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CHEMICAL AND PHYSICAL CHARACTERISTICS

OF WATER IN ESTUARIES OF TEXAS

OCTOBER 1969·SEPTEMBER 1970

By

D. C. Hahl and Karl W. Ratzlaff
United States Geological Survey

The objectives of the investigation are to define:
(1) The occurrence, source, and distribution of nutrients;
(2) the physical, organic, and inorganic water quality
and its areal distribution and time variation; (3) the
chemical and physical characteristics of water which
enters the estuaries from the Gulf of Mexico; (4) the
occurrence, quality, quantity, and dispersion of drainage
entering the estuarine systems; and (5) current patterns,
directions, and rates of water movement.

INTRODUCTION

The coastal waters of Texas are not classical
estuaries, but are similar to them in ecosystems and
mixing phenomena. A description of various types of
estuaries is presented in Estuaries, edited by George H.
Lauff (1967, p. 3-11). The term estuary, as used in this
report, refers to concomitant water bodies in which
streamflow mixes with sea water.

Purpose and Scope of the Investigation

the International Boundary and
Commission-United States and Mexico.

Water

Plans for the eventual development and utilization
of all water resources in Texas include provisions for the
use and preservation of water in the estuaries of the
State. This provision requires a continuing evaluation of
changes in the chemical and physical characteristics of
the water and a knowledge of the hydrodynamics of the
estuaries.

In September 1967, the U.S. Geological Survey, in
cooperation with the Texas Water Development Board,
began a water·resources investigation of the principal
estuaries along the Texas coast (Figure 1) except
Galveston Bay, which is being studied by other agencies,
and the Rio Grande, which is under the jurisdiction of

Status of the Project

The first three objectives of the project were
organized into three phases: (1) Reconnaissance for
establishment of an optimum data·collection network;
(2) repetitive surveys throughout this network to
determine the general chemical and physical
characteristics of the estuarine system; and
(3) continued data collection at a reduced number of
sites to maintain definition of the chemical and physical
characteristics of each estuarine system and of the
relationship between systems. The following tabulation
shows the progress made through September 1970:

PHASE

ESTUARY 111 121 131

Sabine· Neches Completed Underway No ",,,veys

Bratos Underway No surveys Do.

eat MataQorde Completed 00. Do.

Coloredo 00. Underway Do.

Lavaca·Tres Palacios 00 00 Do.

GuadalUpe 00. 00. Do.

Minion·Aran...s Under",ay 00. Do.

Nuecltl Completed 00. Do.

Laguna Madre Under",ay No surv..... s Do.
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Figure 1.-locations of the Estuaries

Data collection to meet the fourth objective has
begun. Six continuous streamflow measuring stations

and 11 stations at which monthly data on streamflow
and water quality are obtained were established. No data
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collection has been initiated to provide a solution to the
fifth objective, however, subjective information on
circulation is available from water·quality data.

Previous and Related Reports

This report presents data collected during the
1970 water year and is the thIrd in an annual series of
basic-data reports (HaIll and Ratzlaff. 1970, 1972L A
report by Grazier and others (1968, p. 47611 includes
data collected dUring flooding caused by Hurricane
Beulah.

Acknowledgments

The U.S. Army Corps of Engineers at Galveston,
the Texas Parks and Wildlife Department, and the Texas
Water Development Board provided data and held
assistance. Many private cItIzens and commercial
fishermen furlllshed informatIon on historical changes
and existing conditions in the bays.

