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B A S E - F L O V  S T U D I E S  

U P P E R  G U A D A L U P E  R I V E R  B A S I N ,  T E X A S  

Q u a n t i t y  A S D  Q u a l i t y  

M a r c h  1 9 6 5  

INTRODUCTION 

T h i s  i n v e s t i g a t i o n  was made by t h e  U . S .  Geolog ica l  S u r v e y ,  V a t e r  Resources 
D i v i s i o n ,  u n d e r  p r o v i s i o n s  of the 1965 c o o p e r a t i v e  agreement w i t h  the Texas 
Xater  Development B o a r d  p r o v i d i n g  f o r  t h e  i n v e s t i g a t i o n  of the va ter  resources 
of Texas. 

P u r p o s e s  o f  t h e  i n v e s t i g a t i o n  were to: (1) determine t h e  interchange of  
zround and s u r f a c e  w a t e r s  in t h e  c h a n n e l ;  (2 )  e v a l u a t e  t h e  e f f e c t s  of geology 
and man-made environrnenta l changes on t h e  q u a n t i t y  and  chemica 1 quality o f  t h e  
water; and ( 3 )  e v a l u a t e  the  suitability of the w a t e r  for m u n i c i p a l ,  i n d u s t r i n k ,  
a g r i c u l t u r a l ,  and r e c r e a t i o n a l  uses when flow in the Guada lupe  River was sus- 
t a i n e d  e n t i r e l y  by ground-water effluent and  when e v a p o r a t i o n  and  t r a n s p i r a t i o n  
were at a minimum. T h e  i n v e s t i g a t e d  reach of 54.0 river miles extends d o v s  t t e a m  
from t h e  headwaters  o f  the Guadalupe River above Hunt t o  t h e  strea7-gag in^ s t a -  
t i o n  a t  Comfort (F igure  l l ) .  

The investigation was  begun on March 15, L965, 34 days a f t e r  a p p r e c i a b l e  
r a i n f a l l  or surface r u n o f f  h a d  occur red .  Hydrographs f n r  t h e  s t r e a n - g a g i n g  
s t a t i o n s  o n  Johnson Creek near  I n g r a n  and on t h e  Guadalupe Rivcr a t  C o m f o r t  
show t h a t  discharge in t h e  t w o  streams was n e a r l y  cons t an t  (Fig:lre 1). Both 
el=-apora t ion  and t r a n s p i r a t i o n  p r o b a b l y  were near t h e  minimum f o r  t h e  y e a s .  
b i n f a l l  o n  t h e  watershed  d u r i n r ,  t h e  n i ~ h t  of ?larch 16 caused s t i r f n c e  r u n o f f ,  
a n d  t h e  completion of t h e  fieldwork was p o s t p c n e d .  No r a i n  fell d u r i n g  r h e  
following nine d a y s ,  a n d  h y d r o p r a p h s  showed a s l o w l y  d i m i n i s h i n e  d i s c h a r s e  o n  
J o h n s o n  Creek and t h e  G u a d a l u p e  River a t  C o m f o r t  (F igure  1) . A l t h o u ~ h  r iver  
d i s c h a r g e  was n o t  the  m i n i m u m  base  flow. s c r e a m f l o r ~  w a s  e n t i r e l y  s u s t n i n e d  hp 
ground-water  e f f l u e n t .  T h e  f ieldvqrk was resumed on March 24 a n d  c n m o l e t e d  o : ~  
?larch 25,  1965 ,  

Loca t ion  

The Sorth and S o u t h  Forks G u a d a l u p e  River rise in rwstcrn Kerr  Covnty,. i r l  

t h e  heart o f  t h e  b e a u t i f u l  c e n t r a l  Texas " H i l l  C o u n t r y . "  The  t:.;t, forks I'lorc 





eas tward  u n t i l  t h e y  j o i n  near  Hunt t o  form t h e  Guada lupe  River .  The r i ve r  con- 
t i n u e s  e a s t - s o u t h e a s t w a r d  t h r o u g l ~  t h e  Kertville r e c r e a t i o n  area, t h r o u g h  Zoq-  
f o r t - -  t h e  downst ream limi r of t h e  s t u d y  a r e a - - a n d  i n t o  Canyon  R e s e m o i r  13 m i l e s  
above Xew B r a u n f e l s  and 40 m i l e s  be1or.r Comfor t .  (See  F i g u r e  11 .) 

T o p o q r a p h v ,  S o i l s .  and  Land Use 

From the headwaters of  t h e  r iver  to Kerrvil le,  t h e  t e r r a i n  of  t h e  Gtradalupct 
Rivcr b a s i n  i s  rocky  and  m o d e r a t e l y  d i s s e c t e d  by many s m a l l  streams,  some o f  
w h i c h  are fed by s p r i n g s  i s s u i n g  from beds of limestone ( F i g u r e  2 ) .  The h i g h e s t  
p o i n r  in the area u p s t r e a m  from Kerrville is a b o u t  2,400 feet above mean sea 
level .  and the e l e v a t i o n  a t  Kerrvil le is a b o u t  1,640 feet .  From H u n t  t~ Kerr- 
r ~ i l l c ,  t h e  Guadalupe River  c h a n n e l  i s  i n c i s e d  in the  upper  member of t h e  Glen 
Rose Limes tone  ; t h e  r i v e r  meande r s  through its narrow v a l l e y ,  f l o r . ~ i n g  inter- 
n i  t t e n t l y  over  r a p i d s  o r  th rough  long  pools  of n a t u r a l  or man-mde o r i g i n .  
The c h a n n e l  bed i s  composed a l t e r n a t e l y  of limestone and of h i 3 h l y  porous 
a 1 luvia 1 d e p o s i t s .  J u n i p e r ,  s c r u b  l i v e - o a k  trees, and sparse 5 t a n d s  of native 
srasses e x i s t  on t h e  rocky h i l l s  and  s lopes  ; cypress ,  sycamore, w i l l o w  trees ,  
and  n a t i v e  grasses grow on the valley floor (Figure 2). Because of the  t e r r a i n  
and shaLlow s t o n y  s o i l ,  t h e  l a n d  is used o n l y  f o r  r e c r e a t i o n  a n d  the raising 
of livestock. 

I n  t h e  p a r r  of the Guadalupe River  b a s i n  from Kerrvil le t o  Comfor t  (e leva-  
t i o n  1,370 fee t ) ,  t h e  t o p o ~ r a p h y  is rolling, and the a l l u v i a l  v a l l e y s  w i d e n  
( F i g u r e  3 ) .  Compared w i t h  t h e  b a s i n  above Kerrville, t h e  s o i l  is deeper, of 
be t te r  quality, and  capable  of support ing cypress ,  pecan,  sycamore, and l i v e -oak  
t rees  as well a s  n a t i v e  grasses and some small g r a i n  crops  ( F i g u r e  3 ) ,  The  r i v e r  
channel  here is very s i m i l a r  to t h a t  in t h e  upper par t  of t h e  s t u d y  a r e a .  T h e  
l a n d  i s  used  large ly  f o r  r a i s i n g  of l i v e s t o c k ,  s m a l l  grain crops, and some 
pecans. 

During the d r i e r  summer m o n t h s ,  many pump d ivers ions  f o r  i r r i g a t i o n  and 
domestic purposes (Figure 4)  a r e  put  into o p e r a t i o n  on t h e  Guadalupe River and 
i t s  t r i b u t a r i e s  ; however,, at t h e  time of this i n v e s t i g a t i o n  divers ions  were 
n o t  observed. 

C l i m a t e  

The c l i m t e  may be c l a s s ed  a s  semia r id  a n d  subhumid. I n  t h e  upper p a r t  of 
the s t u d y  a r e a ,  the annual r a i n f a l l  averages a b o u t  28 inches; i n  t he  lower p a s t ,  
t h e  average  annual r a i n f a l l  is a b o u t  32 i n c h e s .  P r e c i p i t a t i o n  is n e a r l y  e v e n l y  
distributed throughout  the year ,  b u t  much occurs  a s  i n t e n s e  rainstorms o f  s h o r t  
d u r a t i o n .  The  mean temperature f o r  J u l y  is about  81°F; some extremes of more 
t h a n  100°F have been recorded d u r i n g  t h e  summer m o n t h s .  T h e  mean t e m p e r a t u r e  
f o r  J a n u a r y  i s  a b o u t  47°F: a few extremes of less than 0°F have been recorded 
during t h e  winter monrhs. The average l e n g t h  of t h e  g rowing  season is a b o u t  
2 2 0  days.  

GEXERAL GEOLOGY 

The rock u n i t s  of  E a r l y  Cretaceous age a r e  exposed i l l  t h e  Guadalupe River  
b a s i n  u p s t r e a m  from Comfort (Figure  5 ) .  The  g e n e r a l  d i p  o f  t h e  rocks i s  
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C .  Vorrh Fork Cuadalupc Rivcr- - the  terrain and small 
~n-channel dam 

Figure 2 

Moderately Dissected Limestone Terrain in the W pper Reaches 
U S Geologlcof Survey in cooperation with t h  Texas Wder Developmen7 h r d  



A. Cypress Crcek ( s i t e  93) u i e i  ccnse q r o w t h  
of cypress and other trees, 

B. One of several overerouz a +  s ? i L ! c r -  
choked tributaries 

C .  Third Creek (site 67) p o l l u t e d  hv chmical  
a n d  sewage e f f l u e n t  

O. P a r t  of  the w i d e  f e r t i l e  :Lo& :lain w n r  
C o m f o r t  

Figure 3 

Alluvial Valleys and Wegetofion in the Lower Reaches 

1 21 S. Geolog~col Svrvey In coopmotion n t h  W e  Texas Water Development Board I 



A. Small recreat ional  dam near Kerrville B. Johnson Creek and S t s t e  Fish Hatcher): near 
Mountain Home (site h i )  

C .  Dam construction a t  resort on South Fork 
Guadalupe qtver 

F ~ g u r e  4 

Moderately Rugged Topography and Small Irrigation and 
Recreational Darns in the Upper Reaches 

U S  Geoiog~col Survey nn coopercf~on w?h the fexos Water Deve1ooment Boord 
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Limestone, massive, light grey to buff, cherty, 
hard, weathers dark brown to blackish, moderately 
honeycombed. Moderately petrneoble along 
frocf ures. Ledge forming. Fossil rudistids 
and oysters. Generally not water beoring. 

Edwards and 
550* associnted Dolomite and dolomitic limestone, th in bedded to 

1 
limestones flaggy, dark 'brown, s o f t  sugory, some beds 

extensively honeycombed. S p r ~ n g s  and seeps 
along outcrop neor base. Forms upper part of aquifer. 

Limestone, mossive, l ight grey  to  cream, hard, cherty, 
med~urn to f ine grained. Moderately permeable 

- - - - -4  olong fractures. Water beoring. 
Comanche Peak 

20' Limestone Limestone, marly, nodular, soft, grey. Fossil Eaoqyro 
wkii?7n TIT------ --4L 

I 
texano fair ly  common. Numerous seeps and springs along 

outcrop. Forms lower part o f  aquifer. 

Chiefry soft shale und clay beds olternoting with th in  limestone 
or dolomite beds. Relatively impermeable. Weathers brown to 
buff. Fresh surfoce of shale is yellowish krown or b]ve.  

