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This report containg several papers of interest/
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Ione Development arve edited speeches given at the
Governor's Conference on Coactal and Marine Resources
(Houston, 1970).



I. TECHNOLOGY AND THE FUTURE®

Technological forecasting is still more of an art than a
seience but regardless of the category in which one places it,
forecasting technological change {8 an inereasingly necessary part
of planning, In today's industrialized world, decisions that affect
our resources and our environment will increasingly determine the
way we Tive tomorrow and it is Tikely that technological change

_will no longer be permitted to proceed unguided. -We have come to
recognize that our future is inextricably dependant on our manage-
ment of science and technology. The growing number of pollu-
tion problems of all kinds suggests that social pressures will
impose greater restraint on technological change in the future
than they ever have in the past. Obviously this makes the job of
the forecaster much more difficult, since his predictions must
inelude considerations of soctal values in addition to technolog-
teal ones.

Planning by the electric utilities has, for several decades
now, been governed by the more or lass steady growth in the demand
for electricity. There are month-to-month and year-to-year fluctu-
ations in the demand for electricity but they are not as severe
as those that affect most industrial products. There is of course
no rule of nature that says that electric power needs will continue
to grow indefinitely at the same rate. In fact, they obuiously
cannot, However, the utility's responsibility, imposed by law,
requires it to maintain continuously the capability of supplying
glectricity to anyone who needs it. For the short term at least,
the power companies can hardly do other than plan for a continued
growth in power needs.

Today the Tead time from the point of decision to plant opera-
tion is about § yeare in the case of gas-fired power plants and
7 or 8 years in the case of nuclear plants. These times are
growing longer. Even before beginning definite plans to build a
plant, & site must be acquired and routes for new transmission lines
must be planned. The Tead time for acquiring power plant sites has
increased through the years and many utilities now must begin
thinking about plant sites that may not be needed twenty years
hence and begin acquiring sites that may not be used for ten to
fifteen years. The giting problem {s becoming increasingly compli-
cated by shortages of land, considerations of fuel and water supply
and air and water pollution control requirements.

*0. R. Drew, Dimector of Reseaveh, Texas Electric Service
Company, Fort Worth, Texas.
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Pollution eontrols pose an especially diffieult planning
problem because the rules keep changing. A recent example is the
action of the Texas Air Control Board in lowering the air quality
standards for three metropolitan regions of Texas below those.
which the Board had established on a state-wide basis only two
years earlier, Industries now find they must attempt to anticipate
yeare in advance the quality of environment that people are going
to want. The planner's dilemma of course is the necessity of
making investment decisions involving substantial sums of money
on the basis of predictions whose reliability is at best very
questionable.

The future is of course unknowable but it 1s not unthink-
able. The commercial technology of tomorrow already exists in
today's science and we ought to be able to visualize the implications
of new scientific developments and identify the social, economic, and
industrial interactions that will result. David M. Kiefer! has
Tisted a number of ways in which technological forecasting may
be refined. The "Delphi technique,” developed at the Rand Corpora-
tion, seeks to arrive at some sort of panel consensus regarding the
future by soticiting opinions from a panel of experts and feeding these
opinions back through the panel one or more times in sort of a
brainstorming approach. A technique popularized by Herman Kahn
is the writing of a scenario which attempts to describe qualita-
tively but systematically the Togical sequence of events that might
plausibly evolve step by step from any given situation. There are
other approaches, but probably most foreeasting ie based upon
attempts to hang the future on the framework of the past.

When quantitative historic data are available, trend extre-
polation 15 widely used. A series of data is plotted against time
to form a pattern through which some type of curve can be drawn
and then extended beyond the present. Extrapolation has many advan-
tages, principally its simplicity and the fact that it produces
quantitative results; and since technological progress is often
a result of a farge number of small individual advances, there
is considerable logic in the assumption that past progress in
any given field of technology will continue.

But events can override trends. For example a chart of the
price of natural gas'to large users would show 2 steady increase
for many years up to the time at which the Federal Power Commission
began active control of the price of gas shipped in interstate
commerce. At that point the price chart abruptly levels off,
Technological decisions in the late 50's based upon a continuing
increase in gas prices would have been in error, perhaps expensively
50.

]Kiefer', David M., "The Futures Business," Chemical & Engineering
News, August 11, 1969.




For many years the thermal efficiency of electric power
plants in the United Stated increased at a steady rate as manu-
facturers applied new technology to increase Steam temperatures
and pressures. But a few years ago limitations imposed by the
strength of available materials finally halted the rise and the
trend has leveled off. This development is something that might
reasonably have been forseen by anyone interested enough to try
to do so but a governmental action, such as the Supreme Court
decision that established FPC jurisdiction over natural gas pipe-
Tines, cannot be forseen by any ordinary system of forecasting.
Consideration of soetal goals and probable governmental aetions to
achieve them now must be ineluded as a new part of the “art” of
the forecaster.

An error frequently made in technological forecasting is fail-
ure'to maintain a broad enough perspective. Too many times, experts
will potnt out the tmpossibility of doing something instead of
considering in broad context the mamy alternatives that might make
it possible. A prime example is th: statement of Admiral William
Leahy in 1945: “This is the biggest fool thing we have ever
done. The {atomic) bomb will never go off, and I speak as an
expert in explosives." The great American astronomer, Simon
Newcomb, proved conclusively in 1903 that it was impossible for
man to fly long distances through the air.

Closer to home, there is in the files of the University of
Texas a geologist's report made in 1935 which states that a dam
could be built at Possum Kingdom Bend oOn the Brazos River capable
of generating 13,000 kilowatts of electricity which "will insure
a pover supply sufficient for any future need of North Tezas.”
The dam was indeed built, but today this amount of power would be
inadequate even to supply the nearby city of Graham.

Technological forecasting and research are closely related.
In 1954 Texas Electric Service Company joined with the U. S.
Geological Survey in a study at Lake Colorado City in West Texas
aimed at learning more about the effect of heat addition to the
reservoir by the power plant there. When this research began,
no one cared very much how much water was consumed by steam electric
power plants and the term "thermal pollution” had not even been
thought of. The motivation for the project was a desire for a
better knowledge of the effects of power plant operations on
reservoirs simply because it was predictable that there would be
more installations of this kind and we wanted to know as much
as we could about them. Today, because of this and other research
projects that followed it, we are able to state with good accuracy
how much water a power plant does consume and we are also able to
show that,.on the artificial reservoirs in Texas, the effects
of power plant operation are bemeficial to the native game fish
population in the reservoirs. Important social decisions relating
to the state's water resources will be influenced by this kind of
research. It is an example of the long-term benefits that can be
realized from research whose goal is no more specific than a desire
for a better understanding of what is forseen to be an increasingly
important technological function.
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The electric utilities are involved in a number of such research
efforts, aimed at solving environmental problems. Here in Texas
one research project aimed at making beneficial use of the waste
heat from a power plant has already paid off in the commercial
production of catfish grown in the warm water discharge of the plant
during the winter when fish growth normally does not occur. In
other parts of the country waste heat is being used in {ndustrial
processes, for hame and office building heating, for increased
production of various aquatic organiems and for increased agricul-
tural production.

Nationally, the industry has set up through the Edisen Electric
Institute a series of committees aimed at evaluating and reporting
on new developments in a number of fields relating to erergy produc-
tion, transmission and uce, such as superconducting transmiseion
lines, magnetohydrodynamics, fuel cells, nuelear fusion and battery-
powered ears. EED supports research in several of these areas.

In this way the industry seeks not only to stay abreast of tech-
nological developments but also to influence them.

The development of nuclear power in this country offers an
illustration of the way in which industry can both influence and be
influenced by a major technological development. The discovery
of nuclear fission and the demonstration in 1942 of the practicality
of controlling and putting it to use was closely followed by a
major effort in which the manufacturers, the utilities and the
government joined in the design and construction of nuclear power
demonstration plants. By 1966 the utilities were buying nuclear
plants on a comercial basis and the approximately $2 billion
expended by government and industry in the development of atomic
pover began to pay off for the nation's power users., In the Tight
of the Tong time span needed for the development of earlier tech-
nologies, the Corliss engine for instance, the fact that nuclear
power went from proof-of-principle to commercial feasibility fn
only a quarter of a century illustrates very well the accelerating
nature of technological development and the problems it poses for
planners. Now the utilities are actively participating in nuclear
breeder research aimed at achieving commercially feasible fast
breeder power plants by 1990,

The possibility of obtaining power from nuclear fusion reactions
is an example of a technological development that is still in its
infancy but which probably will have an even greater impact than
nuclear fission on energy use in this country. Fusion power
plants would use deuterium as fuel, a substance which is so abundantly
available in nature that it can be considered virtually inexhaustible.
Fusion reactors would, in principle, be very safe and would not
generate objectionable radioactive by-products. Ultimately, fugion
power may eliminate entirely the problems of the disposal of waste
heat produced during power generation.

At present these are little more than drecme. Fusion is only
at the stage that fission reached in the early days of the Manhattan



Project. Feasibility has not yet been conclusively demonstrated.
Yet as early as 1957, when the subject was still classified, the
glectric utilities of Texas were supporting research aimed at the
ultimate use of fusion for power generation, More recently, the
electric industry nationally, through the Edison Electric Insti-
tute, joined with the Texas power companies in supporting part

of the substantial fusion research program that has developed

at the University of Texas at Austin. Texas is now a key partici-
pant in the national fusion research effort whose success could
benefit a1l mankind.

Technological forecasts can be self-fulfilling. President
Kennedy's promise to put a man on the moon before 1970 was not
only a remarkably accurate technological forecast but also, because
of the backing it received from the American public, it became
a goal that had to be reached. Ore i3 tempted to speculate whether
a similar chain of events might cccur if our president were to announce
that we would achieve power production from nuclear fusion within
a sumilar time period.

| |
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II. ECONOMIC IMPLICATIONS
OF

ALTERFATIVE USES OF NATURAL RESOURCES*

Natural recources are defined as those resources which man
has had no part in creating., Among the familiar examples of natural
resources are land, water, minerals, the air, space, and wild plant
and animal life. Man uses natural resources as inputs to produce
currently consumable goods and services he desires and to produce
or create other forms of capital such as plants, equipment, machinery,
instruments, facilities, such as highways and airports, and housing
for business and residential uses. The quantity of resources used
annually (natural and man made capital resources, abor and manage-
ment) and the efficiency of use are determinates of the size of the
bundle of goods and services produced annually by the economy.
The composition of annual production and the quantity produced
are measures or indicators of the performance of the economy and the
economi¢ welfare of the economy's population. The physical charac-
teristics of size and quality of the natural resource supply, the
organization of the economy, i.e., the manner in which man decides
to combine resources into production units, the skill and efficiency
with which he does this, and the kind and quality of products
produced affects the size and quality of the bundle of goods and
services produced and thereby influences welfare of the economy's
populations. The purpose of the following discussion is to outline
the process whereby resources ave allocated and the implications
of these allocations insofar as consumer welfare is concerned.

The total bundle of goods and services may contain many items,
but in relation to the desires of the consumers, the total size
of the bundle of goods and services is usually inadequate to satisfy
consumers' seemingly insatiable desires. Since the quantity of goods
and services produced is a function of the resources employed,
including natural resources, man made capital, labor and management,
the inference is directly made that the quantity of resources employed
per production period is inadequate to supply all consumers' demands.
Since resources are scarce, consumers demands are seemingly insa-
tiable, and the economy's production mechanism is limited in size
and scope, choices must be made and the quantity of goods and
services produced per production period must be rationed among
consumers. Among the most important functions of an economy are the
funetions of allocating scarce resources among competing usee and
rationing products produced among consumers.

*Herbert W. Grubb, Professor of Agricultural Economics and
Statistics, Texas Tech University, Lubbock, Texas; Project Director,
Texas Input-Output Project, Office of the Governor, Austin, Texas.



In a freely cperating competitive market economy, both consumers
and producers are considered to be sovereign. That is to say that
consumers are free to express their demands to the market and to
use incomes and the resources they own for the purpose of making
transactions among themselves and with producers to secure the goods
and services desired. Producer sovereignty means that individual
business establishments are free to organize capital, hire labor,
secure financing, and arrange for resources and other production
services as they see fit. That is to say that producers are free
to engage in manufacturing and supplying goods and services desired
by consumers, Through a freely operating market in which producers'
wishes, consumers' wishes, and resource availability is freely
and widely known, the collection of producers deals with the
collecting of consumers for the purpose of achieving satisfaction
on both the demand and the supply sides of ‘the economy. The process
of bidding for resources and trading among the producers on the one
hand and the consumers on the other hand results in allocation of
the economy's available resources among the alternative and competing
uses. The system, of course, relics upon the exchange of information
between the two groups so that each has knowledge of the other's
desires.

The price mechanism of the market economy 18 the mechanism
whereby the desires of consumers ave transmitted to the producers,
ad vice versa, in a single common denominator so that resources
which can be used in the production of many things are allocated
so as to attempt to maximize the degree of satisfaction achieved
by both producers and consumers. In a market economy, prices
serve as the basis for making choices in solving resource alloca-
tion problems and, in addition, serve to ration the quamiity of
goods and services produced among the consumers.

Obviously, the Tevel of welfare achievable by any individual
consumer within the economy is dependent upon his level of income,
prices of the products and services he wishes to buy, the range
or variety of goods and services available and the quantity of these
goods and services offered for sale. Consumers' incomes are a
function of the quantity of resources owned which can be exchanged
in the market place and the quantity of wages or salaries the indi-
vidual can secure from sale of his personal services. Thus, distri-
button of oumership of natural resources and the willingness of
ouners of natural resources of offer such resources to producers,
or to use such resources in production, is an important determinant
of the size of the bundle of goods and services produced by the
economy. In general, in & market aconomy, resources, including
labor and management, are paid in accordance with their productivity
in use. That is to say that the contribution of an individual
resource to the overall value of production resulting from its
employment determines its value in production and, consequently,
its value to the economy. Demand for resources is derived from
consumer's demand for goods and services, and, consequently, the
resource's value is determined by markets.



Under the condition of consumer and producer sovereignty,
economic forces of prices and incomes within a market economy deter-
mine resource allocation and ultimately determines economic value
of individual resources. In equilibriunm, the optimen resource
allocation is that which stmultanecusly satisfies the desires of
congumers omd producers, gtven their respeetive demand and supply
schedules. A change in consumer's desires, as is reflected by a
change in price consumers are willing to pay for goods and services,
will result in a change in resource allocation by producers and
potentially an entirely different bundle of goods and services
could be produced from resources. Likewise, a change in resource
supplies which affects costs of production will change the price
of goods to consumers and, thus, a new, but presumably equivalent,
optimal resource allocation will result. Shifts in resource allo-
cations among products and among producers will no doubt result
in shifts of consumer's welfare among groups of consumers who
prefer different kinds and types of products. That'is to say that
an increase in cost of using some natural resaurce, such as increasing
costs of water to a manufacturer, will force the manufacturer to
increase his asking price for the same level of product. In the
market, an increased price of product to consumers is observed to
reduce consumption of the product since some of the consumers will
no longer desire the product at the higher price, or some consumers
may desire less of the product at the higher price than at the
previous price. Therefore, the new higher price of a resource
results in reduced consumption of the products produced from the
resource and, thus, implies that less of the resource will be
employed. Unlees substitute resources ean be found which vill
permit production and sale of commodities at lower prices, an
inerease in a resource aost results in a reduetion of output and,
consequently, resulte in a reduction of employment of the pesource.
Analogously, a reduction in the price of a resource is expected
to result in increased employment of that resource, other things
equal, and an increased quantity of goods and services will be
placed on the markets. Increased quantities of goods in the markets
ordinarily results in Towered prices and, thus, consumer welfare
increases due to increased purchasing power and the larger quantity
of goods that can be purchased.

