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FOREWORD

On September 1, 1965 the Texas Water Commission (formerly, before February
1962, the State Board of Water Engineers) experienced a far-reaching realign-
ment of functions and persomnel, directed toward the increased emphasis needed
for planning and developing Texas' water resources and for administering water
rights.

Realigned and concentrated in 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 Commission was changed to Texas Water Rights Commission, and responsibil-
ity for functions relating to water-rights administration was vested therein.

For the reader's convenience, references in this report have been altered,
where necessary, to reflect the current (post September 1, 1965) assigmment of
responsibility for the function mentioned. In other words credit for a func-
tion performed by the Texas Water Commission before the September 1, 1965
realigmment generally will be given in this report either to the Water Develop-
ment Board or to the Water Rights Commission, depending on which agency now has
responsibility for that function.
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RECONNAISSANCE OF THE CHEMTICAL
QUALITY OF SURFACE WATERS OF

THE NECHES RIVER BASIN, TEXAS

ABSTRACT

The kinds and quantities of minerals dissolved in the surface water of the
Neches River Basin result from such envirommental factors as geology, stream-
flow patterns and characteristics, and industrial influences. As a result of
high rainfall in the basin, much of the readily soluble material has been
leached from the surface rocks and soils. Consequently, the water in the
streams is usually low in concentrations of dissolved minerals and meets the
U.S. Public Health Service drinking-water standards. In most streams the con-
centration of dissolved solids is less than 250 ppm (parts per million).

The Neches River drains an area of about 10,000 square miles in eastern
Texas. From its source in southeast Van Zandt County the river flows in a gen-
eral southeasterly direction and empties into Sabine Lake, an arm of the Gulf
of Mexico.

In the basin, the climate ranges from moist subhumid to humid and the aver-
age annual rainfall ranges from 46 inches in the northwest to more than 52
inches in the southeast. Annual runoff from the basin has averaged 11 inches;
however, runoff rates vary widely from year to year. The yearly mean discharge
of the Neches River at Evadale has ranged from 994 cfs (cubic feet per second)
to 12,720 cfs.

The rocks exposed in the Neches River Basin are of the Quaternary and Ter-
tiary Systems and range in age from Eocene to Recent. Throughout most of the
basin the geologic formations dip generally south and southeast toward the Gulf
Coast. The rate of dip is greater than that of the land surface, and, as a
result, the older formations crop out to the north of the younger formations.
Water from the outcrop areas of the Wilcox Group and from the older formations
of the Claiborne Group generally has dissolved-solids concentrations ranging
from 100 to 250 ppm. Water from the younger formations has concentrations less
than 100 ppm.

The northern half of the basin has soft water, with less than 60 ppm hard-
ness. The southern half of the basin has very soft water, usually with less
than 30 ppm hardness.



The chloride concentrations are less than 20 ppm in surface water in the
southern half of the basin and usually range from 20 to 100 ppm in the northern
half of the basin. Concentrations greater than 100 ppm are found only where
pollution is occurring.

The Neches River Basin has an abundance of surface water, but uneven dis-
tribution of runoff makes storage projects necessary to provide dependable
water supplies. The principal existing reservoirs, with the exception of
Striker Creek Reservoir, contain water of excellent quality. Chemical-quality
data for the Striker Creek drainage area indicate that streams are affected by
the disposal of brines associated with oil production. Sam Rayburn Reservoir
began impounding water in 1965. The water impounded should prove of acceptable
quality for most uses, but municipal and industrial wastes released into the
Angelina River near Lufkin may have a degrading effect on the quality of the
water, especially during extended periods of low flows. Water available for
storage at the many potential reservoir sites will be of good quality; but, if
the proposed Salt-Water Barrier is to impound acceptable water, the disposal of
oil-field brine into Pine Island Bayou should be discontinued.



RECONNATISSANCE OF THE CHEMICAL
QUALTITY OF SURFACE WATERS 0OF

THE NECHES RIVER BASIN TEXAS

>

INTRODUCTION

The investigation of the chemical quality of the surface water of the
Neches River Basin, Texas, is part of a Statewide reconnaissance study. This
report is the second in a series presenting the results of the study, as well
as summaries of available chemical-quality data. The first report, on the
Sabine River Basin, Texas and Louisiana, has been published by the Texas Water
Commission (Hughes and Leifeste, 1964). A report on the San Jacinto River
Basin is in preparation. A report is planned for each major river basin in
Texas.

Knowledge of the quality of water that will be available is essential in
planning any water-use project, because the chemical character of the water
determines its suitability for domestic, irrigation, or industrial purposes.
For a public supply, of course, water must serve all three of these purposes.
If raw water is not satisfactory for a specific use, then chemical analyses are
necessary to determine the type or extent of treatment needed.

In addition to determining the suitability of water for specific uses,
chemical-quality data are needed for the (1) inventory of water resources, (2)
detection and control of pollution of water supplies, (3) study of techniques
for preventing salt-water encroachment into coastal streams and aquifers, (4)
planning for reuse of water, and (5) demineralization of water.

A network of daily chemical-quality stations on principal streams in Texas
is operated by the U,S5. Geological Survey in cooperation with the Texas Water
Development Board and with other Federal and local agencies. However, this net-
work has not been adequate to inventory completely the chemical quality of the
surface waters of the entire State. To supplement the information being
obtained by the network, a cooperative Statewide reconnaissance by the U.S.
Geological Survey and the Texas Water Commission was begun in September 1961.
In this study, samples for chemical analyses have been collected periodically
at numerous sites throughout the State so that some quality-of-water informa-
tion would be available for locations where water-development projects are
likely to be built. These data aid in the delineation of water-quality problem
areas and in the identification of probable sources of pollution, thus indicat-
ing areas in which more detailed investigations are needed.



During the period September 1961 to Jume 1964, water-quality data were
collected for the principal streams, the major reservoirs, a number of potential
reservoir sites, and many tributaries in the Neches River Basin.

Agencies that have cooperated in the collection of chemical-quality and
streamflow data include the U.S. Army Corps of Engineers, Lower Neches Valley

Authority, Upper Neches River Municipal Water Authority, the City of Tyler, and
the Texas State Department of Health.

NECHES RIVER DRAINAGE BASIN

General Description

The Neches River drains an area of about 10,000 square miles in eastermn
Texas (Figure 1). The basin is about 200 miles long, averages about 50 miles
wide, and includes all or part of 21 counties. From its source in southeast
Van Zandt County (Figure 2) the Neches River flows generally southeastward and
empties into Sabine Lake, an arm of the Gulf of Mexico.

Low divides separate the Neches River Basin from the drainage basin of the
Sabine River on the north and east and from that of the Trinity River on the
west and southwest.

The basin slopes from an altitude of about 600 feet to sea level. The
northwestern third of the basin has rolling hills and grassy plains. The area
from central Cherokee County southward to southern Hardin County consists of
heavily forested low hills, with wide flat flood plains along the Neches River
and its major tributaries. Southern Hardin County and Jefferson County have
prairies and poorly drained flatlands.

The Neches River Basin is drained by two major streams and many tributar-
ies. The Angelina River heads in southwest Rusk County and, at Dam B Reservoir,
joins the Neches River. Upstream from their confluence, the Neches River drains
3,808 square miles and the Angelina River drains 3,556 square miles., Village
Creek and Attoyac and Pine Island Bayous, with drainage areas of 1,113, 670,
and 657 square miles respectively, are the only other tributaries that drain
more than 500 square miles.

The climate in the Neches River Basin ranges from moist subhumid to humid.
The average annual precipitation, about 49 inches, exceeds the average for the
State of Texas by 60 percent. Within the basin, the average annual precipita-
tion ranges from about 46 inches in the northwest to more than 54 inches in the
southeast. At Rockland, in Tyler County, annual rainfall for the period 1931-
60 averaged 49.85 inches. Mean annual precipitation, average (normal) monthly
precipitation of four U.S. Weather Bureau stations, and annual precipitation
for 1910-63 at one station are all shown on Figure 2.