Glen Rose Fossil "ox  h c a r t s ' ~ o m m o n .  Ledges form stair step 

Upper 400' topography. 
member 

I Two gypsum and anhydrite beds ore prominent, import ing o 
high sulfate content to  ground water. Both beds are water 
bearing in  study area. 

----- ---- 
Corbuln texana Whltney Zone is Immediately overlain b y  the 

Limestone lower gypsum and onhydrite bed. Nodular marl dolomit ic, 
Lower 40' groding downward to  fa i r ly  massive limesfone. Fair ly 
member 

1 
permeable along fractures. (Only the upper 4 0  fee t  o f  the 
lower member of the Glen Rose Limestone is exposed in 

- - - - - - - - - report  area.) Probobly not water bearing In study mrea 
where i t  crops out. 

Figure 5 

Composite Geologic Sect ion in Kerr County 
U S Geoloq~col Survey In eooperat~on w ~ t h  the Texos Woter Development Board 



s o u t h e a s t w a r d  toward c h e  Balcones F a u l t  Zone a t  a b o u t  10 fee t  p e r  m i l e .  The 
rock u n i t s  a r e  thc Glen  Rase Limestone,  i < a l n u t ( ? )  C l a y ,  Comanche Peak limes ton^, 
Edwards L i m e s t o n e ,  a n d  G e o r g e t ~ w n  LFmestone. The Walnut( : )  w a s  mapped w i t h  the 
u p p e r  member of Glen  Rose Limestone on F i g u r e  11. 

Glen Rose Limestone 

The Glen Rose Limes tone  consists of  a l t e r n a t i n g  beds  o f  limes t one ,  d o l o m i t e ,  
and silty clay; and two beds of gypsum and a n h y d r i t e ,  one  a b o u t  200 feet below 
t h e  t o p  o f  the f o r m a t i o n  a n d  r h e  o t h e r  a b o u t  170 f e e t  lower. 

Edwards and Associa t e d  Limes tones 

The Comanche Peak, Eduards,  and .Georgetown Limes t o n e s  c o l l e c t i v e l y  ate 
c a l l e d  t h e  Edwards end assoc ia ted  l i m e s t o n e s  ( P e t i t t  and George, 1956, p .  16). 
They are hpdsologically connected and together form one of the important a q u i -  
fcrs in t h e  s t u d y  a r e a .  The  p o t e n t i a l  y i e l d  of this aqui fer  d e p e n d s  on the 
amount of s o l u b l e  m a t e r i a l  removed from t h e  limestones a l o n g  r t ~ e i r  bed din^ 
p l a n e s  and in t h e  f r a c t u r e d  zones.  The Edwards and associated limestones 
generally cap the t opograph ic  d i v i d e s  a n d  c r o p  o u t  in abou t  t h r e e - f o u r t h s  o f  
t h e  s t u d y  a r e a .  Numerous seeps and s p r i n g s  are  as soc i a t ed  w i t h  t h e  o u t c r o p  
area  ( F i g u r e  6 ) .  

Quaternary alluvial depostts cover the wider valleys. Gravel bars in the 
upper  reaches o f  t h e  study area a r e  of minor  hydrologic i m p o r t a n c e ,  In t h e  
lower reaches  downstream from Ingram, where  the  c h a n n e l  g r a d i e n t  decreases and 
t h e  valley widens, the alluvial material is more widespread  and h y d r o l o g i c a l l y  
i o p o r r a n  t . 

D e p e n d i n g  upon  t h e  r i v e r  s t a g e  and the e l e v a t i o n  of t h e  g round-wa te r  t a b l e ,  
t h e  a l l u v i a l  d e p o s i t s  will absorb or contribute streamflow. Because rhe  slope 
of  t h e  bedrock surface and  the  c h a n n e l  are a b o u t  t h e  same, some of the w a t e r  
absorbed by t h e  a l l u v i u m  u p s t r e a m  is r e t u r n e d  as channel g a i n s  f a r t h e r  down- 
s t r e a m .  

Base flow of the  upper  Guadalupe River and  i t s  t r i b u t a r i e s  i s  s u s t a i n e d  
e n t i r e l y  by g round-wa te r  effluent. The m a i n  source o f  t h e  base f t o w  in t h e  
s t u d y  area  is t h e  d i s c h a r g e  o f  water  from the aqu i fe r s  (water-bearing rocks) .  

The p r i n c i p a l  a q u t f e r s  a r e  t h e  lower p a r t  of the  Edwards  and a s s o c i a t e d  Lime- 
s t o n e s  and two gypsum and a n h y d r i t e  beds  in t h e  Glen Rose Limestone. The Evpsurn 
and a n h y d r i t e  b e d s ,  each abou t  25 f e e t  thick, occur about 200 feet and aSot t t  370  
feet  below the t o p  o f  t h e  Glen Rose Limestone. A b o u t  90 p t r c e n t  of  t 5 e  Sase  
flow is c o n t r i b u t e d  by the Edwards and a s s o c i a t e d  limestones i n  the s t ~ : d y  . ? m a .  

Potential yields of the a q u i f e r s  d e p e n d  on the  pesmeabiltty and r h i c k n e s s  
of  t h e  water- b e a r r n g  rocks. Per~eaSil ity of  w a t e r - s o l u b l e  rocks:  s u c h  a s  



A .  Boxed-in spring along fracture i n  Edwards B .  Uppermost perennial springs on South Fork 
and associated limestone beds ( s i t e  6 ) .  Cuadalupe River a t  Lynxhaven ( s i t e  24) .  
Discharge was about 0 .3  cubic feet  per Discharge varies from a trickle t o  about 30 
second. cubic f e e t  per second. 

C.  Ponded spring area i n  channel o f  Sycamore Draw 
(between s i t e s  23 and 2L)  

Figure 6 

Seeps and Springs along the North and 

South Forks Guadalupe River 
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limes tone,  d o l o m i t e ,  gypsum, and a n h y d r i t e ,  depends  on thc secondary s o l u t i o n  
c h a r a c t e r i s r i c s ,  such  a s  c a v e r n s  and channe l s  d i s s o l v e d  a l o n g  beddin?  p l a n e s  
a n d  fractures. 

A l t h o u g h  bo th  t h c  amount and t h e  chemical q u a l i t y  of t h e  b a s e  f l o w  a r e  
c l o s e l y  r e l a t e d  t o  t h e  source,  t h e y  v a r y  c o n s i d e r a h l y  because  of  seasonal and 
m a n - m d e  environmental changes. Rainfall of slaw to moderate i n t e n s i t y  may b e  
a b s o r b e d  b y  t h e  o u t c r o p p i n g  limes t o n e ,  and during t h e  summer m o n t h s  e v a p o t r a n s -  
p i r a t i o n  i s  h i g h .  P a r t  o f  t h e  r a i n f a l l  t h a t  p e n e t r a t e s  t h e  fractures  p e r c o l a t e s  
d o ~ ~ n w a r d  and e v e n t u a l l y  r e a p p e a r s  in the  srream valleys as seeps and s p r i n ~ s  . 

Discharge was measured or estimated at 95 sites, an d  water samples f o r  
chemical a n a l y s i s  were c o l l e c t e d  a t  8 3  s i t e s  in t h e  s ~ u d y  a r e a .  Results o f  
the d i s c h a r g e  measurements  are recorded i n  T a b l e  1 and t h e  chemical analyses of 
the w a t e r  s a m p l e s  are g i v e n  in T a b l e  2 .  These d a t a ,  shown g r a p h i c a l l y  i n  Figure 
7, d e f i n e  changes in chemical q u a L i t y  and streamflow. I n  g e n e r a l ,  the f1o1-1 
and d i s s o l v e d - s o l i d s  concentrations i n  t h e  u p p e r  Guadalupe River Fncreased down-  
stream. Some n o t  i c e a b l e  net losses Ln s treamfluw w e r e  measured, however, 
t h roughou t  the study r e a c h .  

Chemica l  analyses of three w a t e r  s a m p l e s  from the Guadalupe River and f i v e  
from t r i b u t a r y  s t r e a m s  a r e  shown g r a p h i c a l l y  in Figure 8. The t o t a l  height o f  
each v e r t i c a l  bar  is p r o p o r t i o n a l  t o  t h e  t o t a l  concentration of  anions (negative- 
l p  charged constituents) o r  cat ions ( p o s i t i v e l y  charged  c o n s t i t u e n t s )  expressed 
in epm ( equiva lents  per million). The b a r s  are d i v i d e d  i n t o  segtents t o  show 
concen t r a t i on  of t h e  i n d i v i d u a  1 c o n s t i t u e n t s  . 

Waters of the upper Guadalupe River and its t r i b u t a r i e s  are s a t u r a t e d  or 
nearly saturated with calcium and magnesium bicarbonate d i s s o l v e d  f r o m  t h e  l i m e -  
stone format ions  t h a t  c r o p  out t h r o u g h o u t  the e n t i r e  s t u d y  a r e a .  An a n a l y s i s  
of t h e  w a t e r  a t  mile 48.0 (si te  7 )  shows that t h e  c a l c i u m  c o n t e n t  i s  s l i g h t l y  
h i g h e r  i n  e q u i v a l e n t  amounts than t h e  magnesium, and t h a t  combined, the t o t a l  
amount is approx imate ly  equivalent t o  t h a t  of rhe b i c a r b o n a t e .  T h i s  chemica  1 
composition is t y p i c a l  of w a t e r - d r a i n i n g  dolomite o r  impure  limestone a q u i f e r s  
(such a s  t h a t  above m i l e  48.0) and  i s  r e p r e s e n t a t t v e  of the w a t e r  t h r o u q h o u t  
t h e  s t u d y  area, except in T h i r d  Creek near Leg ion  where t h e  s tream was contami-  
na ted . 

In t h e  following sections, thc study area is subdivided according to n o t -  
a b l e  d i f f e r e n c e s  i n  t h e  c h a r a c t e r  of the rocks or q u a n t i t y  of t h e  flow. River  
mileage on the  main  stem of  t h e  Guadalupe River i s  measured upstream from the  
Y . S .  Geological  Survey stream- aging s t a t i o n  a t  Comfort ,  w h i c h  is d e s i g n a t e d  
as r iver  m i l e  0.0. T r i b u t a r y  mileage is measured upstream f r o m  t h e  t r i b u t a r y  
mouth.  d e s i g n a t e d  a s  m i l e  T-0.0 .  

North Fork Guadalupe R i v e r - - > f i l e s  54.0 t o  34.0 (S i t e s  L to 18) 

In the u p p e r  20.0 m i l e s  of the reach  s tud ied ,  streamflaw i n  t h e  K o r t h  Fork 
Guada lupe  River i n c r e a s e d  f r o m  0 to 2h.8 c f s  (cubic f e e t  per second) .  

