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ABSTRACT

The objective of this study was to conduct an evaluation of
the environmental impact of a deep-sea port off the Texas coast.
The study considered both the non-spill impact of conmstruction and
operation of the port and the potential oil spill impact on the
coastal enviromment.

The time and financial constraints of the project limited
the study to existing on-hand knowledge. The scope of this study was
limited to two terminal locations, three designs of port facilities,
and three sizes of oil spills. The study also considered the environ~-
mental Iimpact of not constructing the port but expanding the present
methods to meet the o0il import needs of the area.

The two port sites considered in this study were Site 1, located
29 (47 km) statute miles southeast of Freeport, Texas in 95 feet
(29 m) of water, and Site 2, located 11 statute miles (18 km) off-
shore in 60 feet (18 m) of water. The nearshore site would require
dredging a 1000-ft (300 m) wide 13 statute mile (20 km) long channel
to a depth of 90 ft (28 m).

The major physical, biological and cultural features of the
Texas Coastal Zone that might be impacted by the supertanker activity
were inventoried. Models were developed to predict where oil from
potential offshore oil spills would go and which environmental features

would be affected.
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In this study of the impact of an accidental spill on the
coastal area, the probability of occurrence was included in the evalu-
ation. The probability that a specific environmental element will be
impacted was taken as the product of the probability that the oil
spill will occur times the probability that if it does occcur it will
reach that specific environmental element. A third factor that was
included in this evaluation is the probability that if the impact
did occur, that the concentration and contact time will be high enough
to cause harm to the elements. Adequate information was not available
from existing literature in many areas to accurately evaluate the
impact on the environment. However, for the purpose of this prelim-—
inary envirommental assessment, the methodology was developed, much
of the missing data assumed, and the impact estimated.
This project was conducted through the Sea Grant Program in
the National Ocean and Atmospheric Agency (NOAA) for the President's
Council on Environmental Quality (CEQ). An interdisciplinary study
team consisting of nine members was formed from various divisions of
the University. The following conclusions and recommendations were
developed by the team. It should be pointed out however, that the
team does not unanimously support all the conclusions and recom-
mendations.
1. Texas is fortunate in having barrier islands along much
of the coast. These islands will tend to protect the bays
and estuaries from the effects of a potential offshore
oil spill.

2. Winds and sea conditions in the westernm gulf are such that

oil spill containment and control are feasible much of the
time.
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If oil is spilled, it will require 2 to 3 days travel
time to reach the shore.

The offshore supertanker port should reduce the potential
for o0il spills to occur within the estuaries.

0il spill containment and control procedures must be a
planned and integral part of the port activity.

The impact on the environment of conmstruction for the off-
shore site (Site 1) will be minimal.

The impact of construction for the offshore port site
{Site 1) will be less than the impact of the nearshore
site (8ite 2).

The locations selected for this study seem to be well
chosen from an envirommental standpoint.

The continuous, low-level operational oil spill will have
minimal impaet on the marine environment.

There is no reason that the spill volumes used in this
study should be attained.

The annual 500~ton spill is not expected to affect the
estuaries and oil spill control procedures could be expected
to be affective most of the time.

The potential 30,000-ton oil spill could cause severe
environmental damage, unless adequate control and contain-
ment procedures are included as a part of the port design
and operation.

Proceed with caution. There is no envirommental reason
for not pursuing the project further with designs, better
environmental studies and contingency plans. Environmental
field studies are necessary to collect data lacking for
this study and develop baseline data.
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CHAPTER T

INTRODUCTION

STATEMENT OF PROBLEM

The objective of this pilot study was to conduct an evaluation
of the enviroomental impact of a deep-sea port off the Texas coast.
The study considered both the non-~spill impact of construction and
operation of the port and the potential o0il spill impact on the
coastal environment.

The time and financial comstraints of the project limited
the study to on-hand knowledge. Expertise in ocean engineering,
physical oceanography, petroleum engineering, industrial economics,
marine biology, parks and recreation, and environmental engineering
was called upon to accomplish the various task items of this project.

The scope of this study was limited to two terminal locations,
three designs of port facilities, and three types of oil spilis.
The study also considered the environmental impact of not con-
structing the port but rather expanding the present methods to meet
the oil import needs of the area.

This project was conducted through the Texas A&M Sea Grant
College Program in the National Oceanic and Atmospheric Agency
(NOAA) for the President's Council on Environmental Quality (CEQ).
Information on the port sites, port facilities, oil spill frequency
and volumes and type of o0il was provided by the Council on Environ-

mental Quality.



PORT FACILITIES

The two offshore port site locations that were considered in
this study are shown in Figure I-1. Site Number 1 (latitude 28°
36", longitude 95°0Q) is located 29 statute miles (47 km) south-
east of Freeport, Texas, in 95 feet (29 m) of water, while Site
Number 2 (latitude 28°42", longitude 95°25') is located 11 statute
miles (18 km) offshore in 60 feet (18 m) of water.

The five-nested single point mooring with the central platform
as shown in Figure I-2 was considered for Site Number 1. The
central platform would include pumping facilities and was considered
approximately 200 feet by 250 feet (61 m X 77 m) in plan. Pipelines
from the platform would extend to a shore based tank farm. Con-—
struction of the facility at Site Number 1 would not require any
dredging and would take approximately three years according to the
Council on Environmental Quality.

The nearshore site is located in 60 feet (18 m) of water,
eleven statute miles (18 km) offshore and will require dredging of a
1,000-ft (300 m) wide channel, 13 statute niles (20 km) long to a
depth of 90 feet (28 m). The assumed arrangement of the port faci-
lities at Site 2 is shown in Figure I-3. A breakwater is included
in the assumed design to provide shelter for the loading and
unloading operations.

Two types of port facilities were considered at Site No. 2,

a 200-acre island and a 200-ft by 250-ft (61 m X 77 m) platform.
The island has the two alternatives for trans—shipment to shore of

either a pipeline or small tankers. The pipeline is the only method



LOCATHON Map

Figure I-1.

Two Supertanker Port Locations.
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considered for trams—shipment with the platform. The port facility

options for Site 2 are shown in Figure I-4.

OIL SPILL CHARACTERISTICS

It is not known that any oil will be discharged to the environ-
ment from the operation of an offshore facility. Similarly we do
not know that people will be killed when a super highway will be
built. We de note that human error and mechanical failure do cause
highway deaths which can be statistically predicted and im a like
manner human error and mechanical failure may lead to releage of oil
into the environment.

For this reason it is desirable to make an educated guess at
spill volumes which might occur within given periods of recurrence
and to hypothesize the fate and effect of such disckharges. The
spill volumes and frequencies used in this report were developed by
the U.S. Coast Guard for the CEQ. It is assumed that they are
based on records of o0il releases from existing facilities and from
known tanker release incidents.

The spill volumes and frequencies used in this study were a
continuous or daily operational release, a 500-ton annual release
and a 30,000~ton each 20 years. The fate and effect of a release
is a function of the properties of the material being spilled. In
this study it is assumed that the material is an African or Middle
East crude with the properties shown in Table I-1. These wvalues

were provided by the CEQ.
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Table I-1. Composition of Crude.

Component A B
Sulfur, percent 0.14 1.30
Nitrogen, percent 0.083 0.042
Color brown-black brown-green
Specific gravity ‘ 0.858 0. 840
API gravity ' 33.4 37.0
Light gasoline 2.4 7.3
Total gascline and naptha 15.1 30.3
Kerosene digtillate 13.1 9.9
Gas oil 10.3 15.2
Nonviscous lubricating distillate 14.8 11.3
Medium lubricating distillate 4.3 6.8
Viscous lubricating distillate — 3.5
Residuum 42,2 L19.4
Distillation loss A 0.2 3.6
3, 4 benzpyrene ' 1320 ug/kg crude 400 ug/kg crude

Crudes A and B would also contain compounds such as 1, 2 benzanthracene,
1, 2 ~ benzphenanthrene, diphenylmethane, phenanthrene, and dibenzthiophene
in the general proportions indicated by the benzpyrene content of each.

Source: Council on Environmental Quality.



The spillswere considered to be caused by human errors and
are not associated with any particular time of day or year or
weather condition. While it seems highly unlikely, the return
period of the major spills ig the same for the two site locations.
The origin of each spill was considered at or near the port site.
The oil from the annual and twenty-year spills was released over
a two-hour pericd. Flow volumes for the continuous spill are

listed in Table I+2.

Table I-2. Flow Volume of Continuous Spill.

Flow Volumel
Port Port Tranship Bbls./day
Site Location Facility Shozre 1980 2000
1 Offshore 5~8PM Pipeline 1.2 4.2
2 Nearshore Island Pipeline 1.2 4.2
2 Nearshore Island Tanker 2.3 8.5
2 Nearshore Platform Pipeline 1.2 4.2

APPROACH

The general approach followed in this study was:

1. To identify and Iinventory the environmental elements
which may be impacted by the various supertanker
activities;

2. To analyze the interaction between the supertanker

activities and the environmental elements; and



3. To evaluate and summarize the environmeantal impact of

the deep sea port activities on the environment.

While the scope of the project was limited to two terminal
locations and three types of spills, the methodology developed in
the study is applicable to any port site on the Texas coast and
any spill volume. Computerized procedures were utilized when
possible and for these programs only the coordinates of the port
site need to be changed to evaluate other locations. In nearly
all areas these analyses were limited by lack of good experimental

and environmental data.
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CHAPTER II

ENVIRONMENTAL INVENTORY

TEXAS COASTAL ZONE

The Texas Coastal Zone, as defined by the Governor's Office of
Texas, extends from the Sabine River at the Louisiana-Texas border on
the north to the Rioc Grande River at the Texas-Mexico border on the
south. The Zone extends inland to include not only the 18 coastal count-
ies but also an additional 18 adjacent counties, and extends outward
to 10.35 miles in the Gulf of Mexico.

The Coastal Zone includes 25,394,003 acres, of which the Federal
Government owns about 2 percent, the State of Texas 16 percent, local
governments 2 percent, and private owners 80 percent. In the 18 count-
ies adjoining the coast, there are an estimated 622 square miles of
coastal marsh, 2,100 square miles of bays and estuaries, and 213 square
miles of formally designated wildlife refuges.

Included in this chapter are the major physical, biological and
cultural features that might be impacted by the supertanker activity.

A more detailed description of the physical elements of the Coastal
Zone and their interaction with the bioclogical elements is given in

Appendix A of this report.

Peopulation Features

The 18 counties bordering the coast have a 1970 population of
2.95 million and an additional 0.55 million people lived in the 18
adjacent inland counties. Thus 3.5 million persons or nearly one out

of every three Texans lived in the Coastal Zome in 1970. The Coastal

11



Zone is one of the most rapidly growing areas in the state, experiencing
a 21.5 percent increase in population between 1960 and 1970 as compared
with 16.9 percent for the state and 14.2 percent for the nation. This
growth was not evenly distributed across the Coastal Zeone, however.
Seventeen of the Coastal Zone counties lost population between 1960 and
1970, but nineteen gained population. Included in the latter group were
three counites which were among the eleven counties in the state exper-
iencing a growth rate in excess of 40 percent over the decade.

The Coastal Zone region is largely urbanized with 84 percent of
the population residing in cities of 2500 or more population, as com-
pared with 80 percent for the state as a whole. Within the Coastal Zone,
population is concentrated in a series of five Standard Metropolitan
Statistical Areas (SMSA's) running from Beaumont-Port Arthur-Orange on
the north to Houston, Galveston-Texas City, Corpus Christi, and Brown~
sville-Harlingen to the south. The growth in population between 1960
and 1970 in the Coastal Zone was almost entirely in these urbanized
areas. Figure II1~-1 shows the population density for the Coastal Zone

in 1966.

Weather

Texas is wedged between the warm waters of the Gulf of Mexico to
the south and the high plateaus and mountain ranges to the north. The
weather of the Texas Coastal Zone is dominated by the effects of the warm,
moist air which flows in from the Gulf of Mexico. This tropical maritime
air combines with an adequate rainfall to produce a generally humid sub-
tropical climate in the Coastal Zone. The summers are long and warm to

hot, and the winters are short and mild.

12
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The average annual temperature for the Texas Coastal Zone varies
from 70°F in Jefferson County, in the northeast section of the coast, to
74°F in Cameron County near Mexico. The average annual precipitation
for the same region varies from 55 inches of water per year in Jefferson
County to 26 inches of water per year in Cameron County.

Hurricanes are a typical feature of the weather of the Texas Coastal
Zone. Since 1900, on the average, one hurricane every two years has
struck the Texas Coastal Zone. There seems to be no preferred location
on the coastal zone which is more susceptible to hurricane landings.
Hurricanes can inflict destruction due to their high winds, tornadoes,
flood waters due to excessive amounts of rainfall, and high tides or a
combination of all four. These hurricanes and tropical storms have
stronger southerly winds in their right hand sector because of generally

northward movement.

Physical Environmental Features of the Coast

High altitude, infrared color aerial photography at a scale of
1:120,000 was utilized to identify eritical environmental elements
along the coast. NASA photography from Mission 110 was obtained from
the Earth Resources Research Data Faculty, Manned Spacecraft Center,
Houston, Texas. Much of this information is summarized in a series of
maps which extend from Corpus Christi Bay to Galveston Bay. The maps
(Figures II-2 through II-9) show the general vegetation types up to
the approximate hurricane high water line. U.S. Geological Survey maps
at a scale of 1:125,000 provide the basic control for this survey of
critical elements, Waterfowl along the Texas Coast are one of the

critical elements that could be impacted by a potential oil spill.

14
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While they can not be identified directly with aerial photography,
waterfowl are generally associated with the marsh areas shown on

the maps.

Texas Coastal Shoreline

In order to permit computerization of much of the data analysis,
the inventory of the coastal area was indexed according to shoreline
segments as shown in Figure II-10. Each section of the coast is three
miles in length along the beach and extends from the ocean beach back
to the approximate limit of hurricane high water which was assumed to
be twelve feet ele&ation. The sides of each shoreline segment are
normal to the general direction of the coastal beach. The segments
are numbered comsecutively starting with 1 at Brownsville in the
southwest and ending at Sabine Pass on the northeast with number 124.
Appendix B is a computer listing of the data tabulated to date using
this indexing system.

A description of the Texas coastal shoreline by beach segments
is listed below. Much of this information was obtained from the Texas
Shores, a Regional Inventory Report of the National Shoreline Study
of the U.S. Corps of Engineers, 1971.

Shoreline Segments 1-40: Padre Island, a barrier island between

the Gulf of Mexico and Laguna Madre, extends south along the lower

Texas coast for about 113 miles, ranging in width from a few hundred
yards to about 3 miles. Padre Island has wide, clean, sandy beaches
backed by sand dunes up to 40 feet high. Grass flats, smaller dunes,

and mud flats make up the area between the primary dunes and Laguna Madre.

The long mainland shore of Laguna Madre, extending south about 117

23
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miles from Encinal Peninsula to Port Isabel, is essentially undeveloped
privately owned land. The famed King Ranch occupies a substantial part
of the shore along this reach. The area adjacent to the shore is largely
unpopulated and has experienced less change during the past century than
any other section of the Texas coast. Baffin Bay, about 30 miles south
of Encinal Peninsula, has some private residences and recreational fa-
cilities along dits west bank. Port Mansfield is a sport and commercial
fishing center, with harbor facilities for fishing vessels and small
craft. The community has a small number of permanent residents operating
camps, motels,.and businesses catering to tourists, hunters and fishermen.
To the south, Laguna Atascosa National Wildlife Refuge borders a large
portion of the Laguna Madre shore between the mouth of the Arroyo Colo-
rado and a point about 8 miles north of Port Isabel. Between the wild-
life refuge and Port Isabel, much of the area along the shore has been
subdivided for permanent and summer homes. The Port Isabel waterfront
is lined with hotels, motels, docks, piers, boat launching ramps and
seafood handling and processing establishments.

Brazos Island and the South Bay area between Port Isabel and the
Rio Grande are mostly undeveloped. The Gulf shore of Brazos Island,
including a 2-mile strip dedicated as a state park, is used for public
recreation. Some private housing and a few tourist service establish-
ments are located along this southern extremity of the Texas coast,

Except for some public recreational and private residential and
commercial developments at its northern and southern extremities, there
are no other significant developments on Padre Island. The development
at the north end includes a county park, fishing piers, several con-

cession type businesses catering to bathers and beach users, an ela-
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borate hotel complex and a subdivision for permanent and summer homes.
A concrete seawall about 12 feet high protects the hotel. On the south
end of Padre Island, along a length of about 5 miles, apartments, beach
homes, motels, parks, restaurants and other tourist accommodations have
been constructed.

The Federal navigation channel from the Gulf of Mexico to Port
Mansfield extends through Padre Island about 38 miles north of Port
Isabel. Most of the island noxrth of the Port Mansfield Channel is
occupied by the Padre Island National Seashore, a part 80.5 miles long
dedicated to preserving that portion of the island in its natural state
for the public's enjoyment. Each year its beaches provide recreation
for a great number of people. Presently, there are camping and picnick-
ing areas, an observation tower and a tourist center with additional
facilities planned.

Shoreline Segments 41-51: The major portion of St. Joseph Island

is used for ranching and private recreation. A small portion of the
southern tip of the island, adjacent to the Aransas Pass Navigation
Channel, is owned by the Federal Govermment. Mustang Island extends
from the Aransas Pass Navigation Channel to Corpus Christi Pass, a
distance of about 16 miles. The 16-mile long beach front is a very
popular recreational center for the south Texas region. Sand dunes up
to 25 feet in height lie behind the beach front, except for a small
number of areas where dunes have been breached by hurricane tides. The
island provides a rather high degree of protection against hurricane
tides and waves for the inland areas around Corpus Christi Bay. The
island has numerous beach homes and water-oriented recreational type
facilities. Port Aransas, located on ther northern end of the island,

is the only town on Mustang Island.

26



A causeway and ferry provide access to the northern end of the
island, while the John F. Kennedy Causeway provides access to the south
end. The north shore of Mesquite Bay and the east shore of Blackjack
Peninsula are low and are part of the Aransas National Wildlife Refuge.
The west bank of St. Charles Bay is undeveloped. The perimeter of
Copano Bay has scattered developments of permanent-type homes, fishing
and hunting camps, farm buildings, and oil field and supporting facili~-
ties. Most of the northwest shores of Aransas and Redfish Bays are well
developed with permanent and summer homes. The cities of Rockport and
Aransas Pass have many businesses catering to tourists, hunters, fish-
exrmen and other water-oriented recreationists. Much of the bay shore
at Fulton and Port Ingleside is partially protected from erosion by
several different types of privately constructed revetments. O0il fields
and permanent and summer residences occupy the northeast shore of Corpus
Christi Bay. The northwest shore of the bay, including the town of
Portland, has several residential subdivisions on bluffs, which range
up to 30 feet above sea level. 0il and gas wells, piexs, and docks
constitute the major development on the north shore of Nueces Bay. At
the head of the bay, the shoreline is formed by the low, marshy delta
lands at the mouth of the Nueces River. Much of the south shore of
Nueces Bay is undeveloped and is used as a spoil area for dredging
operations in the Corpus Christi Ship Channel.

Corpus Christi, the largest city on the Texas coast, fronts the
west and south shores of Corpus Christi Bay with about 16 miles of highly
developed and densely populated urban areas. Corpus Christi is an import-
ant seaport and industrial center for petroleum and agricultural products

and is also a major tourist and convention center. Most of the 1l6-mile
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reach of shoreline is protected from erosion by breakwaters, seawalls,
bulkheads, groins and riprap.

A large part of the Oso Bay shoreline is a tidal flat and not
developed to any great extent. The University of Corpus Christi occupies
an island connected to the mainland by a causeway at the mouth of Oso Bay.
Encinal Peninsula lies between Oso Bay and the mainland shore of Laguna
Madre. Part of the Corpus Christi Naval Air Station, the residential
and tourist community of Flour Bluff and a number of small slips and
wharves serving sport and commercial fishing interests and service fac-
ilities for the nearby oil and gas fields are located along the Encinal
Peninsula shore. Many boating supply, bait, and fishing tackle business-—
es and launching ramps are located along the John F. Kennedy Causeway
which connects the mainland with the north end of Padre Island and the
south end of Mustang Island.

Shoreline Segments 52-61: Matagorda Island is a remote area ac—

cessible only by boat or aircraft. About 60 percent of the 30-mile
long island is occupied by the Matagorda Island Air Force Base and Gun~
nery Range. The southwestern end of the island is devoted to ranching.
Recreation on the island is limited to private interests and military
personnel because of the limited accessibility and restricted areas.
The shorelines of Espiritu Santo, San Antonio, Guadalupe and Hynes Rays
are, for the most part, undeveloped. South of the town of Seadrift,
the land is quite low and unsuitable for permanent-type structures. A
low, concrete bulkhead protects about 3,700 feet of Seadrift's resi-
dential bay shore from wave erosion associated with strong south and

southwest winds and minor tropical disturbances. Most of the upper part
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of San Antonio Bay is bordered by the low, marshy delta lands at the
mouth of the Guadalupe River. Steep secondary banks up to 25 feet high
rise above the river delta behind the normal shoreline. The west shore
of San Antonio Bay is relatively high but undeveloped, except for the
town of Austwell and a few scattered residences. The Aransas National
WildlifeRefuge occupies the shore of San Antonio Bay from Webb Point to
False Live Oak Peint.

Shoreline Segments 62~73: Matagorda Peninsula has the only Gulf

shore in this zone. The peninsula, accessible only by boat or aircraft,
is used primarily for ranching and recreation. Overnight camping is
quite popular in the area of good fishing near the Matagorda jetties.
Two private airstrips are located on the peninsula. Most of the peri-
meter of Matagorda Bay is sparsely populated marshland devoted to
grazing except for the town of Port O'Connor and other small communities
on the western shore. The western shore generally has sand and shell
beach areas which are used. considerably for recreation where public
access is available. The bay shore of Port O0'Connor is protected from
normal wave action by a concrete bulkhead about 4,200 feet long. Near
Well Point, on the north shore of Matagorda Bay, about 1,200 feet of

the shore is oc;upied by the Texas Parks and Wildlife Maripe Biology
Laboratory. Farm and ranch lands border a large portion of Tres Palacios
Bay shoreline. The bay shore of the town of Palacios is partially pro-
tected by a concrete seawall, about 4.5 feet high and about 3/4 of a
mile long. Twelve short groins extend from the seawall into the bay.
The south part of the east shore of Lavaca Bay is low, undeveloped land.

The remainder of the shore is comprised of banks and bluffs up to 25
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feet high, except for some marsh areas at the mouths of several streams
entering the bay. The city of Port Lavaca is the largest populated area
on the bay. A considerable portion of the city's shore is protected
against erosion from normal waves by bulkheads and rubble revetment.

Shoreline Segments 74-86: The northeasterly end of the Gulf

shore in this area is undeveloped. It is a remote area and not eagsily
accessible. The area is used for camping, bathing, and fishing when
beach travel conditions permit. The Cedar Lakes area is undeveloped.
Some small Gulf shore areas near the mouth of Caney Creek are sub-
divided for beach homes. Matagorda Peninsula, southwest of the mouth
of Caney Creek, is used mostly for grazing. Numerous summer homes are
located in the more accessible areas near the mouth of the Colorado
River, where the beach is excellent for bathing and surf fishing. The
shores of Matagorda Bay, east of the Colorado River are generally un-
developed.