Runoff is defined as that part of the precipitation appearing in surface
streams, and is the same as streamflow unaffected by artificial storage or
diversion (Langbein and Iseri, 1960, p. 17). In the Neches River Basin stream-
flow has been affected only slightly by diversions or storage. Temperature,
seasonal distribution of rainfall, storm intensity, infiltration rates, and
types and density of vegetation also affect the amount of runoff from a drain-
age basin,
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Figure 2
Precipitation and Runoff in
the Neches River Basin
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Runoff data plotted on Figure 2 show that average runoff from subbasins
during the period 1940-63 ranged from 8.9 to 13.1 inches annually. Runoff from
the entire basin measured at the lowermost gaging station, Neches River at Eva-
dale, averaged 11.0 inches annually for the period 1921-63. Annual runoff,
expressed as mean discharge in cubic feet per second and inches per year, is
shown for the Evadale station on Figure 2,

Precipitation and runoff in the Neches River Basin are subject to much
greater variations than indicated by the annual and monthly averages. The
yearly mean discharge of the Neches River at Evadale has ranged from 994 cfs to
12,700 cfs (Figure 2), but instantaneous flows have varied much more widely.
Normal monthly rainfall at Rockland ranges from 2.88 inches for August to 5.39
inches for January (Figure 2), but in 1963 the monthly rainfall ranged from
0.00 inches in October to 8.10 inches in September. Thus, in spite of rela-
tively high averages, precipitation so unevenly distributed in time does not
sustain streamflow, and flood runoff must therefore be stored to make surface
water continuously available in dependable quantities.

Population and Municipalities

The population of the Neches River Basin in 1960 was 568,000, which was
about 6 percent of the total population of the State. About half of the people
in the basin live on farms. ©No large cities are entirely within the basin,
Lufkin being the only city with a population over 15,000 in 1960. Although the
towns have grown, the population of most of the counties has decreased since
1940; the counties with the larger towns, however, have had an increase in pop-
ulation.

The principal cities of the Neches River Basin and their populations are
given below.

City Population City Population
Lufkin 19,000 Silsbee 6,277
Nacogdoches 12,750 Rusk 4,900
Jacksonville 9,750 Jasper 4,889

The principal cities that are on stream divides and only partly in the
basin are given below, with their populations.

City Population City Population
Beaumont 119,125 Henderson 9,750
Tyler 51,230




Agricultural and Industrial Development

Although the number of farms has decreased since 1940, agriculture is still
of great importance to the economy of the Neches River Basin.

Corn, cotton, sorghums, rice, fruit, and truck-farm products are the prin-
cipal crops. Corm, cotton, and sorghums are grown chiefly in the northern por-
tion of the basin and rice is grown only in the southern part. Fruit and truck-
farm products are grown over the entire basin. In the central part of the
basin, beef cattle, poultry, dairy farming, and truck-farm products have
replaced field crops as the major source of farm income.

The lumber industry is another important segment of the economy. The cen-
tral and southern portions of the basin are in the great tree-growing section
of Texas. Many large and small sawmills process southern yellow pine and hard-
wood trees in large quantities. Pulpwood and power-line poles are other forest
products. Many small farms have been allowed to grow over or have been planted
with trees,

The production of oil and gas has been of great importance in the economic
development of the Neches River Basin since the development of the East Texas
0il field began in 1930 with the discovery of oil west of Henderson. Many
other oil and gas fields are in the basin (Figure 3), with the most intensive
concentration of oil production being in the southern part.

The Beaumont metropolitan area contains a variety of both light and heavy
industries. Some of the more important industries include petroleum refining,
and the manufacturing of oil-field equipment, petrochemicals, synthetic rubber,
iron, and steel.

Development of Surface-Water Resources

With an average runoff of 11 inches per year, the Neches River Basin con-
tributes about 17 percent of the total runoff for the State (Figure 4). As the
basin has only about 4 percent of the State's total area and about 6 percent of
the population, the quantity of surface water -available for development is con-
siderably more than the average for the State.

The Texas Water Development Board reported that 170,410 acre-feet of water
was used in the Neches River Basin in 1959 (Texas Board of Water Engineers,
1961, p. 64). Of this amount 96,630 acre-feet was from surface-water sources.
Surface water supplements ground-water supplies for some cities and provides
the total supply for others. Cities using surface water impounded in the Neches
River Basin include: Athens (in the Trinity River Basin), from Flat Creek
Reservoir; Tyler, from Lake Tyler; Rusk, from Lake Palestine; and Jacksonville,
from Lake Jacksonville,

Large quantities of surface water are used in the lower part of the basin
for municipal, industrial, and irrigation purposes. The city of Beaumont uses
surface water for its municipal supply. The Lower Neches Valley Authority sup-
plies surface water to the Beaumont-Port Arthur industrial area and to rice
farms west and southwest of Beaumont (Figure 5). Sea water intrudes up the
river; and, the riverflow required to keep the salt water away from the intakes
of the Lower Neches Valley Authority's pumping plant at Voth is about twice the
average rate of use for the Beaumont-Port Arthur area. The construction of a



Figure 3
Generalized Map of Oil and Gas
Fields in the Neches River Basin

U.S. Geological Survey in cooperation
with the Texas Water Development Board
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Figure 5.--Lower Neches Valley Authority Pumping Plant at Voth.

salt-water barrier on the Neches River near Beaumont is considered by the Texas
Water Development Board to be one of the most important requirements in the
development of the water resources of the Neches River Basin (Texas Board of
Water Engineers, 1961, p. 64).

Before 1950, Lake Tyler was the only reservoir with a capacity of 5,000
acre-feet or more in the Neches River Basin. In January 1965, eight major
reservoirs were in existence or under construction. Table 1 lists these reser-
voirs and gives their capacities and uses, and locations are shown on Figure 6.
Most of the reservoirs in the basin were built by cities or by water districts
to supply water for local municipal and industrial use; but Dam B Reservoir and
Sam Rayburn Reservoir are joint projects of the U.S. Army Corps of Engineers
and the Lower Neches Valley Authority to provide flood control and water for
municipal, industrial, and irrigation use in the coastal area. When completed,
Sam Rayburn Reservoir will be the largest reservoir in the basin, with a capac-
ity of 4,478,800 acre-feet, of which 2,891,900 acre-feet will be for conserva-
tion storage.

Figure 6 also shows the location of two additional reservoir projects for
which permits have been issued, and a number of locations which have been con-
sidered by various agencies as potential dam sites.

CHEMICAL QUALITY OF THE WATER

Chemical-Quality Records

The U.S. Geological Survey began the collection of chemical-quality data
on surface waters of the Neches River in 1939. Samples for chemical analysis
were collected intermittently for three years from the Neches River at Rockland,
from Village Creek at Fletcher, and from Pine Island Bayou at Voth. Daily

= B, =
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Table 1.--Reservoirs with capacities of 5,000 acre-feet or more in the Neches River Basin

[The purpose for which the impounded waters are used is indicated by the following symbols:

M, municipal;

I, industrial; D, domestic; Ir, irrigation; R, recreation; P, hydroelectric power; FC, flood control ]

Year Total storage
Name of reservoir|operation Stream capacity Owner County Use
began (acre-feet)
Flat Creek 1962 |Flat Creek 32,840 |Athens Municipal Water Henderson M
Authority
Lake Palestine 1962 |Neches River 57,550 |Upper Neches River Municipal |Anderson, M,I
Water Authority Henderson,
Smith,
Cherokee
Lake Jacksonville 1957 |Gum Creek 30,500 |City of Jacksonville Cherokee M,R
Striker Creek 1957 |[Striker Creek 26,700 |Angelina=-Nacogdoches Cherokee, Rusk | M, I
Counties WCID No. 1
Lake Tyler 1949 |Prairie Creek 43,400 |City of Tyler Smith M,I,D
Lake Kurth 1961 |Angelina River 16,200 |Southland Paper Mills, Inc. Angelina I
off-channel
Sam Rayburn 1965 |Angelina River| 4,478,800 |U.S. Army Corps of Engineers,|Jasper, Sabine,| M,I,
Lower Neches Valley San Augustine,| Ir,P,
Authority Angelina, FC
Nacogdoches
Dam B 1951 Neches River 124,700 do Tyler, Jasper M, L,

Iz




Figure 6

Major Reservoirs and Potential Damsites
in the Neches River Basin
U. S. Geological Survey in cooperation with the
Texas Water Development Board
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sampling stations were established at Evadale in 1947, near Alto in 1960, and
on the Angelina River near Lufkin in 1954. Furthermore, numerous miscellaneous
samples have been collected by the Geological Survey since 1953,

Collection of chemical-quality data for this reconnaissance study began in
1961 and continued through June 1964. Samples were collected periodically from
the principal tributary streams and from four reservoirs. Single samples were
collected at many additional sites.

