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Preface

Despite great interest in — and large
expenditures for —estuarine water quality
and fisheries management, there have not
been evaluations of the long-term trends in
conditions of most of our estuaries. Conse-
quently, little is known about theeffective-
ness of past and present management
programs.

This is one of several products of a
study of long-term trends in water quality
and fishery resources in three important
U.S.estuaries: 1) Narragansett Bay, Rhode
Island, 2) the Albemarle-Pamlico Sound
system in North Carolina, and 3) Galveston
Bay, Texas. The project had four specific
objectives:

1. To document long-term trends in
water quality and, where possible, identify
causes, consequences and significance.

9. To assess whether problems are
similar or unique to each estuary.

3. To assess whether progress is being
made in improving conditions in water
quality and fishery resources and whether
there are examples of success that would
be useful for estuarine managers and
researchers elsewhere.

4. Togleanexamplesof the useful inte-
gration of research and policy.

The three estuaries chosen for this
study have sufficient long-term data to
permit trend analyses and inter-estuarine
comparisons. In two of them, monitoring
programs havebeen carried out forat least
two decades. The Texas Department of
Heslth and the Texas Water Commission
and its predecessors, the Water Quality
Board and the Department of Water Re-
sources, have been monitoring dissolved
oxygen, nutrients, metals and bacteria at

many stations in Galveston Bay and along
the Houston Ship Channel since the late
1960s. Likewise, there is & twenty-five
year record of water quality from 20-30
stations in the Pamlico River Estuary in
Nerth Carclina. In the third estuary,
Narragansett Bay, no routine monitoring
program has been carried out, but enough
independent studies have incorporated
water quality parameters to permit con-
struction of a comparable long-term data
set. In addition to water quality data
bases, therearecatchstatistics and records
of management efforts for important
fisheries in each bay.

These estuaries are characterized by a
range of pollution problems, some of which
are unigue to each, while others are shared
by all. Narragansett Bay and Galveston
Bay represent heavily industrialized, urban
estuaries with a long history of pollution.
They are subjected to intense port and
shipping activities, massive industrial dis-
charges and major domestic sewage load-
ings from urbanized centers of population:
Houston in Galveston Bay;and Providence,
Central Falls and East Providence in Nar-
ragansett Bay. In contrast, the Albemarle-
Pamlico Sound system is a relatively un-
developed estuary without major shipping
lanes, industrial activity ora denselyurban-
ized coastline. Instead, it is characterized
by extensive wetlands along its shoreline
with agriculture and forests as the major
land use types within its watershed. Yet it
also is perceived as having a history of
water quality problems.

This is one of three separate — but
comparable — reports that have been pre-
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paredon trends inpollutant Joadings, water
quality and pertinent fisheries for each of
the estuaries. The other two are:

Stanley, Donald W. 1992. Historical Trends:
Water Quality and Fisheries, Albemarle-
Pamlico Sounds, With Emphasis on the
Pamlico River Estuary. University of North
Carolina Sea Grant College Program
Publication UUNC-5G-92.04. Institute for
Coastal and Marine Resources, East
Carolina University, Greenville, NC. 215
PP-

Desbonnet, A. and V. Lee. 1991, Histerical
Trends: Water Quality and Fisheries,
Narragansett Bay. The University of Rhode
Island Coastal Resources Center
Contribution No. 100 and National Sea
Grant Publication #RIU-T-91-001.
Graduate School of Oceanography,
Narragansett, RI. 101 pp.

Support for this research was provided
by the National Ocean Pollution Program
Office of the National Oceanic and Atmo-
spheric Administration, U.S. Department
of Commerce. The project wasadministered
as Grant R/SF-2 through the UNC Sea
Grant College Program, North Carolina
State University, Raleigh, NC.

Several personsin Texasstate agencies
provided courtecus and friendly assistance
aslsought tocollect the information needed
for the study. Even more valuable were
their insights and historical perspectives
on the issues associated with the ecology of
Galveston Bay. During one visit to the
state in December 1987, Dr. Neal Arm-
strong, a member of the faculty of the

Preface

University of Texas at Austin, provided a
summary of the research that has gone gn
in the bay, and Dr. Gary Powell and hig
associates at the Texas Water Development
Board detailed the history of the State’s
role in managing the bay. Also, Kirk Wileg
of the Texas Board of Health outlined that
agency’srole inregulating shelifishingbed
closures in the bay, and Dr. Brian Cain of
the 11.8. Fish and Wildlife Service discussed
concerns about pollution related todredging
in the Houston Ship Channel.

Among those who provided data used
in the report was Ms, Sylvia von Fange of
the Texas Water Commission Library. She
and her staff were particularly helpful,
allowing me to ship books and reportsback
to North Carolina for photocopying. Other
library and agency personnel who gave
assistance included Debra E. Bunch (Texas
Parks and Wildlife Department Library),
Virginia Hall {Texas State Department of
Agriculture Library), 1.J. Shenkir (Feed
and Fertilizer Control Service, Texas Agri-
cultural Extension Service)}, and the staffs
of the Houston Public Library and the U.S.
Government Documents Section of the
North Carolina State University Library.

Many hundreds of hours were spent
tabulating data for the tables and graphs
in the report. East Carolina University
students and staff involved in this task
included Ray Taft, Jeff Taft, Sharon Reid,
Colleen Reid, Deborah Daniel, Anne Ander-
son and Kay Evans. [ thank K. Teague, G.
Powell, and D. Beckett for reviewing an
earlierdraft. Mark Hollingsworth provided
invaluable assistance in the preparation of
the final draft.

Greenville, North Carolina
December, 1991

D.W.S.



Chapter 1

Profile of the Galveston Bay System

It is not the purpose of this chapter to
provide a thorough description of the
physics, chemistry, and biology of the
Galveston Bay system. Rather, itis abrief
sketchintended to focus the reader’s atten-
tion on the features of the bay which are
most relevant to the water quality and
fisheries data that will be presented later.
Several more comprehensive reports on
the ecology of the bay are available. Oneis
theU.S, Fishand Wildlife Service Biclogical
Services Program summary of environ-
mental literature entitled Texas Barrier
Islands Region Ecological Characterization:
Environmental Synthesis Papers authored
by Shew et al. (1981). Other useful Fish
and Wildlife Service products include An
Annotated Bibliography of the Fish and
Wildlife Resources of Galveston Bay by
Christman et al. (1978),and the GulfCoast
Ecological Inventory: User’s Guide and
Information Base by Beccasioet al. (1982).
Another important source is Armstrong’s
(1987) report on The Ecology of Open-Bay
Bottoms of Texas: A Community Profile. It
is particularly valuable because it provides
comparisons between Galveston Bay and
other Texas estuaries. Finally, the
Galveston National Estuary Program, be-
gun in 1989, has provided a number of
technical reports and other documents. All
publications from this program, as well as
many other published and unpublished
works concerning the Bay, can be found at
the Galveston Bay Information Center.
The Center is located at the Jack K.
Williams Library on the Galveston Texas
A&M campus.

In the short run, the bay’s deterioration is
a direct benefit to many, but its protection
is @ recognizable value to relatively few.
For one thing, the bay exists at some
remove from the daily lives of most
Houstonians. Because it lacks the constant
proximity and the visual splendor of a San
Francisco Bay or a Puget Sound, it is easy
to ignore. [ts waters bear a close
resemblance to cafe au lait. Its flat and
timbered shorelines lack dramatic views
and escarpments. Conseguently, the casual
visitor is not likely to leave his heart in
Galveston Bay or even consider it, on the
visual evidence alone, a resource worth
saving.

Smith (1972)

The Physical Environment

The Galveston Bay system (sometimes
referred to as the Trinity-San Jacinto estu-
ary) covers about 1,430 square kilometers
and includes East Bay, Galveston Bay,
Trinity Bay, West Bay and several smaller
bays (Figure 1.1). The gentle slope of the
coastal area of southeast Texas continues
through the estuaries; thus, theytend tobe
veryshallow. Trinity and upper Galveston
bays average 1.6 m in depth while lower
Galveston Bay averages 2 m with areas up
to 4 m. The contiguous East and West bays
are even shallower, averagingslightly more
than 1mindepth. Bolivar Roads, the main
tidal channel through the barrier islands,
normally has depths exceeding 10 m.
Depths in the dredged channels range up
to 12 m (Texas Department of Water
Resources 1981a).
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Figure 1.1. Map of Galveston Bay system.




Proflle of the Galveston Bay System

Geological Origin and Evolution

The present estuaries along the Texas
coast had their beginnings during the last
major glacial epoch, about 30,000 years
ago. During that period, sea level is esti-
mated to have dropped more than 50
meters, and the coastline moved some 80
km seaward of its present-day location.
Then, between 18,000 and 4,500 years
ago, the ice retreated. Sea level rose, and
large barrier islands were deposited as the
Trinity and San Jacinto rivers continued
to meander through the river plain. Asthe
sea level roseandthebarrierislands formed,
the river valleys were filled with water,
creating Galveston Bay and other nearby
estuaries. Since then, depositional pro-
cesses have continued, and the bays have
become more shallow. Wind and water
forces have continually changed thebarrier
islands, the tidal deltas, and the bottom
features of the bay (Fisher et al. 1972).

In 1979 wetlands associated with the
Galveston Bay estuary consisted of 35.6
km? of forested wetlands, 146.6 km? of
freshwater marsh, 473.6 km?ofsalt marsh,
and a number of freshwater ponds and
lakes totaling 91.4 km® (King et al. 1986).
Land subsidence, resulting from excessive
groundwater withdrawals and from with-
drawal of shallow oil deposits, has been
oceurring in the Galveston Bay area since
the early part of this century. The City of
Houston and the Texas City area have
experienced subsidence of nearly 122 cm,
while other areas around the bay have
undergone as much as 244 cm of subsid-
ence (Texas Water Quality Board 1975b;
Fisher ot al. 1972). Between surveys in
1956 and 1979, Galveston Bay lost approx-
imately 16%ofits marshesand an estimat-
ed 95% of its submerged vegetation. The
problem of wetland loss will be exacer-
bated in the future due to continuing sub-
sidence of coastal areas and to sea level
rise. (Sheridan et al. 1988).

Climate

Galveston Bay lies in the climatic zone
classified as subtropical, characterized as
having humid weather with warm sum-
mers. The climate is also predominantly
marine because of the proximity ofthe Gulf
of Mexico. Polar Canadian air masses
frequent the basin in winter causing brief

Table 1.1, Hydrologic data for Galveston Bay
(Armatrong 1987). Values are averages for the
period 1941-1976.

Parcent
FParametar Yalus of total Rolerenoe
A Drainage Area
Trinity 46,540 km? 79.15 1
San Jacinto 10,230 kmf 17.40
Coastal 2,028 Jm? 346
Total 58,788 k'  100.00
B. Surface area
Trinity Bay 36,6856 ha 27.08 1
Galventon Bay 53,016 ha 39.26
East Bay 17,685 ha 13.08
Weat Bay 27,803 ba 20.58
Total 185,088 ha 100.00
C, Volume
Trinity Bay 6587 lam? 23.60 2
Gelveaton Bay 11 Yom? 45.04
East Bay 224 loo* 7.69
Wt Bay 689 lon? 23.67
Total 29811 kbn* 100.00
D. Aversge Depth 21 m 2
E. Precipitation onto
Estuary Surface 134.80 cmpyr? 3
1.93 km*y1? 2
F. Evaporation from
Eatuary Surface 118.80 cmmiyr? 3
1.70 kem?yrt 2
G. Gaged inflows {54,250 km™
Trinity basin 6.61 kmtfyr! 7915 1
San Jacinto basin ~ 1.97 km¥yr' 1740
San Jacinto-Brazes 0.13 kn¥yr' 345
Total 8.71 km¥/yr! 100,00
H. Ungaged inflows (6,875 km?®)
3.18 kmyr! 3

I Notinflow(I=G+H+E-F}
12.29 kn¥fyr

1Hofstetter (1977)
Anmstrong (1987)
*Texan Dapartment of Watsr Rescurcos (1981)
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periods of cool, foggy and rainy weather
(Texas Department of Water Resources
1981a). The mean July temperature is
33.9°Cand the mean January temperature
is 7.2°C with below freezing temperatures
occurring on an average of 7 days a year.
Rainfall averages about 127 cm/year and
is fairly evenly distributed throughout the
year. Excessive rainfall ean oceur in a
short time period when slow-moving thun-
derstorms or tropical disturbances pass
over the area in late summer. The mean
annual relative humidity in the Houston
area averages around 80%. Winds are
predominantly from the north in the
winter and from the southeast the remain-

deroftheyear (Texas Water Quality Board
1975b).

Freshwater Inflows

Drainage areas contributing freshwater
to the Galveston Bay system include the
Trinity and San Jacinto River basins, the
Trinity-San Jacinto coastal basin,and parts
of the Neches-Trinity and San Jacinto-
Brazos coastal basins (Table 1.1). The
Trinity River basin is by far the largest of
these, with a drainage area of 46,540 km2.

Chapter 1

From its headwaters in southeastern
Archer County, Texas, the West Fork
Trinity River flows in asoutheasterly direc-
tion to its confluence with the Clear Fork
Trinity River near downtown Fort Worth.
From here, the West Fork Trinitycontinues
in a generally easterly direction until its
merger with the Elm Fork Trinity River in
the eastern part of the city of Dallas. At
this point, the Trinity River begins and
flows ina southeasterly direction to Trinity
Bay (Figure 1.2). The river is about
1150.435 km, dropping some 381 m from
source to mouth.

In 1985 there were a total of 37 major
reservoirs within the Galveston Bay water-
shed (Table 1.2). All but 4 of the 29
reservoirs on the Trinity River are located
intheupper halfofthe basin, in the Dallas-
Fort Worth area. Lake Livingston is the
largest reservoir in the basin and is the
only lake on the main stem of the Trinity
between Dallas and Galveston Bay. There
are no major natural lakes in the basin
{(Wurbs 1985; Texas Department of Water
Resources 1981a). There are several other
reservoirs in various stages of planning or
construetion in the Trinity Basin. The

Figurel.2. Map of Trinity River
Basin, From Warshaw (1975).
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most controversial is the Wallisville Reser-
voir, which would dam the Trinity just
upstream from its mouth. Construction of
Wallisville Reservoir was halted in 1973,
when it was about 75% completed, due to

5

environmental litigation (Wurbs 1985, U.S.
Army Corps of Engineers 1988},

The San Jacinto River basin has a
much smaller drainage area — 10,230
km?. Emptying inte the Houston Ship

Table 1.2. Major reservoirs in the Galveston Bay basin (Wurbs 1985; Texas Department of
Water Resources 1981; Corps of Engineers 1988). "R" = Recreation; "M" = Municipal Water
Supply; "P" = Steam-Electric Power; "A" = Agricultural Water Supply; "Mi" = Water Supply for

Mining; "F" = Fiood Contrel.

Surfuce Total

Year area capmcity
Name OwnerOperator Unes Built {acres) (acre-ft)
Trinity River Basin
Kiowa Lake Kiowa, Inc. R 1863 560 7,000
Halbert City of Corcicana MR 1521 650 7,420
Trinidad Texas Power and Light P 1925 740 7,460
Terrell City City of Terrell MR 1956 830 8,710
White Rock City of Dallas R 1910 1,120 10,740
Waxanachie Ellis County M 1966 £90 13,600
North Dallas Power and Light P 1957 800 17,000
Weatherford City of Weatherford M 1957 1,210 19,470
Houston County Houston County M 1966 1,280 19,5600
Forest Grove Texas Utilities Service P 1937 2,710 22,840
Mountain Creek Dallas Power and Light P 1537 2,710 22,840
Amon G. Carter City of Bowie M 1956 20,050 29,000
Anahuac Chambers & Liberty Cos. Navigation District AMi 1914 5,300 36,300
Worth City of Fort Worth M 1914 3,560 38,130
Arlington City of Arlington M 1657 2,270 45,710
Fuairfield Industrial Generating Service P 1969 2,350 50,600
Walliaville Corpe of Engineera MR —_ 19,700 58,000
Bardwell Corps of Engineern F.MR 1565 8,040 137,060
Eagle Mountain Tarrant County M,A 1934 9,200 190,300
Navarre Mills Corpa of Engineers F,M,R 1963 11,700 206,200
Beapbrock Corpe of Engineers FMR 1952 7,630 268,600
Joe Pool Corps of Engineern F.MR 1986 7.470 304,000
Bridgeport Tarrant County M 1965 33,750 386,420
Grapevine Corpe of Engineera F.M.R 1952 12,740 425,500
Ray Hubbard City of Dallas M 1668 22,740 490,000
Cedar Creek Tarrant County M 1965 33,750 $79,200
Lavon Corpe of Engineers FMR 1953 29,460 748,200
Lewiaville Corpe of Engineers F.MR 1954 39,080 981,800
Ray Roberts Corpe of Engineers F.MR 1087 36,900 1,084,600
Livingston City of Houston, Trinity River Authority MAR 1968 82,600 1,750,000
Trinity-San Jacinto Coastal Basin
Cadar Baycu Houston Power and Light P 1972 2,600 20,000
San Jacinto River Basin
Sheldon Taxas Parks & Wildlife R 1943 1,700 5,420
Lawis Creek Gulf States Utilities I 1969 1,010 16,400
Houston City of Houston MARMi 1954 12,240 140,520
Addicin Corpa of Engineers F 1948 220 204,500
Barker Corpe of Enginsers F 1946 220 207,000
Conroa San Jacinte River Authority MMi 1973 20,980 429,800
San Jacinto-Brazoa Coastal Basin
Galveston County  Galveston County MI 1949 810 7.310
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Channel about 14.48 km above Morgan’s
Point, the San Jacinto depends for its flow
almost entirely upon overflow at the dam
on Lake Houston, which is the principal
water supply reservoir for the City of
Houston. During a year of unusually low
rainfall,suchoverflowis negligible. Onthe
other hand, in a wet year overflow from
Lake Houston provides over 60% of the
total freshwaterinflow into theshipchannel
(Texas Water Quality Board 1975b).

While the San Jacinto is generzlly the
most important source of freshwater tothe
lower Houston Ship Channel, the principal
source of inflowtotheupperchannelduring
dry periods is wastewater discharge. This
is primarily because of thesmall watershed
of Buffalo Bayou, the lower reach of which
was widened and deepened in the early
partofthis centurytoeformtheship channel.
The wastewater input velume does not
fluctuate much seasonally (Texas Water
Quality Board 1975b). When freshwater
inflow is moderate to high, there is well
defined salinity stratification in the con-
fined portion of the ship channel. When
inflow is low, mixing tends to be more
complete due to tidal action (Texas Water
Quality Board 1977).

Smaller coastal drainage areas also
contribute freshwater to the bay system.
Oneofthese, the Neches-Trinity, is bounded
on the east by the drainage of Oyster
Bayou. Two others are the Trinity-San
Jacinto and San Jacinto-Brazos coastal
basins. In total, these coastal drainages
encompass about 2,000 km?2.

Galveston Bay receives the largest
amount of freshwater inflow of all the bays
along the Texas coast, in part because the
drainage areas lieinthe eastern partofthe
state where precipitation is much greater
than farther west. Annual rainfall amounts
diminish 10 mm for every 9.5 km as one
moves east to west across Texas (Armstrong
1987). The combined annual freshwater
inflow to the bay from all drainage areas
averages 11.61 km® per year (Table 1.1).

Chapter 1

About 78% of this is from the Trinity River
Basin. The peak freshwater influx normally
corresponds with spring rains and usually
over 70% of the tetal annual inflow occurs
between January and June (Shew et al.
1981). The seasonal variability is much
greater for the Trinity than for the San
Jacinto, because withdrawals from Lake
Houston by the City of Houston tend to
dampen oscillations in the San Jacinto’s
natural flow pattern. Major impacts from
the spring peak inflows from the Trinity
include overbank flooding of marsh areas,
extension and building of bay head and
oceanic deltas, flushing of the bays, and
reduction of salinities (Texas Department
of Water Reasources 1982b).

Inaddition tothe overland runoff, there
is anadditional input of 1.93 km®eachyear
from precipitation directly onto the bay
and an evaporative loss of 1.7 km®. Thus,
the net inflow (combined inflows + precipi-
tation - evaporation) amounts to approxi-
mately 12.3 km3/year, This amountstoan
average basin areal yield of 2,266 m’/ha
(Armstrong 1987).

Tidal Exchange, Circulation and
Flushing

Threeinlets connect the Galveston Bay
system with the Gulf of Mexico (Figure
1.1). Two are natural tidal inlets: San Luis
Pass between Follets Island and Galveston
Island, and Belivar Roads between
Galveston Island and Bolivar Peninsula.
Rollover Pass, dugacross the baseof Bolivar
Peninsula in 1955, connects East Bay and
the Gulf. Approximately 80% of the tidal
exchange in the Galveston Bay system
occurs through Bolivar Roads. Less than
20% of the tidal exchange oceurs through
the San Luis Pass, and Rollover Pass ex-
changes less than 1% of the flow carried by
Bolivar Roads (Shew et al. 1981).

Normal lunar tidal range averages 40
cm in lower Galveston Bay, decreasing to
approximately 30 cmin East, West, Trinity,
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and upper Galvestonbays. Since thelunar
tide range is small, the effect of wind is
proportionatelylargein comparisontoother
estuaries with larger lunar tides. Thus,
observed water level fluctuations in the
bay depend a great deal on the wind tide
amplitude and on whether the lunar and
wind tides are in or out of phase with one
another (Shewet al. 1981). Becauseofthe
shallow depths throughout the estuary,
windcanplayamajorrolein the generation
of waves and longshore currents. Thus,
wind is a major factor influencing erosion,
accretion and other changes in shoreline
configurations (Texas Departmentof Water
Resources 1982b).

An analysis of net circulation patterns
(simulated by a tidal hydrodynamic model)
by the Texas Department of Water Re-
sources (1982b) indicated that the dominant
circulation in Galveston Bay is a net move-
ment of water aleng the Houston Ship
Channel. Shifting winds associated with
the higher incidence and greater intensity
of weather fronts during the winter in-
creases flushing in Galveston Bay, in com-
parison to summer months when the winds
are more unidirectional. The circulation
patterns in Trinity, East and West bays
are generally dominated by internal eircu-
lation currents. East Bay has compara-
tively poor circulation because of its align-
ment perpendicular tothe prevailing winds
and limited tidal exchange with the Gulf
{Shew et al. 1981). West Bay, aligned
similarly to East Bay, nevertheless prob-
ably has better circulation and flushing
due to greater volumes of tidal exchange
through Bolivar Roads and San Luis Pass
{Espey, Huston and Associates 1978}.
Armstrong (1982), using the single layer
model calculation, estimated the average
freshwater residence time of Galveston
Bay to be 40 days.

Salinity and Temperature
Mean salinity in the Galveston Bay
complex is around 17 ppt (Martinez 1975),
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but is highly variable, both spatially and
temporally. Trinity Bay is generally the
least saline area because of the Trinity
River’s outflow. Salinity alongthe western
part of Galveston Bay is typically higher
than on the east, because of the Trinity
River inflow from the east and because of
the partial barrier formed by the dredge
spoil along the Houston Ship Channel
(Espey, Huston and Associates 1978). The
shipchannel is the primary path forsalinity
intrusion into upper Galveston Bay. While
vertica! stratification is generally absent
in the bay, the ship channel and other
dredged channels are exceptions. In West
Bay, salinity gradients are generally small
due to the low freshwater input and the
large exchange with the Guif of Mexico at
either end (Espey, Huston and Associates
1978). In East Bay, the major flow of
freshwater is from the east, so that the
salinity gradient is from east to west (low
tohigh) (Shewetal. 1981). Salinity usually
fluctuates with time as a result of fresh-
water inflows that vary by several orders
of magnitude. Inatypicalyear,theseasonal
averagesalinity range is approximately 11
ppt Martinez 1975).

Mean water temperature for the entire
bay complex averages about 22°C. Season-
ally, water temperatures closely follow the
seasonal change in air temperature. The
monthly average minimums typically occur
between December and February (approxi-
mately 12°C), and the maximum occurs in
August or September (approximately 29°C)
{Shew et al. 1981). At any given time,
water temperatures differ as much as 8°C
within the bay. The lowest temperatures
are usually near the mouth of the Trinity
River while the highest are in the protected
embayments near shore during low river
inflow. Vertical temperature gradients
are normally negligible in all areas of the
bays except in the dredged channels, where
they may be quite pronounced (Espey,
Huston and Associates 1978).



Figure 1.8. Population
ond land ares distribu-
tion (1987) in the
Galveston Bay watershed.
Data from The Texas
Almanac (1988).
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Principal Uses

The rise of the Houston metropolitan
area as a major population and industrial
center hasbeen a fairly recent development;
most of its growth has taken place in the
last 60 years. One hundred years ago, the
four-county region surrounding the bay
had less than 80,000 inhabitants. Galves-
ton, not Houston, wasthe center of shipping
and commerce of southeast Texas. And
cotton, not petrochemicals, was the major
commodity (Texas Water Quality Board
1975h).

Much of the growth and development of
the Houston area is attributable to the
completion of the Houston Ship Channelin
1914, in combination with the discovery of
oil in the region by the 1920s. The channel
permitted ocean-going vessels to traverse
the shallow Galveston Bay all the way to
Houston, resulting in a tremendousupsurge
innewindustrial growth in Houston. Hous-
ton soon replaced Galveston as the center
of commercial and industrial activity.
Galveston Island and its beaches have
since developed into an important tourist
area (Texas Water Quality Board 1875b).

By 1930, over 80% of the ocean-gning
tonnage from the Port of Houston was in
the form of oil and related chemicals. By
this time, many large oil companies had
established their offices in the area, and
refineries were well developed along the

Chapter |

ALl OTHERS

=7

I 3 COUNTIES

16%

LAND AREA

ALL OTHERS
21%

upper channel. Other chemical and steel
industries developed in the region during
World War 11, so that by 1948 Texas was
sixth in the nation in chemical production.
It has subsequently risen to first place
(Texas Water Quality Board 1975b).

Popuiation Distribution

Population distribution is extremely
uneven across the Galveston Bay water-
shed. Qut of 43 counties lying wholly or
partly in the basin, just three (Harris,
Tarrant and Dallas) contain nearly 80% of
the total basin population. Put another
way, 80% of the basin population lives on
only 16% of the basin land area in these
three counties (Figure 1.3). These counties
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Figure 1.4. Population Growth in the

Galvestorn. Bay area since 1850. "Bay Area”
includes Chambers, Harris, Galveston, and
Brazoria counties. Data are from Androit
{1983) and The Texas Almanac (1988).
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are the centers of the two largest urban
areasin Texas: 1) Houston (Harris County),
situated at the upper end of Galveston
Bay, and 2) Dallas-Fort Worth (Dallas and
Tarrant Counties), located some 643.6 km
up the Trinity River. The Dallas-Fort
Worth area is known as the Metroplex.

Houston is the 9th largest metropolitan
area in the United States (as of 1986) and
was the fastest growing in the late 1970s
and early 1980s (Texas Water Commission
1988b). The region has exhibited boom-
town characteristics over most of the past
5 decades (Figure 1.4). In 1985 over 3.2
million people lived in the four counties
surrounding the bay (Chambers, Brazoria,
Galveston and Harris). The majority (2.8
million) were concentrated along thenorth-
west shore of the bay in Harris County,
which is dominated by Houston, the most
populous Texas City, and fourtth in the
U.S., with 1.7 million persons in 1985
(Texas Almanac 1988).