Shoreline Segments 87-90: Shoreline development of the eastern

half of this zone consists of permanent and summer homes and recreation~
oriented businesses which cater to the many fishermen and bathers who
visit the beach. The city of Freeport and its adjacent heavily in-
dustrialized area are located here. The area westward of the Freeport
Harbor navigation entrance is mostly undeveloped, since it is accessible
only by a single road and pontoon bridge across the Gulf Intracoastal
Waterway. The beach does, however, receive some recreational use.

Shoreline Segments 91-111: This zone includes the largest con-

centrations of shoreline development along the Texas coast. The large

Galveston Bay system, comprising Galveston Bay, East Bay, Trinity Bay,
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West Bay and several smaller bay arms, lies behind the barrier forma-
tions of Bolivar Peninsula, Galveston Island and Follets Island. A
considerable part of Bolivar Peninsula is oeccupied by permanent and
summer residences and numerous commercial establishments. The city
of Galveston occupies about the easterly one-third of Galveston Island
and the westerly two-thirds of the island has many permanent and summer-
home type residential development. A number of similar developments are
located on Follets Island, west of San Luis Pass. The westerly shore
of Galveston Bay is occupied by almost continuous urban type develop-
ment from Texas City on the south to La Porte and Baytown on the north.
Seabrook, Kemah, San Leon and a number of unincorporated communities
front the bayshore in this reach. The city of Anahuac is located on
the easterly shore of Trinity Bay near the mouth of the Trinity River.
The Anahuac National Wildlife Refuge borders about 6.5 miles of the
north shore of East Bay.

The East Bay shoreline of Bolivar Peninsula is extensively used
for recreational boating and fishing. The north shore of East Bay is
mostly unoccupied except for residential development on Smith Point.
The shores of Trinity Bay are mostly undeveloped excepting the Anahuac
vicinity and the wvicinity of Umbrella Point and Houston Point on the
north shore, where numerous homes, boating and fishing camps, and some
0il industry facilities are located. The upper end of Galveston Bay
near Baytown is highly developed. Most of the shores are occupied by
industrial, commerical and residential properties. The Galveston Bay
shoreline from Morgan Point to Texas City, including the shore of Clear

Lake and some of Dickinson Bay, is extensively developed with permanent
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and summer residences and some commercial establishments. The shoreline
outside of the Texas City Hurricane Flood Protection System is, for the
most part, undeveloped. A few recreation-oriented businesses are located
in the unprotected area. The northerly shores of West, Bastrop and
Christmas Bays are undeveloped except for a few summer home type sub-
divisions.

Galveston Island has about 32 miles of Gulf shoreline which is
used heavily for recreation. About 10 miles of the Gulf shore of the
city of Galveston is protected by a massive concrete seawall. Most
private property along the seawall is highly developed with hotels,
motels, apartments, restaurants, tourist attractions and other businesses.
A few permanent residences are located immediately behind the seawall.
Some beach bathing facilities, motels, concessions, amusements and a
trailer park are situated on the unprotected part of the beach in front
of the seawall at the east end of the island. The north portion of
the city of Galveston and the south shore of nearby Pelican Island are
occupied by marine and industrial facilities related to the deep-
water harbor, and by businesses related to fishing, shipping and off-
shore oil exploration. The westerly two-thirds of Galveston Island is
unprotected from hurricane surges. The area is rapidly changing from
sparsely settled grazing lands to subdivisions for summer and perman-
ent homes, Follet's Island, west of San Luis Pass, is about 9 miles
long and is occupied by many permanent and summer homes.

Shoreline Segments 112-124: The shores of this most easterly

zone are mostly undeveloped. Within the city limits of Port Arthur on
the northwest shore of Sabine Lake, there are some recreational deve~-

lopments, principally for boating and boat racing. Two small towns are
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located near the Gulf south of Port Arthur. The westerly portion of
the Gulf shore in Zone A is used extensively for public recreation,
although virtually no facilities have been provided for public use or

access.

PARKS, RECREATION AREAS, AND WILDLIFE REFUGES

The Texas gulf coast has 1081 miles of shoreline, of which 421
miles are bluffshore, 359 miles are of marsh shore, and 301 miles are of
beach (Outdoor Recreation Resources Review Commission, 1962). Barrier
islands, broken infrequently by entrances to bays and lagoons, parallel
the mainland shore except at Sabine Pass and the Brazos River delta.
These barrier islands include Padre Island (the longest of the barrier
islands ~- 113 miles in length), Matagorda Island, Matagorda Peninsula,
St. Josephs Islands, Galveston Island, and Bolivar Peninsula. These
barrier islands, which range in width from a few hundred yvards to three
miles, are separated from the mainland by shallow coastal lagoons, three
to five miles wide (Miloy and Copp, 1970) (U.S. Army Engineer District,
1970). The texrain, climate and weather of the Texas gulf coast region
are generally favorable for year-round recreationm and contribute to a
high potential for development.

The major part of the recreational and tourism growth is occurring
around the urban centers, with pockets of development spotted alomg the
coast. Large areas of the coastline, which have been designated by the
Coastal Resources Management Program of the Office of the Governor as
recreational beaches, are still used primarily for cattle grazing
(Bureau of Economic Geology, the University of Texas at Austin, 1970).
The major parks and recreational areas along the Texas coast are listed

in Table II-1 and are shown in Figure IT-1].
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34



Table II-1., Major Parks and Recreation Areas Along the Texas Coast.

NUMBER PARKS AND RECREATION AREAS

J.D. Murphree Wildlife Management Area

.

Proposed Texas State Park in Jefferson County

Public Beach, Jefferson County
Anahuac National Wildlife Refuge

Chambers County Parks

Galveston County Parks

Public Beach, Galveston County
Galveston Island State Park

= e B s R Y . I TC R % R

Brazoria National Wildlife Refuge

10. Velasco State Park

11. Brazoria County Parks

12. San Bernard National Wildlife Refuge
13. Public Fishing Pier, Palacious

14, Port Lavaca Causeway State Park

15, Pulbic Fishing Piers, Port Lavaca
16. Indianola Park, Calhoun County

17. City Park, Port 0'Connor

18, Matagorda Island Bombing and Gunnary Range
i9, City Park, Seadrift

20. Aransas National Wildlife Refuge

21, Goose Island State Park

22. Copano Bay State Park

23. City Parks, Rockport

24, City Park and Pier, Bayside

25, ' Port Aransas Park, Nueces County

26. San Patricio County Park

27. Proposed Mustang Island State Park
28, Corpus Christi City Parks

29. Nueces County Parks

35



Table II-1. Major Parks and Recreation Areas Along the Texas Coast.{Con't)

NUMBER - PARKS AND RECREATION AREAS
30. Kleberg County Parks
31. Padre Island National Seashore
32. Cameron County Parks
33. Laguna Atascosa National Wildlife Refuge
34. Port Isabel Lighthouse State Park
35. Brazos Island State Park

lThe numbers refer to Figure II-11.

Federally owned lands along the coast are administered hy the
Department of the Interior (National Parks Service and Bureau of Sport
Fisheries and Wildlife) and the Defense Department (Department of the Air
Force). These federally owned lands (317,300 acres) include land set
aside for both conservation and recreation.

Padre Island National Seashore, administered by the Natiomnal Park
Service, occupies 80 miles and 132,200 acres of Padre Island. Besides
being one of the last natural seashores in the natiom, Padre Island is
a wintering area for migratory wateffowl. The island offers numerous
recreational activities including swimming, camping, surfing, surf
fishing, hiking, birdwatching, beachcombing, scuba diving and sunbathing.
In 1971, Padre Island had 904,365 visitors and 105,300 campers (National
Park Service, 1971).

The Bureau of Sport Fisheries and Wildlife, administers five
National Wildlife Refuges on the Texas coast (see Figure II-12). These

refuges furnish wintering areas for thousands of migratory waterfowl,
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water birds, shorebirds, and numerous other species of wildlife. They
also offer numerous recreational opportumities for birdwatching, photo-
graphy, fishing, hiking, picnicking, and camping. The National
Wildlife Refuges located on the Texas coast are: Anahuac, Aransas,
Brazoria, Laguna Atascosa, and San Bernard National Wildlife Refuges
(Reed and Reid, 1969) (U.S. Fish and Wildlife Service, 1972).

Anahuac National Wildlife Refuge, which is located on East Bay of
Galveston Bay, occupies 9,940 acres in Chambers County. The primary
species for this refuge are: Lesser Canada, snow, and blue geese;
mottled ducks; masked ducks; canvasbacks; yellow rails; red wolves;
alligators; bald eagles; and peregrine falcons. Visitors to Anahuac
National Wildlife Refuge numbered 11,580 in 1970 and participated din
nature observation, photography, and sightseeing (U.S. Fish and Wildlife
SErvice, 1971)(U.S. Fish and Wildlife Service, 1969)(U.S. Fish and
Wildlife Service, 1972).

Aransas National Wildlife Refuge, the wintering ground for the
rare whooping crane, occupies 54,830 acres in Calhoun, Aransas, and
Refugio Counties. The primary species on the Aransas Refuge are:
whooping cranes, sandhill cranes, roseate spoonbills, egrets, herons,
peregrine falcons, geese, ducks, turkeys, shorebirds, deer, peccaries,
caracaras, white-tailed hawks, Texas red wolves and alligators. The
refuge has several miles of roads which allow visitors to observe and
photograph the wildlife in a variety of habitats. There are also trails
for hiking, picnic areas, and camping areas (by permission of the refuge
manager and for organized groups only). The Aransas National Wildlife

Refuge is the largest on the Texas coast, and receives the highest
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visitation —— 94,000 people visiting the refuge in 1970 (U.S. Fish and
Wildlife Service, 1971)(U.S. Fish and Wildlife Service, 1971, Aransas

National Wildlife Refuge) (U.S. Fish and Wildlife Service, 1972).

Brazoria National Wildlife Refuge, located on the Coastal Plain
of southeast Texas (17 miles southeast of Angleton) contains 9,530 acres
of coastal marsh and prairies in Brazoria County. Three-fourths of the
refuge is less than four feet in elevation, and spoil bank knolls and
windbreak plantings are the only break in the wmarsh. vegetation. The
primary species of this refuge are: geese, ducks, red wolves, alliga-
tors, and muskrats. The refuge offers public hunting and fishing in
limited areas, sightseeing, birdwatching, and nature photography. The
refuge office, which also administers the San Bermard National Wildlife
Refuge, is located in Angleton, Texas. Brazoria National Wildlife
Refuge is the smallest refuge on the Texas coast and had 524 visitors in
1970 (U.5. Fish and Wildlife Service, 1971)(U.S. Fish and Wildlife
Service, 1963) (U.S. Fish and Wildlife Service, 1972).

Texas' second largest wildlife refuge, Laguna Atascosa National
Wildlife Refuge, cccupies 45,150 acres in Cameron County. Located
twenty-five miles northeast of San Benito, this refuge was established
in March of 1946 to serve as a wintering and feeding ground for migrat-
ing ducks and geese. The primary species for Laguna Atascosa National
Wildlife Refuge are: pgeese, ducks, herons, ibises, shorebirds, gulls,
terns, doves, cranes, white-tailed hawks, and white-tailed kites. The
refuge offers a variety of habitat including coastal prairies, salt
flats, and low wooded ridges. Subtwopical forms, such as the ocelot
and the jaguarundi, occur along with species from the northern lati-—

tudes. Tour roads, hiking trails, and blinds are provided for visitors
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to use in sightseeing, nature study, and photography. Camping is
permitted in designated areas, and saltwater fishing and boating are
allowed in the Intracoastal Canal. Laguna Atascosa National Wildlife
Refuge received 39,850 visitors in 1970 (Reed and Reid, 1969} (U.S.
Fish and Wildlife Service, 1971)(U.S. Fish and Wildlife Service,

1965, Mammals of the Laguna Atascosa National Wildlife Refuge)(U.S.

Fish and Wildlife Service, 1972).

San Bernard National Wildlife Refuge, which was established in
November of 1968, is Texas newest wildlife refuge. The refuge con—
tains 14,920 acres in Brazoria and Matagorda counties and is currently
administered by the Angleton office of the U.S. Fish and Wildlife
Service. The primary species for this refuge are: geese, ducks,
wading birds, shorebirds, and red wolves. The waterfowl population
averages about 3,000 Canadian geese, 74,000 blue and snow geese, and
less than 20,000 ducks. Because the refuge was not staffed until
September, 1972, estimates of the populations for other wildlife
species are not available. In 1970, the San Bernard Natiomal Wildiife
Refuge received 538 visitors (U.S. Fish and Wildlife Service, 1971)
(U.S. Figh and Wildlife Service, 1972).

Attendance by activities at the National Wildlife Refuges along
the Texas coast are listed in Table II-2. It can be seen that the
refuge with the most visitors is Aransas National Wildlife Refuge with
80,000 visitors and Laguna Atascosa Natural Wildlife Refuge is second
with 40,000 visitors.

The United States Air Force administers Matagorda Island Gunnery

and Bombing Range, which occupies 51,000 acres in Aransas County. The
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Table IT-2. Attendance by Activities at the Natiomal

Wildlife Refuges Along the Texas Coast.

ACTIVITY ATTENDANCE
19790 1971

Anahuac National Wildlife Refugel;

Fishing: Saltwater 6,051 5,550
Wildlife Photography 133 204
Wildlife Observation 5,077 5,739
Wildlife Tours/Routes 200 264
Picnicking 5,605 6,162
Miscellaneous Wildlife 140 25
Camping 21 8
Actual Visits 11,576 18,552

Aransas National Wildlife RefugeLg

Total Registered Visitors 48,300 40,700
Visitors Using the Intra-Coastal Canal 8,200 13,100
Camping (groups) 103: 3,400 89: 3,500
Wildlife Tours 3,000 2,000
Commercial Visitors 22,600 24,000
Official Visitors 1,300 1,100
Total Visitors 94,000 80,000

Brazoria National Wildlife Refuge[1

Fishing: Saltwater 212 315
Environmental Education 11 15
Wildlife Photography 2 1
Wildlife Observation 40 41
Wildlife Tours/Routes 3 6
Miscellaneous Wildlife 77 145
Miscellaneous Non-Wildlife 117 127
Hunting 0 92
Actual Visits 524 797

San Bernard National Wildlife RefugeIi

Fishing: Saltwater 407 353
Environmental Education 7 0

41



Table II-2. (Comnt.)

Wildlife Observation 21
Miscellaneous Wildlife 15
Miscellaneous Non-Wildlife 88
Actual Visits 538

Laguna Atascosa National Wildlife Refuge'E

Hunting 1.440
Fishing: Saltwater 24,605
Environmental Education 298
Wildlife Photography 315
Conducted Programs 0
Wildlife Trails 1,086
Wildlife Tours/Routes 11,428
Visitor Contact Stations 41
Camping 521
Picnicking 3,055
On-Site Programs 826
Miscellaneous Wildlife 498
Group Camping 467
Horseback Riding 2
Bicycling 16
Miscellaneous Non-Wildlife 125
Actual Visits 39,846

14
32
109
508

1,848
20,916
1,520
63

123
624
13,170
288
1,375
1,800
693
176
588

99
637
40,002

[ = fos i~ =

From the Recreational Use Reports of the 1970 and 1971 Annual Narrative

Reports of Anahuac National Wildlife Refuge.

From the Recreational Use Reports of the 1970 and 1971 Annual Narrative

Reports of Aransas National Wildlife Refuge.

From the Recreational Use Reports of the 1970 and 1971 Annual Narrative

Reports of Brazoria National Wildlife Refuge.

From the Recreatiomal Use Reports of the 1970 and 1971 Annual Narrative

Reports of San Bernard Naticonal Wildlife Refuge.

From the Recreational Use Reports of the 1970 and 1971 Annual Narrative

Reports of Laguna Atascosa National Wildlife Refuge.
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Gunnery and Bombing Range contains about 43,000 acres suitable for
grazing, and has 8.5 miles of shoreline. An area of about 27,000
acres has been set aside as a recreation area for armed forces person—
nel, and numerous activities are offered, including: fishing,
swimming, and hunting. White-tailed deer, quail, turkey, dove, ducks,
and geese are hunted on the recreation area. The Air Force cooperates
with the conservation efforts of the nearby Aransas National Wildlife
Refuge and halts bombing at certain times during the year (Personal
Communications, U.8. Air Force, 1972).

The State of Texas currently owns seven parks containing 3510
acres of designated park lands on the Gulf coast (Texas Parks and
Wildlife Department, 1970). Two other areas totaling 17,720 acres
have been proposed as additional state parks (a site in Jefferson
County having 14,360 acres and a site on Mustang Island having 3,360
acres (Personal Communications, 1972). With the addition of thesge two
proposed parks, the total state-owned areas of designated park lands
would come to 21,230 acres. The State of Texas claimed public
ownership of all lands between mean low water and mean high water by
the Open Beach Law of 1959, which also claimed public access to these
lands. However, the policies and principles concerning public and
private rights to use the beaches of Texas are still considered
uncertain and explanatory legislation and litigation are needed.
Public ownership of all beaches makes several thousand more acres of
beach available for recreational purposes. One state—owned wildlife
management area, the J. D. Murphee Wildlife Management Area, is also
located adjacent to the coast and offers opportunities for recreation

(Texas Parks and Wildlife Department, 1970).
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The Texas Parks and Wildlife Department administers all State
Parks and Wildlife Management areas. Those areas which are located
along the coast are: Brazos Island State Scenic Park, Copano Bay
Causeway State Recreation Park, Galveston Island State Recreation
Park, Port Isabel Lighthouse State Historic Site, Port Lavaca
Causeway State Recreation Park, and Velasco State Park. The size,
nature, and facilities of these parks differ greatly, and they are
therefore considered separately here (Texas Parks and Wildlife
Department, 1970) (Reed and Reid, 1969).

Brazos Island State Scenic Park, located on the top of Brazos
Island in Cameron County, contains 217 acres. The park has no faci-
lities and consists of undeveloped Gulf beach. Surfing, camping,
fishing, pienicking, nature study, and swimming are the main activities.

Copano Bay Causeway State Recreation Park, located five miles
north of Rockport in Aransas County, contains a total of six acres.
This park consists of two fishing piers, totaling 8,700 feet in length,
and concession facilities at each end of the causeway. Saltwater
fishing is the primary activity, and picnicking is permitted.

Galveston Island State Recreation Park occupies 1,950 acres on
Galveston Island. The park is currently closed to the public, pending
development of the facilities.

Goose Island State Recreation Park, which is located on St.
Charles and Aransas Bays, contains 307 acres in Aransas County. The
park provides facilities for camping, boating, fishing, swimming,
nature study, and pienicking.

Velasco State Park actually is a state park in name only. The
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Texas Parks and Wildlife Department maintains no facilities there
and owns no land, other than the land between mean~low and mean-high
tides which is claimed under the Open Beach Law. Public access is
provided, but the area is not proposed as a site for furure land ac-
quisition or operations.

The attendance figures for the Texas State Parks are summarized
in Table II-3.

Municipal park and recreation areas are scattered along the Texas
shores of the Gulf of Mexico. These areas are usually located
near the population centers of the coastal zone and vary in size and
abundance from county to county. Although there are over 5,000 acres
of county and city parks, most (92%) of the total acreage is located
in five counties (Brazoria, Calhoun, Cameron, Galveston, and Nueces).
The conditions and facilities at these city and county parks vary
greatly, ranging from primitive conditions with no facilities whatso-
ever, to areas having only restrooms, to areas which offer modern
facilities and conveniences inecluding restrooms with flush toilets,
cabanas, concession areas, electrical hook-ups, barbecue grills, and

lighted fishing piers (Texas Highway Department, Texas - Land of

Contrast) (Texas Highway Department, Texas Public Campground Guide).

The county and city parks are tabulated in Table II-4. The locations
of the parks are shown in Figure II-13. The park number listed in the

table corresponds to the park number given in the figure.

Wildlife in the Beach Zones

The beach zones of the Texas Gulf Coast provide feeding grounds,

resting areas, and even nesting sites for several transient species. of
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Table II-3, 1970-71 Attendance at Texas

State Parks on the Gulf Coast Eﬂ

STATE PARK OVERNIGHT DAY USE TOTAL
Brazos Island 1,409 5,946 7,355
Copanc Bay 0 12,359 12,359
Galveston Island 5,002 53,442 58,444
Goose Island 24,902 192,939 217,841
Port Isabel 0 26,827 26,827
Port Lavaca 0 9,359 9,359
Velasco 140,000 410,000 550,000

E’ Estimates of attendance obtained from the Texas
Parks and Wildlife Department.
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wildlife. The most numerous of these transients are the pelicans,
shorebirds, gulls, and terns which feed and rest along the beaches.
A few predatory mammals (coyotes, skunks, badgers, foxes, and
raccoons) also visit the beaches in search of food. In additiom,
sea turtles come to the Texas coast to build their nests, lay eggs,

and then retreat to the Gulf.

Wildlife in the Estuaries and Coastal Marshes

The estuaries and coastal marshes, which are perhaps the most
productive areas in the world, provide habitat for numerous species
of wildlife. Texas' 359 miles of coastal marshes and 1,526,389
area-surface acres are considered to "harbor some of the finest
waterfowl concentrations on the continent” (Peterson, 1967; Beasley,
1967; Outdoor Recreation Resources Review Commission, 1962). These
areas, which annually draw about two million birds to Texas, also
contain large numbers of mammals, reptiles, and amphibians (see
Tables B-1 through B-10 and B-12 of Appendix B).

Although there are several species of predatory birds, aquatic
birds are the most numerous form of wildlife in the estuarieg and
coastal marshes. Over 140 species of aquatic birds (waterfowl, water
and shore birds, gulls, terns, and waders) have been reported in the
National Wildlife Refuges along the Texas coast (see Tables B-1
through B~5 of Appendix B). The locations of the peak concentrations
of these birds varies for each species, according to their habits,
food, and temperature preferences. For example, blue and snow geese
prefer the northern areas of the Texas coast while red head and

pintail ducks winter in the more southerly Laguna Madre area.
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Whooping Crane

m White Fronted Geese

([T 2iue and Snow ceese

Redheads and Pintails

Canada Geese and Dabbling Ducks

Source: U. 5. Study Commission ~ Texas, 1962.

Figure II-14. Major Waterfowl Wintering Areas.
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Mogt of the mammals which inhabit the estuaries and coastal
marshlands are terrestrial species, although a few aquatic or
marine species do occur there. Numerous rabbits and rodents in-
habit the coastal marshlands, including three large aquatic
rodents (beaver, muskrat, and nutria) which have been observed in
the National Wildlife Refuges (see Tables B-7 through B-10 of
Appendix B). The large rodent population of rats and mice makes
up a large part of the diet of the many predators found there.
Raccoons, skunks, coyotes, bobcats, and other predatory mammals
are found throughout the coastal zone and are numerous in the
coastal marshes (see Tables B-7 through B-10 of Appendix B).
Dolphins (or porpoise) are the most numerous marine mammal observed
in the estuaries; however, they seem to be decreasing in numbers.
The other marine mammals reported along the Texas coast (see Tables
B-6 and B-11 of Appendix B) are considered rare, endangered, or
extinct —— for example, the West Indian Seal, which has not Been
seen in many yéars.