DATA·CDLLECTIDN METHODS

A modified statistical grid \\laS used to selei:t initial
data·collection Sites The network developed was then
altered by adding SItes to provide an improved record of
signi ficant changes in chemical and physical
characteristics of the estuarine systems. Approximately
300 data·collection sites were visited during the 1970
water year. About 55 percent of these sites are located
ad}acent to or between navigation aids. bridge piers,
power poles, survey platforms, well structures, or

for laboratory analyses are collected from a
predetermined number of data·oollection sites and at
other siles in the network when significant manges in
field data indIcate a need for additional samples.
Properties or constituents measured in the field are
dissolved oxygen, specific conductance, temperature,
pH, and transparency by Seemi disk. laboratory
analyses inetude the principal Inorganic ions,
biochemical oxygen demand (BODI, chemical oxygen
demand looDl. insectiCIdes and herblodes, ammonia,
nitrite, nitrate, ortho and total phosphate, and several
other selected ions such as bromide, iodide, strontium,
lithium, boron, and iron.

Before October 1968, results of analyses for
nitrogen species were reported as ammonia, nitrite, or
nitrate; those for phosphorus were reported as
phosphate. In this report, each of the nitrogen species
are reported as nitrogen, and phosphorus species are
reported as phosphorus Data reported before October
1968 may be converted to the nitrogen or phosphorus
equivalent by multiplying the concentrations by the
following factors

TO CONVERT TO MULTIPLY BY

Ammon'a CNH41 Nitrogen CNI 0.777

N.I"''' tNOl) N,,,ooen CN) ""
Nlual' tN031 N,,,ogef> tNI '"
Pholpnale CP041 PnoOCho<us CPI .326

Field Instruments

The field instruments used in this investigation are
as follows, but mention herein of the m..nufacturers and
theIr instruments does not constItute an endorsement.

PARAMETER
MEASURED

,"
,"
O"lOlved oxygen

INSTRUMENT

Speclf,c ion me!'"

pH mlllll'

Solub..dg"

MOOEL

'"

""
ET lOOMl" ...

MANUFACTURER

O.ion R......ch

loSl,umenlalion Labo,olo,y

Indus";" Inu<umenlS

landmarks and can be reoccupied exactly. About 17
percent of the sites are close to shore features or reefs
and are located by compass heading and distance from
that feature and water depth at the sIte; these sites can
be reoccupied within 100 feet. About 28 percent of the
SItes are remote to any reference. They are usually
reached by travelIng from a known landmark at a known
speed on a predetermined compass course, Upon arrival
at the site, verification is made by checking the
ati~ment of one or more sets of landmarks. These sites
can be reoccupied within a quarter mile.

The instruments used for pH measurementS were
calibrated daily by using three standards' pH 4.0,7.0,
and 10.0. The dissolved·oxygen meter was calibrated at
least daily by using the oxygen·saturation data compiled
by the American Public Health Association and others
11966, p. 409) The Winkler method was used to verify
the oxygen saturation during some of the calibratIOns.
The conductIvity meter was calibrated monthly by using
at least twO standards in eam of the three conductivity
ranges on the instrument. The electrical thermometer
was C<ilibrated weekly.

At
collected

each data·collection site, field data are
from severat points along a vertical. Samples

Probes of the instruments are set in a manifold
through which water to be sampled is drawn. Several



tests ~re conducted 10 determine the effect of
streaming potefltial on instrument output. Dissolved
oxygen readings of water passing through the manifold
deviated from the in situ readings by less than 0.1 mgll
(milligrams per liter), and pH readings differed by less
than 0.05 pH units.

Treatment of Samples

All samples except those for insecticide and
herbicide analyses ","ere collected in plastic throwa\vay
I:xmles. The BOD, COD, and nutrient samples were
chilled to 1°C, stored in a refrigerator or ice chest, and
shipped to the laboratory as soon as possible, usually
within 24 hours. All other samples were stored at
ambient temperature.

Since October 1969, one milliliter of mercuric
chloride solution (55 gms HgCI2 per liter H20) was
added to each sample collected for nutrient analysis.

·4·

Previously, chloroform was used to preserve the nutrient
sample. Samples for heavy metals and selected trace
constituents (except boron, bromide, fluoride, and
iodide) were filtered through 0.45 micron membrane
lilters and collected in bottles prewashed with 10
percent nitric acid. T\W milliliters of concentrated nitric
acid were added to each filtered sample.