Data were collected over a wide range of water-discharge rates. At low
flows, concentrations of dissolved minerals are likely to be highest; and the
data commonly indicate where pollution and salinity problems exist. Data col-
lected during medium and high flows indicate the probable quality of the water
that would be stored in reservoirs. Stream-gaging stations were selected as
sampling sites wherever possible in order that chemical analyses could be con-
sidered in relation to water discharge. At sites other than stream-gaging
stations, water discharge was usually measured when the samples were collected.

The periods of record of all data-collection sites are given in Table 6
and the locations are shown on Plate 1 or on Figure 10. The chemical-quality
data for the daily stations are summarized in Table 7, and the complete records
are published in an annual series of U.S. Geological Survey Water-Supply Papers
and in Bulletins of the Texas Water Commission. (See list of references.)
Results of all the periodic and miscellaneous analyses are given in Table 8.

The Texas State Health Department makes available to the U.S. Geological
Survey the data collected in its statewide stream-sampling program, which
includes the periodic determination of pH, biochemical oxygen demand, total
solids, dissolved oxygen, chloride, chlorine demand, and sulfate at 19 locations
in the Neches River Basin. The data-collection sites of the State Department
of Health are listed below. Some of them are at U.S. Geological Survey stream-
gaging stations. The numbers refer to sites shown on Plate 1 and Figure 10.

Reference
— Data-collection site
! Neches River near Chandler
9 Neches River near Neches
i | Neches River near Alto
13 Neches River near Diboll
16 Neches River near Rockland
23 Bowles Creek near Turnertown
39 Striker Creek near Summerfield
47 Angelina River near Alto
48 Angelina River Near Lufkin

(Continued on next page)
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REEEZ?HCE Data-collection site
50 Angelina River near Etoile
52 Attoyac Bayou near Chireno
53 Angelina River near Zavalla
== Angelina River near Jasper
62 Neches River at Town Bluff
63 Neches River at Evadale
-- Village Creek near Silsbee
88 Pine Island Bayou at Voth
- Neches River at Beaumont
-= Neches River near Groves

Streamflow Records

Streamflow records in the Neches River Basin date from 1903 when the U.S.
Weather Bureau installed a staff gage on the Neches River at Rockland. A gag-
ing station was established at Evadale in 1904, discontinued in 1906 and rees-
tablished in 1921. More than 20 years of discharge records are available for
several stations on the Neches and Angelina Rivers and records for more than 10
years are available for several of the smaller streams in the basin.

In 1964 the U.S. Geological Survey operated 6 stream-gaging stations on the
Neches River and 11 stations on tributaries, 3 reservoir-content stations and 1
low-flow partial-record station. In addition, discharge measurements were made
at other sites where samples were collected for chemical analysis.

The periods of record for all the stream-gaging stations are given in Table
6, and the locations are shown on Plate 1. Records of discharge and stage of
streams, and contents and stage of lakes or reservoirs from 1903 to 1907 and
from 1924 to 1960, have been published in the annual series of U.S. Geological
Survey Water-Supply Papers. (See list of references.) Beginning with the 1961
water year, streamflow records have been released by the U.S. Geological Survey
in annual reports on the State-boundary basis (U.S. Geological Survey, 1961,
1962, 1963). Summaries of discharge records giving monthly and annual totals
have been published (U.S. Geological Survey, 1939, 1960, 1964; Texas Board of
Water Engineers, 1958).

Factors Affecting Chemical Quality of Water

As soon as water from rain or melting snow comes in contact with the
earth's crust, it begins to dissolve materials. The kinds and quantities of
materials dissolved are the result of many envirommental factors, including
geology, precipitation, streamflow, and the activities of man,
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Geology

The minerals in the rocks and their susceptibility to weathering and sol-
vent action have a direct bearing on the chemical quality of the water of the
area., Where industrial influences are small the chemical character of surface
water is dependent primarily on the chemical and physical properties of the
rocks and soils in the drainage basin. 1In areas of high rainfall, as in the
Neches River Basin, circulating water has so leached the mantle rock and resid-
ual soil that only relatively small amounts of readily soluble minerals remain.

The rocks exposed in the Neches River Basin are of the Tertiary and Quater-
nary Systems and range in age from Eocene to Recent. Figure 7 is a generalized
map of the geology of the basin. The rocks were deposited during repeated
marine transgressions and regressions, and form an alternating sequence of
marine and continential sediments which are characterized by clay, shale, marl,
and minor amounts of sand.

Throughout most of the basin the geologic formations dip generally south
and southeast toward the Gulf Coast. The rate of dip is greater than that of
the land surface and, as a result, the older formations crop out to the north
of the younger formations. 1In the northern part of the basin the general slope
of the formations is controlled by two major structures. The formations dip
eastward and westward toward the axis of a structural trough known as the East
Texas syncline. The axis of this trough strikes generally northward across the
Neches River in eastern Anderson and western Smith Counties. On the eastern
flank of the trough, the formations dip westward and southwestward from the
Sabine uplift, a dome-shaped structural high centered in Panola County. Because
of subsequent erosion on the uplift, the oldest rocks crop out along the north-
east boundary of the basin, The stratigraphic succession of the outcropping
formations with brief description of the rock units are given in Table 2.

Water from the outcrop area of the Claiborne Group, in the northern part
of the Neches River Basin (Figure 7), generally has dissolved-solids concen-
trations ranging from 100 to 250 ppm (Plate 2). Water from the outcrop areas
of the younger formations has concentrations less than 100 ppm. The shales and
clays which predominate in some formations of the Claiborme Group (Table 2)
apparently have been less completely leached of readily soluble material than
have the more sandy formations in the southern half of the basin.

Streamflow

Runoff and streamflow usually have a definite influence on the chemical
characteristics of water in a drainage basin. Water discharge of any stream
not regulated by upstream reservoirs usually varies from day to day and even
from hour to hour. As a general rule, the low flow of a stream is sustained
by ground-water inflow that contains minerals dissolved from the rocks and soil
particles. At high flows and during floods the dissolved-mineral concentration
of the stream is diluted by the surface runoff. The effect of rates of stream-
flow on the dissolved-solids concentration of streams generally is greater in
streams whose low-flow waters have high concentrations of dissolved minerals.
In the Neches Basin only a few streams that are locally polluted by oil-field
wastes have, even at low flow, high concentrations of dissolved minecrals.

Because of the topography the rate of runoff in the Neches River Basin is
much slower than in most of the other river basins in Texas. The streambed
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Figure 7
Geologic Map of the Neches River Basin
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gradient of the Neches River is, for much of its length, about 1.0 foot per
mile; and the river meanders through its flood plain with many sloughs, over-
flow channels, and marshes. TFor long periods after heavy rains large areas are
inundated, not only because the heavy forest cover and dense underbrush prevent
rapid runoff into streams but also because the clay subscils inhibit rapid
downward movement of water. Thus, the flow in the major streams is sustained
for long periods by surface runoff, and changes in chemical quality occur grad-
ually.

Streamflow records show that between periods of surface runoff the base
flow of many streams in the Neches Basin is maintained by ground-water inflow.
Most of this ground-water inflow is low in dissolved material, and the
dissolved-solids concentration of the streamflow varies only slightly with

changes in water discharge.

On Figure 8 is shown the relation of the annual weighted-average concen-
tration of dissolved solids to the annual mean discharge of the Angelina River
near Lufkin and the Neches River at Evadale. The plots for both stations show
decreases in dissolved solids with increases in discharge. That part of the
basin above Lufkin has the lowest rainfall, and the dissolved-solids concen-
tration of the Angelina River near Lufkin varies over a wide range. The qual-
ity of the water of the Neches River at Evadale shows the effect of inflow from
the high rainfall area where the dissolved solids are always low and subject to
only slight variations. Also, streamflow at Evadale is partly regulated by Dam
B, 59 miles upstream. Duration curves for the Lufkin and Evadale stations
(Figure 9) show the relation of dissolved-solids concentrations to water dis-
charge at the two stations. The curves also show the inverse relationship of
rates of water discharge to the concentration of dissolved solids in the streams
during water years 1955-63.

