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

L I T T L E  C Y P R E S S  C R E E K  

U P S H U R ,  G R E G G ,  A N D  

H A R R I S O N  C O U N T I E S ,  T E X A S  

Q u a n t i t y  a n d  Q u a l i t y  

J a n u a r y  a n d  J u n e  1 9 6 4  

INTRODUCTION 

The base - f low i n v e s t i g a t i o n  o f  L i t t l e  Cypress  Creek i n  n o r t h e a s t  Texas 
was made by t h e  U.S. G e o l o g i c a l  Survey under  p r o v i s i o n s  o f  t h e  1964 c o o p e r a t i v e  
agreement w i t h  t h e  t h e n  Texas Water Commission. The agreement p r o v i d e s  f o r  
t h e  i n v e s t i g a t i o n  o f  t h e  w a t e r  r e s o u r c e s  o f  Texas .  

Base f low i s  d e f i n e d  a s  s u s t a i n e d  o r  f a i r - w e a t h e r  f low.  I n  most c a s e s  t h e  
base  f l o w  is predominan t ly  ground-water e f f l u e n t ;  however, it may i n c l u d e  r e t u r n  
from bank s t o r a g e  and r e s i d u a l - p r e c i p i t a t i o n  r u n o f f  i n  t h e  form o f  d r a i n a g e  from 
l a k e s ,  swamps, and marshes .  Amount o f  b a s e  f low,  t h e r e f o r e ,  may v a r y  w i t h  
c l i m a t e ,  geology,  v e g e t a t i o n ,  and human a c t i v i t i e s .  

Purposes  o f  t h e  base - f low s t u d i e s  were:  (1) t o  de te rmine  t h e  s o u r c e  and 
q u a n t i t y  o f  t h e  low f low;  (2) t o  de te rmine  t h e  chemica l  q u a l i t y  o f  t h e  w a t e r  and 
i t s  s u i t a b i l i t y  f o r  munic ipa l ,  i n d u s t r i a l ,  and a g r i c u l t u r a l  u s e ;  and (3) t o  
e v a l u a t e  t h e  e f f e c t  o f  geology,  v e g e t a t i o n ,  and human a c t i v i t i e s  on t h e  q u a n t i t y  
and chemica l  q u a l i t y  o f  t h e  w a t e r .  

To e v a l u a t e  t h e  g a i n s  and l o s s e s  o f  s t r eamf low t h e  t r i b u t a r y  i n f l o w ,  
s t reambed m a t e r i a l ,  and f  l o o d - p l a i n  v e g e t a t i o n  were  examined a t  s i tes t h a t  
i n c l u d e  t h e  main channe l  and a l l  d e f i n e d  t r i b u t a r i e s ,  shown i n  P l a t e  1. Two 
f i e l d  s u r v e y s  were  made f o r  t h i s  i n v e s t i g a t i o n :  

1. I n  J a n u a r y  1964, a  l i m i t e d  s u r v e y  was made o f  a  channe l  r e a c h  
b e g i n n i n g  a t  s i t e  5  ( m i l e  48.0) and end ing  a t  s i t e  57 (mi le  7.5).  Discharge  
measurements and q u a l i t y - o f - w a t e r  samples  were  o b t a i n e d  a t  o n l y  7 s i t e s  on t h e  
main channe l  i n  t h i s  s u r v e y .  

2 .  I n  June  1964, a  s u r v e y  was made o f  a  r e a c h  beg inn ing  a t  s i t e  1 
(mi le  52.1) and end ing  a t  s i t e  6 1  (mi le  3.0). Discharge  measurements and 
q u a l i t y - o f - w a t e r  samples  were  o b t a i n e d  a t  1 0  s i tes  o n  t h e  main channe l  (7 s i t e s  
of t h e  J a n u a r y  s u r v e y  were  remeasured) and a t  s i tes o n  a l l  f lowing  t r i b u t a r i e s .  



The r e a s o n  f o r  s e l e c t i n g  t h e  J a n u a r y  and June p e r i o d s  was t o  o b t a i n  t h e  maxi- 
mum annua l  d i f f e r e n c e  i n  t h e  e f f e c t s  which v e g e t a l  growth,  e v a p o r a t i o n ,  and 
usage  have on t h e  s t r eamf low i n  t h e  r e a c h .  

A v a i l a b l e  i n  t h e  f i l e s  o f  t h e  U.S. G e o l o g i c a l  Survey i n  A u s t i n  a r e  s u p p o r t -  
i n g  d a t a  f o r  t a b l e s  and i l l u s t r a t i o n s  i n  t h i s  r e p o r t .  

WATERSHED FEATURES 

Cl imate  

Average a n n u a l  p r e c i p i t a t i o n  i s  a b o u t  46 i n c h e s  i n  t h e  L i t t l e  Cypress  
Creek w a t e r s h e d .  E leven  i n c h e s  o f  t h i s  p r e c i p i t a t i o n  g e n e r a l l y  o c c u r s  d u r i n g  
t h e  months of  A p r i l  and May. The average  p r e c i p i t a t i o n  f o r  J a n u a r y  i s  a b o u t  
% i n c h e s  and f o r  June abou t  3 i n c h e s .  The a v e r a g e  a n n u a l  t e m p e r a t u r e  is  abou t  
66" F.;  t h e  c o l d e s t  month i s  January and t h e  warmest  J u l y .  Dur ing t h i s  inves -  
t i g a t i o n  t h e  January and June t e m p e r a t u r e s  were  less t h a n  average ,  and t h e r e  
was no p r e c i p i t a t i o n .  Thus, t h e  c l i m a t e  was f a v o r a b l e  f o r  base - f low s t u d i e s .  

Genera l  G e o m o r p h o l o ~ ~  

L i t t l e  Cypress  Creek,  which h a s  i t s  headwaters  i n  s o u t h w e s t e r n  Camp and 
n o r t h e a s t e r n  Wood C o u n t i e s ,  f lows eas tward  abou t  70 m i l e s ,  d r a i n i n g  p a r t s  o f  
Upshur, Gregg, Marion, and H a r r i s o n  C o u n t i e s  i n  n o r t h e a s t e r n  Texas .  These 
c o u n t i e s  l i e  w i t h i n  t h e  n o r t h e r n  p a r t  o f  t h e  West Gulf C o a s t a l  P l a i n  physio-  
g r a p h i c  p r o v i n c e .  The d r a i n a g e  a r e a s  above t h e  s t r eam-gag ing  s t a t i o n s  a t  s i tes 
7  and 57 i n c l u d e  383 and 675 s q u a r e  m i l e s  r e s p e c t i v e l y .  The t o t a l  d r a i n a g e  
a r e a  above t h e  mouth is  693 s q u a r e  miles.  