Many species of reptiles and amphibians may be found in the
coastal marshes (see Table B-12 of Appendix B). Freshwater ponds
offer nearly ideal habitats for aquatic and semi-aquatic species,
while the large expanses of marsh grasslands are inhabited by
terrestrial reptiles. In some areas, venomous snakes, especially
rattlesnakes and water moccasins, which are widespread along the
entire coastal zone, reach dangerous proportions. Most of these
animals, except the venomous snakes and the American alligator (an

endangered species) receive little attention from the human population.
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Wildlife on the Barrier Islands and Uplands

Wildlife is plentiful on the barrier islands and coastal
uplands of the Texas coast. Hundreds of birds, along with many
mammals, reptiles, and amphibians, can be found in these areas
(see tables B-1 through B~12 of Appendix B). Most of these species
are common to both the barrier islands and the uplands, as well as
being permanent or tramsient inhabitants of the intervening
marshlands. Although some species of wildlife normally range only
along certain sections of the Texas coast, most can be found along
its entire length.

The birds, which are numerocus all along the coast, are the
predominant 1ife form on the barrier islands and uplards. Songbirds
and predaceous birds are most abundant in the uplands and are joined
by numercus aquatic species on the barrier islands (see Table B-1
and Figures B-l through B-10.

In addition, numerous mammals (including white—-tailed deer and
javelina) live in the uplands and on the barrier islands. With the
exceptions of the cougar, jaguar, and some tropical species, the
same predators appear all along the coast. Rodents and rabbits
occur in both areas, but are probably more numerous on the uplands
(see Tables B~6 through B-11 of Appendix B).

Although mostly the same species of reptiles and amphibians are
found along the entire coast, concentrations of specific species
vary with local conditions (see Table B~12 of Appendix B). Aquatic
species are few or lacking along some stretches of the coast but
reappear in other areas. Rattlesnakes, copperheads, coral snakes and
water moccasins, the only venomous species found in North America,

are numerous here.
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HYDROGRAPEY OF CONTINENTAL SHELF OFF TEXAS

Temperature, Salinity and Oxygen

Temperature, salinity and oxygen distributions on the continental
shelf of Texas were studied by several authors of the Institue of
Marine Sciences, University of Texas, and of Galveston Marine Labora-
tory of Bureau of Commercial Fisheries in connection with. biological
studies.

Several observations southeast off Port Aramsas to 25 n miles
(46 km) offshore in 1962 to 1963 indicate that the thermocline develops
only from May to September beyond 10 n miles (18 km) from the coast at
about 10 to 30 m depths with gradients of temperature from 0.5°F per
meter to 2°F per meter with thickness of 3 to 20 meters (Jones,
Copeland and Hoese, 1965). In winter time however, surface salinity
and temperature are low within 10 miles (18 km) of the coast, and
thus the pycnocline is formed at 10 to 20 m depths.

Farlund (1963) measured temperature and salinity on the beach at
one-mile intervals along Mustang Island in 1959 and 1960 almost
weekly. Temperature varies from 12°C in January and February to 32°
in July and August and salinity varies rather randomly from 28°/oo to
38°/oo with summertime gemerally high above 32°/oo. Oxygen is between
5 and 9 mg/liter and in general high in November to March and low in
summer season when both the effect of high temperatures and salinities
reduce the saturation diszsolved oxygen level.

There are no turbidity data but Cuzon de Rest (1963) reported

measurements of turbidity in 1959 to 1960 on the Louisiana coast.
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The data indicate that turbidity was higher from January to April
whereas the low values are recorded during the early summer and fall

when the sea ig relatively calm and the freshwater runoff low.

Waves

Information concerning waves in the Gulf region was obtained
from climatological and oceanographic Atlas of Mariners Volume I -
North Atlantic Ocean. In general, the seas are calm in the summer
and early fall and moderate during the winter and early spring.
Waves greater than 5 ft (2 m) occur about 20% of the time during
the year. Table II-6 lists the occurrence of wave height for each
season of the vear.

Table I1~7 lists the wave characteristics for the different
wind conditions. The minimum fetch and duration to obtain fully
developed seas are also listed. Approximately 80% of the time the
wave period will be less than 8 seconds and the wave length less
than 300 ft (100 m). The last column in Table IT-7 was included in
the report to show that extremely long waves can be generated and
could cause movement of sediments at depths of 60 ft (20 m). Waves
become shallow water waves at depths of about 1/20 their wave
lengths. Table IT-8 lists the percentage frequency of wave heights
and frequency off the Galveston Coast. Wave periods greater than
13 seconds seldom occur and the wave heights are generally less than

16 ft.

Winds
The oil on the water surxface will mainly move with the wind and

the resulting motion of the oil slick will be the vector sum of the
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wind and the water current. The oil slick velocity is generally

taken as 3 to 4 percent of the wind speed. The percentage fre-

quency of wind direction and wvelocity are listed in Table TI-9 for

the Galveston and Corpus Christi Coastal areas. It can be seen that
the most frequently occurring directions are from the E~3E-S with

55 percent of the winds from this quadrant off Galveston and 61 percent
from this quadrant off Corpus Christi. Only about 15 percent of the

time does the wind have an eastward component.

Surface Currents off Texas Coasts

Table II-10 is an excerpt from the charts "Central American Waters:
Current Charts", H. 0. Misc., No. 10, 690-1 (1942). The table indi-
cates mean velocity (in knots), direction and number of observations
at five 1° squares off the Texas coast. In segments I and 1T, the
current velocity is 0.2 to 0.8 knots with direction mostly west or WNW.
In segments III to V velocity is small and directions vary though often
currents move coastwards. Values given in the table are based on a
small number of observations, mainly ship drift which would include a
wind component. Since the wind and the current would tend to be in
the same direction, these values are probably higher than the actual

water currents.

Littoral Transport

Much of the information listed below as littoral transport is
from U.S. Corps of Engineers 1971 report on the National Shoreline
Study. Throughout most of the year the prevailing winds along the
Texas coast are from the south and southeast. From the Louisiana

border, the coastline extends generally southwest to the coastal bend
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Table II-9. Percent Frequency of Wind Direction

and Velocity.

Galveston Area Corpus Christi Arxea
WIND PERCENT MEAN SPEED PERCENT MEAN SPEED
DIRECTION FREQUENCY Knots M/Sec FREQUENCY Knots M/Sec
N 7.4 14.6 7.5 7.8 17.4 9.0
NNE 4.2 14.1 7.2 4.9 15.5 8.0
NE 8.2 12.8 6.6 7.3 12.8 6.6
ENE 4.7 12.9 6.6 4.6 12.2 6.3
E 11.8 11.5 5.9 10.9 10.8 5.6
ESE 7.8 11.4 5.8 8.8 12.2 6.3
SE 15.8 11.4 5.8 19.3 12.4 6.4
SSE 8.5 12.0 6.2 11.3 13.4 6.9
] 11.0 10.9 5.6 11.1 12.4 6.4
SSW 3.2 10.6 5.4 2.4 11.7 6.0
SW 3.3 9.5 4.9 1.9 10.1 5.2
WSW 1.4 9.6 4.9 0.6 9.9 5.1
W 2.7 10.3 5.3 1.3 10.0 5.0
WNW 1.7 12.4 6.4 0.9 12.8 6.6
NW 3.3 13.7 7.0 2.5 14.6 7.5
NNW 2.3 15.0 7.7 2.5 16.7 8.6

Source: Summary of Synoptic Meteorological Observations — North American

Coastal Marine Areas, Vol. 6.
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Table IT-10. Currents off the Texas Coast.lé

Item2 Jan Feb Mar Apr May Jun Jul Aug Sep Oct ¥ov Dec
I. ¢ > 29°, A 93-94° Off Sabine
Vel. ‘82 75 <73 62 78 48 -39 +52 64 62 -68 59
Pir. W W W W WHNW W WNW WNW W WNW WNW WNW
No. 0 119 147 211 194 248 262 243 390 240 217 191 169
11, $ > 29°, A 94~95° Off Galveston
Vel. 35 38 37 44 -38 27 -18 30 36 41 25 -35
Dir, W W W W W W NNW WNW W WEW W W
No. 0O 113 127 159 169 181 177 152 179 156 139 157 114
III. ¢ 28-29°, A 95-96 Off Freeport-Matagorda
Vel. *06 =29 15 17 * 27 + 26 *23 - 10 *13 * 25 *19 “17
Dir. WSW SW NE N NNE NNW NE SwW W NW SSW
No. O 6 16 13 16 16 16 23 20 15 15 10 7
Iv. ¢ 27-28°, X 96-97° Off Corpus Christi
Vel. *14 -21 19 *30 21 *25 * 20 <28 < 24 *22 =20 *35
Dir. WNW WSW WNW NW NNW WHNW N NW W NNW WNW SW
No. O 24 33 46 15 45 54 59 60 58 29 39 34
v. § 26-27°, A 95-97° Off Mansfield
Vel. 26 +57 16 *12 24 *53 85 ——= o0 e .59
Dir. N NNE NNW N NNW NNE NNE ———- - —— N
No. O 3 10 5 2 6 5 6 —r e - —— 3
li Based on "Control American Waters: Current Charts." H.0. Misc. No. 10,
690-1, 1942, Data to 1935.
IZ'ITEM
I. Segment
Vel. Knots
Dir. Towards
No. O Ne. of observations
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area in the Corpus Christi vicinity, and from that point generally
south to the Mexican border. With this shoreline configuration, the
waves generated by the south to southeast winds produce a net lit-
toral transport from northeast to southwest along the upper coast,

and from south to north along the lower coast. TFrequently during

the winter months, and occasionally during other seasons, changes in
wind directions reverse the directions of littoral transport for

short periods of time. The general littoral movements of beach and
shore materials along the Gulf shore are interrupted both by artifi-
cial structures and by tidal currents through passes between the Gulf
and inland bays. Major natural passes exist at Sabine Pass, Galveston
Bay entrénce, San Luis Pass, Pass Cavalle, Aransas Pass and Brazos
Santiago Pass. Four of these - Sabine Pass, Galveston Bay entrance,
Aransas Pass and Brazos Santiago Pass - have been improved for deep-
draft navigation and have stone jetties extending considerable distances
into the Gulf of Mexico. Similar jetties have been provided for im-
proved navigation channels at the old Brazos River entrance near
Freeport, Matagorda Ship Channel entrance through Matagorda Peninsula
near Port O'Connor and the Port Mansfield Chamnel entrance through
Padre Island north of Port Isabel. In addition to those mentioned
above, there are permanent openings in the shoreline at the mouth of
the Brazos River Diversion Channel, San Bernard River and the Colorado
River. An authorized navigation improvement of the mouth of the
Colorado River will provide jetties extending into the Gulf. Rollover
Pass, a former intermittent or wash-over pass through Bolivar
Peninsula, has been improved for tidal exchange and passage of fish

between East Bay and the Gulf and is now permanentiy open. A number
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of other intermittent passes at various locations are opened when
hurricanes cross the coast. Following the storm, these passes may
remain open for periods ranging from a few weeks to several years
before being closed by natural shore processes. Two of the more
permanent passes of this nature are Brown Cedar Cut and Greens

Bayou, both connecting Matagorda Bay with the Gulf through Matagorda
Peninsula. The natural and man-made passes and channels disrupt the
normal longshore drift by increasing the depogition adjacent to and

in the passes. All of the navigation entrances are maintained period-
ically by hopper dredges, with the excavated material being deposited
in deeper water several miles offshore in the Gulf, Other factors
affecting the rate and volume of littoral transport are the sediments
carried to the Gulf by the major rivers along the coast and the
longshore currents affecting movement of materials within the littoral
zone. For the most part, nearshore currents parallel the coast and
move from the upper coast toward the lower coast. Farther offshore,
the Gulf stream moves in the opposite direction. Along the upper
coast, the Sabine, Neches and Trinity Rivers carry mostly fine sedi-
ments to the coast and do not supply significant volumes of sands to the
beaches and shore. The Brazos, Colorado and intervening rivers south-
ward to the Rio Grande carry larger percentages of sandy materials and
during flood periods, contribute considerable sand to the Gulf and its
shore processes. 1In the coastal bend area between Pass Cavalle and
Aransas Pass, littoral transport is subject to reversal more frequently
than along the remainder of the coast and at times, fine materials are
probably lost directly offshore in those reaches where the approach

direction of prevailing waves is approximately normal to the shoreline.
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Bottom Topography and Sediments of the Texas Shelf

Information concerning the topography and sediments of the Texas
shelf may be found in Lynch (1954), Nienaber (1963), Shepard, et al.,
(1960), and Stetsomn and Trask (1953). Between Galveston and the Rio
Grande the Texas shelf is essentially a featureless plain varying in
width from 100 miles on the northeast to about 50 miles on the south-
west. The slope, though gradual, is not uniform, being greatest
beyond the 50-fathom contour. The monotony of the shelf plain is
broken by a string of coral heads in 6-8 fathoms of water off the
Brazos River (Mattison, 1948) and by another group of coral heads in
30-40 fathoms off Corpus Christi (Smith, 1948).

In marked contrast with the shelf, the continental slope, beyond
100 fathoms, is steeper and of highly irregular contour. Knobs,
ridges, domes, and canyons are characteristic of this zone.

Nearshore surface sediments, out to 6-10 miles from shore, are
mostly coarse grain sands which are worked and reworked by waves and
longshore currents. This zone is broken periodically by sedimentary
fans of predominantly clay-silt off the mouths of rivers and passes.
Beyond the 5-fathom contour the grain size of the sand tends to
decrease, and the sands become mixed with clays and silts. In deeper
water, especially to the west, the silts and clays predominate. The
tendency toward reduced particle size with depth is accompanied by a
general tendency toward increasing organic content, calcium carbonate
content, and water content of the surface sediments (see Figures II-15,

IT-16).
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Figure II-16. Distribution of Organic Matter, Calcium Carbonate,
and Water Content (expressed as percentages) in the Surface Sediments
of the Northwestern Gulf of Mexico (after Stetson and Trask).
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BIOLOGY OF THE TEXAS COAST

Benthic Algae

Humm and Bildebrand (1962) reported 116 species of benthic and
attached algae from the south Texas coast, but most of these were
taken from lagoonal waters. Some groups were apparently limited by
the low habitat diversity and by the low winter temperatures of the
Texas lagoons. The relative scarcity of rocks and other hard sub-
strata severely restricts the diversity and abundance of attached

algae in the shallow waters of the Gulf proper.

Phytoplankton

Apparently no papers have been published on the phytoplankton
of Texas shelf waters, although Freese (1952) and Wood (1963) reporied
on the diatom flora of south Texas bays. Therefore, infsrmation con~
cerning the phytoplankton flora and productivity of Texas marine
waters must be inferred from the few studies carried out in the
eastern Gulf. These include primarily the papers of Balech (1967a, b),
Curl (1959), E1 Sayed (1967), Kabanova (1966), Marshall (1956), Odum
and Hoskin (1956), Riley (1937), Simmons and Thomas (1962), and
Steele (1964).

From these studies it may be presumed that the phytoplankton of
the Texas shelf is relatively rich, comsisting chiefly of diatoms
with lower representation of dinoflagellates and other phytoplankton

groups. Primary diatom genera should include Nitzschia, Thallasiothrix,

Thalassionema, Skeletonema, Chaetoceros, and Asteriomella. It is prob-

able that the Texas marine phytoplankton reaches an annual maximum in
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the early spring months, followed by an annual low period in late
summer and early fall. Average annual primary productivity should

fall around 20-30 mg C/m3/day.

Zooplankton and Micronekton

Knowledge of the zooplankton and micronekton of the entire Gulf
of Mexico is quite scanty, and except for a few nearshore areas of
the eastern Gulf, it is limited largely to taxonomic studies of par-
ticular groups (chaetognaths, pteropods, and copepods being the best
known). A bibliography of much of this work is available but will
not be included here. Only a few of these studies have considered
the Texas shelf in any detail, and no quantitative zooplankton studies
have been carried out here except for the Russian work of Khromov
(1965). This worker studied the distribution of zooplankton biomass
in the northwestern Caribbean Sea as weall as in most of the Gulf of
Mexico. His data indicate a zone of low zooplankton density (0.5
g/m3) east of Galveston, but southwest of Galveston the nearshore
density exceeds 0.5 g/m3 in the shallow coastal waters with lower
densities seaward.

Extrapolating from the taxonomic studies of the eastern Gulf and
considering the few Texas zooplankton collections which have been
examined, it is reasonable to conclude that the Texas shelf waters are
quite rich in the same species found elsewhere in the Gulf.

Zooplankton of the Texas bays and lagoons have received some
attention, and the data indicate a relatively rich and diverse fauna

dominated by the euryhaline copepod Acartia tonsa.
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Benthic Invertebrates

A rather detailed picture of the distribution and seasonal
abundance of macro-invertebrates in the Texas coastal bays and lagoons
is provided by the studies of Conte and Parker (1971); Gunter (1950,
1956); Gunter, Christmas, and Killebrew (1964); Hedgpeth (1950, 1953,
1954); Ladd (1951); Ladd, Hedgpeth, and Post (1957); Parker (1960);
Simmons (1957); and other workers. In addition, a semi-quantitative
view of the distribution of benthic macro-invertebrates of the Texas
shelf out to a depth of 29 fathoms (the practical limit of shrimp
trawling) is provided in the works of Harper (1970), Hildebrand (1954)
and others.

From these studies one may distinguish twenty faunal assemblages

in the coastal freshwater, lagoonal, Gulf margin, and open Gulf envi-

ronments of Texas (Table II~11). Details of these faunal assemblages
are presented in Appendix B, and only a generalized sketch of the
salient points will be presgented here.

The low-lying coastal freshwater enviromments have not been well

studied, but it is clear that the fauna consists of a mixture of rather
specialized coastal species and local representatives of wider-ranging
freshwater species. This important habitat has been largely overlocked
by coastal investigators who have tended to concentrate their attention
in the brackish waters.

The lagoonal environment, which has been fairly well studied, is

ecologically quite diverse and is represented by eleven recognizable
faunal assemblages. The long Texas coast 1s ecologically transitional

between the cooler, well-watered east where flushing rates are high,
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and the warmer, arid southwest where evaporation may exceed precipita-
tion and runoff during much of the year, resulting in highly saline
lagoonal environments. Thus, the variety and relative abundance of
faunal assemblages encountered in any lagoon tend to vary from the
upper to the lower Texas coast, the lower-salinity assemblages being
more prominent on the upper coast and the hypersaline assemblages being
limited to the lower coast.

In the Gulf margin environment two assemblages are recognized

primarily from the works of Hedgpeth (1950, 1953, 1954) and Parker
(1960). fhe surf zone and sand Beéch assemblage extends along the
entire coast and is the native marine edge'fauna of the state. The
open gulf jetty assemblage is a hybrid fauna derived from a variety of
habitats to populate the artificial substrate of stone and concrete
which makes up the coastal jetties.

Six open Gulf faunal assemblages are recognized on the continental
shelf and upper continental slope of the Texas coast, and this number
would undoubtedly be larger if the area were more thoroughly studied.
For present purposes the inner shelf (2-12 fathoms) and intermediate
shelf (12-35 fathoms) assemblages are most important. Hildebrand (1954)
found about equal numbers of invertebrate species in the inner and
intermediate areas and he noted a broad overlap in species composition,
both being especially rich in penaeid shrimp and portunid crabs. He
found the two areas to differ somewhat in the dominant organisms, the

inner shelf being characterized by Renilla mulleri, Pitar texasiana,

Penaeus setiferus, and Callinectes danae, whereas the intermediate

shelf was dominated by Pitar cordata, Busycon contrarium, Astropecten
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Table II-1la. Types of Benthic Macro-faunal Assemblages
Repregented in the Coastal Area of the

Northwestern Gulf of Mexico.

FRESHWATER

1. Freshwater assemblage

LAGOONAL
2. Marine influenced river assemblage
3. River influenced low-salinity bay assemblage
4, TFreshwater and low salinity marsh assemblage
5. Enclosed bay or inter-reef assemblage
6. Lower bay shallow and bay margin assemblage
7. Lower bay and open sound center assemblage
8. Lower salinity oyster reef assemblage
9, High salinity oyster reef assemblage
10, Tidal pass and inlet assemblage
11. Hypersaline lagoon assemblage

12. Open hypersaline lagoon, near inlet, assemblage

GULF MARGIN
13. Open Gulf jetty assemblage

14. Surf zone and beach assemblage

QPEN GULF
15. TInner shelf assemblage
16. Intermediate shelf

17. Outer shelf assemblage
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Table 1I-1la. Page 2

18, Northern Gulf calcareous bank assemblage
19. Northern Gulf epifaunal assemblage

20. Upper continental slope assemblage

75



Table I1-11b.

Macro-invertebrate Collections from the

Central Texas Continental Shelf, May-Junme, 1971.

Organisms

Stations

inner shelf

intermediate shelf

29 30 27

14

30 15 13 17 19

21

10.4 10.4 11.5

12.0

15.3 19.7 20.8 20.8 21.8

21.8

Cnidaria -

Hydrozoa
hydroids (unident.)

Anthozoa
anewones (unident.)

Leptogorgia (7) sp.

Renilla sp.

Anellida
polychaete tubes

Mollusca
Gastropoda
Busvcon contrarium
Crepidula fornicata
Distorsio clathrata
Pleurcbraanchia
hedgpethi

Polystira albida
Strombus alatus

Bivalvia

Lacvicacrdium laevigatum

Ostrea frons

Cephalopoda

Crustacea
Stomatopoda
Squilla empusa

Decapoda: Hatantia
Penaeus aztecus
I. scetiferus

P. aztecus + P, sctiferus

“Sycionia bhrevirostris
Sycioita dorealis

Trachypenacus constrictus
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Decapoda: Reptantia
Calappa sulcata
allinectes ornatus - ++

Egifinectes - ?ortunuq_ + ++ 4
+

i +
$ +
H

Héﬁbﬁﬁs ephe]iiigagmm— + -+
Leiolambrus nitidus + + +
Libinia cmarginnta + +
Parthenope scrrata +
Persephone p. aguilonarisi-+ +
" Petrochirus dicgenes : +
Podochela sidneyi +
Porcellana savana + + + ++
Portunus gibbesi + +
Portunus sayi
Portunus spinicaipus
‘Portunus spinimanus +
" 'Stenocionops f. coelata

+ +

¥
+ +

Echinodermata
Asteroidea
Astropecten sp.
Luidia clathrata

t+
+

Echinoidea
Sea biscuit +

Ophiurcidea
‘Ophiclepis sp. + +

Chordata
tunicates + +

e g =

1

By R. M. Darnell (Id. by R. Defenbaugh). All} collectiong were
standard 15-min. drags with a 20-ft. otter trawl. Station
locations (13-30_ are given in Figure II-16. Water depth
(in fathomg) is listed for each station designation. Abun-
dance of living individuals in each collection is indicated
by logarithmic degignation (+ = 1 -~ 9, ++ = 10 — 99, +h+ =
100 or more).
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antillensis, Penaeus aztecus, and Callinectes danae.

