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FOREWORD 

On September 1, 1965 the Texas Water C m i s s i o n  (formerly, before February 
1962, the S ta te  Board of Water Engineers) experienced a far-reaching realign- 
ment of functions and personnel, directed toward the increased emphasis needed 
for planning and developing Texas' water resources and for administering water 
r ights .  

Realigned and concentrated i n  the Texas Water Development Board were the 
investigative, planning, development, research, financing, and supporting func- 
tions, including the reports review and publication functions. The name Texas 
Water C m i s s i o n  was changed to Texas Water Rights Cmiss ion ,  and responsibil-  
i t y  for functions re la t ing t o  water-rights administration was vested therein. 

For the reader's convenience, references i n  t h i s  report  have been altered,  
where necessary, t o  r e f l e c t  the current (post September 1, 1965) assignment of 
responsibi l i ty  for  the function mentioned. I n  other words c red i t  for a func- 
t ion performed by the Texas Water Commission before the September 1, 1965 
realignment generally w i l l  be given i n  th i s  report  e i ther  t o  the Water Develop- 
ment Board or  t o  the Water Rights C ~ s s i o n ,  depending on which agency now has 
responsibi l i ty  for that  function. 

Texas Water Deve opment Board 

al4wJ'a 
~ ~ 

/chief Engineer 
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R E C O N N A I S S A N C E  O F  T H E  C H E M I C A L  

Q U A L I T Y  O F  S U R F A C E  W A T E R S  O F  

T H E  N E C H E S  R I V E R  B A S I N ,  T E X A S  

ABSTRACT 

The kinds and q u a n t i t i e s  of  minerals  d isso lved  i n  the  su r face  water  of  t h e  
Neches River Basin r e s u l t  from such environmental f a c t o r s  as  geology, stream- 
flow p a t t e r n s  and c h a r a c t e r i s t i c s ,  and i n d u s t r i a l  inf luences.  As a  r e s u l t  of 
high r a i n f a l l  i n  t h e  basin,  much of t h e  r e a d i l y  so lub le  ma te r i a l  has been 
leached from t h e  su r face  rocks and s o i l s .  Consequently, the  water  i n  the  
streams is usua l ly  low i n  concent ra t ions  of  d isso lved  minerals  and meets t h e  
U.S. Publ ic  Health Serv ice  drinking-water  s tandards.  I n  most streams t h e  con- 
c e n t r a t i o n  of  d isso lved  s o l i d s  is  l e s s  than 250 ppm (par t s  per  mi l l i on ) .  

The Neches River d r a i n s  an area  of about 10,000 square miles  i n  e a s t e r n  
Texas. From i t s  source i n  southeas t  Van Zandt County the  r i v e r  flows i n  a  gen- 
e r a l  sou theas t e r ly  d i r e c t i o n  and empties i n t o  Sabine Lake, an arm of t h e  Gulf 
of  Mexico. 

I n  the  basin,  the  c l imate  ranges from moist  subhumid t o  humid and t h e  aver -  
age annual r a i n f a l l  ranges from 46 inches i n  the  northwest t o  more than 52 
inches i n  t h e  southeast .  Annual runoff  from t h e  b a s i n  has averaged 11 inches;  
however, runoff r a t e s  vary widely from year  t o  year .  The y e a r l y  mean d ischarge  
of t h e  Neches River  a t  Evadale has ranged from 994 c f s  (cubic f e e t  per second) 
t o  12,720 c f s .  

The rocks exposed i n  t h e  Neches River Basin a r e  of  the  Quaternary and Ter- 
t i a r y  Systems and range i n  age from Eocene t o  Recent. Throughout most of  the  
bas in  t h e  geologic fonnat ions d i p  gene ra l ly  south  and southeas t  toward t h e  Gulf 
Coast. The r a t e  of d i p  i s  g r e a t e r  than t h a t  of t h e  land surface,  and, a s  a  
r e s u l t ,  t h e  o l d e r  formations crop out  t o  the  no r th  of the  younger formations. 
Water from the  outcrop a r e a s  o f  t h e  Wilcox Group and from the  o l d e r  formations 
of  the Claiborne Group gene ra l ly  has d isso lved-sol ids  concent ra t ions  ranging 
from 100 t o  250 ppm. Water from the  younger formations has concent ra t ions  l e s s  
than  100 ppm. 

The nor thern  ha l f  o f  the  bas in  has s o f t  water,  with l e s s  than 60 ppm hard- 
ness.  The southern  ha l f  of the b a s i n  has very s o f t  water ,  usua l ly  wi th  l e s s  
than 30 ppm hardness.  



The ch lo r ide  concent ra t ions  a r e  l e s s  than 20 ppm i n  su r face  water  i n  the  
southern h a l f  of  t h e  bas in  and usua l ly  range from 20 t o  100 ppm i n  t h e  nor thern  
h a l f  of t h e  bas in .  Concentrations g r e a t e r  than 100 ppm a r e  found only where 
p o l l u t i o n  i s  occurr ing.  

The Neches River  Basin has a n  abundance of su r face  water ,  bu t  uneven d i s -  
t r i b u t i o n  of runoff makes s to rage  p r o j e c t s  necessary t o  provide dependable 
water  suppl ies .  The p r i n c i p a l  e x i s t i n g  r e se rvo i r s ,  w i th  the  exception of 
S t r i k e r  Creek Reservoir,  con ta in  water  of e x c e l l e n t  qua l i ty .  Chemical-quality 
d a t a  f o r  t h e  S t r i k e r  Creek dra inage  area  i n d i c a t e  t h a t  streams a r e  a f f ec t ed  by 
the  d i sposa l  of  b r ines  assoc ia ted  wi th  o i l  production. Sam Rayburn Reservoir  
began impounding water  i n  1965. The water  impounded should prove of  acceptable  
q u a l i t y  f o r  most uses,  bu t  municipal and i n d u s t r i a l  wastes re leased  i n t o  t h e  
Angelina River near  Lufkin may have a  degrading e f f e c t  on the q u a l i t y  of t h e  
water ,  e s p e c i a l l y  during extended periods of low flows. Water a v a i l a b l e  f o r  
s to rage  a t  the  many p o t e n t i a l  r e s e r v o i r  s i t e s  w i l l  be of good q u a l i t y ;  but ,  i f  
t h e  proposed Salt-Water B a r r i e r  i s  t o  impound acceptable  water ,  t h e  d i sposa l  of 
o i l - f i e l d  b r i n e  i n t o  Pine Is land Bayou should be discontinued.  



R E C O N N A I S S A N C E  O F  T H E  C H E M I C A L  

Q U A L I T Y  O F  S U R F A C E  W A T E R S  O F  

T H E  N E C H E S  R I V E R  B A S I N ,  T E X A S  

INTRODUCTION 

The i n v e s t i g a t i o n  of  the  chemical q u a l i t y  of the  su r face  water  of t h e  
Neches River  Basin, Texas, i s  p a r t  of a  Statewide reconnaissance study. This  
r e p o r t  is the  second i n  a  s e r i e s  present ing  t h e  r e s u l t s  of the  study, a s  wel l  
as  summaries of a v a i l a b l e  chemical-qual i ty  da t a .  The f i r s t  repor t ,  on t h e  
Sabine River Basin, Texas and Louisiana, has been published by the  Texas Water 
Commission (Hughes and Le i f e s t e ,  1964). A r e p o r t  on the  San J a c i n t o  River 
Basin is  i n  prepara t ion .  A r e p o r t  i s  planned f o r  each major r i v e r  b a s i n  i n  
Texas. 

Knowledge of  t h e  q u a l i t y  of  water  t h a t  w i l l  be a v a i l a b l e  is  e s s e n t i a l  i n  
planning any water-use p ro jec t ,  because t h e  chemical cha rac te r  of the  water  
determines i t s  s u i t a b i l i t y  f o r  domestic, i r r i g a t i o n ,  o r  i n d u s t r i a l  purposes. 
For a  publ ic  supply, of course, water  must serve  a l l  t h r e e  of these  purposes. 
~f  raw water  i s  not  s a t i s f a c t o r y  f o r  a  s p e c i f i c  use, then  chemical analyses a r e  
necessary t o  determine t h e  type o r  ex ten t  of -  t reatment  needed. 

I n  a d d i t i o n  t o  determining the  s u i t a b i l i t y  of water  f o r  s p e c i f i c  uses,  
chemical-qual i ty  d a t a  a r e  needed f o r  t h e  (1) inventory of water  resources,  (2) 
d e t e c t i o n  and con t ro l  of p o l l u t i o n  of water  suppl ies ,  (3) s tudy of  techniques 
f o r  preventing s a l t - w a t e r  encroachment i n t o  c o a s t a l  streams and aqu i fe r s ,  (4) 
planning f o r  reuse  of water ,  and (5) deminera l iza t ion  of  water .  

A network of  d a i l y  chemical-qual i ty  s t a t i o n s  on p r i n c i p a l  streams i n  Texas 
is  operated by t h e  U.S. Geological Survey i n  cooperat ion wi th  the Texas Water 
Development Board and wi th  o t h e r  Federal  and l o c a l  agencies.  However, t h i s  net-  
w ~ r k  has not  been adequate t o  inventory completely the  chemical q u a l i t y  of  the  
su r face  waters  of  t h e  e n t i r e  S t a t e .  To supplement t h e  information being 
obtained by the  network, a  cooperat ive Statewide reconnaissance by the U.S. 
Geological Survey and the  Texas Water Commission was begun i n  September 1961. 
I n  t h i s  study, samples f o r  chemical analyses have been co l l ec t ed  p e r i o d i c a l l y  
a t  numerous s i t e s  throughout t h e  S t a t e  so t h a t  some qual i ty-of-water  informa- 
t i o n  would be a v a i l a b l e  f o r  l oca t ions  where water-development p r o j e c t s  a r e  
l i k e l y  t o  be b u i l t .  These d a t a  a id  i n  the  d e l i n e a t i o n  of  water -qual i ty  problem 
a reas  and i n  the i d e n t i f i c a t i o n  of  probable sources of  po l lu t ion ,  thus ind ica t -  
ing  a reas  i n  which more d e t a i l e d  inves t iga t ions  a r e  needed. 



During the  period September 1961 t o  June 1964, water -qual i ty  d a t a  were 
co l l ec t ed  f o r  the p r inc ipa l  streams, the  major r e s e r v o i r s ,  a number of p o t e n t i a l  
r e s e r v o i r  s i t e s ,  and many t r i b u t a r i e s  i n  the  Neches River Basin. 

Agencies t h a t  have cooperated i n  the  c o l l e c t i o n  of chemical-qual i ty  and 
streamflow d a t a  include t h e  U.S. Army Corps of Engineers, Lower Neches Valley 
Authority,  Upper Neches River  Municipal Water Authori ty,  the  C i t y  of Tyler ,  and 
the  Texas S t a t e  Department of Health. 

NECHES RIVER DRAINAGE BASIN 

General Descript ion 

The Neches River d r a i n s  an area of about 10,000 square mi les  i n  e a s t e r n  
Texas (Figure 1 ) .  The bas in  i s  about 200 mi les  long, averages about 50 miles  
wide, and includes a l l  o r  p a r t  of 21 count ies .  From i t s  source i n  southeas t  
Van Zandt County (Figure 2) the Neches River flows genera l ly  southeastward and 
empties i n t o  Sabine Lake, a n  arm of the  Gulf of Mexico. 

Low d iv ides  sepa ra t e  t h e  Neches River  Basin from the  drainage bas in  of the  
Sabine River on t h e  nor th  and e a s t  and from t h a t  of the T r i n i t y  River on the  
west and southwest. 

The bas in  s lopes  from an a l t i t u d e  of about 600 f e e t  t o  sea l e v e l .  The 
northwestern t h i r d  of the  bas in  has r o l l i n g  h i l l s  and grassy p l a i n s .  The area  
from c e n t r a l  Cherokee County southward t o  southern Hardin County c o n s i s t s  of  
heavi ly  fo res t ed  low h i l l s ,  wi th  wide f l a t  flood p l a i n s  along the  Neches River  
and its major t r i b u t a r i e s .  Southern Hardin County and J e f f e r s o n  County have 
p r a i r i e s  and poorly dra ined  f l a t l a n d s .  

The Neches River  Basin i s  drained by two major streams and many t r i b u t a r -  
i e s .  The Angelina River heads i n  southwest Rusk County and, a t  Dam B Reservoir ,  
j o ins  the  Neches River.  Upstream from t h e i r  confluence, t h e  Neches River  d ra ins  
3,808 square miles  and t h e  Angelina River d ra ins  3,556 square mi les .  Vi l lage  
Creek and Attoyac ,and Pine Is land  Bayous, wi th  drainage a reas  of 1,113, 670, 
and 657 square miles  r e spec t ive ly ,  a r e  the only o t h e r  t r i b u t a r i e s  t h a t  d r a i n  
more than 500 square mi les .  