In most productive processes, more than ong resource is requirved.
Some resources substitute for each other over certain ranges of
inputs and some resources are complimentary as inputs. When possible,
producers will substitute resources so as to reduce overall cost of
production, i.e., will select the Tower cost inputs, and will sub-
stitute so as to reduce total outlays. An example of Such substi-
tution is the case of adoption of labor saving machines as the wage
rates increase. Some resources are compliments as opposed to
substitutes, which means that fairly constant proportions of different
resources must be used if production is to take place. In this case,
a change in the level of use of a resource results in a propor-
tionate change in the inputs of complimentary resources. Thus,
price changes which adversely affect the use of one resource will
have spill-over effects upon the employment of other resources.



Ordinarily, when resource employment is reduced, resource
owners will be willing to Jower prices in an effort to secure
employment; i.e., to sell their resources as opposed to foregoing
resource sales and the resulting incomes therefrom. 4 change in
the supply of or the cost of a single natural resource can effec-
tuate reallocation of not only the vescurces affected direotly
but also can result in a reallocation of complimentary natural and
man made resources. The economic implications of reallocating
resources to alternative uses are that new levels of economic
welfare will be the result. Ordinarily, reallocations are not made
unless both the producer groups and the consumer groups expect to

. gain new levels of satisfaction. In monetary terms, a new level
of satisfaction would be expressed if the real dollar value of
products and services produced were ingreased in relation to that
previously produced. Presumably, consumer's tastes and preferences
are reflected in monetary units through the price mechanism. Thus,
a change in tastes and preferences would be expected to effectuate
a reallocation of natural resources among producers and users.
For example, if consumers decide to shift from automobiles for
transportation services to use of mass transit transportation
services, in order to reflect their distaste for polluted air, then
consumers can reflect this change in taste by increasing their
willingness to pay mass transit fares and failing to purchase auto-
mobiles. Obviously, producers of mass transit would increase opera-
tions which implies an increase in yse of resources, and auto-
mobile producers would reduce their level of resource use. Or,
the decision-makers of the economy would shift resource use away
from automobiles and into mass transit production. Such a shift
would involve reallocation of resources used by producers of trans-
portation services and would invoive all resources complimentary
to production of transportation services.

4 shift in resource allocation will have many ecomomic impli-
cations, tneluding perhaps a negaiive effect upon some consumer
groups. For example, if producers of mass transportation services
increase the use of resources previously available in relatively
small quantity, then prices for these resources will increase and
those producers and consumers who utilize such resources prior
to the price increase will be faced with higher prices and will
suffer losses in overall welfare unless suitable substitutes can
be found. Another illustration of effects of alternative resource
uses 1s found in the case of air pollution. For exemple, members
of society who do not utilize air polluting types of transporta-
tion vehicles share at least indirectly in the costs of air pollu-
tion. They have only polluted air available for use and do not
enjoy the benefits of the transportation system which polluted the
air. Wereas, users of such a transportation system have the same
quality of air as non users but also have the benefits of the
transportation system.

Natural resources ave used as the basic ingredients of the
goods desired by consumers. The employment of these resources is
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done in many ways and in many combinations. The desires of consumers
operate through the price mechanism to create the basis whereby
producers allocate their scarce quantities of resources among
alternative uses so as to atiempt to maximize their own satisfactions;
i.e., profits. In the process of resource allocation for economic
production, the overall level of economic welfare is ultimately
determined. Economic efficiency is the criterion whereby alterna-
tive resource uses are evaluated. When either producers or consumers
can realize a benefit from changing resource allocation, economically
efficient ¢criteria would indicate that such changes should be made.
Presumably, the resulting new allacations will be superior to those
previously used,

The economy is the collection of the different producers and
consumers. For comvenience and ease of understanding the economic
effects of alternative natural resowrce allocation, the producers
ean be grouped into eeonomic sectors. An economic sector is the
collection of producers that produce the same kind or quite similar
products; i.e., the automobile manufacturers compose the automobile
manufacturing sector, while -the dry cleaners and laundries may be
grouped into a clothes cleaning sector. The cotton farmers are
a fairly homogeneous group of producers; thus, cotton farmers can
be viewad as an economic producing sector.

In modern, complex economies, individual sectors specialize
in the production process and trade with each other to dispese
of products and secure inputs. The basic industries begin the
process of creating goods desired by consumers often by extracting
natural resources, performing the first stages of processing and then
selling a partially finished product to a sister industry, which
in turn adds value by changing the form and either sells the resulting
product to another industry or, if the resulting product is in
finished form, sells it to the trades sectors which, in turn, make
the sale to consumers. As raw materials are processed and moved
through the producing sectors of the economy, services, such as
transportation, finance, insurance, legal, accounting, engineering,
and perhaps many other professional services are used at various
stages of the process.

The economic implications of alternative uses of natural resources
can perhaps be i1lystrated best with a simple example. Ferrous
metals can be used in the production of a multitude of items desired
by consumers ranging from bridges and automobiles to eating utensils
and toys. Various manufacturing sectors have been organized to
produce these many iron and steel products. Each of them uses
different processes and resources with the exception of the basic
metal, which is purchased from the iron and steel foundries and
mills. Some of these manufacturing processes utilize highly skilled
designers and craftsmen. Others do not. The ultimate value placed
on the finished goods by consumers determine the quantity of metal
used by each different manufacturer and the price that can be paid
for the basic metal.

10



A similar example to that of metals is the case of land.
Land is presently used to produce crops and livestock from which
food is manufactured, as the site for locating manufacturing and
business establishments, homesites and recreation. Although not
all land is equally suited for each purpose mentioned above, different
types of land can be substituted among uses and some land is suited
to many uses. Thus, landowners and society are continually faced
with the problem of deciding how many acres to allocate to each
of the many agricultural uses and how many acres to shift to other
uses, including Tands for outdoor recreation.

[f farmers plant too many acres of land to vegetables, in rela-
tion to consumers' market demands, then vegetable prices will
decrease through farmers efforts to sell vegetables. If prices
decrease too much, some acres probably will not be harvested, some
farmers will lose the production outlays already spent, and the
vegetables will be left in the fields to waste. Not only are the
vegetables from such efforts lost, so were the opportunities to grow
some other crop such as fruit, grain or grass which could have
been used to produce milk, mutton or beef. Most Americans are
familiar with another example of planting too many acres to grains
and cotton. In this case, society, through the National Congress,
decided to purchase and store the "surplus” grains and cotton and
thereby support the prices of these commodities. The net result
has been 2 prolonged allocation of too many acres to grains and
cotton in relation to consumers' demands for these commodities
as is reflected by the market prices. Some "economic welfare"
was realized, however, in the form of income transfers, since
surpluses have been distributed at relatively favorable prices to
Tow incomz and disadvantaged groups through surplus commodity pro-
grams, In addition, farmers, whose range of resource allocation
chaices were very narrow, benefited through the income support
received from such programs.

In addition to farmers, soeiety has other choices to make
eoncerning land use for such things as publie reereation places
and public faeilities. When society decides, through various
arms of the public sector of the economy, to allocate mere land to
recreation uses, then such lands are purchased, usually from farmers,
and placed in parks and other public recreation places. Such
purchases obviously remove the land from other uses and thereby
natural resource reallocation is effectuated away from agricultural
or forest production and into recreation production. To make such
a choice, society must be able to judge that consumers desire
the recreation space in comparison to the agricultural commodities
from the land in question. A purely rational market transaction
which reflects this desire would be that society would willingly
pay more for the land per acre than farmers would pay per acre;
otherwise, farmers, whose decisions are based on prices consumers
offer for food and fiber commodities, would keep such Tands for
production on the basis that the markets for food and fiber signaled
what amounted to a higher price for focd and fiber than for recrea-
tion uses of the land, : :

1



Prices received for products produced are major guidelines
for natural resource allocation among the competing uses in both
the case of land and metal allocation deseribed above. The price
received for the final product is used to pay eontvibuting material
and service resources. Any value remaining after purchased resources
are paid is used to pay taxes and returns to capital. All residuals
above normal returns to capital can be considered as profits.
Profits in an industry are the signals that attract new investors
and result in increased resource employment and increased output
by the industry. Increased outputs contribute to overall welfare
through the added products available for consumption and through
reduced prices of the products of the industry affected. Thus,
in the final analysis, the manner in which natural resources are
allocated among industries datermines-the level of complimentary
resource and service employment, and the quantity and quality of
products and services available for consumers to buy and use. The
overall welfare of the population of the economy i determined
by the stze, quality, and distribution of the products and services
produced. Thus, the economy is continually in need of improved
technology to increase tachnical efficiency of resource inputs
to outputs and improved communications among consumers, producers,
and resource owners if natural resources are to be employed at
the desired level and allocated in the most advantageous manner
insofar as consumers ave concerned, Improving resource efficiency
and resource allocation techniques are particularly important since
the eupply of natural resources 1o limited, populations of contumers
are continually increasing, and congumers are observed to sontinue
to desire steadily increasing per capita levels of eeonomie welfare.

12



III, (CONSERVATION OBSERVATION IN THE COASTAL ZONE*

Conservationists believe that soctety should create
an environment in which pecple have the best opportunity
to live the good life.

Admittedly, this is a vague and i11-defined aim. People can't
agree on what a “good Vife" is. People don't know what they really
-want. But they are beginning to learn what they do NOT want. A
great deal of what they do not want will be enthusiastically recom-
mended to this seminar in terms of the highest public good. I wonder
if this entire seminar will not turn out to be an elaborate Establish-
ment exercise in self-delusion - in which the extractors, developers,
and builders, and the bankers who finance them, and the politicians
who presumably requlate them, and the academicians who collaborate
with them, all come together here in Houston to talk about our coastal
resources in o frame of reference already chsolete.

1 probably differ from most of the speakers who will appear on
this platform, in that I do not believe that growth and progress,
as we have known them, can continue. We have, in my opinion, passed
over a great watershed. Ve are the first gemeration of Americans
who will have to tell their children that things will be worse for
them than they were for us. The twin problems of emvirowment and
population are the central issue of our time, They are altering
our Tives, our values, our politics, and our business climate.

In the brief period allotted to me, I would like to throw out
some of the ideas of conservationists of Texas concerning our coastal
regions, They deal with the General Land Office, state action on
the popuiation front, pipelines, unitization of state oil leases,
dredging, preservation of barrier islands, and coastal zoning. One
of Texas' greatest opportunities to introduce ecological and environ-
mental values into public decision-making is to reform the General
Land Office.

Ceneral Land Office

Including mineral acres, the General Land Office controls some
22 million acres of land, much of it submerged. In the past the
of fice has been administered to marimize the immediate income to
the School land Fund, regardless of long-range effects. We have a

*Address given by Edward A. Harte, Publisher of Corpus Christi
Caller-Times, to the Governor's Conference on Coastal and Marine
Resourcas, Houston, Texas, September, 1970.
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new conmissioner, whom we will have the privilege of hearing this
afternoon. [ have every hope that he will institute a new system
of values in the Land Office, in which conservation will get more
consideration than it has in the past.

But T submit that our political leaders should give high priority
to a constitutional amendment by which the Land Commissioner would
cease to be an elected official and would become an appointive one,
accountable to the governor and the legislature. As it is now,
the Land Commissioner - whoever he is - is the least accountable
among all the executive office-holders in Austin.

Popylation Office

I would also suggest that if Texas officialdom really wants
to do something about preserving the coastal and marine resources
of the state, we should set up in Austin a State Population Office.
Population is the polluter and the destroyer of our natural resources.
The population growth which we have seen in the Tast gemeration cannot
be sustained in Texas, or in the United States, or in the world.
The place to start reversing it is at home, and the task requires
and deserves top priority from state officials.

Pipelines

You already know how fragile are the environment and the biological
balance of our bays and estuaries. 0il pollution is recognized as a
major threat to coastal ecology. Yet, neither state nor local authori-
ties know where all the pipelines are that erisscross this vulnerable
region, uhat those pipelines carmy, or what condition they are in,

The City of Corpus Christi comes nearer than any governmental agency
I know of in being able to say where pipelines are within the waters
it controls. Detailed knowledge about all pipelines is clearly
necessary for control of pollution, and obviously some agency of
government bigger than cities and counties is going to have to
coordinate and put together that information. [ submit that the
Land Office and the Railroad Commission have been far less energetic
than they should have been in supervising pipelines, and that the
r?5u1ting absence of information could lead to serious ecological
blunders.

Unitisation of 0il Leases

It seems axiomatic to conservationists that the state should
seek by every means to keep to a minimum the number of wells drilled
in the coastal waters. But in the past, the General Land Office has
discouraged, rather than encouraged, unitization - at least in these
cases in Corpus Christi Bay of which 1 have intimate knowledge. It
seems to me that unitization, in the interest of fewar wells and
fewer possibilities of pollution, should be public palicy in any
state which really values its submerged lands.
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Dredging

To conservationists, dredging is probably the most harmful
activity going on in our coastal region. We used to hear that there
was only a /-year supply of shell left ...that was about 7 years
ago. Then we heard, "Give us a 1ittle more time to depreciate
our equipment, in which we have millions invested - then we'l]
all go to limestone." But shell dredging continues today on almost
as great a scale as ever. In the conservatiomist's view, g state
which literally turms over to the dredgers its entire coastling
eammot pretend to give serious weight to the long-range stability
of its coastal biotic commnity.

In addition to shell dredging, conservationists object to shore-
Yine development in which there is bulkheading, dredging, and filling.
This practice - which is growing in popularity - is extremely damaging
to the marine nursery and the productivity of the bays.

Barrier Islands

I suggest that Texas needs a policy on its barrier islands.
These islands serve a purpose, in providing storm protection to the
mainland, a purpose they are not going to serve as well, if at all,
when they have been levelled, subdivided, and covered with conventional
home construction.

I think we are fortunate that more than half of Padre Island
is federally owned as a National Seashore. Mustang Island is virtually
in single ownership, and the owners are negotiating now with Parks
and Wildlife and the Department of Interior, trying to put 75%
of their holdings into public hands. St. Joseph's and Matagorda
Islands are also essentially in single ownership and undeveloped.

The State of Texas should determine mow whether development of
these islands 1s in the long-range best interest of the coastal
region. If it is not, the state should acquire the islands to
preserve them from undesirable and inappropriate development.

Zoning

The essence of my argument is that the entire coastline is going
to have to be zoned. That is what the TegisTation which Ted to this
conferance is all about. The purpose of the inter-agency study,
of which this seminar is a part, is to identify the resources up and
down the coast, and then to determine which will be given priority
in certain areas - in other words, which areas can be developed and
which must be left in the natural state.
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Conelugion

Or. Flawn has said, correctly I am sure, that there will
be change and development in the coastal area of Texas, I have
taken it as my role in this confarence to point out that a growing
number of Texans regard these changes as a threat to their future,

pf\glCA'S LOVE AFFAIR WITH TECHNOLOGY AND APPLIED SCIENCE 1S ABOUT
QVER,



IV. ROLE OF MINERAL RESOURCES

IN COASTAL ZONE DEVELOPMENT*

4. Address

The role on minaral resources in the development of the coastal

regiong of the State of Texas is of such obvious and overuhelming

. importance that ve are inelined to take it for granted, and more or
less forget it. This would be a very grave mistake for any planning
or legislative body to make, for a1l available indicators tell us
that we are about to enter a time when it will be critical to the
ecanomic and strategic welfare of this nation, as well as to the
industry of this state, to insure that maximm incentives are provided
for the development of the minerql resources of Tezas, both onshore
ad of fshore.,

Let us place things in perspective. [n 1967, according to Sea
Grant Publication 105, Texas produced $1.3 million of edible finfish,
$1.6 million of oyster meats, a 1ittle less than a quarter of a million
dollars of blue crab, and shrimp valued at $46.4 million, or a total
of $49.7 million for edible fish and shellfish - i.e., Just under
850 million,

In 1968, by comparison, offshore federal oil and gas lease sales
alone grossed $593.9 million, or just about 18 times as much ag the
combined value of fish and shellfish, just for the privilege of
hunting for oil and gas. These federal leases were outside the
three-marine-league Texas leases, and additional values are assignable
to Texas' state-owned hunting rights. Even highly speculative min-
eral deposits far outweigh in cash value other marine resources.
Actually oil and gas production from coastal counties is worth millions
of dollars per day.