Activities of Man

The activities of man often have a significant effect on the chemical qual-
ity of surface water. Depleting streamflow by diversion for municipal and
industrial uses, disposing of oil-field brines and of municipal and industrial
wastes, and altering streamflow by storing water--all produce changes in water
quality.

Municipal use of water tends to increase the concentration of dissolved
solids in a stream system. The depletion of flow by diversion and consumptive
use, the loss of water because of increased evaporation, and the disposal of
municipal wastes into a stream result in higher average concentrations of dis-
solved solids in the remaining water. On the other hand, storage of dilute
floodwater in reservoirs and subsequent controlled release of the stored water
serves to improve water quality in streams below reservoirs. Floodwater
released from Dam B helps to improve the average quality of water in the Neches
River at Evadale and at diversion points near Beaumont.

The quality of water from the Neches and Angelina Rivers has been changed
only slightly by municipal use, and the flow throughout the reaches of both
rivers has been adequate to dilute the municipal wastes introduced. Neverthe-
less, industrial and municipal wastes released into the Angelina River in the
vicinity of Lufkin are causing some local deterioration in water quality, par-
ticularly the depletion of dissolved oxygen. These wastes may have a degrading
effect on the quality of water stored in Sam Rayburn Reservoir, especially dur-
ing extended periods of low flows.
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Brine is produced with oil in nearly all oil fields, and if improperly
handled, eventually reaches the streams. Pollution of streams by oil=-field
brine can be a major problem in areas where o0il production is extensive. The
composition of brines varies, but the principal constituents, in the order of
the magnitude of their concentration (in ppm), are generally chloride, sodium,
calcium, and sulfate. The presence of brine in surface water is therefore
usually indicated by an abnormally high chloride concentration.

0il is produced in many areas in the Neches River Basin (Figure 3), but
most of the brine is reinjected into wells and the effect on the main stem of
the Neches River has been minor. However, the disposal of oil-field brine is
significantly affecting water quality in two areas of the basin. The Striker
Creek watershed and Striker Creek Reservoir are polluted with brine from the
East Texas oil field; and, Pine Island Bayou receives brine from three oil
fields in Hardin County. Water=-quality surveys of these two areas were made
during the period of this study.

Striker Creek and the East Texas 0il Field

Striker Creek, formed by the confluence of its principal tributaries,
Bowles and Johnson Creeks, drains the part of the East Texas oil field that
lies in the Neches River Basin (Figure 10). Striker Creek Reservoir is a
26,700-acre-foot impoundment completed in 1957. Water is used by a paper com-
pany and for condenser cooling by a steam=-electric generating plant.

The East Texas oil field was discovered in September 1930 with the com-
pletion of a well in northern Rusk County. Production was soon extended into
Gregg, Upshur, and Smith Counties; and the field became the most productive in
the nation (Figure 3).

Soon after oil production started, wells along the western edge of the
field began to yield salt water with the oil, and the handling and disposal of
the water became a serious problem (Plummer, 1945). At first, all the brine
was stored in earthen tanks and then drained into streams at times of rainms.
Fish kills in the streams, pollution of surface waters being used for public
water supply, and the actual or potential pollution of shallow fresh ground
water made imperative the need for another method for salt-water disposal. 1In
1936 a group of oil companies developed a method for returning the brine to the
deep subsurface, in or below the oil-producing formation. In 1942 a salt-water
disposal company was organized to collect, treat, and dispose of the salt water
as a service to oil producers; and by 1947 more than 90 percent of the brine
produced in the East Texas field was being reinjected (East Texas Salt Water
Disposal Company, 1958, p. 17). According to an inventory by the Texas Rail-
road Commission, 99 percent of the salt water produced in the East Texas field
in 1961 was injected underground (Texas Water Commission and Texas Water Pollu-
tion Control Board, 1963).

However, some unlined earthen surface pits are still in use, and o0il
wastes along the banks of water courses indicate that spills of brine still
occur from these. 1In addition to deliberate dumpage, brine also reaches
streams as the result of leaks in the collection systems, breaks in pipelines,
overflow of storage tanks, and other accidents incidental to the handling of
large volumes of waste water.
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Reports of salinity problems in the reservoir drainage area prompted water-
quality surveys of Striker Creek and its tributaries in March and June 1964.
Both surveys were made during base-flow conditions, but streamflow rates were
much lower in June than in March. Comparison of chemical analyses for Striker
Creek Reservoir (site 40, Table 8) shows that from October 1962 to March 1964
the dissolved-solids concentration increased from 342 to 525 ppm, and the chlo-
ride concentration increased from 171 to 272 ppm. This increase in salinity
occurred during a period of low surface runoff, when the saline base flows in
streams were seldom diluted by floodflows.

During the water-quality surveys, chemical-quality data were collected at
24 sites in the Striker Creek watershed. The data are included in Table 8
(sites 17-38, 40-41), and the pH and chloride and sulfate concentrations are
given on the map (Figure 10). These data show that:

1., Bowles Creek and its tributaries are the source of most of the salin-
ity in Striker Creek Reservoir.

2. Many streams carry acid water, with the pH as low as 3.2.

3. Sodium and chloride are the principal dissolved constituents; sulfate
concentrations are generally low throughout the watershed.

4. Where acid water occurs outside the oil-field area, sulfate is the
principal anion.

5. High-chloride water was not found outside the oil-field area.

6. Johnson Creek and its tributaries are relatively unpolluted, and pH's
are not less than 6.0,

The absence of significant pollution in Johnson Creek is explained by the
history of the occurrence and disposal of salt water. Wells on the extreme
western side of the East Texas field were the first to produce salt water, and
the area affected gradually increased toward the east. In 1958, wells in only
the western two-thirds of the field in the Striker Creek watershed were produc-
ing water with the oil (East Texas Salt Water Disposal Co., 1958, p. 5). Thus,
salt water has been produced in only a small part of the Johnson Creek drainage
area, and production began after reinjection of the water was the established
procedure. The pollution of the watershed by surface disposal of brine has
therefore not been extensive.

A check of other sources of chemical-quality data showed that the Texas
State Department of Health had investigated the Striker Creek area in August
1960, following a fish kill in Bowles Creek. Investigators found that a dis-
charge of acid iron-bearing wastes had apparently been responsible for the fish
kill, and decided that this waste material probably reached the stream as a
result of well-acidizing operations at the head of Bowles Creek (oral communi-
cation, N. E. Davis, 1964). They also found acid water, with a pH as low as
4.0, in a number of small streams in the upper part of the Bowles Creek drain-
age area.

As a result of the fish-kill incident the Texas State Department of Health
began periodic sampling of Bowles Creek at State Highway 64 near Turnertown
(site 23, Figure 10) and of Striker Creek at U.S. Highway 79 (site 39, actually
in the headwaters of Striker Creek Reservoir). Typical analyses for Bowles
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Creek, included in Table 8, show that the pH, usually has been less than 5.0
and frequently has been less than 4.0, while the chlorides and dissolved-solids
concentrations indicate that almost continuous pollution exists.

The 1964 analyses by the Geological Survey showed that the occurrence of
acid water in streams of the Bowles Creek drainage area was much more widespread
than the earlier investigation by the State Department of Health had indicated,
and that further study was warranted. Because oil-field brines in the East
Texas field are not acid (Table 6, and Plummer, 1945, p. 10-12), other factors
are required to explain the acidity of the streams.

Acid ground water is known to occur in wide areas of East Texas (Broom and
others, 1964), generally associated with lignitic and iron-bearing formations.
Dillard (1963) reports analyses for several wells outside the oil-field area in
Smith County which yield acid water from the Queen City and Sparta Sands. Sul-
fate is the principal anion in this acid ground water, whereas in the Bowles
Creek area sulfate concentrations are low in both the oil-field brine and the
stream waters--with the exception of two tributaries, outside the oil-field
area (sites 29 and 32), in which was found acid water containing more sulfate
than chloride., Thus, the acid water in streams of the oil-field area of Bowles
Creek is different in chemical type from any other East Texas acid waters known
to be of natural occurrence.

