water-table condi t ions  occur i n  the  outcrop a r e a s  o f  the 
Wilcox Group, Carr izo  Sand, Reklaw Formation, and t h e  alluvium and Leona 



Figure 6 

Views of Leona Formation in Grovel Pit One -Half  

Mile Northwest of Well K X - 6 8 - 2 4 - 9 0 1  

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



Formation near  the p resen t  stream channels.  Ar t e s i an  condi t ions  e x i s t  downdip 
from the outcrop o r  recharge a r e a s  where the  a q u i f e r  is o v e r l a i n  by l e s s  per-  
meable ma te r i a l  and the water  becomes confined. Water under a r t e s i a n  pressure  
w i l l  r i s e  i n  we l l s  above the  top of the  aqu i fe r .  Where t h e  e l e v a t i o n  of t h e  
land su r face  a t  a  we l l  i s  considerably below the  genera l  l e v e l  of the  a rea  of  
outcrop, t h e  pressure  may be s u f f i c i e n t  t o  cause the water  t o  r i s e  above t h e  
land sur face ,  and the  wel l  w i l l  then  flow. Only one flowing well ,  KX-67-18-506, 
was obsenred i n  the  county. The flow of  t h i s  we l l ,  however, is  t h e  r e s u l t  of  
pressure  c rea ted  by n a t u r a l  gas t h a t  entered the  a q u i f e r  probably through a 
nearby f a u l t .  

Recharge. Movement. and Discharge of  Ground Water 

Recharge to  t h e  a q u i f e r s  i n  Guadalupe County occurs  by d i r e c t  i n f i l t r a t i o n  
of p r e c i p i t a t i o n  on the  outcrops and, t o  a  l e s s e r  ex tent ,  by seepage from 
streams t h a t  c ros s  t h e  outcrops.  The sandy outcrops of  the  Carr izo  Sand and 
Wilcox Group, as  wel l  a s  t h e  sand and gravel  i n  t h e  Leona Formation, a r e  h ighly  
r ecep t ive  t o  i n f i l t r a t i o n  o f  r a i n f a l l .  Even wi th  the  e x c e l l e n t  recharge f a c i l -  
i t y ,  however, a  l a rge  p a r t  o f  t h e  p r e c i p i t a t i o n  i s  consumed by evapot ranspi ra-  
t i on ;  apprec iable  q u a n t i t i e s  of  water  a r e  recharged t o  the ground-water r e s e r -  
v o i r  only dur ing  extended per iods  of  p r e c i p i t a t i o n .  Recharge from streams t h a t  
c r o s s  the outcrop a reas  of  t h e  aqu i fe r s  i n  t h e  county probably is small  by can- 
pa r i son  wi th  t h a t  from o t h e r  sources. Probably, some recharge occurs where t h e  
streams c ross  the  permeable rocks of the  Wilcox Group and Carr izo  Sand; the  
quant i ty ,  however, is  small owing t o  the  gene ra l ly  high water  t a b l e  i n  the  ou t -  
crop of  these  formations. 

Ground water  moves slowly ( tens o r  hundreds of f e e t  per  yea r )  under the 
inf luence  of g r a v i t y  from a reas  of  recharge t o  a reas  of discharge.  Fresh t o  
s l i g h t l y  s a l i n e  water  i n  t h e  a q u i f e r s  underlying Guadalupe County is  i n  t ran-  
s i e n t  s to rage  and hence i n  a  cons tant  s t a t e  of  movement. The genera l  d i r e c t i o n  
of  movement of the  ground water  i n  the  county is  southeastward toward the  Gulf 
of  Mexico. Local ly,  however, some exceptions may e x i s t  because of f a u l t  ba r -  
r i e r s  o r  withdrawals of  water  by pumping. Where water  is  withdrawn by pumping, 
the  d i r e c t i o n  of  ground-water movement i s  toward t h e  we l l s  from a l l  d i r e c t i o n s .  

Ground water  i n  the  aqu i fe r s  underlying t h e  county i s  discharged n a t u r a l l y  
i n  th ree  major ways: through seeps and sp r ings  i n  the  outcrop; by evapotran- 
s p i r a t i o n ;  and by seepage through semi-confining beds, o r  along f a u l t  l i n e s ,  
i n t o  o t h e r  a q u i f e r s  having lower h y d r o s t a t i c  heads. 

A l a r g e  but  undetermined por t ion  of the  spr ing  flow i s  from the Leona For- 
mation. The flow of  seve ra l  sp r ings  i n  the Leona con t r ibu te s  s u b s t a n t i a l l y  t o  
t h e  flow of  Geronimo Creek. I n  f a c t ,  measurements made a t  three  stream-gaging 
s i t e s  on Geronimo Creek (Pla te  1 )  during the  period June 22  - J u l y  2 ,  1964, 
revea l  a  ga in  of  2.16 c f s  (cubic- fee t  per  second) o r  970 gpm between s i t e s  1 
and 2;  i n  o t h e r  words, a  ga in  of  about 0.5 c f s  per mi le  of stream channel.  
Between s i t e s  2 and 3, however, no n e t  ga in  occurs,  i n d i c a t i n g  t h a t  the  Leona 
along t h i s  p a r t  o f  the  stream con t r ibu te s  l i t t l e  o r  no sp r ing  flow. This  i s  
indica ted  a l s o  by the  near  absence of  we l l s  t h a t  tap t h e  Leona along t h i s  p a r t  
of  the c reek  (P la t e  1 ) .  

Springs and seeps i s sue  a l s o  from small  l oca l i zed  a reas  i n  the outcrop of 
t h e  Car r i zo  Sand i n  t h e  southern  p a r t  of t h e  county. Many such spr ings  and 
seeps a r e  developed, u sua l ly  by bul ldozing a  shallow pond o r  p i t ,  t o  provide 



water  f o r  l i v e s t o c k  use. The quant i ty  of water  discharged by seeps and sp r ings  
o r  by evapo t ransp i r a t ion  i s  n o t  known, but  the  amount is  probably seve ra l  times 
t h a t  of  the p resen t  (1963) r a t e  of withdrawal by a l l  wel l s .  The d ischarge  by 
we l l s  i s  described more f u l l y  i n  a fol lowing s e c t i o n  on the  development of t h e  
ground -water suppl ies .  

Develooment of  Ground Water 

Only small q u a n t i t i e s  of  ground water  a r e  pumped from the  a q u i f e r s  under- 
l y ing  Guadalupe County. I n  1963, about 2.0 mgd (mi l l ion  ga l lons  pe r  day) of  
water  (or about  2,200 a c r e - f e e t )  was pumped, of which 80,000 gpd (or 4 percent )  
was f o r  pub l i c  supply and 800,000 gpd (or 40 percent )  was f o r  i r r i g a t i o n .  The 
r e s t  of  t h e  water,  about  1.1 mgd, was pumped f o r  domestic and l i v e s t o c k  use. 
The quan t i ty  of  water  pumped from the  d i f f e r e n t  a q u i f e r s  was not  determined 
because of  t h e  small  amounts involved; however, a l a r g e  p a r t  of the  t o t a l  pump- 
age i n  1963 was undoubtedly from the  Wilcox Group, followed i n  o rde r  by t h e  
Leona Formation, t h e  Edwards and assoc ia ted  limestones, the  Aust in Chalk, and 
the  Carr izo  Sand. 

The town of  Marion pumped approximately 50,000 gpd i n  1963 from two dug 
we l l s  t h a t  t a p  t h e  Aust in Chalk. The wel l s ,  50 f e e t  deep, y ie lded  about 60 
gpm. 

The town of McQueeny pumped about 10,000 gpd from a dug we l l  tapping t h e  
Leona Formation. The we l l ,  25 f e e t  deep, y ie lded  500 gpm. 

Cibolo, i n  t h e  northwestern p a r t  of  t h e  county, obtained i t s  water  supply 
(20,000 gpd) from one wel l  (a-68-31-401) i n  the  Edwards and a s soc ia t ed  lime- 
s tones.  The wel l ,  602 f e e t  deep, yielded about 160 gpm of  water  t h a t  contained 
2,300 ppm disso lved  s o l i d s  and 704 ppm s u l f a t e ;  the  wa te r  a l s o  was h igh ly  
charged wi th  hydrogen s u l f i d e .  Because of  these  undes i rab le  cons t i t uen t s ,  the  
w e l l  was abandoned i n  J u l y  1964, and s ince  t h a t  time the  water  needs of Cibolo 
have been met by we l l s  i n  Bexar County which a l s o  supply t h e  town of  Schertz .  

The water  needs of  Schertz formerly were supplied from Well KX-68-30-602. 
The wel l ,  which was d r i l l e d  i n  1942, was 1,146 f e e t  i n  depth (Edwards and asso-  
c i a t e d  limestones).  The water  from t h e  we l l  was too h ighly  mineral ized f o r  
pub l i c  supply; consequently, i n  1947, the we l l  was deepened t o  the  basa l  sand- 
s tones  of  the T r i n i t y  Group which l i e  a t  depths of  2,225 t o  2,350 f e e t .  Unfor- 
tuna te ly ,  the water  from these  sandstones was a l s o  too h ighly  mineral ized 
(1,530 ppm o f  s u l f a t e )  and the  we l l  was abandoned. Since then, Schertz has 
obtained water  from we l l s  i n  Bexar County. 

The water  supply of  S tap le s ,  i n  the  no r theas t e rn  p a r t  of  t h e  county, is  
furnished by a we l l  across  the  San Marcos River i n  Caldwell County. Seguin, 
t h e  l a r g e s t  c i t y  i n  the  county, ob ta ins  i t s  water  supply from the  Guadalupe 
River. 

I r r i g a t i o n  by ground water  i s  p rac t i ced  only on a small s c a l e  i n  Guadalupe 
County. I n  general ,  both the  time and the  amount of  p r e c i p i t a t i o n  a r e  adequate 
f o r  growing crops; bu t  when p r e c i p i t a t i o n  is  below normal dur ing  t h e  growing 
season, ground water  is used f o r  supplementary i r r i g a t i o n .  Of the  36 i r r i g a -  
t i o n  w e l l s  i n  the  county i n  1964, more than h a l f  had been d r i l l e d  s i n c e  1952. 
According t o  t h e  records  of  the Texas Board of  Water Engineers (1960a, p. 107), 
i n  1958 about 1,847 ac res  was i r r i g a t e d  wi th  1,392 ac re - f ee t  of  ground water.  



I n  1963, only 990 ac res  was i r r i g a t e d  wi th  900 ac re - f ee t .  Much of  the  ground 
water  used f o r  i r r i g a t i o n  was from t h e  Wilcox Group and from t h e  Leona Forma- 
t ion .  The i r r i g a t i o n  we l l s  i n  use i n  1963 ranged i n  depth from about 20 t o  800 
f e e t  and the repor ted  y i e l d s  ranged from about 100 t o  2,000 gpm. 

Domestic and l i v e s t o c k  use of  ground water  i n  1963 amounted t o  1.1 mgd o r  
55 percent  of the  t o t a l  withdrawals.  Throughout most of  t h e  county t h s  water  
f o r  domestic and l i v e s t o c k  use  is  obtained from we l l s .  I n  some a reas ,  however, 
p a r t i c u l a r l y  i n  the  nor thern  h a l f  of t h e  county, adequate supp l i e s  of  good- 
q u a l i t y  ground water  a r e  not  a v a i l a b l e  because the underlying formAtions ( the 
Navarro and Midway Groups) c o n s i s t  o f  s eve ra l  hundred f e e t  of  near ly  impermeable 
clay,  sha le ,  and marl. A t  o t h e r  places,  although ground water  is a v a i l a b l e  i n  
s u f f i c i e n t  q u a n t i t i e s ,  poor q u a l i t y  l i m i t s  i ts  use and a l s o  discourages f u r t h e r  
ground-water development. I n  some a reas  where s u i t a b l e  ground-water suppl ies  
a r e  not  obta inable ,  wa te r -d i s t r ibu t ion  systems have been i n s t a l l e d  t o  d e l i v e r  
water  from we l l s  ou t s ide  the  county. . F o r  example, the water  supply f o r  the 
r u r a l  populat ion i n  the  v i c i n i t y  of  Marion and McQueeney is soon t o  be furnished 
from a we l l  tapping t h e  Edwards and assoc ia ted  l imestones i n  Coma1 County, a 
few mi les  north of the  Comal-Guadalupe county l i n e .  I n  the  near  f u t u r e  s i m i l a r  
wa te r -d i s t r ibu t ion  systems probably w i l l  be i n s t a l l e d  i n  o t h e r  p a r t s  of Guada- 
lupe County where s u i t a b l e  water  suppl ies  a r e  not  ava i l ab le .  