The d r a i n a g e  b a s i n  is  bounded by i r r e g u l a r ,  r o l l i n g ,  and h i l l y  up lands ,  
many o f  which a r e  c u l t i v a t e d  o r  c l e a r e d  f o r  p a s t u r e l a n d  (F igure  1 A ) .  The f l o o d  
p l a i n  forms a  f l a t  v a l l e y ,  g e n e r a l l y  1 t o  2 m i l e s  i n  w i d t h .  L i t t l e  Cypress  
Creek h a s  t h e  c h a r a c t e r i s t i c s  o f  t h e  t y p i c a l  o ld -age  s t r e a m  i n  t h a t  i t  meanders 
i r r e g u l a r l y  a c r o s s  t h e  f l o o d  p l a i n ,  forming swamp and marsh a r e a s  a d j a c e n t  t o  
i t s  main c h a n n e l .  The g r a d i e n t  o f  t h e  streambed i s  e s t a b l i s h e d  and o n l y  minor 
d e g r a d a t i o n  t a k e s  p l a c e .  I n  some o i l - f i e l d  and c l e a r e d  a r e a s ,  the  n a t u r a l  
channe l  c o n f i g u r a t i o n  h a s  been s t r a i g h t e n e d  by c l e a r i n g  o f  v e g e t a t i o n  by man. 
Approximate ly  70 p e r c e n t  o f  t h e  b a s i n  i s  d e n s e l y  covered w i t h  e v e r g r e e n s  and 
dec iduous  v e g e t a t i o n .  Abundant growth o f  p h r e a t o p h y t e s  g e n e r a l l y  i s  more 
c o n c e n t r a t e d  on t h e  f l o o d  p l a i n s  and marshlands  ( F i g u r e s  1B and 2 A ) .  

Geologic  S t r u c t u r e  o f  L i t t l e  Cypress  Creek Watershed 

L i t t l e  Cypress  Creek t r a v e r s e s  sed iments  d e p o s i t e d  i n  a  s y n c l i n a l  s t r u c t u r e  
known a s  t h e  E a s t  Texas Embayment o r  B a s i n .  The E a s t  Texas Bas in  t r e n d s  n o r t h -  
eas tward ,  i t s  a x i s  p a s s i n g  th rough  Wood, Upshur, H a r r i s o n ,  Marion, and Cass 



A .  Cleared productive pastureland area near s i t e  6 

B .  Timber re fores ta t ion  and conservation area oper- 
ated by a private lumber company near s i t e  61 

Figure 1 

Typical Improved Agricultural and Forested Areos 

in the Little Cypress Creek Watershed 

U.S. Geological Survey in cooperntion with the Texas Water Development Board 



A. Spring (dashed l i n e )  f lowing from the Queen C i t y  
Sand a d j a c e n t  t o  L i t t l e  Cypress Creek near  s i t e  27  

B. Vege ta t ion  (dashed l i n e )  i n  highway c u t  deno tes  
seepage and s p r i n g  h o r i z o n  c o i n c i d e n t  w i t h  the  
c o n t a c t .  The f lood p l a i n  of L i t t l e  Cypress Creek 
n e a r  s i t e  61 i s  shown a t  f a r  r i g h t .  

Figure 2 

Typical Occurrences of Seeps and Springs in the Little 
Cypress Creek Watershed 

U.S. Geologic01 Survey in cooperation with the Texas Water Development Boord 



Counties.  This s t r u c t u r a l  bas in  i s  bordered by the Sabine U p l i f t  on the  south-  
e a s t  and the Luling-Mexia-Talco F a u l t  System on the  northwest.  The northwestern 
f lank  o f  the Sabine U p l i f t  extends d iagonal ly  northeastrvard ac ross  Harrison and 
Marion Counties.  

Within t h i s  s y n c l i n a l  s t r u c t u r e  a  g rea t  th ickness  of sho re l ine  sediments 
was depos i ted .  Subsequent e ros ion  has exposed the bedrock u n i t s ,  a l l  of which 
belong t o  t h e  Claiborne and Wilcox Groups. The major i ty  of the outcrops wi th in  
t h e  L i t t l e  Cypress Creek watershed i s  composed o f  t h e  Weches Greensand, Queen 
C i t y  Sand, Reklaw Formation, and t h e  Wilcox Group. Adjacent t o  t h e  main channel 
and l a r g e r  t r i b u t a r i e s  a r e  Quaternary t e r r a c e  and a l l u v i a l  d e p o s i t s .  F igure  3  
i s  a  genera l ized  geologic map showing the  d i s t r i b u t i o n  of t h e  geologic u n i t s  i n  
t h e  L i t t l e  Cypress Creek watershed. 

I n  t h e  v i c i n i t y  of Kelsey, approximately 6 miles west of Gilmer (P la t e  1 
and Figure 3 )  i s  a  s t r u c t u r a l  u p l i f t  known a s  t h e  Kelsey An t i c l ine .  The Kelsey 
An t i c l ine  i s  a  broad, b i loba te ,  wedge-shaped s t r u c t u r e .  The conf igura t ion  of 
Kelsey Creek shows a l a rge  curve southward on the  southern f l a n k  of t h e  a n t i -  
c l i n e .  This curve i n d i c a t e s  t h a t  t h e  southern  end of the  a n t i c l i n e  has under- 
gone the more r ecen t  u p l i f t ,  t h e  a n t i c l i n a l  fo ld ing  apparent ly  having d ive r t ed  
Kelsey Creek from t h e  normal n o r t h e a s t e r l y  course.  On the  nor thern  f l a n k  of  
t h e  a n t i c l i n e  L i t t l e  Cypress Creek shows s i m i l a r  i n i t i a l  l a t e r a l  d i s l o c a t i o n  
northward, but has s i n c e  become inc i sed  i n t o  t h e  Claiborne and Wilcox Groups 
contemporaneously wi th  u p l i f t .  No evidence of f a u l t i n g  i s  d i s c e r n i b l e  a t  t h e  
su r face  i n  the  v i c i n i t y  of the  Kelsey An t i c l ine .  