When and if oil and gas are found, then values are measured
in terms of millions of barrels and trillions of cubi¢ feet. These
are the resources that ensure the continued operation of coastal
refineries and petrochemical plants, that provide work for ship-
yards, marine engineering and supply firms, and employment for all
of the many types of oil field specialists. Even more important,
they provide economic, industrial and strategie stability for our
soctaty in an age that 12 completely dependent upon petrolewm products
for everything from transportation to heat and chemical raw materials.
That tourist from California would never get here, that' sport fisher-

*Frank B. Conselman, Director of International Center for
Arid and Semi-Arid Land Studies at Texas Tech University, at the
Governor's Conference on Coastal and Marine Resources, Houston,
Texas, September, 1970.
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man from Dallas would never reach salt water, and no shrimp boat
or dredge would put to sea, without the help of petroleum products.
And I might add, no newspaper would be printed, either.

In this day and age we hear much about protecting the "environ-
ment” and the “ecology." In general terms these are praiseworthy
objectives, and every one with decency and sensibility subscribes to
them in principle, But we must nevertheless always remember that
Man got where he now finds himself, for better or worse, by overeoming
his emvironment, and by subordinating the ecology of other organisms
to his own material progress. This is selfish-and can be overdone,
but it must be done to a degree if we are to survive, The way to
prevent abuses is not to eliminate or penalize the development of
the raw materials on which so much depends, but to control their
development intelligently and cooperatively. This has already been
stressed by previous speakers; I subscribe to their views and will
not belabor the point, I am in fact delighted that all of us appear
to be dedicated to a joint, cooperative effort.

ATl of us are aware of the hue and cry over Santa Barbara,
which has become one of these capsule condemations of which super-
ficial commentators are so fond, We deplore the damage to wildlife,
on whatever scale, But when the smog of exaggeration rells away,
and the crocodile tears of sympathy for the grebes and the cormorants,
whom I Tove as dearly as the next man, are reduced to a mere running
off at the nose, the record of history may show that what Santa
farbara actually mavked is an all-time high in local hysteria and
national over-reaction to the detriment of our owm long-range best
interest. Lack of proportion combined with fuzzy observation could
result in the self-denial to the United States of one of its most
yital areas of self-sufficiency,

We cannot afford an ofl leak 1ike Santa Barbara off Texas,
and the state and federal governments must join industry in preventing
it, More important, we cannot afford to have Texas deny itself its
rightful heritage of wealth and material for the sake of political
masochisms or a popular emotional binge, It is hoped that the results
of this conference may help set the relative values in foeus. In
my opinion, this is one of the most pressing and immediate questions
to which this conference should address itself.” This is a time for
eompromige by veasonable men so that all of our State's best interests
can be developed in collaboration rather than in competition, for the
mazimum benefit of all of the citizens of Texas. No one should
expect, and [ am sure no one really wants, a monopoly of all of the
rights and priorities of resource development, MWe have yet to Tearn
the full value of what is involved in submarine resources, but until
we do the current federal policy of voluntarily relinquishing sover-
eignty rights to mineral resources beyond the 100 fathom mark may
not be in the best national interest. The coastal states have a
definite stake in this matter,

Yot all offshore mineral wealth is petroleum. In addition to
the dissolved substances such as magnesium and iodine of the Gulf
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waters themselves, there are likely to be values obtained from off-
shore deep sulfur and from bottom-distributed pellets of concretionary
materials 1ike manganese. The Atomic Energy Commission has just
announced a sensitive sea-floor probe that can detect minute quantities
of critical elements, and this may be of eventual commercial signif-
icance. More important to the imediate practical welfare of the
Texas Gulf, however, is such a workeday material as cyster shell.
Onshore salt, sulfur, and sand, and inland Tignites and uranium ore
are also of substantial value in the Gulf region. And we must not
Tose sight of the Gulf water itself. Desalination plants using the
salt water of the Gulf may eventually prove to be the most important

-source of consumgble water in the state. After all, neither Dallas
nor San Antonio nor E1 Paso has an inexhaustible supply of water
lapping at the city gates, but many Gulf comunities do.

Mr. Charles Parker, of Parker Brothers Compnay, will serve as
keynote speaker on the non-petroleum minerals of the Texas Gulf,
Mr. Edd R. Turner, Jr., offshore manager of Getty 0i1 Company at
Houston, will keynote the oil and gas aspects of Gulf mineral resources.
Following their addresses, I shall turn the meeting over to Panel
Chairman Kenneth E. Montague, president of Gemeral Crude (il Co.
and also of the Texas Mid-Continent 0i1 and Gas Association, who will
introduce his panel to you. You will find, I am sure, that each of
these gentlemen has a personal contribution which he is particularly
well qualified to make, After that, the meeting is yours, the only
limiting factor being presumably, but not necessarily, the Social
Hour from 5:30 to 6:30 P.M. Please consider yourselves personally
invited to express your viewpoint on any matter that moves you to
do so. After all, that is why we have a conference of 300, rather
than a simple meeting of the panelists.

B, Summary of Mineral Resource Panel Sesston

The State of Texas can further the development of the coastal
zone and of the sea by providing a mature, reasoned and benevolent
climate for continued mineral resource production, within the frame-
work of optimum multiple use of all the resources of the region,
in a cooperative and responsible manner compatible with the overall
public interest.

To achieve this we must establish a unity of purpose while
eliminating mistrust of the co-users’ motives and artificial conflicts
for selfish purposes. Communication among the various interested
groups s the surest way to minimize misunderstandings, and the
Houston Conference marks a very useful beginning in this direction.

The State of Texas 18 the proper authority to sponsor and
adminigter the necessary cooperative arrangements for coastal and
offshore use. 1t should establish for this purpose a specific
agency of highest quality, made up of prestigious representatives
of all the principal contributing sources of knowledge and experience,
to function as a blue-ribbon, multi-disciplinary, inter-industrial
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and socially responsible policy-making group, reporting directly

to the governor, who would assign appropriate requlatory authority.
The Coastal and Offshore Administration of the State of Texas (COAST)
would be charged with the following responsibilities:

a. Formulation of recommendations of Texas policy on the
various aspects of developmental activity under the American
free enterprise system, and encouragement of the enunciation
of these policies for public quidance.

b. Planning for each decade, extending progressively at least
ten years into the future. Plans should include harbor and
coastal improvement schedules, pollution control, park
and resort development, mineral Tease sales, training
programs, fresh water supplies, industrial zoning, etc.

€. Imestigation and veconciliation of eonflicts of interest
where these interests overlap or become competitive and
cannot be adjusted by the parties concerned.

d. Itaison with other states, the federal government's counter-
part agencies, and international bodies.

e. Public information and orientation on a factual basis.

f. Such additional duties as the Governor of Texas may from
time to time prescribe.

While these activities are being planned, their integration with
the economic vell-being of nomecoastal Texas mist not be overlooked.
It would be detrimental to the State if the inland oil industry were
destroyed by unlimited imports of petroleum, or if all river vaters
were reserved for estuaring or river-mouth use, or if other advantages
vere provided to the coastal zome that became disadvantageous elsewhere.

It has already been established that mineral resources can be
successfully, safely and economically extracted on shore under
multiple use conditions. We have operated under the multiple use
philosophy of consideration of the other fellow's rights and interests.

The lessons learned on land can be applied at sea and on the
tidelands, given goodwill on all sides and a dacent economic incentive.
The State of Texas can and should supply the necessary groundrules
and quidelines so that coastal development may be both economically
and ecologically sound.
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TRANSPORTATION IN THE COASTAL ZONE

I. THE PROBLEM

Texas' Coastal Zone has never been clearly defined. For the
purpose of this exercixe it has been agreed that the Zone embraces
211 State of Texas Planning Regions which contain one or more counties
bordering on the Gulf of Mexico; see Figure 1. It extends seaward
10% miTes from the coastline. These regions and their included
counties, from south to north, are:

Lower Rio Grande Valley Cameron Willacy
Hidalgo

Coastal Bend Kenedy Refugio
Brooks Bee
Kleberg Live Oak
Jim Hells McMullen
Duval Nueces

San Patricio

Golden Crescent Calhoun Jackson
Goliad Dewitt
Victoria Lavaca

Gulf Coast Matagorda Waller
Brazoria Austin
Wharton Chambers
Fort Bend Liberty
Colorado Montgomery
Galveston Walker
Harris

South Cast Texas Jefferson (ringe

It s recognized this delineation of the Coastal Zone is subject
to challenge and does not agree exactly with the boundaries estab-
lished by the Interagency Natural Resources Council in its 1969
Coastal Resources Plan Program Guideline. The total absence of any
clearly defined topographical barrier or other distinguishing
characteristic, such as marked agricultural, industrial or population
changes as one proceeds inland from the Gulf, forces what may seem to
be an arbitrary delineation. The area could be expanded or curtailed
without greatly affecting the planning which should be done. It is
strongly recommended, however, that the integrity of Texas Planning
Regions be maintained whevever practical in order that this work be
in harmony with other planning under the "Goale for Texas” program,
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This would require adjustment of the Council quideline. It is also
recognized, however, that efficient transportation planning must
transcend such regional boundaries singe by its very nature it does
Yink-up regions.

The miltiplicity of governmental activities within the Coastal
Zone as defined above contributes to the difficulty of comprehensive
planning for this area and emphasizes the essentiality of strong
Teadership at State level. In addition to the five planning regions,
containing thirty-five counties, there are twenty-five points at
which liquid and dry commodities are interchanged between land and
water transportation. Eleven of these ports handle more than ninety
percent of the total tonnage so interchanged and are in competition
with each other to varying degrees. This tradition of competition
at Tocal level coupled with the heterogeneity of agricultural and
industrial activity and of population densities in the Zone will
require the utmost effort to develop the spirit of cooperation
necessary to maximize the potential of Texas' Gulf Coast.

On the national level transportation demand grows faster than the
population (Figure 2). QOver a number of years expenditures for
transportation in one form or anather have accounted for an almost
constant twenty percent of our gross national product, A high ratio
of transportation expenditures is characteristic of the more highly
developed nations. While no breakout of these data has been made
for the Coastal Zone, there is no reason to believe the ratio differs
significantly therein,

Projections made by the Department of Transportation indicate
that the United States, in the next ten years, will have to
approzimately double its present transportation capacity if current
trends continue. This does not necessarily mean doubling the
physical plant, although some expansion will be required. Better
utilization of the transport complex as a whole, with less avoidable
waste of time, space and other resources resulting from better planning
can provide much of the needed capacity.

Many phases of transportation have grown without the benefit of
system planning. Fortunately, transportation planmers have now
recognized the need for tying transportation to land use and other
developmental planning, This is nowhere as evident as in highway
planning by the Texas Highway Department. Efforts of the Highway
Department to maintain smooth flows of traffic as the people of Texas
became more mobile permitted occurrence of the inevitable transition
from rail to highway travel with a minimum of disrupted service. Many
miles of railroad have been abandoned as they outlive their usefulness.
Traffic generation centers have arisen because of income and employ-
ment opportunities, with many of these centers having emplosive rather
than gradual growth characteristics. MNaturally, transportation services
had to react to the growth of these centers rather than plan for them
A better understanding of the complexities of transportation by the
general public as well as public officials whose actions however
remotely affect transportation is essential to the success of future
planning.
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Transportation differs from all other industries in many ways.
Unlike, for example, electrical power or telephone service, part of
its product is subject to economic regulation {price, points served,
etc.) while being in direct competition with unregulated service in
the same area. Some of the operators {rail, pipe line) use private
way constructed and maintained at private cost while others use
publicly provided way at costs proportional to use (truck, air) and
one, inland water, uses tax supported facilities at no cost whatever.
Another difference often forgotten is the varying service character-
istics of the several carrier modes. To many, transportation of
goods is just that whereas, to the user, the difference of time in
transit; Toss and damage; and other service factors are often more
important than price differentials.

Despite the personal feelings of railroad presidents, trucking
executives and ship operators, transportation is no end in itself.
While, as we shall see later, it is more than just a service, as such
it extete only to satisfy the needs of ite usere - a public utility -
along with electric power, telephone communication, and the rest.
Unlike other public utilities, most of which are regional and local
monopolies, transportation companies engage in fierce competition
within modes and between modes for the larger portion of their
business. The result is, with some execptions, a low rate return
on investment which translates into extreme difficulty in generating
and attracting essential equity capital. This, in turn, impedes
expansion and modernization. The sole exception to this gemerality
is pipe Tine transportation which enjoys a unique position in the
transport complex.

Many of the problems of transportation are blamed upon regulation.
It has become fashionable to call for "derequlation," to claim that
“free competition” is the magic button which would provide all the
answers (Others often prefer to think of "re-regulation” as being the
solution.). Mothing could be more fallacious despite our national
dedication to what we choose to call "--free competition."

Rightly or wrongly, our infant nation adopted as national policy
the concept that a small business is as entitled to freedom from
discriminatory treatment by suppliers of goods and services as his
Targer competitors. Price discrimination by suppliers of transportation
was the target of early regulation. Control of mazimem transportation
prices (rates and fares) resyited. It is important that this was ng
action of a paternalistic central government but originated by popular
demand at the State level and in the presence of cut-throat competition
between carriers. The Federal Government entered the scene only when
it became apparent that fragmented economi¢ regulation by individual
states was ineffective and destructive of the best interests of our
budding nation as a whole. e invented requlation by commsesion as
an qlternative to nationalization of transportation (the railroads),
then common in most other nationg. AS newer modes came into general
use the rail regulatory pattern was extended to them without adequate
analytical thought (Hindsight).



Later on, at a time when our railroads were suffering a wave of
bankruptcies and when nationalization was again being advocated, we
found ourselves about to lose private enterprise rail transport on
which the national economy then depended, and to a Targe degree, still
does. MWe found it necessary to exercise some degree of control over
the prevailing intense competition. Control of entry and minimem rates
(price) resulted. These provisions also were carried over into
regulation of other modes when, beginning in 1935, they were partially
regulated.

It must be concluded that, in 1970, generalized advocacy of
"derequlation” is arrant nonsense. We may change the form of economic
regulation. We might even transfer the job from the regulatory
agencies to some more politically responsive body, such as the
Department of Justice or the Department of Transportation, though
doing so would create ¢ whole new set of troubles. However, until
pubtic service replaces private profit as personal and corporate
motivation and the biblical Golden Rule generally prevails, we will
continue to have transportation regulation in some form, by some
agency of government, at both State and Federal Tevels. The real
task is to stop fighting windmills, study the fundamentals, decide
what we wmt and why, then make it work. Decision making is not the
proper function of planners or analysts, who can and should, however,
provide the decision makers with the factors essential to an informed
decision.

II. MAJOR TEXAS PORTS

One of the major factors accounting for the dynamic growth of
the Gulf Coast area in Texas has been the development of deep water
ports. Of the 25 points shipping and receiving dry and liquid
commodities along the Texas Coast, 11 ports annually handle more than
90 percent of the total tonnage shipped. Figure 3 gives the name of
the 11 major ports in the Texas Coastal Zone and indicates the
approximate relative size and location of each port.

These 11 Texas ports accounted for over 168 million short tons
of cargo shipped during 1967. With over 58.3 million tons, Houston
Ted all other Texas ports in volume for this time period. Beaumont,
Corpus Christi and Port Arthur ranked 2nd, 3rd and 4th after Houston
with 31.0 million tons, 23.4 million tons and 23.1 million tons,
respectively. Figure 4 shows the types of cargoes handled by the
major ports in Texas during 1967.

Table A shows the general characteristics of the 11 major ports
on the Texas Gulf Coast for 1967, including domestic and foreign
shipments, channel depths, accommodations and other facilities available
to shippers. Consistent with the total volume handled, the Port of
Houston leads in all categories relating to domestic and foreign
shipments.