Changes i n  Water Levels  

Water l e v e l s  i n  w e l l s  f l u c t u a t e  not  only i n  response t o  changes i n  t h e  
r a t e s  of recharge t o  and d ischarge  from the  aqu i fe r s ,  bu t  a l s o  t o  a l e s s e r  
ex ten t ,  i n  response to  changes i n  atmospheric pressure,  t i d e s ,  earthquakes, and 
numerous o t h e r  d is turbances .  

Water l e v e l s  i n  a few se l ec t ed  we l l s  i n  the  Edwards and assoc ia ted  lime- 
s tones  have been measured p e r i o d i c a l l y  a s  p a r t  of the  Statewide observat ion-  
we l l  program of  the U.S. Geological Survey and t h e  Texas Water Development 
Board (Table 4) .  Of these  wel l s ,  only KX-68-30-302 and KX-68-30-601 were 
measured during the  p resen t  i nves t iga t ion .  The records  show t h a t  the  water  
l e v e l s  trended genera l ly  upward dur ing  the period 1957-60, r e f l e c t i n g  the  above 
normal r a i n f a l l  i n  1957 and 1958. I n  f a c t ,  following the heavy r a i n s  of  1957 
and 1958, the  water  l e v e l s  i n  the  Edwards r e s e r v o i r  i n  t h e  San Antonio a r e a  
rose  nea r ly  t o  t h e  l e v e l s  e x i s t i n g  when the  drought began i n  1947 (Gana ,  1962a, 
p. 1 ) .  The water  l e v e l s  i n  1964 were lower than i n  1960 due mainly t o  the  
below-normal r a i n f a l l  s i n c e  1962. 

Long-term records of water - leve l  measurements of  we l l s  i n  the  Wilcox Group 
and Carr izo  Sand i n  Guadalupe County a r e  not  ava i l ab le ;  however, t h e  water  
l e v e l s  i n  11 wel l s  i n  the  Wilcox Group were measured i n  1936 and again  i n  1963 
o r  1964. The water  l e v e l s  dec l ined  3.2 t o  11.1 f e e t  i n  3 of the  we l l s ,  and 
rose  from 0.9 f o o t  t o  15 .1  f e e t  i n  8 of  them. These records a r e  i n s u f f i c i e n t  
t o  determine a d e f i n i t e  trend i n  the  water  l e v e l s ,  bu t  the changes i n  r e s e r v o i r  
s to rage  a re ,  f o r  a l l  p r a c t i c a l  purposes, neg l ig ib l e .  I n  f a c t ,  the  a q u i f e r s  
probably a r e  near ly  a s  f u l l  of  water now a s  they have been i n  the  p a s t .  

I n  1957 and aga in  i n  1964, the  water  l e v e l s  were measured i n  17 we l l s  tap-  
ping t h e  Leona Formation. I n  7 of  these  we l l s  t h e  water  l e v e l s  decl ined 0.6 
t o  7.2 f e e t ,  and i n  10 they rose from 0.5 t o  7.4 f e e t .  L i t t l e  s ign i f i cance  can 
be a t tached t o  these  changes a s  no water - leve l  t rend  can be in fe r r ed .  



Aquifer Tes ts  

L i t t l e  is known about  the  hydraul ic  c h a r a c t e r i s t i c s  of  the a q u i f e r s  under- 
l y ing  Guadalupe County, p r i n c i p a l l y  because of  the  l a c k  of  s u i t a b l e  w e l l s  i n  
which t o  observe these  c h a r a c t e r i s t i c s .  Aquifer  t e s t s  made i n  one well  i n  Guad- 
alupe County and four  i n  Caldwell County by F o l l e t t  (1965, Table 6) indica ted  
t h a t  the  c o e f f i c i e n t s  o f  t r a n s m i s s i b i l i t y  of t h e  Wilcox Group ranged between 
5,000 gpd per  f o o t  i n  Well KX-68-40-902 i n  Guadalupe and 105,000 gpd pe r  f o o t  
i n  we l l s  i n  t h e  Luling we l l  f i e l d  i n  Caldwell County. Although t h e  average of 
t h e  t r a n s m i s s i b i l i t i e s  determined from t h e  t e s t s  was 62,000 gpd per  foot ,  a  
va lue  o f  50,000 gpd per  foo t  probably more nea r ly  r ep resen t s  t h e  t r ansmiss ib i l -  
i t y  of the  Wilcox Group i n  Guadalupe County. The c o e f f i c i e n t s  of s to rage  d e t e r -  
mined from the  t e s t s  i n  Caldwell County ranged from 0.00047 t o  0.0012 and aver -  
aged 0.0008, and these  might be considered app l i cab le  t o  Guadalupe County a l so .  

No pumping t e s t s  were made i n  we l l s  tapping the Car r i zo  Sand i n  Guadalupe 
County, but  Shafer  (1964, p. 45) has repor ted  t h a t  i n  neighboring Gonzales 
County the  average t r a n s m i s s i b i l i t y  of  the  producing i n t e r v a l s  i n  t h e  Car r i zo  
was 50,000 gpd pe r  foot .  On the  b a s i s  of  wel l  logs  and the  r e s u l t s  of  pumping 
t e s t s ,  the  composite s e c t i o n  of the Car r i zo  Sand and Wilcox Group i n  Guadalupe 
County has an est imated 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  of  100,000 gpd pe r  foo t .  

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 e v e l s  caused by pumping. Figure 7 shows t h e  theo- 
r e t i c a l  r e l a t i o n  between drawdown of  water  l e v e l s ,  d i s t ance  from the  c e n t e r s  o f  
pumping, and 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  i n  homogeneous a q u i f e r s  
of  i n f i n i t e  a r e a l  ex ten t .  The c a l c u l a t i o n s  of  drawdown were based on a  we l l  o r  
a  group of  w e l l s  pumping 500 gpm continuously f o r  one yea r  from the  Wilcox 
Group having t h e  given 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 torage .  For exam- 
ple,  i f  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  were 50,000 gpd per  
f o o t  and 0.0008, r e spec t ive ly ,  t h e  drawdown i n  the  water  l e v e l  would be 6 f e e t  
a t  a  d i s t a n c e  of  5,000 f e e t  from the  pumped wel l .  I f  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  were 10,000 gpd per f o o t  and 0.0008, r e spec t ive ly ,  the  
drawdown would be 23 f e e t  a t  the same d i s t ance .  

The r e l a t i o n  between drawdown, d i s t ance ,  and time i n  a  we 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  i s  shown i n  Figure 8. The f a c t  
t h a t  t h e  r a t e  of  drawdown decreases wi th  time i s  shown i n  t h i s  graph. For 
example, i f  the  drawdown 5,000 f e e t  from a we l l  is 2.3 f e e t  a f t e r  100 gpm has 
been pumped f o r  1 year ,  the  drawdown would be about 4 f e e t  a f t e r  100 gpm had 
been pumped f o r  50 years .  The t o t a l  drawdown a t  any one p lace  w i t h i n  the  a rea  
of  inf luence  of pumping from seve ra l  we l l s  would be t h e  sum of  the  inf luence  of 
the  indiv idual  we l l s .  

Wells d r i l l e d  c l o s e  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  water  t a b l e  o r  piezometr ic  su r face .  
The overlapping of cones of  depress ion  between we l l s  may cause a  s i g n i f i c a n t  
decrease i n  y i e l d  o f  t h e  wel l s ,  o r  a n  inc rease  i n  pumping cos t s ,  o r  both. 

Construct ion of  Wells 

Most of  t h e  water  we l l s  i n  Guadalupe County a r e  d r i l l e d  we l l s ,  t h e  excep- 
t i o n s  being those we l l s  about 3 0  f e e t  deep which have been dug i n  the  alluvium 
and Leona Formation along the  major streams. I n  many of  the  dug w e l l s  the  cas-  
ings c o n s i s t  of  concre te  r ings ,  br ick ,  o r  na t ive  rock, and have a  diameter  of  
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3 0  to  70 inches; but  no cas ing  is  present  i n  some of t h e  we l l s ,  e s p e c i a l l y  i n  
those  t h a t  pene t r a t e  indurated sand o r  sandstone. 

The cas ings  f o r  d r i l l e d  w e l l s  a r e  made o f  p l a s t i c ,  wrought i ron ,  o r  galva- 
nized i ron ,  and range from 2s t o  16 inches i n  diameter .  Casings from 4 to-.6 
inches i n  diameter  commonly a r e  used i n  we l l s  d r i l l e d  f o r  domestic and l i v e s t o c k  
use, whereas cas ings  o f  l a r g e r  diameter  a r e  used i n  we l l s  d r i l l e d  f o r  publ ic  
supply o r  i r r i g a t i o n .  Numerous w e l l s  have large-diameter  cas ings  i n  the  upper 
p a r t  of the  wel l ,  and smal le r  (4- o r  6-inch) cas ings  i n  the  lower p a r t .  I n  
most of  t h e  wel l s ,  s l o t t e d  cas ings  o r  wel l  screens a r e  placed oppos i te  t h e  
water-bearing ma te r i a l s .  Some of  the  larger-diameter  w e l l s  a r e  gravel  walled 
and have sec t ions  of  cas ings  t h a t  a r e  cemented. 

USE OF SURFACE WATER 

Surface water ,  p r i n c i p a l l y  from the Guadalupe River, is used i n  t h e  county 
f o r  pub l i c  supply, i r r i g a t i o n ,  domestic and l i v e s t o c k  purposes, and f o r  gene- 
r a t i n g  e l e c t r i c i t y .  The Texas Water Rights  Commission has been granted the  
a u t h o r i t y  t o  i s s u e  permits  f o r  the d ive r s ion  of  water  from streams and a t  spec i -  
f i e d  loca t ions .  The Commission s p e c i f i e s  the r a t e  of withdrawal,  the  amounts 
of  land t o  be i r r i g a t e d ,  and i n  some cases,  the  time of  yea r  t h a t  these  wi th-  
drawals may be made. 

According t o  t h e  records  of  the  Texas Water Rights Commission, about  735 
ac res  was i r r i g a t e d  wi th  805 a c r e - f e e t  of  su r face  water  i n  1963, and l e s s  than 
30  a c r e - f e e t  was used f o r  domestic, l i ves tock ,  and i n d u s t r i a l  purposes. I n  
1963, the  c i t y  of Seguin pumped about  2.3 mgd (2,600 a c r e - f e e t  pe r  yea r )  of  
water  from the r i v e r .  E l e c t r i c i t y  i s  generated i n  Guadalupe County a t  s i x  
hydroe lec t r i c  p l a n t s  on the Guadalupe River. The water  d ive r t ed  (about 1,000 
mgd, o r  1,120,000 ac re - f ee t ,  i n  1963) by these  p l a n t s  i s  n o t  consumed, bu t  i s  
re turned  t o  the  r i v e r  f o r  use  downstream. 