Recent Texas shelf collections by one of the authors of this
report (R. M. Darnell) have been worked up and are presented in
Table II-1l. These data are in general agreement with those of
Hildebrand, but they do suggest that the intermediate shelf is
faunistically more diverse than the inner shelf. They also tend to
suggest a greater abundance of organisms in the intermediate shelf
zone.

Fishes — Important contributions to our knowledge of the fish
fauna of the coastal lagoons and continental shelf of Texas have
been made by Gunter (1945); Hildebrand (1954); Hoese (1958); Moore,
Brusher, and Trent (1970); Parker (1972); and others. Parker (1972)
lists about 450 species of coastal and marine fishes known from Texas,
but this list would undoubtedly increase to 600-700 species if all the
reef inhabitants and outer shelf fishes were included.

Darnell (1962) has pointed out that the euryvhaline fish fauna
of the northern Gulf of Mexico is a weakly-differentiated derivative of
the rich coastal ichthyofauna of the West Indies and Central America.
This northern fauna is representative of the Carolinean biotic pro-
vince which extends from the Mexican coast below Tampico, north and
east to Cape Hatteras, excluding the lower third of peninsular
Florida. Few, if any, marine fish species are endemic to the Texas
coast, although several species, such as the finescale menhaden

(Brevoortia gunteri) reach their greatest abundance here. The Texas

ichthyofauna is both abundant and diverse, but in both categories it
is apparently eclipsed by the rich ichthyofauna of coastal Louisiana

(Moore, Brusher, and Trent, 1970).
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Species composition and 1life history relations of the Texas
lagoonal ichthyofauna are fairly well known. A very few species,

such as the bay anchovy (Anchoa mitchilli) appear to be year—around

residents., However, most of the lagoonal fishes are seasonal tran~
sients derived from the fauna of the inner shelf. These fishes, by
and large, invade the coastal lagoons as juveniles during the spring
and summer, feed and grow as summer residents, and pass to the outside
waters during the late summer and fall. Prominent among the seasonal
transients are the menhadens, sea catfishes, mullets, and several
members of the drum family (croakers, spots, seatrouts, and red drums).
In contrast to the lagoonal fauna, our knowledge of the shelf
fishes is limited largely to check lists, identification keys, and
distributional studies. Very little is known about the ecological re~
lations of most fish species of the shelf, especially those which live
beyond the inner shelf. ¥rom data presented by Hildebrand (1954) and
Moore, Brusher, and Trent (1970) a comparison may be made between the
fish faunas of the inner and intermediate shelf zones of the Texas
coast. Catches on the inner shelf tend to be less abundant and less
diverse than on the intermediate shelf. Hildebrand (1954) records
only 80 fish species from the inner shelf, whereas 122 species are
recorded for the intermediate zone. Catches of the inner shelf are
seasonally quite variable and tend to be dominated by species which
utilize the lagoonal habitat in part of their life histories. Among
the inner shelf dominants are the sea catfish (Arius felis), Atlantic

threadfin (Polydactylus octonemus), Atlantic eroaker (Micropogon

undulatus), sand seatrout (Cynoscion aremarius), silver seatrout
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(Cynoscion nothus), spot (Leiostomus xanthurus), and southern kingfish

(Menticirrhus americanus). Dominants of the intermediate shelf

include only a few of the inshore species. The intermediate shelf

dominants are listed as follows: inshore lizardfish (Synodus foetens),

longspine porgy (Stenotomus caprinus), Atlantic croaker (Micropogon

undulatus), sand seatrout (Cynoscion arenarius), silver seatrout

(Cynoscion nothus), gulf butterfish (Peprilus burti), shoal flounder

(Syacium gunteri), and rock bass (Centropristis philadelphica).

Recent Texas shelf collections by one of the authors of this
report (R. M. Darnell) have been worked up and are presented in
Table I1-12. A synthesis of the data is given in Table II-13. These
data suggest a greater species diversity for the inner shelf and greater
abundance on the outer shelf with the intermediate shelf being also

intermediate in fish diversity and abundance.

Life Histories of Important Migratory Species

Shrimp ~ Three species of commercial shrimp are takem in Texas

coastal waters, the white shrimp (Penaeus setiferus), brown shrimp

(Penaeus aztecus) and pink shrimp (Penaeus duorarum). The brown shrimp

is by far the most important, and it is this species which essentially
supports the shrimp fishery of the state. The brown shrimp fishery
tends to be concentrated in the intermediate zone from Galveston to

the Rio Grande. The white shrimp appear to be most abundant in the
inner shelf zone along most of the Texas coast, and especially in the
grounds east of Galveston. Pink shrimp constitute less than one pexcent
of the Texas ecatch.

All three species spawn in the shelf waters, and the young, aided
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Table I1-12., Fish Collections From the Upper and

Central Texas Continental Shelf, 1971.2

Specles Inner Intermediate OQuter
shelf shelf shelf
Rajidae
Raja texana - .06 -
Muraenidae
Gymnothorax nigromarpginatus .07 41 .11
Muraenesocidae
Hoplunnis schmidtii = .06 -
Congridae
Congrina gracllior - 12 -
Ophichthidae
Mystriophis mordax .06 - -
Ophichthus gomesi 01 - -
Clupeidae
Etrumeus teres .06 .06 -
Harengula pensacolae .11 - -
Engraulidae
Anchoa hepsetus 2.04 - -
Synodontidae
Saurida brasiliensis L1 6.76 29.20
Synadus foetens .83 1.57 1.92
Ariidae
Arius felis .79 - -
Batrachoididae
Porichthys porosissimus A7 1.22 .64
Antennardiidae
Antemnarius radiosus - .70 .21
Histrio bistrio 02 - -
Ogcocephalidae
Halicevt iehthys aculeatus .06 1.69 W43
Qgeocephalus nasutus .30 -06 -
Opcocephalus parvus - -93 1.81
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Gadidae
Urophycils cirratus
Urophyveis floridanus

Ophidiidae
Brotula barbata
Lepophidium brevibarbe
Ophidion weishi

Syngnathidae
Hippocampus erectus
Syngnathus lousianae

Serranidae
Centropristis philadelphicus

Piplectrum bivittatum
seyraniculus pumilio
Serranus atrobranchus

Grammistidae
Rypticus saponaceous

Carangidae
Chioroscombrus chrysurus
Selene vomer
Trachurus lathani
Vomer setapinnis

Coryphaenidae
Coryphaena hippurus

lutjanidae
Lutjanus apodus
Pristipomoides aguilonaris

Pomadagsyidae
Crihopristis chrysoptera

Sparidae
Sthotomus‘cap;inug

Sciacnidae
anu'(tnn arenarins
Cvnntc;on nebulogus
QxyngLOH nothus
Larimus fascin
LGD]ICLTThUu "icqnuu
Tii(1‘:ﬁ(ﬂ*ﬁn unddu alus

urnillro ]JH(PO}“LUC

Mullidae
M Jtin aucatug

1} pONous parvog

83

.11

.46
74
.12

.25
.01

4.24
.51
A1
.11

.34
11

.11

01

.10

.06

3.04

.01
16.60
.25
.22
.29
1,07
.11

.23

1.98

2.10
3.03
.12
14,30

.06
1.22

1.46

.06
.06

i1

81

61

11

21



Ephippidae
Chaetodipterus faber

Polynemidae
Polydactylus octonemus

Uranoscopildae
Kathetostoma albigutta

Gobiidae
Bollmannia communis

Trichiuridae
Trichiurus lepturus

Stromateidae
Peprilus burti

Scorpaenidae
Scorpaena calcarata

Scorpaena dispar

Triglidae
Prionctus ophryas
Prionotus rubio
Prionotus salmonicolor
Prionotus stearnsi

BOTHIDAR
Ancylopsetta dilecta
Ancylopsetta guadrocellata

Citharichthys macrops
CGitharichthys spllopterus
Cyclopsetta chittendeni
Cyclopsetta fimbriata
Engyophrys senta

Etropus crossotus
Syacium gunteri

Syacium papillosum
Trichopsetta ventralis

Soleidae
Gymnachirus texae

Cynoglogssidae
Symphurus diomedianus
Sympliurus plagiusa

Balistidae
Monacanthus hispidus

Ostraciidae
Lactophrys gquadricornis

Tetraodontidae
Lapgocephalus Jaevigatus
ﬁfhnaroid S pARITUS

5 speielerd

.06

11.40

.46

1.35

.06

.01
25.70
.06

.08
4,13
1.02

.06

.01

.06
3.45
5.41

07

.0L

.01
5,31

.29

2.21

.06
.35

7.98
.06
2.04

.06
.18
14.50
.35
41

2.68
1.63
17.80

.18

1.57
4,72

12

.12

.32
W12

1.06

.11

46.06

.43
.53




Total nuuber of fishes 1781 1716 G38

Number of fishes/15-min haul 161.9 245.1 312.7

a By R. M. Darnell (Id. by C. Cashman). All collections were
standard 15-min. drags with a 20-ft. otter trawl. Station
locations are shown in Figure IT-17. Abundance of each.
species is given as percentage of all fishes taken in the
particular zone of the shelf.
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Table II-13. Comparison of Trawl Fish Catches in

Relation to Shelf Zonme for the Upper

and Central Texas Centinental Shc-:lf.é1

Shelf Diversity Abundance Dominant Dominant species
zone (no. of spp.) (no. /haul) groups
inner shelf 61 161.9 searobins (26%) blackfin searobin
flatfishes (21%) (Prionotus rubio)
drums (20%) spotted seatrout
(Cynoscion nebulosusg)
Atlantic threadfin
(Polydactylus octonemus)
intermediate 48 245,1 flatfishes (45%) shoal flounder
shelf seabasses (20%) (Syacium gunteri)
searobins (10%) spotted whiff
(Citharichthys macrops)
blackear seabass
(Serranus atrobranchus}
outer shelf 23 312.7 searcobins (49%) gshortwing searobin

1lizardfishes (31%)

(Prionotus stearnsi)
largescale lizavdfish

(Sauridia brasiliensis)
blackear seabass

(Serranus atrobranchus)

2 pata derived from Table II-12.
May - July, 1971.

Most of the collections were made during the period
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by seasonal and tidal currents, make their way as planktonic larvae,
into the estuaries during the spring and summer months. Feeding,
growth, and maturation take place largely in the estuarine and
lagoonal nursery areas, and in late summer and fall many of the new
adults move back to the outside waters. Smaller numbers of young
may over-winter in the estuaries and pass outside in a spring "run".
Both sexes migrate to the spawning grounds where mating and egg-laying
take place. An estuarine shrimp fishery does exist, but this produces
mostly small and less valuable individuals. The most important shrimp
fishery harvests the adults on the shelf. Figure II-18 shows the
general shrimping areas of the Texas coast.

Blue crab - Although many species of crabs are found in Texas

coastal waters only the blue crab (Callinectes sapidug) reaches a

readily marketable size. The life history of the blue crab on the
northern Gulf coast has been worked out primarily by Darnell (1959),
Daugherty (1952), Gunter (1950), and Hildebrand (1954). Egg-bearing
females tend to concentrate in the inner zone of the shelf, although
a few stray out into the intermediate zone. Upon hatching, the
planktonic young pass to the estuarine and lagoonal waters where they
feed and grow to maturity. Copulation takes place in the inside
waters, after which, the inseminated females move back to the Gulf.
Adult males remain in the inside waters where they may copulate with
additional maturing females. During exceptionally dry years many of
the inseminated females may remain in the more saline estuaries and
lagoons. Oviparous females are captured in Gulf waters in greatest
abundance during the months of June and July. In contrast with the

shrimp fishery, major blue crab fisheries are pursued in the inside
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as well as the inner shelf Gulf waters.

Shallow-water fishes - Fishes of the menhaden, shad, mullet, sea

catfish, and drum families all spawn in shallow coastal waters (pri-
marily on the inner shelf, but sometimes alsc on the intermediate
shelf). As in the case of the shrimp and crabs, the young make their
ways into the estuaries and lagoons, primarily in the spring months.
Summer feeding and growth periods are followed by mass migrations ;0
the outside waters where additional growth and reproduection take
place. A few individuals may overwinter in the inside waters and move
to the outside in the spring.

Most of the migratory coastal fishes, shrimp, and crabs apparently
live only about 18-24 months. As a result, each year's crop depends
greatly upon the success of the previous yvear-class. Thus, if the
chain is broken, as for example, by a major oil spill, recovery could
take years. Although no solid information is available on the subject,
it seems likely that these coastal species are made up of semi-isolated
genetic races, each race adapted to the prevailing local conditions
(i.e., to the local estuarine feeding grounds, shelf breeding grounds,
and seasonally available currents for larval migration). Extinction
of a local race could leave a void which might take years to overcome
by either natural or artificial means. Evidence is now available indi-
cating that subtle chemical odors are utilized by juvenile fishes and
shrimp as cues to migration (Kristensen, 1964; Odum, 1970). Masking of
the necessary estuarine odors by petroleum fractions could seriously
interfere with normal migratory patterns.

Oceanic fishes which visit the shelf - A number of species of

oceanic fishes regularly visit the inner and intermediate shelf zones
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of Texas during the summer months. These include the mackerels
(§panish, king, chub, frigate, and cero), bonito, tunny, amberjack,
several jackfish (horse-eye, bluntnosge, crevalle, bar, and yellow),
as well as the blue runner, dolphin, and a number of billfishes and
other species of sport and commercial interest. These wide-ranging,
fast-swimming predatory fishes are often caught within sight of
shore, especially around the mouths of passes where they gorge
themselves upon anchovies, silversides, squids, shrimp, and bottom
fishes. Large schools of mackerels and bonitos have been observed
over the inner shelf at Freeport, Texas (R. M. Darnell), which is a
majdr center for sport-fishing activities on the Texas coast. Life
histories of all such species are poorly known, but it is certain
that they are only temporary visitors to the Texas coastal waters, the

majoxr part of their life histories being spent elsewhere.

Catches - Both projected offshore port sites lie within fishery
statistics area 19 which annually provides around five thousand metric
tons of brown shrimp or 43% of the total brown shrimp harvest of the
Texas shelf (Linder and Bailey, 1969). At the current price of $1.10
per pound the brown shrimp harvest alone from the area is worth over
twelve million dollars annually. The Matagorda Bay System {(including
Matagorda, East Matagorda, Lavaca, San Antonio, Mesquite, and Espiritu
Santo Bays and Green Lake) produced over half a million pounds of
oyster meats, 1.7 million pounds of crabs, and 1.6 million pounds of

finfish.
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CHAPTER iII

PRACTICAL CONSIDERATIONS OF AN OFFSHORE PORT

NEED FOR OFFSHORE PORT

Demand for Crude 0il

The United States is faced with a serious national problem
related to the availability of adequate supplies of energy in the
very near future. The impending energy crisis, which has been
brought about by the shrinkage of proven domestic reserves of oil
and gas relative to the growth in demand for energy, portends an
insecure future for the nation. Tor the first time in history, we
are increasing our use of electricity, matural gas, coal, and oil
faster than the suppliers can boost the output. While some ob-
servers see the problem as temporary, the majority of those con—
cerned believe we have reacheq a turning point at which the energy
resources that we have taken for granted are now a limiting factor
in national growth.

Alternate sources of energy other than oil and gas present
serious handicaps. Nuclear figsion can provide am almost inex-
haustible supply of energy but its impact in resolving the national
energy gap has to be discounted for the present because of public
objection to the construction of nuclear plants. The only other
alternative to liquid and nuclear fuels that is readily available
is coal. Only coal is available domestically in sufficient
quantity to satisfy the energy demands of future years. But the

environmental impact of coal could be massive compared to that of
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other fuels.

Because the demand for oil and gas is outstripping proven
domestic reserves of these commodities, increased imports are
becoming a necessity in order to bridge the rapidly widening
energy gap. ILnterior Secretary Rogers C. B. Morton has predicted
in hearings before the House Interior Committee that the United
States will probably need to import half of its crude oil needs
by 1985 (Mortonm, 1972). Humble 0il and Refining Company has pro-
jected that in 1985, at least 62 percent of the petroleum consumed
in the United States will be imported from offshore, with three-

fourths of this originating in the Middle East (Humble 0il, 1971).

Pregsent Harbor Facilities

The increased importation of oil and gas from offshore sources
means increased dependence upon ocean transportation. Unfortunately,
recent trends in the sizes of oil tankers create a serious problem
in providing facilities in the United States to berth the new breed
of supertankers. The drafts of vessels, 250,000 dead-weight toms
(dwt) size and over, range from 60 to 90 feet. Even larger ships,
with drafts of 100 feet or more, are predicted to be built in the
near future.

The average maximum depth of most United States harbors and
channels is 45 feet; only a few have depths greater than this, but
none of these are located where large volumes of crude odil must be
received. On the Texas Gulf Coast, where petroleum shipments are
dominant, no port has a depth greater than 40 feet and no port is

actively planning for more than 45 feet.
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Dredging of existing channels to depths on the order of 60 to
90 feet is impractical, if not impossible, in most United States.
ports due to physical obstacles and the staggering costs of such
projects. Instead, approaches using offshore terminals, located in
naturally deep water and connected to omshore receiving facilities
by undersea pipelines, appear to offer more advantages than other
methods of accommodating ships that are too large to enter exigting

harbors.

Impact on National Issues and Needs

Without adequate herthing facilities in the United States,
supertankers will be used on other trade routes in the world and im—
ports of oil and gas into this country will continue to be transported
in ships of less than 80,000 dwt capacity. Such a circumstance will
have several unfavorable consequences:

1. Additional transportation costs of almost $700 million per

year by 1980 will have to be borne by our £CONOmy.

2. The amount of vessel traffic in our harbors and channels by
1980 will result in chaotic congestion, and the risk of
major water pollution through spills will rise to intolerable
levels,

3. The probability that domestic refineries will relocate to
locations abroad, with a consequent loss of thousands of
jobs in this country, will become greater as producers begin
facing higher costs of imported crude transported in the

smaller ships.
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b, The already-deteriorated condition of the U.S. Merchant
Marine Fleet will be further affected by the continuing
shift of cargos to larger vessels which cannot use U.S.
ports.

Construction of a supership port in the Texas Gulf of Mexico, and
at other key locations along the three major coastlines of the United
States will:

1. Reduce potential oil spills in harbors and inland areas,
where the greatest damage can be done, by moving tanker-
handling facilities offshore;

2. Make the United States once again competitive in marine
transportation;

3. Help alleviate the emergy crisis;

4. Help establish a more favorable balance of payments.

Why are Deepwater Terminals Needed in Texas?

In the past three decades, the economic base of Texas has changed
from one dominated by agriculture to one oriented toward minerals and
manufacturing with a strong dependence upon water transpoétation.
Petroleum refining and petrochemical-based industries have grown
especially fast during this pexriod due to Texas' plentiful supplies of
essential raw materials.

However, prospects for continuation of present levels of oil~
related business in Texas appear to be in jeopardy. Although Texas
has traditionally been a net exporter of crude oil, natural gas, and

refined products, today's economic incentives are mnot sufficient to

encourage much petroleum exploration, and the state's reserves of oil
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and gas are rapidly being depleted. As a result, Texas' dependence.
upon imported crude oil will become more significant in the near
future., In 1970, Texas exported to other oil-using regions of the
United States an average of 325,000 barrels of crude oil per day.
In 1980, it is estimated that Texas will be importing 2,100,000
barrels of crude oil each day, and this is expected to increase to
more than 3,500,000 barrels per day by 1985.

A major portion of the oil imported into Texas after 1980 will
come from the Persian Gulf, a distance of 12,000 miles from the Texas
Gulf Coast. Such a long haul in tankers of 5Q,000 deadweight tons
average size will make the transportation cost of a harrel of oil so
high as to be totally unacceptable. Only supertankers, with. the
economies of scale they offer, can operate in this trade and deliver
crude 0il to Texas refineries at reasonable cost.

Existing channel depths of Texas ports are shown in Figure III-1.
At the present time, no port in Texas has an authorized depth. of
greater than 40 feet, and no Texas port is actively planning for
more than 45 feet. No ships larger than 80,000-90,000 dwt can enter
Texas ports fully loaded. Yet, today's world tanker fleet includes
more than 700 ships that exceed this size and therefore camnot dock
in Texas. By 1983, it is predicted that one~third of the projected
world tanker fleet of 4,300 ships will be unable to enter Texas ports.

The problem of ship size versus port depths assumes a more
critical nature in the Texas Gulf Coast region than in other parts of
the nation due to the state's heavy dependence on the hydrocarhon
processing industry and the industry's need for adequate supplies of

raw materials.
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More than 40 percent of the nation's petrochemicals are produced
in the Texas Gulf Coast areas of Port Arthur, Beaumont, Galveston,
Houston, and Corpus Christi. During the last decade about 118 new
chemical and allied materials plants have located in this area, and
272 plants expanded. This concentration of industry comprises more
than one-fourth of the nation's entire oil refining capabilities and
more than 50 percent of the nation's petrochemical processing ability.

In 1970 over 185 million tons of cargo went through Texas' 12
deepwater ports in comparison to 192 million tons handled through the
ports of New York. Of the 185 million tons moved in Texas, 140
million tons consisted of liquids, mainly petroleum and chemical

products.

Fconomic Impact of a Deepwater Terminal in Texas

The potential economic implications of a deepwater terminal in
Texas cannot be overestimated. But in order to give the proper per—
spective to a discussion of the economics of a terminal, it is
necessary to study several sectors of Texas business activity.

The leading sectors of the Texas economy have, in recent years,

made the following contributions to the State's business activity:

petroleum refining - $6.3 billion per year
petroleum mining - $4.4 billion per year
agriculture - $3.3 billion per year
facility construction - $2.2 billion per year

banking and credit $1.9 billion per year.
A more detailed examination of one sector, petroleum refining,

provides considerable insight into the type of stakes Texans are
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gambling with in considering whether or not to build a deepwater
terminal.

During 1971, United States oil refining capacity rose to almost
13.1 million barrels per day (MMB/D) of crude oil. Of this capacity,
Texas contributed 3.4 MMG/D, or 26.5 percent of the total. It is
estimated that by 1985, the U.S. will need refining capacity of
27.5 MMB/D, an increase from 1971 of 14.4 MMB/D, or the equivalent
of 96 new 150,000 barrels-per—day refineries.

Presently the Gulf Coast has 40 percent of the nation's refining
capacity but only 12 percent of the demand for refined products.
Conversely, the East Coast has only 12 percent of national refining
capacity, but it consumes 40 percent of the nation's refinery output.
Because of various factors such as environmental comstraints, as well
as a general lack of suitable refinery sites on the East Coast, these
ratios of capacity and demand are expected to remain constant, pro-—
vided the availability of refinery feedstocks maintains the same

balance between areas as now exists.
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ALTERNATIVES TO AN OFFSHORE PORT

The primary objective of this discussion is to make realistic
comparisons of the several alternatives to an offshore port in Texas.
Comparisons will be made of such. alternatives as chamel-deepening
at existing ports, lightening of deep~draft vessels at sea to permit
them to enter existing harbors, transhipment of petroleum from Very
Large Crude Carriers (VLCC's) into shallow-draft vessels at deepwater
ports in the Bahamas for subsequent movement to Texas ports, and
carriage of petroleum in shallow-draft vessels from origins in the
Middle East and South America to degtinations at existing Texas portsa.