The c l imate  i n  the  Neches River Basin ranges from mois t  subhumid t o  humid. 
The average annual p r e c i p i t a t i o n ,  about 49 inches, exceeds t h e  average f o r  the 
S t a t e  of  Texas by 60 percent .  Within the  bas in ,  the average annual p r e c i p i t a -  
t i o n  ranges from about 46 inches i n  the  northwest t o  more than 54 inches i n  the 
southeas t .  A t  Rockland, i n  Tyler  County, annual r a i n f a l l  f o r  the  period 1931- 
60 averaged 49.85 inches. Mean annual p r e c i p i t a t i o n ,  average (normal) monthly 
p r e c i p i t a t i o n  of four  U. S. Weather Bureau s t a t i o n s ,  and annual p r e c i p i t a t i o n  
f o r  1910-63 a t  one s t a t i o n  a r e  a l l  shown on Figure 2. 

Runoff i s  def ined  as  t h a t  p a r t  of the  p r e c i p i t a t i o n  appearing i n  su r face  
streams, and i s  the  same a s  streamflow unaffected by a r t i f i c i a l  s to rage  o r  
d ive r s ion  (Langbein and I s e r i ,  1960, p. 17) .  I n  the  Neches River Basin stream- 
flow has been a f f ec t ed  only s l i g h t l y  by d ive r s ions  o r  s to rage .  Temperature, 
seasonal  d i s t r i b u t i o n  of  r a i n f a l l ,  storm i n t e n s i t y ,  i n f i l t r a t i o n  r a t e s ,  and 
types and dens i ty  of vege ta t ion  a l s o  a f f e c t  t h e  amount of runoff  from a d r a i n -  
age bas in .  







Runoff da t a  p l o t t e d  on Figure 2 show t h a t  average runoff from subbasins 
dur ing  t h e  period 1940-63 ranged from 8 .9  t o  13.1 inches annual ly.  Runoff from 
the  e n t i r e  bas in  measured a t  the  lowermost gaging s t a t i o n ,  Neches River  a t  Eva- 
da l e ,  averaged 11.0 inches annual ly f o r  t h e  period 1921-63. Annual runoff ,  
expressed a s  mean d ischarge  i n  cubic f e e t  per  second and inches per  year ,  is  
shown f o r  t h e  Evadale s t a t i o n  on Figure  2 .  

P r e c i p i t a t i o n  and runoff i n  t h e  Neches River Basin a r e  sub jec t  t o  much 
g r e a t e r  v a r i a t i o n s  than  indica ted  by the  annual and monthly averages. The 
yea r ly  mean d ischarge  of the  Neches River a t  Evadale has ranged from 994 c f s  t o  
12,700 c f s  (Figure 2 ) ,  bu t  instantaneous flows have va r i ed  much more widely. 
Normal monthly r a i n f a l l  a t  Rockland ranges from 2.88 inches f o r  August t o  5.39 
inches f o r  January (Figure 2),  bu t  i n  1963 the  monthly r a i n f a l l  ranged from 
0.00 inches i n  October t o  8.10 inches i n  September. Thus, i n  s p i t e  of r e l a -  
t i v e l y  high averages, p r e c i p i t a t i o n  so unevenly d i s t r i b u t e d  i n  time does not  
s u s t a i n  streamflow, and f lood runoff must t h e r e f o r e  be s to red  t o  make su r face  
water  cont inuously a v a i l a b l e  i n  dependable q u a n t i t i e s .  

Population and Munic ipa l i t i e s  

The popula t ion  of the  Neches River Basin i n  1960 was 568,000, which was 
about 6 percent  o f  t h e  t o t a l  populat ion of the  S t a t e .  About ha l f  of t h e  people 
i n  the  bas in  l i v e  on farms. No l a r g e  c i t i e s  a r e  e n t i r e l y  w i t h i n  the basin,  
Lufkin being the  only c i t y  wi th  a populat ion over  15,000 i n  1960. Although t h e  
towns have grown, the  populat ion of most of the count ies  has  decreased s i n c e  
1940; t h e  count ies  wi th  the  l a r g e r  towns, however, have had an increase  i n  pop- 
u l a t ion .  

The p r i n c i p a l  c i t i e s  of t h e  Neches River  Basin and t h e i r  populat ions a r e  
given below. 

The p r i n c i p a l  c i t i e s  t h a t  a r e  on stream div ides  and only p a r t l y  i n  t h e  
bas in  a r e  given below, wi th  t h e i r  populat ions.  

Beaumont 119,175 Henderson 9,750 

Tyler  51,230 

C i t y  

Lufkin 

Nacogdoches 

Jacksonv i l l e  

Populat ion 

19,000 

12,750 

9,750 

C i t y  

S i l sbee  

Rusk 

J a s p e r  

Populat ion 

6,277 

4,900 

4,889 



Agr icu l tu ra l  and I n d u s t r i a l  Development 

Although t h e  number of farms has decreased s ince  1940, a g r i c u l t u r e  is s t i l l  
of g r e a t  importance t o  the  economy of t h e  Neches River  Basin. 

Corn, co t ton ,  sorghums, r i c e ,  f r u i t ,  and truck-farm products a r e  the  p r in -  
c i p a l  crops.  Corn, co t ton ,  and sorghums a r e  grown c h i e f l y  i n  t h e  nor thern  por- 
t i o n  of  t h e  bas in  and r i c e  i s  grown only i n  t h e  southern p a r t .  F r u i t  and t ruck-  
farm products a r e  grown over  t h e  e n t i r e  bas in .  I n  the  c e n t r a l  p a r t  of t h e  
basin, beef c a t t l e ,  poul t ry ,  d a i r y  farming, and truck-farm products have 
replaced f i e l d  crops a s  the  major source of  farm income. 

The lumber indus t ry  i s  another  important segment of  the  economy. The cen- 
t r a l  and southern por t ions  of  t h e  bas in  a r e  i n  t h e  g r e a t  tree-growing s e c t i o n  
of  Texas. Many l a rge  and small sawmills process southern yellow pine and hard- 
wood t r e e s  i n  l a rge  q u a n t i t i e s .  Pulpwood and power-line poles  a r e  o t h e r  f o r e s t  
products.  Many small  farms have been allowed t o  grow over  o r  have been planted 
wi th  t r e e s .  

The production of  o i l  and gas has been of g rea t  importance i n  the economic 
development of  the  Neches River Basin s ince  the  development of the  East Texas 
o i l  f i e l d  began i n  1930 wi th  t h e  discovery of o i l  west of Henderson. Many 
o t h e r  o i l  and gas f i e l d s  a r e  i n  t h e  bas in  (Figure 3 ) )  with  t h e  most i n t ens ive  
concent ra t ion  of o i l  product ion being i n  the  southern p a r t .  

The Beaumont met ropol i tan  area  conta ins  a v a r i e t y  of both l i g h t  and heavy 
i n d u s t r i e s .  Some of the  more important i n d u s t r i e s  include petroleum re f in ing ,  
and the  manufacturing of o i l - f i e l d  equipment, petrochemicals,  syn the t i c  rubber, 
i ron,  and s t e e l .  

Development of Surface-Water Resources 

With an average runoff of  11 inches per  year,  t h e  Neches River Basin con- 
t r i b u t e s  about 17 percent  of the  t o t a l  runoff f o r  the  S t a t e  (Figure 4). As the  
bas in  has only about  4 percent  of the  S t a t e ' s  t o t a l  a r e a  and about 6 percent  of 
the  population, t h e  quan t i ty  of su r face  w a t e r - a v a i l a b l e  f o r  development i s  con- 
s ide rab ly  more than the  average f o r  t h e  S t a t e .  

The Texas Water Development Board reported t h a t  170,410 a c r e - f e e t  of water  
was used i n  t h e  Neches River  Basin i n  1959 (Texas Board of Water Engineers, 
1961, p.  64). Of t h i s  amount 96,630 a c r e - f e e t  was from surface-water  sources.  
Surface water  supplements ground-water suppl ies  f o r  some c i t i e s  and provides 
the  t o t a l  supply f o r  o the r s .  C i t i e s  using su r face  water  impounded i n  t h e  Neches 
River  Basin include: Athens ( i n  the  T r i n i t y  River Basin),  from F l a t  Creek 
Reservoir ;  Tyler ,  from Lake Tyler ;  Rusk, from Lake P a l e s t i n e ;  and Jacksonv i l l e ,  
from Lake Jacksonv i l l e .  

Large q u a n t i t i e s  of sur face  water  a r e  used i n  t h e  lower p a r t  of  the  bas in  
f o r  municipal,  i n d u s t r i a l ,  and i r r i g a t i o n  purposes. The c i t y  of Beaumont uses 
su r face  water  f o r  i t s  municipal supply. The Lower Neches Valley Authori ty sup- 
p l i e s  su r face  water  t o  t h e  Beaumont-Port Arthur i n d u s t r i a l  a rea  and t o  r i c e  
farms west and southwest of Beaumont (Figure 5). Sea water  in t rudes  up the  
r i v e r ;  and, the  r ive r f low required t o  keep the  s a l t  water  away from the in takes  
of  the  Lower Neches Valley Author i ty ' s  pumping p lan t  a t  Voth i s  about twice the  
average r a t e  of use f o r  t h e  Beaumont-Port Arthur a rea .  The cons t ruc t ion  of a 
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Figure 5.--Lower Neches Valley Authori ty  Pumping P l a n t  a t  Voth. 

s a l t -wa te r  b a r r i e r  on the Neches River near Beaumont i s  considered by the  Texas 
Water Development Board t o  be one of t h e  most important requirements i n  t he  
development of the water  resources  of t h e  Neches River  Basin (Texas Board of 
Water Engineers, 1961, p .  64). 

Before 1950, Lake Tyler  was t h e  only r e s e r v o i r  w i th  a  capac i ty  of 5,000 
a c r e - f e e t  o r  more i n  t he  Neches River Basin. I n  January 1965, e i g h t  major 
r e se rvo i r s  were i n  ex i s t ence  o r  under cons t ruc t ion .  Table 1 l i s t s  these  r e s e r -  
v o i r s  and g ives  t h e i r  c a p a c i t i e s  and uses,  and l o c a t i o n s  a r e  shown on Figure  6 .  
Most of t he  r e s e r v o i r s  i n  t he  b a s i n  were b u i l t  by c i t i e s  o r  by water  d i s t r i c t s  
t o  supply water  f o r  l o c a l  municipal and i n d u s t r i a l  use; bu t  Dam B Reservoir  and 
Sam Rayburn Reservoir  a r e  j o i n t  p r o j e c t s  of t h e  U.S. Army Corps of Engineers 
and the Lower Neches Val ley  Authori ty  t o  provide f lood con t ro l  and water  f o r  
municipal,  i n d u s t r i a l ,  and i r r i g a t i o n  use i n  t he  c o a s t a l  area.  When completed, 
Sam Rayburn Reservoir  w i l l  be t he  l a r g e s t  r e s e r v o i r  i n  t he  bas in ,  w i t h  a  capac- 
i t y  of 4,478,800 ac re - f ee t ,  of which 2,891,900 a c r e - f e e t  w i l l  be f o r  conserva- 
t i on  s torage .  

Figure 6 a l s o  shows the l o c a t i o n  of two a d d i t i o n a l  r e s e r v o i r  p r o j e c t s  f o r  
which permits  have been issued, and a  number of l oca t ions  which have been con- 
s idered  by va r ious  agencies  a s  p o t e n t i a l  dam s i t e s .  

CHEMICAL QUALITY OF THE WATER 

Chemical-Quality Records 

The U.S. Geological Survey began the c o l l e c t i o n  of  chemical-qual i ty  da t a  
on sur face  waters  of t h e  Neches River  i n  1939. Samples f o r  chemical a n a l y s i s  
were co l l ec t ed  i n t e m i t t e n t l y  f o r  t h ree  years  from t h e  Neches River a t  Rockland, 
from Vi l l age  Creek a t  F l e t che r ,  and from Pine I s land  Bayou a t  Voth. Dai ly  



Table 1.--Reservoirs w i th  c a p a c i t i e s  of 5,000 a c r e - f e e t  o r  more i n  t he  Neches River Basin 

[The purpose f o r  which the  impounded waters  a r e  used is  indica ted  by the following symbols: M, municipal ;  
I, i n d u s t r i a l ;  D, domestic;  Ir, i r r i g a t i o n ;  R, r ec rea t ion ;  P, hydroe lec t r i c  power; FC, f lood c o n t r o l ]  

Name of r e s e r v o i r  

F l a t  Creek 

Lake P a l e s t i n e  

Lake Jacksonv i l l e  

S t r i k e r  Creek 

Lake Tyler  

Lake Kurth 

Sam Rayburn 

Dam B 

Year 
ope ra t ion  

began 

1962 

1962 

1957 

1957 

1949 

1961 

1965 

1951 

Stream 

F l a t  Creek 

Neches River  

Gum Creek 

S t r i k e r  Creek 

P r a i r i e  Creek 

Angelina River 
o f f  -channel 

Angelina River 

Neches River  

Tota l  s to rage  
capac i ty  

(acre- fee t )  

32,840 

57,550 

30,500 

26,700 

43,400 

16,200 

4,478,800 

124,700 

Owner 

Athens Municipal Water 
Authori ty  

Upper Neches River  Municipal 
Water Authori ty  

C i t y  of J acksonv i l l e  

Angelina-Nacogdoches 
Counties WCID No. 1 

C i t y  of Tyler  

Southland Paper M i l l s ,  Inc.  