QUALITY OF GROUND WATER 

The amount of  d isso lved  mineral  ma t t e r  contained i n  ground water  i s  r e l a t e d  
i n  p a r t  t o  the  composition of t h e  rocks through which t h e  water  moves, and i n  
p a r t  t o  t h e  l eng th  of  time t h e  water  has been i n  con tac t  w i th  t h e  rocks. Gen- 
e r a l l y ,  the  chemical con ten t  of ground water  increases 'wi th  depth. The temper- 
a t u r e  of  ground water  near  the  land su r face  i s  genera l ly  about t h e  same a s  the  
mean a i r  temperature of  the  reg ion  and l ikewise increases  wi th  depth. Analyses 
o f  water  f r &  193 we l l s  and sp r ings  i n  the  r e p o r t  a r ea  a r e  given i n  Table 6, 
and the  temperatures of  the water  samples a r e  given i n  Table 3. 

- The major f a c t o r s  determining the s u i t a b i l i t y  of a  water  supply a r e  the 
l i m i t a t i o n s  imposed by t h e  contemplated use of the water.  Various c r i t e r i a  of  
water -qual i ty  requirements include: b a c t e r i a l  content ;  phys ica l  c h a r a c t e r i s -  
t i c s ,  such a s  temperature, odor, co lor ,  and t u r b i d i t y ;  and chemical c o n s t i t -  
uents .  Although the b a c t e r i a l  content  and the undes i rab le  physical  p rope r t i e s  
can usua l ly  be a l l e v i a t e d  economically, t h e  removal of chemical c o n s t i t u e n t s  
may be d i f f i c u l t  and expensive. 

The U.S. Publ ic  Health Serv ice  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 ro tec t  the  t r a v e l i n g  publ ic ,  may be 



used a l s o  t o  eva lua te  domestic and publ ic  water  suppl ies .  According to  these  
s tandards ,  chemical c o n s t i t u e n 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  fol lowing t ab le ,  except where o t h e r  more s u i t a b l e  
supp l i e s  a r e  not  a v a i l a b l e  (U.S. Publ ic  Health Service,  1962, p. 7-8): 

*The appropr ia te  upper l i m i t  based on the 
annual average of  maximum d a i l y  a i r  temperature 
of  79.8'F a t  San Antonio, 35 mi les  southwest of  
Seguin. The U.S.  Publ ic  Health Serv ice  s t a t e s  
a l s o  t h a t  f l u o r i d e  i n  average concent ra t ions  
g r e a t e r  than twice the  optimum value,  o r  1.4 ppm, 
may c o n s t i t u t e  grounds f o r  r e j e c t i o n  of  the 
supply. 

Substance 

Chloride (Cl) 

F luor ide  (F) 

I ron  (Fe) 

Manganese (Mn) 

N i t r a t e  (NO3) 

S u l f a t e  (SO4) 

Tota l  d isso lved  s o l i d s  

Excessive concent ra t ions  of  f l u o r i d e  i n  water  may cause t e e t h  t o  become 
mott led.  On the  o t h e r  hand, optimum f l u o r i d e  concent ra t ions  may reduce the  
incidence of  tooth  decay i n  c h i l d r e n  wi th  no ill e f f e c t s ,  and c a r i e s  r a t e s  may 
be 60 t o  65 percent  below t h e  r a t e s  i n  communities us ing  water  supp l i e s  w i t h  
l i t t l e  o r  no f l u o r i d e  (Dean, Arnold, and Elvwe,  1942, p. 1155-1179; Dean and 
o the r s ,  1941, p. 761-792). Of the  74 samples analyzed f o r  f luo r ide ,  9  contained 
amounts more than 0.8 ppm. 

Concentrat ion 
( P P ~ )  

250 

.8* 

.3  

.05 

45 

250 

500 

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  the incidence of i n f a n t  cyanosis  (methemoglobinemia 
o r  "blue baby" d i s e a s e ) ,  a  reduct ion  of t h e  oxygen content  i n  the blood cons 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 a n  i n d i c a t i o n  o f  p o l l u t i o n  from organic  ma t t e r .  Of the  102 samples anaL 
lyzed f o r  n i t r a t e ,  23 contained amounts of  more than 45 ppm. More than h a l f  of 
t h e  water  samples conta in ing  a  concent ra t ion  of  n i t r a t e  i n  excess of  45 ppm were 
from shallow we l l s  drawing from the  a l l u v i a l  d e p o s i t s  and Leona Formation. 

Excessive concent ra t ions  of  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 l o t h e s  and s t a i n  plumbing f i x -  
t u re s .  Of 56 i r o n  determinat ions,  45 were i n  excess of  0.3 ppm. Generally 
water  from the  Wilcox Group and the Carr izo  Sand contained excessive concentra-  
t i o n s  o f  i ron.  

Water having a  ch lo r ide  content  exceeding 250 ppm may have a  s a l t y  t a s t e .  
Of 155 water  samples t e s t ed  f o r  ch lo r ide ,  46 contained amounts of  more than 250 



ppm. Excessive ch lo r ide  concent ra t ions  a r e  r a t h e r  common i n  the  water  from 
we l l s  i n  the  Edwards and assoc ia ted  l imestones and Wilcox Group i n  Guadalupe 
County. 

S u l f a t e  i n  water  i n  excess of  250 ppm may produce a l a x a t i v e  e f f e c t .  High 
concent ra t ions  of  s u l f a t e  a r e  cormnon i n  much of the  s l i g h t l y  o r  moderately 
s a l i n e  water  i n  the  county. 

Calcium and magnesium a r e  the 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 
the  formation of s c a l e  i n  hot-water hea te r s  and water  pipes.  Below is a com- 
monly accepted c l a s s i f i c a t i o n  of  water  hardness.  

Hardness range 
( P P ~ )  

Of 179 determinat ions of hardness,  161 were i n  the  hardness range of more than 
180 ppm (or  very  hard c l a s s i f i c a t i o n ) .  

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

60 or l e s s  

61 - 120 

121 - 180 

More than 180 

Water used f o r  i ndus t ry  may be placed i n  th ree  ca tagor ies ,  namely, process 
water ,  cool ing water,  and b o i l e r  water.  Process water  is  t h e  term used f o r  the  
water  incorporated i n t o  o r  i n  con tac t  wi th  t h e  manufactured products.  The qual-  
i t y  requirements f o r  t h i s  use may include phys ica l  and b i o l o g i c a l  a s  we l l  a s  
chemical f a c t o r s .  Water f o r  cool ing and b o i l e r  uses should be non-corrosive 
and r e l a t i v e l y  f r e e  of scale-forming cons t i 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 it forms a hard s c a l e  of  encrus ta t ion ,  and 
the  scale-forming tendency increases  wi th  the pressure  i n  the b o i l e r .  I n  t h e  
following t a b l e  is  shown the  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): 

So f t  

Moderately hard 

Hard 

Very hard 

Concentrat ion of  s i l i c a  Bo i l e r  pressure  
( P P ~ )  (pounds per  square inch)  

I n  add i t ion  t o  i t s  chemical qua l i ty ,  t h e  s u i t a b i l i t y  of  water  f o r  i r r i g a -  
t i o n  depends on the  quan t i ty  of  water  used, type of crops grown, type of s o i l ,  
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The s i l i c a  content  i n  water  samples from 101 we l l s  i n  the  county ranged 
from 2.7 t o  20 ppm i n  45 samples, 21 t o  41  ppm i n  41  samples, and 41 t o  72 ppm 
i n  15 samples. 



adequacy of drainage,  and c l ima t i c  condi t ions .  A l l  a r e  important f a c t o r s  i n  the  
continued p roduc t iv i ty  of i r r i g a t e d  crops.  

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  irri- 
g a t i o n  was proposed i n  1954 by the U.S. S a l i n i t y  Laboratory S t a f f  (1954, p. 69- 
82).  I n  b r i e f ,  the  c l a s s i f i c a t i o n  (Figure 9) i s  based on the s a l i n i t y  hazard 
a s  measured by the e l e c t r i c a l  conduct iv i ty  o f  the  water  and on the  sodium hazard 
a s  measured by the SAR (sodium-adsorption r a t i o ) .  However, Wilcox (1955, p. 15) 
s t a t e d  t h a t  t h i s  system of c l a s s i f i c a t i o n  of  i r r i g a t i o n  water  " . . . i s  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 . "  The normal annual r a i n f a l l  i n  the  r e p o r t  a r ea  i s  about 30.85 inches, 
and most i r r i g a t i o n  would be on a  supplemental b a s i s .  Wilcox (1955, p. 16 )  
a l s o  reported t h a t  water  gene ra l ly  may be used s a f e l y  f o r  supplemental i r r i g a -  
t i o n  i f  iTs 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  l e s s  than 14. The SAR va lue  and t h e  conduct iv i ty  of  samples from 
we l l s  tapping the  Wilcox Group, t h e  Edwards and assoc ia ted  limestones, the  
alluvium and Leona Formation, and t h e  Carr izo  Sand a r e  shown i n  F igure  9. 

The RSC ( re s idua l  sodium carbonate)  a l s o  is  used t o  a s ses s  t h e  q u a l i t y  of  
water  f o r  i r r i g a t i o n .  Excessive RSC w i l l  cause the  water  t o  be a l k a l i n e ,  and 
the organic  content  of  the  s o i l  w i l l  tend t o  d isso lve .  The s o i l  may then 
become grayish  black,  and the land a reas  thus a f f ec t ed  a r e  termed "black 
a l k a l i . "  Wilcox (1955, p. 11) s t a t e s  t h a t  l abora to ry  and f i e l d  s t u d i e s  have 
l ed  t o  t h e  conclusion t h a t  water  conta in ing  more than 2.5 epm (equivalents  pe r  
m i l l i o n )  RSC i s  not  s u i t a b l e  f o r  i r r i g a t i o n .  Water containing from 1.25 t o  2.5 
epm RSC probably i s  s a fe .  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, however, make poss ib l e  the  successfu l  use of marginal water  
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  permiss ib le  
l i m i t  t o  some e x t e n t  (Wilcox, B la i r ,  and Bower, 1954, p. 265). The RSC exceeded 
2.5 epm i n  only 4 of 172 samples co l l ec t ed  i n  Guadalupe County, t h e  maximum 
being 4.37 epm. 

An excessive boron content  w i l l  l ikewise  make water  unsu i t ab le  f o r  irri- 
ga t ion .  Wilcox (1955, p. 11) indica ted  t h a t  a  maximum permiss ib le  boron concen- 
t r a t i o n  f o r  i r r i g a t i n g  s e n s i t i v e  crops would be 1 . 0  ppm; f o r  semi to lerant  crops, 
2.0 ppm; and f o r  t o l e r a n t  crops, 3 . 0  ppm. Boron does not  seem t o  be a  s i g n i f i -  
can t  problem i n  Guadalupe County. Of 15 boron determinat ions,  only two were 
g r e a t e r  than 1 ppm. 

Edwards and Associated Limestones 

The Edwards and assoc ia ted  limestones y i e l d s  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  t h e  western p a r t  of the  r e p o r t  a r ea .  I n  general ,  nor th  
and northwest of a  nor theas ter ly- t rending  l i n e  (Figure 5 )  near  Cibolo, the  water  
from the  Edwards r e s e r v o i r  i s  f r e s h  ( l e s s  than 1,000 ppm disso lved  s o l i d s )  bu t  
very  hard, being of  the  calcium bicarbonate type; a  few we l l s  c l o s e  t o  t h e  l i n e  
fu rn i sh  water  charged wi th  hydrogen s u l f i d e .  South and southeas t  of the  l i n e ,  
t h e  water  from most of  t h e  we l l s  i s  s l i g h t l y  t o  moderately s a l i n e  and high i n  
s u l f a t e  and chlor ide ;  and i n  a l l  of  the we l l s  the  water  was charged wi th  hydro- 
gen s u l f i d e .  I n  f a c t ,  t h e  well  (KX-68-31-401) t h a t  formerly supplied t h e  water  
needs of Cibolo was abandoned i n  J u l y  1964 owing t o  t h e  r e l a t i v e l y  high s a l t  
content  (2,300 ppm disso lved  s o l i d s )  and t h e  high concent ra t ion  of hydrogen 
s u l f i d e .  