.. .- 4. HN



FTIIASNMOME »
T38vsS1 1ud0d

3NOZ -IVISVOD SwXIL
AHL NI SLMOd HOMrYW
£ HENOIJ

. | l A



With the rapid development of superships and supertankers, those
Texas ports unable to accommodate Super draft vessels due to channel
Timitations now fear they face an immense and crueial challenge to
their economie future. Partial solutions to these gigantic ships are
available through containerization and Lighter-Aboard Ship (LASH)
concepts. Full resolution of the supership problem to allow major
Texas ports to maintain orderly growth patterns may only occur through
the establishment of offshore terminals in deeper waters to
accommodate such superships, or alternative arrangements. Specific
problems of such facilities are addressed in Section IV, "Super Draft
Water Ports."

ITI, WATER TRANSPORTATTON

The comparatively recent advent of so-called superships has
served to focus attention on these craft and their port facility
requirements almost to the exclusion of older, more conventional
shipping. There can be no question that plamning of needed facilities
18 a matter of extreme urgency if Teras 18 to vetain her place in
water transportation. It must be remembered, however, that to date
these ships are planned for specific commodities over specific trade
routes. It must also not be forgotten that Texas' water borne
traffic is presently carried in shallow draft vessels and conventional
ocean shipping, In 1968, barge traffic operating on the Gulf
Intracoastal Waterway handled 63,3 million short tons of freight.
This is practically a1l domestic freight moving directly to/from
origin/consignee facilities end as such it does not go thru port
authority or private terminal facilities. Thus, most of it would
never be candidate traffic for superships. Planning for water
transportation in the Coastal Zone must, of necessity, start with
analysis in depth of existing traffic flow patterns by commodity,
origin, destination and volume and the application thereto of pro-
jections of change resulting not only from technological development
but from such factors as user preference and identifiable changes in
the commodity mix, its origins and destinations. Up until now, we've
relied almost entirely upon inputs from the modes themselves, with
limited quidance from organizations such as the Federal Maritime
Administration, and now the time may have arrived that we should
broaden and include other related considerations. A number of these
factors depend on other than transportation inputs.

IV, SUPER-DRAFT WATER PORTS

As used in this section, super-draft should be understood to
mean channel, docking and loading facilities capable of accommodating
Superships as these may develop, At present drafts of 40-80 feet are
being considered.

5.
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The eleven major water ports of Texas are understood to be
exploring the advantages of off-shore terminals for the accommodation
of superships. While each of these ports naturally seeks to attract
the supership traffic, there seems to be wo present evidence that the
volume will justify expenditure of public funds to provide more than
one or, at mogt, twe factlities of this nature on the Texas Gulf Coast.
On the upper Texas coast, a casual inspection of greater water depths
seems to indicate that the Port of Freeport is nearest to 60-foot and
greater depth in the Gulf of Mexico (approximately 6.5 miles as com-
pared to 23 miles off Galveston and 38 wiles off Sabine Pass), See
Figure 5. However, distance from shore to deep water {s by no means
the only suffectent criterie to locate such facilities. In fact, in
the final analysis, it may be relatively wimportant. Considerable
additional research would seem to be in order to determine priorities,
cost factors and economies of scale for the location and canstruction
of an offshore terminal. It would seem that our competition in this
area should be with Loutsiana and Alabama rather tham between Texas
port cities. [t has been suggested that only strong State leadership
can avoid wasteful expenditures by premature construction not
justified by predictable demand. Others believe the converse: namely
that the local entities through the effects of their competition will
provide sufficient leadership and arrive at an "optimal" solution.

A1l possible alternatives should be thoroughly explored. It could be
that comprehensive planning might indicate construction of a new port
or development of a smaller existing facility favorably located in
relation to the ten - fifteen fathom depth contours vis-a-vis more
costly construction and maintenance at an existing port having wider
reaches of shallow water. The solution here has not, at this time, been
determined; in fact, the various groups studying the many trade-offs
involved in this complex problem are still identifying parameters and
relevant factors.

Present channel depths of major Texas ports reveal 40-foot
channel depths available at the ports of Houston, Corpus Christi and
Texas City. The ports of Galveston and Corpus Christi are in the
process of developing 45-foot channels for deeper-draft ships.
Noteworthy is the new proposed Barbours Cut port facility for the
Houston area which is to be operating by 1972. With a channel depth
of 40-feet, the Houston port authorities apparently feel such a channel
depth will be sufficient to accomodate most general cargo carriers
for the near future.

The concept of devetoping a super-draft port in a less developed
region has many interesting gspects. For example, it could result in
population dispersion or decentralization - an occurrence which many
sociologists believe desirable; but conversely, if such an action
caused adverse economic effects of the older areas this would be most
undesirable, And, certainly not least, many conservaiionists would be
upset at the idea of industrial development moving into a new area.
The total benefit/cost analysis must, of course, include the costs of
interfacing with land, barge and, possibly, air transport. The effect



of port Tocation on super-ship turn-around time will be of vital
importance in attracting this traffic. Because of the present
inter-port competition, such rational evaluation will almost certainly
have to come from Some other Source than the existing local port
authorities, unless of course, their existing attitudes change as
they realize that the Texas Gulf Coast is engaged with all the rest of
the nation in a fierce struggle for much of the developmental enter-
prises which will follow the super-draft facilities. In order to
successfully pluck this "national plum" an unprecedented amount of
inter-port cooperation may be necessary; however, there is no reason
to believe that the existing organizations will fail to meet the
challenge,

V. PORT ORGANIZATION

There seems to be Iittle wniformity throughout tmerica among
the organizations formed to promote and/or operate ports. They all,
however, seem to have one thing in common--to do everything possible
to increase the tonnage handled by the individual port as a means
of promoting growth of the port city. Some have taxing authority
without direct accountability to the electorate upon whom the tax
burden falls, Some, such as the Port of New York Authority, operate
or otherwise control transportation facilities not directly related to
any water port function. So far as is known, none of them is charged
with overall responsibility for land use compatibility with any set of
comprehensive regional objectives. MNome is charged with relating
growth ambitions to other social or economic goals. Until recently
this single-minded devotion to bigness was considered acceptable or
even desirable. Today, there is conmgiderable doubt that sheer growth
18, in all cases, the proper target. There is a rising certainty that
the actions of any sizeable community cannot fail to impact other
comunities, some of which may, by older standards, seem quite distant
from the action, under a separate local political jurisdiction, and
with no readily available means of effective protest.

Embarking upon a program of Coastal Zone development, Texas may
well profit in the long run by clearly defining the desired relation-
ship of the Zone to the rest of the State and the creation of govern-
mental machinery by which compatible development may be fostered and,
if need be, insured while maintaining a reasonable balance between
individual rights and the public interest. For example, some
industries such as mining or oil and sulphur extraction must exist
where nature has placed the resources. Salt water fisheries, as well
as recreation, depend upon natural factors, as does agricultural
production which must be suited to the soil and climate available. On
the other hand, a number of activities unrelated to the Gulf have
Tocated 1n the coastal counties and there may be some doubt that these,
in the long run, will contribute to the overall desirability of Texas
as a place to work and Tive. To the extent such activities are



unngcessarily exposed to wind and water damage they may prove an
economic liability to the State and the Nation. MNote the combined
implication of the attached clippings. The Chief of the National
Hurricane Center told President Nixon's Disaster Preparedness
Conference, "I am enormously concerned with development of high
density populations right at the shore Vines." ({Figure 5)

Guidance of Coastal Zone development will be, in any event,
a long, slow process, depending essentially upon public acceptance
and clear delineation of regional objectives. It will not be
accomplished by uncoordinated efforts of private enterprise nor by
competitive strife between the cities and counties of the Zone.
Meaningful State leadership is definitely needed to show the way,
to encourage cooperative effort and to insure compatibility with
the overall Goals for Texas. Several courses of action appear to be
possible, though each most certainly will have its merits/Tiabilities,
and thus attract a strong crowd of either followers or opponents.
They include the following "possible" candidates:

One action might be for the Legislature to create a Tewas
Port Commission empowered to approve or reject all private
and public port construction and modification; to act for

the State in relation to Federal port and water transport
programs; and further, charged with developing port objectives
in relation to Coastal Zome and Texas objectives and insuring
compatibility of port projects therewith, Such a Commission
would provide full time Specialized attention to Texas'
important port activity as a valuable adjunct to and in no
conflict with the overall function of the Interagency Natural
Resources Council {of which it would be a memberg. Texas
ports, collectively, would gain a voice in government which
they do not now possess.

The existing port organizations might join together in some
type of organization stronger than their eristing TPA. Such
a federation would have the "final say" about the expansion
or modification of their own facilities when it came to major
matters in which the whole region was competing with another
major section of the United States. Yet on minor things,
inter-port competition would still exist.

A strong Inter-Agency Transportation Council might be
developed. Here the port organizations would join with other
transportation-related groups in developing a State/regiona
approach. Under the influence of the unbiased non-port
members, possibly a good, workable plan could be developed.

Yet another possibility - though most feel it is both infeasible
and impractical - would be a State Department of Trancportation.
However, such a monster would almost certainly create more
problems than it would solve.



As stated under Water Transportation, it is important that
concentration on deep water Coastal Iome ports mot obscure the
present and potential value of inland water ports and shallow-draft
water transport. Development of the LASH (Tighter-aboard-ship) and
off-shore terminal concepts will enhance the already high value of
thase facilities. Inland ports should be within the scope of the
responsibility of whatever organization(s) that evolve.

VI. RAILROADS

It is a rather common fallacy to believe all the railroads of
America are dead or dying because of the publicity attending rail
passenger discontinuances and the financial troubles of some
railroads. While it is true that, except for the war years, the
railroad shave of intercity freight - the bread and butter - has
declined steadily from 62.3% 1n 1939 to 41.0% in 1969, this is only
part of the story. Such relative decline was to have been expected
as alternative transportation developed. Once this share was close
to 100%. The other side of the coin is that, in absolute ton-miles
carried, the railroads have, in thirty years, gone from 339 billion

ton-miles in 1939 to an all time record high of 780 billion in 1969,

It can confidently be expected that railroads will continue to play
a vital role in the industrial future of the Coastal Zone although
their role in passenger transportation is most doubtful.

The Coastal Zone is served by a comprehensive rail network
(see map). The eleven major ports, accounting for the lion's share
of ocean tonnage, benefit from competitive rail service as follows:
(also, see Table B)

Port City Number of Railroads (1)
Beaumont 4

Brownsville 2 (4)

Corpus Christi 3

Freeport 1

Galveston 6

Hous ton 6

Orange 2 (2)

Port Arthur 2
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Port City Nunber of Railroads (1)
Port Lavaca-Point Comfort ]

Port Isabel ]

Texas City 6 (3)

) Not including Jocal belt or terminal companies.
) By connection with port owned railroad.

) By connection with terminal railroad.

) Plus Mexican National RR.

A1l of these railroads connect with the interior directly or by
interchange. The most direct coastwise rail transport from Brownsville
to Beaumont and intermediate points is over the trackage of two
parallel railroads, Southern Pacific and Missouri Pacific.

Development of the Coastal Zone as an interface between inland
points and ocean transportation will continue to depend to a large
degree on the efficiency of rail transportation. 4 key factor in
this efficiency are the vailrogd yards, modermization of which require
substantial capital expenditures, Traditionally, these improvements
and choice of location have been left to the private initiative of the
railroads which has resulted in total overcapacity at some locations,
undercapacity at others, and general faifure to achieve the full potential
of interchange, with minimum delay and cost incident thereto.

Any sound developmental plan for the Coastal Zone should require
treatment of the rail network as a whole--designed to best satisfy the
total zone rail transport requirements in the most efficient manner.
Strategic Tocation of modern yards, operated as joint undertakings by
the using railroads and with appropriate governmental financial
assistance could possibly advance the regional economy. Incident to
this concept, obsolete rail terminal facilities in localities unsuited
to present and projected metropolitan needs should be encouraged to
relocate.

As ship capacity grows and as port facilities are developed,
consideration should be given by port planners to provision of
facilities to handle unit-train movemente ac the land-water interface.
The economics inherent in this comparatively recent development in
gail transportation of such commodities as grain should not be over-

ooked.

Because of anti-trust and economic considerations, Strong leader-
ship on the part of the State or other overall regional governmental
authority will be required. Should Coastal Zone development entail
construction of port facilities at a new location or material augmen-
tation at old locations such leadership will be indispensable to
insure coordination with Tand use planning.
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VII. HIGHWAY TRANSPORTATION

Highway transportation is, of course, the most visible form of
transport to everyone. Because of the personal relationship between
people, automobiles and highway traffic it is the first transportation
mode in the minds of nearly all. Nevertheless, highway transport is
but one part of what should be a balanced system designed to best
satisfy the needs of all users--both as to service characteristics
and as to cost.

As is true with most parts of Texas, the Coastal Zonme is served
by a network of excellent highways. With the exception of the Beaumont-
Houston-Galveston triangle, however, little of this network is now
constructed to Interstate stindards. If development of the Coastal
Ione i to be a matter of priority, efforte to expedite construction of
an "Interstate quality” highuay from Browmsville to Houston are
indicated despite the fact that existing traffic volumes may not seem
to justify the expenditures at this time. The developmental effect
of better transportation is of major interest to this area.

In addition to local drayage and other unregulated motor transport
the eleven major port cities are served by regulated intrastate and
interstate motor common carriers as follows:

Port City Number of Carriers
Beaumont 13
Brownsville N.A,
Corpus Christi 7
Freeport 4
Galveston 10
Hous ton 3
Orange _ 9
Port Arthur 7
Port Lavaca - Point Comfort 3
Port Isabel 2
Texas City 2
17



Incident to planning for highway development, the space requirements
and Tocation of highway termina) facilities, and truck-rail, truck-water
and truck-air interchange facilities for both unitized and non-unitized
cargo should be provided for. The important aspect of the transportation
interface should no Tonger be left to chance or the uncoordinated actions
of individual interests.

VIII. AIR TRANSPORTATION

Interstate common carrier air transportation of both passengers and
cargo originating or terminating in the Coastal Zone presently requires
routing through Houston Intercontinental Airport and, usually, inter-
change at that point. This condition will prevail for an indefinite
period. Some exploration of an air cargo center primarily oriented
toward transporation of perishables, generally South and East of
San Antonio, has been initiated but, to date, no proposals have been
formulated.

The Texas Aeronautics Commission is engaged in long range planning
for intrastate air transportation and facilities. This planning
process could be a model for Coastal Zone transportation planning which,
in any case, must be closely coordinated therewith. This would seem to
be a factor favoring establishment of & Tewas Interagency Transportation
Couneil to assist the Governor in performing his statutory responsibil-
ities for overall planning in Texas.

At some future date, coincident with material expansion of the
all-cargo air carrier fleet (possibly 1980) an air cargo center on the
Houston-Galveston aris will probably be requived to relieve air space
congestion at Houstom Intercontinental. It is not too soon to set aside
land required for such a facility. The locaition should be cavefully
coordinated with the main routes of surface transport.

The Texas Air Transportation Plan, now in early developmental stage,
should be carefully reviewed in connection with Coastal Zone planning.

IX. PIPE LINE TRANSPORTATION

The unique operating and ownership characteristics of pipe line
transportation set this mode apart from all other forms of transport,
although in the movement of some commodities pipe lines are highly
competitive with other forms of surface transport.

Portions of the Coastal Zone are a maze of interstate, intrastate,
gathering and inter-plant pipe Tines carrying petroleum products,
natural gas and chemicals. It has been said with appavent justifieation
that there is no single public or private agency having readily available

18



ull knowledge of the lecution and aetivities of all Tezas pipe lines,
If true, this is a svtuation which showld be speedily corrected ot State
level for reasons of eafety a8 well as economics,

In addition o trangportation of liguids and gasses by pipe ine,
other commdities are now being moved ir this manner. As technolegy
permits and demand justifies, there is every reason to expect this form
of transportation to increase. {oasta) Zane, and a1l other regional
planning in Texas, should keep abreast of these changes and integrate
them into the planning process.