U.S. Army Corps of Engineers, 
Lower Neches Valley 
Authori ty  

do 

County 

Henderson 

Anderson, 
Henderson, 
Smith, 
Cherokee 

Cherokee 

Cherokee, Rusk 

Smith 

Angelina 

Ja spe r ,  Sabine, 
San Augustine, 
Angel ina,  
Nacogdoches 

Tyler ,  J a s p e r  

Use 

M 

M j l  

M j R  

M , I  

M , I ,  
I r ,P,  

FC 

M , I ,  
Ir 



Figure 6 

Major Reservoirs and Potential Damsites 
i n  the Neches River Basin 

U. S. Geologic01 Survey in cooperation with the 

Texas Woter Development Baord 
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sampling s t a t i o n s  were e s t ab l i shed  a t  Evadale i n  1947, near  Alto i n  1960, and 
on the  Angelina River near  Lufkin i n  1954. Furthermore, numerous miscellaneous 
samples have been co l l ec t ed  by the Geological Survey s ince  1953. 

Co l l ec t ion  of chemical-qual i ty  da ta  f o r  t h i s  reconnaissance s tudy began i n  
1961 and continued through June 1964. Samples were c o l l e c t e d  pe r iod ica l ly  from 
t h e  p r inc ipa l  t r i b u t a r y  streams and from four  r e se rvo i r s .  S ingle  samples were 
co l l ec t ed  a t  many add i t iona l  s i t e s .  

Data were co l l ec t ed  over  a  wide range of water-discharge r a t e s .  A t  low 
flows, concent ra t ions  of dissolved minerals  a r e  l i k e l y  t o  be h ighes t ;  and t h e  
d a t a  commonly ind ica t e  where p o l l u t i o n  and s a l i n i t y  problems e x i s t .  Data co l -  
l ec t ed  during medium and high flows ind ica t e  t h e  probable q u a l i t y  of the water  
t h a t  would be s to red  i n  r e se rvo i r s .  Stream-gaging s t a t i o n s  were se lec ted  a s  
sampling s i t e s  wherever poss ib le  i n  order  t h a t  chemical analyses could be con- 
s idered  i n  r e l a t i o n  t o  water  discharge.  A t  s i t e s  o t h e r  than  stream-gaging 
s t a t i o n s ,  water discharge was usual ly  measured when t h e  samples were c o l l e c t e d .  

The periods of record of  a l l  da t a -co l l ec t ion  s i t e s  a r e  given i n  Table 6 
and the  loca t ions  a r e  shown on P l a t e  1 o r  on Figure 10. The chemical-qual i ty  
da ta  f o r  the d a i l y  s t a t i o n s  a r e  summarized i n  Table 7, and the  complete records 
a r e  published i n  an annual s e r i e s  of U.S. Geological Survey Water-Supply Papers 
and i n  Bu l l e t in s  of the Texas Water Commission. (See l i s t  of r e fe rences . )  
Resul t s  of a l l  the  pe r iod ic  and miscellaneous analyses a r e  given i n  Table 8. 

The Texas S t a t e  Heal th Department makes a v a i l a b l e  t o  t h e  U.S. Geological 
Survey the  d a t a  c o l l e c t e d  i n  i t s  s ta tewide  stream-sampling program, which 
includes t h e  pe r iod ic  determinat ion of pH, biochemical oxygen demand, t o t a l  
s o l i d s ,  dissolved oxygen, ch lor ide ,  ch lo r ine  demand, and s u l f a t e  a t  1 9  loca t ions  
i n  t h e  Neches River Basin. The d a t a - c o l l e c t i o n  s i t e s  of the  S t a t e  Department 
of Heal th a r e  l i s t e d  below. Some of  them a r e  a t  U.S. Geological Survey stream- 
gaging s t a t i o n s .  The numbers r e f e r  t o  s i t e s  shown on P l a t e  1 and Figure  10. 

(Continued on next  page) 
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Reference 
no. 

1 

9 

11 

13 

16 

23 

39 

47 

48 

Data-col lec t ion  s i t e  

Neches River near Chandler 

Neches River near Neches 

Neches River near  Al to  

Neches River near  Diboll  

Neches River  near  Rockland 

Bowles Creek near  Turnertown 

S t r i k e r  Creek near  Summerfield 

Angelina River  near  Alto 

Angelina River Near Lufkin 



Angelina River near  E t o i l e  

Attoyac Bayou near  Chireno 

Angelina River near  Zavalla 

Angelina River near  J a s p e r  

Neches River  a t  Town Bluff 

Neches River a t  Evadale 

Vi l lage  Creek near  S i l sbee  

Pine Is land  Bayou a t  Voth 

Neches River a t  Beaumont 

Neches River near  Groves 

Reference 
no. 

Streamflow Records 

Data-col lec t ion  s i t e  1 

Streamflow records i n  the  Neches River  Basin d a t e  from 1903 when t h e  U.S. 
Weather Bureau i n s t a l l e d  a s t a f f  gage on t h e  Neches River  a t  Rockland. A gag- 
ing s t a t i o n  was e s t ab l i shed  a t  Evadale i n  1904, discontinued i n  1906 and rees-  
t ab l i shed  i n  1921. More than 20 years  of  discharge records a r e  a v a i l a b l e  f o r  
s eve ra l  s t a t i o n s  on t h e  Neches and Angelina Rivers and records f o r  more than 10  
yea r s  a r e  a v a i l a b l e  f o r  s eve ra l  of the  smal le r  streams i n  the  bas in .  

I n  1964 the  U.S. Geological Survey operated 6 stream-gaging s t a t i o n s  on t h e  
Neches River  and 11 s t a t i o n s  on t r i b u t a r i e s ,  3 reservoi r -content  s t a t i o n s  and 1 
low-flow pa r t i a l - r eco rd  s t a t i o n .  I n  addi t ion ,  d ischarge  measurements were made 
a t  o the r  s i t e s  where samples were co l l ec t ed  f o r  chemical ana lys i s .  

The periods of record f o r  a l l  the  stream-gaging s t a t i o n s  a r e  given i n  Table 
6, and t h e  loca t ions  a r e  shown on P l a t e  1. Records of  d ischarge  and s t age  of  
streams, and contents  and s t age  of lakes  o r  r e se rvo i r s  from 1903 t o  1907 and 
from 1924 t o  1960, have been published i n  t h e  annual s e r i e s  of U.S. Geological 
Survey Water-Supply Papers. (See l i s t  of re ferences . )  Beginning wi th  t h e  1961 
water  year ,  streamflow records have been released by the  U.S. Geological Survey 
i n  annual r e p o r t s  on t h e  State-boundary b a s i s  (U.S. Geological Survey, 1961, 
1962, 1963). Summaries of discharge records g iv ing  monthly and annual t o t a l s  
have been published (U.S. Geological Survey, 1939, 1960, 1964; Texas Board of 
Water Engineers, 1958). 

Fac tors  Affect ing Chemical Q u a l i t y  of Water 

A s  soon a s  water  from r a i n  o r  mel t ing  snow comes i n  con tac t  wi th  the  
e a r t h ' s  c r u s t ,  it begins t o  d i s so lve  ma te r i a l s .  The kinds and q u a n t i t i e s  of 
ma te r i a l s  d isso lved  a r e  t h e  r e s u l t  of  many environmental f a c t o r s ,  including 
geology, p r e c i p i t a t i o n ,  streamflow, and t h e  a c t i v i t i e s  of man. 



Geology 

The minerals  i n  t h e  rocks and t h e i r  s u s c e p t i b i l i t y  t o  weathering and s o l -  
v e n t  a c t i o n  have a  d i r e c t  bearing on t h e  chemical q u a l i t y  of t h e  water  of the  
area.  Where i n d u s t r i a l  inf luences a r e  small t h e  chemical cha rac te r  of su r face  
water  i s  dependent pr imar i ly  on the  chemical and physical  p rope r t i e s  of the  
rocks and s o i l s  i n  the  drainage basin.  I n  a reas  of high r a i n f a l l ,  a s  i n  t h e  
Neches River Basin, c i r c u l a t i n g  water  has so leached the mantle rock and r e s i d -  
u a l  s o i l  t h a t  only r e l a t i v e l y  small  amounts of r e a d i l y  so lub le  minerals  remain. 

The rocks exposed i n  t h e  Neches River Basin a r e  of the  T e r t i a r y  and Quater -  
nary Systems and range i n  age from Eocene t o  Recent. Figure 7  i s  a  general ized 
map of  t h e  geology of  t h e  basin.  The rocks were deposi ted during repeated 
marine t ransgress ions  and regress ions ,  and form an a l t e r n a t i n g  sequence of 
marine and c o n t i n e n t i a l  sediments which a r e  charac ter ized  by c lay ,  sha le ,  marl, 
and minor amounts of sand. 

Throughout most of the  bas in  the  geologic formations d i p  gene ra l ly  south 
and southeas t  toward t h e  Gulf Coast. The r a t e  of d i p  i s  g r e a t e r  than t h a t  of 
the  land su r face  and, a s  a  r e s u l t ,  t h e  o l d e r  formations crop o u t  t o  the  north 
of  t h e  younger formations. I n  the  northern p a r t  of t h e  b a s i n  the general  s lope  
of  the formations is  con t ro l l ed  by two major s t r u c t u r e s .  The formations d i p  
eastward and westward toward the  a x i s  of a  s t r u c t u r a l  trough known as  the  East  
Texas syncl ine.  The a x i s  of t h i s  trough s t r i k e s  genera l ly  northward across  the  
Neches River  i n  e a s t e r n  Anderson and western Smith Counties. On the  e a s t e r n  
f l ank  of  t h e  trough, t h e  formations d i p  westward and southwestward from the 
Sabine u p l i f t ,  a  dome-shaped s t r u c t u r a l  high centered i n  Panola County. Because 
of subsequent e ros ion  on t h e  u p l i f t ,  the  o l d e s t  rocks crop o u t  along the nor th-  
e a s t  boundary of  the basin.  The s t r a t i g r a p h i c  succession of t h e  outcropping 
formations wi th  b r i e f  d e s c r i p t i o n  of the rock u n i t s  a r e  given i n  Table 2 .  

Water from the  outcrop area of the Claiborne Group, i n  t h e  northern p a r t  
of the  Neches River Basin (Figure 7 ) ,  genera l ly  has d isso lved-sol ids  concen- 
t r a t i o n s  ranging from 100 t o  250 ppm (Pla te  2 ) .  Water from t h e  outcrop areas  
of t h e  younger formations has concent ra t ions  l e s s  than 100 ppm. The sha le s  and 
c l a y s  which predominate i n  some formations of t h e  Claiborne Group (Table 2 )  
apparent ly  have been l e s s  completely leached of r e a d i l y  so lub le  ma te r i a l  than 
have t h e  more sandy formations i n  the  southern h a l f  of the  basin.  

Streamflow 

Runoff and streamflow usua l ly  have a  d e f i n i t e  inf luence  on t h e  chemical 
c h a r a c t e r i s t i c s  of water  i n  a  drainage basin.  Water d ischarge  of any stream 
not  regula ted  by upstream rese rvo i r s  u sua l ly  v a r i e s  from day t o  day and even 
from hour t o  hour. As  a  general  r u l e ,  t h e  low flow of a  stream is sus ta ined  
by ground-water inflow t h a t  conta ins  minerals  dissolved from the  rocks and s o i l  
p a r t i c l e s .  A t  high flows and during f loods t h e  dissolved-mineral concent ra t ion  
of  the  stream i s  d i l u t e d  by the su r face  runoff .  The e f f e c t  of  r a t e s  of stream- 
flow on the  d isso lved-sol ids  concent ra t ion  of streams genera l ly  is  g r e a t e r  i n  
streams whose low-flow waters  have high concentrat ions of d isso lved  minera ls .  
I n  the  Neches Basin only a  few streams t h a t  a r e  l o c a l l y  pol lu ted  by o i l - f i e l d  
wastes have, even a t  low flow, high concent ra t ions  of d isso lved  mincrols.  