The s u i t a b i l i t y  of  water  from the  Edwards r e s e r v o i r  f o r  i r r i g a t i o n  may be 
quest ionable because of  the  high t o  very high s a l i n i t y  hazard (Figure 9), par-  
t i c u l a r l y  i n  t h a t  p a r t  of t h e  r e s e r v o i r  where the  water  i s  s l i g h t l y  t o  moder- 
a t e l y  s a l i n e .  Only one wel l  (KX-68-30-610) was used f o r  i r r i g a t i o n  i n  1964. 
I f  the  use of  water  from the Edwards r e s e r v o i r  f o r  i r r i g a t i o n  is  contemplated, 
however, such items a s  t h e  type of s o i l  and l o c a l  condi t ions  of  drainage should 
be considered. Where t h e  s o i l  i s  derived from rocks of  the  Taylor Marl and 
Navarro Group, adequate subdrainage may be a problem. 

Austin Chalk 

Water from w e l l s  tapping the Aust in Chalk i s  used f o r  the pub l i c  supply a t  
Marion and f o r  domestic and l i v e s t o c k  needs. The water  from four  of  e i g h t  we l l s  
(Table 6) conforms i n  most r e spec t s  t o  the  dr inking  water  s tandards  of the  
Publ ic  Heal th Service.  I n  t h r e e  we l l s  the  d isso lved-sol ids  content  exceeds 500 
ppm b u t  i s  l e s s  than  1,000 ppm. The water  of a l l  t h e  w e l l s  is  very  hard. 
Local ly,  the  Aust in Chalk y i e l d s  water  charged with hydrogen s u l f i d e .  The small  
y i e l d s  t h a t  can be  expected from the  Aust in v i r t u a l l y  preclude i t  a s  a source 
f o r  i r r i g a t i o n .  

Wilcox Group 

Wells tapping the Wilcox Group y i e l d  f r e s h  t o  moderately s a l i n e  water .  Of 
the  72 we l l s  sampled, water  from 49 was f resh ;  from 20 we l l s ,  s l i g h t l y  s a l i n e ;  
and from 3 we l l s ,  moderately s a l i n e .  Analysis of  t h e  d a t a  (Table 6) suggests  
t h a t  water  below a depth of  200 f e e t  gene ra l ly  is f r e sh ,  whereas water  above 
t h a t  l e v e l  ranges from f r e s h  t o  moderately s a l i n e .  The depth t o  which f r e s h  
water  extends i n  the Wilcox could not  be determined exac t ly .  Well KX-67-33-501 
(900 f e e t  deep) y ie lded  water  having 612 ppm disso lved  s o l i d s  from a depth of 
806 f e e t .  Hardness and the  high i r o n  content  probably a r e  the  major q u a l i t y  
problems i n  the  use o f  water  from the  Wilcox. Of t h e  we l l s  sampled, only one 
(KX-67-18-903, 165 f e e t  deep) yielded moderately hard water ,  and the  r e s t  
y ie lded  hard t o  ve ry  hard water.  The i r o n  content  i n  38 samples ranged from 
0.01 t o  38 ppm; i n  a l l  but  f i v e  samples, t h e  i r o n  exceeded 0.3 ppm. Many water  
systems i n  t h e  r u r a l  a r eas  o f  the  county a re ,  t he re fo re ,  designed t o  remove 
i r o n  from t h e  domestic water  suppl ies .  

The system of  c l a s s i f i c a t i o n  (Figure 9 )  shows t h a t  of t h e  42 samples f o r  
which SAR and specific-conductance d a t a  a r e  ava i l ab le ,  33 had SAR va lues  l e s s  
than  14 and s p e c i f i c  conductance l e s s  than 2,250 micromhos. Thus, i n  the  
r e p o r t  area,  where t h e  moderately high annual r a i n f a l l  r e s u l t s  i n  a cons iderable  
amount of  leaching,  most of t h e  ground water  i s  s u i t a b l e  f o r  supplemental irri- 
ga t ion .  Of course, those waters  t h a t  a r e  medium i n  s a l i n i t y  hazard and low i n  
sodium hazard probably can be used f o r  continuous i r r i g a t i o n ,  p a r t i c u l a r l y  i f  a 
moderate amount of leaching occurs.  On the  o t h e r  hand, water  having a very  
high s a l i n i t y  hazard may n o t  be s u i t a b l e  even f o r  supplemental i r r i g a t i o n  un le s s  
such f a c t o r s  a s  s o i l  type, drainage,  and the  method of  a p p l i c a t i o n  a re  consid- 
e red .  The RSC i n  water  from 68 we l l s  ranged from 0 t o  4.37 epm; i n  59, the  RSC 
was l e s s  than 1.25 epm. 



Carr izo  Sand 

Only a few we l l s  tap  the  Carr izo  Sand i n  the  r e p o r t  a r ea  a t  t h e  p resen t  
time (1964). Most of  the  outcrop of the Carr izo  i s  a fores ted  ranch-type land 
where the  r a i s i n g  of l i v e s t o c k  is  the ch ief  economy; consequently, t h e  demand 
f o r  water  supp l i e s  has been almost e n t i r e l y  f o r  domestic and l i v e s t o c k  use. 

The water  sampled from six we l l s  and two sp r ings  i n  the  county was f resh ,  
s o f t  t o  very hard, genera l ly  low i n  s u l f a t e  and chlor ide ,  and high i n  i ron .  
I n  add i t ion ,  s eve ra l  we l l s  yielded water  having a low pH, o r  ac id  water.  I n  
f a c t ,  one wel l  (KX-67-34-704, depth 123 f e e t )  yielded water  having a pH of  3 . 3  
and 1.9 ppm t o t a l  a c i d i t y  a s  (Table 6). 

Water from the  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  when judged accord- 
ing  t o  t h e  c l a s s i f i c a t i o n  diagram (Figure 9).  I n  f i v e  of  t h e  s i x  samples c o l -  
l ec t ed ,  the  water  was low i n  sodium hazard and low t o  medium i n  s a l i n i t y  hazard; 
i n  one sample, the  s a l i n i t y  hazard was ve ry  high. The s o i l  developed on t h e  
Carr izo  genera l ly  has good drainage which, coupled wi th  t h e  moderately h igh  
annual r a i n f a l l ,  w i l l  permit the use of  water  of high s a l i n i t y  a t  l e a s t  f o r  
supplemental i r r i g a t i o n  and probably f o r  continuous i r r i g a t i o n .  

Alluvium and Leona Formation 

Water from we l l s  i n  t h e  a l l w i u m  and Leona Formation is  used f o r  publ ic  
supply a t  McQueeney, f o r  domestic and l i v e s t o c k  purposes, f o r  i r r i g a t i o n ,  and 
f o r  i n d u s t r i a l  uses .  The water  probably i s  l e a s t  d e s i r a b l e  f o r  publ ic  supply 
o r  domestic use  owing t o  i t s  hardness and h igh  concent ra t ion  of  n i t r a t e .  I n  33 
samples the hardness ranged from 136 t o  1,040 ppm, exceeding 180 ppm i n  32 of 
the  samples. I n  1 9  samples the n i t r a t e  ranged from 1.8 t o  752 ppm; 13 samples 
contained more than 45 ppm. Most of  t h e  we l l s  i n  the  a l l w i u m  and Leona a r e  
dug t o  depths of 16 t o  60 f e e t ;  they a re ,  therefore ,  h ighly  vulnerable  t o  pol-  
l u t i o n  by seepage from organic mat te r .  

The a l l w i u m  and Leona supp l i e s  water  t o  a few we l l s  f o r  i r r i g a t i o n  i n  the  
r epor t  a rea .  According t o  the  c l a s s i f i c a t i o n  diagram (Figure 9),  t h e  water  is  
low i n  sodium hazard and medium t o  high i n  s a l i n i t y  hazard, the  only exception 
being one wel l  i n  which the  water  was low i n  s a l i n i t y  hazard. Thus, t h e  wa te r  
i s  s u i t a b l e  a t  l e a s t  f o r  supplemental i r r i g a t i o n  and probably f o r  continuous 
i r r i g a t i o n ,  p a r t i c u l a r l y  wi th  those waters  conta in ing  low t o  medium s a l i n i t y  
hazard. 

DISPOSAL OF OIL-FIELD BRINES 

I n  some o f  the  o i l  f i e l d s  i n  t h e  county, s a l t  water  has  been produced wi th  
the  o i l  from many we l l s  s ince  they were f i r s t  d r i l l e d .  I n  1959 t h e  r a t i o  o f  
s a l t  water  t o  o i l  produced i n  t h e  Darst  Creek f i e l d  was 96 t o  4 (Lozo and 
o the r s ,  1959, p. 140). The d i sposa l  of  such l a rge  q u a n t i t i e s  of  s a l t  water  has 
always been a se r ious  problem. Formerly the  s a l t  water  was s tored  i n  a l a r g e  
su r face  r e se rvo i r ,  bu t  as  the  q u a n t i t i e s  grew l a rge r ,  t h i s  method became imprac- 
t i cab le .  A t  p resent  (1964) the  b r ine  is  e i t h e r  i n j ec t ed  through we l l s  i n t o  f o r -  
mations below the  o i l  zones, o r  i s  s tored  i n  open su r face  p i t s  of  va r ious  s i z e s .  
I n  Table 2 i s  shown the  quant i ty  of o i l - f i e l d  b r ine  repor ted ly  produced i n  1961 
i n  each o i l  f i e l d  i n  the county and the means of b r i n e  d i sposa l .  



 able 2. --Oil-f ield brine production and disposal ,  1%1. ( F r w  Texas 
Water C-ission and Texas Water Pol lu t ion Control 

Board, 1963) 

F ie ld  name 

Darst Creek 
(Buda Limestone) 

Darst Creek 
(Edwards Limestone) 

Dunlap 

Jayeddie 

L a  Vernia 

La Vernia 
(190 foo t  sand) 

Luling - Branyon 

S p i l l e r  

Staples  

Zoboroski 

County t o t a l s  

Brine 
production 

(barre ls )  

17,468,790 

67,995,309 

5,341 

3,000 

11,443 

50 

27,845,360 

51,293 

19,000 

24,335 

113,413,921 

Brine d isposal  
In j ec t ion  

(barre ls )  

17,102,447 

67,990,509 

-- 
-- 
-- 
-- 

27,703,200 

-- 
-- 
-- 

112,796,156 

Open surface  
(barre ls )  

366,343 

4,800 

5,341 

3,000 

11,443 

50 

142,160 

51,293 

19,000 

14,335 

617,765 

we l l  
(percent) 

97.9 

100 

-- 
-- 
-- 
-- 

99.5 

-- 
-- 
-- 

99.5 

p i t  
(percent) 

2.1 

.O 

100 

100 

100 

100 

.5 

100 

100 

100 

.5 



The d i sposa l  o f  o i l - f i e l d  b r ines  i n t o  su r face  p i t s  i s  a  poss ib le  source of 
contamination of t h e  ground water  i n  Guadalupe County. Shallow a q u i f e r s  p a r t i c -  
u l a r l y  a r e  endangered, e s p e c i a l l y  i f  the  sur face  p i t s  a r e  on a  sandy outcrop 
such a s  the Wilcox Group o r  the  Carr izo  Sand. The b r ine  i n  the  p i t  seeps i n t o  
the  ground and, over  a  period of time, may contaminate the  water  i n  the  shallow 
aqu i fe r .  The time requi red  f o r  the  b r i n e  t o  a f f e c t  the  q u a l i t y  of  water  i n  
nearby we l l s  may vary  considerably,  depending upon t h e  permeabil i ty  o f  the  s o i l  
and the  r a t e  of movement of t h e  b r ine .  The process may take seve ra l  yea r s  o r  
only a  few months. Generally,  contamination of  the  water  is indicated by an 
abnormal increase  i n  the  s a l i n i t y  of  the water,  p r i n c i p a l l y  i n  the  c h l o r i d e  con- 
t e n t  wi thout  an accompanying increase  i n  the  s u l f a t e  content .  Once the  source 
of  the contamination i s  e l iminated,  another  problem is presented-- tha t  of water  
p u r i f i c a t i o n  which, because of  the slow process of  leaching  and d i l u t i o n ,  may 
r equ i re  a  considerably longer  time than the period of o r i g i n a l  po l lu t ion .  I n  
many o i l  f i e l d s  throughout the  S ta t e ,  su r face  p i t s  f o r  s t o r i n g  o i l - f i e l d  b r ines  
a r e  l i ned  wi th  impervious ma te r i a l s  to  prevent  any seepage of b r i n e  i n t o  the  
f r e sh  water-bearing sands. 