A f a u l t  approximately 1 mile southwest of J e f f e r son  ( P l a t e  1 and Figure  3 ) ,  
t rending  southward, probably i n t e r s e c t s  L i t t l e  Cypress Creek near  i t s  junct ion  
wi th  Grays Creek. Southward from L i t t l e  Cypress Creek t h e  f a u l t  i s  not  d i sce rn -  
i b l e  on t h e  surface,  but  e l e c t r i c  logs from o i l  and gas we l l s  i n  t h e  v i c i n i t y  
i n d i c a t e  t h a t  it extends downward i n t o  t h e  Wilcox Group. Hydrological ly,  t h i s  
f a u l t  seems t o  have no not iceable  e f f e c t  upon the  normal flow o r  q u a l i t y  of  t h e  
su r face  water  t r a v e r s i n g  t h e  a rea .  

Hydrologic P rope r t i e s  of the  Geologic Uni ts  

The Weches Greensand c o n s i s t s  of g lauconi te ,  g l a u c o n i t i c  sand and s i l t ,  
and i r o n  o re .  It forms a h ighly  e r o s i o n - r e s i s t a n t ,  reddish-black sandstone 
about 40 f e e t  t h i ck .  Only small  o u t l i e r s  of  t h e  Weches Greensand a r e  found 
capping t h e  more prominent h i l l s  w i th in  the  L i t t l e  Cypress Creek watershed. 
Since t h e  sandstone i s  known t o  y i e l d  on ly  minor q u a n t i t i e s  of water  t o  we l l s ,  
r e j e c t e d  recharge i n  t h e  form of streamflow probably is  minor. 

The Queen C i t y  Sand, which unde r l i e s  the  Weches Greensand, c o n s i s t s  of 
over  200 f e e t  of interbedded f i n e  t o  medium qua r t z  sand, sandy and s i l t y  clay,  
and impure l i g n i t e .  The sand and c l a y  beds a r e  t y p i c a l l y  l e n t i c u l a r  and cross-  
bedded. These a l t e r n a t i n g  sand, clay,  and sha le  beds form many seeps and 
spr ings  t h a t  leach and r edepos i t  l imoni te  on weathered outcrops of  the  Queen 
C i t y  Sand. I n  general ,  t h e  Queen C i t y  Sand i s  r e l a t i v e l y  porous, permeable, 
and f r i a b l e ,  weathering r e a d i l y  i n t o  a  l i g h t  colored sandy loam. About 80 per- 
cent  of  t h e  L i t t l e  Cypress Creek watershed is  i n  t h e  outcrop area  of t h e  Queen 
C i t y  Sand (Figure 3 ) ;  t he re fo re ,  i t  i s  the  major con t r ibu to r  of ground water  t o  
t h e  base  flow. 



The Reklaw Formation, about 100 f e e t  th ick ,  c o n s i s t s  mainly of laminated 
sandy clay, but  commonly conta ins  beds of g l a u c o n i t i c  sand and crossbedded sand- 
s tone.  Most of  t h e  i r r e g u l a r  outcrop a rea  i s  charac ter ized  by a  d i s t i n c t i v e  
reddish s i l t y - c l a y  s o i l .  The Reklaw y ie lds  small  amounts o f  water  t o  we l l s  and 
con t r ibu te s  minor amounts t o  base flow. 

The Wilcox Group crops o u t  i n  a  small  a rea  i n  t h e  extreme e a s t e r n  end of 
the  bas in .  It c o n s i s t s  m s t l y  of f i n e  t o  medium sand interbedded with c l a y  
lenses  and l i g n i t e  seams. The Wilcox Group was found t o  y i e l d  a  small  amount 
of  base flow a t  s i t e s  56 and 58 (P la t e  1 ) .  

A l luv ia l  depos i t s  a r e  ad jacent  t o  t h e  main channel of L i t t l e  Cypress Creek 
and a long many of t h e  l a r g e r  t r i b u t a r i e s .  They comprise the flood p la ins  and 
c o n s i s t  of  s i l t  and clay,  reaching a  maximum thickness of about  50 f e e t .  The 
al luvium y i e l d s  only  small  q u a n t i t i e s  of  water  t o  we l l s  because of  i t s  ve ry  low 
t r a n s m i s s i b i l i t y .  I n  t h e  extreme e a s t e r n  po r t ion  of the  basin,  t e r r a c e  depos i t s  
(Figure 3) a r e  assoc ia ted  wi th  the  al luvium and c o n s i s t  of  f i n e  t o  coarse sand. 
These a l l u v i a l  and t e r r a c e  depos i t s  may con t r ibu te  a  small  amount of  base flow, 
h u t  a r e  n o t  nea r ly  s o  important a s  t h e  Queen C i t y  Sand. 

From t h e  foregoing desc r ip t ions  o f  the  geologic u n i t s ,  it can be seen t h a t  
they  have s i m i l a r  l i t h o l o g i c  p rope r t i e s  and, therefore ,  probably a r e  in tercon-  
nected hydrau l i ca l ly .  This condi t ion  allows the  Wilcox Group and these  fo r -  
mations i n  the  Claiborne Group t o  func t ion  as  a  s i n g l e  aqui fer ,  named t h e  
Cypress a q u i f e r  (Broom, Alexander, and Myers, 1965). 

The main source of  ground water  and, t he re fo re ,  base flow wi th in  L i t t l e  
Cypress Creek watershed i s  t h e  l a rge  amount of  p r e c i p i t a t i o n  (about 46 inches 
annually) on the  ex tens ive  outcrop  of t h e  Queen C i t y  Sand. Because of the 
topography, t h e  dense v e g e t a l  growth, and t h e  high ground-water t a b l e ,  on ly  a  
smal l  p a r t  of t h e  annual p r e c i p i t a t i o n  becomes permanent ground-water recharge.  
Wch of t h e  p r e c i p i t a t i o n  t h a t  f a l l s  w i t h i n  the  bas in  i s  absorbed by t h e  exposed 
sand, on ly  t o  become r e j e c t e d  ground water  f u r t h e r  down t h e  topographic s lope .  
This  r e j ec t ed  ground wa te r  i s  discharged from sp r ings  and seeps (Figure 2A and 
B) i n t o  t h e  d e n d r i t i c  t r i b u t a r i e s  and the channel of L i t t l e  Cypress Creek t o  
become base flow. Seeps and sp r ings  commonly appear along the  contac ts  of 
sand beds wi th  the  underlying t h i n  c l ay  beds. I n  t h e  Queen C i t y  Sand, these  
a l t e r n a t i n g  l i t h o l o g i c a l  con tac t s  form numerous seeps  and sp r ings .  