Because of t h e  topography t h e  r a t e  of runoff i n  the  Neches River Basin i s  
much slower than i n  most of t h e  o t h e r  r i v e r  bas ins  i n  Texas. The streambed 







grad ien t  of t h e  Neches River is ,  f o r  much of  i t s  length,  about 1.0 foo t  per  
mile;  and the  r i v e r  meanders through i t s  flood p l a i n  wi th  many sloughs, over- 
flow channels, and marshes. For long periods a f t e r  heavy r a i n s  l a rge  a reas  a r e  
inundated, not  only because the  heavy f o r e s t  cover and dense underbrush prevent  
rap id  runoff i n t o  streams b u t  a l s o  because the  c lay  subso i l s  i n h i b i t  rap id  
downward movement of  water .  Thus, the  flow i n  the  major streams i s  sus ta ined  
f o r  long periods by su r face  runoff ,  and changes i n  chemical q u a l i t y  occur grad- 
ua l ly .  

Streamflow records show t h a t  between periods of su r face  runoff the  base 
flow of  many streams i n  t h e  Neches Basin i s  maintained by ground-water inflow. 
Most of  t h i s  ground-water inflow i s  low i n  d isso lved  ma te r i a l ,  and the  
d isso lved-sol ids  concent ra t ion  of the  streamflow v a r i e s  only s l i g h t l y  wi th  
changes i n  wa te r  discharge.  

On Figure  8 i s  shown the  r e l a t i o n  o f  the  annual weighted-average concen- 
t r a t i o n  o f  d isso lved  s o l i d s  t o  the  annual mean d ischarge  of the  Angelina River 
near  Lufkin and t h e  Neches River  a t  Evadale. The p l o t s  f o r  both s t a t i o n s  show 
decreases i n  d isso lved  s o l i d s  wi th  increases  i n  d ischarge .  That p a r t  of the  
bas in  above Lufkin has t h e  lowest r a i n f a l l ,  and the d isso lved-sol ids  concen- 
t r a t i o n  of the  Angelina River near  Lufkin v a r i e s  over a  wide range. The qual-  
i t y  of the  water  of  the  Neches River  a t  Evadale shows t h e  e f f e c t  of inflow from 
t h e  high r a i n f a l l  a rea  where t h e  d isso lved  s o l i d s  a r e  always low and sub jec t  t o  
only s l i g h t  v a r i a t i o n s .  Also, streamflow a t  Evadale is  p a r t l y  regula ted  by Dam 
B, 59 mi les  upstream. Durat ion curves f o r  t h e  Lufkin and Evadale s t a t i o n s  
(Figure 9)  show t h e  r e l a t i o n  of d isso lved-sol ids  concent ra t ions  t o  water  d i s -  
charge a t  the  two s t a t i o n s .  The curves a l s o  show the  inverse  r e l a t i o n s h i p  of 
r a t e s  of water  d ischarge  t o  t h e  concent ra t ion  of  d isso lved  s o l i d s  i n  t h e  streams 
dur ing  water  yea r s  1955-63. 

A c t i v i t i e s  of  Man 

The a c t i v i t i e s  of man o f t e n  have a  s i g n i f i c a n t  e f f e c t  on the  chemical qual-  
i t y  of su r face  water .  Deplet ing streamflow by d ive r s ion  f o r  municipal and 
i n d u s t r i a l  uses,  d ispos ing  of o i l - f i e l d  b r ines  and of municipal and i n d u s t r i a l  
wastes ,  and a l t e r i n g  streamflow by s t o r i n g  wa te r - - a l l  produce changes i n  water  
qua1 i t y .  

Municipal use  of water  tends t o  increase  the  concent ra t ion  of  dissolved 
s o l i d s  i n  a  stream system. The dep le t ion  of flow by d ive r s ion  and consumptive 
use, the  l o s s  of  water  because of increased evaporat ion,  and the  d i sposa l  of 
municipal wastes i n t o  a  s t ream r e s u l t  i n  higher  average concent ra t ions  of  d i s -  
solved s o l i d s  i n  the  remaining water.  On the o t h e r  hand, s to rage  of  d i l u t e  
floodwater i n  r e s e r v o i r s  and subsequent con t ro l l ed  r e l e a s e  of t h e  s tored  water  
serves t o  improve water  q u a l i t y  i n  streams below r e s e r v o i r s .  Floodwater 
re leased  from Dam B he lps  t o  improve the average q u a l i t y  of  water  i n  t h e  Neches 
River a t  Evadale and a t  d ive r s ion  po in t s  near  Beaumont. 

The q u a l i t y  bf water  from the  Neches and Angelina Rivers  has been changed 
only s l i g h t l y  by municipal use, and t h e  flow throughout the  reaches of both 
r i v e r s  has been adequate t o  d i l u t e  t h e  municipal wastes  introduced. Neverthe- 
l e s s ,  i n d u s t r i a l  and municipal wastes  re leased  i n t o  t h e  Angelina River i n  the  
v i c i n i t y  of Lufkin a r e  causing some l o c a l  d e t e r i o r a t i o n  in water  qua l i ty ,  par-  
t i c u l a r l y  the  dep le t ion  of  d isso lved  oxygen. These wastes may have a  degrading 
e f f e c t  on t h e  q u a l i t y  of water  s tored  i n  Sam Rayburn Reservoir,  e s p e c i a l l y  dur-  
ing  extended periods of low flows. 
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Brine i s  produced w i t h  o i l  i n  nea r ly  a l l  o i l  f i e l d s ,  and i f  improperly 
handled, eventua l ly  reaches t h e  streams. P o l l u t i o n  of streams by o i l - f i e l d  
b r i n e  can be a major problem i n  a reas  where o i l  product ion i s  ex tens ive .  The 
composition of b r ines  v a r i e s ,  b u t  t h e  p r i n c i p a l  c o n s t i t u e n t s ,  i n  t h e  order  of 
t h e  magnitude of t h e i r  concent ra t ion  ( i n  ppm), a r e  gene ra l ly  ch lo r ide ,  sodium, 
calcium, and s u l f a t e .  The presence of  b r i n e  i n  su r face  water  is  the re fo re  
u s u a l l y  indica ted  by a n  abnormally high ch lo r ide  concentrat ion.  

O i l  is  produced i n  many areas  i n  t h e  Neches River  Basin (Figure 3) ,  bu t  
most of t h e  b r i n e  is  r e i n j e c t e d  i n t o  we l l s  and the  e f f e c t  on t h e  main stem of 
t h e  Neches River  has been minor. However, t h e  d i sposa l  of o i l - f i e l d  b r i n e  is  
s i g n i f i c a n t l y  a f f e c t i n g  water  q u a l i t y  i n  two a reas  o f  the  bas in .  The S t r i k e r  
Creek watershed and S t r i k e r  Creek Reservoir  a r e  po l lu t ed  w i t h  b r i n e  from the  
East  Texas o i l  f i e l d ;  and, Pine Is land  Bayou rece ives  b r i n e  from th ree  o i l  
f i e l d s  i n  Hardin County. Water-qual i ty  surveys of  these  two a reas  were made 
dur ing  the  period of  t h i s  study. 

S t r i k e r  Greek and the  Eas t  Texas O i l  F i e l d  

S t r i k e r  Creek, formed by t h e  confluence of i t s  p r i n c i p a l  t r i b u t a r i e s ,  
Bowles and Johnson Creeks, d r a i n s  the  p a r t  of the  East Texas o i l  f i e l d  t h a t  
l i e s  i n  the  Neches River Basin (Figure 10). S t r i k e r  Creek Reservoir  i s  a 
26,700-acre-foot impoundment completed i n  1957. Water is  used by a paper com- 
pany and f o r  condenser cool ing  by a s team-elec t r ic  genera t ing  p l an t .  

The East Texas o i l  f i e l d  was discovered i n  September 1930 wi th  t h e  c m -  
p l e t i o n  of a w e l l  i n  no r the rn  Rusk County. Production was soon extended i n t o  
Gregg, Upshur, and Smith Counties; and t h e  f i e l d  became t h e  most product ive i n  
t h e  na t ion  (Figure 3 ) .  

Soon a f t e r  o i l  production s t a r t e d ,  we l l s  along the  western edge of  t h e  
f i e l d  began t o  y i e l d  s a l t  water  wi th  the o i l ,  and t h e  handling and d i sposa l  of  
t h e  water  became a se r ious  problem (Plummer, 1945). A t  f i r s t ,  a l l  t h e  b r i n e  
was s to red  i n  ea r then  tanks and then  drained i n t o  streams a t  times of r a i n s .  
F i sh  k i l l s  i n  t h e  streams, p o l l u t i o n  of sur face  waters  being used f o r  pub l i c  
water  supply, and the  a c t u a l  o r  p o t e n t i a l  p o l l u t i o n  of  shallow f r e s h  ground 
water  made imperative the need f o r  another  method f o r  s a l t -wa te r  d i sposa l .  I n  
1936 a group of o i l  companies developed a method f o r  r e tu rn ing  t h e  b r i n e  t o  the  
deep subsurface,  i n  o r  below t h e  oi l -producing formation. I n  1942 a sa l t -wa te r  
d i sposa l  company was organized t o  c o l l e c t ,  t r e a t ,  and d ispose  of t h e  s a l t  water  
a s  a s e r v i c e  t o  o i l  producers; and by 1947 more than 90 percent  of the  b r i n e  
produced i n  t h e  East Texas f i e l d  was being r e i n j e c t e d  (East Texas S a l t  Water 
Disposal Company, 1958, p. 17).  According t o  a n  inventory by t h e  Texas Rai l -  
road Commission, 99 percent  of  t h e  s a l t  water  produced i n  t h e  East  Texas f i e l d  
i n  1961 was in j ec t ed  underground (Texas Water Commission and Texas Water Pol lu-  
t i o n  Control  Board, 1963). 

However, some unlined ea r then  su r face  p i t s  a r e  s t i l l  i n  use, and o i l  
wastes  along the  banks of  water  courses i n d i c a t e  t h a t  s p i l l s  o f  b r i n e  s t i l l  
occur from these.  I n  a d d i t i o n  t o  d e l i b e r a t e  dumpage, b r i n e  a l s o  reaches 
streams as t h e  r e s u l t  of leaks i n  t h e  c o l l e c t i o n  systems, breaks i n  p ipe l ines ,  
overflow of  s to rage  tanks, and o t h e r  acc idents  i n c i d e n t a l  t o  t h e  handling of 
l a r g e  volumes of  waste water .  



Reports of s a l i n i t y  problems i n  the  r e s e r v o i r  drainage area prompted water-  
q u a l i t y  surveys of  S t r i k e r  Creek and i t s  t r i b u t a r i e s  i n  March and June 1964. 
Both surveys were made during base-flow condit ions,  bu t  streamflow r a t e s  were 
much lower i n  June than i n  March. Comparison of  chemical analyses f o r  S t r i k e r  
Creek Reservoir  ( s i t e  40, Table 8)  shows t h a t  from October 1962 t o  March 1964 
the  d i s so lved- so l ids  concent ra t ion  increased from 342 t o  525 ppm, and t h e  chlo-  
r i d e  concent ra t ion  increased from 171 t o  272 ppm. This increase  i n  s a l i n i t y  
occurred during a  period of low su r face  runoff ,  when t h e  s a l i n e  base flows i n  
streams were seldom d i l u t e d  by floodflows. 

During the  water -qual i ty  surveys, chemical-qual i ty  da ta  were co l l ec t ed  a t  
24 s i t e s  i n  t h e  S t r ike r 'Creek  watershed. The da ta  a r e  included i n  Table 8 
( s i t e s  17-38, 40-41), and the  pH and ch lo r ide  and s u l f a t e  concentrat ions a r e  
given on the map (Figure 10).  These d a t a  show t h a t :  

1. Bowles Creek and i ts  t r i b u t a r i e s  a r e  t h e  source of most of t h e  s a l i n -  
i t y  i n  S t r i k e r  Creek Reservoir.  

2. Many streams c a r r y  a c i d  water,  w i th  t h e  pH as  low a s  3.2. 

3.  Sodium and ch lo r ide  a r e  t h e  p r i n c i p a l  d isso lved  cons t i t uen t s ;  s u l f a t e  
concentrat ions a r e  genera l ly  low throughout the  watershed. 

4. Where ac id  water occurs ou t s ide  t h e  o i l - f i e l d  area,  s u l f a t e  i s  the  
p r i n c i p a l  anion. 

5. High-chloride water was not  found ou t s ide  the  o i l - f i e l d  a rea .  

6. Johnson Creek and i t s  t r i b u t a r i e s  a r e  r e l a t i v e l y  unpolluted, and pH's 
a r e  not  l e s s  than 6.0. 

The absence of s i g n i f i c a n t  p o l l u t i o n  i n  Johnson Creek i s  explained by t h e  
h i s t o r y  of t h e  occurrence and d i sposa l  o f  s a l t w a t e r .  Wells on the extreme 
western s i d e  of  t h e  East  Texas f i e l d  were t h e  f i r s t  t o  produce s a l t  water,  and 
t h e  a rea  a f f ec t ed  gradual ly  increased toward t h e  e a s t .  I n  1958, we l l s  i n  only 
t h e  western two-thirds of the f i e l d  i n  the  S t r i k e r  Creek watershed were produc- 
ing  water  with t h e  o i l  (East Texas S a l t  Water Disposal  Co., 1958, p. 5 ) .  Thus, 
s a l t  water  has been produced i n  only a  small p a r t  of  the  Johnson Creek drainage 
area ,  and product ion began a f t e r  r e i n j e c t i o n  of  the  water  was t h e  e s t ab l i shed  
procedure. The p o l l u t i o n  of t h e  watershed by su r face  d i sposa l  of b r i n e  has 
the re fo re  not  been extensive.  