It is a foregone conclusfoa that new port development and
augnentation of existing facilities, on-shore or off-shore, will
require adjustment of the pipe Tine complex which, as stated alsevhere
in this commentary, must depend on comprehensive, in-depth conmodity
flow analysis. Once again, wacoordinated actions by individucl interests,
public ov private, can be sapeeted vo marimize cost and inpede the
attainment of overall Temes cbjectives.

X. RECREATIONAL AND ECOLOGIGAL FACTORS

In addition to being an Tmportant factor in Texas' econonic
development, the 6ulf Casst $5, perhaps, the major playground for all
Texans and a valugble attraction for out-of-state visitors. The
arount of coastal Space gvaitahla for this purpose and for preservation
of wildlife 18 steadily shvinking. A Texas Interagency Transportation
Council, such as the one mentioned under AIR TRANSPORTATION, could be
most valuable heve. It could, through proper coordination with the
already existing Natura) Resources Council, allow for the compatible,
complimentary developrent of ransportation systems and natural resqurces,

There are comparatively winor industrial traffic demands generated
by this use, OF greatest impavtance, major industrial transportation
centers are, 10 @ large degree, incempatible with recreation and the
preservation of natural attractions. The close relationship between
gase of transpartation and recreational development is too well known
to require detailed comment.

Land yse planning should tarefully weigh the impacts of industrial
development upon other objectives for this area in order to avoid costly
mistakas so often committed i the past. In this case, land~use
planning and the resulting decisions should precede transportation
planing. Consideration should be given Statewide as well as local
impacts, since conflicts of intersst are most Vikely to occur in this
area.
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Texas Growth Potlerns Told

Dr. R.L. Skrabanek, head of
the new Department of
Soclology and Anthropalany at
Texas A&M, told Extension
workers Tuesday the population
of Texas Is Increasing faster
than the United States or worid
population.

Dr. Skrabanek spoke at the
State  Extension  Conference
being held on campus this week.
He spoke as a member of a
panel which tried to help the
county agenfs beiter analyze
their county's census data.

“The United States Is growing
at a more rapid rate than the
world in general and Texas is
inereasing ot an even more
rapid rate,” he said.

Skrabanek admitted he W33
one of the many who an
ticipated higher censug couhts,
but ‘said that as the resulis have

wome n, he feels the ceasus
bureau did a very good joo,

He affributed the over
estimates to anticipated
population growth that dids't
oceur. “We didn't grow as much
hetween 1560 add 1970 as we
did between 1950 and 1680, he
said.

“We have simply had a
further deefine in the birth
rate,” Skrabanek explained, “I
don't want to overplay the ward
‘slowdown’ because we dra sull
prowing at a very rapid rate)”
he added.

Skrabanek pointed out to the
group of cuinty ageats that the
population of Texas is very
unevenly distributed. “Two out
of every three counties tost
population during 196370, he

said. )
“Those one third of the

counties . that are Increasing
really had to pack the pecple
in because they make up for
the other 23 of the counties plus
mcyl asi,dcd a half milljon new

Skrabanek Hlustrated density
by contrasting Dallas County
whith has 1,500 people per
square mile to Loving County
which has one person per four
square miles.

“As a ‘gemeral mule, the
smaller the town the more
likely it is to be lesiny in
population and the bigger the
fovn the more Lkely & s to
be growing,” Skrahanek said.

He said that three out of four
Texans live in the 23 Standard
Metropolitan Statistical Areas of
Texas, “Five of these areas hold
over one hall of the states
people”” be said, “and Dallas

Hurricane Danger

Chiel Calls For

Evacuation Route

MIAMI (AP) — Expanding
poplations along the warm
weather coasts of the Atlantic
and Gulf stales could become
“sitting ducks for disaster” un-
less escape routes are provided
from tropical storms, says the
chief of the National Hurricane
Center.

“A burricane in the near fi-
ture could Kill 20,000 or 30,800,
even 50050 people uniess we
have sound plaonizg,” Dr. Rob-
et H. Simpson told President
Nixon's fourth regicnal Disaster
Preparedness Conference Tues.
day.

“I am enormously concerned
with development of high denst
ty populations right at the shore
lines," Simpson said. “If we
stack in people by hundreds of
thewsands and fail 10 provide es-
cape toutes, we Will be sittirg
qducks for disaster one of these
days.”

Simpson said Dade County—
Miami—is a prime example of
mushrooming - population  and]
poor plaraing. !

It a major hurricane struck
south of Miami, he sald, 230,000
people jammed between US, 1
and Biscavrs Ray would have

only the cae hignway on whisd

10 travel 10 sheiier.
“A very high peccentage of
these peopls would be drowned

said.

Simpson told disaster o{ficialsf

from 12 Southern and South-

or killed by flying debris,” he|

western states that Hurricane
Celia, which ravaged Corpus
Christi, Tex., Aug. 3, was “a
metcorolagical enigma  whick
will give forecasters and buikl-
ing éngincers something to think
about for years."

The highest gusts registered
by the Weather Bureay hit 161
miles per hour, Simpson said
“But who can say how high they
actually were? They might have
been 40 per cent hizher.

Simpsen said it was the fiest
time on record that the major
vamzge from g hurricane was
done Gy gusts rather than sus-
tained winds.

“Building engineers have told
us {hrough the vears that they
design for sustained winds and
¢o not hothar about pust loads,”
Simpson said.

“We can measure these Sus-
tained winds but there is mo
nown means of predicting gust
speeds. This calls for new thin
ing in meteoroloZy dinl ... wwr
signing of our building strue:

{tures,” he said,

CALL
CLASSIFIED

BRRe0 107
wred

COUNTRY KITCHEN
Closed for Vacation
WILL RE-OPEN
TUESDAY AUG. 25th

et ()

and Houston alone hold one
third of the people.”

Skrabanek said he sawno
fncreases in rural population
bt felt it would temzin abrut
the same. “We now hava 66
counties in Texas which heve
more deaths than births en-
nually,” he added. He feit that
this meant that the older people
sre being: left behind when
others migrate to the city,

Dr. W. Kennedy Upham of the
Soclology and  Anthropelogy
department told the agests haw
to Iuferprel mortalily rates,
fertility raies, efe. And R, L.
Copeland, of the same depart.
ment, explained ethnie group
trends.

The convention will continue
through Friday with spesches
and worksjiops for the Extension
agents.
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XI. MASS RAPID TRANSIT

The mechanics of moving a large mumber of people speedily
and in relative comfort presents a major problem in and around
any major urban area, Conflicts arise from the unbalanced distri-
bution of demand over time, arising from the AM and PN "rush"
hours. This creates many problems including delays, frustrations,
accidents, and injuries, and provides headaches for both the urban
trip-maker and the urban transportation administrator. There
appears to be four alternative ways to alleviate the problem:

Rescheduling of some trip-makers
Rerouting of some trip-makers
Increasing the size (capacity) of the facilities

Increasing the movement capability by providing for
larger passenger loads per vehicle

Each of these has its pros and cons. Unfortunately, polari-
zation has developed between proponents of the two major alter-
nate means: "rail transit" vs "highway transit." Each, of course,
has both its merits and its Timitations. However, while rail
transit has its place in certain highly congested areas with
population densities in excess of 20,000 persons per square mile,
1t most certainly is NOT the answer to all - or even most - of
our present problems.

"Rubber-tired" or highway-based mass transit systems present
2 different picture, for a variety of reasons.

The maximum population density in Texas is 3,528 persons
per square mile and this occurs only in one very smell
area. For the major Texas cities, this maximum density
is on the order of less than 2,800 persons per square mile,
A150, national trends even in the urban avess indicate
a strong move toward dispereion rather than concentra-
tion. (While the final result remains to be seen, there
is considerable speculation that San Francisco's BART
will not be able to support itself by bringing commuters
from the relatively settled suburban communities.}

The highway-oriented system can respond to rapid reloca-
tions of demard generation/attraction centers. In

*Taken in part from 4 Systen to Fecilitate Bus Rapid Traneit
on Urban Freeways by Texas Iransportation Institute, 1968,
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our rapidly changing country this should be a paramount
consideration. (New York City provides an excellent
example how shift in demand causes the abandonment of
rail systems. At one time rails connected Harlem with
the textile/garment district; then as that industry
moved south, the area needed stevedores which came from
a different section of the city. These rail-oriented
facilities have since been abandoned and removed since
they could not respond to changes.)

The costs of such systems are much less, since in most
cases existing freeways would form the backbone of such
rubber-tined transit systems. Also, they provide valuable
transportation Tinkages in non-peaking hours - and who
wants to wait two hours for a train at 1:30 A. M.!

Our existing and proposed network of excellent highways,
freeways, and other roadways, is capable of handling our present
and projected surface passenger loads. On the other hand, anyone
who commutes daily through the freeway rush-hour can't help but
wonder that if, for the particular problem of going to work, a
better mousetrap is possible. Also, he may be inclined to ponder
the massive amount of natural resources being expended by all the
5-passenger automobiles - each with one occupant - that sit motion-
less on the 4-Tane concrete path below him; he may even begin to
think about the cost of his 2nd or 3rd car.

If any type of mass rapid transit system is to succeed, it
must attract and capture this individual. For it to do so, it
must equal or emcel the automobile in the following ways:

Comvenience,
Comfort,
Cost,

Speed, and
Seeurity.

Only if a system meets these criteria will it gain public accep-
tance. (The present shuttle-bus system at the University of Texas
at Austin campus is a perfect example of a mass system providing
an alternative more palatable than deiving in a very specific
situation.) At present, and well into the future, the only possible
solution, if we are to consider the mass transit alternative,
appears to be the rubber-tired, highway-oriented version. Such

a system, utilizine existing structures and maintaining a maximum
degree of flexibility, might relieve the congestion in the most
urbanized areas. These routes must exist for the movement of
goods and services even if there was no passenger demand. In
speaking of mass transit systems, people often forget that the
streets and roads must exist for the local movement of non-human
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cargo anyway. However, for the present, the automobile is far
and away the best solution to existing problems, Before any rash
decisions are made, much more consideration of the alternatives
will be needed. This {5 only one part of the total transportation
system for the Gu1f Coast and it should be considered in any
planning efforts.
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[, ELECTRIC POWER IN THE COASTAL ZONE

Present Patterns

Electric energy for the Texas Gulf Coast has been principally sup-
plied for many years by three large, investor-owned companies and one
municipality. Gulf States Utilities Company of Beaumont serves six
counties in the area under study by the Coastal Resources Management
Program as well as sixteen other counties in Texas and seventeen par-
ishes in Louisiana. Houston Lighting and Power Company serves six
counties in the Houston-Galveston area while Central Power and Light
Company of Corpus Christi serves 21 counties in the Coastal Resources
Management Program area along the middle and lower coast and 22 other
counties in South Texas. In addition, the City of Brownsville generates
enough power to substantially meet its needs.

Customers in McMullen and Lavaca counties are served by electric
cooperatives and river authorities whose sources of power are generated
inland, and approximately 42,000 customers in Galveston and Brazoria
counties are served by Community Public Service Company of Fort Worth
with power purchased from Houston Lighting and Power Company. This
paper will be primarily concerned with the companies and political sub-
divisions which generate power within the study area of the Coastal
Resources Management Program.

The present status of the electric power industry in Texas is one
of steady, predictable growth. For the last 20 years, electric power
usage in the State has been steadily increasing which has required the
companies to meet a two-fold energy demand increase every ten years.
However, in the last two years total use has grown even faster--nine
percent a year. If trends continue to persist in the next two decades,
the present demands for electric power will triple or quadruple.

A1l generating companies in the coastal region are committed to
mlti-miTlion dollar power plant building programs. In 1971, an estimated
1255 megawatts of additional generating capacity will be added to the
coastal area system. By 1975, total system capacity is expected to in-
crease to an estimated 14,000 megawatts.

While individual power companies must provide stand-by generating
capacity, a mich greater degree of system reliability is achieved through
the Texas Interconnected System (TIS{A This power pool connects almost
all generating facilities in the State and provides connected companies
with tremendous flexibility to continuously meet power demands in all
portions of the State if some portion of the system is idled due to natural
disaster, gengrator failure, or routine equipment maintenance.

The TIS was designed to maximize service reliability while taking
into consideration the great distances between most major load centers
in the State. As a result, each connected operating entity, whether it
be an investor-owned company, municipality, river authority, or coopera-
tive is responsible for generating enough power and meintaining sufficient
stand-by reserves to meet its own needs.
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Although power pools have been severly criticized and have come
under close scrutiny by the public and some requlatory authorities after
the Northeastern Blackout of 1967, the Texas Interconnected System is
considered by the Federal Power Commission and other electric distribution
specialists to be one of the most reliable systems known.

The only major blackout in Texas occurred in 1968 at E1 Paso which
is connected to the New Mexico Power Pool. An accumulation of fluid fn
the natural gas requlating equipment of E1 Paso Electric Company created
a loss of generating capacity causing an outage of about two hours.

Power nools are most successful when stand-by and spinning reserves
are high. This is the key to success of the Texas system. Up to now
Texas companies have not encountered significant delays from government
or environmental groups in getting planned generating capacity “on line"
s have some of the northeastern utilities. While reserves in some parts
of the country have dropped to below zero during peak load times, resulting
in voltage reductions or "brownouts", the Electric Reljability Council
of Texas (ERCOT) expects spinning and stand-by reserves to drop no lower
than 13.67% in August, 1971, based on projections of anticipated summer
Toad. It might be noted that Gulf States Utilities is not a member of
ERCOT, but of the Southwest Power Pgol, and ikewise plans to maintain
reserves in the range of 15%.

Texas is unique among the fifty states in that it does not have a
utility regulatory commission. Several serious attempts have been made
in the legisiature recently to bring some or all of the various public
utilities under state regulatory jurisdiction, but all have failed.
Notably absent throughout legislative hearings and debates, have been
complaints against the electric utility industry regarding service or
rates.

Statutory requlation of rates, rights-of-way, and franchises has
long been vested in the municipalities, and this method seems to have
worked well. Through municipal regulation the electric utilities are
made directly answerable to the people with the result that they are good
corporate citizens of the communities they serve, It is this regulatory
climate which has allowed the electric utilities to be more attentative
to customer needs and opinjon, and at the same time has permitted the
establishment of an interconnected system with highest reliability
while charging the customer some of the lowest rates in the nation.

More than 9400 megawatts of electric power i5 generated in the
Gulf Coast area by the three investor-cwned utilities and the City of
Brownsville. Some on-site generation is done by the Targe petrochemical
and aluminum reduction complexes in and around the Houston-Galveston
and Corpus Christi-Ingleside areas, but that amount is relatively insig-
nificant and is used internally.

The steam-fossil fuel method of generating power is used almost
100% in the Coastal Zone. Some gas turbine driven gemerators are in use,
particularly by Houston Lighting and Power Company, but they contribute
Tittle more than 2% of the total generating capacity of the area. Electric
power is generated at nineteen locations with two additional sites sched-
uled to be placed in service during 1971.

The availability of an inexpensive supply of natural gas almost
"at the back door” of the plants in the coastal region is the principal
reason for the use of the steam-fossil fuel method of gemeration. Natural
gas is a clean burning source of energy with & low sulfur content whose
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chief product of combustion is the oxides of nitrogen (NOX). The emissions
are dispersed through 100-400 foot high stacks into the upper atmosshere.
Atmospheric conditions are such in the Coastal Zone that it is highly
unusual for an inversion condition to exist which brings the noxious
emissions from the stacks back to ground level.

The Texas Air Control Board has issued ambient air quality
standards for some of the products of combustion of nmatural gas and
emission limits for Harris County {Houston) enly. As of January 1,
1971, all power companies were in compliance with the State and
Federal standards. However, there has been some indication that if
the Environmental Protection Agency sets an emission standard for the
oxides of nitrogen (NO,), it may be sufficiently low that the elec-
tric utilities may have some difficulty complying. The technology
for Ny control is almost nonexistent. Pawer plant operators will
have to pay more attention to the air-qas mixture of their burners
in order to minimize the emission of N0y in the future.