Houston’s population gains during the
1970s and early 1980s were remarkable.
Growth between 1970 and 1980 averaged
3.7% annually, and between 1980 and
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1982 Houston’s population grew at by an
incredible 12%. Since 1982, however,
population growth hasslowed considerably.
Migration has accounted for a large part of
the population changes in the Houston
areaduringthe pastseveral decades (Texas
Almanac 1988).

The eastern shore of Galveston Bay is
far less intensely developed than the
western shore. Chambers County, which
surrounds most of Trinity Bay, is primarily
agricultural, with extensive rice and row-
crop farmlands, cattle range, and timber.
The 1985 population of this county was
only about 19,000.

industry and the Port of Houston

The production of oil, natural gas, and
petrochemical products (e.g., plasties) domi-
nates the Houston area economy. Nearly
one-half of the total chemical productionin
the U.S. takes place in the four-county
area surrounding the bay. More than 500
chemicals are produced there, including
55% and 34% of the total polypropylene
and polyethylene production, respectively.
Thirty percent of the total U.S. petroleum

Table 1.8. Galveston Bay commercial landings catch composition (1982- 1986 averages).

Data are from Qsburn et al. (1987).

% of % of

% of
tatal finfish shelifish
Species Ibe kg catch catch catch
Finfish 564,792 256,180 4.9
1. Flounder 150,100 68,085 1.3 26.6
2.Black Drum 108,171 49 066 0.9 19.1
3. Mullet 88,780 40,271 0.8 15.7
4. Sheepshead 70,090 31,793 0.6 124
6. Croaker 27,460 12,456 02 49
6. Other Food Fish 61,931 28,092 0.5 11.0
7.For Bait, Reduction 58,260 26,427 0.5 10.3
and Animal Food
Shellfish 10,917,440 4,952,152 85.1
1.Blue Crabs 1,841,300 835,412 16.0 16.9
2.Oysters 3,880,800 1,760,331 33.8 35.6
3.Brown and 1,878,480 852,079 16.4 17.2
Pink Shrimp
4. White Shrimyp 3,316,860 1,504,528 28.9 30.4
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Figure 1.5. Major
categories of cargo trans-
ported on the Houston
Ship Channel in 1984.
Data are from U.S. Army
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industry is located adjacent to the bay.
Most of this industrial development is con-
centrated in tweareas:one alongthe upper
Houston Ship Channel, the other in the
Texas City vicinity alongthe southwestern
shore of the bay.

Nationally, the Port of Houston is the
third largest in terms of total shipping
tonnage (Ditton et al. 1988). The port is
located slong the upper Houston Ship
Chennel, and it is a 40.2-km-long complex
of public and private facilities. Over 4,700
ships visited the port in 1987, transporting
an estimated 99.858 million metric tons of
CcAargo.

The dominance of petroleum and re-
lated industries around the bay is reflected
inthe types of commerceontheshipchannel
(Figure 1.5). The major cargo types are
refined petroleum products (37%), chemi-
cals and plastics (21%), crude petroleum
(13%) and wheat (13%). The wheat, petro-

WHEAT

leum products and chemicals and plastics
are primarily exported, while the crude
petroleum, various mineral ores, steel prod-
ucts and motor vehicles are the main im-
ports (Liebow et al. 1980).

To accommodate the waterborne com-
merce associated with this highly industri-
alized area, a total of 201.125 km of
navigation channels have been dredged
throughout Galveston Bay (Diener 1975).
The principal channels within this network
arethe Gulf Intracoastal Waterway, Hous-
ton Ship Channel, Texas City Channel, the
channel to Liberty, and the Galveston
Channel. It has been estimated that be-
tween 1867 and 1986 about 75.11 km? of
habitat in the bay was disrupted or elim-
inated by navigation projects (King et al.
1986).

The Houston Ship Channel (Figure 1.1)
extends approximately 80.45 km from the
Port of Houston to the Gulf of Mexico. It

Figure 1.8. Composition of catch, as numbers
of fish caught, by Galveston Bay recreational
fishermen (averaged for 1974-1985 period).
Data are from Osburn and Ferguson (1986).
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follows the course of what were formerly
the lower portions of Buffalo Bayou and
the San Jacinto River in Harris County. It
thenjoins Galveston Bayat Morgan’s Point,
and crosses the bay to the Gulf of Mexico.
The narrow, confined, 40.225 km long por-
tion of the channel between the Port of
Houston’s ship-turning basin near down-
town Houston and Morgan’s Point is one of
the most heavily industrialized water
bodies in the world.

Commercial Fisheries

Galveston Bay historically has been
the overall leading fisheries resource base
in Texas. Between 1982 and 1986, the
annual commercial bay harvest of {infish
and shellfish has averaged 11.5 million
pounds (Table 1.3), which was about one-
third of the state total (Osburn et al. 1887).
The annual finfish catch is a relatively
small part (4.9%) of the total harvest,
averaging about one-half million pounds
per year. Four species account for nearly
76% ofthe total finfish harvest. In decreas-
ing order of importance they are southern
flounder (Paralichthys lethostigma), black
drum (Pogonias cromis), mullet (Mugil
cephalus), and sheepshead (Archosargus
probatocephalus). Other commercial spe-
cies in the bay include spotted seatrout
(Cynoscion nebulosus), red drumorredfish
(Sciaenops ocellata), Atlantic croaker
(Micropogon undulatus) and gafftopsail cat-
fish (Bagre marinus). Spotted seatrout
and red drum were banned from the com-
mercial harvest in September 1981.

Shrimp, oysters, and blue crabs have
been the dominantshellfishspecies, making
up nearly 95% of the total annual bay
catch. Three kinds of shrimp - white,
brown and pink -- together accounted for
nearly half the total seafood harvest
between 1982and 1986. Over threemillion
pounds of white shrimp (Penaeus setiferus),
along with 1.9 million pounds ofbrown and
pink shrimp (Penaeus aztecus and Penaeus
duorarum), were caught in an average
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year. The Virginia oyster (Crassostrea
virginica) was the single most important
species harvested in the bay during the
period (3.9 million pounds/year). Finally,
there wereabout 1.8 million pounds ofblue
crabs (Callinectes sapidus) in an average
year’s harvest (Osburn et al. 1987).

Offshore, in the Gulf of Mexico, the
annual shrimp harvest is much greater
than that within thebay itself. Since these
animals live in the bay as juveniles, it is
reasonable to argue that this catch should
be included in an assessment of the bay
productivity (Armstrong 1987).Itis impos-
sible to accurately assign the Gulf catch to
individual estuaries, but an indication of
the Galveston Bay contributionis the catch
for Zone 18, a 12,950 km? area located
offshore from the bay. Between 1959 and
1976, the shrimp eatch in this zone aver-
aged nearly 4.536 million kg/year (Texas
Department of Water Resources 1981).
The 1986 harvest of shrimp from all areas
off the Texas coast was 34.4736 million kg
(Osburn et al. 1987). It has been estimated
that the Galveston Bay system is respon-
sible for 30% of the brown shrimp and 41%
of the white shrimp in this catch (Texas
Water Commission 1988b).

Most of the oyster reefs in the Galveston
Bay system are located in the central por-
tions of East Bay and Galveston Bay, where
fresher waters of the major tributaries mix
with saline waters of the Gulf. The most
recent survey of the bay’s oyster reefs was
that of Benefield and Hofstetter (1976).
They mapped 160 reefs totaling 3,076 ha,
The largest reef complex (371 ha}is around
Redfish Bar, between Eagle Point and
Smith Point, in central Galveston Bay.
Trinity Bay supports very few reefs due to
the frequent floods on the Trinity River
and unsuitable bay substrate (King et al.
1986).

Oysters are harvested from both public
reefs (3,047 ha) and private oyster leases
(951 ha) in the bay. From 1982 to 1986,
approximately 81% of the reported commer-
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cial landings were from the public reefs,
while the remaining 19% were taken from
the private leases. Private oyster leases
were originally granted to encourage reef
development and private oyster culture.
But today few oyster leases in the bay are
being used exclusively for oyster culture.
Instead, lease operators harvest oysters
transplanted from polluted reefs to private
leases. Transplanting from polluted reefs
is permitted fo reduce the amount of oysters
in polluted waters and therefore discourage
the illegal harvest and marketing of con-
taminated oysters. Transplanted oysters
must be depurated (held in unpolluted
waters until contaminants are naturally
cleared) before they can be sold for public
consumption. Transplanting and depura-
tionarecoordinated and monitored through
a cooperative effort by the Texas Parks and
Wildlife Department and the Texas Depart-
ment of Health. About 21% (653 hectares)
of the oyster reefs in Galveston Bay are
classified as polluted and therefore off-
limits for harvesting, by the Texas Depart-
ment of Health (Benefield and Hofstetter
19'76; Texas Parks and Wildlife Department
1988).

Recreation

In addition to the important commercial
fisheryinthebay, thereisalsoasignificant
sport fishery. In fact, commercial fishing
on average accounts for only about 14% of
the total catch within the bay, with the
remainder (86%, 498,960 kg in 1986) going
to the sport catch (Texas Department of
Water Resources 1981b; Texas Water Com-
mission 1988b). The baysupports approxi-
mately 2million man-hours ofsport fishing
annually, creating economic benefits esti-
mated at $364 million in 1986 (Texas Water
Commissjon 1988b).
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About three-quarters of the annual
sport fishing effort, and catch, occurs
between 16 Mayand 20 November. Atlantic
croaker (Micropogonias undulatus), sand
seatrout (Cynoscion arenarius), and spotted
sea trout (Cynoscion nebulosus) are the
most popular aport fishes. Tegether they
comprised 76% of the total catch (numbers)
between 1974 and 1985 (Osburn and
Ferguson 1986} (Figure 1.6).

Recreational boating is popular on the
Texas eoast in general and Galveston Bay
in particular. The Clear Lake-Galveston
Bay area has been referred to as the “yacht
capitol of Texas.” Residents in the four-
county area around the bay in 1986 held
104,000 boat licenses and were served by
38 marinas and 8,000 boat slips. The bay
gystemaceounts for 30% of the totalnumher
of marinas on the Texas coast and 83% of
the total wet slips in commercial marinas
(Texas Water Commission 1988b).

In addition, the bay is used for other
forms of recreation, such as duck hunting,
swimming, camping, picnicking and sight-
seeing. Nodirect quantitative measures of
these activities are available, but an in-
directindication oftheir relative importance
is theamount of money spent. In 1986, the
figure was $122 million, about one-third
the amount spent on sport fishing, and
55% of the total expenditures of this type
on the Texas coast (Texas Water Commis-
sion 1988b).

T'wo national wildlife refuges and sev-
eral state parks facilitate recreational activ-
ities in the bay area. The Brazoria Refuge
is at the extremity of West Bay and the
Anahuac Refuge is adjacent to East Bay.
Galveston Island State Park fronts on West
Bay and the Gulf of Mexico. San Jacinto
State Parkborders the Houston Ship Chan-
nel above Morgan Point (Kinget al. 1986).
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Bay Issues and Management:

An Qverview

Major Environmental Concerns

Over the past two decades there have
been several major issues for the Galveston
Bay system that have been mentioned in
almost every assessment of the bay’s ecolog-
ical health. Various research and manage-
ment programs have atiempted to deal
with these problems, but none of them
have been totally resolved. The summary
below is taken primarily from the recent
Texas Water Commission (1988b)
document nominating Galveston Bay as
an Estuary of National Significance, the
firststep in yet another attempt to develop
a “comprehensive” management plan to
protect the bay.

Wastewater Discharges

The Galveston Bay system directly re-
ceives more than half the permitted dis-
charges in the State of Texas. More than
50% of the U.5. petrochemicals production
and more than 30% of the country’s petro-
leum refining takes place along the bay's
shores. Four thousand vessels cross the
bay each year on their way to Houston, the
nation’s third largest port. In addition,
partially treated municipal sewage from
nearly three million Houston area residents
imposes a heavy BOD and nutrient burden.

So far, the most cbvious impacts of
these industrial and municipal loads have
been in the confined portions of the Houston
Ship Channel above Morgan’s Point, but
there continue to be worries that open
waters of the bay system are suffering

If strong laws and institutional presence
were all that was needed 1o get the job
done, the waters of Galveston Bay would
be clean.

Smith (1972)

from some (largely unquantified) forms of
degradation, and that conditions will
worsen in the future. Toxic materials
effects are part of the concern, but to date
thereis generallya lack of data from which
to quantify the impacts. Eutrophication
symptoms have never developed to any
great extent in the open bay, despite the
heavy nutrient and BOD inputs. Light
limitation caused by high turbidity has
been hypothesized as the reason why this
bay has not responded as much to nutrients
as some other bays, but not many details of
nutrient cycling have been quantified for
the estuary.

In short, the basic issue is whether
Galveston Bay can support a major
industrial/urban complex and still main-
tain good enough water quality to sustain
the traditional living resources for which
estuaries are so prized.

Channelization

Since the natural depth of Galveston
Bay is only about 1.8 m, the establishment
and continued growth of the Port of Hous-
ton have depended on maintenance of
dredged channels across the bay. Millions
of cubic yards of sediment are scooped out
of the Houston Ship Channel, and other
channels in the bay, every two or three
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years, depending on the degree of silting,
by the U.S, Army Corps of Engineers
(Figure2.1). Thechannelizationissueisat
the forefront at this time (1989) because of
a proposed new round of dredging to widen
and deepen the channel (See Chapter 3).
There are three major coneerns associ-
ated with the channel dredging. The first
is loss of habitat. Dredging opponents
pointout that dredge spoils deposited along-
side the channel caver productive estuary
bottom. Thesecond concern has to do with
the effect of the channels on circulation
and salinity in the bay. Deep channels
allow higher salinity water to enter the
upper areas of the bay. Also, the dredge
spoil banks may partially disrupt normal
freshwater/seawater mixing patterns. The
fear is that these changes could affect
oysters and other organisms that need
freshwater inflow toavoid marine predators
and disease. Finally, there is concern that
dredging will resuspend toxic metals and
organic compounds deposited on the bottom
from decades of wastewater discharge from
Houston and the heavily industrialized
upper ship channel (See Chapter 4).

freshwater inflow
This is another issue at the forefront
today. Freshwater is a relatively scarce,
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Figure 2.1. Cubw yard’s of dredge spoil
remouved from the Houston Ship Channel and
from other areas in (Falveston Bay. Data are
from the U.8. Army Corps of Engineers Annual
Reportofthe Chiefof Engineers on Civil Works
Activities (1951-1979).
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and therefore valuable, natural resource
in Texas. Hence, there is great competition
for it. Overall about 75% of the state’s
freshwater is used foragricultural purposes
and 20% is allocated for industrial and
domestic uses. That leaves only about 5%
for the bays and estuaries. For Galveston
Bay, the percentage is somewhat higher
than this state average, because the bay's
watershed lies in east Texas, the wettest
region of the state. But water needs in the
Houston area continue to increase as more
people and industries arrive.

Tomeet these dernands, it was proposed
over twenty-five years ago that a major
reservoir be built on the lower Trinity
River at Wallisville. The dam would be
just above the river’s mouth, impoundinga
2266 ha lake toserve as: 1) a watersupply
for Houston, 2) asaltwaterbarrier for rice
farmers,and 3) anavigational channel for
a small upriver port. But it has been
charged that these projected benefits are
nothing more than “bloated, deceptive
promises”based on“manipulated statistics,
congressional chicanery, inaccurately
caleulated costs, and the subversion of
federal environmental law” (Robison 1986).
Bay scientists and some managers worry
that furtherdiversion of Trinity River water
could have the same basic effect as more
channelization. Thatis, the natural fresh-
water/saltwater balance would be upset,
threatening the bay’s valuable oyster har-
vest. The researchers also contend that
more reservoirs will reduce the amount of
nutrients and sediments coming into the
bay, possibly reducing algal and animal
productivity and preventing buildup of
marshes. Still, after more than twodecades,
the debate over Wallisville goes on. As of
February, 1989, the Texas Water Commis-
sion was investigating the possibility of
transferring water from the Sabine River
{near the Texas-Louisiana border) to
Houston as a substitute for the dispute-
ridden reservoir project (Scarlett 1989).
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Loss of Habitat

Comparison of digitized wetlands
maps of the Galveston-Houston area
prepared from photographs taken in 1956
and 1979 givesomeevidence of therate of
wetlands losses around the bay, Among
the changes noted are: 1) decreases in
freshwater marshes{-63.2 km?),salt-and
brackish-water marshes (-41.5 km?, and
beaches/bars (-4.3 km?) and increases in
freshwater ponds and lakes (+35.3 km?),
forested wetlands (+9 km?), and uplands
(+6.5 km?). Although reasons for gains
and losses in some areas are unclear,
many of the changes are attributed to
human activities, including construction
of channels, impoundments, and “made”
land, as well as toland-surface subsidence
(Longley and Wright 1984).

It has been predicted that the problem
of wetlands loss around Galveston Bay
could become more serious in the future
due to continuing subsidence of coastal
areas and tosealevel rise frem planetary
warming. In 1985, the bay system was
surrounded by approximately 290 square
miles of land (mostly marsh) from 0 to 5
feet above mean sea level. With a sea
level rise of 5 feet by the year 2100 as
prajected for this area, that 290 square
miles would be converted to open bay,
with a maximum replacement potential
of 140 square miles (the 5-te-10 foot
elevation lands). This corresponds to a
50% loss in potential marsh land, muchof
which is already modified by housingand
industry (Sheridan et al. 1988).

The Bay Managers: State and

Local

Texas has many governmental
entities which influence the allocation
and protection of water rescurces. Several
are state agencies, but there are many
more regional, county and municipal
bodies organized as authorities, councils,

boards, etc. Many of the water quality
programs cut across state agency and local/
regional lines and overlap jurisdictions.
For this reason, coordination of
environmental programs in the state is
sometimes difficult due toa lack of effective

Texas Water
Texas Board Pollution
of Water Advisory
Engineers Council
{1913 (1953)
Texas Water
Development
Board
(1957)
Texas Water Texas Water
Commission Pollution
(1962 - Name Control Board
Change) (1961)
Texas Water ;
Rights Texas Water
Commission Quality Board
(1965 - Name (1967)
Change)
| _
Texas
Department
of Water
Resources
(1977)
|
] }
Texas Water
Texas Water
Development
Commission Board
{1985) (1985)

Figure 2.2. Evolution of Texas waler agencies.
Redrawn from Smerdon et al. (1968).
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communication between agencies which
havedifferent statutory authorities (Texas
Water Commission 1988b). There has
been no shortage of criticism of the state’s
past efforts to manage its estuaries (e.g.,
Carter 1970; Smith 1972; Kingand Kendall
1987; Wiggins and Anderson 1987;
Smerdon et al. 1988).

State Agencies

Organization of the state agencies has
undergone numerous changes since the
Board of Water Engineers was established,
primarily forthe regulation of water rights,
in 1913 (Figure 2.2). Threeseparate water
agencies emerged by the 1960s. One
handled water rights and legal questions
(Water Rights Commission); another was
aplanningagencythat managed loan funds
(Water Development Board). The third
was responsible for pollution control and
water quality (Water Quality Board). This
was the first major statewide effort in the
water pollution field (Texas General Land
Office 1976; Smerdon et al. 1988). The
Texas Water Quality Board:

1. set water quality criteria and regu-
lated waste discharges and private sewage
facilities;

2. was responsible for issuing regula-
tions to prevent the spill or discharge of oil
and other hazardous substances into the
coastal waters of Texas, as well as arranging
the prompt removal of spills or discharges
that did occur; and

3. was the lead state agency for the
areawide waste treatment management
program, which was a part of the federal
pollution control scheme that emerged in
theearly 1970s (Texas General Land Office
1976).

The Water Quality Board existed from
1967 until 1877, when it and the two other
water agencies created in the 1960s were
combined to form the Texas Department of
Water Resources. This single wateragency
continued until 1985 when, in another
reorganization, it was divided into two

Chapter 2

agencies: 1) theTexas Water Development
Board, responsible for long range planning/
developmentofwater resources and financ-
ingofwater resource and wastewater treat-
ment projects; and 2) the Texas Water
Commission, responsible for all other water
activities, ineluding pollution control.

The legislative act which created the
Water Commission assigned to it most of
the previous Department of Water Re-
sources functions, along with responsibility
forother programs previously administered
by the Texas Department of Health and
the Public Utility Commission. It also
changed the focus of the agency’s work
toward a greater emphasis on enforcement.

The Water Quality Division of the
Water Commission is responsible for efforts
to prevent and control water pollution. It
is organized into three Sections:

1. StandardsandEvaluation:Onetask
of this section is assessment of existing
waterquality and identification of problem
areas through a Statewide Monitoring
Network in lakes, rivers and estuaries. It
also prepares Waste Load Evaluations for
specificriverand estuarine segments, coml-
piles the biennial statewide Water Quality
Inventory, and develops water quality
standards.

2. Wastewater Permits: Personnel in
this section process wastewater permit
applications. Theyalsoevaluate U.S, Army
Corps of Engineers draft permits to deter-
mine if water quality standards will be
violated by the proposed activities.

3. Wastewater Enforcement: This sec-
tion enforces wastewater discharge per-
mits. Resolution of noncompliantactivities
involves negotiation with permittees, ad-
ministrative enforcement actions, litiga-
tion, and technical support (Texas Water
Commission 1989).

In addition to the Water Commission,
there areseveral otherstate agencies which
haveroles inmanagingthebay. The Texas
Parks and Wildlife Department has most
of the responsibility for the bay’s fish and
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wildlife resources. Programs of this depart-
ment include: 1) the Fisheries Monitoring
Program to compile commercial landings
data;2) on-sitepollution/fish killinvestiga-
tions; 3) fisheries enhancement; 4) fish
and game regulations enforcement; and
5) the shell, sand, and gravel removal
permit program,

The Texas Department of Health works
with the Water Commission to design
wastewater treatment plants. The Depart-
ment also runs the Shellfish Sanitation
Program, which involves opening and clos-
ingareasof thebay forshellfish harvesting
and inspecting shellfish plants to ensure
that sanitary conditions are met.

Reglonal and Ltocal Management

The Gulf Coast Waste Disposal Author-
ity (GCWDA) is a special government entity
created by the Texas legislature in 1969,
Its jurisdiction is the three-county area
(Harris, Galveston, and Chambers) sur-
rounding Galveston Bay. Its purpose is to
prevent water pollution by providing for
disposal of wastes on a regional basis.
GCWDA enforces its own and other agency
rules concerning waste disposal, regulates
septic tank installation, and may contract
with industry to supply pollution control
systems. GCWDA can construct, acquire,
and operate disposal systems. It conducts
studies concerning the control of water
pollution and is authorized to prepare a
master plan for pollution abatement, waste
disposal, and wastewater treatment. Tech-
nical assistance tomunicipalities and other
government bodies is another function of
GCWDA (Smith 1872).

Local eEnvironmental Groups
Local citizens, sometimes in eonjunction
withnational environmental organizations,
have also been active from time to time as
specifichay-related issues arose, Forexam-
ple, the Bayou Preservation Association, a
early 1970s homeowners coslition in Hous-
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ton, successfully fought Corps of Engineer
plans to straighten the Buffalo Bayou up-
stream from the ship channel for flood
prevention (Smith 1972). About the same
time, asuit was filed in federal court tostop
construction of the Wallisville Dam by the
Corps. The suit was filed by the national
Sierra Club and its Houston Chapter, the
Houston Spertsmen’s Club, the Houston
Audubon Society, the Texas Shrimp Asso-
ciation, and two individuals.

More recently, in early 1988, the
Galveston Bay Foundation was organized.
Inspired by a speech in Houston by a board
member of the very successful Chesapeake
Bay Foundation, this new organization
has been described as not being an environ-
mental group in the conventional sense of
the term. Rather, it represents the view-
point of many different groups who use the
bay, such as commercial and recreational
fishermen, the boating and yachting com-
munity, industry and business, and the
private citizen (Dawson 1987; Robison
1988). To accomplishits goals, the Founda-
tion plans to: 1) educate, 2) lobby to the
extent possible, 3) litigate as necessary,
and 4) encourage, conduct and/or fund
research about the bay ecosystem
(Galveston Bay Foundation 1988). T'wo of
the Foundation’s first efforts will be formal
opposition to the Corps of Engineers pro-
posal to deepen and widen the Houston
Ship Channel, and developing a position
on another contested Corps project, the
Wallisville Dam (Robison 1988).

Multidisciplinary, Management-
Qriented Research Projects
The Gaivesfon Bay Project: 1968-
1974

The Galveston Bay Project was in-
tended to be a comprehensive study of
Galveston Bay which would provide the
basis for a sound water quality manage-
ment plan for the bay. A consortium of
three universities - the University of Texas
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at Austin, Texas A & M, and Texas Techno-
logical University - prepared the Galveston
Bay Work Plan in 1966 (Texas A & M
University et al. 1966). According to this
plan, the specific goals of the study would
be: 1) to determine the freshwater inflow
needed to sustain a desirable aquatic envi-
ronment; 2) toevaluate thecostofachieving
incremental levels of water quality; 3) to
determine the social benefits associated
with incremental improvements in water
quality; 4) to determine the benefits to
marine life associated with incremental
improvements in water quality; and §) to
determine the optimum management pro-
gram for the Galveston Bay system.

The Texas Water Quality Board began
to implement the plan in June, 1967. The
project was managed jointly by personnel
of the board and two engineering firms.
Funding came primarily from the state of
Texas and the U.S. Department of the
Interior through the Federal Water Pollu-
tion Control Administration, and later the
Environmental Protection Agency. The
US.Army Corps of Engineers also contrib-
uted services.

The original Bay Work Pian drawn up
in 1966 was modified several times during
the course of the study. In late 1967 it was
decided toredirect selected elements in the
plan toward a more practical “physical
planning program”. This invelved more
emphasis on municipal wastewater collee-
tion systems and wastewater treatment
plants, both municipal and industrial.
Thus, activities such as the selection and
evaluation of alternative treatment sys-
tems received more attention, while other
program elements, such as land use plan-
ning, werereduced. Other modifications in
the plan were made when the U S. Congress
passed,in 1972, PublicLaw 2-500, entitled
the Federal Water Pollution Control Act

Amendments of 1972. The Galveston Bay
Project was changed inscope to help provide
the type of input needed by the state of
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Texas to fulfill its planning requirements
under PL 92-500.

The report summarizing the Galveston
Bay Project results (T'exas Water Quality
Board 1975b) lists these accomplishments:

1. A system of self-reporting on indus-
trial effluents was developed by the Texas
Water Quality Board.

2. An eight-county regional sewerage
system plan was adopted for the Houston
area.

3. A water quality sampling network
in the bay was established.

4. Mathematical models were devel-
oped to predict the effects on the receiving
waters of varying waste load levels.

5. Astudy of sediment loadings in the
bay and Houston Ship Channel was made
to evaluate the sources and fates of pollut-
ants associated with the sediments.

6. Oxygenation studies were made to
evaluate the processes affecting reaeration
in the bay. This information was used to
refine the dissolved oxygen model.

7. A water reuse study was accom-
plished to determine the optimum use of
available supplies of used water.

8. Aground-water investigation report
was prepared to determine the availability
of groundwater from principal aquifers in
the area.

9, Toxicity studies were conducted.