A check of o t h e r  sources of  chemical-qual i ty  da t a  showed t h a t  the Texas 
S t a t e  Department of Heal th had i n v e s t i g a t e d t h e  S t r i k e r  Creek area  i n  August 
1960, following a f i s h  k i l l  i n  Bowles Creek. Inves t iga to r s  found t h a t  a  d i s -  
charge of acid i ron-bearing wastes  had apparent ly  been respons ib le  f o r  the  f i s h  
k i l l ,  and decided t h a t  t h i s  waste ma te r i a l  probably reached the stream a s  a  
r e s u l t  of wel l -ac id iz ing  opera t ions  a t  t h e  head of  Bowles Creek (oral  communi- 
ca t ion ,  N. E. Davis, 1964). They a l s o  found ac id  water,  w i th  a  pH a s  low a s  
4.0, i n  a  number of small streams i n  the  upper p a r t  of the  Bowles Creek d ra in -  
age a rea .  

As  a  r e s u l t  of the  f i s h - k i l l  i nc iden t  t h e  Texas S t a t e  Department of Health 
began per iodic  sampling of Bowles Creek a t  S t a t e  Highway 64 near  Turnertown 
( s i t e  23, Figure 10) and of S t r i k e r  Creek a t  U.S. Highway 79 ( s i t e  39, a c t u a l l y  
i n  t h e  headwaters of S t r i k e r  Creek Reservoir) .  Typical analyses f o r  Bowles 



Creek, included i n  Table 8, show t h a t  t h e  pH, usua l ly  has been l e s s  than 5 . 0  
and f requent ly  has been l e s s  than 4.0, while  the ch lo r ides  and d isso lved-sol ids  
concent ra t ions  ind ica t e  t h a t  almost continuous p o l l u t i o n  e x i s t s .  

The 1964 analyses by t h e  Geological Survey showed t h a t  the  occurrence of  
ac id  water  i n  streams of t h e  Bowles Creek drainage area  was much more widespread 
than t h e  e a r l i e r  i n v e s t i g a t i o n  by the  S t a t e  Department of Heal th had indicated,  
and t h a t  f u r t h e r  s tudy was warranted. Because o i l - f i e l d  b r ines  i n  the  East  
Texas f i e l d  a r e  not  ac id  (Table 6,  and Plummer, 1945, p. 10-12)) o t h e r  f a c t o r s  
a r e  requi red  t o  exp la in  the  a c i d i t y  of t h e  streams. 

Acid ground water  i s  known t o  occur i n  wide areas  of East  Texas (Broom and 
o the r s ,  1964), gene ra l ly  assoc ia ted  wi th  l i g n i t i c  and i ron-bearing formations. 
D i l l a rd  (1963) r e p o r t s  analyses f o r  s eve ra l  w e l l s  ou t s ide  the  o i l - f i e l d  area i n  
Smith County which y i e l d  ac id  water  from the Queen Ci ty  and Sparta  Sands. Sul- 
f a t e  i s  the  p r i n c i p a l  anion i n  t h i s  ac id  ground water,  whereas i n  the Bowles 
Creek area s u l f a t e  concent ra t ions  a r e  low i n  both t h e  o i l - f i e l d  b r ine  and t h e  
stream waters--with the  exception of  two t r i b u t a r i e s ,  o u t s i d e  t h e  o i l - f i e l d  
a rea  ( s i t e s  29 and 32), i n  which was found ac id  water  conta in ing  more s u l f a t e  
than  chlor ide .  Thus, the  a c i d  water  i n  streams of t h e  o i l - f i e l d  a rea  of Bowles 
Creek i s  d i f f e r e n t  i n  chemical type from any o ther  East Texas a c i d  waters known 
t o  be of n a t u r a l  occurrence. 

The authors  received the  suggest ion (John D.  Hem, o r a l  communication, 1964) 
t h a t  t h e  source of the  a c i d i t y  might be hydrogen ions adsorbed on c lay  minerals  
i n  the  s o i l s  o r  subsurface formations and t r ans fe r r ed  t o  t h e  o i l - f i e l d  b r i n e  by 
base exchange. Clay minerals  a r e  charac ter ized  by t h e i r  proper ty  of  adsorbing 
ca t ions  which may then be exchanged f o r  o t h e r  ca t ions  p resen t  i n  aqueous so lu-  
t i o n s  coming i n t o  contac t  w i th  the  c l ay  ma te r i a l .  Hydrogen ions a r e  commonly 
adsorbed by c lay  minerals  near t h e  land su r face  i n  humid regions and can be d i s -  
placed from the  c l a y  when the  l a t t e r  i s  wetted by a  s o l u t i o n  conta in ing  a  pre-  
ponderance of sodium ions. A s  a  consequence, neu t r a l  s a l t  so lu t ions  a r e  made 
a c i d i c  by con tac t  wi th  c e r t a i n  s o i l s  (Kelley, 1948, p. 9). Thus, the o i l - f i e l d  
b r ine ,  i f  passed through c lays  on which hydrogen ions were adsorbed, could 
become ac id  a s  the  r e s u l t  of acqui r ing  hydrogen ions i n  p lace  of some of  t h e  
sodium ions. 

To t e s t  the  a p p l i c a t i o n  of the  base-exchange theory t o  condi t ions  i n  t h e  
Bowles Creek area ,  samples of  c l a y  f o r  leaching t e s t s  were co l l ec t ed  a t  t h r e e  
s i t e s  shown a s  A, B, and C on Figure 10. Sample A i s  sandy c lay ,  samples B and 
C a r e  s i l t y  clay,  and a l l  a r e  from t h e  c e n t r a l  p a r t  of  the Claiborne Group of 
Eocene,age. A quant i ty  of unt rea ted  o i l - f i e l d  b r i n e  was obtained from the  
b r ine -co l l ec t ion  system of t h e  Eas t  Texas S a l t  Water Disposal Company a t  i t s  
Shaw-Moyar i n j e c t i o n  wel l  near  Overton. The c l a y  samples were broken i n t o  gran- 
u l a r  p a r t i c l e s  and 800-gram por t ions  were poured loose ly  i n t o  columns 3  inches 
i n  diameter .  Brine was then passed through the c l ays  and 2 5 0 - m i l l i l i t e r  (ml) 
samples of t h e  e f f l u e n t  were obtained.  S imi lar  c l ay  samples were a l s o  leached 
w i t h  d i s t i l l e d  water .  Resul t s  of a n a l y s i s  of  t h e  raw b r ine  and of the  b r i n e  
and d i s t i l l e d  water  e f f l u e n t s  a r e  i n  Table 3 .  

Acid so lu t ions  were obtained from a l l  t h ree  c l a y  samples when they were 
leached wi th  the  br ine ,  but  when t h e  samples were leached wi th  d i s t i l l e d  water  
the  e f f l u e n t s  were much l e s s  ac id .  The r e s u l t s  of leaching  sample A provide a  
p l a u s i b l e  explanat ion f o r  t h e  occurrence of  t h e a c i d  water  i n  Bowles Creek. 
The analyses show t h a t  i n  passing through the  c l ay  t h e  b r i n e  became a c i d i c  
(picked up hydrogen ions) ,  decreased i n  sodium, s u l f a t e ,  and ch lo r ide  
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concent ra t ion  and increased i n  hardness.  The ac id  e f f l u e n t  from Sample A, when 
d i l u t e d  t o  varying degrees,  w i l l  y i e l d  so lu t ions  very s i m i l a r  i n  composition t o  
the  ac id  su r face  waters  of the  Bowles Creek watershed. I n  the f i e l d  such d i l u -  
t i o n s  would occur n a t u r a l l y  a s  the  b r i n e  became mixed wi th  uncontaminated ground 
water  derived from p r e c i p i t a t i o n .  

The reasons f o r  the r e s u l t s  obtained by leaching c lay  samples B and C a r e  
not e n t i r e l y  c l e a r .  Clay C contained l a rge  q u a n t i t i e s  of so luble  ma te r i a l ,  a s  
shown by the  r e s u l t s  of leaching wi th  d i s t i l l e d  water  and b r i n e ;  and both 
l i q u i d s  d isso lved  considerable sodium, s u l f a t e ,  and chlor ide ,  and increased i n  
hardness.  The s u l f a t e  content ,  much g r e a t e r  than i n  the o i l - f i e l d  br ine ,  sug- 
ges t s  t h a t  a t  l e a s t  p a r t  of the  so luble  ma te r i a l  was derived from a d i f f e r e n t  
source, perhaps having been present  when t h e  c l ays  were o r i g i n a l l y  l a i d  down. 
Clay C was almost impervious t o  the  passage of l i q u i d ,  and by the  time the  250- 
m l  samples had been c o l l e c t e d  t h e  columns of c l a y  were so thoroughly sealed t h a t  
no add i t iona l  l i q u i d  could be passed through. The impermeability of c l ay  C sug- 
ges t s  t h a t  so luble  s a l t s ,  whether o r  not derived from o i l - f i e l d  br ines ,  could 
be leached out  only wi th  g r e a t  d i f f i c u l t y  and t h a t  t h i s  c l ay  l a y e r  may have 
l i t t l e  e f f e c t  on the  q u a l i t y  of water  i n  the  s treams.  Clay sample B was more 
permeable than sample C and contained much l e s s  of the  so luble  ma te r i a l .  From 
both c lays ,  however, s u f f i c i e n t  hydrogen ions were d isp laced  by the  b r i n e  t o  
y i e l d  an ac id  e f f l u e n t .  

Other loca t ions  have been found i n  Texas where o i l - f i e l d  b r ines  apparent ly  
have become ac id  while  passing through the  subsurface.  B u r n i t t  (1962, p. l l ) ,  
i n  h i s  r epor t  of an i n v e s t i g a t i o n  of ground-water p o l l u t i o n  i n  t h e  Henderson 
o i l  f i e l d  (about 10 miles  e a s t  of the  Bowles Creek a r e a ) ,  gives analyses of 
t h ree  high-chloride stream samples having pH's l e s s  than 4 .0 .  Near Quitman i n  
Wood County, Hughes and L e i f e s t e  (1964, p. 56) found an ac id  stream i n  which 
o i l - f i e l d  p o l l u t i o n  appeared t o  be the  source of the  high ch lo r ides .  The ac id-  
i t y  i n  these streams is a l s o  probably due t o  base exchange between c l ay  minerals  
and the  o i l - f i e l d  br ine .  

The scope of t h i s  i n v e s t i g a t i o n  d i d  not  permit add i t iona l  research  i n t o  
the  occurrence and cause of ac id  s a l i n e  waters ;  b u t  t h e  r e s u l t s  obtained empha- 
s i z e  the  need f o r  research  of cons iderable  magnitude, having a s  i t s  purpose the  
s tudy of t h e  geochemistry of o i l - f i e l d  b r ines .  I n  t h e  East  Texas o i l - f i e l d  
area,  such research  should include: the  determinat ion of  base-exchange capac- 
i t y  of the var ious  c l ays ;  t h e  study of  shallow ground water;  an inventory of  
b r i n e  production and d i sposa l ,  p a s t  and present ;  and d e t a i l e d  geological  map- 
ping of the  s tudy area.  

The presence of o i l - f i e l d  b r i n e  p o l l u t i o n  i n  the  Bowles Creek drainage 
area  seve ra l  years  a f t e r  the  e l iminat ion  of most of  the  o r i g i n a l  sources po in t s  
up one of  the g r e a t  hazards of improper d i sposa l  of  o i l - f i e l d  b r ine .  Brine 
t h a t  i s  added t o  the ground may not  a f f e c t  the  q u a l i t y  of t h e  water  i n  we l l s  o r  
streams f o r  many years ,  bu t  once water  q u a l i t y  is  degraded the damage cannot be 
immediately cor rec ted  by s topping p o l l u t i o n  a t  i t s  source. Ground water  moves 
so slowly t h a t  p u r i f i c a t i o n  by leaching and d i l u t i o n  r equ i re s  more time than 
d i d  the o r i g i n a l  po l lu t ion .  Residual s a l t  l e f t  i n  the  s o i l s  and ground water  
of t h e  Bowles Creek area  by e a r l i e r  br ine-d isposa l  p r a c t i c e s  probably i s  t h e  
p r inc ipa l  source of p o l l u t i o n  i n  su r face  streams a t  present ,  and w i l l  cause 
poor water  q u a l i t y  f o r  many years  t o  come. 