Samples to be analysed for herbicides and
insecticides ~re collected in specially treated glass
bottles and shipped to the laboratory as soon as possible.
Most herbicide and some insecticide samples were
depth·integrated water samples; however, most
insecticide and some herbicide samples were taken from
bottom sediments. sediment samples were collected by
(1) dragging a large·mouth bottle along the bottom until
the bottle contained at least 100 grams of sediment, or
(2) coring with a 2·inch lucite tube and selectively
removing 100 grams of material from the center of the
core.



QUALITY QF WATER IN THE ESTUARIES

Sabine-Neches Estuary

The Sabine-Neches estuary covers an area of about
100 square miles and consists of the tidal parts of the
Sabine and Neches Aivers and other tributaries. Sabine
Lake. the Sabine-Neches Canal, the Port Arthur Canal,
parts of the Intracoastal Waterway. and Sabine Pass
(Figure 21. Water depth at mlw (mean low water) is
greater than 40 feet in dredged parts of the rivers, canals,

·5·

and pass; about lS feet in the Intracoastal Waterway;
and generally 10 feet in Sabine Lake.

The water<luality data for the Sabine-Neches
estuary (Table 1) were collected during December and
July. Samples were not cotlected at all sites shown on
Figure 2.



EXPLANATION
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Figure 2

Data-Collection Sites in the Sabine-Neches Estuary
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Brazos Estuary

The Brazos estuary covers an area of about 3
square miles and consists of the tidal parts of the Brazos
River and parts of the Intracoastal Waterway (Figure 3).
Although Freeport Harbor is not directly connected

·22·

with the estuary. wastes from industrial operations
around the harbor are discharged into the estuary.

Water·quality data (Table 2) lor the Brazos estuary
\vere collected during June at many of the
data-collection sites shown on Figure 3.



EXPLANATION
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Figure 3

Data-Collection Sites in the Brazos Estuary

Bow by U S Gf'OIov'eol Surv~y, 1956
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East Matagorda Estuary

The East Matagorda estuary callers an area of
about 56 square miles and consists of East Matagorda
Bay. part of the Intracoastal Waterway. the tidal reaches
of Caney Creek, and live Oak Bayou. and the tidal part
of small tributaries (Fi!Jlre 41. The maximum water

depth at mlw is 5 feet in East Matagorda Bay and about
15 feet in the Intracoastal Waterway.

Water-quality data (Table 3) were collected during
February at most of the sites shown in Figure 4.

EXPLANATION

OOlo-COlleCllon ronge-hne number

OOIO·collecl,on 5,te number

6o,

T E X A S

0E====~'E====310 Mltn

Figure 4.-0at&-Collection Sites in the East Matagorda Estuary
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Colorado Estuary

The Colorado estuary covers an area of about 2
square miles and consists of the tidal part of the
Colorado River and part of the Intracoastal Waterway
IFigure 51. The minimum depth at mlw is about 6 feet in

- 29-

the river channel and about 15 feet in the Intracoastal
Waterway.

Water-quality data ITable 4) for the Colorado
estuary were collected in February. April. May. and June
at sites shown on Figure 5.
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Lavaca·Tres Palacios Estuary

The Lavaca-Tres Palacios estuary covers about 350
square miles and consists of the tidal parts of the Lavaca
and Navidad Rivers, Tres Palacios Creek and other
tributaries, Lavaca Bay, Cox Bay, Keller Bay,
Carancahua Bay, Tres Palacios Bay, Matagorda Bay,
Matagorda Ship Channel pass, Pass Cavallo, and pans of
the Intercoastal Waterway (Figure 61. Water depth at

mlw is 13 feet or less in Matagorda Bay, except in the
Matagorda Ship Channel, which is more than 40 feet
deep. The rivers generally are less than 15 feet deep.