Two alternatives that will not he consideréd in this discussion
are the shallow-draft VLCC concept and the philosophy of reduced
energy demand. In the former case, although naval architects have
proven the structural integrity of special shallow-draft designs,
their questionable economics means that much development work remains
before such. breakthrough concepts become widely accepted by vessel
users. Consequently, this factor is not expected to have an impact on
the need for deepwater ports in time to avoid a crisis.

In the second case, that of reduced energy demand, although a
recent inter-agency study released by the Office of Emergency Pre~
paredness holds out the prospects of a 7.3 million barrels per day
reduction in oil demand by 1980 if vigorous energy—-conservation mea-
sures are taken, the likelihood of this happening is remote. Even if
it comes about, numerous studies have concluded that drastic reductions

in the use of energy for maintenance of "the good life" —- television,
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air conditioning and home appliances, for example —— would result in
minimal payoff in total enmergy savings, and the lowered standard of
living which resulted from such conservation measures would rule

against continued public acceptance of them.

Deepening of Existing Harbors

Traditionally, changes and improvements to existing harbors
to accommodate Iarger classes of vessels have taken place in response
to needs which were fairly slow in developing. Because of existing
constraints, i.e., depth and width limits of the Panama and Suez
canals, for example, upward revisions in the physical dimensions bf
ocean vessels came about very gradually during the years up to and
dincluding World War II. As a result, port authorities had no great
difficulty in keeping up with such needs, usually through occasional
5-foot increases in depth or through nominal widening of channels.

And, because ship developments moved more slowly then, the customarily
long cycle times for port projects —— 7 to 15 years on the average —-—
seldom resulted in crisis situations.

Even though the historical approach to channel deepening freguently
has resulted in projects which were obsolete upon completion, this has
not proven to be a serious handicap in the past. However, with the
dynamic growth in vessel capacities and draft requirements in recent
years, particularly in the bulk trades, proposed harbor and channel
improvement projects, using the time-honored methods of the past hundred
or so years, are becoming obsolete by the time they are started.

If it is decided that channel-deepening is the solution to the

problem of accommodating superships, them it is likely that an effort
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of great magnitude will be necessary to achieve the goal. Many
ports, including nearly every major port in Texas, will have to be
deepened. The cost of such a massive effort, on a national level,
could well be beyond the nation's capabilities, especially in view of
the resource requirements of other programs of equal social impor—
tance. Allen F. Clark, Jr., president of the Philadelphia Port Cor-
poration, speaking before the 15th Anmual API Task Conference in
April, 1970, gave.an example of the kind of costs involved in major
channel improvement projects when he stated "... the Delaware chanmel,
now carrying some 27 million tons of foreign crude and nine million
tons of foreign residual oil a year -- will cost on the order of a
billion dollars to deepen to only 5Q feet. What it would cost for

80 feet has not even been estimated."

In addition to the first cost aspects of channel deepening, other
considerations which, when taken in toto, appear to rule out this
appraach as an alternative to the offshore port, include such things
as annual maintenance costs and envirommental impacts other than

those associated with disposal of dredge spoil.

Lightening at Sea to Enter Shallow Ports

Another possible alternative to the offshore terminal is. the
concept in which fully-loaded VLCC's rendezvous at sea with smaller
vessels, at locations near a destination port, and off-load sufficient
quantities of cargo to permit the VLCC to proceed into a port where it
can dock in a nermal fashion.

Most lightening operations to date have been performed in North-

western Europe locatiens during about the last four or five years.
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Some have also occurred in the United States, in Long Island Sound,
New York Bay and lower Delaware Bay, but these have not involved
ships of the VLCC size. One reason for this is that if a VLCC
(250,000 dwt or larger) is lightened enough for it to enter and dock
in an existing harbor on either the East or Gulf coasts, the lighter
which took aboard part of the cargo would then be too large to enter
an East or Gulf port itself. The solution to this, of course, would
be to use two or more lightexrs which could enter port at full load.
However, the use of more than one lighter in this type of operation can
be economically self-defeating. Therefore, until at least some port
deepening is dome, it will not be economically feasible to ship oil
to the United States in full-loaded VLCC's with the intention of
lightening them for entry into exisgting ports.

From the environmental standpoint, lightening a VLCC by offloading
part of its cargo into a lighter or shuttle vessel is as safe as, but
no safer than, the use of single-point buoys for offloading cargoe. This
is because, in practice, the ship-~to-ship cargo transfer operation is
carried out with the two vessels lashed together, separated only by
large, pneumatic fenders, with no relative motion between the vessels
other than change in freeboard. Under this arrangement, spills are
rare. Naturally the prevailing weather and sea conditions are important
in this type of operation and it should be noted that northwest Europe
has the advantage of a number of deepwater areas that are relatively
sheltered by land.

However, in moving the cargo to on-shore storage facilities, strong
differences exist in the potential environmental impact of shuttle

vessels as compared to that of pipelines commonly employed to move cargo
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between a single-point buoy and the shore. If the volumes of crude
0il projected to be imported in 1985 actually result, the movement
of this much oil will require the equivalent of 2000 tankers of an
average 70,000 deadweight tons size or 700 VLCC's of 200,000 dead-
weight tons. If no deepwater facilities are provided, and vessel
lightening at sea for subsequent entry into existing harbors becomes
widely practiced, the already-congested ports, harbors and channels
of this country will have to absorb the added traffic created by 700
VLCC's and 700 - 1,000 smaller feeder vessels carrying crude oil,
along with a new and additional fleet of product carriers. This
consequence of our failure to build offshore facilities could result
in massive pollution of harbors and shorelines from the inevitably
greater risks of collisions and groundings.

For a number of reasons, it is not likely that the nation will
be faced with a situation such as the one described above. Practical
use of transhipment between vessels at sea cannot be extended to a
large import program because successful implementation of the method
requires use of the mogt highly-trained vessel crews available due to
the hazardous nature of the operation. When used on a large scale,
therefore, integrity of the lightening operation in regard to accidents
and spills would quite likely deteriorate. This problem, along with
the sometimes marginal economics of at-sea lightening, causes usersg
to regard the practice as a temporary ''fix" until proper port facili-

ties become available.

Transshipment in the Bahamas

The lack of deepwater ports on the United States Atlantic and
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Gulf coasts has encouraged the exploitation of natural deepwater found
in the Eastern Canada and the Bahamas. In these areas, petroleum
refining complexes and petroleum transhipment facilities have recently
been built and are being actively promoted by the governments of the
two regions.

Transhipment of crude oil from Very Large Crude Carriers (VLCC)
to vessels that are small enough, with sufficient shallowness of
draft, to permit normal entry into existing Texas ports, i1s attractive
from several standpoints. Economically, this system would offer most
of the advantages expected from using VLCC's for the entire voyage
between the Middle East and the Texas Gulf. Because of the proximity
of the Bahamas to Texas ~— a little over 1,000 miles —-- cargo trans-
ported to these Atlantic islands for transhipment and subsequent move-
ment to Texas would travel over 90 percent of the voyage in a VLCC,
and could conceivably reap almost 90 percent of the potential
transportation savings.

Under the 1985 requirement for moving vast quantities of crude
oil into the United States, transhipment in the Bahamas, as opposed
to providing deep~draft offshore terminals along the Atlantic and
Gulf coasts, will do nothing to reduce the impact of numerous and
frequent ship callings at existing ports. If tankers with an average
size of 70,000 deadweight tons are used, the U.S. ship traffic in
1985 will amount to almost 12,000 arriwvals and 12,000 departures per
year in addition to the traffic being handled today. And, this figure
does not include the increase in the number of product carriers used
in coastal service between Gulf and Atlantic ports. Under such cir-

cumstances, the probability of sgpills resulting from collisions and
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groundings vises to an alarming level.

Total Use of Smaller Vessels

If the United States decides to adopt a policy against offshore
deepwater terminals and if, for various reasons, shippers cannot make
use of lightening at sea or transhipment at nearby foreign ports,
then one of the few remaining alternatives is the use of vessels
which are small enough and which have sufficiently shallow draft to
be used in existing U.S. ports. However, implementation of this
practice could have undesirable consequences.

Based upon projected oil import levels, it has been estimated
that the United States'’ economy will be forced to absorb an additional
$700 million per year in transportation costs by 1980 if vessels of
an average 47,000 deadweight tons size are used to carry the imports,
instead of vessels exceeding 200,000 dwt. Such a penalty would
increase American industry's cost of doing business and would make
American products less competitive in world markets.

The higher probability of collisions, groundings, and strandings
as a result of inecreased volumes of vessel traffic in the nation's
harbors and waterways, along with the consequential environmental
impact of such incidents, has been touched upon earlier. The use of
a vast fleet of oil tamkers, which are small enough to enter existing
U.5. harbors, to transport all of the oil expected to be imported
into the United States in the next thirty years, makes it almost a
certainty that the rate of ship accidents will rise far above recent

levels reported by the U.S. Coast Guard.
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CHAPTER IV

GENERAL CHARACTERISTICS OF OTL

This chapter includes a description of the general character-
istics and properties of o0il, a review of existing oil spills and a
description of how the oil might affect the various environmental
elements. The chapter provides the basis for predicting the fate of
0il spilled on the sea surface and the potential impact of an oil
spill off the Texas Coast.

While the general characteristics of oil can be determined by
relatively simple field and laboratory experiments, very little work
in this area has been reported in the literature. A comprehensive
impact study will require that additional experiments be undertaken.

Crude petroleum is a complex mixture of hydtocarbons together
with organic compounds of sulphur, nitrogen and oxygen. The three
main hydrocarbon classes can be listed as

Alkanes (paraffins) -~ saturated chain compounds,

Cycloalkanes (naphthenes) - saturated cylic compounds, and

Aromatics, compounds with the benzene ring structure.
During refining crude oil is separated into products approximately as

listed below,.

Approximate
Product Molecular Size
Refinery gas 03 - C4
Gasoline C4 - C10
Naphtha ClO_ C12
Kerosene C12_ Cl6
Gas oils C16~ 625
Residual oil > - 025
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PHASES OF OIL

0il that is spilled on the sea surface will form a relatively
thin film on the surface. As shown in Figure 1V-1, part of the oil
evaporates into the atmosphere, and part dissolves into the water
column. OCil can also be emulsified in the form of a suspension in
the water column. The oil that is in solution or suspension can be
expected to mix in the water column down to the thermocline. In
addition some of the oil may precipitate from the water column and
sink to the bottom. The oil on the surface, In the water columm
both in suspension and solution and on the sea floor is subject to bio-
logical degradation. Thus the five major mechanisms by which oil is
removed from the surface of the sea are evaporation, solution, emul-
sification, precipitation and decay. The rate at which the oil changes
phases is highly dependent on the type of oil; the weather conditions,
in particular the wind and temperature; and the conditions of the sea.
The characteristics of the oil slick on the sea surface will change

with the age of the oil.

Evaporation

Evaporation of o0il from a slick on the surface of the sea is most
important in the early life of the slick. The rate at which the oil is
evaporated from the slick is dependent on the temperature, the type of
0il, and the exposed area. The higher the temperature, the higher is
the evaporation rate. In a study using 100 medium grade crude oils
evaporation rates were observed to double on the average when the tem—

perature was increased from 15°¢ to 25°C (ZoBell, 1963). The type of

0il will affect the evaporation rate. A lighter or lower gravity oil
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Figure IV-1. Fate of 0il on the Sea Surface.
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having a large number of light ends will evaporate at a higher rate
than the higher density more viscous oils. In general the fraction

of the oil evaporated early in the life of a slick contains the most
toxic fraction of the oil. The exposed area has a direct effect on
the rate and volume of o0il that is evaporated. In general the larger
the exposed area the higher will he the evaporation rate. The impor-
tant role of evaporation in removing oil from the sea was demonstrated
in a study conducted during the "Torrey Canyon'" spill. The study in-
dicated that 25 percent of the oil, by volume, was lost in the first

few days after spill (Smith, 1968).

Solution

The amount of oil that dissolves into the water column is im-
portant in assessing the potential impact of the offshore port for
several reasons. First, the oil that is in solution is in direct
contact with the marine organisms in the water column. Secondly, as
will be shown later in this chaptexr, the low boiling aromatic fractions
of o0il such as benzene appear to be the most toxic. These fractions are

the most soluble and the most volatile.

Emulsification

Sea conditions, the type of o0il, and weather are the major fac—
tors in determining the amount of emulsification. A turbulent, choppy
sea causes a much higher degree of emulsification than a calm or even
a rolling sea (Murray, 1970). The formation of an emulsion can cause
the movement of oil from an oil slick in a direction different from the
motion of the slieck itself. This was observed in the Chevron spill.

The slick on the surface moved in the direction of the wind driven
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current and the emulsified oil below the surface moved as a submerged
mass with the subsurface currents. In general the oils in most of the
spills that have been reported tended to form emulsions. However, the
type of emulsions and the fraction of the oil that was incorporated in
the emulsions depended on the type of oil and in particular on the tem-

perature and the conditions of the sea.

Precipitation

During the evaporation process the density of the oil is increased.
As the density of oil approaches the density of water, the action of
waves may cause more of the oil to move below the surface of the water
where it may encounter sand grains or silt to which it becomes attached.
Once the oil is attached to a sand grain it can be separated from the
surface oil slick. The demsity of the sand grain and oil may be equal
to the density of water, it may be greater than the density of water, or
it may be less than the density of water. The motion of the oil will
depend on the density of the combination of the sand grain and oil. A
particle having essentially the same density as the water will travel a
great distance before reaching the bottom of the ocean or the surface.
A particle having a high density will drop fairly rapidly to the bottom
of the sea. A particle having a density less than that of sea water
will move to the surface.

In general, very little oil will be deposited on the bottom of
the ocean unless the sea is rough and silt particles are present to
cause sinking. For example, in the Chevron spill, samples of soil taken
directly from below the platform from whichthe oil was being discharged
into the sea contained concentrations that were never higher than a few

parts per million (Mackin, 1972).
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Decay

Biological degradation of oil does occur in nature but is a slow
process aercobically and even slower anaerobically. 0Qil is poor in nu~
trients and the presence of adequate nutrients is essential for biclogi-
cal degradation. Large populations of bacteria acclimated to the oil
are required to effectively degrade the material. These populations
would mot be available for the slug loadings of 500T or 30,000T; how-
ever, they could develop about the port facilities and might aid in

degradation of the continuous spill.

Rates

The method and rate at which the various components of the oil
slick are lost are important in estimating the impact of an oil spill
on the environment. Very little information is known on the rates of
transfer and additional studies will be required for a comprehensive
environmental impact study. Moore (1972) presented a first order
model to approximate the rates of evaporation, dissolution and biclo-
gical degradation for six fractions. The basic data for the six oil
fractions are listed in Table IV~1. The basic equation for each frac-
tion of oil is given by

dc _
— = (Ke + Kd + Kb)c (1)

dt
where C is the concentration and Ke’ Kd and KB are the evapeoration,

dissolution and biological decay coefficients respectively. Solution

to this equation is
¢ = Coe—(Ke + Kd + Kb)t {2)

where C is the concentration of a particular fraction after some ex-

posure period t in days and C0 is the imitial concentratiom. A listing
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of six fractions along with approximate values of the coefficients are
given in Table IV-2.

The percent remaining in the surface oil slick for each of the
six oil fractions after 12, 24 and 48 hours exposure is given in Table
IV-3. The amount of each fraction remaining is listed for wind speeds
of 5, 10 and 20 knots. TFor most practical purposes the oil fractions
paraffin (C6 - Clé)’ cycloparaffin (C5 - Cll) and aromatic mono-cyclic
fractions (C6 - ClO) are essentially lost at the end of omne day.

The following listing was made from the transfer rates listed In
Table IV-2. The values listed below are for‘a 10 knot wind which

would be typical of the offshore area.

Evaporation Dissolution Ratios
Fraction Rate Rate Evap/Diss
1 - 6 - 0.1 60
2 - 0.002 0.0 -
3 -6 - 0.5 12
4 -6 - 1.0 6
5 - 0.02 - 0.001 20
6 0.0 0.0 -

This listing indicates that about 1/60 of fraction 1, 1/12 of fractiom
3, 1/6 of fraction 4, and about 1/20 of fraction 5 will go into solu-
tion. The remainder of these fractions will be lost to evaporation

into the atmosphere.
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REVIEW OF OIl, SPILLS

0il Spilis from Existing Shipping Procedures in Texas

Potential o0il pollution from shipping operations are of two
types. The first is from normal shipping operations and the second
is from a catastrophe.

During normal shipping operations oil may be discharged into
the water during refueling, loading and unloading, deck washing and
ballast discharge. 1In the refueling, loading and unloading opera-—
tions of tankers, o1l is pumped through flexible hoses which are
subject to damage through wear and ship movement. If the hose is
too long, it may fall between the hull and the dock, becoming
damaged and possibly torn. If the hose is too sheort, it may be
ripped from its couplings by sudden movements caused by the close
passage of another vessel. TFailure to close off both ends of the
hose as soon as it is discomnected could allow the fluid remaining
in the hose to drain into the sea. Tank overflows and deck spills
will reach the sea unless special precautions are taken.

On tankers the use of oil tanks for the storage of water
ballast also may contribute to water pollution. As the tanker is
loaded with oil the water ballast is discharged from the oil tanks. As
shown in Table IV-4 in Galveston Bay, for example, where the monthly
water discharge into the bay is 90.8 million gallons, ballast alone
contributes 99.15 percent with ship cleanings contributing 0.62
percent and the remaining 0.23 percent from liquid domestic waste.
An oil carryover of 5 parts per million in the water ballast could

cause 449 gallons of oil per month to be discharged into Galveston Bay.
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0il pollution from a shipping catastrophe is a possibility but
the probability is very low. Records of oil spills into the Gulf
and bays in the Corpus Christi, Texas area were obtained from the
U. S. Coast Guard. TFor a two year period from 7/13/70 to 6/6/72
there were 28 reported incidents of oil spillage. Twenty-seven of
these were in the bays and only one was offshore. This one incident

was due to pumping of bilge o0il into the Gulf.

0il Spills from Offshore Drilling and Production Operations.

In 1967, 47 percent of all mobile offshore rigs in the world
and 57 percent of all fixed platform rigs were being operated in
the Gulf of Mexico. Annual oil and condensate production from the
Gulf is expected to reach from 750 to 1150 million barrels by 1975,
and account for 20-30 percent of the estimated total domestic pro-
duction.

At present there are 2408 platforms located in state énd fed-
eral waters in the Gulf of Mexico, and an additonal 4105 production
platforms in the bays of Texas and Louisiana. Most of the offshore
drilling and production operations in the Gulf are located offshore
Louisiana. A very small portion is located off Texas. As an ex-
ample, in November 1972, there were 88 drilling rigs operating off-
shore Texas and Louisiana; 82 were offshore Louisiana and 6 were
off Texas.

The oil pollution from offshore drilling and production opera-
tions in Texas offshore waters is very small. There are several

factors which contribute to the low pollution levels. First of all
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there are few fields located off the Texas Coast; and secondly,

most of these fields produce only natural gas.

The Effect of Weather on Supertankers

Ever since man has traveled upon the sea, the weather and the
sea conditions created by this weather have been very important
factors in determining the successfulness of the sea voyage.

Today, excellent weather reporting is made possible by modern
weather tracking stations around the world which make use of such
devices as weather balloons, radar, and even space satellites, all
of which combined enable ships at sea to travel in the most advan-~
tageous sea conditionms. Because of this weather forecasting, a ship
is rarely lost due to adverse weather conditions. The standaxrd pro-
cedure of all ships is to avoid storms at sea whenever possible. If
they are unable to do so, the ships then follow the same type of
preparations to sail through the storm. While actually in the storm,
the ship will head into the seas or in the direction from which
the waves are coming. This method offers the least resistance to the
waves.

In the particular case of a supertanker, they have a special
advantage during a hurricane in the fact that the ship itself is
longer than the wave length of the largest wave, making the super-
tanker more stable during a storm than the smaller size tanker. This
stability is further increased when the tanks are full causing the ship

to ride lower in the water which reduces the amount of drop between
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the crests of the waves. In the event that the tanker is empty
when the storm conditions develop, the tanker will take on as much
sea water as possible to enable the ship to ride lower in the water.
The Bantry Class Tankers of Gulf 0il were found to be almost
impervious to weather. Even in heavy weather rolling has been less
than ten degrees. In fact, during the trial run of the UNIVERSE
IRELAND a severe typhoon was encountered off the Japanese coast and
it rolled only seventeen degrees in ballast condition. Speed losses
encountered during heavy weather for these supertankers are just
about the same as the speed losses encountered on other smaller
vessels indicating that the size of the supertanker is more of an

advantage than a disadvantage.
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LONG AND SHORT TEERM ENVIRONMENTAL EFFECTS OF OIL SPILLS

In March of 1967, the tanker "Torrey Canyon' ran upon the rocks off
Cornwall, England traveling at a speed of 17 knots. During the following
ten days, its cargo of 117,000 tons of crude oil leaked into the sea,
causing oil pollution on an unprecedented scale (Smith, 1968). This dis-
aster brought about a new awareness on the part of the public concerning
the marine environment.

The short term environmental effects upon the marine emvironment
are quire often disasterous. Pollution by the "Torrey Canyon' oil had
little biological effect apart from the destruction of several thousand
sea birds. The detergent used to treat the oil away from the coast was
not noticeably injurious to marine life except in the extreme surface
layers, where pilchard eggs and some phytoplankton were affected. The
direct treatment of polluted shores, however, resulted in the death of
a large number of shore organisms of many different kinds, and effects
were also observed in the sublittoral zone. On shores left untreated,
evidence has been obtained of removal of the oil by the fauna as well
as by other natural agencies (Smith, 1968). In addition, tests con-
ducted in the laboratory showed that detergent treatment was the major
offender in this disaster.

in the Santa Barbara spill which cccurred in January of 1969,
seven to eight thousand birds were killed along the 80 miles of contamin-
ated California shoreline (Stracke, 1970). Efforts to minimize the loss
by establishing a wild fowl treatment center resulted in only a small

number of those birds treated surviving (Straughan, 1971).
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It has been suggested that the birds deliberately settle in pollu-
ted areas, in search of food or because the water is calm, but there
appears to be little evidence for this. Observations made by Bourne
(Straughan, 1971) led him to suggest that the birds do not notice the
0il until they swim into it, at which time, they try to escape. Aerial
species such as gulls fly away, but aquatic species such as the auks try
to escape it like any other hazard by diving. Bourne stated that of the
7815 birds affected by the "Torrey Canyon" spill, 7746 of them were auks
and this was probably caused by their efforts to escape by diving.