A l o s s  of  ground water  and su r face  water  i s  caused by t r a n s p i r a t i o n  from 
the  dense phreatophytes i n  t h e  f lood p l a i n  of  L i t t l e  Cypress Creek and i t s  
t r i b u t a r i e s .  Diurnal  f l u c t u a t i o n s  of  a  few hundredths of a  foo t  have been 
de tec ted  by the  recorders  a t  t h e  stream-gaging s t a t i o n s .  These minor f luc -  
t ua t ions  r e s u l t  from evapora t ion  and t r a n s p i r a t i o n ,  which a r e  l a r g e r  during 
t h e  summer months. Density of vege ta t ion  ad jacen t  t o  t h e  L i t t l e  Cypress Creek 
channel i s  i l l u s t r a t e d  by Figures 1 B  and 2A and B. 

CHARACTER OF STREAMFLOW 

The Water Resources Divis ion  of the  U.S. Geological Survey has been col -  
l e c t i n g  streamflow data  on L i t t l e  Cypress Creek near  Je f f e r son  ( s i t e  57) s i n c e  
December 11, 1963, and near  Ore C i t y  ( s i t e  11) s ince  December 16, 1962. The 
U.S. Army Corps of  Engineers has obtained d a i l y  water  s t ages  and made occas ional  
discharge measurements, c h i e f l y  a t  medium and high s t ages ,  on L i t t l e  Cypress 



Creek a t  S t a t e  Highway 154 (Survey s i t e  7; Corps of  Engineers s t a t i o n  45-B) and 
a t  U.S. Highway 59 (Survey s i t e  57; Corps of Engineers s t a t i o n  45) .  The Corps 
of Engineers has published s t a g e  records  a t  s i t e s  7 and 57 s i n c e  1946, and s t a g e  
records and discharge measurements s ince  1951. Monthly d ischarges  f o r  s i t e  57 
f o r  the  period 1946-63 a r e  a v a i l a b l e  i n  the  U.S. Geological Survey's Surface 
Water Records of Texas, 1965. 

A t  t h e  stream-gaging s t a t i o n  near  Ore C i t y  ( s i t e  11) the  creek ceased 
flowing a f t e r  continued dry hot  periods i n  1963 and i n  J u l y  and August 1964. 
Periods of  no flow a l s o  have been experienced a t  t h e  stream-gaging s t a t i o n  near  
J e f f e r s o n  ( s i t e  5 7 ) .  C h a r a c t e r i s t i c  base-flow recess ions  occurred a t  t hese  two 
stream-gaging s t a t i o n s  dur ing  the  i n v e s t i g a t i o n s  and a r e  shown by the discharge 
hydrographs i n  Figure 4 .  

January Study 

The f i e l d  survey made January 2-3, 1964, followed a year  of  drought condi- 
t i o n s  and a cold December. I n  1963 t h e  U.S. Weather Bureau s t a t i o n s  a t  Jef fer -  
son, Longview, and Marshall  recorded r a i n f a l l s ,  r e spec t ive ly ,  of 27.66 inches 
(18.34 inches under normal), 32.85 inches (13.31 inches under normal), and 
33.17 inches (13.79 inches under normal). The 1963 r a i n f a l l  a t  Gilmer was only  
26.13 inches (about 20 inches below normal). Extremely cold weather caused 
evapot ranspi ra t ion  t o  be a t  a  minimum. December 1963 produced an average tem- 
pe ra tu re  of  38.6' F. (10.4' F. below normal) a t  nearby Marshall .  

Seven water-discharge measurements and chemical-qual i ty  samples were taken 
a t  s i t e s  on the  main channel, January 2-3, 1964 (Table 1 and Figure 5 ) .  No 
discharge measurements o r  chemical-qual i ty  samples were taken on t r i b u t a r i e s .  
S i t e  numbers i n  Table 1 correspond with those on P l a t e  1, a s  do those  i n  Table 
2, which g ives  ex tens ive  da ta  on the  June 1964 s tudy.  

Water discharge was found t o  increase  a t  each success ive  downstream s i t e  
i n  conformity wi th  t h e  inc rease  i n  drainage a rea .  The discharge increased about 
250 percent  from 9.5 cubic f e e t  per second ( c f s )  a t  mile 48.0 ( s i t e  5) t o  33.6 
c f s  a t  mile  7.5 ( s i t e  57) .  I n  t h i s  o v e r a l l  reach, the t o t a l  d isso lved-sol ids  
concent ra t ion  increased from 103 t o  344 p a r t s  per m i l l i o n  (pprn), o r  about 230 
percent .  

From mi le  48.0 ( s i t e  5) t o  mile 39.6 ( s i t e  11))  water  discharge increased 
6.8 c f s  o r  72 percent  but  the q u a l i t y  remained uniform i n  t h i s  subreach. 
Dissolved-sol ids  concent ra t ions  f o r  s i t e s  5, 7, and 11, re spec t ive ly ,  were 103, 
93, and 107 ppm (Table 1 and Figure 4 ) .  

From mile  39.6 ( s i t e  11) near  Ore C i t y  t o  mile  26.0 ( s i t e  31) near  Harle- 
ton, the  water  discharge increased 62 percent (16.3 t o  26.5 c f s ) .  I n  t h i s  
subreach t h e  d i s so lved- so l ids  concent ra t ion  increased 160 percent  (107 t o  282 
ppm) and the  ch lo r ide  concent ra t ion  increased 600 percent  (17 t o  120 ppm). 
The ch lo r ide  concent ra t ion  of  the 10.2 c f s  inflow i n  t h i s  reach averaged 285 
ppm. Glade Creek probably cont r ibuted  most of the inflow. 

I n  the  subreach from mile 26.0 ( s i t e  31) near  Harleton t o  mile  13.1 ( s i t e  
45) near  Woodlawn, the water  discharge increased s l i g h t l y  (3.7 c f s )  and the  
water  q u a l i t y  was s l i g h t l y  improved. 