The aqu i fe r s  underlying the r e p o r t  a r ea  may be contaminated a l s o  by t h e  
invasion of  s a l t  water  through improperly cased o i l  we l l s  o r  o i l  t e s t s .  I n  
r ecen t  years ,  the  Texas Water Commission has made recommendations t o  the  o i l  
ope ra to r s  concerning t h e  depths t o  which water-bearing formations a r e  t o  be 
pro tec ted;  by cemented casing,  however, the O i l  and Gas Divis ion  of the Railroad 
Comiss ion  o f  Texas i s  respons ib le  f o r  t h e  p ro tec t ion  of  the  water-bearing f o r -  
mations. The amount of  cemented cas ing  spec i f i ed  i n  the f i e l d  r u l e s  of  the  
Railroad Commission through Apr i l  1965 i s  adequate t o  p r o t e c t  the  f r e s h  t o  
s l i g h t l y  s a l i n e  water  i n  a l l  f i e l d s  covered by t h e  r u l e s  except  the La Vernia 
f i e l d s .  I n  t h e  western p a r t  of t h i s  f i e l d  i n  Guadalupe County about  350 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  may be unprotected.  

No ins tances  of  contamination from inadequate cas ing  o r  from b r i n e  p i t s  
were reported o r  observed i n  the county dur ing  the  inves t iga t ion ;  however, the 
p i t s  a r e  s t i l l  i n  use i n  many of the  o i l  f i e l d s  i n  the county. A t  some p laces  
t h e  s i t e s  of formerly used p i t s  a r e  conspicuous a s  bar ren  areas  from which most 
of  t h e  vege ta t ion  has been destroyed by the s a l t  water .  Such places,  however, 
a r e  gradual ly  becoming l e s s  and l e s s  ev ident  i n  view of modern p r a c t i c e s  and 
concern wi th  regard t o  sa l t -wa te r  d isposa l .  

AVAILABILITY OF GROUND WATER FOR FUTURE DEVELOPMENT 

The a v a i l a b i l i t y  of  water  f o r  fu tu re  development from the  a q u i f e r s  i n  Guad- 
alupe County is d i r e c t l y  r e l a t e d  t o  the  amount of  water  i n  s torage ,  t h e  t r ans -  
mission capaci ty  of the aqu i fe r s ,  and the  r a t e  of recharge t o  the a q u i f e r s .  

The geologic formations conta in ing  s i g n i f i c a n t  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  i n  the  county include the  Wilcox Group, Carr izo  Sand, 
alluvium and Leona Formation, and the Edwards and a s soc ia t ed  l imestones.  

The Carr izo  Sand and Wilcox Group a r e  considered as  a  u n i t  i n  t h i s  d i scus -  
s ion,  because they a r e  hydrologica l ly  connected. Together they form t h e  p r in -  
c i p a l  source f o r  the  development of ground water  i n  the  county. The geologic 
s e c t i o n  (P la t e  2 )  shows t h a t  the  Carr izo  Sand and Wilcox Group 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  throughout t h e i r  e n t i r e  th ickness  only i n  a  small a r e a  
near  the  updip l i m i t  of the Wilcox. Elsewhere the  i n t e r f a c e  between the  



s l i g h t l y  s a l i n e  and moderately s a l i n e  water  occurs w i t h i n  the  Wilcox, i n  p laces  
a s  much as  300 f e e t  above the  base. The a l t i t u d e  of the base of  the 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  a q u i f e r  ranges from more than 400 f e e t  above s e a  
l e v e l  i n  t h e  updip p a r t  of the  aqu i fe r  t o  a t  l e a s t  1,456 f e e t  below s e a  l e v e l  
i n  the  extreme southern p a r t  of  the  county (Figure 10). The approximate th i ck -  
ness of the  sands i n  the  Carr izo  Sand and Wilcox Group 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  is  shown i n  Figure 11; and the  a reas  most favorable f o r  
ground-water development a r e  the  a reas  where the  sands a r e  th i ckes t .  The map 
shows t h a t  t h e  th ickness  increases  toward the  south and southeas t ,  a  maximum 
th ickness  of  s l i g h t l y  more than 1,200 f e e t  being a t t a i n e d  i n  a  w e l l  i n  Gonzales 
County near  the  Guadalupe-Gonzales county l i n e .  Where the  sands a r e  th i ckes t ,  
t h e  l a r g e s t  y i e l d s ,  perhaps more than 2,000 gpm, might be expected from properly 
cons t ruc ted  w e l l s  screened throughout t h e  e n t i r e  th ickness  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.  

A p r i n c i p a l  f a c t o r  a f f e c t i n g  t h e a v a i l a b i l i t y  of  water  from the  Wilcox 
Group and Carr izo  Sand is t h e  a b i l i t y  of the  a q u i f e r  t o  t ransmi t  water  t o  we l l s .  
Estimates of  a v a i l a b i l i t y  a r e  predica ted  on seve ra l  assumptions, some of  which 
a r e  n o t  p r e c i s e l y  app l i cab le  t o  Guadalupe County. Moreover, t h e  e s t ima tes  
should be considered a s  c o r r e c t  only  i n  t h e i r  o rde r  of  magnitude, because the 
e f f e c t  of f u t u r e  l a rge - sca le  development of  ground water  from t h e  a q u i f e r  i n  
ad jo in ing  a reas  was not  considered. 

For the  purposes of  t h i s  r e p o r t ,  the es t imate  of the  amount of  ground water  
pe renn ia l ly  a v a i l a b l e  was based on pumping l i f t s  of n o t  more than 400 f e e t  a long 
a n  assumed l i n e  of d ischarge  loca ted  approximately along t h e  l i n e  of  su r face  
con tac t  between the  Car r i zo  Sand and the  Reklaw Formation. The l i n e  o f  d i s -  
charge i s  assumed t o  be t h e  same length  a s  and p a r a l l e l  t o  the  l i n e  of  recharge, 
which i s  assumed t o  be the  c e n t e r  l i n e  of  t h e  outcrop of  the Wilcox Group. 
Furthermore, t h e  recharge i s  assumed t o  be adequate t o  keep t h e  a l t i t u d e  of  the  
water  l e v e l s  everywhere the  same along the  l i n e  of recharge. 

On t h e  b a s i s  of  the  p resen t  hydraul ic  g rad ien t  of 9.6 f e e t  per  mi le  and a 
composite t r a n s m i s s i b i l i t y  of  100,000 gpd per  foot ,  t h e  a q u i f e r  would t ransmi t  
annual ly on the  o rde r  of  21,000 ac re - f ee t ,  o r  19 mgd. Actual ly,  the  1 9  mgd is 
a somewhat conserva t ive  es t imate  because i t  does not  include an unknown quan- 
t i t y  of  p o t e n t i a l  recharge t h a t  i s  p resen t ly  e i t h e r  r e j e c t e d  t o  streams a s  
sp r ing  flow and seepage on the outcrop o r  is  l o s t  by evapot ranspi ra t ion .  The 
19 mgd i s  equiva lent  t o  about 1 . 0  inch of  water  covering and e f f e c t i v e l y  
recharging the  outcrop of  the  aqu i fe r .  The 1.0 inch of recharge is  roughly 
equ iva len t  t o  only 3 percent  of  t h e  normal annual p r e c i p i t a t i o n  (30.85 inches) .  

I f  the  water  l e v e l  could be lowered t o  400 f e e t  a long t h e  assumed l i n e  of  
d ischarge  and i f  t h e  s p e c i f i c  y i e l d  o f  the  dewatered sediments was 15 percent ,  
approximately 7 m i l l i o n  ac re - f ee t  of  water  would be re leased  from s to rage  i n  
t h a t  p a r t  of the a q u i f e r  between the  outcrop and t h e  l i n e  of  discharge.  
Actually,  t h a t  p a r t  of  t h e  a q u i f e r  downdip from the l i n e  of  d ischarge  a l s o  
would r e l e a s e  from s to rage  an approximately equal volume. 

A f t e r  t h e  water  l e v e l s  had been lowered t o  400 f e e t  along the  l i n e  of d i s -  
charge and a hydraul ic  g rad ien t  of about 37 f e e t  per mile  had been e s t ab l i shed ,  
t h e  a q u i f e r  would t ransmi t  about  45,000 ac re - f ee t  per  year  (or about 40 mgd) 
assuming a t r a n s m i s s i b i l i t y  of  50,000 gpd pe r  foot .  The lower 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  is  used i n  making t h i s  es t imate ,  because, by lowering the  
water  l e v e l  t o  400 f e e t  along t h e  l i n e  of  d ischarge ,  t h a t  p a r t  of t h e  a q u i f e r  
c o n s i s t i n g  of  t h e  Car r i zo  Sand would be near ly  completely dewatered; and the  



water  would, t he re fo re ,  be t ransmi t ted  downdip on ly  through the  Wilcox which has  
an est imated average t r a n s m i s s i b i l i t y  of 50,000 gpd per  foo t .  

The Leona Formation, the  p r i n c i p a l  a q u i f e r  i n  the  no r th -cen t r a l  p a r t  of 
Guadalupe County, supp l i e s  water  pr imar i ly  f o r  domestic and l i v e s t o c k  use; bu t  
a t  some p laces ,  mostly near  the  major streams, t h i s  a q u i f e r  y i e l d s  enough water  
t o  i r r i g a t e  some small farms. In  general ,  the  y i e l d s  o f  we l l s  i n  the  Leona 
range widely w i t h i n  s h o r t  d i s t ances ,  t h e  l a r g e s t  y i e l d s  being obtained from 
we l l s  near  the  major streams and i n  the  a r e a s  where the  sa tu ra t ed  thickness is 
g r e a t e s t .  Although y i e l d s  of  some of the  l a r g e r  we l l s  range from about 300 t o  
700 gpm, one we l l  is  reported t o  y i e l d  about 2,000 gpm. It is  doubtful ,  how-- 
ever ,  t h a t  the we l l  could s u s t a i n  t h i s  y i e l d  f o r  more than a s h o r t  period of 
time; f o r  the  we l l s  a r e  genera l ly  not  capable of  main ta in ing  a y i e l d  of  even 
500 gpm f o r  more than a few hours.  

The na ture  of  the bedrock probably a f f e c t s  t h e  y i e l d s  of w e l l s  i n  t h e  
Leona. A t  p laces  where the  Leona o v e r l i e s  the  sandy Wilcox Group, water  from 
the  Leona i n f i l t r a t e s  the  underlying Wilcox, and the  Leona might not  be expected 
t o  y i e l d  even moderate amounts o f  water .  I n  f a c t ,  few we l l s  tap  the Leona where 
i t  i s  under la in  by the Wilcox (Figure 2 ) .  However, where the bedrock c o n s i s t s  
of impermeable c lay ,  a s  occurs  i n  many p laces  i n  the  nor thern  p a r t  of the 
county, the  water  i n  the  Leona is  r e t a ined  i n  t h e  formation and l a r g e r  y i e l d s  
can be expected. 