Between m i l e s  54.0 ( s i t e  1) and S0,O (site 4 )  the m a i n  c h a n n e l  and its 
t r i b u t a r i e s  w e r e  e s s e n t i a l l v  d r y ,  a l t h o u g h  a few ponds f r o m  l o c a l  r u n o f f  were 
n o t e d .  Initial s t reamf low,  which began  a s  a t r i c k l e  below t h e  pond (Figure  9 )  
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known a s  B o n e y a r d  Water Hole (sitc 43, w a s  estimated to be 0.01 c f s .  FLOW 
increased s l i g h t l y  to a n  estimated 0.14 c f s  a t  m i l e  4 9 . 0  ( s i t e  5) .  From s i tes  
1 to  5 t h e  Edwards and a s s o c i a t e d  l imestones are moderately d i s s e c t e d  and consist 
o f  thin- t o  f Laggy- b e d d e d  dolomitic limes tone containing nodular chert b e d s .  

From m i l e  49.0 ( s i t c  5) to mile 48.0 (s i te  7) streamflow increased from 0.14 
cEs t o  14.2 cfs,. of  w h i c h  3 .99  cfs  is from FLar Rock Creek a t  mile 48.1 (site 6 ) .  
T h e  r e m a i n d e r  of the  i n c r e a s e  is a r t r i b u t e d  to seeps and s p r i n g s  a long  t h e  main  
c h a n n e l  where t h e  Edwards and a s s o c i a t e d  limestones i n  t h e  reach i s  t h i ~ l v  
bedded ,  f o s s i l i f e r o u s ,  and f r a c t u r e d .  D i f f e r e n t i a l  solutioning causes t h e  
cavernous and honeycomb-like w e a t h e r i n g .  Kumerous springs, seeps, and some p o t -  
h o l e s  were observed (Figures 6 and 9 ) .  The f l o w  of some of these s p r i n g s  d i m i n -  
i s h e d  immediately downstream. For e x a r p l e ,  a loss  o f  a b o u t  two c f s  w a s  recorded 
b e t w e e n  mile 48.0 (site 7)  and m i l e  4 7 . 0  (site 8). Intermittent losses  of flow 
may be a ttsibuted to underflow in the c h a n n e l .  

From mile 4 7 . 0  (site 8) downstream to m i l e  34.0 ( s i t e  18) near the mouth 
of rhe North Fork Guadalupe River, streamflow increased f r o m  11.9 cfs  to 24.8 
cfs. Tributary i n f l o w  w i t h  sources i n  the E d w a r d s  and a s s o c i a t e d  l imestones 
accounted f o r  5.5 c f s  (or about 43 percent )  of the  12.9 c f a  i n c r e a s e .  The o t h e r  
7.4 c £ s  (57 ~ercent) i s  a t t r i b u t e d  t o  d i r e c t  channel effluent. A t  m i l e  40.6 
(site ll),  t h e  base of t h e  Comanche Peak Limestone (a l so  t h e  base o f  t h e  Edwards 
and  a s soc i a t ed  limestones) was noted, the top being exposed near site 10. The 
Comanche Peak Limestone Fs a n o d u l a r ,  marly, porous format ion--whereas  t h e  upper-  
most beds of t h e  upper member of the  Glen Rosa Limestone c o n s i s t  of t h i n l y  bedded 
l imestone, sha l e ,  and do lomi te ,  which tend to restrict t h e  a b s o r p t i o n  and move- 
ment of water. The change in lithology results i n  numerous seeps and s p r i n g s  
(Figure  6 )  above the contact between t h e  Comanche Peak a n d  the G l e n  Rose Lime- 
s t ones .  The seeps and s p r i n g s ,  i n  t u r n ,  account f o r  t h e  direct channel  p i c k u p  
of t h e  r emain ing  57 percent of the i n c r e a s e  in f l o w  a t  m i l e  34.0 (site 18). 

Calcium c o n t e n t  decreased from 68 pprn ( p a r t s  per m i l l i o n )  at m i l e  48.0 
(site 7) to 48 ppm a t  mile 40.4 ( s i t e  11). B i c a r b o n a t e  content a l s o  decreased 
f r o m  268 ppm a t  m i l e  48.0 (site 7) to 2 2 4  ppm at m i l e  40.6 ( s i t e  11) . Moreover, 
a cor respond ing  decrease in t o t a l  dissolved s o l i d s  f r o m  248 ppm to 205 ppm 
occurred at these s i tes , .  A higher c o n c e n t r a t i o n  af m i n e r a l s  in the  ground-wa ter  
e f f l u e n t  and tributary infI .org o f  3.02 e f s  f r o m  B e a r  Creek and 1.55 cfs from 
Honey Creek resulted in a n  increase to 230 pprn d i s s o l v e d  solids a t  mile 35.0 
(site 18) .  

South Fork Guadalupe River--Miles T-14.9 to T-0.0 (Sites 19 t o  3 4 )  

The d r a i n a g e  area of t h e  Sou th  Fork Guadalupc River is similar in topo- 
g r a p h y  and Lithology to t h a t  o f  the Nor th  Fork Guadalupe Rives (Figure  2) .  
From miles T-14.9 ( s i t e  19) to T-0.3 ( s i t e  341, flow increased f r o m  a n  e s t i m a t e d  
0.2  c f s  t o  27.8 c f s .  Flaw, estimated downstream f r o m  a ponded area at m i l e  
T - 1 4 . 9  (sFte 191, was intermittent i n  the a l l u v i a l  c h a n n e l  u n d e r l a i n  by the 
permeable Edwards and a s s o c i a t e d  limestones to m i l e  11.6 ( s i t e  3 L )  . A t  2G, 
3K t h e  Lynxhaven resort  area ,  a flow of 10.1 c f s  was measured downs t r eam from 
a large pool (Figure 61, which i n u n d a r e s  t h e  uppermost  permanent  s p r i n c s  on  
the South Fork Guadalupe River. The dissolved-solids content of rhe we ter at 
m i l e  T-11.6 ( s i t e  24)  was 279 ppm. The s p r i n g  f low is from l a r g e  f r a c t u r e s  
penetrat ing  permeable beds  o f  t h e  Edwards and a s s o c i a t e d  limestones. 



A. Springs a t  sinkhole n e a r  Hunt used for B. Sinkhole in unnamed t r i b u t a v  near Kerr 
dmesric  purposes K i l d  1 i f e  Nanagement Area 

C. Uppermost perennial s p r i n g  area (Boneyard hTater 
Hole) o n  X o r t h  Fork Guadalupe River  (site 4 )  

I 

F l g u r e  9 

Few of Many Sinkholes in the Edwards and Associated Limestones 
in the Upper Reaches 
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A c c o r d i n g  t o  the  p r o p r i e t o r  of Lynxhaven ,  these s p r i n g s  have no+ cezscd 
flowing d u r i n g  t h e  l a s t  46 years .  S p r i n g  flow h a s  v a r i e d  f rom a t r i c k l e  d u r i n g  
t h e  summer of 1556 to approxirm r e l y  three times the 10.1 c i s  measured % r c h  15, 
1965.  No evidence of  f a u l t f n g  was noted a t  t h i s  l o c a t i o n .  

From mile T- 11 -6  (site 24)  downstream t o  m i l e  T-0.3 ( s i t e  35) n e a r  t h e  
mouth of r h c  S o u t h  Fork GuadaFupe River, streamflow increased to 27 .P c f s  . 
T r i b u t a r y  inflow a c c o u n t e d  f o r  a p p r o x i m a t e l y  6 c f s ,  while direct channel gains 
f r o v  s p r i n q s  in t h e  h e d r o c k  a s d  t h ~  a l l u v i u m  downs t ream from mile T- 11 -6 (sitc 
24) c o n t r i b u t e d  t h e  r ema in ing  12 cfs . The c o n t a c t  between the  Comanche Peak  
Limestone  and the  uppe r  member of the Glen  Rose Limestone niay b c  observed a t  
m i l e  T-6.2 ( s i t e  3 0 ) .  The E d w a r d s  and  a s s o c i a t e d  l i m e s t o n e s .  a s  i n  the S o r t h  
Fork Guada l u p e ,  was t h e  predominant  c o n t r i b u t o r  of ground-water  e f f l u e n t  t o  
the South Fork  Guadalupe River .  

D i s s o l v e d - s o l i d s  c a n c e n t r ~ t i o n s  o f  t he  water  were o n l y  210 ppn a t  m i l e  
T - 5 * 7  (site 31), b u t  were 224 ppm a t  m i l e  T-0.3 (site 3 4 ) .  The p a t t e r n s  o f  
t h e  dissoLved c o n s t i t u e n t s  in both the North and Sou th  Forks Guadalune River  
were f o u n d  t o  be s i m i l a r  (as shorTn by t h e  b a r  g r a p h  i n  F i g u r e  8 ) .  

Grladalupe River--Miles 34.0 to 28.8  (S i t e s  18 t o  41) 

During the n i g h t  of March 16 ,  1965, rhe s t t i dy  w a s  i n r e r r u p t e d  a t  mile 31.2 
( s i t e  40)  by a r a i n f a l l  a v e r a g i n g  a b o u t  1.2 i n c h e s  t h r o u g h o u t  t h e  d r a i n a g e  a r e a .  
T h e  investigation was c o n t i n u e d  on >!arch 2 4 ,  1965, a f t e r  t h e  normal  low-flow 
recess ion  had resumed. Hydrographs for the stream-gaging s t a t i o n s  a t  Johnson 
Creek near I n g r a m  and  the Guadalupe River  at Comfor t  (F igure  1) illustrate t h e  
e f f e c t  o f  t h e  r a i n f a l l  a n  t h e  s t r eamf low.  

E r o m  t h e  j u n c t i o n  of the  N o r t h  a n d  S o u t h  Forks G u a d a l u p e  R i v e r  n e a r  H u n t ,  
nile 33.4 (site 35) to m i l e  28.8 ( s i t e  Lrl), t h e  r ives  channel i s  c u t  i n  t he  
upper member of t h e  G l e n  Rose Limes tone? w h i c h  u n d e r l i e s  the a l l u v i a l  d e p o s i t s  
throughout  t h i s  reach. 

On ?larch 24 measurements of t h e  streamfl~1,7 between mile 34.0 ( s i t e  18) and 
mile 31 .2  (site 40)  were r e p e a t e d  and water samples f o r  chernlcal  a n a l y s e s  a g a i n  
were collected. The r e s u l t i n g  records are s i m i l a r  to t h o s e  made be fo re  t h e  r a i n  
(Tab les  1 and 2), and only t h e  March 2 4  investigation is discussed  he re .  

E e l o w  rhe conf luence of t h e  Xor th  and  Sou th  Forks G u a d a l u p e  River  a t  m i l e  
3 3 . 4  (site 351, the streamflow w a s  47,Q c f s .  The sornbincd f l e r . ~  of  thc t r c o  

f o r k s  a t  s i t e s  18  and  34 on  March 24 t o t a l e d  3 1 . 5  c f s - - i n d i c a t i n g  a n e t  loss 
of 3.5, cfs at site 35.  The  Loss i n  f low may be a t t r i b u t e d  t p  underf lo t%? i n  t h e  
alluvium. The flow inc reased  ro 56.8 c f s  between mile 33.4 ( s i t e  35) and mile  
28.5 ( s i t e  413, i m m e d i a t e l y  ups trearn Erom the v a u r h  of J o h n s o n  Creek.  O f  t h e  
t o t a l  8 . 9  cfs  i nc r ea se ,  2.8 c f s  was tributary inflow from Tegener .qnd K e l l y  
Creeks .  T h e  r e m a i n i n g  6 . 1  cfs probably  was u n d e r f l o w  i n  t h e  a l l u ~ ~ i t r v  i n  t h e  
v i c i n i t y  of n i l e  33 - 4  (s ice  35) . 