The total effect of the spill on the ecology in the Santa Barbara
Channel will probably never be known, because, as Straughan peoints out,
there was a complex interaction of forces operating in the area at the
time of the spill, and also, there is a general lack of knowledge of the
ecology of the area before the spill (Straughan, 1971). What is known
is that "there is no evidence of gross effects of oil pollution en plank-
ton in the Santa Barbara Channel", and, "the United States Bureau of
Commercial Fisheries, on a cruise through the area on February 11, 1969,
reported no effects on fish eggs and larvae; and while the phytoplankton
count was lower than at a nearby station in the previous month, there is
no way of knowing if this variatiom is a function of patchiness in phy-
toplankton distribution, a normal seasonal variation, or a direct or
indirect effect of the oil spill" (Straughan, 1971).

"A study of benthic foraminifera detected no mortality attribu—
table to o0il. Evidence suggests that there was higher productivity in
inshore waters. Studies of the sandy beach fauna did not reveal any

direct effects of oil pollution." (Straughan, 1971).
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Immediately after the Santa Barbara oil spill, Dr. Michael
Neushul (1970) initiated a study in intertidal and kelp bed areas.

While Neushul's work was to determine the immediate effects of the oil
spill, the work by Nicholson and Cimberg (1971) was aimed at determin-
ing the longer term effects.

Neither Neushul nor Nicholson and Cimberg were able to demonstrate
widespread effects of oil pollution from the January, 1969, oil spill on
intertidal species. Both these studies, along with a study by the Cali-
fornia Department of Fish and Game, reported smothering of Chthamalus

fissus and morality in Phyllospadix torreyi. The California Department

of Fish and CGame reported that the latter species was growing again in
damaged areas on the Channel Islands in August, 1969, At Punta Arena,

Santa Crugz Island, Hesperophycus harveyanus was damaged by the oil, but

"by August 6, near normal quantities of alga were observed' {(California
Department of Fish and Game, 1969:8). Nicholson and Cimberg reported

that Pollicipes polymerus was loose and later lacking from the substrate

at Carpinteria and East Cabrillo beaches. They attribute this to oil
pollution. While P. polymerus is present in low numbers at oil seep
areas such as Coal 0il Point (Straughan, Chapter 10}, in these areas it
is found growing with bases surrounded by 0il. Hence this effect on P.
polymerus may have been caused by other factors, particularly as it is
unclear from the text if these particular animals were covered by oil.

The California Department of Fish and Game, after surveys at Anacapa
and Santa Cruz Islands (1969:9), reported that "hile the shells of such

invertebrates as black abalone, Haliotis cracherodii, and goose-neck

barnacles, Pollicipes polymerus, were covered with oil, the animals them-

t

selves appeared to be healthy and viable." They did net record any loss

of Pollicipes polymerus (Straughan, 1971).
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"There was a decrease in the number of algal species found at both
Coal 0il point and Carpinteria between February-March (winter), 1969, and
June-July (summer), 1969. The lowest number of algal species was recorded
at Carpinteria (18) in July, 1969, and at Coal 0il Point (15) in August,
1969. Subsequent to this, there was an overall increase in the number of
species recorded at both stations during the next twelve months. The pat-
tern and extent of reduction and increase in species numbers was similar
"at both Coal 0il Point and Carpinteria, even though the former received
a negligible amount of clean-up by Union 0il and the latter was sub-
jected to large scale clean~up operations (Straughan, 1971).

Straughan examined several intertidal species for the sublethal
effects on breeding population and/or inhibition of larval settlement,
which determines the recovery of the intertidal areas. No effects on
breeding were found on surviving oiled individuals of two species of

barnacles, Balanus glandula and Chthamalus fissus in upper intertidal

areas. The former species settled on oil less than seven weeks after
the spill and the latter settled on oil ten months after the spill. There

are no records of Pollicipes polymerus settling on oiled surfaces and this

species did show the effect of reduced breeding in o0il seep areas and oiled
individuals in lower intertidal areas. But, according to Straughan, as
this species ranges from Alaska to Mexico, a reduction in breeding in a
small section of its range will not endanger the species as a whole.

Data presented on fish catch in the area, and surveys by the Cali-
fornia Department of Fish & Game suggest that the oil did not deplete the
fish population and that the fishing industry suffered economic losses more
from indirect causes such as the closing of harbors and fouling of boats
and equipment (Straughan, 1971).
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Data on the marine mammal populations do not prove large scale
mortality as a result of the oil spill and Brounell and Le Boeuf, 1971,
indicate that DDT may be the major cause of the mortality in California
sea lion pups.

In the long run, it was determined that recolonization commenced in
the intertidal areas within seven weeks of the spill which occurred on
January 28, 1969 and that as of November, 1970, most intertidal areas have
a "mormal' population on intertidal invertebrates.

In March of 1970 a blowout occurred off the coast of Louisiana
which has become known as the "Chevron Spill". After the fire was extin~
guished, oil continued to be released for another month. The oil slicks
were primarily influenced by the tidal currents as was evidenced by their
flow in directions often times in opposition to the wind (Murray, Smith &
Sonn, 1970).

There was no recorded bird kill and no evidence of any damage
caused by the spill to the marine enviromment at the well site or at
stations surrounding it (Mackin, 1972). Despite the fact that the govern-
ment would not allow the use of detergents or the Shell coagulating sub-
stance, oil only reached the shore of one island, and this was due to a
spill on March 16 & 17 onto fresh water which was easily tramsported to
shore by the wind. The fact that oil only reached the shore in this one
case is mainly due to the fact that the Mississippl River was flooding at
the time of the spill and the interfaces of river and sea water acted as
a barrier to the oil slick. Other factors that aided were the high waves
and winds which caused stirring and mixing and hence continued the break

up of the oil slicks (Murray, 1970).
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An earlier spill occuring in the spring of 1957 was not as lucky.
When the "Tampico" ram aground off the Mexican state of Baja California,
it blocked the entrance to a small cove, into which it released its en—
tire cargo of about 60,000 barrels of diesel oil, killing everything in
the cove in the intertidal region. In the entire cove, the only creatures
that survived and remained were the seaweeds in the sublittoral region,

the Littorina planaxis, a tiny smnail that lives above the high water

mark and several large green anemones, Anthopleura xanthogrammica, found

alive in the tide pools. Among the dead species were lobster, abalone,
sea urchines, starfish, mussels, clams, and hosts of smaller forms
(North, 1970).

By the summer the little cove was again fresh and clean. Mobile
animals such as large fishes, sea lions, and lobster appeared first.
Tiny organisms such as certain bryozoans began to colonize the barren
places. Sixty-nine species of animals have recently been observed in
the cove, compared to only two species immediately after the shipwreck.
Plants now number fifty-seven compared to four, one month after the
accident (North, 1967). Complete recovery of the cove took between

three to six years (Mackin, 1972).
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EFFECTS OF OIL ON ENVIRONMENTAL ELEMENTS

This section of the report describes how the oil will affect the
various environmental elements if the oil does come into contact with
the element. As discussed in a previous section of this chapter, the
weathering and age of the oil affect the general characteristics of the
0il and are important considerations in estimating the impact of oil on
the environment.

The literature includes many conflicting statements on the effects
of the oil on the envircnment. Many of these conflicting statements are
due to the variation in equipment used for measurement and the general
backgrounds of the authors. The following assessment of the effect of
0il on each envirommental element is believed to be fairly accurate;
however, missing information was assumed where necessary. It should be
noted, however, that mot all members of the study team agree to all

statements listed in this report.

Qffshore

The water soluble factors of the oil are expected to mix with the
surface water. The depth of mixing within the water column will be a
function of the sea state. The mixing depth as indicated by the depth
of the thermocline in summer is 10 to 30 meters. In the winter time, low
surface salinity in the nearshore water causes a pycnocline to form at 10
to 20 meters. The shallower mixing depths are asscociated with calmer sea
states while the deeper mixing depths are associated with the rougher
sea states.

Very little oil is expected to sink in the offshore area and only
under very heavy sea conditions will a significant amount of the oil

particles from the slick be entrained in the water column.
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o

The concentration of the water soluble fractions of the oil below

the sea surface (C at a depth z) can be estimated from {California, 1965)

2

-2

20 2
z

C = CS exp [

Where CS is the surface concentration. If 20% i1s assumed to be the depth
of the thermocline or about 33ft (10 m), z is the depth in meters and the

equation becomes

22
C= CS exp (—' —5‘6——)

The highest concentrations of soluble fractions will normally be found

near the surface.

Nearshore

Several observations from satellite photos have shown that the
width of the turbid or discolored waters will commonly extend to 5-7
statute miles (8-11 km) offshore due to wave action along the coast,
This would represent a water depth of about 30 ft (10 m). The thermocline
would slope upward in the nearshore area, thereby decreasing the thick-
ness of the surface mixing zone. Where the nearshore zone is turbid,
the soluble oil in the water column would be expected to extend to the
bottom. The suspended silts in the water column would indicate that
the surface mixing due to wave action would reach the ocean flgor.
Some oil droplets in the turbid area are expected to combine with silt
particles and may sink to the bottom, but because of the low level of
turbulence in this zone, sinking of oil is expected to be relatively

minor.
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Surf Zone

As the oil approaches the beach, the surf action will mix some of
the oil into the water. In the highly turbid nearshore zone along the
coast, the suspended silt particles will combine with the entrained oil
and cause some sinking. The rate at which this occurs is a function of
the turbulance within the surf zone and the contact time with the silt
particles. The presence of the oil slick will also cause some smoothing
the surf zone. The following characteristics of the surf zone were

estimated (Bascom, 1964).

Wave Percent Wave Breaker Surf Zone(l
Height of Period Depth Width

ft Time Sec Ft Ft

0-2 40 3 2 100

2~5 40 5 5 300

> 5 20 7 8 400

(1

Beach slope of 2%

The effect of the soluble oil fractions in the surf zone will be
minor. In this zone the sinking of the oil to the bottom might occur
because both silt partiecles and turbulent mixing are present. In order
to prevent damage to the bottom sorbent floating material should be added
to the 0il slick before it reaches the surf zone., This material will aid

in the oil removal operations expected to be in progress along the beach.
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EFFECTS OF OIL ON THE BEACH

The most effective method of handling the o0il and minimizing the
impact on the environment is to physically remove the oil from the water.
The beach forms the barrier which concentrates the oil and causes it to
become thicker. Barriers normal to the beach could be established to
stop the longshore transport and sorbent materials used to increase the
removal efficiency. Less damage to the environment is anticipated if
the oil is not allowed to drift uncontrolled but is quickly removed.

0il from a large spill that piles up near the beach will move
parallel to the beach with the longshore drift. The breaking waves in
the surf zone will tend to provide contact between the suspended sands
and silt within the water column and the floating oil slick. Some of
the 0il will sink to the bottom in the nearshore area.

The oil rises on the beach with each tide and the waves bring the

0il higher on the dry sand areas. As the tide drops an irregular coat-

ing of 0il covers the intertidal zome. The oil will adhere weakly to
wet surfaces, and with successive tides, the oil coating floats off wet
surfaces and much of the material is redeposited on the upper parts of
the beach that are exposed long enough to be dry between tides (Foster,
Charters and Neushul, 1971).

The slope of the beach was estimated from Texas Coast Inlet Studies—-
Beach Profiles, Jetty Condition Surveys and Mid-Point Survey, 1971, by
the Galveston District, Corps of Engineers. For most areas beach pro-
files were available from 1966 to 1971 with observations taken during
several seasons of the year. While the shoreline slope generally changes
seasonally, an average was selected that was representative of the slope

between +2 and -2 ft. elevation. The beach slope ranges from about 1 per-
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cent to 3 percent. An average value of 2% was selected as being repre-
gsentative of most of the coast.

With a tidal range of one ft (0.3 meters) the tide would expose a
35 £t (10 meters) strip of beach to oil. Assuming an oil thickness of
1/4 inch (7 mm) the beach could trap and hold the o0il at a rate of about
3/4 cu ft per limeal ft (0.07 m3 of 0il per lineal meter of bheach) or
about 100 tons per mile of beach. If 50 percent of the oil is lost to
evaporation before reaching the beach and the sinking of oil is neg-
lected, the 500 tom (570 m3) annual spill could affect about 3 miles
(5 km) of beach while the 30,000 (34,000 m3) ton spill could affect as
much as 150 miles (240 km) of beach. Hence, it is essential that oil
control and removal procedures be initiated along the beach for the

large spills.

ESTUARIES

The Texas coast consists of a series of bar—estuaries which will
generally prevent 0il from entering the estuaries under normal condi-
tions. However, 1f the oil spills enter across 4a bar, as might happen
during heavy seas, then they will stay much longer than in any other
types of estuaries because of the poor flushing rates of bar—estuaries.,
The flushing of Texas estuaries is limited by the small tides in the
Gulf, hence it is likely that if the oil enters the estuary it will
be trapped by marsh.

By the time the oil reaches the estuary mearly all of the toxic
compounds in the oil will have been lost. The major damage that

occurs will be along the inland beaches and marsh areas.
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PARKS AND RECREATION AREAS

0il pollution can have a negative effect on park and recreation
areas, namely, to make the areas less attractive., During the past few
years, the increasing number of incidents of oil pollution in public
parks and on recreation beaches has caused public attention to be focused
on the problem.

The Gulf of Mexico has a long history of oil pollution from natural
and human sources. 0il slicks were reported along the Texas Gulf Coast
in the late 1500's, and natural sepage is known to occur in several places.
Although the oil pollution problem of the Texas coast has received little
publicity (Hawkes, 1961), public attention was greatly increased by such
incidents as the Torrey Canyon, Santa Barbara, and Louisiana (Platform
Charlie) oil spills. When the Torrey Canyon grounded off England (in
1967}, oil fouled miles of beaches on both sides of the English Channel
and presented an enormous cleanup problem. The Santa Barbara oil spill
(in 1969) left over 45 miles of beach coated with oil. Since then, there
have been several spills in English waters, along the eastern, western,
and Gulf coasts of the United States, and around the globe (Enviromment,
1971).

Beaches which are oil-fouled are vacated except for sightseers
and workers cleaning the beach. The loss of attendance at public and pri-
vate beaches which have been fouled by 0il represents an economic loss to

the community and region (Hawkes, 1961; Smith, 1972).

MARSH
Cowell (1971) conducted several tests on the effects of oil on
salt marshes. In the tests, oil adhered to the plants and little washed

off during successive tides. Under the o0il films, leaves may remain green
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initially, but eventually yellow and die. Plants, however, recover by
producing new shoots a few of which are observed within three weeks of
pollution unless large quantities of 0il have soaked into the plant base
and soil. Seeadlings and annuals rarely recover directly. Chronic pellu-
tion may completely eliminate vegetation.

The effects of oil on plants depend upon several factors (Baker,
1970) including:

1. GSpecies and age of the plants.

2. Time of year and whether the plant is in an active-growth

stage or dormant.

3. Amount and type of oil involved.

4. Degree of weathering of the oil.

In general, toxicity to plants increases along the series: Par-
affins - nephthenes - aromatics. Within each series of hydrocarbons the
smaller molecules tend to be more toxic than the larger molecules. Large
molecules cannot penetrate plant tissues and volatile oils may evaporate
before they affect the plant. As a result, naphtha and kerosene fractions
may be the most toxic to plants (Baker, 1970).

Weathered crude is less toxic to salt marsh vegetation than fresh
0il (Cowell, 1969). A badly oiled marsh at Bentless on Pembroke River
which was severely damaged after the Chrysse P. Goulandis tanker accident
in 1967 was virtually completely recovered two years later. (Cowell and
Baker, 1969).

In studies conducted by Carr (1919) it was found that 0.75% crude
0il in soil improved growth and root-nodule development of sovbeans.
Mackin (1950) reported that crude oil rapidly caused the death of saltgrass

and saltwort but later the plants completely repopulated the area and
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resulted in lush growth. Kuwait residual was observed by Baker (1969)

to stimulate the growth of saltmarsh grasses and presented the possible
reason for growth stimulation as release of nutrients from the oil and

oil~killed vegetation.

Stebbings (1968) studied salt marshes in Brittany that were damaged
by o0il in April, 1967. A second study was conducted 16 months later to re-
view the recovery of the salt marsh. These marshes were able to withstand
heavy contamination (2-10 cm of o0il) with only slight and probably short
term floral composition changes. The o0il had been at sea for 14-18 days
and essentially all toxic fractions had been lost. The oil behaved pri-
marily as an impervious layer and prevented gas exchange from below the
blanket. There was extremely vigorous growth of certain plant species and
it seemed that these plants were deriving some nutritional benefit from
the breakdown products of oil. The concluding statement of Stebbings
(970) was "salt marshes can be very important sites for trapping and
holding oil off coastal waters while biodegradation and other breakdown
processes occur."

From the review of literature the following conclusions were made
in regard to marshes.

1. Heavy concentrations of o0il on the marsh and salt grass

will temporarily destroy the vegetation.

2. 0il does not appear to cause any significant long term

damage to the marsh area.

The rate of recovery for the marsh area will depend upon local con-
ditions, amount and type of oil, and type of grass. From the literature
it appears that it will require about two years for the marsh to recover

in northern climates and probably less in the warmer Gulf areas. In the
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marsh areas, the presence of organic material and nutrients will provide
favorable conditions for degradation whereas on the sandy beaches the
time required for degradation will be considerably longer. As a general
rule in biological treatment processes, the rate of biological activity
will double for each 10°C rise in temperature within the range of 5% to
35%.

Physical weathering and photochemical decay are also factors in-
volved in the degradation of the oil. The relative importance of these
factors is not known.

The amount of oil trapped by the marsh can vary but an average
thickness of 1/2-inch (12 mm) does not seem unreasonable for rough
estimates. Fox the 30,000 tom (34,000 m3) spill, a maximum of approxi-
mately 50% could under certain conditions reach marsh areas. This am-

ount of oil could be trapped by 300 acres (l.3(km)2) of marsh or approx-

imately 0.17% of the marsh along the Texas Coast.

LIVESTOCK

Much of the Texas coast is used for grazing of livestock. Salt
grass is often burned in the winter to remove the dead vegetation and
promote the growth of new grass in the spring.

McKee and Wolf in 1963 conducted an exhaustive search of literature
to determine the toxic concentrations of components of refinery waste
to humans. It was concluded that the threshold odor concentration
was low enough that the waters became esthetically objectionable at con-~
centrations far below the chronic toxicity level. Crude oil was detect-
able by taste at a concentration of 0.5 ppm. The odor of gasoline was

more easily detected than that of crude oil but crude oil was tasted
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more quickly. Aging caused petroleum odors to become musty.

In 1935 Ferguson and his committee stated that some cattle, sheep,
and hogs develop a liking for crude oil and suffer adverse physiologi-
cal effects from ingestion of oil-polluted waters. The adverse effects
may have been due to laxative properties or possibly to toxicity. What-
ever the cause, the animals failed to thrive and have been reported to
die as a result. Thus the toxic effects of a continuous spill might be
harmful to livestock in a fresh water area.

If the oil does affect the fresh water in the upper reaches of
the estuary, the strong odor and disagreeable taste of water heavily
polluted with hydrocarbons will make it unlikely that animals will
drink such water (McKee and Wolf, 1963). Animals will probably postpone

drinking until the water clears up or another source is available.

WILDLIFE

Due primarily to a high degree of mobility, most forms of land
animals may escape the effects of oil gpills and leakages. These animals,
including most mammals and reptiles, can escape all but sudden spills on
land, and can aveoid waterborne oil easily. On the other hand, the mammals,
reptiles and amphibians living in aquatic, swampy, or marshy habitats are
not so fortunate, as their natural habitat can be destroyed by the oil,
so that they have no place to return to. Those animals which do not flee
from the 0il may be killed by the ingestion of contaminated foods or
suffer "skin burns" from being covered with oil. If they flee from their
homes, these animals face stress and possible death from overcrowding,
starvation, predation, or disease.

The terrestrial mammals which would most likely be affected by an

oil spill and are of some aesthetic or economic value to man are: the
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river otter (Lutra canadensis), the beaver (Castor canadensis), and the

muskrat (Ordatra zibethicus). The nutria, an exotic nuisance introduced

from South America, occurs in the same aquatic habitats.

EFFECTS QF OIL ON BIRDS

Bird casualties from oil pollution number many thousands each year.
Moreover, several authors, who have summnarized the nature and extent of
pollution—caused bird kills, have also pointed out the upward trend in
both the number of oil spills and the numbers of avian casualties result-
ing from them (McCaull, 1969).

Because of their behavior and habitat, aquatic bird species (the
swimming and diving birds) have been found to be most affected by oil
spills. While aerial and coastal species avoid the 0il and are not greatly
affected, aquatic species cannot readily escape (Straughan, 1971) (Aldrich,
1970) (Zeldin, 1971). Those orders of birds which would be most affected
are: the Gaviformes (Loons), the Podicipediformes (Grebes), the Procell-
ariformes (Tubenoses), the Pelicaniformes (Pelicans and their Allies), the
Ciconiiformes (Herons and their Allies), the Anseriformes (Waterfowl-ducks
and geese), the Cruiformes (Cranes and their Alldies), the Charadriiformes
(Shorebirds, Bulls and Alcids), and the Coraciiformes (Kingfishers).

Two factors that appear to be involved in the death of aquatic
species, the external oiling and the ingestion of the oil, have received
some attention during the past few years (Hartung and Hunt, 1966; Zeldin,
1971). While the chemical differences between commerical crude oils and
between various refined products present problems in determining the exact
effects of the petroleum on the birds, Hartung and Hunt (1966) have

reported that lipid pneumonia, gastrointestinal irritation, fatty livers,
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adrenal cortex hyperplasm, acinar atropy of the pancreas, and toxic
nephrosis have been found in several kinds of ducks when they were fed
industrial oils, cutting oil, or diesel oil, This suggests that the
preening of oil-fouled feathers, which results in the ingestion of large
amounts of oil, causes the death of many birds.

Furthermore, the external oiling of aquatic birds has numerous
direct negative results. The oil coats the bird's bedy, mats its fea-
thers, displaces air between the feathers and the skin, and breaks down
the natural insulating oils and waxes. Damage to the plumage, the weight
of the fouling o0il and water, and the loss of natural buoyancy prevent
the bird from flying and necessitate constant swimming. Exhausted and
emaciated by constant swimming, an increased metabolic rate, and improper
feeding, the oiled bird also spends a disproportionate amount of time preen-
ing (instead of feeding) and its condition worsens. Efforts to preen the
0il from the feathers result in the ingestion of the oil, which is usually
toxic to the waterfowl. Thus, the waterfowl, weakened by the combination
of a number of factors, usually succumbs to the adverse effects resulting
from its contact with oil (Hawkes, 1961) (Aldrich, 1970) (Zeldin, 1971).

Efforts to rescue 0oil polluted birds have achieved negligible results,
with rarely more than 10 percent of the treated birds surviving. TFor ex-

ample, of the 7,849 birds rescued after the Torrey Canyon spill, less than

400 (5% ) survived (Conder, 1967). Those birds surviving the initial
treatment for ingested and external oil pose additional problems of housing
feeding, and handling. Also, crowding, behavioral stresses, and diseases
can create numerous difficulties. Because of these factors, it is esti-
mated that "it can cost $1,000 to try to save a single bird. With a success

ratio of only 10 percent, only 100 of every 1,000 oiled birds treated are
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likely to survive. Thus the cost could run to $10,000 per surviving
bird" (Zeldin, 1971).