10. Waste load evaluations, required
by PL 92-500, were made for most stream
segments within the Galveston Bay water-
shed.

11. Much of the data gathered by the
project was used to help determine the
waste discharges which could be allowed
witheachof approximately 500 new permits
to discharge issued in the study area.

12. Water quality improved in the
Houston Ship Channel between 1968 and
1974. The yearly mean dissolved oxygen
in the Turning Basin (upper end of the
channel) rose from 0.30 mg/liter to 2.60
mg/liter. The summary noted that the DO
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in the bay itself had never been as critical
as in the channel, and that the bay waters
were continuing to maintain a healthy
dissolved oxygen level.

13. Therelativelevels of“net plankton”
(at about the mid-point of the channel
between Morgan’s Point and the Turning
Basin) increased between 1972 and 1974.

14. A eignificant reduction in waste
loads to Galveston Bay occurredduring the
project period. The BOD load in the ship
channel in 1974 was about 37% of the load
that had existed in 1968.

Management Conference for
Galveston Bay

With the nomination, and acceptance,
of Galveston Bay to the National Estuary
Program in 1987-1988, a second major
integrated effort at managing the bay got
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underway. The goalis to develop “Compre-
hensive Conservation and Management
Plans” for nationally significant estuaries
threatened by pollution, development, or
overuse. EPAis the federal agency respon-
sible for overseeing and funding the
program.

In general, the goals of the Galveston
Project will be to maintain ambient water
qualityinthebayand toenhance estuarine
productivity. Current and proposed projects
are intended to prevent water quality
deterioration inthe Houston Ship Channel
and to improve certain parameters such as
dissolved oxygen concentrations where pos-
sible. Efforts to prevent man-induced wet-
lands losses and control shoreline erosion
will also be studied during the project
(Texas Water Commission 1988b).
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The Houston Ship Channel:
Growth and Pollution

History of Houston and
the Ship Channel

The Houston area was an uninhabited
swamp before 1836. Inthat year Augustus
and Kirby Allen, land speculators from
New York, bought a nine square mile tract
of land at the junction of Buffaloand White
Oak bayous, twenty-five miles upstream
from Galveston Bay. The city was born in
a real estate ad, drawn up by the brothers
to promote it as a point “which must ever
command the trade of the largest and
richest portion of Texas” and a place that
was to be “the great interior commercial
emporium of Texas” (Sibley 1968}, Hous-
ton did not remain in obscurity for long.
The Allens had shrewdly chosen to name it
after Sam Houston, the hero of the Battle
of San Jacinto, so as to convinee the Texas
Republic to move its capitol there in 1837.

Their plan worked, and although the
capitol was moved from Houston to Austin
only two years later, Houston began to
grow. Between then and 1900 its develop-
ment centered around cotton, railroads
and timber. Cotton was king in nine-
teenth-century Houston, and middlemen
helped develop the city as a center for
shipping the “white gold” to Northeastern
and British textile mills by means of rail
and steamboat. Timber was also moved
through Houston by a railroad line linking
the city with the East Texas Piney Woods
to the north. By the 1890s a network of
railroads made transportation by rail more
important than by the bayou and gave the
town its motto: “Houston, Where Seven-

Houston, the perennial boom town, has for
over 140 years sustained the ethic that
motivated its founding by two New York
real estate speculators: “liberated
capitalism,” the belief in the superiority
and sacredness of the individual’s right to
promote, speculate, build, buy and sell
without outside restraint or control.
Carieton and Kreneck 1979

teen Railroads Meet at the Sea” (Carleton
and Kreneck 1979).

In the spring of 1837 John James
Audubon, on a visit to the Galveston Bay
area, had described Buffalo Bayou, now
the upper Houston Ship Channel, as being
“ysually sluggish, deep and bordered on
both sides with a strip of woods not
exceeding a mile in depth” (Farrar 1926).
Audubon collected several ivory billed
woodpeckers, and called them “abundant”
in the area. Another description of the
bayou from about the same time is of
interest because it was somewhat
prophetic:

"Its banks are high and lined with
thecypress knee whichshootsupalong
the edge of the water. In passing over
this singular body of water, which is
confined, with few exceptions, to pre-
cipitous banks on either side, covered
with massive timber, whose rich dense
foliage throws a melancholy, somber
shade over its dark and sluggish wa-
ters. Throughout its whole extent it
bears a strongresemblanee toa canal.”
(Farrar 1926G).
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Later that same year, on December 31,
1837, the steamboat Laura became the
first to visit Houston. In part, this was a
publicity stunt to prove that Buffalo Bayou
was navigable (McComb 1981). The Hous-
ton Telegraph published an extra edition
telling about the ship coming up to the
newly-formed city. In 1839, a committee
was appointed to plan the clearing of major
obstacles such as logs and sandbars froma
portion of the bayou. City officials passed
anordinance establishingthe Port of Hous-
ton, which included “all roads on the banks
of the Buffalo Bayeu as well as all wharves
and landings within the city limits.” The
Congress of the Republic of Texas granted
the city the right to remove obstructions
from and improve navigation on the bayou
in 1842. By the time Texas was annexed by
the United States in 1845, Houston was
permanently established on the only de-
pendably navigable waterway in Texas.
The latter halfof the nineteenth centu-
ry saw the beginning of efforts to signifi-
cantly widen and deepen Buffalo Bayou to
accommodate larger vessels, and develop-
ment of an intense ports rivalry between
Houston and Galveston. Dredging in up-
per Galveston Baybegan in theearly 1870s
when local interests cut a channel 4.3
mdeep and 45.7 m wide through Morgan's
Point into upper Galveston Bay for a dis-
tance of five miles. Meanwhile, federal
participation in building the Houston Ship
Channel had originated withthe Riverand
Harbor Act of 1872, which provided for the
U.S. Army Corps of Engineers to provide
funds to dredge a deeper channel all the
way from Houston to Bolivar Roads at the
Gulfentrance toGalveston Bay. The project
was completed in 1876. Now, ships draw-
ing 2.7 m of water could use the port at
Houston, and a city newspaper bragged
that its merchants were “free of the extor-
tions of . . . Galveston's hideous wharf
monopoly” (Sibley 1968).
Nevertheless, Galveston was emerg-
ing as a major port. Lying just inside
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Bolivar Roads at the seaward end of
Galveston Bay, it requiredonlyshort dredge
cuts to be linked to the Gulf. By 1896,
Galveston was a deep-water port, with a
7.6 m channel and jetties to help prevent
shoaling of the cuts through Bolivar Roads
(Sibley 1968). By the year 1207, Galveston
ranked second among all U.S. ports in the
value of foreign exports, second only to
New York. Cotton was the predominant
article of export (Alperin 1977). Another
port was established in the 1890s withthe
dredgingofa4.9mdeep channel from deep
water in Galveston Harbor across to Texas
City, on the southwestern edge of the bay.

The deep water channel to Galveston
brought Houston close to a major erisis in
its economic development, and Housto-
nians launched a deep-water movement of
their own in the late 1890s. Then, a
devastating hurricane swept across
Galveston in 1800, decimating the island
and killing thousands of people. This nat-
ural disaster added weight to Houston's
arguments in favor of a more protected
port, but work on a deeper channel was
proceedingslowly. Finally, in 1910, a new
Federal Rivers and Harbors Act changed
the name of the project to the “Houston
Ship Channel,”and by 1912, financing was
assured and work on the channel got un-
derway in earnest (Alperin 1977

The work was completed a year ahead
of schedule and on November 10, 1914,
President Woodrow Wilson pushed a pearl-
topped button in Washington to set off a
cannon on the banks of the turning basin
near downtown Houston, formally mark-
ing the opening of the Houston Ship Chan-
nelto (Sibley 1968). The channel was 82.1
kminlength,andhad a maximum depthaf
7.9 m and a maximum width of 46.7 m.
Warehouses and wharves began toline the
banks of the upper ship channel from the
Turning Basin downstresm to Morgan’s
Point. Thefirst regularlyscheduled steam-
ship service was inaugurated August 22,
1915 (Bernard Johnson 1975).
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By the mid-1920s, pressure was on to
have the channel deepened even further,
to widen some portions, and to construct a
new Turning Basin (Smith 1972). This was
necessitated by the discovery of oil in the
area and the concurrent development of
the internal combustion engine. These
developments and the resource
requirements of World War [ combined to
produce a heavy demand for products from
this region. By 1927, 83% of the ocean-
going tonnage from the Port of Houston
was in the form ofoil and related chemicals.
Only 20 years before, cotton had been the
main commaodity (Bernard Johnsen 1975).

The River and Harbor Actof 1935 autho-
rized further enlargement of the channel
to a depth of 9.8 m and a widthof 121.9m.
Refineries were well developed along the
channel. By this time Texas led all states
in refiningof petroleum with Harris County
leading all other counties. Many large oil
companies had established their offices in
the area, as had cil supply services and
other related industries (Bernard Johnson
1976).

During and after World War II, new
major industries were established,
including a primary steel producer and a
major ordinance plant. Construction of
countless miles of pipelines accompanied
by continued development of chemicaland
petrochemical industries further
established the channel area as a major
production and distribution center.
Between 1940 and 1948, Texas rose from
tenth tosixth place in chemical preduction
and has subsequently risen to first place
(Bernard Johnson 1975). The channel has
since been enlarged to a depth of 12.2 m;
the width has remained at 121.9 m (King
et al. 1986).

Substantial increases in the tonnage of
cargo moving through the channel have
foliowed each of these ship channel en-
largements (Figure 3.1). For example,
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Figure3.1. A. Trendsinwaterborne commerce
on the Houston Ship Channel. ‘“Internal”
refers tocargo transportedonly within the bay:
“Foreign | Coastuwise”cargooriginated from, or
was bound for ports outside the bay. B. Number
of ships entering and leaving Galveston Bay
through the Bolivar Roads Pass. C. Changes
in the frequency distribution of various sized
tankers and dry cargo ships (as measured by
draft in feet) entering and leaving Galveston
Bay. The data are from U.S. Army Corps of
Engineers annual reporta of Waterborne
Commerce in the United Statea (1922-1986).
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since it was deepened and widened in 1968,
the tonnage of carge borne by ships on the
channel has about doubled, from around
70 million tons/yr to about 140 million
tons/yr. The increase has come not so
much as a result of increased numbers of
ships, but rather primarily because larger,
deeper draft vessels have been able to
enter the bay (Figure 3.1).

A $350 million plan to increase the
dimensions of the ship channe] once more
—t0 15.2 m deep by 182.9 m wide in most
areas — was put forth by the U.S. Corps of
Engineers in 1966. The sponsor of the
project, the Port of Houston, argued that it
is needed to permit Houston to continueto
compete successfully with other deep wa-
ter Gulf ports (Rice Center 1988). One
projection is that the enlarged channel
would nearly double the volume of grain
exported from Houston, as larger vessels
would cause the rerouting of Corn Belt
grain away from New Orleans and other
lower Mississippi ports (Houston Post 1987).

But work on this project has never
begun, because of widespread opposition
from most environmental groups and some
Federal and State agencies, including the
U.S. Fish and Wildlife Service, the Texas
Parks and Wildlife Commission, the Texas
Land Commission, the state attorney
general’s office, and the Texas Depart-
ment of Agriculture. The project has be-
come one of the most controversial, com-
plex, and protracted battles in the history
of the ship channel.

The U.S. Fish and Wildlife Service con-
ducted a study to determine the expected
impact of the ship channel enlargement.
In October1986 it released a report in
which it was concluded that the planshould
“not be submitted to Congress for authori-
zation because of severe, long-term im-
pacts that cannot be mitigated with any
predictability”. The agency based its ob-
jection to the plan on the following areas of
concern:
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1. the anticipated loss of 60%-80% of
the Galveston Bay oyster fishery due to
increased salt water intrusion;

2. the loss of productivity associated
with the disposal of dredged material on
44.3 km? of bay bottom;

3. the cumulative adverse effects of
the project when superimposed upon pre-
vious alterations to the estuarine system
and alterations from the implementation
of future navigation and water supply
projects; and

4. the potential for remobilization of
toxic chemical contaminants in dredged
material placed in a confined bay, with
subsequent fishery losses caused by chemi-
cally-related mortality (U.S. Fishand Wild-
life Service 1986).

There is evidence that the dredging of
channels, along with increased withdrawal
of Trinity River water, has substantially
altered salinity patterns, mixing and cir-
culation, and the distribution of some or-
ganisms, in the bay. Bernard Johnson
(1975) noted that before dredging started
in the 1850s, the main body of Galveston
Bay was dividedinio twobasins by Redfish
Reef. Reports from the time indicate that
this shell reef consisted of 2 chain of small
islands covered in some areas with brush,
with one main channel about 2 meters
deep near Edward’s Peoint. The upper
portion of Galveston Bay including Trinity
Bay must have been considerably fresher
than today, especially at times of high river
flow. Evidence for this comes from surveys
that have shown few fossil oyster reefs in
the upper bay, whereas many reefs were
found on Redfish Reef and in the southern
part of the bay. Today, however, active
oyster reefs are found in the upper bay,
especially along the path of the Houston
Ship Channel. River flow has decreased
due to man’s use of the river water,and the
dredged channels have increased the cir-
culation between the two portions of the
bay. This indicates better mixing in this



The Houston Shop Channel: Growth and Pollution

partolthebay;that is, freshwater does not
predominate for such long periods of time
in the upper bay as before, when Redfish
Reef was more effective in hindering mix-
ingof fresh and salt waters (Bernard John-
gon 1975).

pollution in Buffalo Bayou and

the Ship Channel

Pollution of Buffalo Bayou and other
streams near Houston had become a con-
cern very early in the city’s history. Inthe
1830s large amounts of sand washed into
thebayou in front of Houston’s Main Street
with every heavy rain. Problems with
silting and water pollution appeared, and
the success of industry intensified the pal-
lution. On March 8, 1841, the city council
took its first action to prevent industrial
wastes from endangering navigation. An
ordinance was passed forbidding deposits
of sawdust on the banks of Buffalo Bayou
or White Oak Bayou (Bernard Johnson
1975).

Before 1881, Houstonians obtained
water from the bayous and from rain which
was stored in eisterns and barrels, but in
that year the Houston Water Works Com-
pany came into operation, providing piped
water from a reservoir created by dam-
ming the Buffalo Bayou. But the water
works was not very successful, as the sup-
ply was often inadequate for fighting fires
and citizens complained about the quality
of the drinking water. The Water Works
Company began to drill artesian wells in
1888, and by 1891 it operated fourteen
wells to supply a 18.1 km? area through
64.4 km of pipe. To meet the demands of
firefighting, however, the company resorted
to its old source, again placing Buffalo
Bayou water in the mains (McComb 1981).

In 1893, people complained that tap
water was no better than bayou water; fish
died in the bayou as a result of creosote
poisoning; “tar water” flowed from the pipes.
Physicians noted a rise in “bowel” trouble,
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and even the wife of the president of the
Water Company complained about the
water. The president of the company prom-
ised more wells. But the trouble persisted.
The Houston Cotton Exchange, referring
to the bayou as “an immense cesspool,
reeking with filth and emitting a stench of
vilest character,” asked the city council to
halt pollution. The city engineer asserted
that solids from toilets appeared in the
bayou, and a reporter noted a sewer outlet
dumping forty thousand gallons daily from
the Houston and Texas Central shops into
the stream above the Water Works dam
(MeComb 1981). Individuals and organi-
zations like the Houston District Medical
Association, waged a war of words with the
president of the Water Company over the
next six years, but conditions remained
about the same.

In the late 18908, some improvements
finally seemed imminent. The city ap-
proved a $300,000 bond issue for a sewer
system which would use advanced sewage
methods in operation in only a few other
places in the world. The reason for the
city’s sudden interest in waste treatment
was an announcement by the Army Corps
of Engineers that Houston hadbetterclean
thesewage out of Buffalo Bayou ifit wanted
federal help in constructingaship channel.
The system that was built consisted of
collection pipes and pumps to convey the
sewage toa treatment facility where it was
filtered through various layers of broken
stone, gravel, coke and sand. Heavy mat-
ter stayed on the surface of the beds where
it dried and was later removed with rakes.
The filtered effluent flowed in a longcanal
leading to Buffalo Bayou. At the opening
inspection of the system the consulting
engineer bragged about the purity of the
effluent and demonstrated his conviction
by dramatically drinking some of the
treated water, declaring it quite palatable
(McComb 1581).

But just a few years after its comple-
tion in 1902, the new facility was in astate
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of almost total inoperability, having been
abused and neglected. On a tour of the
facility, the Houston mayor found that the
filters processed only half of the sewage,
that sand beds were clogged and five feet
deepin water, and that one of the beds was
not in use at all because it leaked into the
keeper’s house. At the spot where the
consulting engineer had drank, the mayor
noted the malodorous atmosphere and com-
mented, “Well, I do not know how the
water looked when [he] drank it, but I
readily relinquish any claim that I may
have on any portion of it to [him] or anyone
else who desires the quaff from it” (McComb
1981).

Yet this finding apparently did not
spur substantial repairs. By 1916 it was
estimated that 70% to 80% of the city’s
sewage was going directly into Buffalo
Bayou. The same year, a reporter from the
Houston Post found 35 privatesewers drain-
ing into the bayou. By this time, however,
a main impetus for cleaning up the bayou
had been removed. The city no longer
obtained its drinking water from the reser-
voir on Buffalo Bayou, having converted
its entire system to artesian wells. In
addition, the main body of the shipchannel
had already been built and there was no
longer anythingcompellingthecitytoclean
up its waste. It was far easier and cheaper
to simply dump it into the water and let it
move down to the bay. Buffalo Bayou was
onits way tobecominga virtual opensewer
(Smith 1972).

Althoughthe municipalitiesbuilt more
sewage treatment plants and made some
moves to clean the streams and prevent
potlution, the efforts were not successful,
especially after 1940, when Buffalo Bayou
becameeven moreseriously contaminated.
Growing at increasingly rapid rates (more
than 2,000 newcomers a month by the
early 1970s), Houston was hard put to
update its collection system and waste
treatment plants. In addition to the
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approximately 150 sewage treatment
plants which discharged raw or partially
treated municipal and industrial wastes
directly intothe channel, orindirectly to its
side channels and tributaries, the phalanx
of petrochemical, chemical, steel-making
and paper-making plants dumped raw or
partially treated industrial wastes into
these waters. In 1945, after complaints by
residents and a polio scare, the U.S. Public
Health Service inspected a sidearm of the
bayou and found flowing into the stream
enough raw sewage to equal that produced
by a town of 54,000 people. Buffalo Bayou
was 80% sewage. Only four industries
responded tosuggestions forimprovements,
and the Public Health Service investigator
found himself maligned as having a per-
sonal interest in chlorine sgles, since he
recommended the disinfection of sewage
(Environmental Protection Agency 1980;
McComb 1981).

Apparently there was still no improve-
ment during the 1950s and early 1960s,
despite the creation of new federal, state
and local institutions to deal with water
pollution problems. Texas created a atate
water pollution control program in 1961,
with a permit system for poltation dis-
charges. Ironically, the City of Houston
had no program for monitoring or enfore-
ing water pollution until 1971. But Harris
County, in which the city is located, had
acted back in 1953 to create a Air and
Water Pollution Control Section. Its direc-
tor, Dr. Walter A. Quebedeaux became
known as a reformer in pollution control.
This intrepid investigator ence had gar-
bage dumped on his head from the stern of
an Italian tanker while he was out in a
rowboat searching for an oi! leak (McComb
1981), but his cleanup and enforcement
proposals faced continuous opposition from
other local and state authorities (Smith
1972).

In spite of these new institutions, the
ship channel remained critically polluted.
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Smith (1972) concluded that the perfor-
mance of the various governmental au-
thorities in the two decades preceding 1970
had been a “dismal failure.” Laws dealing
with water pollution remained unenforced.
Many industries along the ship channel
dumped wastes far in excess of their per-
mits, yet only a handful of prosecutions
against these polluters had been started
by the state. Municipal authorities in the
Galveston Bay area were even more lax,
Smith contended. The federal government
had also moved too slowly to make its
authority felt, deing “virtually nothing to
secure compliance with federally approved
standards or to initiste enforcement of
laws on the books.”

Ship Channel Cleanup:
1965-Present

The Situation in the Late 1960s

Dr. Quebedeaux, the Harris County
pollution-control officer, reported in 1964
that most of Houston’s sixty-four sewage
treatment plants worked poorly and
twenty-two operated at near capacity or
beyond. The same year, the Texas Water
Pollution Control Board claimed that most
of the water in some tributary bayous
came from treatment plants, and that 90
million gallons of sewage effluent flowed
daily into the ship channel. In 1966 fire,
feeding upon flammable material floating
on the water, swept across the channeland
burned a shipyard worker to death. In
1967 a Baylor Medical School doctor
warned, “It’s just plain sewer water. You
shouldnt bathein this water. Youshouldn't
even get it on your skin. You shouldn’t
have anything to de with it. It should be
put in a closed pipe and carried out to sea.”
A commissioner of the Federal Water Con-
trol Administration commented after a
1967 inspection that “The Houston Ship
Channel, in all frankness, is one of the
worst polluted bodies of water in the na-
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tion. In fact, on almost any day this chan-
nel may be the most badly polluted body of
water in the entire world. Most days it
would top the list.” A group of students
from San Jacinto College even went so far
as to hold a funeral service for the ship
channel in mid-October, 1970. A large
crowd gathered at San Jacinto Park next
to the channel and a Harris County Health
Department official read the death cortifi-
cate. “Death” he said, “was caused by
strangulation by municipal sewage and
industrial slops in utter disregard of stat-
utes”. (Environmental Protection Agency
1980; McComb 1981}.

By 1968, the load of pollution placed on
the upper and lower Houston Ship Chan-
nelin terms of biochemical oxygen demand
(BOD) — a measure of the organic matter
in water which consumes oxygen during
biological processes that break it down —
was 208,656 kg per day, or the equivalent
untreatedsewage load producedinoneday
by a city of 2 million people. Approxi-
mately 69% of this load came from the
concentration of industrial plants pouring
improperly treated wastes into the chan-
nel, and 31% came from the inadequately
treated sewage of local municipalities. In
1969, state water quality specialists mea-
sured dissolved oxygen levels of zero from
the City of Houston's malfunctioning
Northside Sewage Treatment Plant down-
stream to the San Jacinto Monument. Not
only were there no fish and aquatic life
alongthis upperchannel 25.7 kmsegment,
but water quality degradation had also
caused frequent and massive fish kills in
the upper portion of Galveston Bay (Envi-
ronmental Protection Agency 1980).

Concentrations of the plant growth
nutrients nitrogen and phosphorus in the
channel were extremely high compared to
those in Galveston Bay. For example,
phosphate phosphorus (PO,-P) levels had
been measured as high as 15 mg/liter in
the channel, while typical concentrations
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out in the bay were around 0.2 mg/liter. In
addition to the phosphorus problem, levels
of nitrogen, especially ammonium nitro-
gen, were consistently above 3 mgliter,
compared to typical open-bay levels of 0.1
mg/liter, or less. Contributions of inor-
ganic hitrogen and phosphate phosphorus
to the bay from the Houston Ship Channel
for the 1968-1970 period were estimated to
be approximately 6,350.4 kg and 19,958.4
kg, respectively (Texas Water Quality
Board 1977). The concern was that these
high nutrient loadings might adversely
impact phytoplankton algae growth pat-
terns farther out in Galveston Bay (Espey
et al. 1971).

Inaddition, petrochemical and chemical
wastee discharged at certain locations along
the upper channel had colored the water
black. Industrial oil spills from tanker
transferoperations degraded theshoreline,
and sludge from organic solids settled on
the bottom, sending foul-smelling gas
bubbles to the surface, also creating a
tremendous dissolved oxygen demand.

Fecal coliform bacteria counts, a mea-
sureofbacterial pollution from humanand
animal wastes, posed a severe health
threat. The state water quality standard
for the upper ship channel was 2,000 fecal
coliform organisms per 100 ml, but as late
as 1973, fecal coliform readings at one
monitoring station on the upper channel
averaged over 72,000 organisms per 100
ml, and were sometimes as high as 2.2
million organisms per 100 ml (Environ-
mental Protection Agency 1980).

The Houston Enforcement
Conference

Several times in the late 19608 teams
of federal officials had visited the Houston
Ship Channel, “reaped publicity by point-
ing to it with shocked disbelief, and then
returned to Washington and forgotten
about it” (Smith 1972). But an important
milestone in the history of pollution in the
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channel came in June 1971, when US.
Environmental Protection Agency person-
nel, along with state and local officials,
descended upon Houston for a six-day
meeting formally known as the Federal
Conference on Pollution Affecting Shell-
fish Harvesting in Galveston Bay.

The Federal Water Quality Act of 1965
had required Texas and all the otherstates
to establish water-quality standards, sub-
ject to approval by the federal government,
for all interstate waters within their juris-
dictions, including Galveston Bay. Texas
responded quickly with a set of relatively
strong standards, requiring that the ship
channel be kept at “an esthetically accept-
able quality, that it be aerobic, and that
the main portion of it be suitable for non-
contact body recreation (the regulations
were more strict for the open waters of the
bay). Enactedin 1967, these channel stan-
dards proved to be little more than asham
according to one critic (Smith 1972), since
state and local authorities were doing se
little to bring enforcement. EPA had three
courses of action it could pursue to seek
enforcement of the standards. It could:
1) warn the state to come into compliance
within 180 days; 2) convene a standard-
enforcement conference, but only if re-
quested to do so by the governor of the
state; or 3) call a shelifish conference, by
which the federal government could try to
make acasethat theshellfishindustryhad
suffered from pollutien.

EPA decided to pursue the shellfish
enforcement conference remedy, even
though their case was weak. Oyster
harvests in the bay had been down in 1968
when federal officials had begun to consider
a shellfish conference. Oyster production
nearly doubled during the next two years,
following the opening of more oystering
grounds and a decrease in thesize limit for
harvestable oysters by Texas state
agencies. As a result, federal officials
shelved the shellfish conference idea,
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fearingthat they would not beable to make
a convincing argument. But it was decided
to go ahead with the conference in 1971
beeause of pressure from concernedcitizens
and environmental groups, and a newly-
released, eritical Ralph Nader task force
report. The focus of the meeting was EPA’s
contention that pollution, primarily from
discharges intothe Houston Ship Channel,
was causing about half of the bay to be
closed to oyster harvesting, thereby making
a substantial dent in the economic returns
of the shellfish industry (Environmental
Protection Agency 1971a, 1971b).

Thus, to no one’s surprise, the Houston
conference did not conclude that economic
harm to shellfish was occurring. In fact,
state and federal evidence showed there
was no substantial economic injury to
Galveston Bay's shellfish taken from
approved areas, and that these shellfish
were, moreover, likely safetoeat. However,
ajoint state and federal program, based on
an exhaustive EPA report of conditions in
the channel and the bay presented during
the conference, triggered a new and
increased effort to abate pollution in the
Galveston Bay system.

As a result, the Texas Water Quality
Boeardagreed in December, 1971, toapprove
a pollution plan for the Houston Ship
Channel’s industries and municipalities
which was expected to cost $800 million
over a twenty-year period (Environmental
Protection Agency 1980). A primary goal
of the plan was to eventually limit the total
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pollution discharges inte the channel to
15,876 kg of BOD a day, about one-sixth
the load allowed under existing permita,
with a slice of the total allocated to each
municipal and industrial discharger. It
hadbeen caleulated that this reduced BOD
joad would assure a minimum of one ppm
dissolved oxygen in theship channel (Smith
1972).