Water-quality surveys of the Lavaca·Tres Palacios
estuary (Table 5) were made during Febru<WY, April,
Mav, and June.
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14.7
14.7
14.6
14.6
14.6

15.0
15,0
1S.0

31,000 8.0
38.000 8.0
40,000 7.9
40,000 7.9
40,000 7.9

28,000 '.2
28,000 '.2

36,000 8.0
37,000 7,9
37,000 7.9

40,000 7.11 14.6

27,000 '.2 24.2
27 ,000 8.2 24.0

32.000 8.0 24.8
34,000 1.9 24.2
36,000 1.' 23.9
38.000 7.7 23,5
38,000 1.1 23.5

I 21,000 8.1 23.6
4.~ 26,000 8.1 23.6

1 28,000 8.2 24.3
~.~ 28,000 8.1 24.2

I 26,000 7,9 23,2
2.~ 26,000 1.8 23.2
5 26,000 8,0 U,6

1 28,000 '.2
•. ~ 28,000 '.2

,
•

•,
"

,,

"

•,
"""

,,
""..

1120 2

IISO 3

UIO 4

lIOO 2

1130 2

1030

28,000 8,2 24.0
28,000 8.2 23.9

28,000 8.2 24.0
.S 28,000 8.2 23.9

1110 3 28,000 8.2 24.0
28,000 8.1 23.9

1210

093~ 2

1200 2

~.

~.

~.

~.

~.

~.

~.

llay 20

May 20

liar 20

'eb. 24

Apr, 21

See footnote .. end of Uble.
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Guadalupe Estuary

The Guadalupe estuary covers an area of almost
150 square mi les and consists of the tidal parts of the
Guadalupe River, Mission Lake, Guadalupe Bay, Hynes
Bay, San Antonio Bay, Victoria Channel and parts of the
Intracoastal Waterway (Figure 7).

At mlw, the Guadalupe River is about 10 feet
deep; Mission Lake, Guadalupe Bay, and Hynes Bay are

.
"

•• 2

\.

.,
"

less than 3 feet deep; San Antonio Bay is less than 6 feet
deep; Victoria Channel is more than B feet deep; and the
I ntracoastal Waterway is about 15 feet deep.

Water-quality data fOf'" the Guadalupe estuary
(Table 6) were collected in February, April, May, June,
and August at the sites shown on Figure 7.

EXPLANATION

2<1 a•• 17 Oola-call'~I.an .anqe~_ """,al.

~ Octa-call"llan .." numbe,

~O====='E====31O lit ••

Base Oy us GIoIoooc:oI Sur..." 1956

Figure 7.-0ata-Collection Sites in the Guadalupe Estuary
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Mission-Aransas Estuary

The Mission-Aransas estuary covers an area of
about 140 square miles and consists of the tidal parts of
Mission River, Aransas River, Copano Creek and other
tributaries, Mission Bay, Copano Bay, Aransas Bay, St.
Charles Bay. parts of the Intracoastal Waterway. Lydia
Ann Channel. and Aransas Pass IFigure 81.

Water depth at mlw is less than 2 feet in Mission
Bay, tess than 8 feet in Copano Bay, less than 13 feet in

Aransas Bay, less than 5 feet in St. Charles Bay, about
15 feet in the Intracoastal Waterway. about 20 feet in
the Lydia Ann Channel, and more than 40 feet in
Aransas Pass.

Water-quality data (Table 7) for the
Mission·Aransas estuary were collected during June,
July, and August at many of the data'collection sites
shown Ofl Figure 8.
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Nueces Estuary

The Nueces estuary covers an area of about 180
square miles and consists of the tidal parts of the Nueces
River and other tributaries, Nueces Bay, Tule lake
Channel. Corpus Christi Bay. Aransas Pass, and parts of
the Intracoastal Waterway (Figure g).

Water depth at mtw is less than 13 feet in Corpus
Christi Bay; less than 3 feet in Nueces Bay; more than 40

feet in Aransas Pass, Corpus Christi Ship Channel, and
Tule lake Channel; and about 15 feet in the Intracoastal
Waterway.