The chemical quality of t h e  w a t e r  a n a l y z e d  a t  m i l e  33 .4  ( s i t e  3 5 )  and a t  
nile 28.8 (site 41) was almost i d e n t i c s l .  The resul ts  o f  a n a l y s e s  of water  from 
t h e  d i f f e r e n t  aqui fers  are similar. 



Johnson Creek T r i b u t a r y  t o  t h e  Guada l u p e  River- - P I i  les T- 19 .L  to T - 0 . 4  
( S i r e s  42 t o  57) 

The  e n t i r e  reach  of Johnsor!  Creek, b e r t ~ e e n  mile T-19.4 (site L2)  and mile  
T - 0 . 4  ( s i t e  571, w a s  investigated p r i o r  t o  t h e  March 16 r a i n f a l l .  The  i n v e s t i -  
r a t i o n  w a s  r epea ted  a r  s i t e  5 7  Dn k r c h  2 L ,  ltowever, f o r  c o m p a r i s o n  r i t h  t h e  
r e s u l t s  f r o m  t h e  March 16 s tud>- .  R e  d i s c h a r g e  measurements and the z n z l y s e s  
compared f a v o r a b l y .  The hydrograph f o r  t he  s t r eam-gag ing  s t a t  ion a t  J o h n s o n  
Creek near Ingram ( F i g u r e  1) a l s o  shows t h c  c lose  agreement of t h e  resul ts  of 
t h e  two i n v e s t i g a t i o n s  . 

From m i l e  T-19.4 ( s i t e  Lr2) downstream t o  m i l e  T - 0 . 4  (site 57): s t r e a m f l o w  
increased from 0 t o  15 .L cfs. The b a s i n  c h a r a c t e r i s t i c s  a r e  s i m i l a r  t o  those 
i n  t h e  N o r t h  and South Forks Guadalupe River. 

A t  mile T-19.4 (site 42) a pond w a s  formed by  l o c a l  r u n o f f  and s l i g h t  
s eepage  f r o m  t h e  caprock of t h e  Edwards and associated limestones,. but the 
c h a n n e l  between mile T-19.4 (site 42) and mile T-13.6 (site 43) was d r y .  The 
i n i t i a l  flow was estimated to be 0.07 cfs a t  mile T-13.6 b e l o w  a pond o r i g i n a t -  
ing f r o m  small seeps.  This f low moved as underflow t h r o u g h  the g r a v e l  channel 
d e p o s i t  and t hen  reappeared as surface flow approximately 0.1 mile downstream. 

At mile T- 11.6 (site 45) the s t reamf  l ow  w a s  0.79 cfs  i n  Johnson Creelc. In 
t h e  nex t  2.0 miles downstream t o  mi le  T-10.6 (s ite  481, t r i b u t a r y  i n f l o w  t o t a l e d  
3 .92  cfs. At mile T-10.5 (site 4 9 ) :  flow in Johnson Creek abruptly increased  
to 10.9 c f s  . The  increase in s treamf l o w  c o i n c i d e d  w i t h  t h e  Comanche Peak- 
upper  member of t h e  Glen Rose Limestone c o n t a c t ,  although the c o n t a c t  was ob- 
scured by alluvial gravel deposits. Tributary in£ low accoun ted  f o r  about 4.2 
c f s  of t h e  6.8 cfs increase  in flow from m i l e  T- 10.5 (site 4 9 )  to m i l e  T-0 .4  
(site 57) . The r e m a i n i n g  2.6 cfs  increase w a s  a t t r i b u t e d  t o  d i r ec t  channe l  
za i n s  . 

C h e m i c a l  ana ly se s  i n d i c a t e  t h a t  t he  water in J o h n s a n  Creek and i ts  t r i b u -  
Caries i s  s i m i l a r  t o  t h a t  in t h e  North and South Forks Guadalupe River. 
Dissolved-solids concentration of the water f rom Fessenden Creek ( s i t e  h8'~ 
and from near t h e  mouth of Johnson  Creek ( s i t e  57) are 269  and  265 ppm, r e s p e c t -  
i v e l y .  

The s t r e a m £  low i n c r e a s e d  from 56  .$ c f s  a t  m i l e  2 8 . 8  ( s i t e  b1$ to 79.4  c f s  
a t  m i l e  14.6 ( s i t e  731, b u t  s t rean£ lo~r '  d i m i n i s h e d  in two s h o r t  renches e n d i n g  
a t  mile 25.0 (site 61) and  at ; n i F e  21.0 ( s i t e  6 4 ) .  

The streamflow at m t l e  25.0 ( s i t e  61) w a s  68.6 c f s .  The s c t a l  inELcrr~,  
however, from a l l  t r i b u t a r i e s  a t  t h e  j u n c t i o n  of J o h n s o n  Creek and t h e  Guada- 
Pupe Rives near s i t e  41 is a b o u t  76.6 cfs  ( I S  -1 cEs Erom Johnson Creek.  1 .F8 
c f s  from I n d i a n  Creek, 1.67 c f s  from Goat Creek, 1.11 c f s  Erom Bear C r e e k ,  and 
56.8 c f s  f r o m  the G ~ i a d a l u p e  River a t  s i t e  41) .  The re fo r e ,  a n e t  lass of 8.0 
c f s  in t h e  channe l  upstream from s i t e  6 1  is i n d i c a t e d .  The  s tseanf lnv  F I ~  s i r e  
64  w a s  o n l y  62.8 c f s .  hut  tributary inflow between miles 25.0 (site GI) a n d  
21.0 (site 64) totaled 2.3 cEs and t h e  t o t a l  Loss o f  s t r e a ~ r ' l o w  i t 1  the r e a c h  
was 5.3 cfs .  Thus: a t o t a l  n e t  l o s s  o f  16.3  c i s  i s  i n d i c a t e < !  bet~.:.een nilcs 



28.8 ( s i t e  41) a n d  21.0 (site 6 4 1 ,  a channel- l o s s  r a t e  of 2.09 cfs  p e r  m i l e .  
T h e  c h a n n e l  Loss was t o  the  permeable do lomi t ic  limes tone bed of t h e  upper mem- 
b e r  o f  t h e  G l e n  Rose Limestone.  This bed i s  p a r t i a l l y  exposed and u n d e r l i e s  t h e  
a l l u v i a l  channel  g r ave l s  found  in this reach  ( F i g u r e  10 ) .  Moreover, a small 
r e se rvo i r  behind a low-head d a m  a t  Kerrvil le t e n d s  t o  i nc rease  the h y d r o s t a t i c  
head  upon t h e  under ly ing  vuggy l imestone and accelera te  t h e  movement of water  
through the l imestone.  The i r r i g a t i o n  and municipal pumps a d j a c e n t  t o  t h e  
reservoir were n o t  in o p e r a t i o n  d u r i n g  the i n v e s t i g a t i o n .  

Inflow of t h e  more h i g h l y  m i n e r a l i z e d  water from Johnson Creek ra ised t he  
dissolved s o l i d s  s lightly t o  234 ppm a t  mile 25.0 (site 61) . 

From mile 21.0 (site 64) t o  mile 14.6 ( s i t e  7 3 ) ,  t h e  flow increased from 
62 .8  t o  79.4 c f s .  Of the 16.6 cfs (o r  26 p e r c e n t )  increase i n  flow, o n l y  2.8 
c f s  ( o r  4 percent)  was t r i b u t a r y  inflow; therefore, the channel gained in this 
reach near ly  a s  much as it l o s t  between site 41 and s i t e  64. 

The noticeable reduction in tributary i n f l o w  between sites 64 and 73 prob- 
a b l y  is due t o  the  increased width of the a l l u v i u m  across which the t r i b u t a r i e s  
meander.  The seduced g r a d i e n t  and thicker a l l u v i a l  cover (Figure 3C and D) 
result in the loss of  flow in many smaller tributaries crossing the alluvium. 

The largest  inflow observed i n  the t r i b u t a r i e s  was 1.18 cfs in Third Creek 
a t  mile 18.2  (site 701, where t h e  f i e l d  conductance was 2,700 rnicromhos , or 
approx im tely 4 times t h a t  observed a t  a n y  o t h e r  s i t e .  The i n v e s t i g a t i o n  re- 
v e a l e d  some of the sources of the con tamina ted  w a t e r .  T h e  creek flow o r i g i n a t e d  
a s  seeps from t h e  b a s e  of t h e  Edwards and associated l imestones,  and increased 
a s  i t  traversed the cultivated a l l u v i a l  v a l l e y  n o r t h e a s t  of t he  town of Legion-- 
w h e r e  a h o s p i t a l  w a t e r -  treatment plant regenerated an ion-exchange demineralizer 
at intervals o f  two t o  three d a y s .  During the  r egene ra t i on  cycle of a b o u t  1.5 
hours ,  an average of 15,000 gallons of highly minera l ized  water was d i s c h a r g e d  
d i r e c t l y  i n t o  T h i r d  Creek. The inves t iga t ion  was made berween regeners t i o n  
cycles when the  w a t e r  was of better quality. The analysis of water from n e a r  
t h e  mouth  of Third Creek (Figure 3B) showed t h e  d i s s o l v e d - s o l i d s  concentra  t i o n  
to be 1,170 ppm. The m o r e  concent ra ted  m i n e r a l  constituents of t h e  w a t e r  were 
sodium, c h l o r i d e ,  and nitrate (Figure 8). The n i t r a t e  may have en tered  t h e  
stream through seeps along the channel. The source of the n i t r a t e  w a s  a sewage- 
evaporite b a s i n  used to i r r i g a t e  c r o p l a n d  i n  the area .  The reach of  T h i r d  Creek 
upstream from the sewage-evaporite basin and the water-treatment p l a n t  c o n t a i n e d  
water of much b e t t e r  quality, s i m i l a r  t o  t h a t  observed i n  the rest of  t he  s t u d y  
a r e a .  

Contaminated inflow from Third Creek increased the d i s s o l v e d - s o l i d s  concen- 
t ~ - a t i u r ~  ol: tIie water i n  tile Guadalupe River a t  mi le  14.6 ( s i t e  7 3 )  t o  262 ppm. 
A marked increase i n  s o d i u m  and c h l o r i d e  was found .  No contarnina t i o n  was n o t e d  
at s i t e  73, a s  t h e  investigation was made between r e g e n e r a t i o n  c y c l e s .  A s l u g  
of contaminated w a t e r  may appear  in the main c h a n n e l  at: s i t e  73 during p e r i o d s  
of regeneration d i scha rge .  