To achieve this goal, hundreds of
millions of dollars would have to be spent
to build and upgrade municipal and
industrial wastewater treatment plants.
Between 1973 and 1979, the EPA awarded
$42.4 million to Houston and the cities of
Pasadena and Bellaire to upgrade and
expand several existing waste treatment
plants to provide advanced secondary
treatment, and also construct ancillary
equipment such as sludge dryers, sludge
handling equipment and an interceptor
sewer system. These activated sludge
secondary facilities were designed to
remove 95% of the BOD and 93% of the
total suspended solids in their discharges.
In addition, between 1977 and 1979, the
EPA awarded the City of Houston $165.7
million to construct the 69th Street
Wastewater Treatment Plant, the largest
and most advanced secondary sewage
treatment facility in the Houston
Metropolitan Area and one of the biggest
activated sludge facilities in the United
States (Environmental Protection Agency
1980).



CHAPTER 4

The Houston Ship Channel:
Water Quality Trends

BOD Loading

For the purpose of setting water qual-
ity standards, the Texas Water Commis-
sion divides that part of the Houston Ship
Channel between the Turning Basin and
Morgan's Point into three segments, Be-
ginning at the upper end, Segment 1007
ineludes the portion of the channel from
the Turning Basin down to Green’s Bayou;
Segment 1006 extends from that point on
down to the San Jacinto River; and Seg-
ment 1005 extends from there downstream
to Morgan’s Point. These three segments
make up the “confined” part of the ship
channel. Eventhough the channel extends
beyond Morgan’s Point across Galveston
Bay to the Gulf of Mexico, it is the portion
above Morgan’s Point that is widely known
as "the Houston Ship Channel” (Texas
Water Quality Board 1977). This chapter
concerns only this part ofthe channel above
Morgan'’s Peint.

The Texas Water Development Board
began to followship channel trends inBOD
loading in the late 1960s. Details about
how the numbers were computed are not
given in most of the reports. The basic
procedure seems to have been to compute
a BOD loading for each industrial or mu-
nicipal discharge by multiplying averaged
BOD values (mg/liter) times averaged dai-
ly wastewater discharge rates. The indi-
vidual BOD loads were then summed to
give the total daily BOD load for the whole
channel. Actually, in most of the reports,
two totals were presented; one for munic-
ipal wastes (sewage treatment plants),and

The Houston Ship Channel is not a
swimming pool. It can never be a mecca
for Sunday sailors and swimmers, for
regardless of the increasing cleanliness of
it’s water, a sailboat and a human being
are no match for immense ocean-going
ships and tankers which have barely
enough room to pass each other.
Nevertheless, the plain fact is that we've
improved an industrial stream that was
once a sick pesthole, and by doing so, have
improved water quality conditions in
Galveston Bay, the most productive estuary
in Texas.

Texas State officials, quoted in EPA (1930)

another for the industrial wastes.

There are some discrepancies in the
early 1970s BOD loadings given in the
various reports (Table 4.1). The value for
1971 reported in the Galveston Bay Project
Summary Report by the Texas Water Qual-
ity Board (1975b) is two-to-three times
higherthan numbers from two othersoures.
For 1970, both of the Water Quality Board
reports (1975 and 1977) gave values that
were about three times that in a 1984
Texas Department of Water Resource re-
port summarizing historical trendsinBOD
loading to the ship channel. A lessserious
discrepancy involves the 1972 data, where
the range in reported values is between
120,469and 153,000 1b/day BOD. Inother
years, there were only minor differences in
the numbers in the different reports. I do
not know the reason for these differences.
However, a retrospective review of avail-
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able data, its sources, reliability and com-
pleteness was made by the Texas Depart-
ment of Water Resources before publish-
ing the 1984 Wasteload Evaluation for the
Houston Ship Channel. The Texas Water
Commission considers the data denoted by
asterisks in Table 4.1 (and plotted in Fig-
ure 4.1) to be the most accurate available
(D.E. Beckett, personal communication).

There has been an impressive down-
ward trend in the ship channel BOD load-
ing during the past two decades (Figure
4.1). In 1968 the combined municipal and
industrial load was about 460,000 1bs/day.
By 1971 the total had been reduced to
around 100,000-150,000 lbs/day, due pri-
marily to improvements in the industrial
waste treatment. Both industrial and
municipal loading gradually declined
through the 1970s and 1980s so that by
1986 the total load was only about 25,0600
lbs/day, or around 5% of what it had been
eighteen years before.

Historically, a large majority of the
total BOD discharge to the ship channel
has come from only a few of the hundreds
of discharges. The most significant ones
during the period November 1975-October
1976 were five sewage treatment plantsin
Houston. They contributed 63% of the total
loading at that time. The Houston
Northside Plant was the largest, with 53%
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Figure 4.1. Trends in BOD, loading to the
Houston Ship Channel between 1968 and 1986.
See Table 4.1 for data sources.
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of the total (Texas Water Quality Board
1977). By late 1986, the number of permit-
ted discharges to the channel had grownto
675 (534 domestic and 141 industrial), but
70% of the total wastewater flow, and two-
thirds of the total BOD, originated from
only six of the facilities. Gulf Coast Waste
Disposal Authority, Washburn Tunnel
Plant, discharged the greatest BOD load
(5,766 Ib/day), followed by Houston’s 69th
Street WWTP (2,841 lb/day), Houston's

Table 4.1, BOD loading data for the Houslon
Ship Channel. Data Sources: 1) Texas Water
Quality Board (1975b); 2) Texas Water Quality
Board (1977} 3) Texas Department of Water
Resources (1984b). *This data used in Figure
4.1.

Year Source

Municipal Industriai Total

1968 1 460,000
2 140,000 320,000 460,000

1969 1 356,000
1870 1 300,000
2 140,000 192,000 332,000

*3 45,318 68,086 113,404

1971 1 332,000
2 57,000 95,000 152,000

*3 55,180 46,515 101,595

1972 1 123,675
2 103,000 50,000 153,000

3 84,769 35700 120,469

1973 1 119,000
2 77,000 42,000 119,000

*3 77,947 35,250 113,197

1974 1 171,000
2 133,000 37,000 170,000

*3 134,414 34,689 169,101

1915 2 106,000 19,000 125,000
"3 104,859 25,986 130,845

1976 2 60,000 27,000 87,000
*3 66,906 22,679 BY,485

1977 *3 44,832 33,996 78,528
1978 *3 59,658 21,358 B1,027
1979 *3 61,028 18,194 79,222
1980 *3 50,990 18,451 69,441
1981 *3 58,656 16,704 76,360
1982 *3 46,869 14,569 61438
1983 *3 33,260 15,067 48328
1984 *3 20,316 14,307 34,623
1985 *3 16,287 12,360 28,648
1986 *3 14,360 10,956 25,316
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Sims Bayou WWTP (2,234 Ib/day), Hous-
ton’s Northside WWTP (2,046 lb/day),
Exxon-Baytown Refinery Outfall #1(1,914
Ib/day}andSt. Regis Paper Company (1,321
Ib/day) (Texas Water Commission 1987b).

From 1968 to around 1975, the ship
channel industrial polluters were much
more successful than the municipalities in
reducing their BOD contributions. This
caused a dramatic shift to occur in the
relative proportions of the totalload attrib-
utable to these two source categories. In
1968, industry contributed 89% ofthetotal
pound-per-day BOD loading to the chan-
nel, and municipal dischargers contrib-
uted 31%. In 1972, this ratio changed
sharply; municipalities now accounted for
67% of the BOD loading, while industry’s
share dropped to 33%. In 1981, thisdispar-
ity was even greater; the municipal contri-
bution jumped to 77% while industry’s
share dropped to 23%. By 1986, however,
the municipal plants had made more
progress, so that the ratio sfood at 56%
municipal and 45% industrial. A 1980
Environmental Protection Agency sum-
mary report entitled Lower Houston Ship
Channel and Galveston Bay, Texas: A Water
Quality Success Story, praised industries
rolein eliminating most of the BOD load by
noting that :

*In terms of pollution abatement, in-
dustry - long excoriated as the de-
stroyer of the channel and Galveston
Bay - no longer wears the black hat.
Forit has cleaned up ils wastewater to
the point that Harris County’s Dr.
Quebedeaux, known in the past as a
vocal criticofindustrial polluters, could
say with confidence in 1976: “There
are atill some cases where industry
needs to use better techniques. But
the industrial segment, as a whole,
has come a long way.” (Environmen-
tal Protection Agency 1980)

Powelson (1978) attempted to iden}:ify
and analyze the major factors responsible
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for the dramatic decline in industrial BOD
loading to the ship channel between 1968
and 1976. He concluded that the reduction
resulted from several interdependent fac-
tors, including: 1) low permitted BOD vol-
umes, 2) Operation Clean-Sweep, 3) in-
dustrial anticipation of future strict legis-
lation, 4) regional collective treatment
plants, and 5) the 1972 Federal Water
Pollution Control Act Amendments. Here
are Powelson’s findings summarized:

1. Low permitted BOD volumes as
early as 1968 encouraged some of the dis-
chargers to improve treatment facilities
without beingcoerced through governmen-
tal enforcement. Powelson contends that
duringthat period of time the Texas Water
Quality Board rarely referred permit vio-
lators to Civil or District Courts,but rather
tended to pursue compliance through ne-
gotiation.

2. Operation Clean Sweep was an
enforcement policy initiated by the Texas
Water Quality Board in November 1968.
Its objective was to systematically investi-
gate every waste discharge in Texas, to
determine whether or not the discharger
was in compliance with existing permits,
and to specify any corrections needed “for
protection of the waters of the State.” By
July 1972, over 1,500 dischargers hadbeen
surveyed, with 238 of these appearing be-
fore the Texas Water Quality Board. The
program was criticized for concentrating
onsmall-town municipal discharges rather
than large industries, and for levyingfines
that were insignificant for large indus-
tries. However, the incentive to aveid
adverse publicity seems to haveresulted in
many industries complying with instruc-
tions given by the Texas Water Quality
Board for improvement of treatment facili-
ties,

3. Powelson speculated that several
industries, including Petro-Tex, Lubrizol,
Shell 0il, and U.S. Gypsum, reduced their
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BOD loading in anticipation of future rig-
orous regulations by state and federal
agencies, Shell Chemical Company, for
example, was one of the largest BOD
dischargers in 1968, withan average load-
ing of 43,000 Ibs/day. At that time it had
already started eonstruction on additional
treatment facilities, including an effluent
incinerator for secondary solids, an oil
separator, and pH controls. The conse-
quences of these alterations was a decline
in the BOD loading to 1,400 lbs/day by
1976. The company received no enforce-
ment orders of any kind during this pe-
riod. Developing, or maintaining, a posi-
tive public relations image may have
played a role also. Powelson pointed out
that by the late 1960s, it was becoming
increasingly common for large industries,
particularly oil refineries, tostress expen-
sive treatment facilities in their advertis-
ing.

4. The Gulf Coast Waste Disposal
Authority (GCWDA) was created by the
Texas legislature in 1969 to help control
water pollution in the Galveston Bayarea.
The nine-member Board of Directors is
composed of three representatives from
each of the three bay area counties under
its jurisdiction (Harris, Chambers, and
Galveston). GCWDA is one of the few
authorities in the U.S. which gives indus-
tries the incentive to weigh the costs of
individual treatment versus the costs of
contracting a large regional collective au-
thority, with its inherent economics of
scale. The powers of the Waste Authority
are broad; it can acquire in any legal
manner, construct, improve, maintain,use
oroperateany facility needed to pursueits
purpose. Additionally, the Authority has
the power to tax up to 10 cents per $100
valuation if approved by the voters, and
may issue revenue bonds to construct
treatment plants. Finally, it may conduct
hearings, investigations, and inspections,
with the ability to sue for violations of
Texas Water Quality Board permits.
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Generally, the industrial participants
pay the debt service on municipal bonds, as
well as plant operation and maintenance
costs. Industries also pay a management
fee tothe authority. The chiefbenefit tothe
public is that a government agency can
monitor and control the dischargers. In-
dustryalso gets someadvantages; its inter-
est rate on the bonds is lower than it would
be on industrial bonds. As of 1975, the
industries contributed 70% of the revenue,
and the State of Texas contributed 24%.
Municipal users and administrative fees
accounted for the remaining 6% of the bud-
get.
The Authority maintains that one
advantage of the central treatment of vari-
ous types of waste is that the large-scale
central facility, with sophisticated back-up
and emergency facilities, is better designed
toabsorb occasional disruptionsin its facili-
ties, But critics have charged that indus-
tries are much less accountable for their
own pollution andthat the large flow masks
the toxic pollutants of some industries,
making them harder to detect and control.

In 1975, the main treatment plant oper-
ated by the GCWDA was the Washburn
Tunnel Plant in Pasadena which began
operation in 1973. This plant initially con-
tracted with five industries to treat their
wastes in a single biological waste treat-
ment facility.

5. The 1972 Federal Amendments had
an impact on the treatment facility im-
provements of some firms. One example
was Southland Paper, an industry not af-
fected by Operation Clean Sweep. It was
reviewed, but was never called before the
Water Quality Board, presumably because
improvements in its treatment facility were
progressing on schedule. Southland indi-
cated to Powelson during his survey that
the 1972 Federal Amendments influenced
the company’s abatement schedule. Be-
tween 1967 and 1977, its BOD load de-
creased from 6,400 lbs/day to 2,300 lbs/day.
Another factor may havebeen the age of the
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plant; that is to say, this was a new plant,
built in 1967, which had installed rela-
tively advanced treatment at the start.
1t is noteworthy that the uppermost
segment of the ship channel was not re-
ferred to in the title of the 1580 EPA report
on the BOD reduction“success”story. Most
of the industrial discharges, from which
most of the BOD had been eliminated,
were located in the middle segment of the
ship channel, about a third of the way
between the Turning Basin and Morgan's
Point. Farther upstream, near or above
the turning basin, were most of the Hous-
ton municipal wastewater discharges, in-
cludingthe largest - the Houston Northside
plant. The fact was that in the 1970s there
had not been nearly as much improvement
in these plants, sothat conditions werestill
rather poor in the uppermost ship channel
segment. Designed to handle 55 million
gallons perday (MGD), the Northside plant
in 1975-76 was receiving 70-100 MGD,
and it released nearly half the total BOD
load to the ship channe] (Texas Water
Quality Board 1977). Installation of new
sludge handling equipment in 1975-76 did
bring down the plant’s BOD loading by a
great amount (Figure 4.2). This was the
major factor in the downward trend in
total BOD loading to the ship channel
between 1974 and 1977 (Figure 4.1).

The domestic loading did not decrease
any further, however, between 1977 and
the early 1980s. A Wasteload Evaluation
for the ship channel by the Texas Depart-
ment of Water Resources (1984b) cited two
reasons for this: “Fimst, a number of do-
mestic dischargers have not yet finished
construction of wastewater treatment fa-
cilities capable of meeting the effluent
limitations recommended by the 1974
Houston Ship Channel Waste Load Evalu-
ation. Second, rapid population growth in
the Houston area has caused a significant
increase in domestic wastewater flows, .
The City of Houston treatment plants are
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Figure42. Effluent BOD, and total suspended
solids loading to Buffalo Bayou by the City of
Houston Northeide Sewage Treatment Plant
during the period March 1975 to October 1876,

From Texas Water Quality Board (1977},

being renovated and expanded under the
timetable dictated in an enforcement order
issued by the Texas Department of Water
Resources. The Houston 69th Street Waste-
water Treatment Plant began operation in
October 1983, alleviating a portion of the
loading to the Houston Northside facility.
By the middle of 1984, the loading to the
Houston Ship Channel that has resulted
from the overloaded Houston Northside
wastewater treatment plant should be sig-
nificantly reduced.”

Indeed, by 1986 the municipal loading
was down significantly from those of the
early 1980s (Figure 4.1). Besides the new
69th Street plant, there was another factor
that probably contributed to this decline;
namely, the economic recession that hit
Houston in the early part of the decade.
Between 1983 and 1986, the total flow
from the municipal wastewater plants ac-
tually declined slightly, due {o population
emigration (Texas Water Commission
1987b).

Dissolved Oxygen

Standards for dissolved oxygen
concentration have existed for segments of
the Houston Ship Channel since 1967
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(Texas Water Quality Board 1976; Policy
Research Institute 1986). Asearlyas 1973
they were set at 1.5 mg/liter in Segment
1007 (the Turning Bagin area); 2.0 mg/
liter in Segment 10086, from Green’s Bayou
down to the San Jacinto River; and 4.0 mg/
liter from there on down to Morgan’s Point
(Segment 1005) (Texas Water Quality
Board 1977). A 1984 Wastelaod Evalua-
tion for the ship channel recommended
that the standard for Segment 1007 be
reduced from 1.5 to 1.0 mg/liter. It was
stated in the report that this could be done
without affecting the desired water uses
(Texas Department of Water Resources

<5 MGL

& 1973
']
> 1978 |
1983 ‘
1988 |— —
6 5 4 3 2 1 0 20 40 60 B0 100
D.0. (MGALITER)  PERCENT OF SAMPLES
Figure 4.3. Trends in annual mean surface
digsolved oxygen (mg/liter} in Houston Ship
Channel Segment 1007 (Turning Basin). See
Appendices 2 and 3 for station locations.
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Figure 4.4. Trends in annual mean surfoce
dissolved oxygen (mg/{liter) in Houston Ship
Channel Segment 1006 (Greens Bayou to San
Jucinie River). See Appendices 2 and 3 for
station locations.
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1984b).

These rather modest dissolved oxygen
standards for the ship channel are based
on designated “uses to be protected” forthe
different segments that are an outgrowth
of the controversial “zoning” of the channel
by the Texas Water Pollution Control Board
in 1964. In October of that year the Board
adopted the policy that the upper part of
the ship channel was to be considered as
existing principally for purposes of naviga-
tion and industry, and not for recreation or
for the support of marine life, The portion
from the San Jacinto Monument to
Morgan’s Point would serve as a buffer
zone to protect and preserve Galveston
Bay for fishing and recreational activities
(Williams 1972).

But until recently, even these lowstan-
dards for Segment 1007 and 1006 were
often violated. Figures 4.3-4.5 show the
trends in annual mean surface water dis-
solved oxygen in the ship channel since
1963 (See Appendices 2 and 3 for descrip-
tion of data sources and stations). The
Turning Basin, at the head of the channel,
has historically had the lowest D.O. Rela-
tively isolated from tidal exchange with
Galveston Bay, this region depends on
Buffalo Bayou inflow following periods of
stormwater run-off to flushthe heavy BOD
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Figure 4,5. Trends in annual mean surface
dissolved oxygen (mg/liter} in Houston Ship
Channel Segment 1005 (San Jacinto River to
Morgan's Point). See Appendices 2 and 3 for

station locations.
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load it receives from the Houston munici-
pal waste plants. During periods when
fresh water input is moderate to low, moat
of the oxygen in the Turning Basin is
consumed by decomposing organic wastes.
High ambient temperatures arnd calm
weather that characterize summer low
flow periods also contribute to oxygendeple-
tion.

In the 1960s and 1970s the annual
average dissolved oxygenin Segment 1007
increased slowly, but declined again in the
late 19708 and early 1980s, following the
same trends as the BOD loading. The 1568
annual average was <0.5 mg/liter, com-
pared to mid-1970s values around 1-2 mg/
liter. Since 1981, however, dissolved oxy-
gen in this segment had improved rapidly.
By 1985-1986 it was up to between 4 and
5 mgfliter. The percentage of samples
violating the standard also has fallen rap-
idly in recent years. In most years during
the 1960s and 1970s 40% to 80% of all the
samples were below 1.5 mg/liter. In fact,
many had undetectable dissolved oxygen.
But 1981, the percentage of violations has
decreased rapidly to less than 10%in 1985
and 1986.

Farther down the ship channel, in
Segment 1006, there has also been
improvement in oxygen conditions,
although they were never as low as in the
TurningBasin area. Since 1963 theannual
mean has risen from around 1 mg/literto 4-
5 mg/liter (Figure 4.4). Most of the
improvement had taken place by 1973,
perhaps a reflection of the early efforts to
remove BOD by some of the industries in
this segment. The percentages of standard
violations have declined, butstill, in recent
years 10%-30% of the samples have fallen
below the 2.0 mg/liter standard.

Decreasing BOD loading in the upper
ship channel has also led to increases in
oxygen in Segment 1005 between the San
dacinto River and Morgan’s Point. This
segment receives most of its oxygen
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demanding wastes from the segments
farther upstream rather than from indus-
tries alongitsshores. Also, situated closer
to the bay, it has better tidal flushing. A
third factor is flushing by the San Jacinto
River, which empties into the channel at
the upper end of this segment. Thus,
historical dissolved oxygen concentrations
have been relatively high here (Figure
4.5). In the 1960s the annual means were
around 4-5 mg/liter. Since then they have
increased to about 8 mg/liter. Again, the
cause of the improvement is decreased
BOD leading from Segments 1008 and
1007 farther up the channel. The 4 mg/
liter standard for this segment is seldom
violated.

Nitrogen and Phosphorus

There have never been standards for
nitrogen and phosphorus in the ship chan-
nel or any other part of the Galveston Bay
system. But there has been concern about
ammonia nitrogen levels, since nitrifica-
tion (oxidationofammoniato nitrate nitro-
gen) is an oxygen consuming, biclogical
process, The Texas Department of Water
Resources, and more recently the Water
Commission, have attempted to control
ammonia nitrogen in the ship channel hy
means of the Wasteload Allecation Pro-
cess. This involves setting limits on the
NH, concentrations in the discharges from
waste treatment plants (Policy Research
Institute 1986), but does notset a standard
for waters in the ship channel. In recent
years, the discharge concentrations were
supposed to be in the 3-5 mg/iter (as NH,-
N) range for the sewage treatment plants
(Texas Department of Water Resources
1984b). But the measured ammonia con-
centrations in a 1985 Intensive Survey of
some of the municipal and industrial efflu-
ents ranged up to 50 mg/liter (Texas Water
Commission 1387b).

Nevertheless, better waste treatment
has led to significant decreases in ship
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el ammonia nitrogen wnqentratlons
zﬁm the past two decades l(Flg'ures 4.6-
4.8). At the turning Basin (Segment
1007), NH,-N averaged around 4-5 mg/
liter in the early 1970s. It came down a
little duringthe next decade, but hasshown
the most improvement since 1983, d]‘:Op—
ping from 4 mg/liter to around 1.5 mg/liter
(Figure 4.6). In Segment 1006, upstream
from the San Jacinto River, NH,-N also
decreased, from about 5 mg/liter in 1970t0
less than 1 mg/liter by 1986. Most of the
decline here seems to have taken place in
the mid-'70s. There was actually little
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Figare 4.8. Trends in ammonia (NH,-N) and
nitrate (NO:-N) nifrogen concentrations in
Houston Ship Channel Segment 1007 (Turning
Basin). See Appendices 2 and 3 for station
locations.
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Figure 4.7. Trends in ammonia (NH -N) and

mitrate (NO-N) nitrogen concentrations in

Houston Ship Channel Segment 1006 (Greens
Bayou to San Jacinto River). See Appendices
2and 3 for stasion locations.
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change from sbout 1977 through 1949
with the concentrations remainingataboui
1.5 mg/liter. Finally, in the mogt down.
stream ship channel segment, 1005 NH.
N went from around 1.5 mgfliterin 1’9?0&
less than 0.3 mg/liter in 1988,

In the early 1970s, nitrate Nitrogey
{NQO,-N) was not very concentrated ip the
ship channel, compared to ammonia, By
as the ammonia nitrogen declined, the
nitrate nitrogen levelsincreased, especially
in the two upper segments. The result wg
that by 1986, nitrate concentrations wers
equal to, or greater than, the ammoni
concentrations. For example, in Segment
1007, the 1973 nitrate was only about (.
mg/liter, or about 5% of the total dissolved
inorganic nitrogen (DIN - the sum of am.
monia plus mitrate). In 1986, however, the
nitrate averaged nearly 2 mg/liter, which
was about two-thirds of the DIN total
Undoubtedly, one important reason fa
this shift was that nitrification became
more pronounced, especially in the upper
channel segments, as the dissolved oxyges
concentrations rose.

The consequence of this increased
nitrification rate is that the DIN concen
trations have not declined as much in the
channel as would be indicated from the
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Appendices 2 and 3 for station localioné
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ammonia nitrogen data alone. Appar-
ently, the improved waste treatment pro-
cesses employed to remove much of the
ship channel BOD load have not been
nearly 50 effective in removing nitrogen.
This comes as no surprise, since it is well
known that conventional secondary sew-
age treatment processesremove only 25-
45% of the nitrogen in sewage (Gakstatter
et al. 1978).

Phosphorus concentrations in the ship
channel have shown about the same tem-
poral spatial trends as those for nitrogen
(Figures 4.9-4.11). Both total phosphorus
(TP) and phosphate phosphorus (PO,-P)
are more concentrated in the upper chan-
nel segments, and both have declined sub-
stantially since the late 1960s. For ex-
ample, in Segment 1007, TP was about 3
mg/liter in the early 1970s, but now is
down to around 1.5 mg/liter (annual aver-
ages). Phosphate phosphorus has de-
creased from 2.3 mg/literin 1977t0 1.2 mg/
liter in 1986. The similarity in the TP and
PO,-P concentrations indicated that most
of the TP is inorganic. Inother words, only
a small fraction of the TP is particulate or

dissolved organic phosphorus.
1963 TOTALP I PO4-P
1968 +
g 1973 : %
< N
> 1978 ——
—————CT
T LTk
1983 ——
: i — YT
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Figure 4.9. Total phosphorus and phosphate
phosphorus (PO P} trends in Houston Ship
Channel Segment 1007 (Turning Basin). See
Appendices 2 and 3 for station locations.
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Metals

Petrochemical industries along the
Houston Ship Channel use large quanti-
ties of metals as catalysts in a variety of
manufacturing processes, such as the pro-
duction of styrene (chromium, copper, iron,
and zinc) and polyethylene (chromium and
nickel). Zinc chromate, which has algicidal
properties, is added to cooling water to
prevent fouling of the cooling equipment
by algae. In addition, some metals are
present in significant amounts in muniei-
pal wastewater discharges. Thus, it is rea-

I TOTALP 1 POa-p
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Figure 4.10. Total phosphorus and phos-
phate phosphorus (PO -P) trende in Houston
Ship Channel Segment 1006 (Greens Bayou to
SanJacinto River). See Appendices 2 and 3 for
station locations.
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Figure 4.11. Total phosphorus and phos-

phate phosphorus (PO,-P) trends in Houston
Ship Channel Segment 1005 (Sandacinto River
to Morgan's Point). See Appendices 2and 3 for
station locations.
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to assume that toxic materials
::otsibdl:)e a major issue for the Galveston
Baysystem. In fact, however, these pollut-
ants have been studied not nearly as thor-
oughly as BOD loading and oxygen, nutri-
ents, and freshwater inflow. In fairness, it
should be kept in mind that the same
applies to most other estuaries arounfi the
nation, including those in other highly
industrialized areas. Some of the reasons
for this are the lack of reliable, sensitive
measurement techniques in the past; high
analytical costs; and uncertainty about the
degree of toxicity of a given concentration
of a particular metal or organic poilutant.
Also, the chemical behavior of toxic metals
in aguatie ecosystems is very complex,
involving exchanges among water, sedi-
ments and organisms. The rates of these
exchanges are determined by a number of
physical/chemical conditions, and the tox-
ieity of the metals varies, depending on
their chemical form in the environment.
Heavy metals have been sampled more
often than toxic organic compounds in the
Galveston Bay system, and as would be
expected, most of the metals samples have
come from the water and sediments in the

T_able 43. Comparison of trace metals
discharged to the Houston Ship Channel by
selected dischargers in 1969 and 1872-1973.
All values are pounds per day. From Texas

Water Quality Board (1977).
Motal Discharger 1969 1972 )
e T
Cadmium Stauffay 20 01
*tro-Tex 10.0 1o
stl'l.lﬂ'ﬂl‘ 20 01
g"’"‘” ‘ 180 101
oarton Northside 410 70
Copper Tenneacn 200 14
Zing
#"""" 1480 20
Funeco 38.0 180
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Houston Ship Channel. §;

Texas Water Quality Boarq ar:u(:tllleg?v:; ta
Commission have sampled sedip, i:tel
four sites in the ship chanpe| iy
take water samples quarterly g 8ix ghj
channel stations. Routinely e v
samples come from one foot beneatht’:
surface, and the sediment sample
taken with either an Eckman or P, -
type dredge, which samples the Uppet fog
inches of sediment (Texgs Wats
Commission 1986¢). Earlierdata,ﬁumth:
late 19608 and early 1970s, were reported
by Copeland and Fruh (1970 and Hapy
and Slowey (1972).