T a b l e  1 . - - W a t e r  d i s c h a r g e  and  c h e m i c a l  analyses, L i t t l e  Cypress C r e e k ,  J a n u a r y  1 9 6 4  
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From mile 13.1 ( s i t e  45) t o  mile  7.5 ( s i t e  57) a t  t h e  gaging s t a t i o n  near  
Je f f e r son ,  the  water  discharge increased from 30.2 t o  33.6 c f s  (11 percent) ,  
t h e  d isso lved-sol ids  concent ra t ion  increased from 267 t o  344 ppm (29 percent) ,  
and the ch lo r ide  concent ra t ion  increased from 113 t o  159 ppm (41 percent ) .  The 
3.4 c f s  i nc rease  i n  discharge i n  t h i s  reach had a  weighted-average concent ra t ion  
of 568 ppm chlor ide .  The major i ty  of t h i s  po l lu t ion  was a t t r i b u t e d  t o  inflow 
from Grays Creek a t  mile  10.5. 

June Study 

The f i e l d  survey made June 10-13, 1964, followed a 5-week period of s tead-  
i l y  diminishing streamflow. Hot summer weather kept  evapot ranspi ra t ion  a t  a  
maximum. Water-discharge measurements and/or  chemical-qual i ty  samples were 
taken a t  61 s i t e s  (P la t e  1 ) .  Table 2 gives p e r t i n e n t  da ta  i n  downstream o rde r  
obtained a t  each main channel s i t e  and a t  those t r i b u t a r y  s i t e s  with flow. 
The inc rease  i n  t h e  main channel discharge a l s o  i s  shown g raph ica l ly  i n  Figure 
6.  

Numerous sp r ings  and seeps (Figure 2) cont r ibuted  some inflow t o  L i t t l e  
Cypress Creek throughout the  s tudy reach dur ing  June 10-13, 1964. The only 
apprec iable  inflows, however, were from t h e  municipal sewage p lan t  and a  pipe- 
manufacturing p l an t ,  both i n  the  c i t y  of Gilmer. Gilmer uses an average of 1.0 
c f s  of water ,  of  which an est imated 112 t o  314 c f s  i s  re turned  a s  sewage 
e f f l u e n t .  The pipe-manufacturing company's e f f l u e n t  was 0.84 c f s  a t  t h e  time 
of t h e  d ischarge  measurement on June 10, 1964. Both t h e  c i t y  and the  pipe- 
manufacturing p l an t  o b t a i n  water  from w e l l s .  E f f luen t s  from t h e  c i t y  and t h e  
p l an t  eventua l ly  a r e  discharged i n t o  Sugar Creek (Figure 7B), a  t r i b u t a r y  of 
L i t t l e  Cypress Creek. This e f f l u e n t  accounts f o r  about 50 percent  of  the in -  
c rease  i n  d ischarge  i n  the  main channel between s i t e s  1 and 5 dur ing  t h i s  study. 
The d isso lved-sol ids  concent ra t ion  of  the  2.0 c f s  flow a t  mile  52.1 ( s i t e  1) 
was 69 ppm (Table 3 and Figure 6 ) .  Four miles  downstream a t  mile  48.0 ( s i t e  5) 
t h e  water  discharge was 4.2 c f s  and the  d isso lved-sol ids  concent ra t ion  was 190 
ppm. The inc rease  i n  d isso lved  s o l i d s  r e s u l t e d  from pol lu ted  inflow from 
Sugar Creek (mile 48.5) immediately above measuring and sampling s i t e  5.  

Three samples were c o l l e c t e d  i n  t h e  Sugar Creek watershed. A t  s i t e  2, on 
Sugar Creek south of Gilmer, t h e  d i s so lved- so l ids  concent ra t ion  was 85 ppm; 
but  a t  s i t e  3, i n  Gilmer, a  sample from a s tream being fed e n t i r e l y  by e f f l u e n t  
from a pipe (Figure 7B) had a  d isso lved-sol ids  concent ra t ion  o f  980 ppm. The 
dissolved c o n s t i t u e n t s  were mostly s u l f u r i c  acid,  and t h e  pH of the  sample was 
2.4. A sample c o l l e c t e d  from Sugar Creek a t  s i t e  4 e a s t  of Gilmer had a  
d isso lved-sol ids  concent ra t ion  of 810 ppm and a l s o  was h igh ly  a c i d i c  (pH 2.6).  

Although l i t t l e  change i n  water  d ischarge  occurred between s i t e s  5 and 7 
(miles 48.0 t o  43.8), t h e  d isso lved-sol ids  concent ra t ion  decreased from 190 
t o  119 ppm. F luc tua t ing  chemical discharge from Sugar Creek could have r e s u l t e d  
i n  t h e  b e t t e r  wa te r  a t  s i t e  7 when the  sample was c o l l e c t e d .  Pa r t  of t h e  
changes i n  q u a l i t y  i n  t h i s  reach and throughout t h e  s tudy reach may be the  re-  
s u l t  of  d e n s i t y  s t r a t i f i c a t i o n .  The channel of  L i t t l e  Cypress Creek i s  charac- 
t e r i z e d  by deep, low-velocity pools (Figures 2A and 7D). Sa l ine  inf lows may l i e  
on the  bottom of these  pools,  while  t h e  f r e s h e r  water  on top  moves downstream 
wi th  an apparent  l o s s  i n  d isso lved  s o l i d s .  
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all Ileld brines. 

FLOV ruszained by waune-water 
efn7ext. 

oil slioi noted r i  rater surface. 

??or sustain& ilbr wound-water 
elfluert.  
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( 4 ~  i r i bu%ar i e s  -ere in5pec:ed; 

Location 

~r bridge an state ~ g h v a y  
~ j i ,  1 .2  miles SE of ~ ~ m a n d .  

C.1 nile abcve m u t h  and 2.5 
rriles ssu;h of Aimand. 

4t :ul-mr; on :icrth ~ i d g e  
m a d ,  2.6 m i l e s  easi of U. 5. 
Eighvay 259 juncti~n and 1.3 
mile. 1m of Judson. 

0.2 z i l e  above no-ith and 
4 .5  iiles m oaf ~aadsar. 

i t  ~ulr.er+. on caurzi- road, 
4.6 iriles south of Ashland. 

A t  briage or w a n t ,  road, 4.2 
ziles SE 0: Ashland. 

A: cllvert o r  c o r n y  road, 
3.5 ?Illel r e s t  Of Rer1e:an. 

Ai br iage  on ro.nty road, 
L.0 =i l ea  west Of ffir1eton. 

ilt  ridge on ~ a r n  aoad 449, 
5.5 n i l e s  south of ffirleton. 

A: br idee  on  em ~ o s d  450, 
3.7 niles south of Tarleton. 

8: 'bridge on F- Road l i ~ 9 ,  
5.3 rii1es south Of Tarletan. 