Pine Is land  Bayou and the  Hardin County O i l  F i e lds  

Disposal of b r ine  produced wi th  o i l  i n  t h e  Sour Lake, Saratoga, and Batson 
o i l  f i e l d s  i n  Hardin County (Figure 3 )  pe r iod ica l ly  a f f e c t s  t h e  q u a l i t y  of water  
i n  Pine Is land Bayou, a  major t r i b u t a r y  en te r ing  the  Neches River a  few miles 
nor th  of Beaumont. 

Large volumes of  water  a r e  pumped from Pine Is land  Bayou by the  Lower 
Neches Valley Authori ty a t  i t s  Voth pumping p lan t  (Figure 5 ;  and s i t e  88, P l a t e  
1 )  and d i s t r i b u t e d  by canal  to  i r r i g a t o r s ,  i n d u s t r i a l  users ,  and mun ic ipa l i t i e s  
i n  t h e  Beaumont-Port Arthur a rea .  During periods of low flow i n  Pine Is land 
Bayou, water  from t h e  Neches River  flows upstream i n  Pine Is land  Bayou t o  the  
pumping p lan t  and c o n s t i t u t e s  a  l a r g e  p a r t  of t h e  water  being pumped. 

Most of the  s a l t w a t e r  produced with o i l  i n  the  Sour Lake, Saratoga, and 
Batson f i e l d s  eventua l ly  reaches the  su r face  streams. Although one o r  two pro- 
ducers i n  the  Sour Lake f i e l d  r e i n j e c t  t h e  b r i n e  underground, o the r s  s t o r e  the  
b r i n e  temporarily i n  unlined p i t s  and r e l e a s e  it t o  the  su r face  streams during 
flood-runoff periods.  During periods following r a i n s ,  Pine Is land  Bayou a t  t h e  
pumping p lan t  f requent ly  conta ins  ch lo r ide  i n  concent ra t ions  higher  than d e s i r -  
ab le  f o r  some i n d u s t r i a l  uses (ora l  communication, Lower Neches Valley Author- 
i t y ,  1964). 

Analyses a r e  given i n  Table 8  f o r  9  loca t ions  i n  the  Pine Is land  Bayou 
drainage area  ( s i t e s  80 t o  88). Although these  analyses i n d i c a t e  a  maximum of 
114 ppm ch lo r ide  i n  Pine Is land  Bayou a t  the  Voth pumping p lant ,  records of  t h e  
Lower Neches Valley Authori ty show t h a t  much h igher  concent ra t ions  occur ( w r i t -  
t e n  communication, 1963). Table 8  gives analyses of o i l - f i e l d  b r i n e  ( s i t e  82), 
and water  from a  br ine-s torage  lake  ( s i t e  83). The March 23, 1964, ana lys i s  
f o r  Jackson Creek ( s i t e  81) ind ica t e s  t h a t  na tu ra l  runoff i n  the area i s  very 
low i n  a l l  d i sso lved  cons t i t uen t s .  

I n  a  r e c e n t  r e p o r t  on ground water  i n  Hardin County, Baker (1964, p. 78) 
d i scusses  the  d i sposa l  of  o i l - f i e l d  b r ines  a s  a  poss ib l e  source of p o l l u t i o n  of  
ground water .  Although p resen t  damage t o  ground-water suppl ies  appears t o  be 
minor, Baker s t r e s s e s  t h e  long-term e f f e c t s  of such po l lu t ion .  

Rela t ion  of  Qual i ty  of Water t o  Use 

Quality-of-water s t u d i e s  usua l ly  a r e  concerned wi th  determining the  s u i t a -  
b i l i t y  of water--judged by t h e  chemical, physical ,  and s a n i t a r y  c h a r a c t e r i s -  
t i c s - - f o r  i t s  proposed use. I n  the  Neches River  Basin, su r face  water i s  used 
pr imar i ly  f o r  municipal and i n d u s t r i a l  suppl ies  and f o r  i r r i g a t i o n .  This r e p o r t  
considers  only the  chemical cha rac te r  of the water  and i ts  r e l a t i o n  t o  t h e  p r in -  
c i p a l  uses.  

Most mineral ma t t e r  d isso lved  i n  water  i s  i n  the form of  ions.  An ion is  
an a ton  o r  group of atoms having an e l e c t r i c a l  charge. The p r inc ipa l  ca t ions  
(pos i t i ve  charge) found i n  na tu ra l  waters  a r e  calcium (Ca), magnesium (Mg), 
sodium (Na), potassium (K), and i ron  (Fe). The p r inc ipa l  anions (negative 
charge) a r e  carbonate (C03), bicarbonate @KO3), s u l f a t e  (SO4), ch lo r ide  (Cl), 
f l u o r i d e  (F), and n i t r a t e  (NO3). Other c o n s t i t u e n t s  and p rope r t i e s  a r e  o f t e n  
determined t o  a i d  i n  the  d e f i n i t i o n  of t h e  chemical and physical  q u a l i t y  of 



water.  Table 4 l i s t s  the  c o n s t i t u e n t s  and p rope r t i e s  commonly determined by the 
U.S. Geological Survey, and includes a  resume of t h e i r  sources and s ign i f i cance .  

Surface water  of the  Neches River Basin i s  genera l ly  of e x c e l l e n t  chemical 
q u a l i t y .  With a  minimum of t reatment ,  it i s  s u i t a b l e  f o r  domestic, i n d u s t r i a l ,  
and i r r i g a t i o n  use. 

Domestic Purposes 

The s a f e  l i m i t s  f o r  t h e  minera l  c o n s t i t u e n t s  found i n  water  a r e  usua l ly  
based on t h e  U.S. Publ ic  Health Serv ice  drinking-water s tandards .  These s t a n -  
dards were e s t ab l i shed  f i r s t  i n  1914 t o  con t ro l  t h e  q u a l i t y  of water used fo r  
dr inking  and cu l ina ry  purposes on i n t e r s t a t e  c a r r i e r s .  These s tandards  have 
been revised  s e v e r a l  times, t h e  l a t e s t  r e v i s i o n  having been i n  1962 (U.S. 
Publ ic  Health Service, 1962), and adopted by the  American Water Works Associa- 
t i o n  as minimm s tandards  f o r  a l l  publ ic  water  suppl ies .  

According t o  t h e  drinking-water  s tandards,  the l i m i t s  i n  t h e  following 
t a b l e  should not  be exceeded: 

Maximum 
Const i tuent  concent ra t ion  

S u l f a t e  

Chloride 1 250 I N i t r a t e  I 45 I 
Fluor ide  1 4 1.0 I 

I n  the Neches River Basin concent ra t ions  of  a l l  the  foregoing c o n s t i t u e n t s  
a r e  genera l ly  w e l l  below t h e  maximum concent ra t ions  recommended by t h e  U.S. 
Pub1 i c  Health Serv ice .  

Dissolved s o l i d s  

I r r i g a t i o n  

500 

The e x t e n t  t o  which chemical q u a l i t y  l i m i t s  the  s u i t a b i l i t y  of a  water  f o r  
i r r i g a t i o n  depends on a  number of  f a c t o r s :  e .g . ,  t h e  na tu re  and composition of  
t h e  s o i l  and subso i l ;  t h e  topography of t h e  land; the amount of water  used and 
t h e  methods of  applying it; the  types of crops grown; and the c l imate  of  the 
region, including the  amounts and d i s t r i b u t i o n  of r a i n f a l l .  

!/ Based on a m u a l  average of m a x i  - 
mum d a i l y  a i r  temperatures a t  Beau- 
mont. 

The most important c h a r a c t e r i s t i c s  i n  determining the q u a l i t y  of i r r i g a -  
t i o n  water,  according t o  the U.S. S a l i n i t y  Laboratory S t a f f  (1954, p. 69) ,  a re :  





(1) t o t a l  concent ra t ion  of so lub le  s a l t s ,  (2) r e l a t i v e  propor t ion  of sodium t o  
o t h e r  ca t ions ,  (3) concent ra t ion  of boron o r  o t h e r  elements t h a t  may be toxic ,  
and ( 4 )  the bicarbonate concent ra t ion  a s  r e l a t e d  t o  t h e  concent ra t ion  of  c a l -  
cium plus  magnesium. 

The U.S. S a l i n i t y  Laboratory S t a f f  introduced the  term "sodium absorpt ion  
r a t i o "  (SAR) to  express  the  r e l a t i v e  a c t i v i t y  of sodium ions i n  exchange reac-  
t i ons  wi th  the  s o i l .  This r a t i o  is  expressed by the  equation: 

where the concent ra t ions  of t h e  ions a r e  expressed i n  equiva lents  per m i l l i o n .  

The U.S. S a l i n i t y  Laboratory S t a f f  has prepared a  system f o r  c l a s s i f y i n g  
i r r i g a t i o n  waters  i n  terms of s a l i n i t y  and sodium hazard. Empirical equat ions 
were used i n  developing a  diagram which uses SAR and s p e c i f i c  conductance i n  
c l a s s i f y i n g  i r r i g a t i o n  waters .  The diagram is reproduced i n  modified form a s  
Figure 11. This  c l a s s i f i c a t i o n ,  although embodying both research  and f i e l d  
observat ions,  should be used f o r  general  guidance only because of t h e  o t h e r  
f a c t o r s  which a l s o  a f f e c t  the s u i t a b i l i t y  of  water  f o r  i r r i g a t i o n .  With r e s -  
pec t  t o  s a l i n i t y  and sodium hazards, waters  a r e  divided i n t o  fou r  c l a s ses - -  
low, medium, high, and very  high.  The range of t h i s  c l a s s i f i c a t i o n  extends 
from those waters  which can  be used f o r  i r r i g a t i o n  of  most crops on most s o i l s  
t o  those waters  which a r e  usua l ly  unsu i t ab le  f o r  i r r i g a t i o n .  

Representat ive water-analyses da ta  from t h e  Neches River a t  two s i t e s  and 
from two t r i b u t a r y  streams a r e  p lo t t ed  on Figure 11. Also shown f o r  t h e  two 
d a i l y  chemical-qual i ty  s t a t i o n s ,  Angelina River near Lufkin and Neches River a t  
Evadale, i s  t h e  percentage of time t h a t  the  s p e c i f i c  conductance exceeded the 
indica ted  va lue  dur ing  the  period 1955-63. For the  d a i l y  s t a t i o n ,  Neches River 
near  Alto, the va lues  p lo t t ed  a r e  the  discharge-weighted average va lues  f o r  the  
period 1960-63. The d a t a  show t h a t  the waters  a t  these  s t a t i o n s  gene ra l ly  a r e  
low wi th  r e spec t  t o  sodium hazard, and low t o  medium wi th  r e spec t  t o  s a l i n i t y  
hazard. 

Resul t s  of  a  few determinat ions of  boron f o r  the  Neches River  a t  Evadale 
a r e  a v a i l a b l e  i n  t h e  f i l e s  of the  Geological Survey. Concentrations a r e  low, 
ind ica t ing  t h a t  boron i s  not  a  problem i n  i r r i g a t i o n  waters  of the  basin.  

Rice-growing i n  the  a rea  near  Beaumont i s  the  p r i n c i p a l  use of su r face  
water  f o r  i r r i g a t i o n  i n  the Neches River Basin. The concent ra t ion  of chemical 
c o n s t i t u e n t s  t o l e r a t e d  by r i c e  v a r i e s  wi th  i ts  s t age  of growth, but  inves t iga-  
t o r s  genera l ly  agree  t h a t  water  conta in ing  l e s s  than 600 ppm sodium ch lo r ide  
(350 ppm ch lo r ide )  i s  not  harmful t o  r i c e  a t  any s t age  of  growth ( I r e l an ,  1956, 
p. 330). A s  shown on the  ch lo r ide  map on P l a t e  2 ,  concent ra t ions  a r e  l e s s  than 
100 ppm i n  streams d ra in ing  most of the  Neches River  Basin. Water of  the bas in  
meets a l l  q u a l i t y  requirements f o r  r i c e  i r r i g a t i o n .  

Surface water  i s  a l s o  used f o r  supplemental i r r i g a t i o n  of  f i e l d  crops, 
orchards,  and t ruck  gardens. For supplemental i r r i g a t i o n  i n  humid and subhumid 
areas ,  water -qual i ty  requirements a r e  n o t  r i g i d ;  and su r face  water  i n  the  
Neches River Bas in  would be c lassed  a s  e x c e l l e n t  f o r  t h i s  use. 
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I n d u s t r i a l  Use 

Large q u a n t i t i e s  of su r face  water  a r e  used f o r  i n d u s t r i a l  purposes i n  t h e  
Neches River  Basin, e s p e c i a l l y  i n  t h e  Beaumont-Port Arthur a rea .  The economic 
f e a s i b i l i t y  of a  water-development p r o j e c t  may depend on the  s u i t a b i l i t y  of t h e  
water  f o r  i n d u s t r i a l  use. 