A 1969 grab sample survey of effluey;
showed that thousands of pounds of sme
metals were being discharged per daying
the Houston Ship Channel. Of the fiw
metals analyzed, zinc was being releass]
at a rate of 7,886 pounds/day, followedly
copper (2,332 pounds/day), lead (1,630
day), cadmium (1,098 1b/day) and
chromium (336 tb/day). A few industris
and/or municipal waste plants, wer
responsible for high percentages of the
total production of each metal. Forexampl
the Houston Northside Sewage Treatment
Plant and three ship channel industria
accounted for about two-thirds of the zin
load; and over 95% of the cadmium cane
from one industry (Environmentd
Protection Agency 1971a).

But in the late 1960s and early 1575,
metals waste loads from the indusird
plants probably began to decline. At Ieﬂﬁf
this was the conclusion reached ina 1%
Texas Water Quality Board report
comparingthe 1969data with datacolledet
between 1972 and 1974 (Table 42). ™
report’s authors called the generalpatet
of reduction by these selected indusi™®
“representative,” and concluded that
mainly reflected recent impmvemenﬁ‘“:
the treatment afforded industt™
wastewater.

As would be expected, reduced el
toading to the ship channe] has led o™
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Figure 4.12. Metals concentrations in Houston Ship Channel water, 1974-1986. Data are for
Texas Water Commission Segments 1005, 1006, and 1007.
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substantial declines in concentrations of
these materials in the water than in the
sediments. Figures D4.12 and D4.13 show
plots of all the data collected by the Texas
Water Quality Board and Water Commis-
sion between 1974 and 1987. Arsenie,
chromium, and lead haveshown the stron-
gest declines in the water samples. Inthe
1970s arsenic was frequently greater than
30 ugfliter, but since 1984 almost all the
readings have been below 10 ug/liter.
Maximum chromium levels have decreased
from 70-100 ug/liter to around 40 ug/liter,
and lead levels have fallen from a maxi-
mum of 300 ug/liter in 1974 to a maximum
of 100 pg/liter in 1986 (Figure 4.12).

Arsenic, cadmium and lead levels in
the ship channel sediments appear to be
trendingdownward, but for the other met-
als there are no obvious trends (Figure
4.13). Before 1982 about half the arsenic
values were above 8 mg/kg sediment; since
then they have all been below 8. Average
lead levels in the 1984 and 1985 samples
were also down by about 50% from those
taken a decade earlier. Similarly, cad-
mium concentrations seem to have de-
clined modestly since the 1970s. In 1986
the maximum was 6 mg/kgsediment, com-
pared to 11 mg/kg sediment in 1974 and
1978.

Both water column and sediment val-
ues for a given metal have ranged widely,
but there are several factors that could
explain this. One is that the highest con-
centrations are probably very localized
because, a8 was noted above, some of the
metals are discharged in large quantity by
only a few industries. Second, the data
plotted in Figure 4.13 are for the whole
ship channel (Segments 1005-1007). It
has beenshown by Hann and Slowey (1972)
that, in the early 1970s at least, there was
a clear trend of decreasing sediment met-
als concentrations as one moved down the
ship channel. This is a reflection of the
highconcentration of municipal and indus-
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trial outfalls along the upper one-third of
the channel. Finally, as White et al. (1985)
pointed out, estuarine sediment concen-
trations of many of the metals are natu-
rally highest in muddy sediments and low-
est in sandy sediments.

Nevertheless,sediment concentrations
of several of the metals have remained
substantially above screening levels for
dredged sediment disposal proposed by the
U.S.EPA (1974) (Figure 4.13). Most of the
arsenic, cadmium and lead samples col-
lected by the Texas Water Quality Board
and Water Commission since 1974 have
been above the screening levels, while
nickel, manganese and mercury levels have
usually been below the EPA thresholds.
About 25% of the chromium and copper
values were above the thresholds.

Knowledge of the impacts that metals
and other toxies have had on Galveston
Bay organisms is very sketchy. Copeland
and Fruh (1970) showed that various spe-
cies diversity indices were inversely re-
lated to the calculated concentrations or
discharges from the Houston Ship Chan-
nel. It was also demonstrated that estua-
rine waters that were more concentrated
in wastewater discharges exhibited a toxic
or growth depressing effect on naturaland
pure cultures of phytoplankton. Further
work showed that unknown toxic materi-
als being introduced via the Trinity River
and the Houston Ship Channel depressed
phytoplankton growth rates.

King et al. (1986) criticized the moni-
toring for organic contaminants in ship
channel sediments performed by the U.S.
Army Corps of Engineers before dredging.
Sediments are normally analyzed for 21
parameters, but nine of these are chiori-
nated hydrocarbons that havebeenbanned
from use in the United States. Kinget al.
contended that since levels of these con-
taminants have been declining since 1972
in most locations that are monitored
through the National Contaminant
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Biomonitoring Program (Cain 1981; Cain
and Bunck 1983; Schmitt et al. 1983), they
should be dropped from the Corp’s routine
monitoring of channel sediment. On the
other hand, they argued, there are some
chemicals that are not currently moni-
tored, but which should be included: sele-
nium, phthalate esters, phenols, polycyclic
aromatic hydrocarbon (PAH) compounds,
and chlorinated styrenes. A preliminary
study by the U.S. Fish and Wildlife Service
has shown that volatile (2 or 3 ringed)
polyeyclic aromatic hydroecarbons (PAH)
were below limits of detection in the ship
channel. But it was suspected that larger
{4 and 5 ring), less volatile PAH com-
pounds, which were not measured, may be
present in concentrations high enough to
cause “significant contamination” of bay
sediment. However, this conclusion was
based on indirect evidence -- no actual
measurements of these compounds had
been made at the time of this report (King
et al. 1988).

Plankton, Benthos, Fish, and

Public Perceptions

Although the Houston Ship Channel
had been “irrevocably altered in terms of
its capacity to suppart certain kinds of
wildlife” according to a Texas Water Qual-
ity Board report (1977), it “is inhabited by
asubstantial portion of the biological com-
munity that characterizes the Galveston
Bay complex as a whole.” “Furthermore,”
the report stated, “The numbers and kinds
of organisms present have increased in the
past five years [1972-1977], due largely to
water quality improvement resulting from
reductions in waste discharges.” The re-
port went on todescribe in detail thechanges
in abundance for different kinds of organ-
isms in the ship channel. Here is a sum-
mary of the findings:

1. Both pollution-tolerant and other
kinds of phytoplankton algne grew in the
ship channel. The highest species and
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individual counts were found at Morgan’s
Point. It is almost certain that phyto-
plankton production in the channel is lim-
itedby contaminants, asboth nitrogenand
phosphorus are present in amounts tosup-
port a much larger standing crop of phyto-
plankton. Copeland and Fruh (1970) tox-
icity test results - as deseribed above - were
cited as supporting evidence for this con-
clusion.

2. Zooplankton concentrations also
decline up the channel from Morgan’s Point.
Probable reasons for this pattern inelude
the gradient in dissolved oxygen, and less
availability of food (algae, bacteria, orother
zooplankton), and increased toxieity up-
stream.

3. Theearliest studies of theshipchan-
nel benthos were by Chambers and Sparks
(1959). They found no living organisms in
samples from the deep (dredged) portion of
the channel. More recently (1972-1976),
benthic organisms were still scarce or com-
pletely absent at the Turning Basin, bt
were present in samples tsken farther
down the channel.

4. The low concentrations of oxygen
and higherlevels of some toxicmateriaks in
the upper channel depress nektonic life
there. Oxygen depletion and toxic sub-
stances, probably aggravated in their ef-
fects by sudden temperature and salinity
changes during heavy storm runoff peri-
ods, have also been responsible for fishand
invertebrate kills. There is guod evidence,
however, that water quality is becoming
more suitable for a variety of nekton.
Shrimp and crabs were being caught on
the water intake screens at an industrial
facility 11.5 miles downstream from the
Turning Basin as early as October 1971.
“We counted 8,000 organisms in 1973,
78,000 in 1975, and almost 117,000 in
1977,a 15%increase at this upperchannel
location,” a Texas Department of Water
Resources biologist was reported to have
said. In November, 1972, fish and crabs
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began to be collected from another intake
20 miles below the Turning Basin (Texas
Water Quality Board 1977).

Accounts from newspaper articles writ-
€en in'the early-to-mid 1970s were used by
EPA in its 1980 summary of ship channel
pollution cleanup. These stories suggest
thatthere weresome changes inthe public’s
perception of the channel and Galveston
Bay. The following is from that report,
entitled A Water Quality Success Story:
Lower Houston Ship Channel and
Galveston Bay, Texas (U.S. EPA 1980).

captain and the founder of a cance
club were also impreased. According
to the captain, “this stream is cleaner
than I've ever seen it. The sea life is
improving and coming farther up the
channel. Fact is, 1 have to scrape
barnaecles off my hull that weren’table
to grow a few years back.” “I agree
with that,” said the canoe club direc-
tor. “Our club folded up because of
pollution, but now we’ve reorganized
because the channel is much, much
improved — and there’s plenty of fish
and aquatic life. While we know that
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It didn't take long for people working
and living along the channel to notice
and appreciate these improvements.
In late 1972, the executive vice
president of the Pasadena Chamberof
Commerce was invited to eat at
Diamond Shamrock'ssnack bar, where
he was served shrimp cocktail made
with fresh shrimp from the channel.
“They were delicious,” he said, “and 1
haven't had any ill effects.” A year
later, an officer with a company even
farther upstream wrote to the Texas
Water Quality Board: “(Your) hard
work in improving the Houston Ship
Channel is paying off. We recently
repaired a condenser using ship
channel water for cooling. Part of the
blockage was shrimp and crab. We
know they were showing up
downstream, but this is the first we've
heard of this type of marine life this far
upstream.” According to a diver
working these waters, “not too long
ago the channel water ate the zipper
right out of my diving suit in two or
three months, but not it takes a yearor
more. | can see much better
underwater, the water tastes as if it
had fresh water mixed in with it, and
the odor is much better, too.” A boat

the channel is a busy transportation
artery,” he added, “we’re still going to
give it a sportaman's try.”

In an article which appeared in the
November 2, 1975 issue of the Housion
Chronicle, outdoor staff writer Joe Doggett
had more good news for local sportsmen.
“Up to last week,” he wrote, “I would have
vowed that a fisherman would be more apt
tocatch typhus than tarpon from the upper
reaches of the Houston Ship Channet . . .
but an employee of a power plant in
Pasadensa rewrote my thinking when he
discovered hundreds ofbaby tarpon milling
around the plant’s warm water discharge
pipeatthejunction ofthe ship channel and
Vince Bayou . . .” Shortly after, Doggett,
who admitted that he was “immediately
skeptical,” drove out to the site to see for
himself, “We fished for several hours and
saw hundreds of tarpon within a hundred-
yard stretch. Most of them were about a
foot long, but some were as small as five or
six inches, and others looked close to 1¢
pounds. Wejumped about 10 fisheachand
tanded two, and I was goggled at the sight
of 50 many tarpon being so close to where
they had no business being.”
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The Trinity River

Water Quality in the Riverin

1975

Since 19765 the state of Texas has sub-
mitted Water Quality Inventories to the
U.S. EPA every year, or more recently,
everyotheryear. These reports summarize
existing water quality problems in the
state, fulfilling requirements of Section
306(b) of the Federal Water Pollution Con-
trol Act passed by Congress in 1972.

The Trinity is one of 23 inland and
coastal basins designated by the Water
Commission for purposes of water quality
management and planning. Like the
others, the Trinity is subdivided into seg-
ments (Figure 5.1). All the numbers
assigned to the Trinity segments begin
with the prefix 08, and there are 35 seg-
mentsin the basis. The principalsegments
are described in Table 5.1. Generally, the
low-numberedsegments are farthest down-
river.,

In the first Inventory, it was reported
that:

The main stem of the Trinity River
receives all the municipal and indus-
trial effluent from the Dallas-Fort
Worth area and during low flow condi-
tions, these effluents comprise the total
flow of the upper Trinity. . . The East
Forkofthe Trinity is totally dominated
by sewage effluent and imposes a vast
waste load on the main stem. The Elm
Fork tributary and Ten Mile Creek
also add waste loads. The result is
extremely low dissolved oxygen read-
ings and coliform bacteria violations
for quite some distance down the main

The overall condition of parts of the river,
particularly the East Fork, is disgraceful.
Even though I was prepared mentally for
what I was going to see . . . it was amazing.
Water in the East Fork runs as a thick
sludge —almost black in color with no
fish. But the Trinity River has a lot of
potential. It's coming back. The river is
downright beautiful in some places. [ think
it's worth saving.

R. Irwin, U.S. Fish and Wildlife Service,

quoted in Houston Post article (1985).

stem of the Trinity (well into Segment
804).

Many reservoirs in the Trinity Basin
are experiencing rapid eutrephication
and resulting nuisancealgalconditions
and high pH levels due to critical con-
centrations of nutrienta contributed
by municipal effluents.

(Texas Water Quality Board 1975n)

Another indication of the poor water
quality in the Trinity in 1975 was the low
ranking of some of its segments, compared
to other streams in Texas. For example,
Segments 804 and 805, between Lake
Livingston and Fort Worth, were ranked
as the sixth and fourth worst (out of 288) in
the state. Segment 803, Lake Livingston,
was the 15th worst. Farther upstream,
stretches of the West Fork of the Trinity
below Lake Worth (Segment 806), and the
East Fork of the Trinity (Segment 819)
were also poorly ranked. None of these
segments met the stream standards appli-
cable at that time, and some were deemed
unsuitabie for contact recreation or
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domestic raw water withdrawal (Texas
Wiater Quality Board 1975a).

In addition to low dissolved oxygen and
high coliform counts, the Trinity River
below the Metroplex area has historically
carried very heavy loads of nitrogen and
phosphorus. In the 1970s, total nitrogen
averaged about 15 mg/liter in the Dallas
area under low flow conditions, and total
phosphorus was 8-10 mg/liter (Figure 5.2).
Typical total nitrogen and phosphorus loads
in this river segment were around 35,000~
40,000 pounds per day and 15,000-20,000
pounds perday, respectively (Texas Depart-
ment of Water Resources 1978).

An early Texas Department of Health
report in 1925 had described fish kills
alongthe Upper Trinity River where there
were heavy loads of erganic materials dis-
charged from the packinghouses and waste-
water facilities of Dallas and Fort Worth.
The state began a fish kill inventory in
1970,and an analytical study of the thirteen
kills documented between 1970 and 1986
indicated that most kills in the Trinity are
caused by low dissolved oxygen levels
(Texas Water Commission 1987a).

A 1972-74 study by the Texas Parks
and Wildlife Department showed that the
Upper Trinity River fishery was depauper-
ate in a segment downstream from the
Metroplex, with an average of less than
one species per sampling period and a total
of only four species (Figure 5.3). Fish were
totally absent during four of the six collect-
ingperiods. Fartherdownriver, thefishery
improved gradually and was relatively
healthy in the Lower Trinity above Lake
Livingston {Texas Parks and Wildlife
Department 1974).

In a 1975 report, it was concluded that
there had been no improvement in water
quality in theupper Trinity River {(Segment
0805) in the preceding 15 years (Warshaw
1975). This conclusion was based on a lack

designated by the Texas Water Commissionfor of trend in either dissolved oxygen or total

management purposes. Redrawn from Texas
Department of Water Resources (1981b).

suspended solids (Table5.2)at astation 20
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Figure 5.2. Historical low-flow nutrient con-
centrations {C) and loads (L) in the Trinity
River between Dallas and State Highway 7
near Crockett, Texas (1972-1975). River Milea
indicate distance upstream from Galveston
Bay . Redrawn from from Texas Department of
Water Hesources (378),

Table 58.1. Locations of selected segments of
the Trinity River Basin, as designated by the
Texas Water Commission.

Number Name and Location

0801 Trinity River Tidal: from the conflusnce with
Anahuae Channe! in Chambers County to a
peint 3.1 km downstream of U.S. 90in Chambers
County.

0802 Trinliy River belowLake Livingston:froma
point 3.1 kra downstream of U.S, 90 in Chambers
County to Livingston Dam in Polk/San Jacinto
County.

0803 Lake Livingwton: from Livingston Dam to &
peint 1.8 km upstream of Boggy Creekin Houston/
Leon County, up to the norma) pool elevation of
131 &,

Trinity River Above Lake Livingston: from
a point 1.8 km upstream of Boggy Creek in
Houston/Eaon County to a point 100 mupstream
of SH 31 in Henderson/Havarro County.

Upper Trinity River/Lower West Fork
Trinity River: from a point 100m upetream of
Beach Street at Forth Worth in Tarrant Connty
to Lake Worth Dmm in Tarrant County

East Fork Trinity River: from the confluence
with the Tyrinity River in Kaufman County to
Rockwall-Fornay Dam in Kaufman County.
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Figure5.3. Numberof fish speciezcollected in
the Trinity River, July 1972-April 1974 (from
Texas Parks and Wildlife Department 1974).
Vertical bars in panels A and B represent the
range. and dots represent the mean for
individual collections. Triangles on dotted
line represent the total number of species
collected during the entire study period. Panel
C is the number of small fish species collected
by Irwin (1985) by seining in the Trinity River,
August 1985. Redrawn from Texae Water
Commission (1987a).
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miles below the Dallas-Fort Worth area
that had been monitored since 1957 by the
Geological Survey and the State Health
Department.

Cleanup Activities: 1975-1985

The North Central Texas Council of
Government (NCTCOG)is a regionalorgani-
zation responsible for water quality man-
agement in & 3,375 square mile area sur-
rounding the Dallas-Fort Worth Metroplex.
It includes all of Dallas and Tarrant Coun-
ties, and parts of Collin, Denton, Ellis,
Johnson, Kaufman,and Rockwall counties.
In 1970 the council developed the Upper
Trinity River Basin Comprehensive Sewer-
age Plan, the first regional plan in the
country approved by the EPA pursuant to
the 1965 Federal Water Pollution Control
Act. The plan called for abandonment of
manysmaller wastewatertreatment plants
and consolidation of service by designated
major joint systems, By 1985 most of what
the Comprehensive Sewerage Plan recom-
mended had been implemented.

Table 8.2. Trends in dissolved oxygen and
total suspended solids at Trinity River Station
0805.0100 during 1957-1973 (Warshaw 1975},

Flow DO TDS
Year cfa mg/l mg/l
19567 6,513 41 329
1958 8,832 al az8
1955 1,407 3.2 474
1960 1,661 45 487
1961 1,504 32 420
1962 2,598 3.4 397
1963 038 a8 539
1964 848 525
1965 3,028 az3
1966 3,774 3B7
1967 997 483
1968 3,798 6.2 312
1968 3,786 4.6 arz
1970 2,917 3.9 373
1871 774 2.8 416
1972 2,802 2.9 400
1973 3,445 3.3 332
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However, unprecedented growthinthe
Dallas/Fort Worth area has occurred in
recent years, so that the council continues
to struggle to increase treatment plant
capacity rapidly enough to keep up with
the growth (North Central Texas Council
of Government 1985). More people were
added to the region during the five-year
period from 1980-1986 than in the previous
ten years from 1970-1980 (Figure 5.4). In
1985 the region’s population stood at 3.9
million, and was projected to reachbetween
4.5 and 5 million by the year 2,000 (NCTCOG
1985).

Since its creation in 1966, one of the
highest prierity of the NCTCOG has been
the cleanup of the Trinity River through
improvement in dissolved oxygen levels.
The Council reported in 1985 that the
composite BOD loadings and concentration
for the 24 major plants in the Dallas/Fort
Worth area had decreased substantially
since 1970, even though average annual
wastewater flows had increased by over
100% during the same period (NCTCOG
1985).

METROPLEX POPULATION

MILLINS ,,

0 ; . . .
1840 1870 1800 1930 1560 1990
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Figure 5.4. Population trends in the North
Central Texas Council of Government Planning
Region. Thiaregion includes all of Dallaz and
Tarrant Counties, and portions of six other
counties comprising the Dallas/Fort Worth
Metroplex. Modified from North Ceniral Texas
Council of Government (1985).
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The historical wastewater flows, BOD,
loadings, and dissolved oxygen levels in
Trinity River Segments 0804 and 0805
between 1970 and 1985 are shown in Fig-
ures 5.5and 5.6. Theloadings arebasedon
monthly self-reporting data, and the in-
stream oxygen data were collected by the
Texas Department of Water Resources,
Segment 804 wastewater flows and BOD,
loading have gradually increased since
1970, but this is a relatively rural part of
the basin, and the flow and BOD loads are
minuscule compared to those farther up-
river in Segment 0805. There, population
growthin the Fort Worth-Dallas Metroplex
more than doubled the wastewater flow
between 1970 and 1984, from 180 MGD to
380 MGD. However, improved wastewater
treatment resulted in an impressive decline
inthe BOD, loadingto this segment (Figure
5.6). In 1983 and 1984, the loads were
around 25,000 pounds per day, compared
to 90,000-105,000 pounds per day in the
mid-1970s. In 1984, about 956% of the
wastewater flow and over 99% of the BOD;
were from municipal sewage treatment
plants;industrial sources made very minor
contributions to the totals (Texas Water
Commission 1986b).

Between 1978 and 1985, Trinity River
dissolved oxygen levels improved signifi-
cantly just downstream from the major
treatment plants in the Dallas-Fort Worth
area (Figure 5.7), although there were still
low summertime values at the CAM 4
sampling site below Dallas. This was
attributed to a continuing problem of over-
loaded facilities where construction to
either expand or improve treatment had
not kept up with increased wastewater
volumes (NCTCOG 1985).

The reduced BOD loading from the
Dallas-Fort Worth area also resulted in
improved oxygen conditions farther down-
stream in the Trinity (Figures 5.5 and 5.6).
In the 1970s Segment 0805 dissolved oxy-
gen readings were mostly between 3.5-8.5

&1

mg/liter (annual means); but in the 1980s
the annual averages have risen to 5-8 mg/
liter. Also, the minimum oxygen levels
haverisen above the 3.0 mg/liter standard
for this river segment. Farther downriver,
in Segment 0804, both the minimum and
annual average oxygen levels have im-
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Figure 5.8. Historical total wastewater flows
{MGDj, BOD, loading (pounda/{day), and dis-
solved oxygen (mg/liter) in Trinity River Seg-
ment 0804. Valuesplotted are annual averages,
and the dissolved oxygen data ia from Station
0804.0600 at State Highway 31 west of Trin-
idad, Texas. Data from Texas Water Commis-
sion (1986b),
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proved also (Figure 5.5). However, the
State standard for that segment, (5 mg/
liter) is not always met. In fact, theannual
minimums have been below 5 mg/liter in
most years (Texas Water Commission
1986b).

Goss (1987) presented trends analysis
results for several parameters sampled in
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Figure 5.6. Historical tolal wastewater flow
(MGD), BOD, loading (pounds/day), and dis-
solved axygen (mg|liter) in Trinity River Seg-
ment0805. Valuesplotted are annual averages,
and the axygen datais for Station 0805.0100 at
State Highway 34 southwest of Rosser, Texas.
Data from Texas Water Commission (19865).
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the Trinity River near Crockett Texas be-
tween 1964 and 1885. This USGS stream-
flow and water quality station is about 100
km upriver from Lake Livingston, in Seg-
ment 0804. Trends were defined as mono-
tonicchanges withtime, and tests for trends
were conducted using the Seasonal Kendall
procedure as described by Smith et al.
(1982) and Crawford et al. (1983). Results
of the tests were that BOD showed a small
downtrend (Table 5.3}, but there were up-
trends in nitrogen and phosphorus. In
1986, it was estimated that wastewsater
treatment plants in Dallas and Fort Worth
were discharging about 39,000 pounds of
NH,-N per day. This was nearly twice the
instream NH,-N load measured in the
Dallas area ten years earlier (Texas Water
Commission 1986b; Texas Department of
Water Resocurces 1978). Thus, the
improvements in wastewater treatment in
the Fort Worth-Dalias region in the 1970s
and 1980s reduced the BOD loading but
had little effect on nutrient loading, which
is typical forsecondarybiclogical treatment
processes.

Some improvement in the healthofthe
Trinity River fishery has cecurred, as indi-
cated by the results of a 1985 study by the
U.8.Fishand Wildlife Service (Irwin 1985).
A longitudinal pattern still existed, with
lowest species diversity in the Metroplex
area, and greater species diversity up-
stream from Fort Worth and downriver
from Dallas to Lake Livingston. But there
were more fish found at the sties in the
Dallas-Fort Worth vicinity than in the
earlier study described above (Figure 5.3).
Beginning in 1979 the flathead catfish
(Pylodictis olivaris), a highly desirable game
fish that is sensitive to environmental dis-
turbance, appeared in samples from some
of the upper reaches. It was concluded that
this improvement in the fishery was atirib-
utable to more favorable oxygen conditions
in the river (Irwin 1985). Ironically, the
enhanced condition of the fishery in the
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upper reaches seems to have made this
area more susceptible to fish kills in the
early 1980s (Texas Water Commission
1987a).

Does Dallas-Fort Worth
Pollution Impact Galveston
Bay?

As will be shown below, Trinity Bay,
theupperarea ofthe Galveston Bay system
that receives Trinity River Basin water, is
relatively clean, at least in terms of BOD
and nutrient loadings. There appear to be
two major factors responsible for this:
1) the great distance (over 500 miles) be-
tween the bay and the Fort Worth/Dallas
metroplex, and 2) Lake Livingston,

As would be expected, the longitudinal
trend in Trinity River dissolved oxygen is
toward increasing concentrations the far-
ther one goes downstream from the Metro-
Plex area (Texas Water Commission
1987a). The form of this profile is well
known as a “dissolved oxygen sag curve,”
and is typical in any stream receiving

Table 5.3. Trend test results forwater-quality
constituenis in the Trinity River near Crockett,
Texas, February 1964 to August 1985, + =
uptrend; - = downtrend; --- = no trend. From
Goss (1987).