During the  s u m e r  o f  1964, an est imated 156,000 a c r e - f e e t  o f  f r e s h  t o  
s l i g h t l y  s a l i n e  water  was s tored  i n  t h e  Leona Formation, the  average th ickness  
of  s a t u r a t i o n  being 6 f e e t .  Of course, the  q u a n t i t y  of  wa te r  i n  s to rage  w i l l  
vary  widely wi th  time, depending on the  a v a i l a b i l i t y  of recharge.  During o r  
following periods o f  above normal r a i n f a l l ,  t h e  amount of water  i n  s to rage  
could be considerably more than  156,000 ac re - f ee t ;  on t h e  o t h e r  hand, during 
extended droughts t h e  quan t i ty  could be s u b s t a n t i a l l y  l e s s .  For example, i n  
1956, t h e  l a s t  year  of  an extended drought, many we l l s  i n  t h e  Leona were 
repor ted  t o  have gone dry.  I n  t h e  following yea r  when r a i n f a l l  was a b w e  nor- 
mal, t h e  a q u i f e r  was aga in  replenished.  

Although the  Edwards and assoc ia ted  limestones y i e l d s  f r e s h  t o  s l i g h t l y  
s a l i n e  water  t o  a few w e l l s  i n  a small a r ea  i n  the western p a r t  o f  the  county, 
the  quant i ty  a v a i l a b l e  f o r  development probably is  small  r e l a t i v e  t o  t h a t  from 
the  o t h e r  formations. 

I n  summary, t h e  a q u i f e r s  underlying Guadalupe County a r e  v i r t u a l l y  
untapped. The Car r i zo  Sand and Wilcox Group, a s  an aqu i fe r ,  probably t ransmi ts  
annual ly on the o rde r  of 19 mgd a t  the present  (1963) hydraul ic  gradient ,  o r  
nea r ly  10  times the  quant i ty  of ground water  discharged by we l l s  from a l l  aqui-  
f e r s  and f o r  a l l  purposes i n  1963. A t  present ,  the water  moves southeastward 
i n t o  the  ad jo in ing  count ies .  Even l a r g e r  q u a n t i t i e s  of  ground water  would be 
a v a i l a b l e  i f  we l l s  were i n s t a l l e d  and pumped s o  a s  t o  maintain pumping l e v e l s  
a t  400 f e e t  along an assumed l i n e  of discharge.  During periods of  normal 
r a i n f a l l ,  l a rge  q u a n t i t i e s  of  water  (as much a s  156,000 a c r e - f e e t )  a r e  a v a i l a b l e  
from the  alluvium and Leona Formation. 
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Table 3.--Records of wel la  and s p r i n a s  i n  Gusdslvpc County--Continued 

*KV-67-25-502 hnthrrny m y s  ~ o h n  P e r r w n  

505 Bur l  Mnskey I I I d o  

506 ~ o l r e  Estate w e l l  1 Pryor D i l l a r d  

507 ~ s e k  mndm Roland Herbold 

508 E. McLeod Char les  Behrens 

s o 9  F. R. S I e g b i e l  do 

~ 0 1  R. J .  Govett w e l l  1 C. R. England 

602 F .  Schmidt w e l l  1 R. L. Turner 

603 Nomn Roecker Char les  Behrena 

of 
net"od 
of 

701 Troy Lakey I -- week3 

Remarks 

702 Fauaf Rest Home I I Char les  Behrens 

703 Char les  Orein &,land ~ e r b o l d  

A l t i t u d e  
Of land 
surface 

( I t )  

Warer- 
bear -  

i n g  
u n i t  

* 704 H. A.  Gombert Estate Char les  Best 

705 Cher les  Spahn w e l l  1 E .  C. Johnson 

706 Troy U k e y  John P e r r m n  

Cased t o  bottom. Per fora ted  from 190 t o  
198 i f .  Temp. 74'F. 

Depth 
of 

we11 
(fl) 

Date 
cm- 
p1e t -  

d 

water l e v e l  
msm- 
=rcr 
of 

we11 
(in.) 

D r i l l e r  Well 

Bela* 
land- 

o w f a c e  
datum 
(ft) 

Cased t o  bottom. P e r f o r a t e d  Irom 105 f t  
t o  bottom. 

O i l  rear.  2, 

Ulner 
Dare of 

mesaurement 

N 

IV 

cas ing  ~ e r f o r a t e d  from 166 f r  t o  184 f r .  

cased to bottom. ~ o t  i n  use when v i s i t e d  
in 1962. 

Cased Lo bottom. P e r f o r a t e d  fro. 110 t o  
120 f f .  Nor i n  use i n  A p r i l  1962. 

o i l  t e s t .  3 

O i l  r e a r .  3 

Cased t o  bottom. Per fora ted  from I58 f f  
LO battom. Pump a e t  a r  100 f t .  Reporter 
water ""fit f o r  drinking purposes.  

meed L. bottom. p e r f o r a t e d  from 265 i t  i to bottom. Temp. 73-F. 

"I: 0 , s  

1 w e l l  375 in ~ u e d a ~ u p e  county r e p o r t ,  193 

- -  ( O i l  test. 41 

I Abandoned and f i l l e d  i n  1958. Replaced I 
w e l l  KV-67-25-701. 

Trr hrs w e l l .  Reported d i ~ c h a r p e  700 gpr in 
1962. s ~ p p l i e a  vater t o  i r r i g a f e  ZOO 
scree. 

I r r  t u g  w e l l .  Cased to  bottom. Reported d i s  
charge 500 gpm. P a r t i a l l y  s u p p l i e s  water 
t o  i r r i g a t e  200 acrrs.  

s e e  foornotes a t  end of t a b l e .  

~ r r  cased t o  borrom. ~ u g  w e l l .  Reported d in  
charge 700 gpm. P a r t i a l l y  s u p p l i e s  water  

arrps 
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Table 4.--Water l e v e l s  i n  w e l l s  i n  Guadalupe County 
( i n  f e e t  below land su r f ace  datum) 

Well KX-68-23-801 

Water 
Date l e v e l  

Water 
Date l e v e l  

Owner: Reinhold Wenzel . 

Well KX-6.8-24-511 

Water 
Date l e v e l  

Dec. 15 97.33 

Jan .  14, 1959 97.82 

Apr. 7 99.85 

May 9, 1960 96.04 

May 30 97.96 

J u l y  11 96.78 

Oct. 1 2 ,  1956 113.60 

S e p t . 1 5 , 1 9 5 8  104.53 

Oct. 14 100.53 

Well KX-68-30-201 

June  8,  1959 96.06 

Aug. 3 99.82 

Dec. 2 101.62 

Pumped r ecen t ly .  

J an .  7, 1960 100.94 

Mar. 8 98.91 

Apr. 7 98.60 

Owner: Alfred Liebscher .  

+ug. 4 100.02 

Dec. 12, 1936 100.22 May 19 100.86 

Apr. 28, 1964 5.30 Nov. 21, 1957 10.86 

May 21, 1958 9.13 

Sept.  15  8.44 

Owner: Alvin Friesenhahn. 

J an .  16, 1937 I July 20  105.75 I 

Oct. 14, 1958 8.17 

Nov. 17 8.01 

Dec. 15 8.10 

Oct. 2 ,  1933 107.65 

Dec. 15 
105-76 I Aug. 25 I 

Apr. 22, 1938 104.99 

Jan .  21, 1938 103.55 I Sept .  28 107.99 1 
Feb. 2 108.35 1 Dec. 12 107.50 1 
Mar. 30 102.61 1 Jan .  24, 1939 107.46 / 

Mar. 1, 1939 108.87 

Mar. 18 109.70 

Apr. 23 110.69 

Oct. 5 116.13 

Dec. 19 112.82 

J a n .  30, 1940 112.96 

Mar. 22 115.06 

(Continued on next  page) 



Table &.--Water l e v e l s  i n  w e l l s  i n  Guadalupe County--Continued 

Water 
Date l e v e l  

Well KX-68-30-206 

I Apr. 30, 1940 114.56 

May 23 114.80 

June 21  113.62 

J u l y  25 115.07 

Aug. 28 117.04 

Sept.  24 117.99 

Oct. 19 117.25 

Dec. 4 114.22 

Jan. 23, 1941 111.67 

Mar. 25 105.23 

May 29 100.20 

Nov. 14 103.89 

Apr. 9, 1942 106.34 

Aug. 6 109.96 

Apr. 20, 1943 105.70 

Sept. 3 110.24 

zj Pumped recen t ly .  

Water 
Date l e v e l  

(Continued on next  page) 

Water 
Date l e v e l  

Well KX-68-30-201--Continued 

Dec. 21, 1943 110.41 

Aug. 24, 1944 110.71 

Dec. 19 105.43 

May 23, 1945 103.95 

Mar. 19, 1946 107.57 

J u l y  5 , 1 9 4 7  110.82 

Nov. 8 113.25 

June 25, 1948 122.46 

Jan: 10, 1949 121.99 

Dec. 7, 1949 116.01 

Feb. 1, 1950 115.92 

Apr. 10  118.84 

Jan.  22, 1951 124.04 

May 21 ,1958  105.50 

June 1 9  107.43 

J u l y  18 140.51 

Owner: Alvin Friesenhahn. 

Sept.  15, 1958 143.83 

Oct. 14 106.58 

Nov. 17 100.29 

Jan .  19, 1959 102.76 

Apr. 8 107.06 

June 8 110.08 

Aug. 5 113.52, 

Oct. 9 108.05 

Dec. 2 106.06 

Jan.  5, 1960 103.90 

Mar. 11 105.29 

Apr. 12 107.46 

%kt. 3 113.59 

9bov. 3 109.24 

May 19, 1938 73.12 

June 23 74.23 

J u l y  20 74.83 

Aug. 25 75.22 

Oct. 2, 1933 26.08 

Dec. 12, 1936 73.99 

Jan.  16, 1937 75.37 

Dec. 15  71.21 

Jan.  21, 1938 74.04 

Feb. 2 73.72 

Mar. 30  73.69 

Apr. 22 73.49 



Table 4.--Water levels in wells in Guadalupe County--Continued 

Water 
Date level 

Well KX-68-30-302 

Owner: C. L. Worthy. 

Well KX-68-30-206--Continued 

Water 
Date level 

Water 
Date level 

Sept. 24, 1940 76.54 

Oct. 29 76.06 

Dec. 4 75.32 

Jan. 23, 1941 74.92 

Mar. 25 52.12 

May 29 71.99 

Apr. 9, 1942 72.79 

Sept. 28, 1938 75.43 

Dec. 12 75.80 

Jan. 24, 1939 75.53 

Mar. 1 74.22 

Mar. 28 75.56 

Apr. 23 75.98 

May 25 75.64 

July 4 76.37 

Oct. 5 76.48 

Jan. 14, 1959 104.28 

Apr. 7 108.13 

104.63 1 Mar. 21 120.88 

Dec. 19, 1939 76.70 

Jan. 30, 1940 76.69 

Feb. 20 75.66 

Mar. 22 76.46 

Apr. 30 75.48 

May 23 63.70 

June 21 60.88 

July 25 75.66 

Aug. 28 76.43 

June 8 110.73 

Aug. 3 114.41 

IDec. 2 108.29 1 Jan. 26, 1961 102.31 1 July 23 82.21 

July 11, 1960 117.08 

Aug. 4 117.02 

Jan. 5, 1960 106.82 Mar. 24 103.60 Sept. 24 134.55 

Nov. 30, 1961 106.00 

Jan. 29, 1962 108.04 

Oct. 3 114.81 

Nov. 3 106.54 

I Mar. 106.57 way 24 Jan. 24, 1964 126.52 I - 

Nov. 21 120.49 

Jan. 26, 1963 119.45 

Apr. 8 106.45 

May 9 107.64 

May 30 113.06 

July 18 108.39 

Sept. 27 109.06 

Oct. 25 107.28 

Mar. 26 125.33 

July 20 140.10 

Pumping. 



Table 4.--Water Levels i n  w e l l s  in  Guadalupe County--Continued 

Well KX-68-30-601 

Owner: Walter Kramer. 

Water 
Date l e v e l  

Well KX-68-31-103 

Owner: Harold Jans ing .  