The authors received the suggestion (John D. Hem, oral communication, 1964)
that the source of the acidity might be hydrogen ions adsorbed on clay minerals
in the soils or subsurface formations and transferred to the oil-field brine by
base exchange. Clay minerals are characterized by their property of adsorbing
cations which may then be exchanged for other cations present in aqueous solu-
tions coming into contact with the clay material. Hydrogen ions are commonly
adsorbed by clay minerals near the land surface in humid regions and can be dis-
placed from the clay when the latter is wetted by a selution containing a pre-
ponderance of sodium ions. As a consequence, neutral salt solutions are made
acidic by contact with certain soils (Kelley, 1948, p. 9). Thus, the oil-field
brine, if passed through clays on which hydrogen ions were adsorbed, could
become acid as the result of acquiring hydrogen ions in place of some of the
sodium ions.

To test the application of the base-exchange theory to conditions in the
Bowles Creek area, samples of clay for leaching tests were collected at three
sites shown as A, B, and C on Figure 10. Sample A is sandy clay, samples B and
C are silty clay, and all are from the central part of the Claiborne Group of
Eocene age. A quantity of untreated oil-field brine was obtained from the
brine-collection system of the East Texas Salt Water Disposal Company at its
Shaw-Moyar injection well near Overton. The clay samples were broken into gran-
ular particles and 800-gram portions were poured loosely into columns 3 inches
in diameter. Brine was then passed through the clays and 250-milliliter (ml)
samples of the effluent were obtained. Similar clay samples were also leached
with distilled water. Results of analysis of the raw brine and of the brine
and distilled water effluents are given in Table 3.

Acid solutions were obtained from all three clay samples when they were
leached with the brine, but when the samples were leached with distilled water
the effluents were much less acid. The results of leaching sample A provide a
plausible explanation for the occurrence of the-acid water in Bowles Creek.
The analyses show that in passing through the clay the brine became acidic
(picked up hydrogen ions), decreased in sodium, sulfate, and chloride
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concentration and increased in hardness. The acid effluent from Sample A, when
diluted to varying degrees, will yield solutions very similar in composition to
the acid surface waters of the Bowles Creek watershed. 1In the field such dilu-
tions would occur naturally as the brine became mixed with uncontaminated ground
water derived from precipitation.

The reasons for the results obtained by leaching clay samples B and C are
not entirely clear. Clay C contained large quantities of soluble material, as
shown by the results of leaching with distilled water and brine; and both
liquids dissolved considerable sodium, sulfate, and chloride, and increased in
hardness. The sulfate content, much greater than in the oil-field brine, sug-
gests that at least part of the soluble material was derived from a different
source, perhaps having been present when the clays were originally laid down.
Clay C was almost impervious to the passage of liquid, and by the time the 250-
ml samples had been collected the columns of clay were so thoroughly sealed that
no additional liquid could be passed through. The impermeability of clay C sug-
gests that soluble salts, whether or not derived from oil-field brines, could
be leached out only with great difficulty and that this clay layer may have
little effect on the quality of water in the streams. Clay sample B was more
permeable than sample C and contained much less of the soluble material. From
both clays, however, sufficient hydrogen ions were displaced by the brine to
yield an acid effluent.

Other locations have been found in Texas where oil-field brines apparently
have become acid while passing through the subsurface. Burnitt (1962, p. 11),
in his report of an investigation of ground-water pollution in the Henderson
oil field (about 10 miles east of the Bowles Creek area), gives analyses of
three high-chloride stream samples having pH's less than 4.0. Near Quitman in
Wood County, Hughes and Leifeste (1964, p. 56) found an acid stream in which
oil-field pollution appeared to be the source of the high chlorides. The acid-
ity in these streams is also probably due to base exchange between clay minerals
and the oil-field brine.

The scope of this investigation did not permit additional research into
the occurrence and cause of acid saline waters; but the results obtained empha-
size the need for research of considerable magnitude, having as its purpose the
study of the geochemistry of oil-field brines. In the East Texas oil-field
area, such research should include: the determination of base-exchange capac-
ity of the various clays; the study of shallow ground water; an inventory of
brine production and disposal, past and present; and detailed geological map-
ping of the study area.

The presence of oil-field brine pollution in the Bowles Creek drainage
area several years after the elimination of most of the original sources points
up one of the great hazards of improper disposal of oil-field brine. Brine
that is added to the ground may not affect the quality of the water in wells or
streams for many years, but once water quality is degraded the damage cannot be
immediately corrected by stopping pollution at its source. Ground water moves
so slowly that purification by leaching and dilution requires more time than
did the original pollution. Residual salt left in the soils and ground water
of the Bowles Creek area by earlier brine-disposal practices probably is the
principal source of pollution in surface streams at present, and will cause
poor water quality for many years to come.
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Pine Island Bayou and the Hardin County 0il Fields

Disposal of brine produced with oil in the Sour Lake, Saratoga, and Batson
0il fields in Hardin County (Figure 3) periodically affects the quality of water
in Pine Island Bayou, a major tributary entering the Neches River a few miles
north of Beaumont.

Large volumes of water are pumped from Pine Island Bayou by the Lower
Neches Valley Authority at its Voth pumping plant (Figure 5; and site 88, Plate
1) and distributed by canal to irrigators, industrial users, and municipalities
in the Beaumont-Port Arthur area. During periods of low flow in Pine Island
Bayou, water from the Neches River flows upstream in Pine Island Bayou to the
pumping plant and constitutes a large part of the water being pumped.

Most of the salt water produced with oil in the Sour Lake, Saratoga, and
Batson fields eventually reaches the surface streams. Although one or two pro-
ducers in the Sour Lake field reinject the brine underground, others store the
brine temporarily in unlined pits and release it to the surface streams during
flood-runoff periods. During periods following rains, Pine Island Bayou at the
pumping plant frequently contains chloride in concentrations higher than desir-
able for some industrial uses (oral communication, Lower Neches Valley Author-
ity, 1964).

Analyses are given in Table 8 for 9 locations in the Pine Island Bayou
drainage area (sites 80 to 88). Although these analyses indicate a maximum of
114 ppm chloride in Pine Island Bayou at the Voth pumping plant, records of the
Lower Neches Valley Authority show that much higher concentrations occur (writ-
ten communication, 1963). Table 8 gives analyses of oil-field brine (site 82),
and water from a brine-storage lake (site 83). The March 23, 1964, analysis
for Jackson Creek (site 81) indicates that natural runoff in the area is very
low in all dissolved constituents.

In a recent report on ground water in Hardin County, Baker (1964, p. 78)
discusses the disposal of oil-field brines as a possible source of pollution of
ground water, Although present damage to ground-water supplies appears to be
minor, Baker stresses the long-term effects of such pollution.

Relation of Quality of Water to Use

Quality-of-water studies usually are concerned with determining the suita-
bility of water--judged by the chemical, physical, and sanitary characteris-
tics--for its proposed use. 1In the Neches River Basin, surface water is used
primarily for municipal and industrial supplies and for irrigation. This report
considers only the chemical character of the water and its relation to the prin-
cipal uses.

Most mineral matter dissolved in water is in the form of iomns. An ion is
an atom or group of atoms having an electrical charge. The principal cations
(positive charge) found in natural waters are calcium (Ca), magnesium (Mg),
sodium (Na), potassium (K), and iron (Fe). The principal anions (negative
charge) are carbonate (CO3), bicarbonate (HCO5), sulfate (SO,), chloride (c1),
fluoride (F), and nitrate (NO3). Other constituents and properties are often
determined to aid in the definition of the chemical and physical quality of
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water. Table 4 lists the constituents and properties commonly determined by the
U.S. Geological Survey, and includes a resume of their sources and significance.

Surface water of the Neches River Basin is generally of excellent chemical

quality. With a minimum of treatment, it is suitable for domestic, industrial,
and irrigation use.

Domestic Purposes

The safe limits for the mineral constituents found in water are usually
based on the U.S. Public Health Service drinking-water standards. These stan-
dards were established first in 1914 to control the quality of water used for
drinking and culinary purposes on interstate carriers., These standards have
been revised several times, the latest revision having been in 1962 (U.S.
Public Health Service, 1962), and adopted by the American Water Works Associa-
tion as minimum standards for all public water supplies,

According to the drinking-water standards, the limits in the following
table should not be exceeded:

Maximum
Constituent concentration

(ppm)
Sulfate 250
Chloride 250
Nitrate 45
Fluoride al1.0
Dissolved solids 500

3/ Based on annual average of maxi-
mum daily air temperatures at Beau-
mont.,

In the Neches River Basin concentrations of all the foregoing constituents
are generally well below the maximum concentrations recommended by the U.S.
Public Health Service.