Guadalupe River--Miles 14.6 to 0.0 (sites 73 to 9 5 )  

Downstream f r o m  mile 14.6 ( s i t e  73) to m i l e  4 . 2  (site 8 9 )  o n l y  the  l a r g e r  
t r i b u t a r i e s ,  T u r t l e  Creek and Verde Creek,  c o n t r i b u t e d  s i g n i f i c a n t  i n f l o w .  
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A. and B .  The Guadslupe River channel at Iierrville, below dam { s i t e  6 h ) .  The channel bed is cmposed 
of extensively honeycombed d o l m i t i c  limestone beds in the upper member, G l e n  Rose Lime- 
s Lone. These porous and permeable beds fac i l i tare  considerable streamflow loss. 
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C. Spr ings  f l o w i n g  from base of a l l u v i a l  terrace 
deposits adjacent t o  Silver Creek (sic@ 72) 

Figure I0 

Interchange Bet ween Ground Water and Surface Wafer Adjo cent 
to the Guadolupe River Channel and Tributaries 
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T h e s e  two  t r i b u t a r i e s  have a r e l a t i v e l y  ex tens ive  d r a inage  a r e a  o r i y i n a t i n g  a l o n g  
the s o u t h e r n  d i v i d e  o f  t h e  u p p e r  Guada lupe  River  b a s i n  where tlhe sollsce of the 
lo\-: flow is t h e  E d w a r d s  and  a s s o c i a t e d  l i m e s t o n e s .  The i n r e m i t t e n t  flow fluc- 
tuates with the  s e a s o n s .  Smaller  t r i b u t a r i e s  h e a d i n g  in t h e  upper member of 
t h e  Glen Rose Limes tone  g e n e r a l l y  a r e  d r y  except f o r  p e r i o d s  of l o c a l  r u n o f f .  
The  small seepage d e r i v e d  from t h e  upper member of the Glen Rose Limestone 
:3ecomes u n d e r f l o w  in t h e  a l l r ~ v i u r n  at t he  base  of the  v a l l e y  w a l l s .  

In the  Guada l u p e  River, t he  s treanf low i n c r e a s e d  from 79.4 c f s  at mile 
14.6 ( s i t e  73) t o  107 c f s  at mile 10.8 ( s i t e  7 9 ) .  Of t h i s  2 7 . 6  c f s  g a i n ,  18.7 
c f s  w a s  f r o m  T u r t l e  Creek a n d  t h e  remaining 8 . 9  c f s  was  d i r e c t  c h a n n e l  g a i n .  
T h e  ra te  o f  inflow to the channel between miles 14.6 a n d  10.8 was 2.34 c f s  p e r  
c h a n n e l  mile. The sources  of the f l o w  were t h e  lower gypsum and a n h y d r i t e  bed 
i n  t h e  u p p e r  m e m b e r  of t h e  G l e n  Rose Limestone and  the a l l u v i u m .  

From mile 10.8 (site 7 9 )  to m i l e  4.2 (site 8 9 )  a g a i n  of only  1.0 c f s  i n  

t o t a l  c h a n n e l  f l o w  w a s  noted. The t r i b u t a r y  i n f l o w  w a s  13.0 c f s ;  therefore ,  
the n e t  l o s s  i n  t h e  channe l  r e a c h  was 12.0 c f s .  The average  channe l  l o s s  of 
L .82 cfs  per mile probab ly  w a s  t o  the uppe rmos t  beds  of t h e  lower member o f  
t h e  G l e n  Rase L imes tone .  

In the v i c i n i t y  o f  mile 4.2 (s i te  8 9 ) ,  water f r o m  t h e  lower  gypsum bed 
imparts a slightly higher sulfate content to t he  w a t e r  i n  t h e  s t r e a m .  

According t o  t h e  chemical a n a l y s e s  (Table 2 1 ,  t h e  dissolved solids o f  the  
w a t e r  increased from 262 ppm a t  mile 14.6 (site 73) t o  2 7 2  ppm at m i l e  4.2 
(site 89) . T h e  increase i n  t h e  m i n e r a l  con ten t  of t h e  water resulted from the 
inflow of t h e  more  h i g h l y  m i n e r a l i z e d  water  from T u r t l e  and V e r d e  C r e e k s ,  and 
f r o m  t h e  alluvium. 

Between mile  4.2 ( s i t e  89) a n d  t h e  s t r eam-gag ing  s t a t i o n  a t  Comfort, m i l e  
0.0 ( s i t e  9 5 ) ,  t r i b u t a r y  in f low was 4.03 c f s - - a l l  of i t  from Cypress C r e e k .  

The  h e a d w a t e r s  of  Cypress  Creek a r e  a long  the n o r t h e r n  marg in  of t he  
Guadalupe River b a s i n  and,  Like those of V e r d e  a n d  T u r t l e  Creeks, der ive  t h e i r  
i n i t i a l  f l o w  from seeps  and s p r i n g s  n e a r  t he  base  o f  t h e  Edwards a n d  a s s o c i a t e d  
l imestones.  Some w a t e r  is a l s o  d e r i v e d  from t h e  lower gypsum bed of t h e  upper  
m e m b e r  of t h e  G l e n  Rose Limestone. The most noteworthy s p r i n g s  d i s c h a r g i n g  from 
t h e  u p p e r  member were observed n e a r  m i l e  T-7.0 o n  Cypress  Creek; however, t h e  
t o t a l  s p r i n g  f l o w  w a s  less t h a n  1.0 cEs . A c c o r d i n g  t o  the o w n e r ,  Fir. S a u r ,  
these s p r i n g s  a r e  a f a i r l y  p e r m a n e n t  s u p p l y  f o r  t h e  w a t e r  h a l e  i n  Cypress C r e e k ,  
on h i s  r anch .  The s l i g h t l y  h i g h e r  c h l o r i d e  and  s u l f a t e  con ten t  found at m i l e  
T-1.1 (site 94)  i s  d u e  t o  l e a c h i n g  of the gypsum bed ( i n  t h e  u p p e r  member o f  
t h e  G l e n  Rose L i m e s t o n e ) ,  w h i c h  i s  crossed here  by  Cypress  Creek a n d  i t s  t r i b u -  
t a r i e s .  

A t  the  C o m f o r t  s t r e a m - g a g i n q  s t a t i o n  a t  m i l e  0.0  (s i te  9 5 ) :  t h e  flow l a a s  
110 c f s ,  i n d i c a t i n g  a g a i n  o f  12 cfs i n  t h e  d o w n s t r e a m  4 .2  m i l e s  o f  t h e  r each  
i n v e s t i g a t e d .  G a i n  i n  t h i s  r each  accounts  f o r  most of t h e  l o s s  be tween m i l e  
1 0 . 8  ( s i t e  79)  and mile 4.2 {si te  89) . C o n s i d e r i n g  r e t u r n  c h a n n e l  f low a n d  
rributary inflow, from mile 10.8 (site 79)  t o  m i l e  0 ( s i t e  95): t h e r e  was a 
4.0 c f s  n e t  l o s s  i n  t h e  two s u b r e a c h e s .  Results  o f  t h e  i n v e s t i g a t l i f r n  shard a n  
o v e r a l l  n e t  l o s s  cf stseamflow t o  the a q u i f e r s  i n  t h e  G l e n  Rose L i j l e s tone .  



Disso lved - so l i d s  c o n c e n t r a t i o n  increased t o  2 7 9  pprn a t  t h e  lower Limit of 
t h e  s t u d y ,  P a r t  of this increase w a s  der ived  f r o m  the nore h i g h l y  ~ i t ~ e r a l i s e d  
inflow f rom Cypress Creck. 

RELATIOX OF QUALITY OF WATER TO USE 

S t a n d a r d s  generally q u o t e d  i n  e v a l u a t i n g  t h e  quality and  safety of water 
s u p p l i e s  f o r  domes t i c  a n d  m u n i c i p a l  u s e s  a r e  l i s t e d  in t h e  U . S .  P u b l i c  Health 
Service  D r i n k i n g  Water S t a n d a r d s  (1962, p .  34). These s t a n d a r d s  recornend t h a t  
c h l o r i d e  o r  s u l f a t e  c o n c e n t r a t i o n s  d o  n o t  exceed 250 ppm and t h a t  d i s so lved  
s o l i d s  do n o t  exceed 500 ppm. W i t h  exception of t h e  water a n a l y s i s  from T h i r d  
Creek near Legion (F igure  3C), the  s t reamflow sampled i n  t he  upper Guadalupe 
d r a i n a g e  area  d i d  n o t  exceed these limits. The water is ve ry  h a r d  and, a l t h o u g h  
z e n e s a l l y  within t h e  l i m i t s  set  by t h e  drinking w a t e r  s t a n d a r d s ,  p robab ly  s h o u l d  
b e  softened f o r  domestic and m u n i c i p a l  u s e s .  

The quality requirements of w a t e r  f o r  i n d u s t r i a l  purposes d i f f e r  w i d e l y  
w i t h  e a c h  i n d u s t r y .  For  example, w a t e r  o f  h i g h - c h l o r i d e  con ten t  may be asso-  
c i a t e d  w i t h  the  corrosive p rope r ty  of wate r .  Hardness is o b j e c t i o n a b l e  because 
t h e  resulting scale  formed in boilers, p i p e s ,  water  hea te r s ,  and r a d i a t o r s  
reduces t h e i r  e f f i c i e n c y  . 

Calcium c a r b o n a t e  sometimes forms protective caa t i n g s  on p i p e  and o t h e r  
cquiprnent ,  thus reducing corrosion. On the o t h e r  h a n d ,  water  h i g h  i n  s i l i c a  is 
u n d e s i r a b l e  f a r  use a s  b o i l e r  f e e d .  Waters of the u p p e r  Guadalupe d r a i n a g e  
area--with t h e  except ion  of t h a t  i n  Third Creek near Legion--are of l o w  chloride, 
s u l f a t e ,  and  s i l i c a  content, and s h o u l d  be suitable for use  by many industries. 
N e v e r t h e l e s s ,  a l l  t h e  waters g e n e r a l l y  a r e  very h a r d  and p r o b a b l y  should be 
softened f o r  industrial p u r p o s e s .  

Because agriculture is t h e  dominan t  f a c t o r  in t h e  study a r e a ' s  econonv, 
it is i m p o r t a n t  t h a t  its waters  be  s u i t a b l e  f o r  i r r i g a t i o n .  According to the 
r,S. Salinity Laboratory Staff (1954, p .  69) : t h e  most i m p o r t a n t  characteristics 
in d e t e r m i n i n g  the q u a l i t y  of  i r r i g a t i o n  w a t e r  a r e :  (1) t o t a l  concentration 
of s o l u b l e  s a l t s ;  ( 2 )  relative p r o p o r t i o n  of sod ium t o  o t h e r  cations; a n d ,  
( 3 )  under some c o n d i t i o n s ,  t h e  bicarbonate c o n c e n t r a t i o n  a s  related t o  the con- 
centration of c a l c i u m  p l u s  m a g n e s i u m .  Chemical analyses  of the  s t u d y  area  's 
water show t h a t  it is of  medium s a l i n i t y  and low sodium content (except  t h a t  i n  
T h i r d  Creek near Legion). %st of the w a t e r  is h igh  in b i c a r b o n a t e ,  b u t  t h e  
h i g h -  ca l c  i u m  plus magnesium c o n c e n t r a t i o n ,  a s  compared w i t h  t h e  lot$- sodium con- 
c e n t r a t i o n ,  reduces  t h e  alkalinity h a z a r d .  W a t e r  t h r o u g h o u t  t h e  upper  Guadalupe 
River  d r a i n a g e  a rea  g e n e r a l l y  is s a t i s f a c t o r y  f o r  i r r i g a t i o n .  