C . 5  n i l e  belor. Phzn Road L49, 
5 . 5  n i l e s  south of ~ e r l e t i c .  

c.2 mile atave mouth end 4.3 
miles  soiith cf Barleton. 

At br iage  on c o l v t i  road, 
5.: n i l e s  south of Barletan. 

Ar EriGe cn zmnty  road, 
L.2 milei  3E a? ~arleran. 

1.3 nile bela* bridge en 
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SF 0: ffirlezon. 
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lii, 5.b  riles :Pd of Xarshall. 
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4t bridge an mad,  
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~t triage on couary roe&, 
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2% 3 r i a e  an c o u n t y  road, 
5.5 r i l e s  rest w o a d l r n .  

Stream 

cane>- creek 

Cirey Creek 

I c -  
zritutar>~ 

~~~i~~~ creek 
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,:reek tribuiery 

li::le Cypress 
Creek 

3azle Creek 
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a g l i  :reek 

~ . ! ~ ~ c e s l n  creek 

;l:tle cvoress 
Creek 

Fsge Creei 

Gio Creek 
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Care). Srcek 
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Little Cmreis 
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~ ~ ~ ~ ~ ~ = e  ,creek 
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~ i t t l ?  %*ress 
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~ i f ; l ~  c . ~ ~ ~ ~ ~  
:reek t r i k ~ z ~ r ,  

aar c-eek 

~ i f i l e  c j ~ r e ~ ~  
creek :iibl;tsn 

L 
creek zributsr)- 

i c t t l e  C;?reis 
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maw 

RiVer 
Mile 

35.2 

35.2 

35.0 

34.6 

33.0 

32.4 

.. 

31.0 

28.3 

26.0 

25.2 

211.0 

23.6 

22.5 

22.2 

22.0 

20.5 

-- 

18.7  

16.4 
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4 .  
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-- 

81 

76 
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82 
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85 

85 

77 
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75 

62 
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76 

75 
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>kin 
stream 
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5.93 

5.79 

in t h i s  

R ibu i a r f3 t r eanbp l  
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silt 

Silt 

sand and 
p a v e 1  

sand 

silt 

F'_ne sand 
and s i l t  

Silt and 
c lay  
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s i l t  

sand 
s i l t  

sand and 
silt 

sex& ana 
S i l t  

Fine sand 
sxa silt 

sard 
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s t a l e  

Sand 
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silt 

i i n e  s a d  

sand and 
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sand and 
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0 . U  
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.03 
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b .005 
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b .01  

t .01 
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table.) 

Renarks 

Drscharge mehrvred aovnstrea. 
sire 23. 

~ l o v  sustslnea by grouna-ueter 
efflzent. 

Drainage fmm north Lansing oas 
p i e l a  area. 

~ o n d e d  a i l  f i e l d  h e i n a g e  ena 
"eepage. 

USGS ~ a r t i a l - r e c o r n  ststion 7-3460.6 
~ r r i o a g e  is from north Lansing Ges 
Fie ld  area. 

zanvery neesurement site.  

mainage  from petit oil ~ i e l d  iirea. 

slaw list i n to  a11uviun near junc:ion 
With l i t t l e  cy7ress Creek. 

Cora6 al mg1nee..s gaglrg ste:iac 
454. Zsnnery neaswenent site. 

now S U S ~ ~ L - . ~ ~  by grouna-water 
effluent. 

?lo" ruste'.n.a by gro';na-water 
ef'lueri. 

D r e d g e  from --letan E a s t  Gas 
~ i e l d .  

~ 1 0 %  sustained by p ~ u n d - r a t e r  
eflluent. 

~ a r m r i  zea.;mezt si te .  
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(All 7iibutarie5 were iajQeZre2; mzly ritb Zo <low a r C  no: liited il this title.) 
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A. O i l  w e l l  s i t e  showing brine po l lu t ion  which i s  k i l l i n g  
vegetat ion and contributing t o  s o i l  eros ion (East 
Texas o i l  f i e l d  near s i t e  15) 

.. * 
%> .! ?,'.? 

B.  Municipal and industr ia l  e f f l u e n t  carried 
by Sugar Creek, s i t e  3 near Gilmer 

Figure 7 

Effects of Industrial, O i l - F i e l d ,  and Municipal Effluent Pollution 

in the Little Cypress Creek Watershed 

U.S. Geological Survey in cooperation w i l h  the Texas Woter Development Board 



C. Brine disposal  pond adjacent t o  Glade Creek showing 
the devastating e f f e c t s  o f  pol luted surface water 
which may enter the ground-water supply (East Texas 
o i l  f i e l d  near s i t e  15 )  

D .  O i l - f i e l d  brine and scum contaminating 
the surface water, k i l l i n g  aquatic l i f e  
i n  Glade Creek ( s i t e  1 5 )  

Figure 7-- Continued 

Effects of Industrial, Oil-Field, and Municipal Effluent Pollution 

in the Little Cypress Creek Watershed 

U S  Geologtcal Survey in cooperation ~ 8 t h  the Texos W o l s r  Development Boord 
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Several  t r i b u t a r i e s  had flow i n t o  L i t t l e  Cypress Creek i n  t h e  reach between 
s i t e s  7  and 27  (miles 43.8 t o  32.4). A l l  t h e  t r i b u t a r y  inflows, except  t h e  
s a l i n e  water  from Glade Creek, were low i n  d isso lved  s o l i d s .  A sample co l l ec t ed  
from Glade Creek a t  s i t e  16 (mile 37.7) had a  d isso lved-sol ids  concent ra t ion  