At the present time there is no commercially feasible method of
generating electricity without the use of enormous quantities of ther-
mal energy. Whether the generator is turned by a diesel engine or by
steam pressure created by nuclear fission, under the most efficient
conditions approximately 9,000 BTU of energy is needed to generate
one kilowatt hour of electricity. Because of the relative inefficiency
of even the most modern power generating facilities, the dissipation
of waste heat enerqy has become the most important environmental problem
facing the electric utility industry today.

Future of Nuclear Energy

Without & doubt the generation of power by means of nuclear ener-
gy will become necessary in Texas. At this point in time it is difficult
to determine when it will become economically feasible to abandon
natural gas as a primary energy source. The fact that some of the plants
currently in operation sit literally on top of such a cheap source of
energy make the advantages of nuclear power with its estimated 50%
higher KWH generating cost a difficult case to argue. Most experts in
Texas agree that, assuming that our remaining supplies of natural gas
have been calculated correctly and no significant political events or
technical breakthroughs occur which would make the use of nuclear energy
Tess attractive, a nuclear plant should not be expected to be in opera-
tion before 1980. However, concern is being expressed nationwide over
our dwindling reserves of natural gas and a re-evaluation of priorities
and needs for that fuel may eventually be made. Gas transmission com-
panies are turning down new customers and are already beginning to move
to production from marginal fields. .

The power plant of the future, that is, the type of fuel it will
require, will have a significant bearing on plant siting. It ia anti-
cipated that by the year 2000 nuclear power plants will be generating
about one half of the electric power in the United States. In Texas,
with its presently adequate supplies of matural gas and oil, the ratio
may not be so dramatic.

Conceivably the 1970 plant site that has been acceptable to the
area for many years as a burner of natural gas could become the site of
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of a much more powerful nuclear power plant.

Site studies are not being restricted to land areas along the
coast. One of the possibilities is the creation of an island in con-
tiguous coastal waters. Nuclear power plants require greater quanti-
ties of water for cooling than fossil-fueled plants. In the off-
shore plants some small quantities of sea water would be desalted and
used for boiler feed water. Also, larqe quantities of sea water would
be used for cooling purposes on a once-through basis and then be dis-
charged at such distance from the shore as to have no adverse effects
on highly sensitive estuarine areas.

The twelve investor-owned electric utilities through their as-
sociation with the Texas Atomic Energy Research Foundation, have for
more than fourteen years been pioneering in research directed at find-
fng a practical way to utiiize the process of nuclear fusion to gen-
erate electricity. In fusion, the conversion of part of the mass of
the nucleus into energy occurs when the nuclei of light elements such
as hydrogen combine at very high temperatures. Such reactions occur
at appreciable rates only at temperatures of millions of degrees, the
rates increasing with the temperatures. Deuterium, the isotope of hy-
drogen of mass 2, or heavy hydrogen, 1§ the most likely fuel for fusion
reactors. Deuterium is available in limitless supply in the waters of
the oceans of the world., This research is now being conducted at The
University of Texas t Mustin.

It 1s very unlikely that commercial production of electric power
from fusion will be achieved hefore 1990; fusion is more probably a
process that will not begin to influence power generation before the
beginning of the next century.

Environmental Effects

The generation of electricity inevitably involves some environ-
mental changes with resulting biological responses about which it is
difficult to generalize. Much of the current concern about the environ-
menta] impact of such large and technologically complex industrial opera-
tions has resulted from the lack of specific methodology to predict pre-
cisely the ecological impact of their efforts.

QOne of the products of combustion of natural gas fs carbon dioxide
(002). It is being added to the earth's atmosphere at the rate of about
six billion tons per year with the electric power industry contributing
a large share. The Environmental Pollution of the President's Science
Advisory Committee has said that the (0, content of cur atmosphere will
increase 25% by the year 2000,

Water Requirements

The present fossil fuel plants circulate tremendous quantities of
condenser cooling water. The most efficient fossil fueled plants operat-
ing today use only about 40% of the heat energy in the fuel. Less than
one-third of the waste heat is dissipated directly into the atmosphere!
The remainder is carried off by the cooling water which ultimately trans-
fers it to the atmosphere.



Fuel Storace Requirements

Some Texas plants have maintained stand-by fuel oi] storage which
require storage tanks and associated pumping equipment with sufficient
diking to contain the contents of the tanks in case of leakage. Gas
fired plants require some on-site hold-up supply, and some plants may
install underground or insulated tanks for the storage of Tiguified gas.

Space Requirements

Land area required for a fossil fuel plant in the Coastal Zone
may vary widely depending upon the type of cooling method or methods
used. If extensive ponds are needed, future sites could range up to
several thousand acres.

IT. WASTE HEAT DISPOSAL

In steam electric generating stations, the exhaust side of the
steam turbine must be cooled in order to bring the efficiency of the
turbine up to a practical level. To accomplish this, Targe surface area
condensers are employed in which large quantities of water are pumped
through metal tubes of less than 1 inch to about 1-1/4 inches in diamet-
er. Heat is transferred from the steam to the cooling water, which
condenses the steam and forms a vacuum on the exhaust side of the tur-
bine, The temperature rise in the water depends on the design of the
condenser and the flow rate of water through the condenser.

Whether the excess heat qgoes up the stack or is carried off by
the cooling water, ultimately it is dissipated into the atmosphere,
where it is radiated into space. The choice of methods depends on a
number of factors--quality and quantity of water available, natural
temperature of the water, effects an the ecology in the receiving wat-
ers, meteorological conditions, and economics.

The present state of the art in electrical power generation re-
sults in the production of substantial amounts of waste heat that must
be used or disposed of in some manner. The atmosphere surrounding the
power plant is the eventual destination of this excess thermal energy.
Although different types of plants (such as coal, fuel oil, or nuclear
fueled plants) produce different amounts of waste heat, the construction
of the plant is also important. In recent years, the industry has built
more efficient units and upgraded existing operations, either to mini-
mize excess fuel consumption or to meet tighter environmental quality
constraints.

Heat may be dissipated by four basic processes: evaperation, con-
vection, conduction, and radiation. In reality, all operational facili-
ties depend upon a combination of these basic physical processes. For
example, cooling ponds significantly utilize radiation, convection, and
avaporation. As the warm water effluent flows out into the lower tem-
perature receiving pond, initially hydraulic currents are set up in the
vicinity of the outfall as a result of simple physical mixing. Next,
density currents, which are a result of the different densities due to
temperature differentials, are set up, which cause further mixing, These
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mixing actions produce a cooling effect due to convection, the bring-
ing together water masses of diffevent temperatures. Also, substantial
amounts of heat are transferred across the air-water interface, with
evaporation and radiation being the primary transport mechanisms.

The basic physical processes are known and fairly well understood;
thus it is possible to make quantitative predictions concerning the phy-
sical phenomena associated with the waste heat disposal. This analysis
will tell us the areal distribution and the temperature rises associated
with a particular situation. Because of the complexity of the many simul-
tansous processes and the basic random nature of many factors, exact
predictions simply are not possible. For example, it is not possible to
say that it will be 82.4°F at 10:00 a.m., at a point 955 feet east-north-
gast of an outfall discharging 200 MGD into Corpus Christi Bay. Many
other factors, including winds, air temperatures, by currents, etc.,
are statistically random processes. However, we can predict the general
patterns of thermal energy distributions based on any specific set of
inputs and ambient conditions. For most studies we would be interested
in the average and extreme existing conditions, which would give us an
idea of what we would expect under the worst possible set of circunm-
stances, e.g., very little run-off, no significant winds, prolonged hot
weather, minimal dispersive currents. Such "contour maps" of tempera-
ture gradients for both average and extreme conditions were obtained
using a mathematical model. This model simulates the hydrodynamic per-
formance of the bay, then couples with this the effluent-induced effects
and the air-water interface energy transfers. This simulation is costly,
but it will tell us the physical response of the bay. The next step, that
of simulating the ecological response is not so well developed. At present
2 good bit of heuristic intuition and experience with the particular re-
ceiving environment 15 necessary. Nevertheless, the two do provide us
with a valuable tool for evaluating alternatives.

Systems for the handling of waste heat from a thermal generating
facility need not be restricted to a single pracess. For example, the
use of once-through cooling water can be coupled with a cooling pond
and cooling tower to lower the water temperature before it is put back
into the natural water body. Such combinations of processes offer numer-
ous opportunities for developing heat disposal methods which can protect
the recefving body without creating an unbearable economic burden,

In attempting to determine the best ways to protect the environment
from “thermal pollution”, the possibility of using this energy in some
fashion which would enhance the ecosystems inte which it was released
should not be overlooked. The possibilities of the using of this energy
to help mariculture activities is being intensively explored in Texas
since productivity of warm water biologic comunities usually tends to
be greater than in cold ones.

Presently the possibility of using waste thermal energy from power
plants to manage deep reservoirs is being explored. [n most such impound-
ments the water body undergoes thermal stratification, i.e., the colder
water stays near the bottom (hypolimnion) and the warmer water near the
top (epilimnion). The 1ine between the two is called the thermocline. A-

Appendix G contains a discussion "Cooling Nater Requirements for Steam
Electric Plants" by H.R. Drew.
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side from being considerably colder, the waters below the thermocline are
characterized by Tow D.0. (dissolved oxygen), very limited circulation,
Tittle light, and comparatively 1ittle biologic activity. Some researchers*
are exploring the possibility of discharging heated waters into the deeper
zones to achieve mixing - with the hope of bringing increased biolegic
activity to the depths. (Related studies are being done using selective
withdrawal techniques in an attempt to achieve similar results.) At this
time, the scientists do not know encugh about all the relevant, related
phencmena to make any final judgement.

SOURCES OF COOLING WATER
Oceans

Electric utilities in coastal areas may find use of sea water as a
saurce of cooling water attractive although many other factors must be
considered in such a plant siting, The supply of water, of course, is
almost unlimited,

Bays and Estuaries

Large bodies of water, such as Galveston, Matagorda, and Corpus
Christi Bays, theoretically could serve as almost unlimited sources of
water, but they are also very important ecologically and the hydrolytes
of each must be considered. Texas bays have high ambient temperatures
during the summer months, and thus may tolerate only Timited temperature
glevations without major ecological effects.

Rivers and Streams

The advantage of non-tidal rivers over other sources of cooling
water i that the heat i$ carried downstream from the plant quickly and
cooler water is available from upriver. However, there are no rivers in
Texas that can supply the tremendous quantities of water needed for a
once-through system for today's large plants. Furthermore the very
features that make these sites attractive to the power industry also serve
to attract other industries with potential harmful synergistic effects
on the river's ecosystem.

Where Targe flows are not availabla, recycling of water may be prac-
tical. Rapid cooling is accomplished by evaporation in forced draft or
natural draft towers. In this way, only losses due to evaporation,
periodic blowdown, and bleedoff to prevent the accumulation of minerals
need be made up.

Lakes and Reservoirs

Large impoundments of water may be attractive because of natural
stratification, where cool water can be drawn from the cooler water in
the bottom of the reservoir, and warmer water discharged at the surface,
where evaporation, conduction, and radiation dissipate the heat. The closed
nature of this type of system is especially important in areas where water

*Fruh and Hubbs at the University of Texas are presently engaged in such
activities.
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is limited. Increased evaporation, due to cooling with the resulting need
for make-up water can provide for a highly efficient system and yet eco-
logically controlled engineered system. Water impoundments of this nature,
however, can influence flow patters in downstream areas and, therefore,
must be planned so as to prevent salinity changes in tidal systems through
evaporative losses or alterations of flow patterns and volumes by reservoir
operations.

COOLING PROCESSES

There are a number of methods available for the disposal of waste
heat energy from power plants. A1l utilize the same basic enerqy trans-
fer mechanisms, and, unless they are air-based processes, they depend on
one of these for a supply of cooling water. These include:

Once through cooling

Cooling Towers (evaporative)
Wet-type, natural draft
Wet-type, forced draft
Dry-type

Cooling Ponds
Fresh Water
Salt Water

Each of these has its own set of assets and liabilities. For example,
cooling ponds cause very little environmental upset to aquatic communi-
ties, but they do require vast amounts of flat land, thus precluding

their use in densely settled areas or very rugged terrain. In the past,

the once through method was generally used in almost all cases. However, in
recent years, other methods have come into practice in some localities, and
each of these will be discussed below.

Once-Through Cooling

In this process, the water is pumped into the plant from a nearby
surface supply such as river or estuary. Sometimes it receives minimal
treatment before going to the heat exchangers in order to reduce scaling
or other undesirable side-effects. After use it is then discharged direct-
1y back into the surface waters. This discharge is made downstream of
the intake in the case of rivers, or around a point, peninsula, or other
promontory in the case of bays or Takes.

Advantages

1. Low Cost - requires no extra land or any capitol investment
except pumps.

2. Consumes Relatively Small Amounts of Water - since its cool-
ing effect is gained almost totally by process other than
evaporation, no significant amount of water is Tost to the
atmosphere.

3. Reliable - except for a water shortage, it is nearly 100%
reliable. For example, it i5 not very susceptible to natural
occurances such as hurricanes, floods, etc.



.8 -

4. Reuse Potentials - water, after it comes out of a plant,
can be used for other purposes such as municipal supply.
In fact, this warmer water is often easier and cheaper to
treat than water before it ha$ gone through the plant. This
occurs since municipal water treatment involves chemical
coagulation and flocculation, and the reaction proceeds
better at higher temperatures; thus, fewer chemicals are
required to achieve the same softness.

5. Mo Chemical Wastes - such as cooling tower blowdown

6. Requires No Additional Land.

Disadvantages . . o
1. Environmental Upset - depending on the particular situation
involved, damage to the ecology of the receiving body of
water may - or may not - occur.

Cooling Towers

Cooling towers bring the hot water from the plant into direct contact
with the atmosphere. Cooling is accomplished completely by evaporation,
thus there is a significant consumptive use of water. Fresh water cooling
towers are in use across the country, but towers utilizing salt or brack-
ish water still have some technical problems.

Advantages
1. Cooling towers do not discharge large volumes of heated
water in surface water courses.
2. They require relatively little land.
. 3. The technology is available to cope with fresh water towers
but problems still exist with salt water towars.
4, They are not prohibitively expensive to build.

Disadvantages
1. They consume significant amounts of water, and this presents
a problem in water-short regions.
2. Tower blow-down (wind carried spray) from salt water towers
would present significant problems in the immediate area.
See Appendix L.
3. Cooling tower blow-down represents a source of additional
chemical Toad on the receiving waters,
4, Corrosion and sealing from calt-buildups will also be bother-
' some 9n facilities using highly mineralized waters.
5. Towers may be very tall (in excess of 400 feet) and in hurvicane
prone areas such as the Texas Gulf Coast they could be des-
troyed by high winds.

Cooling Ponds

Many persons believe that ponds are the answer to heat disposal
in Texas. Cooling ponds may be used in two ways. Water may be continu-
ously ¢irculated between the plant and the pond with just enough new water
being added to make up for evaporative losses; this is as close to a
"¢losed-cycle" system as one can get. The other option involves employing
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cooling ponds at a plant's discharge, but rather than recirculating the
water back to the plant, discharge it into a surface water course.
Essentially such a usage involves using ponds as a “"treatment plant" for
temperature control.

Advantages

1. In the case of fresh water ponds, relatively little water
is used, thus consumptive demands are not great compared
to evaporative cooling towers.

2. Ponds or reservoirs may provide a body of water for multi-
purpose use. For example, Lake Bastrop near Austin was built
as a conling pond, but is one of the better bass fishing Takes
in Texas, and provides cther recreational amenities. Extensive
experimentation is being conducted to assess their feasibility
for mari-culture purposes, and some are used for municipal
water supplies.

Disadvantages

1. Cooling ponds require substantial land areas, and for densely
settled regions where land is expensive, land costs can
become prohibitive. As a general rule, about 1-1/2 acres of
water surface are required for each megawatt of electricity
generated. Based upon this and the current generation of
9400 M in the Coastal Zone, approximately 15,000 acres
(23.4 square miles) of cooling surface would be needed to handle
waste heat.

2. Closed cycle salt water ponds do not appear feasible since the
continual evaporation would result in very highly mineralized
waters which would tend to clog the heat exchanges.