Recreat ion aLso p l a y s  a n  important r o l e  in t h e  a r e a .  Typical w a t e r  f o r  
r e c r e a t i o n  s h o u l d  be  f r e e  n o t  o n l y  of of fens ive  o d o r s  and t a s t e s ,  h u t  a l s o  of 
f l o a t i n s  or suspended substances and any  o t h e r  substance toxic  on i n ~ e s z i o n  
o r  i r r i t a t i n g  to t h e  skin. A L L  water i n  t h e  r e p o r t  a r e a ,  e x c e p t  in T h i r d  Creek 
near the town of Legion, is h i g h l y  satisfactory f o r  w a t e r  r e c r e a t i o n .  

The highest d i s s o l v e d - s o l i d s  c o n c e n t r a t i o n s  i n  a s trearn u s u a l l y  occur d u r i n g  
periods of l o w  Elow when a l l  f low in the stream is graund-water  eff I t lent .  
Ground w a t e r  g e n e r a l l y  con ta i ns  more disso lved  s o l i d s  t h a n  does surface runoff: 
because ground water  has Seen in c o n t a c t  w i t h  the  rocks f o r  a much l o n g e r  t i n e .  
T h e r e f o r e ,  p r o b a b l y  t h e  maximum c o n c e n r r a t i a n s  o f  d i s s o l v e d  s o l i d s  were obscrved 



d u r i n g  t h i s  s tudy .  Lower c o n c e n t r a t i ~ n s  map be expected d u r i n g  p e r i o d s  o f  
s u r f a c e  r u n o f f .  

S U W R Y  Ah9 CONCLUSIONS 

The upper GuadaLupe Rives g e n e r a l l y  g a i n e d  flow i n  t h e  study a r e a .  Strearn- 
f l o w  increased from a b o u t  0.01 c f s  a t  t h e  i n i t i a l  measuring s i t e  on t h e  Forth 
Fork Guadalupe River ,  t o  120 c f s  a t  t h e  s t ream-gag ing  s t a t i o n  on the Guadalupe 
River a t  Comfort. Many localized channel gains and losses occurred throughout: 
t h e  e n t i r e  s t u d y  reach .  These have been explained by the different wa t e r - S e a r i n g  
q u a l i t i e s  of the a q u i f e r  o r  w a t e r - b e a r i n g  rocks  traversed by t h e  Guadalupe River 
and  i t s  t r i b u t a r i e s .  T h e  E d w a r d s  and a s s o c i a t e d  limestones c o n t r i b u t e d  about 
90 percent of t h e  t o t a l  120 c f s  measured a t  the  lower limit of t h e  i n v e s t i g a t e d  
reach. Only a s m a l l  amount ,  10 p e r c e n t  or less, was c o n t r i b t ~ t e d  by the GLen 
Rose Limestone. Results of t h e  i n v e s t i g a t i o n  show, moreover, t h a t  streamflow 
i s  e f f l u e n t  in some c h a n n e l  a r e a s  and flow is lost to aqui fers  in the GLen Rose 
Limes tone  in others .  Base-flow accret ion  fox  the s t u d y  area averaged a b o u t  2.2 
cfs  per mile of m a i n  channe l  f o r  the continuous water-table elevations and 
climatic conditions prevailing, Another ser of c o n d i t i o n s  would g ive  d i f f e r e n t  
r e s u l t s .  

Water th roughou t  the  study a rea  was of calc ium and magnesium b i ca rbona t e  
c o m p o s i t i o n ,  typical of water d r a i n i n g  from a limestone t e r r a i n .  Inflow o f  
more h i g h l y  m i n e r a l i z e d  w a t e r  f r o m  f i v e  creeks--Johnson, T h i r d ,  T u r t l e ,  V e r d e ,  
and Cypress--was largely respons ib le  f o r  the progressive downs t r eam increase 
from 2 3 0  p p  t o  2 7 9  ppm d i s s o l v e d - s o l i d s  c o n c e n t r a t i o n s  in t h e  Guadalupe River .  

With t h e  exception of T h i r d  Creek n e a r  Leg ion ,  the water of the  upper Guad- 
alupe River and i t s  t r i b u t a r i e s  meets t h e  chemical requirements of  the U.S. 
F u b l i c  Health Service Drinking Water Standards (1962, p. 3 4 ) .  The w a t e r  is very 
h a r d ,  however, and may r equ i r e  s o f t e n i n g  for domes t i c ,  m u n i c i p a l ,  and inclus tr i a  1 
u s e s .  

Accord ing  to s tandards  f o r  i r r i g a t i o n  s e t  by t h e  U.S. S a l i n i t y  L a b o r a t o r y  
S t a f f ,  t h e  water  of t he  Guadalupe River (except from T h i r d  Creek) is c l a s s i f i e d  
a s  having medium s a l i n i t y  and low sodium haza rd .  In the r e p o r t  a r e a ,  w h e r e  
t h e  average annual  r a i n f a l l  is about 30 i n c h e s ,  t h e  water i s  satisfactory f o r  
irrigation. Water i n  the Guada lupe River  d r a i n a g e  area is s a t i s f a c t o r y  fo r  
secrea t i o n  use. 
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1 Sites I rhr.c-~gh I"?? on she !t:.-l?. ? c r k  S:at:alupe Rlver an,: it= : r lFx tn r l es .  

Fcne yard  3 ~ 3 ~  

I 

I 
. - - .-*--h - - +  .. , . * , ,  ?ark 

" .  ;,?!slupe A l v e r  

I 

A t  mouth, 3 . C  rile: west of 
heada,uarters  of Ke,e--. X l l d -  
E 1 f e Managemen: .-a. 

At: zo~?::;  -c?d low-'xater 
c-o?s:n:, ,: .C - . i?es SeSc of 
~ P ~ ~ % E , : ! ' : F ? F  O E  V e r ?  X'lld- 
l i f e  X-n:;nror.: : x e  and 14 
miles uts: of %n:, Tex. 

?Fc?th Fork 
Cusdzlupe Rive 

Indian Creek 

113: Rock Creek 

W o x h  Pork 
Guada lupc Alve 

A t  mouth, Z . 7  miles west or 
be2d~;ar:ers of Ke-r g i l d -  
1: f e Ynnzgement Area. 

0.1 m l l e  belcx county road 
low-%:ea caasslnq, l. 8 
rn:les w e s t  of kta4?uartei-s 
of Ker? 'illd?iTe :".nage- 
ment A-ea . 

0 . 5  mile upst:earo fw- 
Flet Rock Creekf 0.7 mile 
west  of headocarters of 
Kerr WlLdllfe Mansgrrcnt  
Area .  

A t  county road low-water  
crosslr!!, 0 .P  mile south- 
wes: of hd+dqu2c:er~ o f  
Kerr K i l d l i f -  !<en%qer.er.t 
A r e a .  

A t  Farm Road !?4O low-wzte-. 
c r o s s i n g ,  0.1 T i l e  eest or 
h e a d q u a ~ t e r s  of "q r?  Yild- 
life M a n a g e ~ . ~ ~ :  're:. 

A t  Farm Road 134C low-w::=r 
crossing, 1.1 PI:?: ~ 7 5 :  of 
headaun?:ere of Xe?? Xi:.?- 
l i r e  Ysnagewent A?-:. 

k: mout t ,  2.9 miles e?:: cf 
head;xar';e -5 o f  X e r ?  :I:! ?,?- 
llf r Ksn?ge~en:  .:.::::, 

A t  Flm Road 134G low-xat f r  
crossing, 5 . 3  railec ?as: o f  
headquarters o r  ?:cry ;ii?j- 
life P?nagevent +.re?. 

North Fork 
Gusdqlupe Rlver 

A t  mouth, 5 . 5  nl lcs  ecs: cf 
h e a d ~ ~ e r s e - a  cf Ye?: Y i l d -  
l i f e  KT.nsc~-?a: -:.re=. 

A t  Farm 3o?d 13;C law--d:%~? 
c r o s s l n R ,  3.: m i l e e  eze:  
of headqr!ar',s?s e' =:*?r 
Wildlifc Fa?aqc-e?: :?:a. 

Dry 

-- 

- -  

a.01 

5' -14 

.- 

14.2 

11.9 

** 

15.1 

15.8 

-- 

---=--a I !-ad 13 composed 

c'  t?<:L5??? sn3 gravel .., -.. r. .-r- . l-  ,.. ... ,-...-,- 2rra of 
'.?e .:?u=.r?- ?af asso- 
: lscc" l i -e f -men.  

.:. ~ ~ 6 C e 3  area  i n  the  
:?.zzncl 'mown as 
''%-??;'a?+ n a t e r  Hole" 

',.-A .. -F! --- - - .  ost p o i n t  
O? F ? * e  :?SX cn the 
!???:r ???% Tuzdalupe 
E l v e r  . 

C h e c ~ e l  bed 13 corngo-< 
of gravel, k 0 u ? 6 ~ ? s ,  
2ne l:?s:on* Ledges; 
seeps c -c -  rlons bed- 
d l??  Fl?_l-+. 

Do. 

Cknne? bed 13 C O ~ C O Q P ~  
of silt, Eculd+.:.?., 2nd 
gre:.? l ~ln?dr:?.!r. F:: 
*;he E3Y?r?? and asso-  
, . ,> -oA 7 . - .  -s:c3es. 

C h a n ~ ~ 1  k?! banks 
f~--...d y: 3?*.1?+ an4 
as$oc:n:+4 l!-cP:cn"5 
*hI,:k f-7 I+;<?:=. 

Channel of  boulcers bsd 13 -:ad ?c~.ro??:! ;rs-- 

e ls .  ?:it7.<S.oU5 
P' 

a??d s p r h q s  022U" 
a l c n ~  :hr- ":-n:!?c 
??ek--::re: S l ? ?  :?!+ 

:-+:;:..I. :cn",.?t".P.!:t 
5 s  ex?r>e< i n  :h+ 
CP.??.* l . 



- 
:It< 
no. 

(All z* 

Stream 

North Fork 
Ouadalupe E v e r  

Nort?l Fork 
Guadalup* River 
I r lbu tz ry  

Rorth Fork 
Guadfllupr R i v e r  

No."th Fork 
Guadalupe River 
tributary 

Bcney Creek 

North Fork 
Guadalupe Rlver 

0.3 mlle below &m. Poad 2340 
l o w - w z t s ?  crossing, 5.9 
m i l e s  east of hez2cuarters 
of Kerr W i l d l l f  e :,"=nzgemnt 
Area. 

A t  "am 9oad 1340 Icw-water 
c ro s s ing ,  5.  E n i l e s  east of 
headquarters of Ye? Wild- 
life Kanqement area. 

A t  Fam Qced l34C lc'x-water 
crossing, 2.2 m l l e a  west of 
Hunt. 

A t  county rozd crossing, 0.4 
mlle above mouth, 1.5 miles 
northwest of H u n t .  

0.2 mlle above mouth, 1.4 
miles northwest of Hmt. 

0.3 mile zbove confluence with 
South Fork C-uadziupe 3 l v e r  
at Hunt. 

E l v e r  
m i l e  - 

39. € 

39. i 

3 7 . 4  

35.4 

35, :  

3 4 .  c 

34. C 

Channe l  bed is composed 
of bo,~ ld?rs  zrrd grav- 
els. I k -e rous  seeps  
2nd sprlnss occur 
along :he Comanche 
?czk-cpper G l e n  Rose 
yza-- -a d n t  contact 
x?!:cb Is exposed in 
t h e  channel .  