of 1,980 pprn and a  ch lo r ide  concent ra t ion  of 1,200 ppm. The s a l i n e  flows i n  
Glade Creek apparent ly  r e su l t ed  from o i l - f i e l d  a c t i v i t y  i n  t h e  watershed (Figure 
7A, C, and D). The inc rease  i n  d i s so lved- so l ids  and c h l o r i d e  concent ra t ion  i n  
L i t t l e  Cypress Creek between s i t e s  7  and 27 doubt less  i s  due t o  Glade Creek 
inflow because the  d isso lved-sol ids  concent ra t ion  i n  L i t t l e  Cypress Creek in-  
creased here  from 119 t o  213 ppm, and t h e  ch lo r ide  concent ra t ion  increased 
sha rp ly  from 11 t o  91 ppm (Table 3  and Figure  6 ) .  

The d isso lved-sol ids  concent ra t ions  f luc tua ted  moderately i n  the  remaining 
27 miles  of t h e  s tudy reach a s  the  ch lo r ide - su l f a t e  r a t i o  changed from one sam- 
p l ing  s i t e  t o  t h e  next .  The ch lo r ide - su l f a t e  r a t i o  was a f f ec t ed  more by t h e  
f l u c t u a t i o n  o f  t r i b u t a r y  inflow and s t r a t i f i c a t i o n  of  pools than  by the  geology. 
For example, a  b r i n e  sample was co l l ec t ed  near  an o i l  r e f i n e r y  north of  Marshall  
( s i t e  53) .  The b r i n e  flow ( i n  a  t r i b u t a r y  t o  Grays Creek) had a  ch lor ide  con- 
c e n t r a t i o n  of 21,200 pprn (Table 3).  A sample c o l l e c t e d  downstream on Grays 
Creek ( s i t e  56) l ikewise  showed the  e f f e c t s  of  t h i s  b r ine  inf low (970 ppm 
c h l o r i d e ) .  The h igh ly  s a l i n e  water  from Grays Creek was not  present ,  however, 
a t  t h e  downstream s i t e  (57) on L i t t l e  Cypress Creek a t  the  time of  the  sampling. 

I f  the condi t ions  i n  t h e  L i t t l e  Cypress Creek watershed would remain as  
they were during t h e  June s tudy,  the c reek ' s  outf low gene ra l ly  should be of  good 
but  i ncons i s t en t  q u a l i t y .  Conversely, i f  the  pol lu ted  inflows from Sugar, 
Glade, and Grays Creeks were el iminated,  t h e  waters  of L i t t l e  Cypress Creek 
would be of e x c e l l e n t  q u a l i t y .  

WATER USES 

Municipal 

Drinking water  used on common c a r r i e r s  i n  i n t e r s t a t e  t r a f f i c  should not  
exceed s tandards  published by t h e  U.S. Publ ic  Health Serv ice  (1962). These 
s tandards u s u a l l y  a r e  accepted a s  a  b a s i s  f o r  determining the  s u i t a b i l i t y  of 
waters  f o r  municipal and domestic use.  The recommended maximum l i m i t s  a r e  
250 pprn chlor ide ,  250 pprn s u l f a t e ,  and 500 pprn t o t a l  d isso lved  s o l i d s .  

Water samples co l l ec t ed  i n  L i t t l e  Cypress Creek during January and June 
had chlor ide ,  s u l f a t e ,  and d isso lved-sol ids  concent ra t ions  w e l l  below the  recom- 
mended maximum l i m i t s ;  however, inflows from some of t h e  t r i b u t a r i e s  were acid 
waters  and br ines .  These pol lu ted  waters a r e  very  cor ros ive ,  and an increase  
i n  t h e  percentage of  these  inf lows compared t o  t h a t  of the  good q u a l i t y  water  
from the watershed could make the  L i t t l e  Cypress Creek water  undes i rab le  f o r  
domestic use.  

Based on t h e  following t abu la t ion  used by t h e  U.S. Geological Survey i n  
c l a s s i f y i n g  water  hardness by n m e r i c a l  ranges, L i t t l e  Cypress Creek water  i s  
s o f t  t o  moderately hard, but  the hardness w i l l  change with t h e  percentage of  
t r i b u t a r y  inflow. 



I n d u s t r i a l  

Hardness r ange  
( P pm) 

60 

61-120 

121- 180 

181 

The L i t t l e  Cypress  Creek w a t e r  was o f  good q u a l i t y  d u r i n g  t h e  s t u d y .  F o r  
u s e  by most i n d u s t r i e s ,  a  con t inuous  s u p p l y  o f  t h i s  q u a l i t y  w a t e r  shou ld  be  
s a t i s f a c t o r y  w i t h o u t  e x t e n s i v e  t r e a t m e n t .  

R a t i n g  

S o f t  

Y o d e r a t e l y  ha rd  

Hard 

Very h a r d  

I r r i g a t i o n  

The two most i m p o r t a n t  c h a r a c t e r i s t i c s  i n  d e t e r m i n i n g  w a t e r  q u a l i t y  o f  
i r r i g a t i o n ,  a c c o r d i n g  t o  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  (1954, p. 69) ,  a r e  
t h e  t o t a l  c o n c e n t r a t i o n  o f  s o l u b l e  s a l t s  and t h e  r e l a t i v e  p r o p o r t i o n  o f  sodium 
t o  t h e  o t h e r  c a t i o n s .  Based o n  t h e s e  s t a n d a r d s ,  t h e  w a t e r  from L i t t l e  Cypress  
Creek would b e  i n  t h e  medium-sa l in i ty  and low-sodium c l a s s i f i c a t i o n .  With a n  
a v e r a g e  a n n u a l  r a i n f a l l  o f  a b o u t  46 i n c h e s  i n  t h i s  s t u d y  a r e a ,  t h e  w a t e r  should  
be e x c e l l e n t  f o r  i r r i g a t i o n .  

COMPARISON OF THE JANUARY AND JUNE STUDIES 

The s t r eamf low was much h i g h e r  d u r i n g  J a n u a r y  t h a n  d u r i n g  J u n e .  Water d i s -  
c h a r g e  i n c r e a s e d  f rom 9.51 c f s  a t  m i l e  48.0 (si te 5) t o  33.6 c f s  a t  m i l e  7.5 
( s i t e  57) d u r i n g  t h e  January s tudy ,  and from 4.18 c f s  t o  10.6 c f s  d u r i n g  t h e  
June  s t u d y .  The 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  i n c r e a s e d  from 103 ppm ( s i t e  5) 
t o  344 ppm ( s i t e  57) i n  January ,  and f rom 190 ppm t o  205 ppm i n  J u n e  (Tab les  1 
and 3  and F i g u r e s  5 and 6 ) .  

Although t h e  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  o f  L i t t l e  Cypress  Creek s t r eam-  