Irrigation

The extent to which chemical quality limits the suitability of a water for
irrigation depends on a number of factors: e.g., the nature and composition of
the soil and subsoil; the topography of the land; the amount of water used and
the methods of applying it; the types of crops grown; and the climate of the
region, including the amounts and distribution of rainfall.

The most important characteristics in determining the quality of irriga-
tion water, according to the U.S. Salinity Laboratory Staff (1954, p. 69), are:
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Table 4.--Source and significance of dissolved minerzl comstituents and properties of water

Constituent
or
property

Source or causa

Significance

Silica (Si02)

Iron (Fe)

Calcium (Ca) and
Magnesium (Mg)

Sodium (Na) and
Potassium (K)

Bicarbonate (HCOgz)
and Carbonate (COz)

Sulfate (504)

Chloride (Cl)

Fluoride (F)

Witrate (NO0z)

Disseolved solids

Hardness as CaC0lg

Specific conductanc
{micromhos at 25° €

Hydrogen icn
concentration (pH)

)

Dissolved from practically all rocks
and soils, commonly less than 30 ppm.
High concentrations, as much as 100
ppm, generally cccur in highly
alkaline waters,

Dissolved from practically all rocks
and seils. May also be derived from
iron pipes, pumps, and other equip-
ment, More than 1 or Z ppm of iron
in surface waters generally indicate
acid wastes from mine drainage or
other sources.

Dissolved from practically all soils
and rocks, but especially from lime-
stone, dolomite, and gypsum. Calcium
and magnesium are found in large
quantities in some brines. Magnesium
is present in large quantities in sea
water.,

Dissolved from practically all rocks
and soils. Found also in ancient
brines, sea water, industrial brines,
and sewage.

Action of carbom dioxide in water oun
carbonate rocks, such as limestone and
dolomite.

Dissolved from rocks and soils con-
taining gypsum, iron sulfides, and
other sulfur compounds. Commonly
present in mine waters and in some
industrial wastes.

Dissolved from rocks and soils.
Present in sewage and found in large
amounts in ancient brines, sea water,
and industrial brines.

Dissolved in small to minute quanti-
ties from most rocks arnd soils.
Added to many waters by fluoridation
of municipal supplies.

Decaying organic matter, sewage,
fertilizers, and nitrates in soil.

Chiefly mineral constituents dis-
solved from rocks and soils. Includes
some water of crystallization.

In most waters nearly all the hardness
is due to calcium and magnesium. All
the metallic cations other than the
alkali metals also cause hardness,

Mineral content of the water.

Acids, acid-generating salts, and free
carbon dioxide lower the pH.
Carbonates, bicarbonates, hydroxides,
and phosphates, silicates, ané borates
raise the pH.

Forms hard scale in pipes and boilers., Carried over in steam
of high-pressure boilers to form deposits on blades of turbines.
Inhibits deterioration of zeolite-type water softeners.

On exposure to air, iron in ground water oxidizes to reddish-brown
precipitate. More than about 0.3 ppm stain laundry and utensils
reddish-brown. Objectionable for food processing, textile pro-
cessing, beverages, ice manufacture, brewing, and other processes.
U.S. Public Health Service (1962) drinking-water standards state
that iron should not exceed 0.3 ppm, Larger quantities cause
unpleasant taste and faver growth of iron bacteria.

Cause most of the hardness and scale-forming properties of water;
soap consuming (see hardness). Waters low in calcium znd magnesium
desired in electroplaring, tanning, dyeing, and textile manufac-
turing,

Large amounts, in combination with chloride, give a salty taste,
Moderate quantities have little effect on the usefulness of water
for most purposes. Sodium salts may cause foaming in steam
boilers and a high sodium content may limit the use of water for
irrigation.

Bicarbonate and carbonate produce alkalinity. Bicarbomates of
caleium and magnesium decompose in steam boilers and hot water
facilities to form scale and release corrosive carbon dioxide
gas. In combination with calcium and magnesium, cause carbonate
hardness.

Sulfate in water containing calcium forms hard scale in steam
boilers. Tmn large amounts, sulfate in combination with other
ions gives bitter taste to water., Some calcium sulfate is com-
sidered beneficial in the brewing process. U.S. Public Healch
Service (1962) drinking-water standards recommend that the
sulfate content should not exceed 250 ppm.

In large amounts in combination with sodium, gives salty taste

to drinking water., In large quantities, increases the corrosive-
ness of water. U,S, Public Health Service (1962) drinking-water
standards recommend that the chloride content should not exceed
250 ppm.

Fluoride in drinking water reduces the incidence of tooth decay
when the water is consumed during the period of enamel calcifi-
cation. However, it may cause mottling of the teeth, depending
on the concentration of fluoride, the age of the child, amount
of drinking water consumed, and susceptibility of the indiwvidual
(Maier, F. J., 1950.)

Concentration much greater than the local average may suggest
pollution, U,S. Public Health Service (1962) drinking-water
standards suggest a limit of 45 ppm. Waters of high nitrate
content have been reported to be the cause of methemoglobinemia
(an often fatal disease in infants) and therefore should not be
used in infant feeding. Nitrate has been shown te be helpful in
reducing intercrystalline cracking of boiler steel. Tt
encourages growth of algae and other organisms which produce
undesirable tastes and odors.

U.S. Public Health Service (1962) drinking-water standards
recommend that waters containing more than 500 ppm dissolved
solids not be used if other less mineralized supplies are
available. Waters containing more than 1000 ppm dissolved
solids are unsuitsble for many purposes.

Consumes soap before a lather will form. Deposits soap curd on
bathtubs. Hard water forms scale in boilers, water heaters, and
pipes. Hardness equivalent to the bicarbonate and carbonate is
called carbonate hardness. Any hardness in excess of chis is
called noncarbonate hardness. Waters of hardness as much as 60
ppm are considered soft; 61 to 120 ppm, moderately hard; 121 to
180 ppm, hard; more than 180 ppm, very hard.

Indicates degree of mineralization, Specific conductance is z
measure of the capacity of the water to conduct an electric
current. Varies with concentration and degree of ionization of
the censtituents.

A pH of 7.0 indicates neutrality of a solution. Values higher
than 7.0 denote increasing azlkalinity; values lower than 7.0
indicate increasing acidity. pH is 2 measure of the activity

of the hydrogen ions, Corrosiveness of water generally increases
with decreasing pH. However, excessively alkaline waters may
also attack metals
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(1) total concentration of soluble salts, (2) relative proportion of sodium to
other cations, (3) concentration of boron or other elements that may be toxic,
and (4) the blcarbonate concentration as related to the concentration of cal—
cium plus magnesium.

The U.S. Salinity Laboratory Staff introduced the term "sodium absorption
ratio” (SAR) to express the relative activity of sodium ions in exchange reac-
tions with the soil. This ratio is expressed by the equation:

+
SAR = LS 2

ca™ + Mgt
= 2

where the concentrations of the ions are expressed in equivalents per million.

The U.S. Salinity Laboratory Staff has prepared a system for classifying
irrigation waters in terms of salinity and sodium hazard. Empirical equations
were used in developing a diagram which uses SAR and specific conductance in
classifying irrigation waters. The diagram is reproduced in modified form as
Figure 11. This classification, although embodying both research and field
observations, should be used for general guidance only because of the other
factors which also affect the suitability of water for irrigation. With res-
pect to salinity and sodium hazards, waters are divided into four classes--
low, medium, high, and very high. The range of this classification extends
from those waters which can be used for irrigation of most crops on most soils
to those waters which are usually unsuitable for irrigation.

Representative water-analyses data from the Neches River at two sites and
from two tributary streams are plotted on Figure 11, Also shown for the two
daily chemical-quality stations, Angelina River near Lufkin and Neches River at
Evadale, is the percentage of time that the specific conductance exceeded the
indicated value during the period 1955-63. For the daily station, Neches River
near Alto, the values plotted are the discharge-weighted average values for the
period 1960-63. The data show that the waters at these stations generally are
low with respect to sodium hazard, and low to medium with respect to salinity
hazard.

Results of a few determinations of boron for the Neches River at Evadale
are available in the files of the Geological Survey. Concentrations are low,
indicating that boron is not a problem in irrigation waters of the basin.