Median

Concen- rate of Percent

tration change per
Constitutent unit  per year year
Tota! nitrogen mglliter +0.22 +4.89
Total organic nitrogen mgfliter  +0.11  +9.52
Ammonia nitrogen mgliter +0.01  +2.07
Nitrite nitrogen mgfliter  +0.01 +9.11
Nitrate nitrogen mgliter  +0.20 +6.51
Organic + ammonia N mgfliter  +0.02  +1.78
Total phoephorus mgliter  +0.02 +1.62
BOD mgfliter -0.13 -2.38
Dissolved cxygen mgliter - -
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discharges containing oxygen demanding
substances. The remarkable thing about
the Trinity sag curve is its length,
approximately 300 river miles from Fort
Worth to Lake Livingston (Figure 5.8).
Historically, a nutrient “loss” phenom-
enon has been observed to occurduring low
flow conditions in the mid-portion of the
upper Trinity River (Figure 5.2 and Texas
Department of Water Resources 1978).
These losses represent about one-half to
two-thirds of the nitrogen load and about
one-half the phosphorus load generated in
the Metroplex area (Figure §.2). Several
physical and biological processes have been
hypothesized tobe responsible for the losses:
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Figure 5.7. Dissolved oxygen trends at two
sites on the Trinity River below major
wastewater freatment facilities in the Fort
Worth! Dallas area. CAM-2 (Continuous
Automated Monitoring System Station 2)is in
the West Fork Trinity River at Beach Street,
Forth Worth; CAM-4 ia in the Trinity River at
South loop 12, Dallas. Data from North
Central Texas Council of Government (1985).
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1) uptake by periphyton and macrophytes,
2) loss to the sediments through algal die-
offand suspended sediment affinity, and 3)
nitrogen losses to the atmosphere through
ammonia stripping and denitrification.

In 1975-76 the Trinity River Authority
made a study to try toc determine which of
these processes are the important causes
of the instream nutrient losses. A typical
low-flow nutrient loss profile from that
study is depicted in Figure 5.9. Sediment
and waterconcentrations of N andPshowed
similar trends. Highest concentrations
were in the upper portion of the river, and
they decreased going downstream. The
study concluded that much oftheammonia
nitrogen and phosphate phosphorus losses
were due to phytoplankton uptake and
nitrification (conversion of ammonia to
nitrate). Chlorophyll a trends in the river
lend support to this hypothesis, in that the
algal biomass tends to be highest in the
mid-river area downatream from the heavy
nutrient loadingzone (Figure 5.10). Ammo-
nia volatilization was found to account for
less than 5% of the total nitrogen loss.
Denitrification was thought to be a major
nitrogen sink because of anoxic conditions
in the sediments, but this was not quantified
in the study (Texas Department of Water
Resources 1978).

Thus, the Trinity River between Fort
Worth/Dallas and Lake Livingston has

12
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Figure 5.8. Dissolved axygen profile on the
Trinity River for summer low-flow conditions.
From Trinity River Authority (1974).
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been characterized as “one long, effluent
dominated loading-and-recovery zone™
(Trinity River Authority 1974). The self-
purification in the Trinity is not complete,
however; certain problems remain in the
waterentering Lake Livingston, a reservoir
on the river about 80 miles upstream from
Galveston Bay. Built in 1968, the lakeisa
water supply and recreational impound-
ment managed jointly by the Trinity River
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Figure 5.9. Low-flow nutrient profiles for
mid-Trinity River sampling conducted on
October 18, 1975. “River Miles” represent
distance upstream from Galveston Bay. From
Texas Department of Water Resources (1978).
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Authority and the City of Houston. It is by
far the largest reservoir in the Trinity
River Basin, with a surface area of 82,600
acres and a storage capacityof 1.75 million
acre-feet (Wurbs 1985).

Carlson’s (1977) trophic state indices,
basedon Secchidisedepth, total phosphorus
concentration, and chlorophyll a levels,
have been calculated for Texas reservoirs
in recent years and presented in the semi-
annual Water Quality Inventory reports
(Texas Department of Water Resources
1980, 1982a, 1984a; Texas Water
Commission 1986). Between 1980 and
1986, the sum of the indices computed for
Lake Livingston averaged about 230, and
there was little variation. These sums
placed this lake among the most eutrophic
of all the reservoirs in Texas included in
the sampling (Table 5.4). High chlorophyli
aand hightotal phosphorus were thecauses
of this relatively eutrophic ranking.
Between 1976 and 1985, total phosphorus
concentrations in the reservoir averaged
318 ugfliter.

In 1978 it was reported that:

Lake Livingston has exhibited severe
eutrophicconditionssince its impound-
ment. Algal bloome, together with
large areas of macrophytes (water hya-
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Figuare 5.10. Chiorophyll a conceniration
profile on the Trinity River for summer low-
flow conditions. From Trinity River Authority
(1974).
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cinth, duckweed, hydrilla and coontail},
are common inthe reservoir. Nutrient
levels are high and hypolimnetic
anoxia persists for a large portion of
the year (Hydroscience 1978).

The authors of this report calculated
nitrogen and phosphorus mass balances
for the lake (Table 5.5). The budgets
showed that the principal nutrient source
is the Trinity River, which supplies about
39.6million pounds nitrogen/yearand 10.8
million pounds phosphorus/year. Direct
wastewater dischargers and land runoffto
the lake is minor (<0.2 million pounds
nitrogen/yearand <0.1 million pounds phos-
phorus/year). On the order of 90% of the
total annual loading occurred during the
highriver flow period from January through
June. For 1975 there was a 29% loss of
total nitrogen and a 52% loss of total phos-
phorus through the lake, based on a com-
parison of the measured inputs and esti-
mated outputs. This overall nutrient loss
is attributed to several mechanisms. The
largest nutrient sink is settling of particu-
late materials to the sediments. The effect
of this is reduced somewhat by the release
of inorganic nutrients from the sediments
during periods of bottom water anoxia.
However, the nutrient settling rate far
exceeds the nutrient release rate (Hydro-
science 1976). The second nutrient sink is

Table 5.4. Trophic status calculations and
relative rankings for Lake Livingston, 1980
1986. Data from Texas Department of Water
Resourcea (1980, 1982a, 1984a) and Texas

Water Commission (1986a).

Ranking

{Lake

Livingmton/

Carlson Indices Most

sutrophic

Year Secehi  Chiovophyll a ™ Sum in State)
1080 - — 230 8587
1082 - — 2 THE2
1064 46 80 o8 230 8808
1988 48 B9 a3 230 S6/08
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Table 5.5. Summary of 1976 mass balances
for nitrogen and phoaphorus in Lake
Livingston. Dataare from Hydroscience (1976).

Gains/Losses (Iba/year} (lbs/year)
Gains
River inflow 39.8 10.8
(NQ, + NO, = 7.0)
(NH, = 5.5)
{Organic N = 16.0)
(PO, =3.4)
Wastewater discharges «<0.2 <0.1
Nitrogen fixation 9.6
Sediment regeneration 2.8 0.7
Total 522 116
Locaes
River outflow 28.4 5.2
(NO, + NO, = 7.0}
(NH, = 5.5)
{Organic N = 16.0)
(PO, =34)
Macrophyte production 76 2.6
Denitrification 0.B
Total 368 7.7

associated with the macrophyte uptake of
nutrients, but this pathway was not quanti-
fied. Of course, some of this nutrient would
be returned to the water column later via
remineralization. An additional postu-
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lated, but unquantified, lose mechanism is
denitrification, the biological conversion of
inorganic nitrogen to nitrogen gas.

Insummary,a large part of the oxygen-
demanding organic waste and nutrient
loads originating in the Fort Worth-Dallas
region is dissipated upstream from Gai-
veston Bay. Oxidation of labile organic
matter, and reoxygenation of the water
occurs gradually over the 500-mile course
of the river between Dallas and Lake
Livingston. Some ammonia nitrogen is
converted to nitrate nitrogen in the Trinity
via nitrification, and a substantial amount
is probably lost via denitrification, espe-
cially in the upper river segment where
bottom water and sediments are often
hypoxia or anoxic. Some fraction of the
instream phosphorus load is lost via sedi-
mentation. Farther downstream, Lake
Livingston traps substantial quantities of
the remaining nitrogen and phosphorus.
Consequently, river waterentering Trinity
Bay contains very much lower concentra-
tions of nutrients and organic matter than
would be the case if there were not such a
great distance, and a large reservoir, be-
tween the bay and the major source of
these materials.
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Trends in

Galveston Bay Water Quality

Dissolved Oxygen

High BODorlowdissolved oxygen have
never been found to be problems in the
open waters of the Galveston Bay system.
Gloynaand Malina (1964) presented limited
data on dissolved oxygen and BOD for
Trinity Bay,but concluded that “at present
time (1963) there seems to be no major
pollution nor problems of public health
significance with Trinity Bay.” “If one
were to use dissolved oxygen as the sole
measure of good waterquality in Galveston
Bay,” wrote Espeyetal. (1971), “the overall
condition would be goed. At most times of
the year the dissolved oxygen is equal to or
above the specified minimum (5-6 mg/liter
for the different bay regions).” This report
did mention, as others have, that bottom
waters in the Houston Ship Channel were
sometimes below these minimums. In a
section entitled Historical Trends of Water
Quality in the Galveston Bay System, the
report stated that:

Based on historical data taken by
the Texas State Department of Health
and the recent Galveston Bay Project,
some comments on observed trends in
BOD, dissolved oxygen, and total col-
iforms canbe made. BODdata cbiained
in the Galveston Bay system over the
past seven years (1964-1971) has not
varied significantly. Although BOD
values are low conaidering the multi-
tude of wastes entering from the Hous-
ton Ship Channel, toxic constituenta
may have resulted in a depressed
measurement throughout the bay.

For decades the bay in our backyard has
been dredged, netted and scraped for its
seafoad. It has been dumped with every
imaginable discharge our komes and cities
and industries have produced. ts
nourishing rivers have been strangled with
dams, and yet the bay, thanks to its power
of self-renewal, has not died

Robison (1989)

Dissoived oxygen trends in . . . (the
kay). .. weraalsoremarkably constant.
In Trinity and upper Galveston Bay,
the trend over the past seven years
has been toward a gradual increase in
dissolved oxygen. East Bay has been
the only part of the system not experi-
encing any coliform problem (over the
preceding seven years). Lower
Galveston Bay experienced the highest
coliform concentrations. Levels in
Trinity Bay, especially the northern
shoreline area, were above the stan-
dard considered suitable for shellfish
harvesting.

Based on the trends ohserved in these
three parameters, it appears thatcondi-
tions for most of the hay aystem have
not deteriorated. However, it is quea-
tionahle whether or not there has been
any improvement. For instance, in-
creased oxygen levels could indicate
the bay ia undergoingenrichment, and
algal photosyntheeis is resultinginan
upward trend in dissolved oxygen
levels. Different BOD analysis methods
between the Texas Department of
Health and the Galveston Bay Project
could account for some of data vari-
ability. Fortunately, flushing resulting
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from the inflows of major tributaries,
tidal exchange with the Gulfof Mexico,
and the natural assimilative capacity
of this preductive estuarine system
has been active in preventing any
widespread water quality problems
thus far (Espey et al. 1971).

Comparison of the earlier data with
that taken more recently by the Texas
Department of Water Resources and Water
Commissionshows that since 1971 surface
water oxygen conditiens in the bay have
not changedsubstantially. Figure 6.1 gives
the annual means,alongwiththeindividual
data, for selected stations in Galveston,
Trinity, East and West Bays. In all the
areas, oxygen is seldom below § mg/liter,
and the lowest readings naturally tend to
occur during the warmer months (denoted
by solid dots in plots), when water temper-
atures are highest and oxygen saturation
levels are lowest. Wintertime values mostly
are in the 8-12 mg/liter range. Trends in
oxygen, as reflected by the annual means,
are not apparent at any of these sites.

Nitrogen and Phosphorus

U.S. Geological Survey discharge and
water quality data were used in a Texns
Department of Water Resources study

Table 6.1. Range of expected nitrogen and
phosphorus loading to Galveston Bay from the
Trinity River, San Jacinto River, and the
Houston Ship Channel. TP=total phosphorus,
DIN =dissolved inorganicnitrogen (From Texas
Department of Water Resources 1981a).
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Figure 6.1. Dissolved oxygen trends in four
areas of the Galveston Bay system, 1963-1986.
Oper boxes are winter { October-May) data,
and dots represent summer (June-Septemnber)
data. Annual mean concentrations are depicted
by the solid lines. Station locations are given
in Appendices 2 and 3.

Loading (10 kg/yr)
Flow
Source {10* acre-ft) DIN OrganicN TP
Trinity River 542(78%) 0535 2063 0616
San Jacinto R./
Lake Houston 0.88{12% 6.1-0.4 0210 0103

H.Ship Channel 047{7%) 06-3.6 0218 0523

Other

- (3%)
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(1981a) to calculate the potential nutrient
loading contributions from the Trinity
River, the San Jacinto River tributaries,
and the Buffalo Bayou (Houston Ship Chan-
nel} tributaries. Loadings (in kilograms
per day) were calculated by multiplying
maximum and minimum concentrations
observed for each of the twelve months
over the period 1970 through 1977 times
the mean monthly discharges for each
stream. The results of these calculations
are summarized in Table 6.1. The Trinity
River, which contributes 78% of the gaged
freshwater inflow to the estuary was esti-
mated to contribute 0.5-3.5 million kg dis-
solved inorganic nitrogen and 0.6-1.8 mil-
lion kg total phesphorus per year, depending
on the flow. The ship channel, and its
tributaries upstream from the San Jacinto
River, contributes only 6.8% of the total
flow. However, the nitrogen and phos-
phorus concentrations were high enough
in the 1970s that inorganic nitrogen and
total phosphorus loadings from this source
were comparable to that from the Trinity
River (Table 6.1). Nutrient inputs from
other sources, including marsh exchange
and precipitation, are minor relative tothe
freshwater inputs (Table 6.2). Thus, the
authors of the study concluded, it could be
expected that upper Galveston Bay and
Trinity Bay would experience higher nutri-
ent concentrations than other portions of
the estuary (Texas Department of Water
Resources 1981a).

Table 8.2. Estimated annual nutrient inputs
to Galveston Bay (Armstrong 1987). Allvalues
are 10° kg yr, except areal loading, which isg
m?® of estuarine surface per year. Freshwater
loadings computed by multiplying average
annual concentrations (1970-1977) times
annual average freshwaterinflows (1942-1976).

Freshwater Areal
Nutrient Inflows Mamhes Precip. Total Loading

Nitrogen  11.58 016 0.34 12.08 8.40

Phosphorun  3.63 013 0.4 381 2.66
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Figures 6.2 and 6.3 are compilations of
ammonia (NH,-N)and nitrate (NO-N} data
for representative stations in four regions
of the bay system. The Trinity Bay plot
includes data from twostations close toone
another in the upper part of the bay, the
Galveston Bay data is from a station near
Redfish Bar, and the West and East Bay
plots include data from one station in each
of these areas (see Appendices 2 and 3 for
station locations). All of the data since
1974 have come from the Texas Depart-
ment of Water Resources and Water
Commission sampling programs,

The nitrate concentrations appear to
have declined after 1972, but this may be
an artifact related to the use of more than
one data set in these plots (Figure 6.2).
Unfortunately, there is no easy way to
determine if this is so. However, there are
no obvious trends in the nitrate data be-
tween 1974 and 1986, There are some
other general points which can be inferred
from this data set. First, thereis a trendof
decreasing nitrate nitrogen as one goes
down thesalinity gradient from the Trinity
Bay toward the Gulfof Mexico. The Trinity
Bay nitrates are often greater than 0.2 mg/
liter, while those at the other end of the
system, in East and West bays, areseldom
above 0.2 mg/liter (Figure 6.2). This inverse
relationship between nitrate and salinity
is common in river-dominated estuaries,
since river water usually has much higher
nitrate levels than ocean water. Second,
the nitrate levels in this system do not
seem abnormally high in comparison to
other estuaries along the Gulf Coast or the
Atlantic Coast of the U.S. (Nixon 1983).

Ammonia nitrogen concentrations have
been less than 0.1 mg/liter in most of the
samples taken from all four regions in the
bay. Higher concentrations are most often
found at the Trinity Bay stations and at
thestation in upper Galveston Bay (Figure
6.3). Occasionally, there are unusually
high values, possibly caused by high fresh-
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water inflow associated with storms, eor
perhaps the result of sediment resuspension
during storm events. There have been no
cbvious up or down trends in the ammonia
concentration data. Except for the ocea-
sional high values, these ammonia data
are similar to those from other U.S, East
Coast and Gulf Coast estuaries (Nixon
1983; Boynton et al. 1982).

Other than an apparent decrease in
total phosphorus in Trinity Bay, there have
been no obvious trends in phosphorus con-
centrations in thebaysystem overthe past
two decades. The total phosphorus data in
Figure 6.4 are from three sources: 1) Pullen
et al. (1971) and Pullen and Trent {1969)
for 1964-1966; 2) the Galveston Bay Project
for 1968-1972 (Huston 1971); and 3) Texas
Water Development Board and Water Com-
mission for the period 1974-1986. Unfortu-
nately, again, there is evidence that these
data sets may not be comparable. The first
set (Pullen et al. 1971; and Pullen and
Trent 1969) seems to be consistently lower
than the second, which in turn, seems to
have given higher values than the third.
Of course, it is possible that these differ-
ences represent real trends, but [ suspect
not. Total phosphorus analysis usually
requires some type of digestion {oxidation)
process to convert the organic P to phos-
phate P, and it is well known that in the
past some digestion procedures were used
that gave incomplete conversion of the
more refractory organic P constituents.
Presumably, thedata from the period 1974-
86 were analyzed by the same procedure,
Ifthis is assumed tobe the case, then it can
be surmised that there have been no notice-
able trends in total phosphorus in the bay
since that time.

Phosphate phosphorus (PO,-P) has been
monitored by the Water Development
Board and Water Commission since 1974
(Figure 6.5). Once again, this data set
gives no indication of a change in the
abundance of phosphorus in the Galveston
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Bay system. Concentrations in Trinity
Bay and upper Galveston Bay have
averaged around 0.2 mg/liter, while in
East and West Bays, phosphate has aver-
aged about 0.1 mg/liter. This spatial gra-
dient is probably due tomixingof phosphate
rich waters from the Trinity River and the
Houston Ship Channel with phosphate-
poor Gulf of Mexico water. The East and
West Bay data are comparable to those
from other moderately enriched estuaries,
whereas the Trinity and upper Galveston
Bay values seem typical for some of the
more heavily enriched urban estuaries in
the U.S. (Nixon 1983).

Metais

Hann and Slowey (1972) carried out
one of the first studies of heavy metals in
thebay. Unlikesome earlierstudies, their’s
used the more accurate atomic absorption
spectrometry method of analysis, and
enough stations were sampled to give a
good indication of the spatial patterns.
The range of values found for eight of the
metals in the top six inches of the bay
sediments were as follows: arsenic, 0.8 to
5.4 mgkg; cadmium, <0.2 to 5 mg/kg;
chromium, 9 to 120 mg/kg; copper, 4 to 96
mg/kg; lead, 5 to 50 mg/kg; manganese, 52
to 935 mg/kg; mercury, 4to 590 mg/kg; and
nickel, <1to 57 mg/kg[values based ondry
weights of sediments]. In general, these
early 1970s results agreed well with those
from a 1960s study by Davis (1968). With
the exception of four stations, most metals
were distributed fairly uniformly through-
out the bay system. Three of these were in
upper Galveston Bay near Morgan’s Point
and the fourth was in the Texas City Chan-
nel. The authors of the report speculated
that the proximity of these stations to
industrial and urban inputs probably
accounted for their higher levels. Lowest
values were found in upper Trinity Bay
where a hard sandy bottom existed.
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Sediment metals data collected in the
bay by the Texas Water Development Board
and the Water Commission since 1974 are
generally in the same ranges given above
for the Hann and Slowey data, and have
tended to follow the same spatial patterns.
The data in Figure 6.6 are from five Water
Commission stations around the bay: two
in Trinity Bay and one each in Trinity Bay,
East Bay and in upper Galveston Bay. For
most metals the bay concentrations are
lower than those in the ship channel above
Morgan’s Point (see Figure 4.13) and are
generally below the screening levels pro-
posed by the U.S. EPA (1974) for dredged
sediment disposal. In particular, cadmium,
chromium, mercury and lead are consider-
ably lower in the bay than in the ship
channel. Bay cadmium has averaged
around 1 ppm, compared to 4 ppm in the
channel, and bay chromium is only about
one-fiththeshipchannel levels, onaverage.
Mercury in the bay averages less than 0.1
ppm, compared to 0.3 ppm in the ship
channel, and almost all the bay lead sam-
ples were less than 50 ppm, whereas most
in the ship channel were above this value.
Comparison of the five bay stations showed
that, as expected, the upper Galveston Bay
station generally had the highest metals
concentrations. Many of thedatainFigure
6.6that are above the EPA screening levels
were from this station. Not shown in these
plots are Water Commission data from the
Texas City area in the southwest corner of
Galveston Bay. But acursoryexamination
of the 1974-1986 data from that region
indicated that it has continued to have
higher sediment metals levels than most
otherareas in the bay. Thedata donof give
any evidence of trends in the baysediment
metals concentrations. Unfortunately, no
single station has been sampled with
enough regularity to permit a statistical
test for trends.

Another difficulty in interpreting the
Texas Water Commission sediment metals
datais thatit is not normalizedtosediment
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texture (i.e., mud vs.sand), which isknown
tostrongly influence the backgroundlevels
ofmetals in estuarine sediments. However,
White et al. (1985) took this factor into
account in theiranalysis of U.8.G.S. metals
data from Galveston Bay. By doing so,
they were able to distinguish anomalously
high levels from those due simply to high
mud content in the sediments. While their
study did not address trends, it does provide
information about spatial variability in
bay metals. Generally speaking, their
results confirm those from the otherstudies
described above, Namely, highest (insome
cases anomalously high) metals concentra-
tions were in the sediments of upper
Galveston Bay and other areas close to
anthropogenic sources.

Red Tides

and Other Algal Blooms

Historically, excessive growth of phyto-
plankton has not occurred with any regu-
larity in the open waters of the Galveston
Baysystem. Tothe contrary, most workers
have emphasized the modest cell densities
and productivity of phytoplankton in the
bay (Copeland and Fruh 1970; Oppen-
heimer et al. 1973), despite the abundant
nutrients. The discrepancy has generally
been attributed to light limitation result-
ing from high turbidity (Armstrong 1987),
although there have been nostudies to test
this hypothesis. There are not enough
phytoplankton data for the bay to permit a
statistical test for temporal trends.

Gulf of Mexico and Texas bay waters
periodically experience fish kills and water
discoloration due to red tide organisms.
Most ofthese events are limited induration
and are caused by blooms of Gonyaulax
monilata (Texas Water Commission
1988a). Onesuchoutbreak,inthesummer
of 1949, affected Offats Bayou on Galveston
Island. Apparently, fishermen and local
residents had observed red tide-like
symptoms and accompanying phenomena
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for almost every summer during the
preceding 15-20 years (Connell and Cross
1950). Ptychodiscus brevis red tides have
occurredalso, althoughinfrequently, along
the Texas Coast. One of the most recent
lasted from August 1986 until February
1987. It was first seen near the western
end of Galveston Island, and from there
the bloom quickly spread nearly 300 miles
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southward, down the Texas coast into
Mexican waters. Along this path, the red
tide infected coastal Gulf waters and some
of the bays; however, Galveston Bay was
spared (Texas Water Commigsion 1988a).
No conclusions were reached concerning
the cause of the red tide, despite intensive
study by Texas state agency personnel.
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Trends in the Bay’s Fisheries

Galveston Bay has supported a com-
mercial fishery for over a century, and as
was the case in other states along the Gulf
and Atlantic Coasts, problems for the in-
dustry began to develop early. C. H.
Stevenson’s 1893 Reporton the Coast Fish-
eries of Texas, prepared for the U.8, Fish
Commission, is a valuable source of infor-
mation on the early history of the bay
fisheries. He first gave a general account
of the fishery, and then discussed some of
the problems. The following is excerpted
from the report:

Although critical estuarine habitats are
being lost, abundances of most important
species do not yet seem to be affected.
Landings of fishery organisms and
abundance aof waterfow! and colonial
nesting birds fluctuate annually, but
appear reasonably stable.

Sheridan et al. (1988)

While the supply of fish maybe decreas-
ing, yet there does not appear tobean

At present, bay seining is the most
important fishery in Texas, Few large
boats can venture into the shallow
waters of Upper Galveston, Trinity,
East, or West Bays. Using skiffs and
very large seines, the bay fishermen
aurround and catch schoole of men-
haden, which are used for their oil and
as fertilizer. The oyster industry is
second in extent, but will doubtless
rank first within a few years. Only
about 4% of the 1890 catch came from
the Gulf of Mexico proper. All of the
Texas fisheries have increased in ex-
tentsince 18B0 except for shrimp. The
growth is due primarily to the devel-
opment of the methods of marketing
the catch. This has been aided greatly
by better rail transportation in the
region, along with the capability to
manufacture ice.

Believing that the fish are caught in
greater quantities than their natural
fecundity can make good, there is s
desire on the part of many persons,
especially those interested in develop-
ing the sporting fisheries in Texas, to
restrict in some way the use of seines,

urgent neceasity for very great restric-
tions. The cessation of the seine fish-
ery in the bays for a few months from
May to August, which is the plan gen-
erally urged, would throw entirely out
of employment over 350 men, remov-
ing from the coast towns a menthly
revenue of more than $12,000, and
taking from the market a cheap and
wholesome article of food.

In addition to taking measures to
prevent over fishing, the fishery managers
were experimenting with fish stocking in
Texas coastal waters. As the first Texas
Fish Commissioner, one of Stevenson's
early projects involved building fish
hatcheries, and importing German carp,
rainbowtrout, Californiasalmon, and shad
for stocking the states depleted streams.
In the spring of 1890, 745 lobsters, 7-10
inches long were sent to Galveston to be
“planted” in the Gulf near the city of
Galveston, but it was noted later that only
“two or three of these have since been
obtained, and the experiment cannot be
considered a success” (Stevenson, 1893).
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Figure 7.1. Galveston Bay trends in
commercial finfish and shellfish landings. Also
plotted are the numbersof commercial saltwater
licenses sold in Texaas in each fiscal year from
1956 through 1986 (Qsburn et al. 1987).

There is a section in Stevenson’s report
devoted to Galveston Bay. I read all of it,
hoping to find some mention of water
quality in the bay. But there was none,
which I suppose could be interpreted to
mean that it was not considered to have a
major impact on the fishery at that time.
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Commercial Fisheries
The Database

Coemmercial landings of marinespecies
from Texas bays and the Gulf of Mexico off
Texas have been collected from seafood
deslers since 1887 (Perret et al. 1980).
However, the early data were collected
sporadically, and in many instances prob-
ably underreported the catch., For ex-
ample, in 1907 the fish commissioner ceased
to report the landings except for pounds of
fish and oysters upon which a new special
tax was levied. As can beseen in the data
for that period, the amount of reported
landings diminishedslightly at first; possi-
bly to avoid the tax. However, in 1908, the
commissioner added Harris County as a
reporting station. Priorto 1915, wholesale
statistics were not recorded. This means
that many more pounds of fish, shrimp,
and oysters may have been taken from the
bay for private or wholesale use than were
actually reported (Texas Game, Fish and
Oyster Commission 1937).