The q u a l i t y  requirements f o r  i n d u s t r i a l  water  vary  widely. For some pur- 
poses, such a s  cooling, water  of almost any q u a l i t y  can be used--whereas, i n  
some manufacturing processes and i n  high-pressure steam b o i l e r s ,  water  approach- 
ing  the  q u a l i t y  of d i s t i l l e d  water  may be requi red .  The q u a l i t y  requirements 
f o r  many types of  i n d u s t r i e s  a r e  given i n  Table 5.  

Hardness is a  property of water  which r ece ives  g r e a t  a t t e n t i o n  i n  eva lua t -  
ing an i n d u s t r i a l  water  supply. This property is  ob jec t ionab le  because it con- 
t r i b u t e s  t o  t h e  formation of  s c a l e  i n  b o i l e r s ,  pipes,  water  hea te r s ,  and r ad ia -  
t o r s ,  r e s u l t i n g  i n  l o s s  i n  h e a t  t r a n s f e r ,  b o i l e r  f a i l u r e ,  and l o s s  of  flow. 
However, calcium carbonate i n  water  sometimes forms p r o t e c t i v e  coa t ings  on 
pipes and o t h e r  equipment, thus reducing corrosion.  

High d isso lved-sol ids  concent ra t ion  may be c l o s e l y  a s soc ia t ed  with t h e  
co r ros ive  property of a  water ,  p a r t i c u l a r l y  i f  c h l o r i d e  is  p resen t  i n  apprec i -  
ab le  q u a n t i t i e s .  Water conta in ing  high concent ra t ions  of magnesium ch lo r ide  
may be very  co r ros ive  because hydrolys is  of  t h i s  uns table  s a l t  y i e l d s  hydro- 
c h l o r i c  ac id .  

Because the  water  of t h e  Neches River  Basin is  gene ra l ly  s o f t  and low i n  
d isso lved  s o l i d s ,  ve ry  l i t t l e  t rea tment  i s  necessary t o  make it s u i t a b l e  f o r  
use by many i n d u s t r i e s .  

Geographic Var i a t ions  i n  Water Q u a l i t y  

Var ia t ions  of d isso lved  s o l i d s ,  hardness,  and c h l o r i d e  w i t h  geographic 
loca t ions  a r e  shown on the  maps on P l a t e  2. These maps a r e  based on t h e  
discharge-weighted average concent ra t ions ,  ca l cu la t ed  from a v a i l a b l e  chemical- 
q u a l i t y  records.  A l l  t h e  streams w i l l  a t  times have concent ra t ions  exceeding 
those shown, bu t  t h e  averages on t h e  maps a r e  i n d i c a t i v e  of  t h e  type of water  
t h a t  would be s to red  i n  r e s e r v o i r s  ob ta in ing  water  from t h e  va r ious  a reas .  For 
some of  the  streams t h e  d a t a  a r e  l imitetl ,  p a r t i c u l a r l y  on t h e  chemical q u a l i t y  
of  floodflows; t he re fo re ,  the  boundaries of the  a reas  a r e  necessa r i ly  genera l -  
ized. 

Dissolved Sol ids  

The concent ra t ion  o f  d isso lved  s o l i d s  i n  su r face  wa te r  of the  Neches River 
Basin is  genera l ly  l e s s  than 250 ppm (P la t e  2).  Water from t h e  outcrop a reas  
of  the  Wilcox Group and the  o l d e r  formations of  t h e  Claiborne Group gene ra l ly  
has d i s so lved- so l ids  concent ra t ions  ranging from 100 t o  250 ppm. Water from 
younger formations has concent ra t ions  l e s s  than 100 ppm. Exceptions t o  these  
genera l  r e l a t i o n s h i p s  were observed i n  t h r e e  a reas  (S t r ike r  Creek, Beech Creek, 
and Pine I s l and  Bayou subbasins)  where d i s so lved- so l ids  concent ra t ions  a r e  
increased by o i l - f i e l d  po l lu t ion .  





The annual discharge-weighted average concent ra t ions  of d isso lved  s o l i d s  
i n  the  Angelina River near  Lufkin have ranged from 74 t o  158 ppm, and i n  t h e  
Neches River a t  Evadale have ranged from 77 t o  139 ppm. For t h e  9-year period 
from October 1954 t o  September 1963, f o r  which concurrent  records a r e  ava i l ab le ,  
t h e  discharge-weighted average concent ra t ions  were 96 ppm f o r  t h e  Angelina 
River  near  Lufkin and 92 ppm fo r  the  Neches River a t  Evadale. The analyses 
showing t h e  annual maximum and minimum disso lved-sol ids  concent ra t ions  and t h e  
annual weighted averages f o r  the  d a i l y  s t a t i o n s  a r e  given i n  Table 7. 

Time-weighted averages a r e  h igher  than discharge-weighted averages. Dura- 
t i o n  curves f o r  concent ra t ions  of d isso lved  s o l i d s  f o r  both of  the above s t a -  
t i o n s  show t h a t  ( a t  Lufkin) 130 ppm and ( a t  Evadale) 120 ppm disso lved  s o l i d s  
have been equaled o r  exceeded 50 percent  of the  time. 

Hardness 

Surface waters  of the  northern h a l f  o f  t h e  Neches River  Basin a r e  s o f t ,  
having l e s s  than 60 ppm hardness (P la te  2) .  I n  t h e  southern  h a l f  of  t h e  b a s i n  
t h e  water  i s  very  s o f t ,  usua l ly  having l e s s  than 30  ppm hardness.  

Waters d ra in ing  from formations of  the  Wilcox Group and the  o l d e r  forma- 
t i o n s  o f  t h e  Claiborne Group a re  s o f t ,  and waters  d ra in ing  the  younger forma- 
t i o n s  a r e  very  s o f t .  

Water i n  the  S t r i k e r  Creek subbasin i s  usua l ly  hard, probably because of 
r e s idua l  e f f e c t s  of  o i l - f i e l d  po l lu t ion .  

Chloride 

The ch lo r ide  concent ra t ion  i s  l e s s  than  20 ppm i n  su r face  water  from about 
h a l f  o f  t h e  Neches River Basin (P la te  2 ) ,  p a r t i c u l a r l y  i n  streams d ra in ing  
areas  under la in  by Quaternary and upper T e r t i a r y  rocks.  Water conta in ing  20 t o  
100 ppm c h l o r i d e  i n  the  nor thern  h a l f  of t h e  b a s i n  i s  t y p i c a l  of streams d r a i n -  
ing  areas  unde r l a in  by rocks of  the  Wilcox Group o r  by t h e  o l d e r  formations of 
t h e  Claiborne Group. Chloride concent ra t ions  over 100 ppm occur i n  waters  of  
t h e  S t r i k e r  Creek subbasin, and occas ional ly  i n  t h e  Pine Is land  Bayou subbasin, 
apparent ly because of o i l - f i e l d  br ines .  

Other Cons t i tuents  

Other important c o n s t i t u e n t s  i n  eva lua t ing  the  chemical q u a l i t y  of  a  water  
include s i l i c a ,  sodium, bicarbonate,  s u l f a t e ,  f l u o r i d e ,  and n i t r a t e .  

Many streams i n  t h e  Neches River  Basin con ta in  from 10 t o  30 ppm s i l i c a  
and the  weighted-average concent ra t ion  of  the Neches River a t  Evadale is  13 ppm. 
I n  some streams having low d i s so lved- so l ids  concent ra t ions ,  s i l i c a  may cons t i -  
t u t e  up t o  40 percent  of the  d isso lved  m a t e r i a l  p re sen t .  

Throughout much of t h e  Neches River Basin sodium is p resen t  i n  s l i g h t l y  
l a r g e r  proport ions than  calcium plus  magnesium, and ch lo r ide  i s  u sua l ly  present  
i n  g r e a t e r  propor t ion  than s u l f a t e  o r  bicarbonate.  I n  unpolluted streams, 
sodium, bicarbonate,  s u l f a t e ,  and ch lo r ide  concent ra t ions  seldom exceed 50 ppm. 



Concentrations of f l u o r i d e  and n i t r a t e  a r e  low over  the  e n t i r e  bas in ;  f l uo -  
r i d e  concent ra t ions  range genera l ly  from 0.1 t o  0.3 ppm, and n i t r a t e  from 0.0 
t o  1 .0  ppm. 

Water Quali ty  i n  Reservoirs  

Most of the r e s e r v o i r s  i n  t h e  Neches River Basin were sampled during t h i s  
reconnaissance s tudy.  The chemical analyses a r e  given i n  Table 8 ;  l oca t ions  
where water  samples were co l l ec t ed  a r e  shown on P l a t e  1 and Figure 10. 

F l a t  Creek Reservoir  

Outflow samples from F l a t  Creek Reservoir  were c o l l e c t e d  from F l a t  Creek 
( s i t e  3 )  about four  mi les  below t h e  dam. These samples ind ica t e  t h a t  t h e  water  
i n  F l a t  Creek Reservoir  i s  s o f t ,  w i th  a  d isso lved-sol ids  concent ra t ion  of  about 
100 ppm. 

Lake P a l e s t i n e  

I n  a d d i t i o n  to  analyses f o r  Lake P a l e s t i n e  ( s i t e  7 )  by the  Geological Sur- 
vey, r ep resen ta t ive  analyses made by the  Texas S t a t e  Department of  Health a r e  
included i n  Table 8. This water  i s  s o f t  and has contained from 94 t o  178 ppm 
disso lved  s o l i d s  and from 21 t o  48 ppm chlor ide .  When t h e  planned enlargement 
of  Lake P a l e s t i n e  (Figure 6 )  i s  completed, t h e  q u a l i t y  of the  water  s tored  w i l l  
probably be improved and sub jec t  t o  l e s s  v a r i a t i o n ,  because l a r g e r  volumes of  
flood runoff can be s tored  and the  e f f e c t s  of low-flow water  w i l l  be minimized. 

Lake Jacksonv i l l e  

The water  i n  Lake Jacksonv i l l e  ( s i t e  10) is v e r y  s o f t  and low i n  a l l  d i s -  
solved cons t i t uen t s .  Chloride concent ra t ions  and d isso lved-sol ids  concentra-  
t i ons  have been l e s s  than 10  ppm and 70 ppm respec t ive ly .  

S t r i k e r  Creek Reservoir  

Inflow i n t o  S t r i k e r  Creek Reservoir  ( s i t e  40) dur ing  periods of  high run- 
o f f  has been of  good q u a l i t y ,  but  low flows ca r ry  high concent ra t ions  of  sodium 
ch lo r ide  from a reas  o f  o i l  production. From October 1962 t o  March 1964, a  per-  
iod of below-normal runoff ,  the  ch lo r ide  concent ra t ion  i n  the water  of the  
r e s e r v o i r  increased from 171 t o  272 ppm and the  d i s so lved- so l ids  concent ra t ion  
from 342 t o  525 ppm. The f a c t o r s  a f f e c t i n g  the  q u a l i t y  of water  i n  S t r i k e r  
Creek Reservoir  were discussed on page 22. 

Lake Tyler  

The water  i n  Lake Tyler  ( s i t e  43) i s  of e x c e l l e n t  chemical q u a l i t y .  It i s  
low i n  a l l  d i sso lved  c o n s t i t u e n t s  and conta ins  l e s s  than 70 ppm dissolved 
s o l i d s .  



Lake Kurth 

The q u a l i t y  of t h e  water  a v a i l a b l e  f o r  s to rage  i n  Lake Kurth, an o f f -  
channel r e se rvo i r ,  can  be in fe r r ed  from t h e  chemical-qual i ty  d a t a  f o r  the  d a i l y  
s t a t i o n ,  Angelina River  near  Lufkin. Weighted-average d isso lved  s o l i d s  a t  the  
Lufkin s t a t i o n  have not exceeded 250 ppm and were usua l ly  l e s s  than 150 ppm. 

Sam Rayburn Reservoir  

Impoundment of water  i n  Sam Rayburn Reservoir  began i n  1965. The q u a l i t y  
of the water  can be predic ted  from chemical-qual i ty  da t a  f o r  Attoyac Bayou near  
Chireno ( s i t e  52) ,  and f o r  the  Angelina River a t  the  damsite ( s i t e  56), and 
near  Horger ( s i t e  57) .  The water  impounded i n  Sam Rayburn Reservoir  should be 
of acceptable  q u a l i t y  f o r  most uses .  Municipal and i n d u s t r i a l  wastes re leased  
i n t o  the  Angelina River  near  Lufkin could cause s i g n i f i c a n t  changes i n  the  
qua l i ty ,  e s p e c i a l l y  during extended periods of  low flow; bu t  t h e  l a r g e  volumes 
o f  water  normally a v a i l a b l e  f o r  s to rage  should be adequate t o  d i l u t e  t h e  wastes.  