Rice-growing in the area near Beaumont is the principal use of surface
water for irrigation in the Neches River Basin. The concentration of chemical
constituents tolerated by rice varies with its stage of growth, but investiga-
tors generally agree that water containing less than 600 ppm sodium chloride
(350 ppm chloride) is not harmful to rice at any stage of growth (Irelan, 1956,
p. 330). As shown on the chloride map on Plate 2, concentrations are less than
100 ppm in streams draining most of the Neches River Basin. Water of the basin
meets all quality requirements for rice irrigation.

Surface water is also used for supplemental irrigation of field crops,
orchards, and truck gardens. For supplemental irrigation in humid and subhumid
areas, water-quality requirements are not rigid; and surface water in the
Neches River Basin would be classed as excellent for this use.
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Industrial Use

Large quantities of surface water are used for industrial purposes in the
Neches River Basin, especially in the Beaumont-Port Arthur area. The economic
feasibility of a water-development project may depend on the suitability of the
water for industrial use.

The quality requirements for industrial water vary widely. For some pur-
poses, such as cooling, water of almost any quality can be used--whereas, in
some manufacturing processes and in high-pressure steam boilers, water approach-
ing the quality of distilled water may be required. The quality requirements
for many types of industries are given in Table 5.

Hardness is a property of water which receives great attention in evaluat-
ing an industrial water supply. This property is objectionable because it con-
tributes to the formation of scale in boilers, pipes, water heaters, and radia-
tors, resulting in loss in heat transfer, boiler failure, and loss of flow.
However, calcium carbonate in water sometimes forms protective coatings on
pipes and other equipment, thus reducing corrosion.

High dissolved-solids concentration may be closely associated with the
corrosive property of a water, particularly if chloride is present in appreci-
able quantities. Water containing high concentrations of magnesium chloride
may be very corrosive because hydrolysis of this unstable salt yields hydro-
chloric acid.

Because the water of the Neches River Basin is generally soft and low in

dissolved solids, very little treatment is necessary to make it suitable for
use by many industries.

Geographic Variations in Water Quality

Variations of dissolved solids, hardness, and chloride with geographic
locations are shown on the maps on Plate 2. These maps are based on the
discharge-weighted average concentrations, calculated from available chemical-
quality records. All the streams will at times have concentrations exceeding
those shown, but the averages on the maps are indicative of the type of water
that would be stored in reservoirs obtaining water from the various areas. For
some of the streams the data are limited, particularly on the chemical quality
of floodflows; therefore, the boundaries of the areas are necessarily general-
ized,.

Dissolved Solids

The concentration of dissolved solids in surface water of the Neches River
Basin is generally less than 250 ppm (Plate 2). Water from the outcrop areas
of the Wilcox Group and the older formations of the Claiborne Group generally
has dissolved-solids concentrations ranging from 100 to 250 ppm. Water from
younger formations has concentrations less than 100 ppm. Exceptions to these
general relationships were observed in three areas (Striker Creek, Beech Creek,
and Pine Island Bayou subbasins) where dissolved-solids concentrations are
increased by oil-field pollution.
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The annual discharge-weighted average concentrations of dissolved solids
in the Angelina River near Lufkin have ranged from 74 to 158 ppm, and in the
Neches River at Evadale have ranged from 77 to 139 ppm. For the 9-year period
from October 1954 to September 1963, for which concurrent records are available,
the discharge-weighted average concentrations were 96 ppm for the Angelina
River near Lufkin and 92 ppm for the Neches River at Evadale. The analyses
showing the annual maximum and minimum dissolved-solids concentrations and the
annual weighted averages for the daily stations are given in Table 7.

Time-weighted averages are higher than discharge-weighted averages. Dura-
tion curves for concentrations of dissolved solids for both of the above sta-
tions show that (at Lufkin) 130 ppm and (at Evadale) 120 ppm dissolved solids
have been equaled or exceeded 50 percent of the time.

Hardness

Surface waters of the northern half of the Neches River Basin are soft,
having less than 60 ppm hardness (Plate 2). In the southern half of the basin
the water is very soft, usually having less than 30 ppm hardness.

Waters draining from formations of the Wilcox Group and the older forma-
tions of the Claiborne Group are soft, and waters draining the younger forma-
tions are very soft.

Water in the Striker Creek subbasin is usually hard, probably because of
residual effects of oil-field pollution.

Chloride

The chloride concentration is less than 20 ppm in surface water from about
half of the Neches River Basin (Plate 2), particularly in streams draining
areas underlain by Quaternary and upper Tertiary rocks. Water containing 20 to
100 ppm chloride in the northern half of the basin is typical of streams drain-
ing areas underlain by rocks of the Wilcox Group or by the older formations of
the Claiborne Group. Chloride concentrations over 100 ppm occur in waters of
the Striker Creek subbasin, and occasionally in the Pine Island Bayou subbasin,
apparently because of oil-field brines.

Other Constituents

Other important constituents in evaluating the chemical quality of a water
include silica, sodium, bicarbonate, sulfate, fluoride, and nitrate.

Many streams in the Neches River Basin contain from 10 to 30 ppm silica
and the weighted-average concentration of the Neches River at Evadale is 13 ppm.
In some streams having low dissolved-solids concentrations, silica may consti-
tute up to 40 percent of the dissolved material present.

Throughout much of the Neches River Basin sodium is present im slightly
larger proportions than calcium plus magnesium, and chloride is usually present
in greater proportion than sulfate or bicarbonate, In unpolluted streams,
sodium, bicarbonate, sulfate, and chloride concentrations seldom exceed 50 ppm.



Concentrations of fluoride and nitrate are low over the entire basin; fluo-
ride concentrations range generally from 0.1 to 0.3 ppm, and nitrate from 0.0
to 1.0 ppm.

Water Quality in Reservoirs

Most of the reservoirs in the Neches River Basin were sampled during this
reconnaissance study. The chemical analyses are given in Table 8; locations
where water samples were collected are shown on Plate 1 and Figure 10.

Flat Creek Reservoir

Outflow samples from Flat Creek Reservoir were collected from Flat Creek
(site 3) about four miles below the dam. These samples indicate that the water
in Flat Creek Reservoir is soft, with a dissolved-solids concentration of about

100 ppm.

Lake Palestine

In addition to analyses for Lake Palestine (site 7) by the Geological Sur-
vey, representative analyses made by the Texas State Department of Health are
included in Table 8. This water is soft and has contained from 94 to 178 ppm
dissolved solids and from 21 to 48 ppm chloride. When the planned enlargement
of Lake Palestine (Figure 6) is completed, the quality of the water stored will
probably be improved and subject to less variation, because larger volumes of
flood runoff can be stored and the effects of low-flow water will be minimized.

Lake Jacksonville

The water in Lake Jacksonville (site 10) is very soft and low in all dis-
solved constituents. Chloride concentrations and dissolved-solids concentra-
tions have been less than 10 ppm and 70 ppm respectively.

Striker Creek Reservoir

Inflow into Striker Creek Reservoir (site 40) during periods of high run-
off has been of good quality, but low flows carry high concentrations of sodium
chloride from areas of oil production. From October 1962 to March 1964, a per-
iod of below-normal runoff, the chloride concentration in the water of the
reservoir increased from 171 to 272 ppm and the dissolved-solids concentration
from 342 to 525 ppm. The factors affecting the quality of water in Striker
Creek Reservoir were discussed on page 22,

Lake Tyler

The water in Lake Tyler (site 43) is of excellent chemical quality. It is
low in all dissolved constituents and contains less than 70 ppm dissolved
solids.
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Lake Kurth

The quality of the water available for storage in Lake Kurth, an off-
channel reservoir, can be inferred from the chemical-quality data for the daily
station, Angelina River near Lufkin. Weighted-average dissolved solids at the
Lufkin station have not exceeded 250 ppm and were usually less than 150 ppm.

Sam Rayburn Reservoir

Impoundment of water in Sam Rayburn Reservoir began in 1965. The quality
of the water can be predicted from chemical-quality data for Attoyac Bayou near
Chireno (site 52), and for the Angelina River at the damsite (site 56), and
near Horger (site 57). The water impounded in Sam Rayburn Reservoir should be
of acceptable quality for most uses. Municipal and industrial wastes released
into the Angelina River near Lufkin could cause significant changes in the
quality, especially during extended periods of low flow; but the large volumes
of water normally available for storage should be adequate to dilute the wastes.