Since 1936, the Texas Parks and Wild-
life Department has monitored the land-
ings and value of the marine fishes, oys-
ters, crabs and shrimp through a manda-
tory self-reporting system known as the
Monthly Marine Products Report MMPR),
which is completed by seafood dealers.
Sinece 1956, the National Marine Fisheries
Service has collected landings data on
shrimp through seafood dealer reports and
shrimp-vessel crew interviews (Prytherch
1980), while the Parks and Wildlife De-
partment has continued to collect data on
fishes, crabs and oysters. Aninformaldata
exchange between agencies permitted the
compilation of total self-reported landings
of marinespecies. Beginning 1 April, 1985,
Parks and Wildlife and the National Ma-
rine Fisheries Service instituted a formal
cooperative agreement to collect and ex-
change commercial fisheries statistics
(Osburn et al. 1987).
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Except for oyster harvests, none of the
Galveston Bay commercial landings data
before 1962 were used in this report. Un-
fortunately, the landings reports before
1962 did not separate fish caught in
Galveston Bay from those caught in the
Gulf and subsequently “landed” in bay
ports. Another reason for not using earlier
data is that before the early 1960s there
were inconsistencies in the reporting proce-
dures (Texas Department of Water Re-
sources 1981a). For example, penaeid
shrimp harvest data from the turn of the
century to the late 1940s are incomplete
andincludeonly the whiteshrimp harvest.
Exploitation of the brown shrimp began in
1947 with night trawling and rapidly in-
creased throughout the 1950s; however,
separation of the two species in the fisher-
ies statistics was not begun until after
1957. Texas Landings, compiled by the
U.S.Department of Commerce (1969-1979)
andthe U.S, Department of Interior (1962-
1968), reports total annual catches (by
species) from Galveston Bay and from the
Gulf of Mexico. Data for the period 1980-
1986 came from Osburn et al. (1987).

Finfish

Over the past 25 years total annual
finfish harvests in the bay have fluctuated
between 100,000 and 200,000 pounds in
the poor harvest years and between 600,000
and 850,000 pounds in the most productive
years (Figure 7.1). Lowest catches werein
1962, 1963, 1970, 1971 and 1981, while
1965-67 and 1978 were high catch years.
Overall, there is no obvious trend in the
finfish total landings.

For most individual species the land-
ings have been highly variable (Figure
7.2). Much of the variability during recent
years can be explained in part by the Texas
State Legislature’s ban on the sale of red
drum and spotted seatrout beginning in
September, 1981. This action was taken to
stem the apparent decline in the abun-
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dances of these two species after the mid-
1970s, caused by increased fishing pres-
sure, both from commercial and sports
fishermen. Spotted seatrout and red drum
had comprised 45-75% and 5-10%, reapec-
tively, of the Texas sport landings, but
catchrates by private-boat fishermen were
beginning to decline. Also, Texas Parks
and Wildlife monitoring had shown that
the stocks of these twospecies were declin-
ing (Osburn and Ferguson 1986). Subse-
quent monitoring has established that the
declines of these stocks has stabilized, but
it is too early to tell if they will rebound
(Rice et al. 1988).

The commercial landings of other bay
species increased sharply following the
prohibition of red drum and spotted
seatrout. For example, flounder catches
went from less than 50 million pounds/
year in 1981 to about 200 million pounds/
year in 1982 (Figure 7.2), Mullet landings
alsoincreased greatly, from less than 5,000
pounds in 1981 to 120,000 pounds in 1982.
There were also increases in sheepshead
and black drum, croaker, and gafftopsail
catfish. Some of these increases were
temporary, however. By 1986, black drum
and sheepshead landings were at their
lowest and next to lowest levels, respec-
tively, since 1977. Meanwhile, flounder
and mullet landings remained relatively
high. These shifts present an interesting
example of the interrelationships between
commercial and sports fishing in an estu-

ary.

Shrimp and Blue Crabs

Shellfish harvests in the bay have av-
eraged about 8 million pounds per year
since 1962, with shrimp leading the catch
in most years. Shrimp harvests have
ranged from lows between 2 and 3 million
pounds in the late 1960s to over 6 million
pounds in 1984 and 1986 (Figure 7.3).
Although there is considerable fluctuation
fromyeartoyear,thereseems tohave been
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an overall trend of gradually increasing
shrimp landings in Galveston Bay since
1962.

Blue crab landings in the bay rose
rapidly during the 1960s, then generally
declined through 1981, and have
subsequently risen sharply again toan all
time high in 1986 (Figure 7.3). The 1962
catch was only 300,000 pounds, but by
1970 it had risen to 2.6 million pounds.
The 1981 cateh was about 600,000 pounds,
the lowest since 1962, but from then until
1986 there were increases every year. The
1985 and 1986 increases were the largest
ever for this estuary. 1t is difficult to see
any clear long-term trend in these data.

Ovysters

Galveston Bay oysters arean important
commercial species, spend their entirelives
in the bay, are not able to flee polluted
waters, and have the capacity to
concentrate some potentially lethal
pollutants. Thus, they ought to be an ideal
organism to study in terms of the long-
term effects of changes in water quality on
the fishery resources of thebay. Coinciden-
tally, the oyster fishery in Galveston Bay
seems to have been monitored, researched,
and analyzed more thoroughly over the
past 30 years than any other bay fishery.

R.P. Hofstetter, the leader of much of
the long-term effort to track oyster
populations in the bay, has indicated that
it arose from conflicts between the oyster
fishery and a related industry -- shell
dredging:

In 1951, shell dredging companies
operating within the bay proposed to
.+ . dredge several passes through
two “barrier” reefs . . . The purpose
was to improve water circulation and
encourage oyster growth . . . Since
no current information on the status
of the oyster reefs was available . . .
[Game and Fish Commisaion]
personnsl were requested to
investigate. This was the beginning of
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Figure 7.3. Galueston Bay commercial
landings of shrimp, blue crabs, and oysters.

oyster studies in Galveston Bay by the
Coastal Fisheries Division. Although
thedredging wasevaluated and judged
unnecessary, it was decided that
further studies would be useful.

By the mid-1950s . . . shell dredg-
ing operations, which had been cen-
tered in Trinity Bay, moved closer to
the main reefa an shell deposits in the
upper bay became exhausted. Expan-
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aion of the shell industry along with
growth of the oyster fishery made con-
flicts inevitable, and it became neces-
sary to develop a shell management
program based upon a knowledge of
the oyster resource. Studiesoriginally
intended as a short-term evaluation of
the shell-dredging proposal evolved
into a long-term program te obtain
information needed for the manage-

ment of both industries
(Texas Parks and Wildlife De-
partment 1988).

Two valuable reports summarizing the
knowledge gained from these studies are
Hofstetter's (1977} Trends in Population
Levels of the American Oyster, and the
recently completed Texas Oyster Fishery
Management Plan Source Document by
the Texas Parks and Wildlife Department
(1988). The discussion below relies heavily
onmaterial presentedin these two reports.

The abundance of spat, young oysters
and market size oysters at several loca-
tions in Galveston Bay has been monitored
regularly since 1956. Samples, consisting
of 0.035 m® of unculled oysters, are col-
lected using a “Texas style” oyster dredge.
Live oysters are culled from the sample,
measured, and grouped into classes desig-
nated as spat (<25 mm}, small (26-75 mm)
and market size (76 mm and over). Since
the amount of area covered by the reefs has
not been followed, these data are not nec-
essarily representative of the total quan-
tity of oystersinthebay, but rather changes
in densities over time for the reef areas
gampled (Texas Parks and Wildlife De-
partment 1988).

First,annual mean numbers of spat (5-
25 mm) in Galveston Bay samples gener-
ally declined from the late 1950s through
1977 before increasing gradually through
1984 (Figure 7.4). Annual mean number of
spat in open waters (waters containing
oysters approved by TDH for harvest), has
varied since 1984 (Figure 7.5). Since 1985
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however, highest numbers of spat were
seen during July through November. An-
nual mean number of small cysters (26-76
mm)generally declined from the late 1950s
through 1977 before increasing to a peak
in 1981 and declining through 1984 (Fig-
ure 7.6). Annual mean number of small
oysters in open waters continued todecline
between 1985 and 1987 (Figure 7.7). Fi-
nally, annual mean number of market
oysters (> 76 mm)in Galveston Baysamples
generally fluctuated between 20 and 40
individuals per sample between 1956 and
1981 before peaking at 68 individuals/
samplein 1982 (Figure 7.8). Mean number
of market oysters declined to pre-1982
levels in 1884. Annual mean number of
market oysters in open water samples has
declined since 1985. Monthly mean num-
ber of market oysters is generally highest
just prior to the opening of the oyster
season, declines through the season and
increases before the next season opens
(Figure 7.9) (Texas Parks and Wildlife
Department 1988).

Qysters were not harvested commer-
cially from Texas bays to a great extent
prior to 1870. Before 1880 there were no
efficient methods for transporting oysters
inland from coastal communities and the
sale of oysters was restricted to local mar-
kets. The growth of oystering paralleled
the development of shipping and process-
ing industries along the coast (Stevenson
1893).

Historical trends in the Galveston Bay
oyster harvest are depicted in Figure 7.3.
Hofstetter noted an apparent 10-12 year
cyclical fluctuation (unexplained) in the
pattern of oyster landings between 1900
and 1972. From 1900 through 1910, an-
nual oyster production ranged from 244,000
to 336,000 pounds of shucked oyster meats.
After 1911, harvests dropped substantially,
ranging from almost 100,000 pounds in
1914 down toslightly below 15,000 pounds
in 1920. Within two years production had
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jumped about ten times to almost 150,000
pounds, renging upwards to over 300,000
pounds in 1926 and staying above 100,000
pounds through 1930. The harvest plum-
meted in the 1930s to a lowof 5,000 pounds
in 1935, climbed above 30,000 pounds for
two years, then dropped to 800 pounds in
1938. Aside from 1942 and 1943 when
harvests ranged above 37,000 pounds, pro-
duction remained close to 10,000 pounds
per season in the early 1940s, falling to
1,000 or 2,000 pounds in the late 1940s
and finally reaching bottom in 1948 when
no harvest was reported. In the 1950s
production increased, with over 1 million
pounds reported for the first time in 1956.

A prolonged flood in 1957 caused lower
harvests for a few years but production
rose in 1961, reaching 1 million pounds
again in 1962 and attaining a new record
high of over 4 million pounds in 1965, Until
1972 harvests ranged close to 3 million
pounds perseason (Hofstetter 1977). After
1972, the harvests declined for twe yearsto
750,000 pounds in 1974, rose to 3.25 million
pounds in 1976, and then declined steadily
to 40,000 pounds in 1979, the lowest value
in 20 years. A rising trend in the early

1980s was capped by an all-time high 7
million pound harvest in 1983. Finally, the
catch fell back to about 2.5 million pounds
in 1984 and has fluctuated around 3 million
pounds since (Figure 7.3 and Texas Parks
and Wildlife Department 1988).

Causes of fluctuations in commereial
fisheries landings can never be completely
quantified because there are so many
factors which contribute to the variability.
But in their proposed oyster fishery
management plan, Texas Parks and
wildlife Department (1988) summarized
the impoertant factors affecting the oyster
catch as follows:

1. Dataonfishingeffortare notreliable,
although the numbers of fishermen, their
gear and activity have changed greatly in
the past 100 years.
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2. Many types of irregular evenis can
cause short-term fluctuations. These in-
clude mass mortalities from freezes, toxic
phytoplankton blooms, hypersalinity, har-
vest restrictions, world wars, hurricanes,
tropical storms, and economic consider-
ations like inflation.

3. Long-term events that may cause
more gradual changes in landings include
trends in gear used, water quality deterio-
ration from pollutants or long-term cli-
matic-hydrographic changes.

4. The veracity of the catch statistica
can be affected by changes in reporting
rates by oyster dealers.

The most noticeable long-term feature
of the Galveston Bay oyster harvest data
(Figure 7.3) is the sudden rise in annual
catches during the early 1960s. In the
opinion of the experts, three factors
contributed to this change:

1. Decrease in the minimum legal
harvestable size: In February, 1963, the
Texas Game and Fish Commission reduced
the legal oyster size from 3.5 inches to 3
inches, becanse studies had shown that
oyster survival dropped sharply among
oysters over 3 inches. The immediate
effect was to nearly double the quantity of
oysters available to fishermen, However,
this change in the legal size seems not to
have affected the market oyster stocks
(Hofstetter 1977).

2. Increase in fishing gear efficiency:
The oyster dredge was introduced into the
Texas fishery in 1913. However, tonging
continued to be the major harvest method
until the 1960s when it was supplanted by
the dredge skiff, a small open boat pro-
pelled by outboard motor and equipped to
pulladredgeand hoist it aboard. Inearlier
years this “power dredging” was prohib-
ited in Galveston Bay waters less than 6
feet deep, but this rule was rescinded in
1963. Tongers were numerous in the mid-
1950s while the shallow portions of thehay
were closed to power dredging, and in
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1954-58 tongingaccounted for 34%-56% of
the harvest. By the 1960s tongers pro-
duced less than 10% of the harvest and
after 1963 around 1% was tonged
(Hofstetter 1977).

3. Underreporting: Hofstetter (1977)
and Texas Department of Parks and Wild-
life (1988) cautioned that the low landings
reported before 1960 are due in part to
underreporting. In particular:

The initiation of mandatory self-re-
porting in 1936 was followed by & de-
cline in reported landings. Prior to
1937 most of the landings information
was voluntarily supplied by major oys-
ter dealers. Since 1937 all seafood
dealers have been required to report
all seafocd products purchased from
commenrcial fishermen to Texas Parks
and Wildlife Department ona monthly
basis. Reported landings increased
noticeably between 1962 and 1963
when Parks and Wildlife began to ac-
tively monitor and enforee reporting
requirements

(Texas Parks and Wildlife De-
partment 1988).

Past research and monitoring of the
Galveston Bay oyster fishery have pro-
vided no concrete evidence of links be-
tween pollution and either abundance or
harvest of oysters. Hofstetter (1977} re-
viewed what had been learned by the mid-
1970s. He discussed four classes of pollut-
ants that had been investigated. Here are
his conclusions, supplemented by other
information I have gleaned from the more
recent literature.

1. Heavy metals: Thousands of kilo-
grams of heavy metals are discharged into
the Houston Ship Channel daily. Flushing
of the channel could distribute these heavy
metals into the bay, possibly contaminat-
ing oysters. However, 1969 and 1970
analyses of bay oysters yielded trace metal
concentrations that did not reflect any
significant effect from the industrial waste
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sources upon approved oyster growing ar-
eas (Casper 1971 was cited).

2. Petroleum Hydrocarbon Residues:
In addition to concentrations of
petrochemiecal industries in the Houston
Ship Channel and alongthe western shores
of the bay, there are several oil and gas
production fields within Galveston Bay.
Many of the wells are on, or near, oyster
reefs. The Environmental Protection
Agency (1971a) cited the ship channel as a
majorsource of oil and petrochemical waste
with contributions from vessel pollution
and from oil well pumping in the bay. Its
survey in 1970 found 23-26 ppm
hydrocarbon residues in oysters from
approved shellfish harvesting areas, 30
ppm in oysters from a conditionally
approved area, and 237 ppm in oysters
from a closed area at Morgan’s Paint near
the entrance of the Houston Ship Channel
into thebay. However,samplingof oysters
from 18 stations by the Food and Drug
Administration in May 1971 showed that
the levels of toxic fractions of hydrocarbons
were not of public health significance, nor
were there visible signs of oil or odors of
petroleum distillates (Casper 1971).
Anderson (1975) found that Galveston Bay
oysters accumulated a wide variety of
petroleum hydrocarbons when exposed to
various concentrations of refined and crude
oils, but released hydrocarbons from their
tissues within 52 days when placed in oil-
free sea water.

3. Pesticide Residues from Agriculture:
In 1965 croplands around Galveston Bay
received about 6 million kg of pesticides,
including 3.3 million kg of Toxaphene, 1.9
miltion kg of Sevin, 700,000 kg of DDT,
300,000 kg of Parathion and 200,000 kgof
Dieldrin (Childress 1965). Ofthe 47 oyster
samples collected in Trinity and East Bays
during 1965-72, approximately 60% con-
tained DDT residue, 2% contained Diel-
drin and none contained Endrin, Toxa-
phene or PCB. Of the 71 oyster samples
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from Galveston Bay, 85% contained DDT,
44% contained Dieldrin but no Endrin,
Toxaphene or PCB appeared (Butler 1973).
Generally, a clearly defined trend towards
declining DDT residues was observed in
oyster samples from all areas of the Texas
coast. By 1971 samples containing 100 to
1,000 ppb DDT had decreased 75% (Butler
1973). Chlorinated hydrocarbon levels in
Galveston Bay were of no known public
health significance (Casper 1971).

4. Municipal Sewage Contamination:
Of all pellutants, sewage contamination
has probably had the greatest observable
effect on the fishery, causing the State
Health Department to close various sec-
tions of Galveston Bay because of high
coliform bacteria concentrations in oysters
or in waters overlying oyster beds.

Oyster beds in Galveston Bay may be
closed for two reasons. The first is that the
waters are determined to be polluted on a
more-or-less permanent basis. The pol-
luted waters are indicated on maps that

Table 7.1. Closings and openings of oyster
fishing areas in Galveston Bay due to excessive
freshwater inflow, 1569-1985.

Trinity Galveston East West

Month/Year Bay Bay Bay Bay

1969 21 21 21 0
1973 22 22 15 156
118 118 22 22

Feb.-Mar
Mar-Apr.
Apr.-Aug. 1573

Jan.-Mar. 1974 48 48 48 0

Jun. 1976 6 6 8
Jul-Aug. 1979 12 12 12 12
Jun. 1981 7 7 7 7
Jul 1981 8 8 8 8
Jan.-Apr. 1983 6

Aug.-Sep. 1983 42 42 42 42

Oct.~Jan1984/856 21 21 21 82

Mar.-Apr. 1985 17 17 17 21
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have been produced by the Texas Depart-
ment of Health from time to time since
1951. Thesecond reason for closing oyster
beds is that bacteria counts in runoff water
flowing into the bay go up when it rains,
and the department can temporarily close
otherwise approved oystering areas. After
the rains stop and the oysters have had
time to cleanse themselves, the bay is
returned to its normal classification map.
Large areas of otherwise approved oyster-
ing areas in the bay may be closed tempo-
rarily because of excessive freshwater in-
flow. Table 7.1 summarizes the data on
closings of this type in the bay between
1969 and 1985. Most of the closings in
recent years have been due toexcess fresh-
water inflows (R.E. Thompson, personal
communication).

The permanently closed, poiluted, or
unsanitary oysteringareas in the bay have
changed over the years. In 1883, Spencer
Baird of the U.S. Fish Commission pre-
pared a map of oyster beds in Galveston
Bay. Bernard Johnson (1975) noted that
in 1971 the beds were in the same location
as shown on the 1883 map, except for those
in West Bay. Hofstetter (1977) speculated
that the decline of the Wes{ Bay reefs was
caused primarily by increased salinity re-
sulting from changes in circulation pat-
terns in thebay following dike and channel
construction.

A sanitary survey in 1943 showed that
an area of West Bay between Texas City
and Galveston should be declared grossly
polluted. In February 1944 an outbreak of
food poisoning occurred at a oyster dinner
in Galveston in which cases of gastro
enteritis were traced tothe consumption of
raw oysters gathered from polluted areas
(Wise et al. 1944). In the late 1940s most
of the bay was unapproved for commercial
oystering. This has been cited frequently
as a cause for the decline of the oyster catch
in the bay during the 1940s (Hofstetter
1977).
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Figure 7.10. Changes in areas closed to oystering in Galveston Bay, 1951-1972. Areaa between
Galveston Island and the Texas City Dike, Chocolate Bay, upper East Bay, and upper Galveston
and Trinity Bay within slashed line were clsoed in all years. From Hofstetter (1977).
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The first map showing areas approved
and unapproved for oystering were pro-
duced by the Texas Department of Health
following a survey in 1951, At that time,
new sections of the bay were approved for
oystering (Texas Department of Health
1952), and the annual catch began to in-
crease shortly thereafter. It is not clear
from the Jiterature whether or not these
openings resulted from improved sanita-
tion, but I suspect not. Wise et al. (1948)
indicated that large volumes of raw sew-
age werestill beingdischarged into the bay
in the late 1940s from Houston, Galveston
andTexas City municipal treatment plants.

Altheugh changes have been made in
approved oystering areas since the mid-
1960s (Figures 7.10), most of the major
public reefs were, and have remained, in
approved waters (Texas Department of
Health 1958, 1967).

It was concluded in 1971 that “detailed
evaluation of over 3,000 bacteriological
samples from 84 water sampling stations
and related hydrographic and
meteorological data in addition to over 750
oyster samples collected by the Texas State
DepartmentofHealthsince 1963 indicates
that the shellfish industry has a quality
product available. There has been no
consumer complaint or confirmed case of
illness traced to the econsumption of
Galveston Bay oysters” (Casper 1971).

The recently completed oyster fishery
management plan for Texas bays provides
insight on the perceived threats faced by
these shellfish today in Galveston Bay.
Historically, the Texas Legislature has
managed the state’s ayster fishery, but
limited authority hasbeen delegated tothe
Texas Parks and Wildlife Department and
to the Texas Department of Health. Parks
and Wildlife may close areas to oyster
harvest when it is determined they are
being overworked, damaged, being re-
seeded or restocked. The Health Depart-
ment closes areas to harvest whentheyare
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determined to be polluted, either on a
permanent or temporary basis. (Texas
Parks and Wildlife Department 1988). In
1986 the State legislature directed ths
Parks and Wildlife Department to prepare
4 new Oyster Fishery Management Plan
that will result in “optimum yield” for the
oystering industry. Optimum yield is de-
fined as “the amount of oysters that the
fishery will produce on a continuing basis
toachieve the maximum economicbenefits
.. . as modified by any relevant social or
ecological factors.” (p. 5, Texas Parks and
Wildlife Department 1988).

The following are some of the
recommendations made in this plan for
future management of the oyster fishery:

1. Area closures in unpolluted waters,
as well as specific time period restrictions
(time-of-day and seasonal), and size limits
should continue to be the primary
management tools for managing the oyster
industry. No change in the current
minimum size limit (3 inches) for
harvestable oysters is recommended.

2. Penalties for violating regulations
should be increased.

3. Anindustry-financedshell recovery
and cultch replacement program should be
implemented for natural reefs. The De-
partment should continue to aggressively
protect and enhance oyster habitat and
water quality via all available resource
protection agencies and programs.

4. Monitoring of oyster population
trends and commereial landings and effort
should continue,

The Importance of Freshwater
Inflow

A recurring theme of estuarine fishery
management in Texas has been the impor-
tance of freshwater inflow, and related
variables such as salinity regime. nutrient
supply, and phytoplankton and zooplank-
ton productivity. Although somewhat an-
ecdotal, notes in the Annual Summary



Trends in the Bay's Fisheries 79

Table 7.2. Excerpts from Annual Summary reports of Texas commercial fisheries landings
(U.S. Department of Commerce [1969-1978]; U.S. Department of Interior [{1963-1968])

Fishery
Year Excerpts from Comments

Oyuter
1965 There were no reports of ‘oyster kills’ or meat discolorations during 1964 or 1965

1967 The hot, dry, arid conditions in the Galveston watershed throughout the spring and fall
harvest seasons cut the yield of meatssome 8 to 7 percent below that obtained in 1966

1969 Freshwater input into the Galveston Bay system was somewhat below the desired level

1971 Meat yields were less than normal as sustained hot, dry weather was prevalent
throughout the spring and much of the fall season

1972 Many reefs were closed during March and April because of flood waters

1973 Heavy floods during the spring and early summer killed many small reefs in Galveaton
Bay and caused intermittent closing of all reefs during the spring

1974 Decline due largely to heavy mortalities from freshwater kills in fall 1973 and spring
1974

1975 Increase resulting from the recovery of reefs damaged by freshwaters in the fall and
spring of the 1973-1974 season

1976 Increase resulting from reefrecovery from the 1974 fresh water kill and increased fishing
because of strong market demand

1977 Decline attributed to heavy fishing pressure in 1976 and cold rough weather during the
fall seamon of 1977

1978 Decline attributed to heavy fishing pressure in 1977

1979 Heavy floods in 1978 and 1979 resulted in the closure of most public reefs

Blue Crabe

1965 The firat legal restrictions were imposed on the crab industry in mid-1965 .. . illegal to
possess an egg-bearing female for sale or personal use

1966 There was a steady decline in crab populations in all major areas throughout 1966

1967 A steady decline in crab populations was evident until late fall when freshwater
intrusion improved ecological conditions

1968 Anincentive... wasthe extremelyshort supply of crab meat due toa tremendous decline
in blue crab populations in most other major producing areas in the couniry

1977 Most of the increase was attributed to increase fishing pressure

1977 Increase resulted largely from higher prices which led to heavy fishing

Finfish

1964 In recent years, the closing of more inshore water to net fishing has caused a genersl
decline in the volume of domestic edibile fish landings

1968 Red snapper landings have been on a dewnward trend mainly due to reduced fishing
offort by Texaa fishermen as a result of a lack of abundance on grounds normally fished

1977 Drop resulted from very cold, rough waters in late 1977 and the short supply of good fish
in the Texas bays

1979 The 1979 harvest reflected the continuing decline in the population of of major species
inthe State. The heavy floods, a severe fuel shoriage, and the Mexican oil spill plagued
the Texas fisheries in 1979
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reports of Texas landings since 1962 sug-
gestthat climate-related events,along with
over fishingand market economics, are the
major factors affecting year-to-year varia-
tions in the seafood catches (Table 7.2).
Over and over, researchers have sought to
quantify the physical, chemical and bio-
logical effects of fluctuating inflow, par-
ticularly in the Galveston Bay system.
Freshwater inflow has been studied, and
written about, as much as, or more than,
each of the other factors, including pollu-
tion, that affect the Galveston Bay system
fisheries. Undoubtedly, interest in the

subject has been sustained partly because

of perceived dangers from the long-stand-
ing proposal to dam the Trinity River at
Wallisville. The followingsynopsis of some
of the early research is from a 1981 Texas
Department of Water Resources Report
entitled A Study of the Influence of Fresh-
water Inflows.

Diener (1975) concluded that the
optimum salinity range in the bay is
10-17 ppt and that an estimated 2,000
cfs of Trinity River inflow during
March through October is necessary
to maintain the habitats. Copeland et
al. (1972) estimated that the upper
Trinity Bay habitats were up to 72%
dependent upon river-borne organic
matter to support the observed high
secondary preductivity in the area.
More specifically, Parker et al. (1975)
concluded that a minimum 1.3 million
acre-feet per year of Trinity River
inflowa may provide sufficient
nutrientstosustaina lowlevel of phyto-
plankton and marsh plant production
in the Trinity Delta and bay area.
However, Soloman and Smith (1973)
suggested that while the bay is highly
dependent upon the river inflows for
salinity maintenance, the bay may not
be as dependent upon river-borne
nutrients.