Forced Draft or Dry-Type Cooling Towers

Theoretically it is possible to dispase of waste heat directly to the
atmosphere from steam-electric plants without using water as an intermediate
heat transport mechanism. Most processes utilize water because it has the
ability to absorb and hold very large amounts of heat per unit volume.
However, some work has been done using air as the medium. The disadvantage
of air as a transport mechanism is that it has about one-tenth the carry-
ing capacity of water. Thus if one wants to use air as the heat-transport
substance, it becomes necessary to force very large amounts of afr past
the condensers, which creates Such problems as excessive noise and great,
high-velocity updrafts. At present, dry towers do not appear to offer a
solution to the disposal of waste heat which is either technically or
economically sound,

Relative Costs

Considerable study has been given to all of these methods from a
cost standpoint as well as an environmental viewpoint. The most exten-
sive study to date has been done by Riley D. Woodson. Appendix K shows
the comparative costs for varicus cooling alternatives for an 800 MWW
generation facility. The comparison is made for both fossil and nuclear
fueled units.
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From this table, it can be seen that the cooling costs per unit of
electrical energy output for fossil fueled plants are about 2/3 the
cost of cooling for nuclear facilities. Each group exhibits quite a
range.

As expected, costs are lowest for once-through cooling; go up for
cooling ponds, then continue to increase for wet and dry draft towers.

III. THERMAL EFFECTS

Thermal effects on aquatic arganisms are most pronounced when water
bodies are used for heat dissipation since water is drawn from the en-
vironment, heated, and returned to the environment. Life in the receiving
body will be affected to varying degrees, depending on the distance from
the heat source, method of discharge, absolute temperature, type of aquatic
community, etc., while organisms entrained in the cooling water &s it
passes through the plant will be exposed directly to a rapid temperature
rise of 10 to 20° F or more.depending on the particular plant design.

Dissolved Oxygen

The saturation capacity of water for dissolved oxygen (D0) decreases
with increasing water temperature and increasing salinity. However,
natural bodies of water seldom are saturated with oxygen. Experience
with power plant condenser discharges in a number of field research projects
has shown that deoxygenation of water from heating is not a problem. In
fact plants frequently increase dissolved oxygen content of water used for
cooling. v

An increase in temperature, however, does affect oxygen demand. The
biological oxygen demand (BOD) increases about 2% for each 1.8° F rise
in temperature above 68° F. In accordance with the van't Hoff principle
that the rate of chemical reactions rises with increasing temperature,
metabolic chemical reactions also increase, [n gemeral, the metabolic
rate doubles with each 18° F rise in temperature. As a result, in polluted
areas where there is a high BOD or C00, the resulting dissolved oxygen
demand will be satisfied more rapidly with increased temperature. Experience
at the Chesterfield Station of Virginia Electric Company has shown that
when intake DO values are less than 5.0 parts per million, turbulence and
entrainment of air within the water as it goes through the plant actually
add oxygen to the polluted waters of the James River.

Poisons and Inhibitors

The toxicity of most poisons which might be found in surface waters
is raised by an increase in temperature. H.R.N. Hayes of the University
of British Columbia has shown that the toxicity of most poisons is increased
at low concentrations of dissolved oxygen. Chlorine is used extensively
as a biocide in steam electric stations to prevent fouling of condenser
tubes and associated equipment. It acts nine times faster at 104° F
than at 46° F. Temperatures thus determine the chlorina's initial .and
final mortalities, rate of mortality, and duration at low concentrations.
Potassium cyanide was found to be twice as toxic at Tow concentrations at
64° F as at 46° F. Chlorinated hydrocarbons, such as ODT, increase in
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toxicity with a rise in the metabolic rate. Therefore, they are two to
three times more toxic in summer than in winter. Most organic phosphates,
on the other hand, are degraded quickly in warm water, hence are more toxic
to aquatic animals in winter than in summer.

It should be pointed out that no power plants contribute toxic sub-
stances of appreciable quantities on a reqular basis. However, some plants
presently in operation or in the planning stages may be forced to use cool-
ing waters that have been polluted with toxic elements. As the water is
heated, toxicity is increased.

Heated Water Effects on Aguatic Organisms

Natural Temperature Distribution

It must be understood that each natural area is characterized by
its own particular set of physical and chemical parameters, such as tempera-
ture, currents, Tight pH, salinity, alkalinity, and nutrients. The animals
and plants which live in a particular place do so because they are adapted
to these conditions and can maintain themselves competitively.

These conditions are not static but everchanging within certain Timits.
The species present also change since new conditions favor one species
over another. An artificially induced change, such as increased tempera-
tures, can bring about a shift in the equilibrium. Within limits, most
species can adjust or acclimate over a period of time if the change is not
too sudden or too severe. This adjustment within the aguatic ecosystem
occurs more readily and rapidly in warm water communities than in cold
water regions. Thus, the warm water species found in Texas are much more
tolerant to power plant discharges than are the northern species such as
in Lake Michigan,

Biologists group species by the temperature range in which they
can survive, Stenotherms are those that can live within narrow tempera-
ture ranges. There may be cold or warm stenotherms. Warm water steno-
therms are most numerous in the oceans where temperatures are relatively
constant, Cold stenotherms are found in the hypelimon of stratified 1akes
and reservoirs and in cold streams. Salmon and trout are examples of such
stenatherm:c species.

Eurytherms are those species which can withstand wide variations
in temperature. Barnicles are exceptionally eurythermic as are many bi-
valves. The American oyster survives temperatures from 39 to 93° F on
the Gulf Coast. Species found in the intertidal zone-are generally
eurythermal,

There are gradations between stenothermic and eurythermic organisms,
hence there 15 an overlapping distribution of many species.

Reproduction

Thermal tolerances vary for different Tife stages. Many eurythermal
species have a narrow temperature for breeding. Anadromouns species, such
as striped bass, shad, herring, and sturgeon, depend for their existence on
the ability to transverse the estuaries to reach fresh water to spawn and
their migration appears to be dependent upon water temperature. The young
of these species remain in fresh water nursery grounds during the first
summer and return 0 the sea in autumn when water temperatures fall. The
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time required for the eggs to hatch and the rate of growth of the
Tarvae and juveniles is a function of temperature.

The ayster 15 another example of a species which can live success-
fully at temperatures well above and below that required for spawning.
P.A. Butler of the Gulf Breeze Laboratory has shown that reproductive
activity in the oyster is requlated by changing temperatures, rather
than heredity response to a specific temperature.

Most animals begin to breed at a particular temperature, which
seems to be a physiological constant for the species, or at a particular
temperature change. A slowly falling or rising temperature stimulates
gonadal development and, if followed by a more rapid change in the same
direction, spawning may be induced. ‘

Optima_and Extremes. All lower vertebrates or invertebrates are
poikilotherms; a term which refers to a relatively simple type of body
temperature control. G. Gunter of the Gulf Coast Research Laboratory has
pointed out that the optimum temperature of a 1iving system is the one in
which metabolic processes function at & maximum rate consistent with the
maintenance of the system. “These optima are not sharp but range over
several degrees and are usually nearer the maximum than the minimum
temperatures which life withstands.”

Many organisms are killed by temperatures not far above those
to which they are acclimated, and it is not uncommon for heat death to
occur in the natural environment. This is particularly true of tropical
animals, as they normally live at temperatures close to their thermal
death point.

L.D. Jensen and others at John Hopkins University, in their
review of literature relating to fresh water and marine invertebrates,
have concluded that the heal stability of an intact organism depends
upon its most sensitive and most exposed part, which happens to be its
soluble protein complexes, including limpids, nucleic acids, sugars, and
other organic compounds. Furthermore, the adult's most vulnerable soluble
protein complex involve its highest level of organizat ion, neuro-endocrine
transmitter substances which function outside of cellular membranes.

Lack of complexity in gametes and zygotes of a species permits
greater thermo-stability in such cells, but as complexity develops,
thermo-stability decreases. The organism gradually exchanges its abili-
ty to withstand heat for the ability to compensate metabolically and
behaviorally.

The breeding adult is the most sensitive of all life stages to
thermal conditions (range, rate of change, maximum temperature, and fre-
quency of exposure). However the survival of a species depends on sur-
vival during the most critical portion of the life cycle. J.R. Clark
of the Sandy Hook Laboratory of the U.5. Fish and Wildlife Service had
listed a nurber of species which range from cold water stenothermal
species to warm water highly resistant species. Appendices C and D show
tethal maximum temperature, preferred temperatures, and spawning
temperatures,

Acclimation. Neither optimum or Tethal temperatures are fixed
points, and many animals can be acclimated to temperatures beyond their
usual tolerancy by intermittent or continuous exposure to sublethal ex-
tremes. In general, younger animals have a greater capacity for acclimation
than older animals, although they may be more susceptible to extreme
conditions.
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Acclimation probably occurs seasonally in the temperate zones, as
J.R. Brett of the Fisheries Research Board of Canada has shown that leth-
al temperatures for certain fishes in Canadial lakes rise with increasing
lake temperature in the spring. The mechanism for acclimation is quite
complicated, but scme cold-blooded animals shift their metabolic rate by
means of this mechanism so that their pattern of response and activity
level after temperature increase approximates that before the increase,

A translation of the rate temperature curve results in no change in
Qjo (the biochemical reaction rate due to a 10C (18° F) rise or fall in
temperature,

Some more advanced poikilotherms can change their Q o With change
in temperature (presumably by some equivalent mechanisms], and thus con-
serve energy. In any event, these changes take days or weeks to adjust
to the new conditions. The immediate response to sharply elevated tempera-
ture is one of shock, followed by increased metabolic rate in proportion
to the increase in temperature.

Thermal Effluents and Natural Populations

Fishes. The Federal Water Quality Administration has maintained
a national inventory of reported fish kills since 1962. These reports
are submitted by cooperating state and local water pollution and conser-
vation agencies, and constitute after-fact data which are difficult to
interpret. The recorded incidents of fish kills, where the cause was
directly identified as thermal discharges from electrical generating
facilities, are shown in Appendix H,

A1l of the 18 reported fish kills occurred at conventionally
fueled power plants and the circumstances surrounding the incidents
generally have not been fully investigated. Some reported fish kills
in connection with power plant operation, upon investigation have been
attributed to improperly designed intake and cutfall structures rather
than heated discharges.

Studies made at the Chalk Point Generating Station of Potomac Elec-
tric Power Company in Maryland before and after the installation of the
plant showed that striped bass increased in abundance, while white cat-
fish and hog chokers declined, White perch remained constant. Total
gillnet catches by commercial gear were approximately the same at the
station nearest the power plant and increased at the two other stations
further downstream, Sport fishing in the area has increased in recent
months.

At the Dickerson (Md.) Generating Station of Potomac Electric Power
on the Potomac River, species diversity of all sampling stations decreased,
but no adverse effects on fish were attributed to the plant operation.
Sport fishing was better in the heated water, during all seasons except
summer-.

Invertebrates. Studies of the oyster Crassostrea Virginica on beds
within 1,200 feet of the discharge canal at the Chalk Point Plant showed
no major effects on the growth, condition and gonad development as a
result of plant operation. Studies also showed that invertebrates harmful
to the oyster, the oyster crab Pinnotheres Qsterum, and the worm Polydora
were no more common in 1965-67 than 1962-63. The accumulation of copper
in oyster tissues also was reported from oyster beds in the vicinity of
the Chalk Paint Station. Subsequent investigation showed that the copper
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concentration in water upstream for the power station was 1.97 parts
per billion, while that in the outfall was 3.01 parts per billion.

This apparently is not common to power plant operation in estuarine
areas, but was the result of improper design and metaturgy in the con-
denser tubing. R.L. Cory and J.W. Nauman of the U.S. Geological Sur-
vey concluded that the number of fouling organisms, including barnacles
increased at the locations influenced by the decreases at the Chalk
Point Station and decreased upriver from the power plant, and that the
increase was associated with warmer effluent waters.

At the Dickerson site, a decrease in the diversity of species at
all sampling stations, including the control station, indicated a gen-
eral change in the biota of the river that was more pronounced in the
vicinity of the discharge.

J.E. Warinner and M.L. Brehmer of Virginia Institute of Marine
Science studied the effects of condenser discharge water on the benthis
invertebrates in the York River estuary at the Yorktown Generating Sta-
tion of Virginia Electric Power Company. Community composition and
abundance were affected over a distance of 300 to 400 meters from the
discharge canal. All sampling stations, including the controls, showed
a marked seasonal change in abundance, with a minimum in the summer and a
maximum in winter. The lowest diversity of species was found in a small
area within 300 meters of the discharge, and this was interpreted by the
authors to be an indication of stress on the benthis community in which on-
1y the more thermally tolerant species could survive,

€.C. Coutant of the Oak Ridge Mational Laboratory has investigated
the effects of condenser discharge in macroinvertebrate fauna in the
Delaware River. In the 1,600 feet of river maximally heated from 20-25°F
above ambient, the summer fauna exhibited a drastic reduction in numbers
of 5 square feet, as compared with a control above the discharge. A
tolerance limit for most of the fauna was 90 to 95° F.

Phytoplankton. Studies by R. Patrick of the Philadelphia Academy
of NaturaT Sciences on the Chalk Point Station indicated a well-diversified
flora throughout the area, influenced by the thermal discharge in August,
1968. HNutrient additions upriver from the plant were reported by Patrick
to complicate the assessment of the effects of plant operation on the stand-
ing crop of algae, through the cyclic seasonal pattern observed before the
plant went into operation were lost at stations above and below the dis-
charged canal.

R. Morgan of the Natural Resources Institute at the University of
Maryland studied the effect of temperature on the passage of phytoplankton
through the condensers of the Chalk Point plant and found that when the
effluent temperatures were between 88.7 and 92.4° F, photosynthetic capa-
city was reduced by as much as 85.7%. However, chlorination was believed
to be responsible for the reduction.

Studies with a laboratory heat exchanger using natural York River water
without chlorination showed that primary productivity of natural phytoplank-
ton was depressed by a 10.1° F increase in water temperature when the am-
bient temperature was 59 to 68° F. A temperature rise was sufficient to
depress production when the ambient summer water temperature was 80.6° F.
In cold weather productivity was enhanced after passage through the ex-
changer. Algae are classified into three groups each associated with a
particular range of temperatures. For example, diatoms develop rapidly
at temperatures between 59 and 77° F, greens at 77 to 95° F, and blue-greens
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at 76 to 104° F; blue-greens become dominate and may cause taste and
odor problems in the drinking water supply,

Iooplankton. Patrick found no significant difference in the compo-
sition of the zooplankton and/or phytoplankton at the Chalk Point Station
at similar times of the year in 1963, 1967, and 1968.

Two microscopic crustacea, the copepods Acartia tonsa and Eurytemora
affinis, were the dominant species and Acartia tonsa standing crops were
greater during the summers after the Chalk Point plant began operating.
Two jellyfish, Mnemiopsis leidyi (a comb jelly ctenophore? and Chrysaora
quinquecirrha (7 sea nettle) were more prevalent before the plant went
into operation. J.A. Mihursky of the National Resources Institue of the
University of Maryland suspected that thermal changes were responsible
for this decline.

Parasitism. Temperature affects all stages of development of para-
sites. 0.N. Bauer has summarized these effects of increased temperatures:

1. Speeds process of division (protoza).

2. Increases rate of eqg deposition (monogenea).

3. Speeds embryonic development (all parasitic helminths and
crustacea).

4. Speeds growth and maturation of larval stages (cestodes, nema-
todes, acanthocephalans) within the bodies of the intermediate
hosts.

5. Growth and maturation of parasites in the definitive host also
increases in rate (some protoza and all helminths).

6. Various infective stages are very sensitive to fluctuations in
temperature.

7. For a number of parasites there arg those which reproduce and
develop most successfully at relatively high temperatures and
others which do so only at relatively Tow temperatures.

Fish generally harbor more parasites in summer and early fall than in
winter and early spring. At the warmer temperatures the metabolic rate is
higher, more foed is required, and with a higher food intake, fish acquire
a higher degree and variety of parasitism.