Dam B Reservoir

The chemical quality of the water in Dam B Reservoir can be inferred from
the records for the daily sampling stations on the Neches and Angelina Rivers.
The weighted-average dissolved-solids concentration of the Neches River near
Alto (site 11) has ranged from 94 to 147 ppm and of the Angelina River near
Lufkin (site 48) from 74 to 158 ppm. Water in Dam B Reservoir probably has a
dissolved-solids concentration ranging from 100 to 150 ppm.

Water Quality at Potential Reservoir Sites

One of the principal purposes of the reconnaissance study of the Neches
River Basin was to appraise the quality of the water available for storage at
potential reservoir sites. Many sites studied by various Federal, State, and
local agencies are indicated on Figure 6. Some of the sites are alternate pro-
posals, and the construction of one reservoir might preclude the construction
of another.

The reconnaissance study has shown that the quality of water is generally
good throughout the Neches River Basin. In the absence of local pollution,
reservoirs, wherever constructed, will store water low in dissolved solids and
suitable for municipal, industrial, and irrigation use. The water quality at
several of the sites is discussed below. The evaluations are based on 1964 con-
ditions; industrial influences in the basin may cause significant changes in
water quality before some of the reservoirs are built.

Lake Ponta

A permit has been issued by the Texas Water Rights Commission for construc-
tion of a dam at the Ponta site on the Angelina River in Nacogdoches and Chero-
kee Counties. When completed this will be one of the larger reservoirs in the
basin. Stored water will be low in all dissolved constituents, with dissolved
solids ranging from 100 to 150 ppm.
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Mud Creek Reservoir

A permit has been issued for construction of a reservoir on Mud Creek in
Smith County. The damsite is a few miles east of Lake Tyler, and the drainage
areas are similar. Water that will be stored in Mud Creek Reservoir will con-
tain probably less than 100 ppm dissolved solids.

Weches and Fastrill Damsites

Two sites are being considered for reservoirs in the reach of the Neches
River bordering Houston and Cherokee Counties. Water stored at either of these
sites will consist of the outflow from Lake Palestine and the runoff from a few
tributaries below Lake Palestine. Releases or spills from Lake Palestine gener-
ally will contain not more than 150 ppm dissolved solids, and tributary inflow
will probably contain slightly lower concentrations. The Weches site is near
the chemical-quality station Neches River near Alto (site 11) where, for the
four water years 1960-63, the weighted-average dissolved-solids concentration
has ranged from 94 to 147 ppm.

Village Creek Damsite

A reservoir on Village Creek at the potential damsite near Kountze in
Hardin County will store water very low in dissolved constituents. Analyses of
11 samples collected at the gaging station near Kountze (site 78) at low,
medium, and high discharge rates have shown a range of 21 to 118 ppm dissolved
solids. According to the evidence, slight pollution from oil fields exists in
the Beech Creek drainage area, but effects on water quality in Village Creek
apparently have been minor.

Pine Island Bayou Damsite

At present, salt water produced with oil in the Batson, Saratoga, and Sour
Lake oil fields is discharged into surface streams in the Pine Island Bayou
drainage area, principally during periods of flooding following heavy rains.
The construction of a water-supply reservoir on Pine Island Bayou will not be
feasible until an alternate method for disposal of the salt water is adopted.
The natural runoff, which from that area is of good quality, will not at all
times be adequate to dilute the oil-field waste.

Salt-Water Barrier

Several plans have proposed the construction of a dam on the Neches River
below the mouth of Pine Island Bayou to prevent salt-water encroachment into
the lower river and to make unnecessary the wastage of much fresh water into
the Gulf of Mexico. Water available for storage at the site would be very sim-
ilar in quality to the water sampled at the daily quality station at Evadale
(site 63, Table 7), where the weighted-average dissolved-solids concentration
has ranged from 77 to 139 ppm. Additional inflow will be received from Village
Creek, which is very low in dissolved solids, and from Pine Island Bayou. If
the present practice of brine disposal into surface streams in the Sour Lake,
Saratoga, and Batson oil fields is continued, it could at times seriously deter-
iorate water quality in the Pine Island Bayou arm of the reservoir.
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CONCLUSIONS AND RECOMMENDATIONS

This reconnaissance showed that the Neches River Basin has an abundance of
water of good quality and is remarkably free of water-quality problems; however,
two areas--Striker Creek and Pine Island Bayou--require further study.

Waters in the Striker Creek drainage area are being polluted by oil-field
brine. Most of the brine produced is reinjected underground; but some surface
pits are used, and small quantities of brine also reach the streams as the
result of leaks in the collection systems and from accidental spills. The
results of this reconnaissance study show that the disposal of brine on the sur-
face in years past still affects the chemical quality of the surface water. An
extensive research project is needed to define these effects. ©Such a project
should include the study of the base-exchange capacity of the various clays,
the study of the quality of the shallow groundwater, an inventory of the pro-
duction and disposal of the brine, and the detailed geological mapping of the
area.

0il-field brines also pollute the surface streams in the Pine Island Bayou
drainage area. Brine is stored in unlined surface pits and released to streams
during flood-runoff periods. This practice interferes with use of surface
water at present, and will be even more detrimental when water-supply storage
projects are built downstream. Some of the brine seeps into the ground, and
further study is needed to determine the effects this seepage will have on the
shallow ground water in the area.

Continued municipal and industrial growth in the Neches River Basin will
increase the waste-disposal burdens of the stream systems and will require con-
tinuous effort by water-pollution control agencies to keep deterioration of
water quality at a minimum.

Encroachment of sea water from the Gulf of Mexico through Sabine Lake at
times makes the water of the lower reach of the Neches River unsuitable for
irrigation or for municipal or industrial use. During summer low-flow periods
the Lower Neches Valley Authority has had to construct a temporary barrier
across the Neches River below the mouth of Pine Island Bayou to prevent salt
water from reaching the Voth Pumping Plant (Lower Neches Valley Authority, oral
communication, 1964). Further depletion of sustained flow as a result of
increased comsumptive use and upstream storage will aggravate the encroachment
problem until the proposed Salt-Water Barrier is built. The effect of the
decreased flow on the marine life in bays and estuaries should be anticipated
and studied.

The quality of water may be improved or degraded by impoundment. Benefi-
cial effects include reduction of turbidity, silica, color, and coliform bac-
teria, stabilization of sharp variations in chemical quality, entrapment of
sediment, and reduction in temperature. Detrimental effects of impoundment
include increased growth of algae, reduction of dissolved oxygen, and increases
in the concentration of dissolved solids and hardness as a result of evapora-
tion., Further study is needed to determine the significance of these changes
in water quality and their relation to the intended uses of the water.
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Quality-of-water records for the Neches River Basin are published in the fol-
lowing U.S. Geological Survey Water -Supply Papers and Texas Water Commission
(before January 1962, Texas Board of Water Engineers) Bulletins:

Water-Supply TWC Water-Supply TWC
Water year | paper no. Bull. no. Water year Paper no. Bull. no.
1940-45 = *1938-45 1954 1352 *1954
1946 1050 *1946 1855 1402 *1955
1947 1102 *1947 1956 1452 5905
1948 1133 %1948 1957 1522 5915
1949 1163 *1949 1958 1573 6104
1950 1188 #1950 1959 1644 6205
1951 1199 *1951 1960 == 6215
1952 1252 *1952 1961 -~ 6304
1953 1292 *1953 1962 1944 6501

* "Chemical Composition of Texas Surface Waters' was designated only by
water year from 1938 through 1955.

The following U.S. Geological Survey Water-Supply Papers contain results of
stream measurements in the Neches River Basin, 1903-60:

Water-Suppl Water=-Supply Water-Supply

Year Paper ng? 7 Year Paper no. FeAtL Paper ng.
1903 99 1934 763 1948 1118
1904 132 1935 788 1949 1148
1905 174 1936 808 1950 1178
1906 210 1937 828 1951 1212
1924 588 1938 858 1952 1242
1925 608 1939 878 1953 1282
1926 628 1940 898 1954 1342
1927 648 1941 928 1955 1392
1928 668 1942 958 1956 1442
1929 688 1943 978 1957 1512
1930 703 1944 1008 1958 1562
1931 718 1945 1038 1959 1632
1932 733 1946 1058 1960 1712
1933 748 1947 1088
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