Although an inverse correlation has
been reported between Trinity River
flows and the bay’s density of crusta-
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ceans (Baldauf et al, 1970), Cooper
(1970) noted that excessive retarda-
tion of freshwater flowacted as a strees
which had synergistic effects with in-
creased effluent loading. Using 1956
through 1968 commercial fisheries sta-
tiatics, Parker and Blanton (1970) hy-
pothesized a reduction inseafood land-
ings when average winter aalinitiea
exceed summer salinitiea as a result of
high spring/summer freshwater in-
flowa to the estuary. In another at-
tempt to correlate fisheries with in-
flows, Armstrong and Hinson (1973)
reported that an analysis of 1959
through 1964 records indicates that
Galveston Bay displacement rates ex-
ceeding twice per year apparently
cause s decrease (i.e., negative corre-
lation) in total commercial harvests.

Texas politicians apparently were re-
ceptive to the ecologists message about the
importance of freshwater inflow, as the
State legislature passed resolutions in 1973
and 1976 declaring that “a sufficient in-
flow of freshwater is necessary to protect
and maintain theecological health of Texas
estuaries and related living marine re-
sources” (Texas Department of Water Re-
sources 1981a). Subsequently, the 1975
legislature enacted a bill mandating com-
prehensive studies of the effects of fresh-
water inflew upon the bays and estuaries
of Texas. Presumably, the study results
would help to insure that the estuaries
would not be short-changed in the future
as various interests competed for the state’s
limited supply of freshwater.

This turned out to be the most thor-
ough study of the subject to date, and a
series of reports were prepared, one for
each of the State’s major estuaries, includ-
ing, of course, the Galveston Bay system
(Texas Department of Water Resources
1981b). Once again, it was found that a
large part of the year-to-year variation in
finfish and shellfish harvest in Galveston
Bay, as well as in the adjacent offshore
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waters, can be explained by differences in
freshwater inflow. Step-wise multiple
regression techniques were used to exam-
ine the relationships between seasonal
harvests and freshwater inflows to the
bay. The harvests of most species were
determined to show statistically signifi-
cant changes as inflows changed, but the
direction of the effects was variable. For
example, increased freshwater inflow in
spring (April-June) was positively related
to offshore shrimp harvest, but the same
spring inflow increase was negatively re-
lated to inshore harvests of oysters, blue
crabs, and red drum. In other words, the
different species require different seasonal
inflow regimes for optimal productivity.
Therefore, the study report concluded,
management decisions regarding fresh-
water inflow conirol would need tobe based
on balancing these divergent needs, or
giving preference to the needs of one or two
particular fisheries components. A choice
could be made on the basis of which species
production is more ecologically character-
istic and/or economically important to the
estuary (Texas Department of Water Re-
sources 1981b).

Much has been written about the year-
to-year effects of Trinity River freshwater
inflow on Galveston Bay oyster abundance
and harvests. Lower than normal salinity
caused by river floods has been the major
cause of short-term declines in oyster abun-
dance in the bay. For example, Hofstetter
(1977) documented in detail the close cou-
pling between salinity and spat setting
and oyster mortality during the 1960s and
1970s. Best spat sets occurred when spring
salinities ranged between 17-24 ppt and
the poorest sets occurred when salinities
dropped below 8 ppt. Also, salinitiesbelow
3 ppt affected oyster feeding and increased
mortality. Oyster populationsin the upper
bay (i.e., Trinity Bay) were periodically
reduced, or totally destroyed by the spring
flooding. Oysters in middle Galveston Bay
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and in East Bay were killed only in severe
flooding such as 1957 and 1973. These two
floods led to strong declines in harvests in
the late 1950s and in 1973-1975 (Figure
7.3).

Before impoundments were erected on
the Trinity River, flood watersreached and
flowed through Galveston Bay very quickly
(Hofstetter 1977). Salinities werereduced
to near freshwater levels, but the freshet
was usually of short duration. These brief
freshets killed many oysters but when
salinity levels increased again, oyster popu-
lations could rapidly reestablish them-
selves, taking advantage of the clean fresh
cultch provided by the oysters that died.
Since impoundments have been built, flood
waters have been impounded and released
at a slower rate over a longer period of
time. Salinity levels in the bay still drop to
lethal levels (1-3 ppt) but the duration of
the freshet isextended. Extended freshets
are more destructive than rapidly passing
floods (Hofstetter 1977) and as a result,
oyster populations are not able to reestab-
lish themselves as quickly.

On the other hand, increased salinity
in the lower bay probably has led to in-
creased oyster reef predation and disease
losses(Hofstetter 1977 ; Martin 1987; Sheri-
dan et al. 1888). The infectious protozoan
Perkinsus marinus (or Dermocystidium
marinum) causes extensive mortality of
seed and market sized oysters in the high-
er salinity (>20 ppt} areasofthebay. Also,
there is a predator -- the oyster drill (Thais
haemastoma) -- which is widespread in the
higher salinity (>15 ppt) areas of the bay
(King et al. 1986).

Recreationat Fisheries
The Databgase

The Texas Parks and Wildlife Depart-
ment has conducted surveys of private-
boat sport fishermen in Texas marine wa-
terssince 1974. These surveys monitorthe
species composition, size number,andland-
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ings per unit of effort for the economically
important species landed by fishermen on
a yearly basis in the Gulf of Mexico off
Texas,and in thebays, including Galveston
Bay. A report by Osburn and Ferguson
(1986) included a compilation of all these
survey data used in the Galveston recre-
ation fishing trend plots described below.
This report also describes in detail the
aurvey methods used to obtain the esti-
mates.

Trends in Recreational Fishing

Private-boatsport fishingeffort,as mea-
sured by man-hours spent fishing,
decreased only slightly since the 1970s in
Galveston Bay (Figure 7.11). This is
contrary to the general pattern for the
state, which is one of increasing fishing
pressure in the bays and passes, reflected
both by the number of man hours and also
by the number of fishing licenses sold
(Figure 7.11 and Osburn and Ferguson
1986). But the numbers of fish caught
declined both in Galveston Bay and forthe
state as a whole. Percentage-wise, the
decreases from 1974 to 1985 were about
the same: 64% for Galveston Bay and 73%
for the State.

Declines in catches in nearly all the
most popular sport fish in Galveston Bay
contributed to the overall decline (Figure
7.12). Sand seatrout, spotted seatrout,
and croaker, which comprise the bulk of
the cateh, have all declined by about two-
thirds. Flounder, sheepshead, and black
drum catches have fluctuated widely, but
overall were not very different in 1984-85
than in 1974-75. The prohibition on
commercial harvesting of spotted seatrout
andreddrumin thebayin 1981 apparently
had little short-term impact on the private-
boat sport catches, as they continued to
decline slowly.

Osburn and Ferguson (1986) hypoth-
esized that the declining landings in
Galveston Bay were due partly to declining
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Figure 1.12. Annual caiches of major recreational species in Galveston Bay by privaie-boat
asport fishermen, 1974-1985. Data from Osburn and Ferguson (1986).
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fish availability. They cited asevidence for
this both the decline in catch rates by
private-boat fishermen and data from the
Texas Parks and Wildlife Department fish-
eries-independent monitoring program.
But thedata from this menitoring, given in
Rice et al. (1988), do not appear to support
the hypothesis (Figure 7.13). The “catch
rates” (number of each fish species caught
per hour with gill nets, or fish density per
hectare as determined with bag seines),
are tabulated for each of the major bays in
the State, including Galveston Bay. For
both Galveston Bay and all the Texas bays
combined “coastwide” values)there are no
obvious long-termtrends in thecatch rates,
at least for all fish species combined. But
there were downward trends in spotted
seatrout and red drum, according to the
authors of the report (Rice et al. 1988).
Short-term decreases in both the sport
fishing catches and the catch-rate moni-
toring data between 1983 and 1984 were
attributed to a severe fish kill along the
Texas coastinthe 1983-1984 winter, caused
by unusually cold temperatures {Osburn
and Ferguson 1986; Rice et al. 1988),

Fish Kills and Diseases

Bernard Johnson (1975) summarized
Galveston Bay fish kill data for the period
1962-1974 (Table 7.3). More detail as to
location, time of year, and cause is given in
the report from which this summary infor-
mation was taken. Most {>75%) of the kills
occurred during the summer (June-Sep-
tember). Most of the kills in “Galveston
Bay” were actually in the semi-enclosed
harbor at Texas City; there were very few
in the open waters of the bay (Bernard
Johnson 1975). Most of the kills in the ship
channel were attributed to either oxygen
depletion or sewerage operations. For the
Galveston Bay kills, the causes included
oxygen depletion, pesticides, petrochemi-
cals, bacterial infections, andin many cases
were unknown. The “other areas” data in

Chapter 7
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Figure 7.13. Catch-rate data for Galveston
Bay and for all Texas estuaries (“coastwide™)
combined, 19751986, Top, Middle. Gill net
samples were taken in the fall (F) and in the
spring (S) of each year. Bottom. Seine-bag
samples were collected in each estuary 6-10
times per month. See Rice et al. (1988) for
details.



Trends In the Bay's Fsheries

Table 7.3 are for enclosed bayous and
lakes, drainage ditches, rivers and mari-
nas contiguous to Galveston Bay. Here
also, there were a wide range of causes for
the fish kills, including sewerage, pesti-
cides, petrochemicals, and oxygen deple-
tion. Many of the kills in these areas also
were from unknown causes. The numbers
of fishestimated to havebeen killed ranged
very widely, from a few dozen to as highas
20 million in one incident. In most cases,
the numbers were between 1,000 and
100,000.

There was a tremendous increase in
the number of reported incidents and fish
killed in Galveston Bay during the early
1970s (Table 7.3), but this probably is
misleading. That was a period when there
was a great deal of research and monitor-
ing effort on the bay, so that undoubtedly
there was more effort to document fish kills
than there had been in the past. Thisisa
problem common to the fish kill data from
most other regions; i.e., unequal sampling
effort over a long period of time (Staniey
1685). Thus, unfortunately, these Galves-
ton Bay fish kill data are of little use in
assessing water quality trends.
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Table 7.3. Summary of fish kills in the
Galveston Bay area, 1962-1973. Data are from

Bernard Johnson (1975).

Ship Channel Galveston Bay

No. No. No. No.
Year Kills Fish Kills Fish
1062
1963 1 6 19,000
1964 2 100,200 1 30
1966 5 15,300 6 13,000
1966 1 2,000 2 3,000
1967 2 1,000
1968 2 31,000
1969 1
1970 6 1,253,200 4 13,000
1971 3 23,000 9 2,795,900
1972 7 1,110,000 7 1,261,100
1973 2 512,000 6 426,530
1974 3 21,000 3 1,511,000

Other Areas Total

No. No. No. Na.
Year Kills Fish Kills Fish
1962 8 10,000 8 10,000
1963 6 61,000 13 25,100
1964 3 100,230
1965 8 7,106 19 25,406
1966 4 250 i 5,250
1967 [+ 8,800 8 9,800
1968 4 2,050 6 33,050
1969 16 1,513.215 17 1,613,215
1970 22 4,273,650 81 5,539,850
1971 50 22,481,760 62 25,280,660
1972 45 48,470,522 59 48,841,622
1973 34 40,570,604 42 41,503,134
1974 23 8,125,795 209 3,657,736
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Appendices

Appendix 1. Chronological History of Army Corps of Engineers
Activities In the Galveston Bay System

Galveston Harbor and Channel

Aug. 5, 1886:; Construct 2 rubblestone
jetties at entrance to Galveston Harbaor,

June 13, 1902: A channel 1,200 by 30
feet from Bolivar Roads (outer end of old
inner bar near Fort Point) to 51st St.

Mar. 3, 1905: Purchase or construct
hydraulic pipeline dredge.

Mar. 2, 1907: Extension of jetties to
present project length and construction
and operation of a dredge.

Mar. 2, 1907: Extension of Galveston
Channel from 51st to 57th Sta., with depth
of 30 feet and width of 700 feet.

June 25, 1919:; Conditional extension
of Galveston Channel between 51st and
57th Sts., 30 feet deep and 1,000 feet wide.

July 27, 1916: Extend seawall at
Galveston from angle at 6th St. and Broad-
way to vicinity of Fort San Jacinto.

July 18, 1918: Deepen harbor channel
to 35 feet and widen to 800 feet.

Sept. 22, 1922: Further extension of
seawall at Galveston to a junction with
south jetty; and repairing seawall in front
of Fort Crokett reservation.

Jan. 21, 1927: Deepen Galveston Chan-
nel to 32 feet; and maintain Galveston
Harbor channels to dimensions of 800 feet
wide, 35 feet deep on outer bar and 34 feet
deep on inner bar.

Aug. 30, 1935: Maintain State High-
way Ferry Landing Channels to dimen-
sions of 12 by 100 feet.

Aug. 30, 1935: Construct 13 groins
along gulf shore from 12th to 61st Sts. in

city of Galveston at a limited cost of
$234,000 (10 groins constructed).

Aug. 30,1935: Deepen Galveston Chan-
nel to 34 feet (Bolivar Roads to 43d St.).

Aug. 30, 1935: Deepen Galveston en-
trance channel to 36 feet.

April 4, 1938: Completion of project for
construction of 13 groins,

June 30, 1935: Deepen Galveston Har-
bor to 38 feet from gulf to a point 2 miles
west of seaward end of north jetty; thence
36 feet to Bolivar Roads; revoking author-
ity for maintenance of ferry channels; and
Galveston channel to 36 feet deep from
Bolivar Roads to 43d St.

May 17, 1959; Construct extension of
Galveston Seawsll from 61st St., south-
westerly 16,300 feet along gulf shore.

July 3, 1958: Deepen Galveston Har-
bor to 42 feet from gulf to a point 2 miles
west of seaward end of north jetty and 40
feet thence to Bolivar Roads to 43d St.

Houston Ship Channel

Mar. 5, 1905: Easing or cutting off
sharp bends and construction ofa pile dike.

Mar, 2, 1919; A channel 30 feet deep,
widen bend at Manchester and enlarge
turning basin.

Mar. 3, 1925: A light-draft extension of
channel to mouth of White Oak Bayou.

July 3, 1930: Widen channel through
Morgan Point and to a point 4,000 feet
above Baytown and widen certain bends.

Aug. 30, 1935: Deepen to 32 feet in
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main channel and turning basin, and a
400-foot width through Galveston Bay.

Aug. 30, 1936: Deepen to 34 feet in
main channel and widen from Morgan
Point to turning basin.

Mar. 2, 1945: Branch channel 10 by 60
feet behind Brady Island.

Mar. 2, 1945: Widen channel from
Morgan Point to lower end of Fidelity Island
with turning points at mouth of Hunting
Bayou and lower end of Brady Island.

Mar. 2, 1945: Widen channel from lower
end of Fidelity Island to Houston turning
basin and dredgeoff-channel siltingbasins.

June 30, 1948: Deepen to 36 feet from
Bolivar Roads to and including main
turningbasin at Houston, Texas, including
turningpoints at Hunting Bayouand Brady
Island.

July 3, 1958: Deepen to 40 feet from
Bolivar Roads to Brady Island, construct
Clinton Island turning basin, a channel 8
by 125 feet at Five Mile Cut, and improve
shallow-draft channel at Turkey Bend.

July 14, 1960: Barbour Terminal at
Morgan Point.

Oct.27,1965: Restoringexisting locally
dredged channel from mile 0 to 0.34 to 36
feet deep and dredging a 15-12 ft. channel
from mile 0.34 to 2.81, in Greens Bayou.

Texas City Channel

Mar. 4, 1913:; A channel 300 by 30 feet
and construct a pile dike 28,200 feet long
north to channel.

July 3, 1930: A harbor 800 by 30 feet at
Texas City, and construet a rubblemound
dike.

Aug. 30, 1935: Extension of
rubblemound dike to shoreline.

Aug. 30, 1935; Deepen channel and
harbor to 32 feet.

Aug. 30, 1935: Deepen channel and
harbor to 34 feet,

Aug. 26, 1937: Extended harbor 1,000
feet southward, 800 by 34 feet.

June 30, 1948: Deepen channel and
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harborto 36 feet, widen channel to 400 feet
and harbor to 1,000 feet and changing
name of project to “Texas City Channel,
Texas.”

July 14, 1960: Deepen channel and
turning basin to 40 feet and construct 16-
foot Industirial Barge Canal.

Oct. 12, 1972: Widen the existing main
turning basin to 1,200 feet including
relocation of the basin 85 feet to the east;
provide a 40-foot deep channel in the
Industrial Canal at widths of 300-400 feet,
with a turning basin at the head of the
canal 40 feet deep, 1,150 feet long, and
1,000 feet wide, and easing of the bend at
the entrance to the canal, and
deauthorization ofshallow-draft Industrial
Barge Canal not incorporated in the plan of
improvement above.

Trinity River and Tributaries

Mar. 3, 1905: Anahuac Channel.

July 25, 1912: 6-foot channel toLiberty.

Sept. 22, 1922: Abandon improvements
above Liberty and terminate all
improvements by lock and dam, leaving a
6-foot channel from Liberty to mouth.

Mar. 2, 1945; Provides for a navigable
channel from the Houston Ship Channel
near Red Fish Bar in Galveston Bay to
Liberty, Texas, with project depth of 9 feet
deep and 200 feet wide in Galveston and
Trinity Bays to the mouth of Trinity River
and O feet deep and 150 feet wide in the
river section, with a turning basin at
Liberty.

July 24, 1946: Modification of the project
to provide fora channel 9 feet deep and 150
feet wide from the Houston Ship Channel
near Red Fish Bar in Galveston Bay
extending along the east shore of Trinity
Bay to the mouth of the Trinity River at
Anahuae, including protective spoil
embankmenton thebayside of the channel
in lieu of the 9 by 200-foot channel in
Galveston and Trinity Bays.

Oct. 23, 1962: Provides for the multiple-
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purpose Wallisville Reservoir, including a
navigation lock in the Wallisville dam at
Channel Mile 28.30 and advancement of
the Channel to Liberty from one mile below
Anahuac (Mile 23.2) to the Texas Gulf
Sulphur Company’s slip at Channel Mile
35.8,and incorporation intoexisting project
Anahuac Channel and mouth of Trinity
River Projects.

Oct. 27, 1965: Reevaluatien of
navigation benefits.

97

Appendix 2. Water Quality Data Sources

Four water quality data sets were used
for the trend analyses in this study. Oneis
the Bureau of Commercial Fisheries (later
the National Marine Fisheries Service)
data, collected over a ten-year period from
January 1958 through December 1976.
Second, there is Galveston Bay Project
data, which was collected on a monthly
basis from July 1968 through August 1972,
with the exception of a four-month period
between November 1970 and February
1971. The third set of data is from the
Texas Water Development Board (later
the Texas Department of Water Resources
andthe Texas Water Commission). Finally,
the Texas Department of Health Resources
sampled the bay regularly beginning in
1963. The Texas Water Development
Board/Department of Water Resources/
Water Commission data set covered the
longest period of time (1972-present), and
was the most thorough in terms of number
of stations and sampling frequency.
However, it was useful to combine their
dataset withthose from the otheragencies,
wherever possible, so that the time series
analyses could be extended back into the
1960s.

The objectives of the National Marine
Fisheries Study were: “(1) to summarize
bottom temperature, salinity, dissolved

organic nitrogen, total phosphorus, and
dissolved oxygen data in relation to three
habitats and five bay areas; and (2) to
determine the temporal and spatial
distributions and ranges of these
parameters and some of the relations and
mechanisms affecting their distributions”
(Pullen et al. 1971). Sampling frequency
ranged between weekly and every other
month. Before 1964, only temperature
and salinity were measured. Dissolved
oxygen (DO), total phosphorus (TP), and
dissolved organic nitrogen (DON) were
measured between 1964 and 1966. Pullen
and Trent (1969) cited Marvin et al, (1960)
for the TP and DO methods. They also
stated that the DON was determined by
Kjeldahl analysis, and that temperature
and salinity were measured by means of
either a salinometer (Industrial
Instruments Model RS-5; accuracy +/- 0.3
ppt, +/- 0.5 °C), or by titration of water
samples (accuracy +/ 0.2 ppt). It is
importanttonotethatall the watersamples
and in situ measurements were taken from
the lower 0.3 m of the water column. There
were no stations in the Houston Ship
Channelnorth of Morgan’s Point, and none
in West Bay. The techniques for measuring
each parameter are described in Pullen
and Trent (1969), which also contains a
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compilation of the rawdata. Data from the
period 1963-66 are analyzed and
summarized in Pullen et al. (1971).

Details concerning the origin,
objectives, and evolution of the Galveston
Bay Project (1968-1972)sampling program
are given above (See Chapter 2). Up until
November 1970, thirty-five stations were
sampled; nine of these were in the Houston
Ship Channel above Morgan’s Point. After
March 1971, only 15 stations in the bay
proper weresampled. Detailed information
about the sample collection and analytical
methods canbe found in Espeyetal.(1971),
Chapter 5.

The Texas Water Quality Board began
monthly monitoring in the Houston Ship
Channel in January 1972. In September
1977, the agency merged with two other
state agencies to become the Texas
Department of Water Resources. It was
reorganized again in 1985, becoming the
Texas Water Commission. Monitoring of
theship channel and otherareas of the bay
by this agency has continued up to the
present. Stations are visited for routine
hydrographic measurements (e.g.,salinity,
temperature, dissolved oxygen) and
samples are collected on a monthly,
quarterly, or annual basis for BOD,
nitrogen, phosphorus, fecal coliforms, and
other analyses.

Before 1963, the State Department of
Health had made pollution surveys in the
bay area, primarily for shellfishsanitation
purposes. In the fall of 1962, the Bayshore
Rod and Gun Club appeared before the
newly-created Texas Water Pollution
Control Board and requested a pollution
survey of Galveston Bay and contiguous
waters. The primary interest was to
evaluate to what degree industrial and
municipal wastes were affecting water
sports and fishing, both sport and
commercial, in the bay. Consequently,
between 1963 and 1967, there was a “Water
Quality Survey of Galveston Bay,” made
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for the State Water Quality Board (formerly
the Texas Water Pollution Control Board)
by the State Department of Health. The
results were presented in Texas
DepartmentofHealth reports (1968, 1969).
The Department of Health continues to
monitor the bay for fecal coliforms and
related parameters,

Fortunately, there are several sites in
the Galveston Bay system near which all -
-or most -- of these programs hadsampling
stations. Ten such sites were chosen to be
representative of the various regions in the
bay. I have designated these locations as
“Stations” 1-10. Their locations, and the
correspondingagency station numbers are
given on the following page in Table Al,
The first fiveare in the upper Houston Ship
Channel (upstream of Morgan’s Point).
Numbers One and Two are in Texas Water
Commission Segment 1007; Three and Four
are in Segment 1006; and Five is in the
uppermost segment. 1005. There arealso
two sites in Trinity Bay {Stations 7 and 8),
one in East Bay (Station 10), one in West
Bay (Station 9), and one about mid-way
down Galveston Bay near the Redfish Bar
oystering grounds (Station 6).
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Appendix 3. Locations of Sampling Stations Used for Galveston
Bay Water Quality Trend Analysis

GBP = Galveston Bay Project; T = Texas Water Quality Board/Texas Department of Water
Resources/Texas Water Commission; TDH = Texas Department of Health, NMFS = National
Marine Fisheries Service.

STATION LOCATION

STATION 1

+ GBP (29°44.9'-95°17.2") Station 11, In Houston Ship Channel near
Public Wharf 2, north side

+ T (29°44’57"-95°17°22") Station1007.08, H. Ship Channel, Turning Basin

+ TDH Station HSC-00X10, Houston Ship Channel, Turning Basin

+ NMFS  Nostation near this location

STATION 2

+ GBP (29°43.4'-95°13.2') Station 35, In H. Ship Channel opposite FL. “165”

+ T (29°43°09"-95°14'33") Station 1007.08, Houston Ship Channel, Sims
Bayou, across from US Gypsum

+ TDH Station HSC-00X18 Houston Ship Channel, Below Sims Bayou

+ NMFS  No station near this location

STATION 3

+ GBP (29°44.8'-95°10.5") Station 10, In Houston Ship Channel near Phillips 66
dock and flashing light

+ T (29°44°46"-95°10°01") Station 1006.02, Houston Ship Channel, Greens
Bayou near Todd Shipyard and CM-152

+ TDH Station HSC-00X31, Houston Ship Channel, Greens Bayou

+ NMFS  No station near this location

STATION 4

+ GBP (26°45.1'-95°05.7') Station 9, In H. Ship Channel near flashing light “133”

+ T (29°45°13-95°05°39") Station 1006.01, Houston Ship Channel, monument
under powerline above USS Texas

+ TDH (29°45.5'-95°05.5') Station HSC-00X37, Houston Ship Channel, at
Battleship Texas

+ NMFS  Nostation near this location

STATION 5

+ GBP (29°40.5'-94°58.8") Station 33, In Houston Ship Channel at Morgan Point

+ T (29°40’58"-95°58'55") Station 1005.01, H. Ship Channel, Morgan Point

+ TDH (29°40.2'-85°58.7') Station HSC-00X45, H. Ship Channel, Morgan Point

+ NMFS 29°38.5'-94°57.3', Station 99
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Appendix 3 confinued

STATION LOCATION

STATION 6

+ GBP (29°29.3-94°51.8")  Station 41, In Houston Ship Channel near FL
“51A” (Junction of Trinity River Channel)

+ T (29°30°60"-24°52°45") Station 2439.0025, Lower Galveston Bay, Redfish
Island (South end CM 2)

+ TDH (29°29.5'-94°52.2") Station GAL-00284, Houston Ship Channel Marker 53

+ NMFS  (29°28.4-94°48.0") Station 38

STATION 7

+ GBP (29,42.9'-94°43.6") Station 38, Buoy #1 in Anahuac Channel

+ T (29041°58"-94°44°09") St. 2422.0100, Trinity Bay, Anahuac Channel
Marker 1

+ TDH (29°41.8'-84°44.2") Station TRI-1316B, Marker Number 1, Anahuac
Channel

+ NMFS (29,42.5'-94°44 .2") Station 88

STATION 8

+ GBP (29°39.9'-94°47.2") Station 26, Humble Oil Well 95 - flashing red light

+ T (29°39'54"-94°49°12") Station 2422.0200, Trinity Bay, Exxon Well C-1
(200 yds. N)

+ TDH (29°40.6'-94°47.2") Station TRI-0023, Between Umbrella Pt. and Double
Bayou

+ NMFS (29°40.6'-94°49.2") Station 87

STATION 8

+ GBP (29°13.3'-94%59,7") Station 14, Marked pile E. of Caraneahau Reef in
West Bay

+ T (29°13°45"-95°00°00") Station 2424.0100, West Bay, Carancahau Reef,

First tall piling in channel through reef
+ TDH (29°13.3'-94°59.7") Station WES-00A59, Carancahau Reef
+ NMFS  No station near this location

STATION 10

+ GBP (29°28.2'-94°42.6") Station 29, USGS tide gage near Hanna Reef

+ T (29°29°28") Station 2423.01, East Bay, halfway between Marshand Eim
Points

+ TDH {29°30.7'-94°37.9') Station EAS-00147, East Bay, between Elm Grove Pt.
and Stephenson Pt.

+ NMFS  (29°30.0'-94°41.1") Station 28

* U.5. G.P.0.:1992-313-153:60522