f l o w  i n  June  a l m o s t  t r i p l e d  f rom m i l e  52.1 ( s i t e  1) n e a r  Gilmer t o  m i l e  3.0 
( s i t e  61) n e a r  J e f f e r s o n ,  t h e  f l o w  a t  s i t e  6 1  was s t i l l  of  good q u a l i t y  (Table  
3 and F i g u r e  6 ) .  Most o f  t h e  samples  c o l l e c t e d  d u r i n g  t h i s  s t u d y  of  L i t t l e  
Cypress  Creek showed t h e  w a t e r  t o  be o f  e x c e l l e n t  q u a l i t y .  Except  f o r  p o l l u t i o n  
i n  t h r e e  t r i b u t a r i e s  (Sugar, Glade, and Grays Creeks ) ,  t h e  low f lows  o f  a l l  
t r i b u t a r i e s  were  low pH w a t e r s  o f  l e s s  t h a n  100 ppm d i s s o l v e d  s o l i d s .  The 
chemica l  q u a l i t y  o f  t h e  u n p o l l u t e d  b a s e  f lows  is  s i m i l a r  t o  t h a t  o f  t h e  w a t e r  
from t h r e e  s h a l l o w  w e l l s  shown on P l a t e  1. 

C h l o r i d e  c o n c e n t r a t i o n  i n c r e a s e d  between s i tes  11 and 3 1  i n  January and i n  
J u n e .  The i n c r e a s e s  a p p a r e n t l y  r e s u l t e d  from o i l - f i e l d  b r i n e  i n f l o w s  from 
Glade Creek.  The c h l o r i d e  c o n c e n t r a t i o n  a l s o  i n c r e a s e d  between s i t e s  45  and 57 
d u r i n g  t h e  J a n u a r y  s t u d y .  T h i s  i n c r e a s e  p robab ly  was caused by s a l i n e  r e f i n e r y  
e f f l u e n t  from Grays Creek.  I n  June  t h e  sample a t  s i t e  57 showed a  d e c r e a s e  i n  



ch lo r ide  from t h a t  a t  s i t e  45 (93 t o  83 ppm), d e s p i t e  t h e  f a c t  t h a t  b r ines  and 
s a l i n e  waters  were sampled i n  t h e  Grays Creek watershed and appa ren t ly  flowed 
i n t e r m i t t e n t l y  i n t o  L i t t l e  Cypress Creek. 

I n  the reach between mile  48.0 ( s i t e  5)  and mi le  22.0 ( s i t e  37),  t h e  inf low 
exceeded the  evapot ranspi ra t ion  by only  1.61 c f s  during the  June s tudy.  I n  t h e  
reach from mile  22.0 ( s i t e  37) t o  mile  3.0 ( s i t e  61), the  discharge increased 
5.8 c f s .  

SUMMARY AND CONCLUSIONS 

Streamflow i n  L i t t l e  Cypress Creek dur ing  periods of  low flow genera l ly  i s  
sus ta ined  by ground-water e f f l u e n t .  Resul ts  of  base-flow s t u d i e s  f o r  two per- 
iods were compared f o r  a  45-mile reach of  L i t t l e  Cypress Creek extending up- 
s t ream from near i t s  junc t ion  with Big Cypress Bayou t o  the  town of  Gilmer. 
Periods i n  January and June 1964 were s e l e c t e d  i n  o r d e r  t o  o b t a i n  the  maximum 
var iance  i n  evapo t ransp i r a t ion  i n  the  densely-vegetated bas in .  

Streamflow i n  t h e  January s tudy ranged from 9.51 c f s  t o  33.6 c f s  a t  the  
ends of  t h e  s tudy  reach.  Comparable va lues  o f  streamflow i n  t h e  June s tudy were 
4.18 and 10.6 c f s .  I n  genera l ,  streamflow increased wi th  drainage a rea  through- 
out  t h e  reach. I n  June, approximately 10 percent  of  the increased flow was 
found t o  be i n d u s t r i a l  and municipal e f f l u e n t  and the  remaining 90 percent  was 
a t t r i b u t e d  t o  ground-water e f f l u e n t ,  mainly from t h e  Queen C i t y  Sand. 

Numerous swampy, marshy, and heavily-vegetated a r e a s  w i t h i n  the  drainage 
bas in  a r e  evidence of  a  r e l a t i v e l y  high and s t a b l e  ground-water t a b l e  wi th in  
t h e  Queen C i t y  Sand and alluvium. This condi t ion  i s  t h e  r e s u l t  of  t h e  abundant 
p r e c i p i t a t i o n  t h a t  s a t u r a t e s  the  Queen C i t y  Sand and t h e  gene ra l ly  low t r ans -  
m i s s i b i l i t y  of  t h e  Cypress a q u i f e r ;  therefore ,  L i t t l e  Cypress Creek i s  an e f -  
f l u e n t  (gaining) s t ream throughout most of  i t s  reach, d e s p i t e  t h e  high evapo- 
t r a n s p i r a t i o n  t h a t  causes rap id  dep le t ion  of  streamflow dur ing  the  hot  s u m e r s .  
Except f o r  t h e  reach between s i t e s  5  and 7, t h e  numerous smal l  seepage inflows 
a long t h e  main channel i n  the  o v e r a l l  s tudy reach exceeded t h i s  l a rge  evapo- 
t r a n s p i r a t i o n .  

Water p o l l u t i o n  p r i n c i p a l l y  was due t o  e f f l u e n t s  i n  t r i b u t a r i e s  from manu- 
f a c t u r i n g  p l an t s ,  o i l f i e l d s ,  and a  r e f i n e r y .  The main channel and some of the  
t r i b u t a r i e s  t o  L i t t l e  Cypress Creek con ta in  numerous, deep, wide pools wi th  
connecting r i f f l e s .  These pools apparent ly  c o l l e c t  the  pol lu ted  water  dur ing  
low-flow periods and subsequent r i s e s  f l u s h  o u t  t h i s  s t r a t i f i e d  and pol lu ted  
water .  P o l l u t i o n  i n  the  main channel of  L i t t l e  Cypress Creek was not  excessive 
dur ing  t h e  periods s tud ied .  

I n  both t h e  January and June s t u d i e s ,  the  d isso lved-sol ids  concent ra t ion  
increased downstream by approximately 200 percent .  Except f o r  i n d u s t r i a l  and 
o i l f i e l d - b r i n e  p o l l u t i o n  i n  t h r e e  t r i b u t a r i e s  (Sugar, Glade, and Grays Creeks),  
the water  i n  a l l  t r i b u t a r i e s  had d i s so lved- so l ids  concent ra t ions  l e s s  than 100 
ppm. The pH was low i n  the unpolluted t r i b u t a r i e s  and extremely low (ac id i c )  
i n  Sugar, Glade, and Grays Creeks. The chemical content  of  the unpolluted 
su r face  water  was s i m i l a r  t o  t h a t  of  t h e  ground water  i n  shallow we l l s  tapping 
the Queen C i t y  Sand exposed i n  the  watershed. 
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