Because the costs of saving waterfowl are so high, it is necessary
to find ways to keep the birds out of the oil when a spill occurs. This
is complicated by the fact that "Some researvchers think birds are umable
to distinguish oil-polliuted waters from unpolluted waters. Others think
seabirds are attracted by dead and dying marine life on oil slicks and
oil-covered beaches" (Zeldin, 1971). It has been suggested that the
birds' own alarm call or other sounding devices be used to scare birds
away from oil slicks. However, these devices, which have been used to
scare gulls and rooks, may not be applicable to all species of aquatic

birds.

Effect of 011 on Marine and Estuarine Organisms

General considerations: Blumer (1969) and Goldberg (1970) have

estimated that about lO6 metric tons of o0il are annually injected into
the world oceans primarily through leakage and spiliage, and most of the
loss occurs in the coastal waters.

Crude oil is a complex mixture of organic compounds with a wide
range of molecular weights and structures. Although different crude
oils differ markedly in their physical properties, chemically they all
contain essentially the same homologous series of closely related hydro-
carbons and non-hydrocarbon elements, but in different proportions. The
0il fractions principally responsible for immediate toxicity to living
organisms include the low boiling saturated hydrocarbons (which tend to
be soluble in seawater and highly toxic to marine life) and the low boil~

ing aromatic hydrocarbons (including benzene, xylene, naphthalene, and
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phenanthrene). The aromatics are highly soluble and more toxic than
the saturated hydrocarbons.

Laboratory studies indicate that marine algae are less severely
affected by oil than are marine animals (Worth, et al., 1964), but phy-
toplankton death occurs after four or five days exposure to levels as
low as one part per million if aromatic hydrocarbons are present. (Lacaze,
1967; Mironov and Lanskaya, 1967).

Laboratory studies suggest that among marine animals the eges,
larvae, and juvenile stages are generally more susceptible to the effects
of oil than are the adults (Hufford, 1971). 0il products emulsified in
seawater cause greater damage than oil films on the surface (Miromnov,
1970). Damage may result from physically clogging the gills, precipita-
tion of certain metals on the gill epithelium, direct action of hydro~
carbons on sensitive gill cells, blockage of taste receptors, and mimicking
or masking of natural chemical messengers important in the biology of sea
life (Blumer, 1969; Mironov, 1970). Five to sixty minute exposures to 1000
ppm diesel oil proved lethal to zooplankton and planktonic stages of ben-
thic marine animals (Miromov, 1970). Benthic invertebrates (especially
mollusks) vary in their sensitivity to oil, some forms succumbing quickly
at exposures of 10 ppm, while others remain active at concentrations of
1000 ppm (Mirecnov, 1967; 1969).

A number of studies indicate that the high boiling aromatics may be
carcinogenic. Carruthers, et al., (1967), demonstrated that certain frac-
tions of Kuwait crude oil are carcinogenic. Hueper (1963) reported tumor
growths in soft clams associated with crude oil pollution, and Wilbur (1969)

suggested that all crude oils and all oil products containing hydrocarbons
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with boiling points between 300 and 500°¢ should be viewed as potential
cancer producers. This, of course, implies danger to the marine life, but
also to humans and domestic animals which might consume marine organisms
exposed to sublethal concentrations of petroleum and its derivatives.

Hampson and Sanders (1969) found that fuel oil spilled near West
Falmouth, Massachusetts killed life in all phyla represented in that habi-
tat (from surface to the bottom ~ 10 m). Holmes (1969) showed that in the
Santa Barbara oil spill toxicity is almost immediate, leading to death
within a few minutes or hours. Also, the most immediately toxic fractions
can be spread vertically and horizontally for considerable distances,
especially if turbulence and water currents are pronounced.

Johannes (1970) pointed out that coral reef communities normally
exposed at low tide are especially wulnerable to theleffects of 0il pollu~
tion, but he indicated that little is known about the effect of oil on
submerged reefs. Since some of the toxic fractions are soluble, however,
and since lighter oils fractions quickly adsorb to suspended sediment
particles and then sink (Hawkes, 1961), it would be expected that reefs
in only a few fathoms of water would be damaged to a certain extent.

All of these problems become accentuated when oil pollution occurs
within confined or semi~confined basins. Kasymov (1970), writing about
pil pollution in the Caspian Sea, pointed out a sharp reduction in phyto-
plankton photosynthesis associated with petroleum pollution. Shallow
polluted areas always gave productivity values six to ten times less than
values obtained at stations in non-polluted areas, even though the basic
mineral nutrients were within the normal range. Zooplankton values were
only one third of the normal. Benthic fauna was reduced from 507.27 g/m2
to 28.09 g/mz. Fishery catches during the past 35 years have been reduced

from 300 million kg (excluding herrings) to 110 million kg (including
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herrings). Although many factors were implicated in the recent dramatic
reduction in the productivity of the Caspian Sea, Kasymov was emphatic
in his indictment of petroleum pollution as being the major factor.

The Torrey Canyon spill off Cornwall, England, pointed not only to
the adverse effects of petroleum on marine life, but also to the greater
dangers associated with the addition of detergents (Smith, 1968).

From the above information it may be concluded that the effects of
an oil spill will vary with the composition of the oil, extent of the spill,
sensitivity of the target species, life history stages involved, general
environmental conditions, and presence of other (potentially synergistic)
agents. Furthermore, little is actually known about the toxicity levels
of the particular petroleum products, acting singly or in concert with other
agents, especially in relation to plant and animal species native to the
northern Gulf coast. For these and other reasons it is not possible to
generalize with a high degree of certainty concerning ecological effects

of 0il spills in the area.
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CHAPTER V

SPREAD AND TRANSPORT OF THE OIL

The prediction of spread and transport of oil is essential for
a realistic evaluation of environmental impact. In this chapter
models and the methodology are presented to predict the fate of
0il at sea. The accuracy of the predictions cannot be better than
the data on which they are based. As pointed out in Chapter II,
the wind and water current data off the Texas coast are poor. A
final environmental impact analysis will require more complete wind
and sea data. Ichiye (1972) developed a model for predicting the
gravity spread of the oil from a spill. A copy of this paper is
given in Appendix C. Ichiye demonstrated that initial bore from an
instantaneous spill will be dissipated within minutes after the spill.
The effects of vizcosity will become important in limiting the
spreading and in several hours after the spill the average oil
thickness will be about 1 mm. Horizontal turbulent diffusion is
assumed to become the dominant driving force in the spread of the oil.

The volume and area for the 500-ton spill and the 30,000-ton
spill are listed in the following table for am average thickness of
1.0 mm. The area of the slick at the end of the gravity spread is
probably overestimated in that the oil will remain thicker in the
center than at the edges for some time after the spill. Diffusion
will tend to break the slick into patches and also reduce the thick-

ness of the oil.
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Table V-1. 1Initial Area of 0il Spills,

Spill Volume Diameter Surface Area of O LL
Tons m3 kn (km)z (nm)z 2
500 550 0.85 0.55 0.16

30,000 33,000 6.5 33, 9.6

[lSurface area if the average o0il thickness is 1.0 mm.

lequare nautical miles.

MODEL
The diffusion (transport) equation for oil is given by

adg

> >
5t ] va_+d_Vu=v@Ev) ')

where dO is the oil thickness, ﬁ is the mean flow (like tidal currents,
wind drift, slope or denslty currents) and Vu is perturbation. )
is (pseudo) vector of its eddy diffusivity. U is mainly due to gravity

effects and expressed by

P
3 - i 0
5 &+ Uvu = gp—VdO (2)

where o and p are density of oll and water respectively when operator
d/dt = 3/3t + TV 1is applied to (1) and dﬁ/dt ig substituted from {(2),

we have

2
..g..... = - 2 .g... +.
G 4, = g7d 7% + SVBva ) (3)

where g~ = gpo/p.
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The order of magnitude of the gravity term (the first term
of the r.h.s. of equation (3)) and the diffusion term can be exr

pressed by
lg”d v2d_|and|<pv24 (4)
o o “p )

where P is the time scale of spreading of the o0il pool. The ratio

of two terms is given by

*pg’dO/D = K (5)

On the other hand D & “pn+1 and n is usually positive. If

Kolmogroff's hypothesis is wvalid, n = 1. Experimental data (dye

patches) show n is between 1 and 2. Therefore
K g’do*pn (6)

Thus when “p is small K <1 and the gravity effect cannot be
neglected.

Forrester (1971) reported that the o0il spill from the tanker
Arrow in February 1970 off Nova Scotia produced cohesive oil lumps
to 1 to 2 mm3 after about 8 days of the spill. After 10 to 20
days, suspended particles of oil of 100u to 1 mm diameter were found
att 5m depth up to 120km from the source, and their concentratiocns
were more than 2 ppb. Since the particles were collected by the
Clark-Bumpus plankton sampler which is not designed to collect oll parti-
cles, many particles might have escaped from the sampler and thus
actual concentration might have been higher than these values. Also the
oil particles may float at the surface and make surface concentration

much highexr. It should be noted that the o0il spill was dispersed as
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suspended particles and not as a cohesive layer or film. The

concentration of the suspended particles can be treated by the
diffusion equation which thus will be valid several days after
the start of the spill.

The rate at which oil is spread by horizontal diffusion de-
pends upon both the sea state and the size of the oil slick. A
modified form of the Fickian diffusion equation is presented here
to account for the tramsport, spreading and decay of the oil
slick.

ad U D 344 D 324
X [»] Q

= o y
= — + + - Kd (7)
dt )4 aXZ BY2 0

Where do is the oil thickness, U is the unidirectional velocity
of the slick in the X direction and is the vector summation of the
wind and current components, DK is the longitudinal spreading
coefficient, Dy is the transverse spreading coefficient, and K is
the decay coefficient. K includes losses due to the water by
solution and to the air by evaporation. This equation is wvalid
only when the gradient of thickness (BdOIBX and ado/BY) is small
and thus the gravity effect is gmall compared with the diffusion
effects. However, this equation is valid when the oil poel is
broken up in small patches. Then do repregents the average con—
centration of oil. The spreading coefficient (D) is assumed to
include both the gravity spreading after the initial stages and
eddy diffusivity. The effects of biological degradation are con-
sidered to be very small in relationship to the solution and
evaporation terms. The oil slicks deseribed by this equation are

shown in Figure V-1.
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Figure V-1. Models for Predicting 0il Movement.
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For a slug loading or discontinuous discharge a solution to

the above equation is

*D_aﬁi +-ZE_]
M e"Kt ex 20'2 20 2
d Py y (8)

o Tnlo. 2o 21112
Xy

Where the coordinate axis moves with the center of the waste field,

(x = X - Ut), M is the initial volume of the oil spill, and qxz and

o] 2 are the variances in the longitudinal and transverse direction

respectively. The term

Kt

Me

ﬁ/fF[zeéyzll/z 9

is equal to the maximum thickness at the center of the slick (dm).
The relationship between the change in variance and the gpreading

coefficient is given by

2
da
-1 %
Dx T2 4t (10)
1 do 2
Dy ='§ dt (1D

The equation of contours of equal thickness (concentration) is
‘obtained by dividing equation {8) by the maximum thickness at the
centroid, taking the log of each side and multiplying by two, the
equation. It represents a family of ellipses with a center at X = Ut

as given by

2
X
__._2.-}-2...2..;1 (12)
a b
d
2 2 ol
a” = ZGK lnfagl (13)
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d
2 2 m
b® = ch lnfa*] (14)

o
where a and b are the major and minor semi axis of an ellipse.
After the glick is broken into patches the edge of the slick is
assumed to form an irregular boundary. The average oil thickness
for an ellipse fitted to the outer edge of this slick (see Figure
V-1) was taken as half the average thickness (dm/2). With these
assumptions the values of the semi major and semi minor axis

become:

6 % = 0.7a% (15)

o % = 0.7b% (16)

The 4/3 law of eddy diffusion is the same as the variance
increasing with the cube of the time and the diffusion coefficient
varies to the square of the time. For a continuous source, the
width of the o0il slick would increase at an increasing rate if the
4/3 law were applicable as shown in Figure V-2.

The resulting shape of the Louisiana slick is shown in Figure V-
3, indicating a constant spreading coefficient. This seems to be
due to neglecting the gravity effect in the initial stages of the
spreading. For the purpose of this study the spreading coefficient
will be assumed to be constant for a given sea state and spill
volume. High diffusion rateg will be estimated for the model and
these values will be assumed to include the effect of gravity
spreading during the early stages.

Blacklaw, et al., (1970), showed that the energy available for
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mixing increased with approximately the cube of the wind velocity

as listed below:

Table V-2. Energy Available for Mixing.

Wind Velocity Mixing Energy
kts m/s fe-1bs/ft2  cm-gm/cm?
2 1.4 0.03 0.5
5 3.4 0.4 6.0
10 6.8 4.0 60.0
20 13.6 30.0 450.0
30 20.5 100.0 1500.0
40 27.3 260.0 3900.0

Thus as the sea state increases both the spreading coefficients
and decay term should inecrease. Table V-3 gives the relationship
between sea state and wind velocity for the open sea, not limited
by fetch or duration.

Kennedy and Wermund (1971) were able to reproduce the
Louisiana slick of March 11, 1970, using a spreading coefficient
of 400,000 cmzlsec. This value appears high when compared to
values normally encountered in water quality studies where the
waste is mixed throughout the water column. An oll slick is on
the water surface and the air turbulence and wind gusts are more
effective in spreading the surface slick than spreading particles
within the watexr column.

If the oil slick is transported by the mean flow, the spread
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of the oil patch decreases. An increase in wind speed increases
the surface drift and thus produces an elongation of the patch.
On the other hand, the increase in the wind speed increases the
turbulence in the upper layer of the ocean and thus the spreading
coefficient will be considered to increase with the wind speed.
Therefore, an increase of the wind speed may spread the oil patch
and elongate it. The longitudinal spreading coefficient (Dx) is
not considered effective in reducing the average oil thickness for
a continuous spill with a mean flow because of the low gradients.
However, for a ‘slug or discontinuoug spill the longitudinal
spreading coefficient is effective in spreading the oil.
Spreading coefficients assumed fox this study arxe listed in
Table V-4. As discussed above, the spreading coefficients will
increase with the wind speed. Since the dimension of the three
spills each differed by a factor of 10, the spreading coefficient
was also considered to increase with the size of the spill. This
increase is to account for the shift in describing the spill
movement from the convection term to the spreading term in the

model as the size increases.

Table V-4. Spreading Coefficients for Three 0il Spills.

SPREADING COEFFICIENTS x 1077 cmzlsec
Continuous Spill 500-ton Spill 30,000-ton Spill

5-10 2.5~ 5 0.7 0.5 1.5 1.0 3.0 2.0
10-20 5 ~10 1.5 1.0 3.0 2.0 6.0 4.0
20-40 10 =20 3.0 2.0 6.0 4.0 12.0 8.0
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The transport of oil on the sea surface is illustrated in
Figure V-4. The resulting movement of the oil is estimated as
the vector gum of the water current plus 3.1% of the wind. In

this study, no correction was applied for the coriolis force.

CONTINUOUS SPILL

The American Petroleum Institute investigated the spreading
of 0il on water surfaces and presented the thicknesses and de-

scriptions listed in Table V-5.

Table V-5. Appearance of Thin 0il Films.

OIL ON SURFACE

Gallons Liters per  Approximate Film
Per Sq Mi sq. km. Thickness, mm Appearance

25 36 0.00004 Barely visible under
.most favorable light
conditions.

50 73 0.00008 Visible as a silvery
sheen on surface of
water.

1006 150 0.00015 First trace of color
. may be observed.
200 290 0.00030 Bright bands of color
are visible.
666 970 0.0010 Colors begin to turn
dull.
1332 1950 0.0020 Colors are much darker.

Films up to 0.00008 mm did not persist for more than five hours
on agitated water surfaces. A slug of oil at sea required 40 to

100 hours to thin out to 0.001 mm but thereafter disappeared
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Figure V-4. 0il Transport on the Sea Surface.
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entirely in less than 24 hours. The API reports that oil may he
discharged uniformly at a rate of 10 gallons per hour per square
mile without becoming visible, but a rate of 28 gallons per hour
per square mile would result in a continuous irridescent film.

The flow rates for a continuous spill were 1.2, 2.3, 4.2 and
8.5 barrels per day (7.9, 15.2, 28 and 56 liters per hour).
Assuming an average wind speed of 10 kts (5.1 m/s) and a ratio of
0il slick to wind speed of (0.031, the oil from the continuous
source would be transported away from the port facility at a rate
of approximately 0.3 kts (0.15 m/s).

Since the oil volume is small for the continuous spill, surface
tension spreading is assumed to be effective in reducing the oil
thickness. Several hours after spilling the oil slick is assumed
to appear as bright color bands. According to Table V-5 the
thickness would be approximately 0.0003 mm. The initial width of
the plume required to achieve this thickness would be as listed in
Column 2 of Table V-6. The third column of the table lists the
plume width required so that the average oil concentration is less
than 10 gal per sq mile at which time the ofl film should no
longer be visible to the eye. TFor a section across the plume as
it travels away from the source, the time required for the oil to

disperse was estimated from

Ao z

1 y !
Dy T2 At (7).

where the width of the plume was assumed to be equal to three

times Uy. Based on a normal distribution, nearly all the oil
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would be within this width. Since both the oil slick velocity
and diffusion coefficient increased with the wind speed, the area
of visible influence of the continucus spill is nearly independent
of the wind speed. Figure V-5 shows the estimated relative size
of the visible area of influence of the continuous spill for the
yvear 2000 at the offshore site (site 1).

If the oil at a concentration of 10 gal per sq mile (14.61
liters per sq. km.) is assumed to be dissolved and suspended in
the upper two meters of water, the resulting concentration would be
50 parts per billion. The wind will carry the oil away from the site,
at an average rate of about 0.1 kts (0.15 m/s) while the water
currents in the area are about 0.1 kts (0.05 m/s) parallel to
the coast. Hence the oil that does enter the water column generally
is expected to travel parallel to shore rather than towards

the beach.

ACCIDENTAL SPILLS

Wind data at Houston can be used roughly to predict oil spill
movement by using a wind factor of 0.031; i.e., the oil slick speed
is estimated at 3.1% of the wind speed. By use of mean wind
speed and distances of site 1 (offshore) and site 2 (nearshore)
of the proposed port, hours to reach the beach for each direction
of wind and percentages of such occurrence were computed and shown
in Table V-7. The results indicate that in most months the spill
will reach beach within two days at Site 2 and 4 days at Site 1.
The percentage of time that beaching i1s likely to accur is listed

in Table V-8. The data indicate that the o0il will travel towards
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the beach more than half the time. The percentage of time that the
spill would reach the beach within a given time period is listed

in Table V-9.

500-TON SPILL

The transport model given by equation 8 of this section was
used to predict the size of the oil spill at several times after
release and for three different wind conditions. Tables V-10,

11 and 12 show the approximate size of the 500-ton (570 m3) spill
for times up to 61 hours after the spill.

As described in the section on the general characteristics of
oil, part of the oil dissolves into the water column. The aromatic
mono—cyclic fraction appears to be the most critical in their
effect on 1ife in the water column. From Table IV-2 a rough estimate
of the amount of this fraction which would enter the water column
is taken as the ratio of dissolution to evaporation rates, i.e., for each
part that enters the water column approximately six parts should
evaporate. The amount of aromatic mono-cyclic fraction in the oil
is estimated at 2.5% (see Table IV-1) or 12.5 tons in the 500-ton
spill. The aromatic mono-cyclic fraction is assumed to be dissolved
into the water column uniformly to a depth of 10 m. If the hori-
zontal extent of the dissolved oil is assumed equal to the horizontal
extent of the oil slick at the end of 7 hours from Table V-11, the
average concentration of aromatic mono-cyeclic fraction weould be 0.03
ppm. As shown in Figure V-6, the oil that goes into the water
column does not necessarily move with. the 0il slick but will move

with the water current. The o0il that goes into solution originates
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Table V-10. 0il 8lick Size, 500-Ton (570 m3) Spill,

Wind 5 - 10 kts.Ié

Average Thickness

Time Major Axis Minor Axis Areag No Loss With Loss
Hrs. km L (km) < mm
1 .85 .85 .567 1.000 1.00
7 2.12 1.79 3.09 .1836 0.138
13 2.88 2.39 5.41 .1049 0.065
19 3.48 2.87 7.84 L0724 0.043
25 3.99 3.27 10.25 .0554 0.029
31 b4obh 3.64 12,69 . 0447 0.023
37 4.85 3.96 15.08 .0376 ¢.019
43 5.23 4.26 17.50 .0324 0.016
49 5.58 4.55 19.94 .0284 0.014
55 5.91 4.81 22.33 . 0254 ¢.013
61 6.22 5.07 24,77 .0229 0.011

[é Diffusion Coefficients from Table V-4.
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Table ¥-11. 04il Slick Size, 500-Ton (570 m3) Spill,

Wind 10 - 20 kts.'l

Average Thickness

Tinié Major Axis Minor Axis  Area No Loss With Loss
Hrs. kam km (km) ¢ mm
1 .85 .85 .567 1.00 1.00
7 2.88 2.41 5.45 .1041 0.073
13 3.99 3.30 10.34 .0548 0.030
19 4.85 4.00 15.24 .0372 0.020
25 5.58 4, 59 20.11 .0282 0.015
31 6.22 5.12 25.01 .0227 0.012
37 6. 80 5.60 29.91 .0189 0.009
43 7.34 6.03 34.76 .0163 0.008
49 7.84 6. 44 39.65 . 0143 0. 007
55 8.31 6.83 44.58 .0127 0.006
61 8.75 7.19 49,41 .0115 0.005

L]-'-D:i.ffus'.ion Coefficients from Table V-4.
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Table V-12. 0l Slick Size, 500-Tom (570.m>) Spill,

Wind 20 - 40.kt.l£

Average Thickness

Time Major Axis Minor Axis Area No Loss . With Loss

Hrs. km km (km) £ mm
1 .85 .85 .567 1.000 1.000
7 3.99 3.29 10.31 .0550 0.033
13 -5.58 4,57 20.03 .0238 0.014
19 6.81 5.57 29.79. . 0190 a. 010
25 7.84 6.41 39. 47 L0144 0..007
31 8.76 7.16 49.26 . 0115 (. aga
37 9.59. 7.83 58.97 .00%6 0.005
43 10.35 8.45 68.69 .0083 0. 004
49 11.06 9.03 78.43 .0a72 0. 004
55 11.73 9.57 88.16 . 0064 0.003
61 12.36 10.08 97.85 .0058 0. 003

Il'-D:i.ffus:[.on Coefficients from Table V—4.
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from a moving source and the horizontal area and the actual
dilution are expected to be greater than that determined above.

A more accurate assessment could be made of the concentration
distribution by assuming a decaying source at a fixed location
with the apparent motion replacing the uniform transport velocity
in the diffusion model.