Water 
Date l e v e l  

Water 
Date l e v e l  

Feb. 20, 1962 53.22 

May 25 61.93 

J u l y  26 73.18 

Sept.  28 67.15 

Nov. 21 64.26 

Jan .  26, 1963 61.75 

Mar. 21 63.41 

May 21 69.35 

J u l y  23 82.21 

Sept .  24 79.74 

Nov. 21 73.60 

Jan.  24, 1964 71.98 

Mar. 26 69.86 

J u l y  20 84.39 

Sept .  15, 1958 71.5 

Oct. 14 51.54 

Nov. 17 46.10 

Dec. 15 47.63 

Jan .  14, 1959 47.73 

Apr. 7 51.60 

June  8 54.41 

Aug. 3 58.38 

Oct. 9 54.10 

Dec. 2 51.60 

Jan .  5, 1960 50.04 

Mar. 8 50.11 

Apr. 7 51.82 

May 9 51.44 

May 30, 1960 54.97 

J u l y  8 60.38 

Aug. 3 60.33 

Oct. 3 58.76 

Nov. 3 48.52 

Dec. 9 47.66 

Jan .  26, 1961 45.36 

Mar. 24 47.88 

May 24 57.24 

J u l y  18 51.10 

Sept.  27 52.70 

Oct. 25 51.38 

Nov. 30  49.35 

Jan.  29, 1962 51.45 

Jan .  26, 1961 175.32 

Mar. 24 175.64 

May 24 180.81 

Feb. 20, 1962 184.50 

June  8 ,  1959 179.88 

Aug. 3 185.85 

Dec. 2 181.60 

Mar. 11, 1960 177.92 

Apr. 7 177.73 

May 9 177.90 

May 30, 1960 178.24 

J u l y  8 182.10 

Aug. 3 183.05 

Oct. 6 182.60 

Nov. 3 185.50 

Dec. 9 177.52 



Table 4.--Water l e v e l s  in  we l l s  i n  Guadalupe County--Continued 

Well KX-68-31-114 

Owner: Ernest Schla ther .  

Water 
Date 1 eve 1 

Well KX-68-31-201 

Owner: Henry Weil. 

Water 
Date l e v e l  

Water 
Date 1 eve 1 

Dec. 15, 1958 32.63 May 21, 1958 34.32 

June 19 33.63 

J u l y  18 34.81 
. 

Well KX-68-31-202 

Owner: Carl Kosseth. 

Sept.  15, 1958 43.38 

Oct. 14 42.37 

Nov. 17 27.70 

May 30, 1960 99.80 

J u l y  8 101.82 

Aug. 4 103.20 

Oct. 3 103.87 

Dec. 9 97.95 

May 7, 1964 113.04 

Sept.  15, 1958 111.66 

Oct. 14 107.45 

Nov. 18 101.67 

Dec. 15 101.90 

Jan .  14, 1959 100.79 

Apr. 7 104.20 

June 8 99.92 

€j Pumping . 

Aug. 3, 1959 103.40 

Oct. 9 104.58 

Dec. 2 103.04 

Jan.  5, 1960 101.80 

Mar. 8 100.26 

Apr. 7 99.92 

May 9 100.41 

Oct. 29, 1957 126.52 

May 21, 1958 124.07 

June 19 125.34 

J u l y  18 125.02 

Sept.  15 139.50 

Oct. 14 128.63 

Nov. 18 122.47 

Dec. 15, 1958 123.53 

y a n .  14, 1959 130.21 

Apr. 7 123.59 

June 8 123.38 

Aug. 3 126.53 

Oct. 9 123.73 

Mar. 8 , 1 9 6 0  123.18 

Apr. 7, 1960 123.05 

May 9 123.07 

May 30 123.84 

J u l y  8 123.75 

Aug. 3 125.06 

Oct. 3 128.92 

Nov. 3 119.24 



Table 4.--Water l e v e l s  i n  we l l s  i n  Guadalupe County--Continued 

Well KX-68-31-507 

Owner: Richard Tol le .  

Water 
Date l eve l  

Water 
Date l e v e l  

Water 
Date l e v e l  

J u l y  8, 1960 41.30 

Aug. 3 41.95 

Oct. 3 42.97 

Nov. 3 37.61 

Dec. 9 34.89 

May 8, 1964 52.90 

Sept.  15, 1958 52.00 

Oct. 14 44.84 

Nov. 18 37.31 

Jan. 14, 1959 37.40 

Apr. 7 38.00 

June 8 38.22 

Aug. 3 42.37 

Oct. 9, 1959 50.99 

Dec. 2 40.32 

Jan.  5, 1960 38.92 

Mar. 8 37.55 

Apr. 7 37.68 

May 9 37.84 

May 30 38.85 



Table 5 . - - D r i l l e r s t  logs o r  we l l s  i n  Guadalupe County 

Well KX-67-18-305 

Owner: Lem Allen. D r i l l e r :  E. B. Kutscher. 

Well KX-67-19-407 

Thickness 
( f e e t )  

Owner: Vernon Engelke. D r i l l e r :  Davenport I r r i g a t i o n  Equipment Co. 

Depth 
( f e e t )  

Thickness 
( f e e t )  

Clay and sandy clay------ 
50 I 

Depth 
( f e e t )  

Sand, f i n e  and gravel----  
l5 I 

Rock and sandy shale-----  
20  I 

Sand, f i n e  wi th  hard 
streaks---------------- 15 I 

Rock-------------------- 3 

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

Shale, s t i cky ,  black---- 10 

Shale------------------- 20 

Sand, fine-------------- 5 

shale------------------- 15 

sand, fine-------------- 6 

Shale and sandy shale--- 19 

Sand, fine-------------- 10 

Shale------------------- 85 

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

Shale------------------- 118 



Table 5 . - - D r i l l e r s 1  logs of we l l s  i n  Guadalupe County--Continued 

Well KX-67-25-507 

Owner: J ack  Mondin. D r i l l e r :  Roland Herbold. 

Thickness 
( f e e t )  

Well KX-67-25-702 

Owner: Faust  Res t  Home. D r i l l e r :  Charles Behrens. 

Depth 
( f ee t )  

- 

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

Rock, gravel  and clay---- 17 

Sand and clay,  yellow---- 20 

Shale, blue-------------- 15 

Sand--------------------- 8 

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

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

Shale, blue-------------- 18 

Well KX-67-25-807 

Owner: Cleburne Soefje .  D r i l l e r :  Charles  Behrens. 

Thickness 
( f ee t )  

3 

20 

40 

55 

63 

76 

78 

96 

Depth 
( f e e t )  

Clay, brown, sandy------- 45 

Clay, blue--------------- 30 

Clay and sand, s t r e a k s ,  
blue------------------- 15 

Rock b lue  -------------- 1 , 
Shale, blue------------- 10 

Rock, blue-------------- 1 

Shale, blue------------- 12 

Sand, blue,  and sha le  
streaks--------------- 10 

Shale,  blue------------- 10 

45 

75 

90 

Clay, blue-------------- 35 

Sand, b lue  and rocks---- 32 

Clay, b lue  -------------- 3 

9 7 

107 

108 

12 0 

130 

140 

125 

157 

160 

Clay, brown-------------- 51 

Sand--------------------- 6 

Clay, blue--------------- 15 

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

Clay, blue--------------- 26 

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

Clay, blue--------------- 43 

51 

57 

72 

76 

102 

117 

160 

Sand and c lay  s t reaks- - -  13 

Clay blue-------------- 29 

Sand and rock----------- 5 

Clay, b?ue-------------- 3 

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

Clay, blue-------------- 2 0 

173 

2 02 

207 

210 

233 

253 



Table 5 . - -Dr i l l e r s1  logs of we l l s  i n  Guadalupe County--Continued 

Well KX-67-26-505 

Owner: R. D. Hoover. D r i l l e r :  H. W. Schubert. 

Thickness 
( f e e t )  

Well KX-67-27-702 

Owner: Dusker Harr i s .  D r i l l e r :  John Perryman. 

Depth 
( f e e t )  

335 

349 

364 

370 

No record---------------- 2 0 

S l a t e  and rocks---------- 25 

Sand, water -------------- 220 

S l a t e  and rocks---------- 65 

Well KX-67-33-301 

Thickness 
( f e e t )  

Depth 
( f e e t )  

20 

45 

265 

330 

153 

3 90 

3 96 

418 

422 

462 

G ~ ~ v ~ ~ - - - - - - - - - - - - - - - - - - -  4 

clay--------------------- 6 

sand--------------------- 30  

clay, blue--------------- 57 

sandrock----------------- 4 

shale-------------------- 2 5 

sandrock----------------- 4 

(Continued on next  page) 

Sand, water------------- 5 

S l a t e  and rocks--------- 14 

Sand, water------------- 15 

S l a t e  --------- -- ------ -- 6 

Owner: W. W. Hohertz. D r i l l e r :  Charles Behrens. 

4 

10 

40 

97 

101 

126 

130 

Sand, ba i l ed  dry-------- 23 

Shale and boulders------ 237 

R ~ C ~ - - - - - - - - - - - - - - - - - - - -  6 

Shale, sandy------------ 22 

Rock, hard-------------- 4 

Sand, water------------- 40 

clay, blue-------------- 6 

 ROC^-------------------- 1 

sand-------------------- 22 

clay, blue-------------- 30 

 ROC^-------------------- 1 

C l a y ,  blue-------------- 11 

clay, brown-------------- 25 

clay, blue--------------- 15 

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

sand, brown-------------- 38 

clay, blue--------------- 2 6 

Rock--------------------- 3 

25 

40 

42 

80 

106 

109 



Table 5 . - - D r i l l e r s 1  logs of  we l l s  i n  Guadalupe County--Continued 

Well KX-67-33-301--Continued 

Thickness 
( f e e t )  

Well KX-68-31-204 

Owner: W. C .  Straub.  D r i l l e r :  T. E. Owen. 

Depth 
( f e e t )  

Sand s t r e a k s  and rock---- 25 

Rock and sandy s t r eaks - - -  10 

Sand streaks-------------  25 

Well KX-68-31-401 

Owner: C i t y  of  Cibolo. D r i l l e r :  J. R. Johnson. 