Dam B Reservoir  

The chemical q u a l i t y  of  t h e  water  i n  Dam B Reservoir  can be in fe r r ed  from 
the records f o r  the  d a i l y  sampling s t a t i o n s  on t h e  Neches and Angelina Rivers .  
The weighted-average d i s so lved- so l ids  concent ra t ion  of t h e  Neches River  near  
Al to  ( s i t e  11)  has  ranged from 94 t o  147 ppm and o f  the Angelina River near  
Lufkin ( s i t e  48) from 74 t o  158 ppm. Water i n  Dam B Reservoir  probably has a 
d isso lved-sol ids  concent ra t ion  ranging from 100 t o  150 ppm. 

Water Q u a l i t y  a t  P o t e n t i a l  Reservoir  S i t e s  

One of t h e  p r i n c i p a l  purposes of  t h e  reconnaissance s tudy of the  Neches 
River  Basin was t o  appra ise  t h e  q u a l i t y  of  the  water  a v a i l a b l e  f o r  s to rage  a t  
p o t e n t i a l  r e s e r v o i r  s i t e s .  Many s i t e s  s tudied  by va r ious  Federal ,  S t a t e ,  and 
l o c a l  agencies  a r e  indica ted  on Figure  6.  Some of t h e  s i t e s  a r e  a l t e r n a t e  pro- 
posals ,  and the  cons t ruc t ion  of one r e s e r v o i r  might preclude t h e  cons t ruc t ion  
of  another .  

The reconnaissance s tudy has shown t h a t  t h e  q u a l i t y  of water  is  gene ra l ly  
good throughout the Neches River  Basin. I n  the  absence of  l o c a l  po l lu t ion ,  
r e se rvo i r s ,  wherever cons t ruc ted ,  w i l l  s t o r e  water  low i n  d isso lved  s o l i d s  and 
s u i t a b l e  f o r  municipal,  i n d u s t r i a l ,  and i r r i g a t i o n  use. The water  q u a l i t y  a t  
s eve ra l  of  the s i t e s  i s  discussed below. The evalua t ions  a r e  based on 1964 con- 
d i t i o n s ;  i n d u s t r i a l  inf luences  i n  the bas in  may cause s i g n i f i c a n t  changes i n  
water  q u a l i t y  before  some of  t h e  r e s e r v o i r s  a r e  b u i l t .  

Lake Ponta 

A permit has been issued by the  Texas Water Rights Commission f o r  construc-  
t i o n  of a dam a t  the  Ponta s i t e  on t h e  Angelina River  i n  Nacogdoches and Chero- 
kee Counties.  When completed t h i s  w i l l  be one of  t h e  l a r g e r  r e s e r v o i r s  i n  the  
basin.  Stored water  w i l l  be low i n  a l l  d i sso lved  c o n s t i t u e n t s ,  wi th  d isso lved  
s o l i d s  ranging from 100 t o  150 ppm. 



Mud Creek Reservoir  

A permit has been issued f o r  cons t ruc t ion  of a  r e s e r v o i r  on Mud Creek i n  
Smith County. The damsite is  a  few mi les  e a s t  of Lake Tyler ,  and t h e  drainage 
a reas  a r e  s imi l a r .  Water t h a t  w i l l  be s tored  i n  Mud Creek Reservoir  w i l l  con- 
t a i n  probably l e s s  than 100 ppm disso lved  s o l i d s .  

Weches and F a s t r i l l  Damsites 

Two s i t e s  a r e  being considered f o r  r e s e r v o i r s  i n  t h e  reach of the  Neches 
River bordering Houston and Cherokee Counties. Water s tored  a t  e i t h e r  of  these  
s i t e s  w i l l  c o n s i s t  of  t h e  outflow from Lake P a l e s t i n e  and the  runoff from a  few 
t r i b u t a r i e s  below Lake Pa le s t ine .  Releases o r  s p i l l s  from Lake Pa le s t ine  gener- 
a l l y  w i l l  con ta in  not  more than 150 ppm disso lved  s o l i d s ,  and t r i b u t a r y  inflow 
w i l l  probably con ta in  s l i g h t l y  lower concent ra t ions .  The Weches s i t e  i s  near  
the  chemical-qual i ty  s t a t i o n  Neches River near  Alto ( s i t e  11) where, f o r  t h e  
fou r  water  yea r s  1960-63, t h e  weighted-average d isso lved-sol ids  concent ra t ion  
has ranged from 94 t o  147 ppm. 

Vi l lage  Creek Damsite 

A r e s e r v o i r  on Vi l l age  Creek a t  the p o t e n t i a l  damsite near  Kountze i n  
Hardin County w i l l  s t o r e  water  very low i n  d isso lved  cons t i t uen t s .  Analyses of 
11 samples co l l ec t ed  a t  t h e  gaging s t a t i o n  near  Kountze ( s i t e  78) a t  low, 
medium, and high discharge r a t e s  have shown a  range of 21 t o  118 ppm dissolved 
s o l i d s .  According t o  the  evidence, s l i g h t  p o l l u t i o n  from o i l  f i e l d s  e x i s t s  i n  
the Beech Creek drainage area ,  but  e f f e c t s  on water  q u a l i t y  i n  Vi l lage  Creek 
apparent ly have been minor. 

Pine Is land  Bayou Damsite 

A t  p resent ,  s a l t  water  produced wi th  o i l  i n  t h e  Batson, Saratoga, and Sour 
Lake o i l  f i e l d s  is  discharged i n t o  su r face  streams i n  t h e  Pine Is land  Bayou 
drainage area,  p r i n c i p a l l y  dur ing  periods of  f looding following heavy r a ins .  
The cons t ruc t ion  of  a  water-supply r e s e r v o i r  on Pine I s l and  Bayou w i l l  not  be 
f e a s i b l e  u n t i l  an a l t e r n a t e  method f o r  d i sposa l  of  t h e  s a l t  water  i s  adopted. 
The na tu ra l  runoff ,  which from t h a t  a rea  i s  of good qua l i ty ,  w i l l  not  a t  a l l  
times be adequate t o  d i l u t e  t h e  o i l - f i e l d  waste.  

Salt-Water B a r r i e r  

Several  plans have proposed the  cons t ruc t ion  of a  dam on the  Neches River  
below the  mouth of Pine Is land  Bayou t o  prevent  s a l t -wa te r  encroachment i n t o  
the  lower r i v e r  and t o  make unnecessary the  wastage of much f r e s h  water  i n t o  
the  Gulf of  Mexico. Water a v a i l a b l e  f o r  s to rage  a t  t h e  s i t e  would be very sim- 
i l a r  i n  q u a l i t y  t o  the  water  sampled a t  the  d a i l y  q u a l i t y  s t a t i o n  a t  Evadale 
( s i t e  63, Table 7),  where the  weighted-average d isso lved-sol ids  concent ra t ion  
has ranged from 77 t o  139 ppm. Addit ional  inflow w i l l  be received from Vi l lage  
Creek, which is  very  low i n  dissolved s o l i d s ,  and from Pine Is land Bayou. I f  
the  present  p r a c t i c e  of b r i n e  d i sposa l  i n t o  su r face  streams i n  the Sour Lake, 
Saratoga, and Batson o i l  f i e l d s  i s  continued, i t  could a t  times se r ious ly  d e t e r -  
i o r a t e  water  q u a l i t y  i n  the Pine Is land  Bayou arm of the  r e s e r v o i r .  



CONCLUSIONS AND RECOMMENDATIONS 

This reconnaissance showed t h a t  the  Neches River Basin has an abundance of 
water  of good q u a l i t y  and is  remarkably f r e e  of  wa te r -qua l i ty  problems; however, 
two a reas - -S t r ike r  Creek and Pine Is land  Bayou--require f u r t h e r  s tudy.  

Waters i n  the  S t r i k e r  Creek drainage a r e a  a r e  being pol lu ted  by o i l - f i e l d  
br ine .  Most of  the b r ine  produced i s  r e i n j e c t e d  underground; but  some su r face  
p i t s  a r e  used, and small q u a n t i t i e s  of  b r ine  a l s o  reach the  streams as  the 
r e s u l t  of  leaks  i n  the  c o l l e c t i o n  systems and from acc iden ta l  s p i l l s .  The 
r e s u l t s  of t h i s  reconnaissance study show t h a t  the  d i sposa l  of  b r ine  on t h e  sur -  
f ace  i n  years  p a s t  s t i l l  a f f e c t s  t h e  chemical q u a l i t y  of  the  su r face  water .  An 
extens ive  research  p r o j e c t  i s  needed t o  de f ine  these  e f f e c t s .  Such a p r o j e c t  
should include the  s tudy of  the base-exchange capaci ty  of the var ious  c lays ,  
the  s tudy of  the  q u a l i t y  of the shallow groundwater, an inventory of the  pro- 
duct ion  and d i sposa l  of t h e  brine,  and t h e  d e t a i l e d  geologica l  mapping of t h e  
a rea .  

O i l - f i e l d  b r ines  a l s o  p o l l u t e  the su r face  streams i n  t h e  Pine I s l and  Bayou 
drainage area .  Brine i s  s to red  i n  unl ined su r face  p i t s  and re leased  t o  streams 
during flood-runoff periods.  This  p r a c t i c e  i n t e r f e r e s  wi th  use  of su r face  
water  a t  present ,  and w i l l  be even more de t r imenta l  when water-supply s to rage  
p r o j e c t s  a r e  b u i l t  downstream. Some of t h e  b r i n e  seeps i n t o  t h e  ground, and 
f u r t h e r  s tudy i s  needed t o  determine the  e f f e c t s  t h i s  seepage w i l l  have on the 
shallow ground water  i n  t h e  a rea .  

Continued municipal and i n d u s t r i a l  growth i n  the  Neches River  Basin w i l l  
increase  the waste-disposal  burdens of t h e  stream systems and w i l l  r equ i r e  con- 
t inuous e f f o r t  by water -pol lu t ion  con t ro l  agencies  t o  keep d e t e r i o r a t i o n  of 
water  q u a l i t y  a t  a  minimum. 

Encroachment of sea  water  from the  Gulf of Mexico through Sabine Lake a t  
times makes the water  of t h e  lower reach of the  Neches River  unsu i t ab le  f o r  
i r r i g a t i o n  o r  f o r  municipal o r  i n d u s t r i a l  use.  During summer low-flow periods 
t h e  Lower Neches Valley Author i ty  has had t o  cons t ruc t  a  temporary b a r r i e r  
across  t h e  Neches River  below the  mouth of Pine Is land  Bayou t o  prevent  s a l t  
water  from reaching the  Voth Pumping P l a n t  (Lower Neches Valley Authority,  o r a l  
communication, 1964). Fu r the r  dep le t ion  of sus ta ined  flow a s  a  r e s u l t  of 
increased comsumptive use and upstream s to rage  w i l l  aggravate the  encroachment 
problem u n t i l  the  proposed Salt-Water Bar r i e r  is b u i l t .  The e f f e c t  of the  
decreased flow on the marine l i f e  i n  bays and e s t u a r i e s  should be an t i c ipa ted  
and s tudied .  

The q u a l i t y  of water  may be improved o r  degraded by impoundment. Benefi- 
c i a l  e f f e c t s  include reduct ion  of  t u r b i d i t y ,  s i l i c a ,  c o l o r ,  and col iform bac- 
t e r i a ,  s t a b i l i z a t i o n  of sharp v a r i a t i o n s  i n  chemical qua l i ty ,  entrapment of 
sediment, and r educ t ion  i n  temperature. Detrimental e f f e c t s  of  impoundment 
include increased growth of  algae,  reduct ion  of d isso lved  oxygen, and increases  
i n  the  concent ra t ion  of d isso lved  s o l i d s  and hardness a s  a  r e s u l t  of evapora- 
t i on .  Fu r the r  s tudy is  needed t o  determine the  s i g n i f i c a n c e  of these changes 
i n  water  q u a l i t y  and t h e i r  r e l a t i o n  t o  t h e  intended uses of the water .  
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1940-45 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

TWC 
Bul l .  no. 

*1938-45 

*I946 

*I947 

*I948 

*I949 

*I950 

a1951 

*I952 

*I953 

Water-Supply 
Paper no. 

-- 

1050 

1102 

1133 

1163 

1188 

1199 

1252 

12 92 

Water year 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

Year 

1903 
1904 
1905 
1906 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 

Year 

1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 

Water-Supply 
paper no. 

99 
132 
174 
210 
588 
608 
628 
648 
668 
688 
7 03 
718 
733 
748 

Water-Supply 
Paper no. 

1352 

1402 

1452 

1522 

1573 

1644 

-- 
- - 

1944 

TWC 
Bul l .  no. 

"1954 

*I955 

5905 

5915 

6104 

6205 

62 15 

6304 

6501 

Water-Supply 
paper no. 

763 
788 
8 08 
828 
858 
878 
898 
92 8 
95 8 
978 

1008 
1038 
1058 
1088 

Year 

1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 

Water-Supply 
paper no. 

1118 
1148 
1178 
1212 
1242 
1282 
1342 
1392 
1442 
1512 
1562 
1632 
1712 
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