Chennel bed Ir: composed 
of bculders,  send,  and 
sil?. Source  of base 
flow Is seeps and 
spr'ngs ac 3ese of 
Ccr%nc3e Fe2x m e -  
a tone .  

Channel b-d is composed 
cf gr.a.rei and boul- 
d e r s .  %a:?? source  Is 
r r c n  b z s ~  of Comanche 
Fczk ZIres tone. 

Do. 

Do. 
(Over la?  F.easurernent 
mlde a: t h l s  s l c e  for  
d o k l ? s ~ e ? m  contlnua- 
TiOD of >nves:!ga';lan. ) 

I I Sites 19 through 34 are on the South Fork Guadalupe River and its tributaries. 

0 . 4  m i l e  upstream ??om Ful len  
Creek, 2.0 miles southwest 
of Lyrixhaven rssor:. 

A t  mouth, 1 . 7  miles southwest 
of Lynxhaven z-esort. 

300 ft domstresm f r o m  Wallen 
Cneek, 1. F milts southrest 
o f  Lynxi-2iren reso?:. 

A t  S t a t e  Elghwa' 39 lox-u-ter 
Crossing, 1.3 r r . l l @ L  b 0 C h -  
west of Lpxhacsn s t s o r t .  

A t  3 t a t a  Highway 39 iow-water 
crosslnq, C . 5  rile south- 
west 0: L y n x P ~ v ~ r .  x s c r 2 .  

Channel bed Is composed 
of l1ws:cne ?edses 
f o m e d  5s 33xar<: and 
zsaociz:-=d Pin?s~onos. 
Ponded arsa in channel 
is f i c ~ t m c a t  p o i n t  of 
base flou In Zouth 
Fork 0-xzdeL-~uc ?:ver. 

Scurce of bzse rlow 1% 
frcm poross zone in 
the E?*-768 and zsao-  
c l a t e d  I l res 'onGs.  

Po. 

Channel btd iz co-~c;+d 
w ?  bcul3ers, era.:? 1, 
e?d ?or?-us  Ilrcer-tone. 
J.Eou: r .2 rille above 
site, all flou '5 
10s: to zllu*.flm end 
Fcrous, f ras'ured, 
chalW.; :;Il.res;c-ne. 
C k s n z ~ l  lcms:neg d r y  
fc? zpprcsir.s:ciy 0 .  E 
rdle ?o&?E':??:?. 



r:..>:. 1 
-, - -  - , , 'c-~th Fork ' 1 

I 5::d:lcpe F r y e r  

" T  1: S o . ~ t h  Pork 
C-a<??uge R:ver I 

I 

- + Ir I n 3 i u l  Creek 

I .c 1 9 5  _. Scuzh Pork 

3~1:her C-.eek 

South Psrk 
Cukda?.rpe Ricer 

Cypress Craek 

South F o ~ k  
CuadaTupe F.lver 

At, pz-17:ete noed :?os?hq, 
2.3 riles e55t cf 
b,-n.?ha-:en r e s o r t .  

0.3 ~ i l e  below ~ r i v s t e  lou-  
h-zrer c?o$s' 3.g ~ l e s  
s.ort:?ezs: c?!Txk-el 
r e s o r t .  

A t  Camp F:s:f? b?? a: E%:e I '  5 .  
HIckxz:; I;! 113s;--da:r~ c-03s - 
In:, =.F r i l e =  ec-::h-dez? 
af 2mt. 

C h z m t l  ?cd formed by 
gr--..?l %rd limeatone 
le?Ees c? ?!h,zrd? :nd 

Cra-.,el 2nd s4n3 channel 
b ~ d .  

Thsnnel Fed composed of 
cs-entcd s n s i  and 
ji?r:'.;.l "r3::ar beds") 
..a A L  . ,", c ?l:~-."i::~~. s l k e  
1 - .- syr?c~i~:~ely 300 
.-+ . , ?t~!",:.::r. from 
C?rn - r ->c  T r ?  k-uppnr 
" ' * r  7q.e :>l-*@tone =I-.. 
Fon:ac: .  

Hunt, 0 . 3  - . i lr  ? ? c * : ~  c;n- 
S?i:rnce wi:?, :!?:*k ?;:? 
O ~ a d l l u p e  ?:':T-.. 



c *  "A *a - !?.ter DIRCF~FK? l n  c f s  
!%-._'o Locat Ion  3lver :em . 

no.  mile 
t.:slr. T r i t u -  ?er.r_?ks 

(OF stream yay: -- 
e on :he -?in s'em @"he G~adz lupe  5:ver 5-: 1:s :?lYx.zries. 

1555 
T..??. 

1 E  Guadalupe River 

24 do 

1 c 
-3 d o 

2 4 do 

I 
12 Tegener Creek 

24 do 

1E Ox Hollo-u 

2 1  do 

1 6  Guadalupe River 
z r ibu ta ry  

24 do 

15 Kelley Srsek 

24 do 

24 G3adalupe Rlver 

200 ft belcw j ~ ~ q c t l o n  of North 
and Scuth FcrXs cf Guadalupe 
Rlver, a t  Hunt. 

do  

A r  etresrr-gagins s t e r i o n  
5-1655 st kr:5se cn S-ate 
HlEhway 79, C.-  n i l e  e a s t  of 
Hunt. 

A t  County roed c ra s s lng ,  0.4 
m:le above r o u f t ,  0.3 mile 
e a s t  o X u n t .  

A t  mouth, 1.4 miles e a s t  of 
Hunt. 

A t  Sta te  Vlghwey 39 b r i d ~ e ,  
1.9 mi les  e a s t  of %:. 

A t  coun-y ?oad low-rs ter  
c ros s ing  helox Yek' Lake 
I n g r a i  dam, C.7 mile -6-est of 
Ingram. 

&??~ ' :131 :fi?rnel over-  
11.5 r.g '1p;"r 31cn Rose 
L~?~c ' , o?* .  

3. 
( C - e - 1 ~ ~  -?zsllrenen: 
-see e :  !ti: 3-9 Tor 
:ch?ls:?fzr. COII:!TIUR- . .,... a rn cf :nl:c?Y?~:tlcn.) 

Allu-i+l ?k?ncc: over-  
::;ir.- ,-+..-- -,, ? T e n  Eo?e 
:i!?ezto??. 

'25. 
(P:e?l?c y.e?zi::7=r,+nt 
cede ;?: :tic ? i r e  f o r  
dcin?' .  -.-I- ccn::nuo- 
+ -.?n a r:. In3 :??c i~e t lon . )  

....,- 7 
I Y . _ ~ _  ch?cnel bed, 
~ 9 1 1 1  2?'1 -XCP:- Glen 
fc?e f l c e o Z , ? n e .  

A I I u T L ? ~  channel 5ed,  
wa l l s  a-.e 'IFF?? G l e n  
%ee Llces:rn+. 

Chenn?? t r i  cc-.?azed of  
+JOu;:n-~ A ... . , g?:.:el, 2n,? 
s:l: o\.c?l-iIc b:: 7 ;p~~ r  
Glen PC:? T,!-fi;' GT.?. 

,>?finel >P,! (.t73~5?$ ~ l f  
ETz.,.e: >>? : :>.32 - y j c  !,- 
Izin t:: .:-r3r . . Glen 
~ G S *  z5-e: .  pr,.-. 

b. 
( ~ ' : e r l . - ~  r.e%z.:-nsn+. 
made ?t f?:s rl:+ T ? r  
Co,*~s:rp?:: z c n 7 i n ~ 3 -  
ticn c f  :n- .~e%t:~~: lcn.)  



1 1  : ! +  j , , 1 :  !. . . : 1 :  , .  ,... ;..--.) 
-,* 
2 -  .e 

>=$ '.t-??k3 
XP - - 

I I SFts :  4 2  threuah 57 ? r e  cn :rP,nscn Creek and i t %  ; r : l u r a ? i t s .  
- C C T  

I %?. - - - - I  
1: :chnson Creek 

l i -- 

. - 
-: .lohnaon Creek 

:rlbutaw 

. - 
L: Zohnson Crpek 

17 Spr ing Greek 

1: C~'fl0Y flbrnP, 
Statc of Texas 
Fi?!, F? tch-7"  

1- E s c e n d e n  Creek 

." 
!-  J o h ~ o n  P e e k  

I 
1":a: E - ~ n c \  -. 

A t  Sp?oul 3anch "cz2 :?o?ain:, 
1 .'3 m i l e ?  northz-es', cf Yclm- 
taln Home. 

At hr ldge  on o l d  Sts'c Elghwag 
41, 0. R r.!le nort3wes: of  
Woun:eln Pcve. 

A t  St?tf Elghway ?? kyldge,  
0.5 mlle pas t  of I.Iol;?:%ln 
Home. 

1,030 ft belcw 5 ~ 7 ,  1.1 7.115s 
southeas t  cf I:c-z?:z in E33e. 

A t  mouth, 1 . 2  miles soc:he?s: 
or  Fountain ?%re. 

A t  outlet, 1 . E  ?:les soc'h- 
+?E' OF Y c ~ ~ l t ; - l n  Ec~-5. 

C?z~711 kc? -cr?Tcsed of 
<?=.:el :re ??n? under- 
l=:n t:: : l 'd=r% and 
2:stcl?:+I !l-.estcnes. 
Scn?:c cf  YCY is 
"=<a'"-  . . - - . . -l=crp ~ n d  

5 1- 
P-- --.-...,: -.e .. l?. :'Re lIrn??- 
s:c?e. .:.11:'11~m. In 
>"---.=; P?? - :nf+rlaln - . . . . . , . 
t.,. . .--- . ,.zgy 1:-es'cnc 
--->* c <  &>.> - -  . . <. . ... =zX?.rqs 
FX? ~:zr : : : : r !  l h e -  
<?Cr,P9. 

Allu-~iz l  :F.ax-51 k r 3  
deposits. ' h ? r n ~ 1  
w a 1 i s  ?orre3  by 
E"7??ds 2n3 a~?czl?Ted 
lir,r=s: ??,+: , zr.? +.v-=l. A,,!, I 

C ? c n  ::re ;im=?:cnc. 
se=p9 ?r?.' p ~ ~ i r l ; s  r 1 9 w  
r:-?-" k r ? ~  0:' :cri!::h< 

tl:,.: : :.>n- -:! - - , A '  

2C Tt ?Lo-? :k.-nnsl  
k9.3. 



C - . . ' - . ?  q 5  '-'-L . . .. . . - h-am>?P=m at 

"-czv:cre . Sc s e e p s  
c:* z r r i r - 8  c t ;~ ; -ed  i n  

u.11 ::,ihc:-::-lr -<->..- A- r - . - .  . . ' ,ad:  '.:.::p KC: ?:;red in t h i r  :I t - r  X J ? -  i ! , : : . )  

l c  Joksc r?  Creek A t  ~r?va:e ?casf zl:lcer-, C.l 9 4.1 63 - - .2r  1 C>~znp,el bed co.nnosed of 

t r ? = ~ t a r : :  mile ~ ~ C V I  ru<;:h, 3 . 7  r i l e s  c l l t . ,  s?n*l, - r ! gr?vel 
northwest OF Ins-n.  fa?: ? :n hy XpFer 

Glen t s r t  LlnF;;one. 

a o h s o n  Creek 

s t ~ e a m  Location %-arks 

I I 

::te 
no. 