Thickness 
( f e e t )  

205 

215 

240 

Shale,  blue------------- 8 I 248 / 
Depth 
( f e e t )  

sand-------------------- 50 

clay, blue-------------- 7 

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

Clay, yellow------------- 50 

chalk-------------------- 157 

shale-------------------- 2 5 

Well KX-68-32-902 

2 98 

3 05 

3 

53 

210 

235 

~ i ~ ~ ~ t ~ ~ ~  --------------- 57 

clay-------------------- 49 

~ i ~ ~ ~ t ~ ~ ~  --------------- 93 

soil--------------------- 3 

Clay, yellow and gravel - -  47 

shale-------------------- 51 

~~~l------- - - - - - - - - - - - - - -  73 

chalk-------------------- 102 

Owner: H. P. Harwood. D r i l l e r :  H. W. Schubert. 

.-..--- 

2 92 

341 

434 

3 

50 

101 

174 

276 

(Continued on next  page) 

shale------------------- 19 1 295 

! 
~i~~-------------------- 47 342 / 

. -- . .- . 

 ROC^-------------------- 2 i , Z Q !  
1 

shale------------------- 32 1 ;:-:!I 

i 

Rock and sand----------- 2 j 15% i 

shale------------------- 
I 

i 

Sand and clay------------ 80 

Shale-------------------- 20 

R O ~ ~ - - - - - - - - - - - - - - - - - - - - -  5 

shale-------------------- 13 

clay-------------------- 68 

80 

100 

105 

118 

1 
610 ' 

L ~ ~ S ~ O ~ ~ - - - - - - - - - - - - - - -  192 1 602 

I 
i -J 



Table 5 . - -Dr i l le rs1  logs of we l l s  i n  Guadalupe County--Continued 

Well 1 

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

shale-------------------- 23 

Thickness 
( f e e t )  

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

Shale,  sandy------------- 11 

Depth 
( f e e t )  

Well KX-68-40-106 

Owner: Melvin Strey.  D r i l l e r :  H. W. Schubert. 

157 

180 

181 

192 

Thickness 
( fee t )  

Well KX-68-40-304 

Owner: Roland Herbold. D r i l l e r :  Roland Herbold. 

Depth 
( f ee t )  

Rock-------------------- 3 

Sand, water------------- 30  

shale------------------- 5 

clay, sandy-------------- 23 

sand, water -------------- 3 

195 

225 

230 

Well KX-68-40-305 

Owner: Edmund Schmoekel. D r i l l e r :  Roland Herbold. 

23 

26 

Clay, yellow and sand---- 3 2 

Rock-----------.--------- 1 

Surface s o i l  and c lay ,  
yellow----------------- 2 5 

Clay ,  yellow------------- 11 

Rockq-------------------- 1 

clay, blue--------------- 19 

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

Sand, b lue  and shale----- 7 

(Continued on next  page) 

Sand and clay----------- 24 

Shale blue------------- 
7 1 9  

32 

33 

50 

6 9 

Shale,  blue------------- 155 

Sand, blue-------------- 2 0 



Table 5 . - - D r i l l e r s 1  logs of we l l s  i n  Guadalupe County--Continued 

Well KX-68-40-305--Continued 

Thickness 
( f e e t )  

Sand, blue--------------- 3 

Rock, blue--------------- 2 

sand, blue--------------- 8 

Rock, blue--------------- 2 

Sand, blue--------------- 5 

Rock and s h a l e  s t r e a k s - - -  17  

shale ,  blue-------------- 17 

Sand, blue-------------- 4 

Shale,  blue------------- 57 

Rock, blue-------------- 1 

Shale, blue------------- 2 

Rocks and sha le ,  blue--- 18 

Rock, blue, and p y r i t e - -  5 

Sand, blue-------------- 4 

Depth 
( f e e t )  

Well KX-68-40-801 

Owner: D. G. Hale. D r i l l e r :  H. & S. D r i l l i n g  Co. 

Thickness 
( f ee t )  

Depth 
( f e e t )  

Clay---- - - - - - - - - - - - - - - - - -  35 

Shale wi th  hard s t r e a k s - -  200 

shale-------------------- 62 

Shale with hard s t r eaks - -  18 
Sand, hard s treaks------  60 1 565 

I 

35 1 
235 

2 97 

3 15 

Shale, sandy, hard 
streaks--------------- 6 0 505 1 





' E l  , Z d U  = . * , = <  
+ = c . - c  

D L  z i  
.> a 

< " - 





c u.-. 
H "  0 
m m o  
"2 
m a -  - 

a , , ~ $ : : : : : : : : : ~ : 1 3 1 : : : 2 : 2 " : "  r. 

m - - m 0 -  - - m  2 6 1 m m m " N 0 0 m m 0 " m  
O O - " 0 m e O  

m e * ,  
n - * ! . m  

: ; s : , , , , , , - m , m , 6 2 Z E  

- - - c . e 0  + m m  0 m  * o 
, 0 , , , , Z , , , . ~ , 8 , ~ , m n . ~ 0 8 0 - m m  

- r . o ~ " , , , " ' - ' * " " " ' m - a * o t o  
4 

m  
7 

" .. , , , , , , , , , , , , , ,  l , l . I , I I I . I I I  
l , l l , , l l , l l l l l l l l o I I I I I  , . a  

m m e y y  ? r. 

d '  , . . " " ' " : " l ; :  ! ' " " " " " "  
D I I I , , I I  , " 7 " 7 0 "  "7 h + 0 

+ 

" I ?  
N , " ^ m ~ , l l , , l l m , ~ O O 1  1 3 N I m 0 , -  

m  m m  2 " " " ' U ' 0  , 2 m ' " * ' m " ' "  , " .. 
0 0 - .. D 9 9 

m 0 - + *  
. , , , , , , , , ,  . ? 8 , , m m ,  

, , n # l , , a r  , , , , , , ,  , , 

Y . , , a .  . . . . .  , , . .  
w - G " a -  = " i j  " 2 z ; z $ g z ; z ; ; s : :  i " '  
2  2 2 , 2 2 , 2 s =  s 
0 

- , s : g ~ : , ~ : - ~ ~ : ~ : s : : z : : z z , o z a ; ~  , , -, 
L 





Tab le  i . - -Chemica  ana lyses  of w a f e r  frnnl w s l l s  and sprinps i n  Gusdalupe County--Continueil 

-. 

Chlo- 
r i d e  

(Cl) 

110 

1,410 

1 ,880  

1,860 

1,800 

530 

565 

88 

106 

206 

480 

910 

700 

670 

680 

650 

350 

648 

680 

640 

640 

640 

56 

120 

830 

540 

1,400 

F lua-  
r i d e  
(F) 

- -  

4.6 

- -  

- -  

- -  

- -  

2.7 

-- 
-- 
-- 
-- 
-- 

-- 
2 .8  

-- 

-- 
- -  
-- 
-- 
-- 
-- 
-- 
- -  
-- 

-- 
-- 
- -  

N i -  
~ r s f e  
(NO3) 

5.3 

. O  

.. 

. . 

2.0 

.0 

9 .0  

.- 

2.5 

-- 
. . . .  

1 . 0  

. O  

-- 
.- 
--  

-- 

.. 

30  

2.6 

2.5 

Sodium 
cNa) Well i l i c r  

("'2) (0) 

- -  

.. 

.. 
. . . . . .  

--  
- -  
-- 
.. 
--  
-- 

- -  

.S€ 

. . . . . .  

. . . . . .  
-. 

-. 
.- 

. . . .  
.. 

. . . . . .  
-- 
- -  

L.O 

-- 
. . . . . .  

Pofes- 
s l u m  

(K) 

Depth 
of  

" 
( f t )  

Iron 
(Fe) 

KX-68-31-101 

103 

103 

103 

103 

1C4 

201 

202 

202 

204 

* 3  212 

301 

401 

401 

401 

401 

401 

401 

il0l 

401 

401 

401 

402 

501 

502 

503 

507 

Bicar -  
bonate 
IHCO3) 

-- 
- -  
- - 

-- 
-- 
-- 

. . 
--  

. . 
--  
- -  

-- 

-- 

- -  

- -  
- -  

. - 

- -  
5 .9  

6.6 

D a r e o f  
Co"eet'an 

I' 151 41 

.. 

I .. 
.- I 

*3 1 3 

*461 
I 

*68 

I -. 
I 

*I24 

I -- 
-. I 

'417 
I 

394 24 

-1 .. 
I .- 
I -. 
I -- 
I -- 
I .- 
I .- 
.- I 

S u l -  
f a t c  

(SO4) 

401 

950 

1,160 

.- 

1,180 

322 

337 

323 

396 

470 

-. 

264 

262 

258 

256 

258 

252 

254 

260 

256 

258 

260 

9 1 6 . -  

308 

106 

263 

134 

C a l -  
cium 
(Ca) 

350 

545 

545 

545 

545 

470 

560 

165 

165 

434 

t2,499 

1 8  

602 

602 

602 

602 

602 

602 

602 

602 

602 

602 

35 

430 

623 

194 

635 

Wafer- 
braring 

unit 

D i r -  
olved 

:al ids 

834 

6 . 2 3 , 3 7 0 1 , 3 6 0 5 4  

.. 

1,820 

1,990 

729 

.- 

974 

4,920 

.. 

2,300 

2,250 

--  
.- 
.- 

.. 

.- 

-- 
1,550 

-- 
1,930 

292 

480 

Sodium 
adaorp- 

t i n n  
a 
(znn) 

1 .8  

8.9 

- -  

.. 
. . . .  

5.2 

6.4 

1 .4  

- -  
2.3 

-- 
-- 
5.6 

5.5 

.. 
- -  

-- 

- -  
.. 
--  
-. 

. . . .  
-- 
4 . 9  

1.2 

4 . 9  

. . . .  

194 

220 

46 

12 

69 

467 

512 

192 

170 

144 

3,000 

-- 
704 

698 

722 

672 

384 

676 

698 

670 

692 

668 

329 

663 

485 

1 ,140  

naqne- 
s iun  

(Mx) 

138 

178 

. . 

. . . . . . . .  

. . . . . . . .  

146 

155 

152 

- . 
121 

. . . . . . . .  
- - 

218 

208 

. . . . . . . . .  
-- 

- -  

. . . . . . . .  
-- 

208 

-- 

. . 
. . . . . . . .  

135 

150 

168 

. . . . . . . .  

I 5  

27 

36 

222 

. - 

100 

86 

17 

- - 
62 

. . 

118 

109 

- -  
-- 

-- 
106 

-- 

. - 

80 

116 

90 

Oec. 18,  1957 

Sept .  9, 1959 

Dee. 2, 1959 

Sept .  27, 1960 

Mar.  8 ,  I961 

Dec. 18,  1957 

sept. L O ,  1959 

Dec. 18, 1957 

Dec. 2, 1959 

Dec. 3 , 1 9 5 7  

June 16, 1961 

Dec. 3 ,  1957 

Dec. 17,  1957 

Sep t .  9, 1959 

Dee.  8, 1959 

Aug. 7, 1960 

Mer. 8, 1961 

Sepr. 13, 1961 

Mar. 9, 1962 

0cL. 26, 1962 

Mar. 11,  1963 

Au8. 8 ,  1963 

Oec.  17, 1957 

Dee. 3, 1957 

Oct. 29, 1957 

do 

O e c .  2 ,  1959 

neSE 

BS 

CaCO 3 

492 

1,720 

. . . . . .  

1 ,730  

512 

740 

449 

490 

557 

2 , 5 5 0  

1,040 

1,030 

967 

940 

625 

965 

955 

1,010 

970 

250 

665 

851 

789 

I 180 

*320 

.I 

Keriduo!  
sudium 

carbon- 
" 

(nsc) 

0.00 

. 0 0  

n o  

.. 

. O O  

.OO 

.OO 

. O O  

.00 

.OO 

-- 
.OO 

.OO 

.OO 

.OO 

.OO 

.OO 

. O O  

.OO 

. O O  

.00 

.no  

.19 

.00 

.OO 

.00 

n o  

Per- 

- 
dl"," 

29 

- -  

48 

54 

25 

-- 
33 

- -  
- -  
47 

46 

g 8 0 - .  

-- 
-- 
- -  

9 8 0 . -  

- -  
.. 

-- 
48 

54 

47 

Ka I 25 

Kea 1 

Kes 

Kes 

Kee 

Kea 

K~~ 

Ke 

Ka 

Kes 

-- 

Qle 

Kea 

Kes 

Kea 

Kea 

Kes 

Kee 

Kes 

Kes 

Ken 

Kca 

Q l e  

Kes 

Kes 

Kes 

Kes 

S p b c i l i i  
cusducr -  

ancc 
(mlrra",har 

a r  25'c) 

1,2911 / 7.6 

5.60" i b . 6  

‘ , *.I 1 
14 

. . 

16 

14 

23 

. - 
16 

- - 
13 

I 4  

- -  

-- 

- -  

- -  

- -  

. - 

14 

2.7 

12 

6.700 

2 ,810  

2,9411 

1 ,120  

1,120 

1.530 

.- 

4,480 

3,530 

3 ,350  

3.450 

3,360 

2,130 

3.360 

3,460 

3,320 

3,430 

3,220 

895 

2,450 

3,170 

2,870 

1 8 1 0  

. . 

5 . 7  : 
I 

y'll . . I  

7.1. 

1 . 0  

7.3 

7.3 

7.7 

7.b 

6.8 

6.8 

7.3 

7 . 1  

7.0 

7.2 

6 .9  

' . G  

7 .2  

8 . 5  

7.3 

7 . 1  

, . C  

- -  

I 

I 
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