Water-quality data for the estuary (Table 81 were
collected during July and August at most of the sites
shown on Figure 9.
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Laguna Madre Estuary

The Laguna Madre estuary covers an area of about
640 square miles and consists of the tidal parts of the
Arroyo Colorado and other tributaries, upper Laguna
Madre, Baffin Bay, lower La!J.lna Madre, Brownsville
Ship Channel, part of the Intracoastal Waterway, Port
Mansfield Channel, and Brazos Santiago Pass (Figure
10).

At m1w, upper and lower La!J.lna Madre and Baffin
Bay are generally less than 4 feet deep, but in a few areas

are as much as 10 feet deep. The Intracoastal Waterway,
Port Mansfield Channel, and Arroyo Colorado are about
15 feet deep; the Brownsville Ship Channel is about 40
feet deep.

Water·Quality data for the estuary (Table 91 were
collected only in upper Laguna Madre during July and
August in conjunction with a water-Quality survey of the
Nueces estuary.
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WATER STAGES IN THE ESTUARIES

Celestial tides along the Texas coast vary during a
2-week period from diurnal to semidiurnal. The tides
generate variable water stages in the estuaries and cause a
cvclic exchange of water between the Gulf of Mexico
and the estuaries. At times. however, winds or
streamflow exert a greater influence on the estuarine
water stage than celestial tides; therefore, flow may be

constantly in the same direction throughout one or more
tidal cycles.

All water-stage recorder sites in the estuaries are
shown on Figure 11 and are numbered arbitrarily for
convenience. The data given in Tables 10 through 16
represent peaks and troughs in water stages caused by
tides, wind, or inflow.
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SELECTED HYDROLOGIC RECORDS

Climatological Records

The climate of a region plays a great role in
estuarine water quality. The types of climatological data
available for a 6O-mile-wide band along the Texas coast
are shown on Fig.ne 12.

Tabulations of daily pl"E!Clpttation. temperature,
and other data are published monthly and monthly
summaries are published annually by the Environmental
Science Services Administration in the series titled
Climatological Data-Texas. For the period 1931-60.
monthly and annual data are summarized in two U.S.
Weather Bureau publicatioos (1958.1965).
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Figure 12.-Locations of Selected Climatological Stations
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Continuous Streamflow Records and
Daily Water-Quality Records

Streams along the Texas coast lie in the ftat coastal
plain and are incised below sea level. Thus, changes in
water stage within bays due to tides ohen extend many
mi les upstream, The most downstream sites at which
continuous streamflow data are collected are several
miles upstream from the estuaries. The locations of these
sites are shown on Figure 11. The site numbers shown
on the map correspond to station numbers used by the
U.S. Geological Survey.

The streamflow data represent runoff reaching the
coastal area but do not describe all of the flow from
streams that enter an estuary. Intervening drainage,
diversions for irrigation, return flows, and
evapotranspiration may all influence streamflow
between the measuring site and the estuary.

Analyses of water collected daily from continuous
streamflow meaS4Jring sites IFi!1-lre 11} show the effect
of geology and cultural development on runoff from the
drainage basins. At times, however, intervening drainage,

return flows, and evapotranspiration may alter the water
quality between the data·collection site and the estuary.

Streamflow and chemical-quality data are
published annually in the series Water Resources of
Texas: Part 1. Surface water Records, and Part 2. Water
Quality Records.

Water-Quality and Streamflow
Records for Selected Tributaries

The ungaged drainage areas to each estuary range
from less than 100 square miles to more than 10,000
square miles. To completely describe the quality and
quantity of runoff from the entire area between
continuous streamftow stations and the estuary is not
feasible; however, representative data (Table 17) are
available from data-eollection sites shown in Figure 13.
Sites assiWled station numbers 08117840 through
08468500 appear in the annual publications named in
the foregoing section. Other sites have been numbered
consecutively for this report.
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