I 
Henderson Branch 

B..te 

1955 

Johnson C r ~ e k  

do 

Af stream-gaging st?t,iOn 
F-lGFC, :. 1 r.:les nor'h- 
rtFc o r  TngraT. 

A t  routh, 0 . 5  m l l e  below 
gag's5 statlon, 2.5 miles 
r.c:?t.dest of I n g m .  

A t  brldge en S2ate Highway 
27, L . 9  ~ l l e s  ncrthuest 
o f  Ingram. 

0.4 m l l e  abave rnous3, at Y .4 67 
Lqg-arn. 

do g .r 59 

Zhannt: kt3 ccnposed of 
Fc.;~+?? 2nd q ~ - v e l  
-~.s.*-:::r. t:; : i - ~ s t o n s  
- A , : - & =  -.  - 5  - c r  .;>ye? . . 

fey- :incc:cr.e. 

C11';visl chnr r ;e l  3epos- 
I t s  1z?3arlz!rr b:; upper  
OL?? ?-SF ;:ncr-on?, 
ZFF?OY:-?:*I~ 13P fS 
t-lw tzze 0:. Cr-anche 
> - -  T,;ck ;:-?stone. 

R l  lum:ia? c h s n ~ e l  bed 
d ' g o d t s ,  i i l d ? r ? 9 i n  
t y  G l e n  70se 
>!r~pezcne. 

Ih. 
(SeccnC r+?? , J z?n t  
made a: :?.:? si:? fcr 
",m8f ? e 5 ~  ?cn::x? - 
:!.on cf Invee:lyn+.:cn.) 

I I Sltes 59 through 73 are on 5 " ~  r x i n  s t e m  OF the h a d a l u p e  River and its tf l ibutariee.  

Tndlan Creek 

GP-; C ~ e e k  

Felr Creek 

k s d ?  lupe Rlver 

A: brldge on ccx~',;: %sd, 
0.2 m i l e  s o u 3  o r  IF.S?L-.. 

A t  bridge, cr, Srste FLghw.ura~ 
27 S p ~ r ,  3.0 Files tas: 
of ITS??-,. 

A t  mouth, f .D m l l c s  ease or 
Ingrxm. 

A: lor-u2fer crgsning nz 
a .  _a. ?z?cn Ford, ?.f ?;l-s  
e a s r  o f  ;nqr.n. 

A t  bridge cn S:a:e Eighwsy 27, 
1.5 m i l e !  wee: o f  K ? r ? - l l l e .  

Chs?_?~1 ?e? cor.posr-d o f  
sll: En? s ? n ?  u n d e r -  
1 2 : ~  ?:: L ; ~ Y : .  c i s n  
F.359 1": - : 3ZP. 

I a 1 T ~ v 1 ? !  c?.?nnel bed 
3e?c::tz *~nf???? ln  2 : .  
, . -A*4 ,-, . C ? r n  7 ~ 3 7  :IT=- 

? - ̂ =?. 
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0 . 2 m i l ~ b ~ ? ~ k - S ' , ~ ' , e F i g ? d . # a y  
IS  bridgc end Ke??c! l :Y Yo 
5t Ke?rvllle. 

R F b r l ~ g e @ ~ S t n t % ~ l g b u ? g 2 7 , ,  
et K e - ~ v i l l e .  

.,. 

S t  ream 

,.. 

3iver 
" ~ l e  

21.0 

IS.@ 
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A t  brijge  on Fs= Fload 8$9,  
at Leelon.  

At c - ~ l v e r t  m muvFlty roa:',, 
@ .  5 m i l e  no?t?esst of 
Ler;ion. 

A t  cutlet .r;o?k.ka, C . E  mrle 
ncr thczst  of' l eg ion .  

A t  end of pr lvere czrr.11 read, 
1.4 rolles eas: of l e g i o n .  

A t  bridge on S:e:e Eighway 
I 

27 ,  1. Z m i l e s  sout t r -as t  of 1 
Legion. 

A t  brldge on S'ate Rlghway 27, 
at Guadalupe Seleh ts .  

A t  b r i d g e  o n  S t a c e  Hlghxay 27, 
1.3 mlles south of G-edalupe 
Helghzs. 

Wear county road j u n c t i o n ,  
2.6 milts scu:h cf Guadalupe 
Heights .  

Si tes  76 through 7 7  .-re on F ~ r t l e  
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60 
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E h .  

Ckannel bed is ccnposed 
of cgpe? Glen ? c s e  
- - , > - -  r 'mp:L~.le, ,-. Ersyc 1 znd 
baT;ld?:s. Sc?.? l c c z l  
T~o:: a5  t h l s  s : : e .  

C h m ~ e l  be3 ? 2  ?or::.:-:! 
c? upper Clec ?::+ 
LL!!.estc?.+, <r?;.+!, 
bol;lder: zcz zz??. 
&s+ f'lc.2- pr.l;.. 

Eu. 

t-.lk:a-.le;. 

19 .1  

T! 2.1 

16.2 

1E.2 

18.2 

I ,  

17 - 8  

1 1  
I 

15 .8  

14.6 

C r e e k  
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- 7  
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? 1  

7 2  

7 4  
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G?rad?lcpeR:ver 
t ribc:zry 

:u?nlanCreek 
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i, 

25 
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Z.f, 

25 

21 
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24 

24 
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C a r ? ; X c e t l r g  
C x e k  

Thlrd Creek 

lerrvllle Sewage 
Settling % s i n  

Second Creek 

Third Creek 

Guadalupc River 
: rlbutary 

S l l v e r  C.neek 

73 

.?emark: 
Dischzrge  

, . a ln  
5;reem 

El . 1 ~  

.77 

No 
flow 

No 
flow 

1 . 1 8  

5) .I.! 

9 -13 

_ _  

tributaries. 

7 - ?ibutary miles. 

25 

I 

25 

?stimzfed. 

Turtle Creek 

do 

N?st Creek 

Tur t l e  Creek 

in cfs  
Tr:bu- 
tap,- 

f: ?--- "..A a -  
t=~.~. . d ,; .:?no unde?- 

>?In ?y u ~ g e r  Glen 
XCF? Licestone. 

Al1u~:zl ckzszc l  be3 and 
barkc,  en? =<:scent t o  
Kerrvll?: seh 's~e  sct- 
:1Lr,-s Zssin. 

T ' n d e ? f l c w : c a ? l u v i a l  
a??ea. 

Pond s e e ~ e z e  in alluvlal 
chmne'l. 

A l l ~ r ~ i a l  chame l depos - 
* - 
I,@. C w r k  c e r r l e s  
h c s ~ i : a l  wzser y r e z t -  
-en: f l z n t  ??fluens at 
replar :ntervals. 

. c . l l u - r i  underleln by 
cc l i chc  k c 2  I n  c p p e r  
G:?x ??s? >11i-1s:c~1e. 

Do. 
!frz.ctu~es i n  c ~ 3 t r  
Glen Rcae tleos:cne 
p r o v i d e  scrln;: o!:r l e t  a 
f r c m  c-re??:;lr.;: ? l l u -  
v i m . )  

k. 25 

62.6 

- - 

GuadaPupe R l v e r  

Sites 78 th rouch  nO q?e on t h e  z a i n  $:em of thc Gedalupe River snd it: 

A t  b r i d q e  on F a n  Foad 1273, 
7 - 3  mllee  sou-,!wezs of 
Kerrvllle. 

A t  low-ws:er cmsslng on 
count,:: road, 6 . 3  n l l e s  
south o? I(er-.-~:llc. 

A t  b r i d g e  o n ~ m ~ o ~ d 2 7 7 l ,  
5.7 m i l e s  scu;h cf K e y -  
v i l l c .  

A t  b r l d q a c n P a ~ " o a d f S 9 ,  
3.1 rilles south 07  O.l?dalupe 
Helghts. 

Nonlln Hollow 

Cluldalupe River 
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O. :Q  
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9 7 . 7  

xt8.C 
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AL br idge  on Ststt H:ghx~y 2 7 ,  
2.1 m i l e s  w e s t  of Center 
P o l n L .  

AS. t-rldzt 0:: Eli? 3 F d  COP, 
at Centc? loln:. 

U C ~ F - ?  . . G l ? n  Rcs? t i m e -  
~:?n= ledges ?om 
:?er.n?l k c : .  WzTls of 
-...Z" . : , - .E?:  n?e cc-?osed 
Cf I."+-.' 

L5;., Itrestone 
~ F ? Z  135 $0" s k l e  
k?? In  m p e r  Glen 
'ose Slnesrcne. 
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62 

52 

58 

13.5 

10.5 

2.28 
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59 

-- 

107 

No 
f low 

- -  

?on?+? ae?p?ge Is lgst 
'.c s l i u . ~ i ~ - ,  ov?rl:,-lng 
u~3e: Glf: F.CSF L i r e -  
s:cne. 

C f i s m ~ l t P 2 1 9 U ~ ~ ? r  
G ~ F T .  ?ZZ? y-r,+:-.:,~.? 
i e5ges .  



-0- L.-. Creek  

Spring Creek 

Verde Creek I 

. - ? c r - x : . * e ?  ~ ' ~ s s l n g  on 

,r!?::: ???3, ?,> s!les 
c,:. h . : ~ ~ f t  ~f 3ence- Point. 

4: mouth, ?. 7 miles scu:%est 
of C e x e r  Po:nt. 

C.C r.:le above mouth, 2.1 
r.iler sox'heas- of Center 
P o i n t .  

A t  mouth, 2.2 dies e a s t  of 
Center Point. 

A t  brldge  on S'ate ?5:gFu?y ??, 
2.6 miles easy 3F 3;n:er 
Point. 

0 . 3  mile above? rol!:h, A . 3  
miles southweft o C  Cnlrl.cnt. 

A t  mouth, f.? rile: sc.;:huest 
of Co~for:. 

-01 

a .10 

-- 

No 
f l o w  

C y p ~ s s  Creek 
I 

do  

A t  bnldge on -Fa-- 9ozd 2341, 
8 . 3  dies no-thv-51 05 
C3"f c.-t . 

c:+. ..... .>,:--=. . . . . . . . . . . . .  L lmder- :=.- '.. , , - -<-  ................ Glen 
? c z r  -,:-+?Tcne. 
--.>"-: . P  . .-. -. :- - x  3 . -. -- f-cn z:::'9..-'c 2ct ,- + -----.G ,ed  
: * - *? : - rc?  ne?? r e a d -  . . 

u:z?r: cT z?eek. 
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Z',S .~?5??1:1? b:,, IIF?PI'  
Glen T13e 11+.*:?3n,: . 

PC. 
V:%er aa: lor?? Cl?n 
::be Lir-?z:c-.e --nt:ct. 
%r?=, i:$:??:+! 3:: 
lcwer g:::r?;-. ICXG :r 
upp?? ?l*n ??s- I??- 
3:cn-. 

AZ?u\'ip.: c h l m - l  LZ~.--.- - - .:in p: l?-d?r 3173 
=??e Liccstrne. 
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