Upon reaching the beach nearly all the volatile fractions of
the oil will have evaporated. Assuming that 50% of the oil is
lost to the atmosphere and to the water column, approximately 250
tons of oil would reach the shore. It is expected that for this
size spill the oil would not drift aleng the coast but would

impact a section of the coast equal to the width of the oil slick.

30,000-TON SPILL

Tables V-13, 14 and 15 list the approximate size and thickness
for the 30,000-ton spill for 5 - 10, 10 — 20 and 20 - 40 kt winds
respectively. It is assumed that the'oil will contain approximately
2.5% aromatic mono~cyclic fraction (750 tons) and based on the ratio
of evaporation rate to dissolution rate, approximately 1/7 of this
fraction will go in solution in the water column. From Table V-14,
the 30,000-ton spill at the end of 8 hours will cover an area of
about 43 (km)z. The o0il fractions in solution will cover a much
larger horizontal area than the surface area of the slick (see
Figure V=-6). Using the surface slick area for the purpose of
estimating a maximum concentration expected and a vertical mixing
depth of 10 meters, the resulting maximum concentration of the

aromatic mono-cyclic fractionm in the water column would be 0.2 ppm.
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Table V-13. O0il Slick Size, 30,000-Ton (34,000 m>) Spill,

Wind 5 - 10 kt.ll

Average Thickness

Time Major Axis Minox Axis Avea No Loss With Loss
Hrs. Im lrm (km) < mm
2 6.5 6.5 33.0 1.000 1.00
9 7.06 6.88 38.15 0.865 0.65
14 "7.58 7.24 43.10 0.766 0.47
20 8.06 7.59 48ﬂ05 0.687 0.38
26 8.52 7.91 52.93 0.623 0.33
32 8.96 8.23 57.91 0.570 0.30
38 9.38 8.53 62.84  0.325 0.27
44 9.77 8.83 67.75  0.487 0.25
50 10.15 9.11 72.62  0.454 0.23
56 10.51 9.39 77.51 0.426 0.21
62 10.87 9.66 82.47  0.400 0.20

i Spreading Coefficients from Table V-4.
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Table V-14, 0il Slick Size, 30,000~Ton

(34,000 m°) Spill, 10 - 20 kt Wind.*

Average Thickness

Time Major Axis Minor Axis Area No Loss With Loss
Hrs. km km (km) © mm
2 6.5 6.5 33 1.00 1.00
8 7.6 7.2 43 0.77 0. 49
14 8.5 7.9 52 0.63 0.33
20 9.4 8.5 62 0.53 0.26
26 10.1 9.1 72 0. 46 0.23
32 10.9 9.6 82 0.40 .20
38 11.5 10.1 91 0.36 0.18
44 12.2 10.6 101 0.33 Q.16
50 12.8 11.1 111 0.30 0.15
56 13.4 11.5 121 0.27 0.14
62 13.9 12.0 131 0.25 0.13

* Spreading Coefficients from Table V-4.
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Table V-15.

0il Slick Size, 30,000-Ton

(34,000 md) Spill, 20 - 40 ke Wind. %

Average Thickness

Time Major Axis Minor Axis Area No Loss With Loss
Hrs. kem Tm (km) £ ™m
2 6.5 6.5 33 1.00 1.Q0
8 8.52 7.90 52.86  0.628 0.46
14 10.15 9.09 "72.46  0.458 .23
20 11.55 10.14 91.98 0.361 Q.18
26 12.80 11.09 111.49 0.298 0.15
32 13.93 11.96 130.85  0.253 0.12
38 14.99 12.78 150.46  0.220 0.11
44 15.97 13.55 169.95 0,195 0.10
50 16.90 14.28 189.51 0.175 0.09
56 17.77 14.97 208.93  0.159 0.08
62 18.61 15.63 228.45 0.145 0.07

Jl-Spreading

Coefficients from Table V-4.
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By the time the oil reaches the coast approximately half of
the 0il will have evaporated leaving about 15,000 tons (17,000 m3)
in the oil slick. The beach is expected to act as a barrier and
cause the oil to become thicker near the beach. Assuming an
average thickness along the beach of one cm, the area of the slick
would be 1,700,000 sq meters. If the width of the o0il slick per-
pendicular to the beach is 100 meters, the o0il slick will extend
along the coast for about 17,000 meters initially and longer as
the slick moves along the coast. Witha0.2 kt longshore current
the oil slick will require several tidal cycles to pass a given
point.

The beach will also absorb and retain a part of the oil at a
rate estimated at 100 tons per mile. Absorption of oil is a com-
plicated process including formation of suspended particles,
attachment to bottom, bilodegradation, etc., but it may mean longer
duration than floating on the surface. Without other considera-
tions it would take about 150 miles of heach to absorb the oil
naturally. With a longshore current velocity of 0.2 kts, the oil
would require about 30 days to traverse this distance.

The nearshore area along the Texas Coast is very turbid. It
would be expected that after a few days of mixing in the surf zone,
that some of the oil would sink. This process is not clearly

understood and it may not be beneficial but rather damaging since

the oil, in addition to causing damage to the bottom organism, will

be a pollution source for an extended time period. This makes it

desirable that floating sorbent material be added to the oil slick
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as it approaches the coast and mechanical methods along the beach
be utilized to remove the oll from the sea.

Assume that the rate of sinking is proportional to the amount
of o0il remaining in the slick, the contact area between the oil
slick and the turbid waters and the mixing time that the oil has
been exposed to the suspended sediment in the nearshore water.

The amount of oil remaining in the slick will decrease with time
and the exposure area is expected to increase slightly. While
studies are required, a simplified model is suggested for this

report.

av _ .
=K - KVt

where V is the volume of the o0il remaining on the sea surface, t
is time in days, Kl is the rate at which oil is absorbed on the
beach, and K,Vt is the rate at which the o0il is sunk. A plot of

2
this equation appears as shown in Figure V-7,

In addition to the loss of o0il to the beach and to sinking,
0il is also removed from the coastal slick by estuaries. As the
estuaries are the most productive part of the marine envirooment,
emergency plans for establishing barriers about the inlets should
be formulated before constructing the port. The division of oil
flow along the coast and into the estuary will depend upon the
geometry of the inlet, wind direction, oil set up along the beach
and the currents at the entrance. High altitude NASA aerial photo-
graphy was used to identify and locate points along the coast where

0il might enter the estuaries. Most of the sghore impacted would be

high energy beaches with a small amount of marsh areas affected.
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Most of the marsh along the outer coast is protected by a beach
ridge.

The last plot in Figure V-7 gives an estimated division of
oil for a 30,000-ton (34,000 m3) spill without any form of oil
spill control. It is estimated that 50% of the original oil
volume would be lost to evaporation and dissolution before reaching
the coast. After reaching the coast, approximately 25% of the
remainder would be absorbed by the coastal beach, 15% would enter
the estuaries and 10% would be sunk along the coast. As shown in
Figure V-8, approximately 80 miles of coastal beaches might be
affected along with another 70 miles of estuarine beaches. These
are only rough estimates of the fate of the oil. Considerable
research is required both in laboratory testing and field studies
in order to predict accurately the fate of the oil from an off-
shore spill. It would be expected, however, that in the case of
an actual spill, control procedures to block estuarine entrances
would be initiated and the actual impact would be limited to

coast beaches.
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CHAPTER VI

CONTROL AND CLEANUP OF OIL

Control and cleanup procedures are an essential part of all
environmental impact studies. Any realistic assessment of the
impact of an oil spill must include those control measures which can
reasonably be expected to be in operation. This chapter describes
the existing state of the art for control and cleanup procedures.
By the time the offshore port is constructed, additional advances
are expected.

The control of accidental oil spills is broken down into three
subgroups depending upon where the spill occurs: at the terminal, at
sea; or near shore so that containment is concentrated at the coastal

inlets.

CONTATNMENT AT TERMINAL

During the loading and unloading processes for both supertankers
and transshipment vessels, some small quality of oil is inevitably
spilled directly into the water or washed from the docks. In
addition, a cerfain number of small accidental spills are likely
to occur. The CEQ specification provides for the following
quantities of periodic, operational oil spills at the terminal

berths.
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Freguencz

Alternative Year Amount Supertanker Transshipment
A 1980 840 bbls 30 gals/oper. 4.8 gal/oper.
{588 total) (3673 total)
A 2000 3094 bbls 30 gals/oper. 6.0 gal/oper.
{2165 total) (10,827 total)
B 1980 420 bbls 30 gals/oper. -none-

(588 total)
B 2000 1546 bbls 30 gals/oper. -none-
(2165 total)

Because of the small quantity and periodic nature of these spills,
it is anticipated that containment equipment will be in place surround-
ing the normal loading or unloading operation so that immediate con-~
tainment and removal can take place should a spill occur. The
protected environmental conditions afforded by location #2 with the
6,000 foot breakwater would allow existing containment and pick-up
systems to be employed with a fair chance for 100% removal. As will
be demonstrated later, Location #1 is more susceptible to severe en-—
vironmental stress, hence effective control and removal is less
reliable with today's technology. Other floating wastes from bilge
and sewage syétems are not considered in this discussion as these
wastes can be adequately controlled by a port operated holding and
treatment facility.

0il spill control at the terminal can be greatly influenced by
terminal design. Consideration must be given this factor in site
selection and ultimate design. For example, the island concept, if

properly planned, (see Figure VI-1) could trap spilled oil from
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supertankers or could allow slipg to be sealed off during transfer.
Breakwaters would make floating containment barriers surrounding
ships function more effectively in reduced wave conditions., Strong
currents could also be reduced by proper design and perhaps with the
aid of a hydraulic model test. The limitations of existing and po-
tential control equipment must therefore be considered.

There exists a vast number of floating o0il spill containment
devices (booms). Almost all have severe limitations regarding the
wave heights and currents in which they can retain 100% of a spilled
0il volume. Unfortunately, most manufacturers claim effective per-
formance under conditions more severe than actual field test data
warrant. Short, choppy waves usually are most troublesome because
the barrier is too sluggish to "follow" these waves and oil sneaks
out underneath or sloshes over the top. FExcessive currents also
entrain oil droplets near the front of the contained slick which
pass undisturbed beneath the barrier. These limitations become
crucial for open sea containment systems and will be discussed fur-
ther in that section. This type of containment system however, does
allow the removal system to become an integral part of the overall
design which is a definite advantage over other concepts. It would
be placed around the ship after docking and removed bhefore sailing.
Storage, maintenance and placement personal would be required.

A totally different concept in oil rétention barriers has also
found acceptance ~ primarily in European harbors and ports. The de-—

vice is called the pneumatic barrier in which a continuous upward
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flow of air bubbles from a submerged pipe manifold drags water along
creating an upward current. At the surface the air bubbles dissipate.
The upward water momentum is deflected and causes a surface current
which can be used to oppose the potential spreading energy of oil at a
given depth of oil. When equilibrium is established the o0il is essen-
tially contained by the bubble generated current., Breaking waves and
strong natural currents require large amounts of power to generate the
water currents at the surface to contain oil. Under these conditions
some 0il continuously drains over the top as small droplets or is
swept through. The limitations of this device will also be discussed
in more detail in a later section on open sea containment. The pri-
mary advantage of the pneumatic system is its permanent installation
below the water where ships can pass over or through it so that hand-
ling is not mnecessary for each vessel. However, separate pickup and
removal equipment must be available to move into and extract the con~-
tained oil. A list of over 35 installations is known including the
Antwerp Harbor (Belgium) where three pneumatic barriers (each 575 feet
long) are installed across the docks of an oil refinery to prevent oil
spillage during transfer operations from spreading into the harbor.
Also, a pneumatic o0il containment system is installed in the La Plata
Harbor (Argentina) to stop floating petroleum from reaching commercial
and public beaches in the area.

There are other methods of controlling and collecting spilled
0il. Skimming devices scrape oil off the water surface or force it

along rotating elements (plates, disks, belts, etc.) from which it can
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be recovered. Vortex generating devices act to separate oil and water
and have been developed. Magnetic liquids can be added to the oil and
recovery by magnetic pick-up devices is then possible. The most pro-
mising of all these collection devices for use in offshore terminal
harbors appears to be the moving inclined plane oil skimmer developed
by the JBF Scientific Company for the Environmental Protection Agency
{See sketch, Figure VI - 2). As the collection boat moves
through the water, oil is forced along the moving plane until it
reaches the collection well from which it is pumped to an auxiliary
collection tank. The Navy has purchased a 25 foot unit and a 35 foot
unit has been designed. The details of this device can he fouﬁd in
the article by Bianchi, Farrell, and Johanson (1972).
A wide variety of treating agents have also evolved and have
been used in the field. These include:
1. Sorbents - materials that absorb oil to form a floating mass
for later collection and removal.
2, Sinking agents - materials (sand, ete.) which create a high
density compound or agglomerate which sinks.
3. Burning agents - chemicals, materials, etc. which assist
ignition and enhance combustion of spilled oil.
4. Dispersants - chemicals creating formation of oil-in-water
suspensions.
5. Biodegradants - substances that oxidize o0il by bacterial
action.
6. Gelling agents - chemicals that form semisolid oil agglomer—

ates for ease in removal.
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7. Herdering agents - chemicals that concentrate the volume of

spilled oil in a small area.

An excellent review of these treating agents was presented by
Blacklaw, Strand & Walkup (1971), and their use in treating large oil
spills at sea will be reviewed extensively in a later section. Be-
cauge of the relatively small quantities involved in periodic spills
during normal terminal operation, the environmental effects stemming
from the use of these treating agents is relatively small. Conse-
quently, the toxicity and environmental impact of each type of agent
along with its effectiveness will be discussed later for massive
treatment operations. They are only mentioned here for completeness
in rounding out the list of types of containment equipment, control
and removal devices, and treating agents that have been developed and
are discussed in the current literature.

All of the above mentioned control and containment methods are
limited in performance and operation by environmental variables such
as wave height, wind conditions, and currents. In some cases they
have been designed to control spilled oil in certain sea states, but
have never been actually tested under severe conditions. Other de-—
signs are primarily for use in protected harbor environments. Almost
all actual field tests in which performance has been relatively
suceessful have occurred under fairly ideal environmental conditions:
wave heights less than 2-3 feet, light winds, and small currents of
0.5 knots or less. It therefore appears that control of oil spills

at the terminal can be effective and is a relatively minor problem if
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terminal site selection and design can incorporate environmental con-
siderations for the proper functioning and performance of existing oil
spill containment and removal devices,

Since Location #2 provides a sheltered harbor area by the use of
a breakwater, and since the platform or island of Location #2 can be
designed to permit positive spill control in o0il transfer, from the
above arguments it would appear that this site would be preferable for
0il spill comtrol at the terminal. Location #1 is subjected to open-
gulf environmental conditions at the unloading buoys and consequently,
imposes severe limitations on "effective" performance of the control
equipment presently available.

In addition, the volume of o0il spilled should be relatively small
and any that escapes collection will be readily diluted and naturally
degraded. Use of toxic treating agents can be limited to small quan-
tities as required to meet water quality standards.

It is therefore concluded that periodic, operational oil spills
of the magnitude estimated can be effectively controlled with todays
methods so that the impact on the water quality and environment in the
terminal area is very small. This will be true provided the terminal
is designed to create environmental conditions which will permit the
control equipment to function properly. The reasons for this con-
clusion are essentially:

1. The relatively small volume of oil inveolved.

2. The proven effectiveness of the control technology when oper-

ating in a protected environment (small waves, currents, etc.).
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3. The large dilution capability available with an offshore

site.

CONTATNMENT AT SEA

For a wide variety of possible reasons, accidents could occur in
the natural gulf sea environment which could cause oil spills that
would be considered of major proportions. The CEQ specifications
consider two types: a yearly 500 ton (125,000 gals) spill and a major
30,000 ton (7,500,000 gals) spill which occurs once in 20 years. The
fate of these spills if not contained is discussed in another section
of this report. This section will review the current state of the art
of o0il spill control and removal technology, in particular, the pro-
gram of the U.S. Coast Guard, which began in 1968, for containment at
sea under severe sea state conditions. In addition the environmental
impact of numerous types of treating agents will be reviewed., It
should become evident in the following discussion that although tech-
nically feasible, effective control of large massive spills in severe
weather has yet to be positively demonstrated in the field. TIn addi-
tion, the national plans for control of at sea spills have yet to be
implemented. Therefore, massive spills cannot now be controlled or
stopped from reaching the shorelines of Texas if a spill should occur
in the Gulf of Mexico.

In June, 1970, a plan of action for federal, state and local
authorities was developed by the Council on Environmental Quality and

was entitled the "National 0il and Hazardous Materials Pollution
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Contingency Plan'". In it a mechanism was established for coordinating
the responge to a spill of oil {(or other hazardous material) among
interested government agencies. For offshore waters the following
three classes of spill volumes was established,

1. Minor - less than 1,000 galions

2, Moderate - 1,000 to 100,000 gallons

3. Major - wmore than 100,000 gallons

By these definitiomns, the size of spills considered here are both
of the "major" type. In the plan, because of its expertise in the
fields of navigation, port safety, etc., the U.S5. Coast Guard was
given respomnsibility for developing regional plans and for furnishing
On-Scene Commander who is the sole responsible agent to coordinate and
direct the spill control activities. The Coast Guard has also assumed
responsibility for controlling oil spills in other ways.

In 1968, plans were begun by the USCG to develop a prototype oil
containment system for use on the high seas. It was considered that
a prime requisite fer effective cleanup of massive spills at sea is
the ability to quickly confine the spilled o0il to an area as small as
possible. It was also felt that equipment and techniques which can
control the spread of relatively thick films should allow the subse-
quent development of efficient cleanup devices and materials. The
Coast Guard therefore undertook the development of two high-seas oil
spill containment systems.

One was designated a "lightweight' system which was to be air

dropped and easily deployed by locally available boats within four
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hours of a reported accident. Strategic positioning of the final
gystem was assumed in order to cover the U.S5. coastline. The other
system was called the "heavy duty" system and was also to be designated
for alr transport to the near vieinity with final transportation and
emplacement by CG buoytender type vessels. Emphasis for this system
was on long term emplacement at sea with minimum deployment response
time a desirable goal. Envirommental criteria for the "effective"
performance of the heavy duty system was as follows:

Wind: Hourly average of 40 mph at a2 standard referemce height of

10 meters. Corresponding wind speed at any height below

10 m determined from table.

Height above MWL Percentage of Wind Speed
{meters) at 10 m

0.5 65

1.0 72

2.0 79

3.0 84

5.0 90

Waves:

Parameter Deep Water Shallow Water
Significant* height, ft. 10 10
Significant period, sec. 7.5 6
Average height, ft. 6.4 6.4
Average period, sec. 6.3 -
Average length, ft. 134 100
Range of pericds, sec. 3.4 - 12 —
Period of energy max, sec. 8.9 -
Highest 1/10 wave ht, ft. 13 ——

Significant height is the average height of the one-third highest
waves of a given wave group (> 100 waves).
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Current: Uniform over depth at 2 knots (3.38 ft/sec)

Similar criteria were established for the lightweight system; however,
significant wave height was only 5 feet and the hourly average wind
speed at reference elevationm was 20 mph. A 20,000 ton overall spill
capacity was desired for the barriers which were to be in 1,000 £t
modular sections,

For the creation of these systems a development competition was
instituted. Of over 40 proposals received, three were chosen by the
Coast Guard for each system, to develop the design concept within a
six month period (1969-1970). Texas A&M University participated in
this competition, studying a pneumatic barrier for heavy duty and a
"low tension" mechanical barrier for the lightweight concept. A brief
review of these designs will be presented in a later section in which
the limitations of all types of containment barriers will be discussed.

The design concept submitted by Johns-Manville and a group of
consultants for the lightweight system was selected for prototype
construction and field tests. The development of the heavy duty pro-
totype was deferred until results of the lightweight system are kaown
since environmental criteria were less severe for the latter.

Pollak (1972) discussed the development of this lightweight pro—
totype offshore oil containment system in a paper presented at the
recent Offshore Technology Conference (May, 1972). Besides the pre-
viously mentioned constraints, the geographical area within which the
system is to be used was defined as up to thirty miles offshore along

the entire U.S5. coastline. The geographical, environmental, transport
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and delivery time constraints dictated the use of the C~130 transport
aircraft to deliver a 1,000 £t barrier section to the site. Pollak
briefly discussed the barrier design concepts, the air transport and
drop centainer equipment and the mooring system, each of which was
equally important for effective performance. The problem of deter-
mining the quantity of oil that any 1,000 ft barrier section could
contain wasg also addressed. The exact maximum amount was found to be
a complex determination dependent upon the barrier characteristics,
type of oil and state of the environment. Pollak stated that,
"There is no single number that gives the capacity of a specific
size and length of barrier. However, even at best, the quantity
that can be held within the barrier can only be measured in hun-
dreds of tons as compared to the desired 20,000 ton overall
capacity desired. ...The basic dilemma, ... is the low capacity
of barriers as compared to the 20,000 - ton goal, even if multi-
ple sections of 1,000 ft length each are used."
It was therefore concluded that the solution lies in not considering
the containment process by itself but as part of a larger system.
This would consist of the barrier; a removal system within the barrier
which removes oil as it accumulates within the barrier; a separation
device; and the storage and disposal of the collected oil. Finally,
Pollak concluded that,
"As of today, we are not yet capable of handling the results of
a casualty to a very large tanker in the offshore area, even
though substantial progress has been made to handling smaller
spills under those conditioms”.
A field test of the prototype was conducted on the West Coast in
March of 1972. Soy bean oil was used and various newspaper accounts

(Houston Post, March 12, 1972) reported the test as successful. No

official report of the environmental conditions, quantities of oil
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contained, etc. is available. In order to determine the latest devel-
opments on the project, Cmdr. Abrahams, 0il Spill Control Branch,
Headquarters Office, U.S. Coast Guard, was contacted {(Abrahams, 1972).
He indicated that a report was in preparation for release in November
or December {(1972) which will include the field test results. However,
he also permitted the use of his verbal comments about the barrier
containment project for this report. The question of the exact meaning
of the term "effective' barrier performance was brought up. To some it
may mean 100%Z contreol. To others it could mean 5~10% loss over a given
time interval and still allow significant quantities to be controlled.
On the other hand, a 5% loss for a 20,000 ton spill would still be
about 1,000 tons (250,000 gal) and considered a major spill, Cmdr,
Abrahams indicated that the requirement to contain oil under 2 knot
currents (3.38 ff/sec) was the critical issue. To date, all barrier
tests have experienced catastrophic failure when subjected to 2 knot
currents. At 1 knot some leakage occurs. When a current of 1/2 knot
or less is present very little, if any loss occurs. The reasons for
this phenomena are the subject of a current research project at Texas
A&M University sponsored by the Coast Guard which will be briefly dis-
cussed in a later section of this report.

The Coast Guard has also been involved with the development of an
air deliverable transfer pumping and storage system (ADAPTS) for the
emergency unloading of damaged tankers to reduce the quantity of oil
released. The system will be prepositioned at selected Coast Guard

Stations and dropped at the scene of tankship casualties which threaten
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