The Soviets have done @ greal amount of research on parasites in
reservoirs built for hydroelectric power. Since these reservoirs also are
utilized &; fisheries, the program is of considerable importance to them.
They have found that free Tiving planktonic and parasitic copepods drop
drastically in abundance during filling of reservairs, but increase there-
after. Tremetods, which have lammellibranch mollusks as their intermediate
host, gradually decrease after filling, then increase again as the popula-
tion of mollusks becomes established, The cestode, Ligula, is found to be
in the host fish in great numbers in some reservoirs but not in others.
This 15 thought to be related to temperature, since the high summer tempera-
tures favor development of liquids.

Disease-temperature correlation. Seasonal mortalities in aysters
caused by the fungus Dermocystidium marinum is closely related to water
temperature. J.D. Andrews of the Virginia Institute of Marine Science
relates the severity of a particular summer's epizootic of Dermocystidium
in Virginia waters to the gumber of cases carrigd through the previous
winter and on the duration of and level of water temperature during the
warm season.

When the water temperature reaches 77° F, the fungus grows rapidly,
causing oyster mortalities in July. Spores released from dead and dying
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oysters cause widespread infection which can cause subsequent death in
four to six weeks. August and September are the months of highest death
rate. By October, temperatures have dropped, fungus actively declines,
and new infections are inhibited. The disease bacomes dormant through
December and January and all clinical evidence of the disease is lacking
by March.

A1 infection is not eradicated by cold temperatures and the remain-
ing cases began to proliferate when the temperature rises again. The
implication is that an increase in water temperature could trigger an
earlier growth of the fungus, & prolonged epizootic season, and possible
a greater carry-over of winter cases of infection. Until the epizootic
of MSX in oyster pepulations on the East Coast in the 1360's, Dermocys-
tidium played & dominant role in oyster mortalities in the Chesapeake Bay.

he sporozoan, Minchinia nelsoni, which causes the epizootic disease
known as MSX in oyster populations, apparently is the most infectious dur-
ing the period tate May through October, thouch deaths do occur year a-
round. The disease is prevalent in waters above 15% salinity. [t is more
resistant to cold than Dermocystidium and & warming of the water may extend
the period of greatest infection rate.

Rooted aquatic plants. After the Chalk Point plant went into operation,
one submergant species practically disappeared while another extended its
range. Two emergent plants, Spartina alterinflora and Phragmites communis,
were found to be quite tolerant to high temperature, while the Scirpus
americanus normally associated with these two was not found in the heated
water,

Chemical Effacts

As mentioned earlier, biocides are used in the cooling water intake
system for the control of setting and growth of fouling oraanisms in intake
structures of estuarine and marine stations, as well as the condenser
cooling system of most tnermal nower plants. Chlorine is the most com-
monly used biocide because of its wide spectrum effectiveness on 1iving
organisms and ts reactiveness with organic materials generally results
in & low residual in the effluent stream.

It is desirable to keep the chlorine concentration as Tow as possible
50 a5 to minimize damage to entrained planktonic organisms including fish
eqgs and larvae. However, low chlorine residuals have been observed to
prevent setting of mollusk larvae, which are significant to surface fouling
control in intake structures. Hodern plants are employing mechanica! means
of keeping the condenser tubes clean. One process uses abrasive balls that
are introduced into the intake side of the condenser and retrieved on the
exhaust side.

Biocides, however, may be necessary for control of surface fouling in
intake structures, and intermittent low-level chlorination has proved to
be effective to this end, The effects of the thermal pawer plants on fish
eqgs and larvae have not been determined, but some research is underway
in this field.

Physical Effects

Intake and discharge structures are potentially hazardous to aguatic
life. Warm water serves as an attractant to fish, crabs and possibly other
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species. The accumulation of fish and subsequent entrapment in the
intake structure has been a problem in some plants.

Proper design of these intake structures, including intake veloci-
ties Tow enough to permit escapement, can help to alleviate this problem.
Long discharge canals which serve as attractants to fish and crabs also
have contributed to sizable mortalities.

These kills have been presumed to vesult from the combination of in-
creased temperature and excessive chlorination at the generating station.
While such isolated incidents are dramatic Tocally, they do not appear
to be a necessary result of power plant operation in surface waters.

Heated water is less dense than the ambient water and thus tends to
rise to the surface where coaling involving conduction, radiation, and
evaporation to the atmosphere take place. Normally there is a density
stratification in estuaries and in deep lakes in the summer. The addition
of heat can intensify their stratification. Oxygenation of the lower
Tayer is dependent mostly upon mixing with the upper layer. In stratified
akes, this normally takes place in the spring and fall turnovers. In-
tensification of lengthening of the stratification could retard oxygenation
judicious placement of intakes can improve circulation and prevent anaerobic
conditions in the hypolimnion of lakes.

IV. NATURAL GAS AS A HIGHER CRDER FUEL

0i1 and gas industry experts estimate the United States has a 20-150
year supply of natural gas remaining. Such a wide variance in estimates
is accounted for by such variable factors as population growth, per capita
usage, and the rate of discovery of new fields. These same sources also
estimate that over 50% of the United States' petroleum reserves Tie under
the coastal zones of Texas and Louisiana, the bulk of which is in Lowisiana.

Natural gas is the principal fuel used in power plants in Texas and
has been used for many years although fuel oil was used extensively in some
of the smaller early plants and is used as a stand-by fuel in a number of
plants today. Within the next ten years at least three coal fueled plants
will be put into service in Texas principally because of the location of
the coal deposits in relation to the major load centers in North Texas,
i.e., the Dallas-Fort Worth area. These plants will be built at the mine
site thereby virtually eliminating the cost of transportation which has made
the use of coal prohibitive in Texas up until now. As progress is made
toward the more efficient transmission of high voltages, it is possible
to expect that suitable deposits in other parts of the State might be
utilized. At the present time, however, it is still more economical to
transport the fuel to a plant site located relatively close to the load
center than it is to transmit power the same distance.

A question arises as to whether some attention should not be given to
the idea of preserving our natural gas resources as a higher order fuel,
particularly if they are determined to be fairly limited.

Both the electric utility and the petro-chemical industries use tremen-
dous quantities of natural gas and are increasing their consumption at a
rapid rate when other sources of energy are available. Perhaps the time
has come when the heavy industrial user is going to have to take into con-
sideration not only economics when selecting a fuel but also whether this
fuel is the proper one from a conservation of fuels standpoint.
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It may be that someday priorities of use will be placed on certain
fuels. If this happens then it would be logical that natural gas, which
is clean burning, easy to handle, and transport would be given one of the
highest priorities and might eventually be limited to home and commercial
use.

V. COST OF TRANSMITTING ELECTRIC POWER

Because of the great cost of transporting electric power in large
amounts over distances of several hundred miles, electric utilities general-
1y locate their generating plants as near as possible to the electrical load
centers to obtain a greater service reliability. In view of this it
is more expensive to Tocate generation in large centralized generating sta-
tions, then transmit the power over several hundred miles to the load centers.
An example of this is i1lustrated in the cost tabulation for a 500 KV trans-
mission 1ine of 200 miles length (Appendix H).

If a large centralized power plant was located along the Gulf Coast
to produce power for Gulf States Utilities, Housten Lighting & Power, and
Central Power & Light, then an average transmission distance might be about
200 miles. For approximately each 500 megawatts of generation one 500 KV
transmission 1ine would be required. On this basis, a 5000 megawatt plant
would require ten 500 KV 1ines of 200 miles length each. The cost of these
lines would be about two-hundred million dollars {$200,000,000). The
carrying cost and the cost of Tosses would be about Q.71 mills per killowatt
hour. This would increase the cost of the delivered power by about 32 per
cent.

Another factor which must be considered in locating power plants re-
motely from the load centers is the effect on reliability. Regardless
of how well the transmission lines are designed, built, and provided with
elaborate protective features, they are still subject to outages caused by
hurricanes, Tightning, airplane crashes, and sabotage. It should, therfore,
be remembered that under these conditions the reliability of service is not
as great as it would be if the power plants were located nearer the load
genters,

VI. HURRICANE PROTECTION AND DISASTER PLANNING

The frequency of hurricanes along the Texas Coast is a very strong
consideration in the planning and design of outdoor facilities by those
companies operating in the Coastal Zome. On the average, a hurricane can
be expected to strike somewhere along the Texas Coast once every two years
with winds ranging from 80 mph to in excess of 150 mph. Obviously special
efforts must be taken to insure that all outside plant and equipment be
able to withstand the effects of wind and rising water with a minimum of
damage and loss of service.

Underground distribution and transmission is the most desirable method
of insuring system reliability; however, it is impractical in many instances
because of high installation costs and the technical problems associated
with the underground transmission of high voltages. Breakthroughs are
being made on both fronts, and it is expected that within the foreseeable
future, underground distribution and some transmission could become quite
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practical. High installation costs result from the costs of labor and
equipment required to bury the cable; a major factor is the type of terrain
in which the cable is being buried. As the terrain becomes more rugged and
racky, costs rise accordingly, but this is not so much of a problem in the
Coastal Zone since the ground lends itself readily to trenching and ditch-
ing.

The principal technical problems are the difficulty of dissipating the
tremendous amounts of heat energy which build up on and around high voltage
conductors, and the interference of the magnetic fields which each conduc-
tor sets up. In an overhead line these problems are easily solved through
design of the towers which provide the separation needed to maintain the
integrity of each field, and the surrounding atmosphere acts as a coolant
for the conductor.

Several research programs are underway at the present time and progress
being made toward the development of a suitable underground cable for some
of the lower transmission voltages. However, the state of the art is still
far from successful development of the extra high voltages (345 KV and above).

Like other large industries with heavy investments in plant and equip-
ment, the electric utilities ogperate on a self-insured basis for outside
plant and equipment because of the prohibitive expense of such an insurance
premium. Through accelerated depreciation metheds, casualty loss regulations,
and investment tax credits, all of which are deductions to taxable income,
the federal government, in effact, acts as a partial insurer to the electric
utilities. It should be pointed out that all of these methods are available
to any business concern of comparable size.

As a result of experience and careful planning the companies operating
in the coastal zone in cooperation with the other investor-owned companies
in Texas have developed comprehensive disaster plans to meet all types of
catastrophies including civil disturbances. These disaster plans are
periodically updated and reviewed to enable the companies to be prepared
for any type of disaster should it occur with or without warning., Agreements
have been reached with other investor-owned companies throughout the State
for these companies to provide men, material, and equipment to vestore
service to any devastated coastal area as quickly as humanly possible, Many
of these plans have been in effect long enough for them to have been tested
under actual disaster conditions, and they have proved their merit.

Key personnel and their backup men keep in their possession at home
and at work a copy of the disaster manual which contains very specific
instructions with alternatives should any of the directives prove to be
unfeasible or unneeded. These personnal almost without exception know their
duties and those of other key personnel with whom they would need to work
without reference to the disaster manual.
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APPENDIX A

WATER QUALITY CRITERIA FOR MARINE AND ESTUARINE ORGANISMS
ENVIRONMENTAL PROTECTION AGENCY - WATER QUALITY QFFICE*

The statement of the FQA Committee on Water Quality
Criteria regarding marine and estuarine organisms is given here
in its entirety:

"Temperature recuirements of marine and
estuarine organisms in the biota of a given
region may vary videly. Therefore, if ve are
to maintain temperatures favorable to the biota,
all important species, including the most
sensitive, nust be protected. It has been
found that organisms in the i{ntertidal zome vary
congiderably in their cbility to withstand high
temperatures.

"Those in the wppermost areas of the tidal
aome generally can vithstand higher temperatures
than those in the lower portions of the tidal
sone, and these, in turn, generally can with-
stand higher temperatures than the same speciee
of animals living in the subtidal zomes. In
addition, when eonsidering the coastline as a
whole, ve must recognize that there are various
races within a given species which may vary
considerably in their environmental requirements,
or tn their ability to withstand extreme conditions.

"In our marine waters, there is a great
mizture of species, Species typieal of higher
latttudes are found with species that are more
abundant farther south. Tropical or subtropical
spectes generally will spawm in the summer months.
Species from the higher latitudes require lov
water terperature for spaming and the develop-
ment of the young. Thus, they usually spam in the
winter months and temperatures at that time are
critical. Awy varming of the vater during the
cold weather or winter period could be disastrous
from the standpoint of the elimination of the
nore northerly species. In some instances, a
rige in winter temperatuves of only 2 or 3°F
might be suffictent to prevent spaming and, thus,
eliminate these species from the biota.

*Td. Note: These criteria are presently under revision by EPA. What
changes may be made are not known at this time. However, there
are indications that certain standards may be left up fo the re-
gional offices. This would be especially desirable for thermal
Standards since conditions vary widely across the United States.



"In the Northern portions of the country
there 1s generally a great range in natural
temperatures. In Southern areds, as we approach
the tropics, ve find emaller overall temperature
ranges. In the tropics or subtropies, optimum
temperatures for many forms ave only a few
degrees Lower than maximum lethal temperatures.
Great care should be exercised, therefore, to
prevent harmful increases in maximum summer
terperatures in tropical areas.

"In general, temperatures in the marine
waters do mot change as rapidly ner do they have
the overall range from extreme to extreme as they
do in fresh waters. Marine and estuarine fishes,
therefore, are less tolerant of temperature
variation. They can accommodate somewhat, but
overall temperature range and rate of change are
even more important here than they are in fresh
waters.

"It has been observed that when surface
water temperatures over the Georges Bank
tnereased from 46 to 6°F, the larval fish died
at 65°F. It has been jound that species in
subtropical and tropical envirowments are
Living at temperatures that ave only a few
degrees less than their lethal temperatures,

In the most Jortherm formg, sxtensive variations
in seisonul temperatures are a necessity for
orazrly development and growth, Spawning and
development frequently ocour at lower temperatures
and the sexual products ripsw on rising tempera-
tures after a period of low temperatures.
Temperatures above or below the optimum range
may delay or speed up development. They may
inhibit suimming ability and the effectiveness
of food utilization may be decreased with
inereasing temperatures in the upper viable
range. Fishes and other forms are also more
suseeptible to parasites and diseases at
temperatures outside their optimum range.

"In regard to rapid changes in temperature,
it has been found that a drop in temperature
from 58 to 43°F kills sardines. Tolerable
temperature miming vary with the population and
118 past temperature history. Kills have occurved
off the Texas coast at 40°F, whereas kills of the
same species have occurred off Bermuda at a drop
to §99F. Many kills have ccourred in nature due
to unusually low temperatures. Kills also cecur
due to natural high tempergtures. Yellowtail



flounder and vhiting lawvae died when they
drifted from an area of ¢4CF to one of 64°F.
It has been reported that €19F is best for the
developing of mackerel, but 70°F ig too high.
These are merely illustrations of what might
happen to spectes occurring in inshore waters.

"It g apparent from the foregoing that
data are very sparse on temperature requirements
of marine and estuarine species. It is very
difficult, therefore, to attempt to suggest
terperature requirements for marine and estuarine
forms, The diffieulty is compounded by the great
extent of the nation's shorelines, the differing
ratural temperature variations from north to
south, and the geographie overlapping of species
native to different latitudes. Consideration
must be given to maximun allovable temperatures
for both the sumer period and winter period.

"In attempting to establish pemissible
levels of temperature increase in receiving
waters due to heated vaste discharges, precautions
mist be taken to prevent:

"a. Excessive incremental increases above
background values even though such ineremental
increases lie below mazimum limits,

", [Ezceeding maximum natural backgrownd
limite.

"Such precautions are necessary to prevent
gradual rnet increases in background temperatures
due to the continuously increasing volumes of
heated wastes being discharged into receiving
vaters.

"The discharge of heated wastes into estuaries
and other tidal tributaries must be managed so that
no barrier to the movement or migration of fish
and other aguatic life is created,”

These criteria realize that, if the marine or estuarine
areas are to receive thermal wastes, there will be an unavoidable
zone of mixing. Consequently, recommendations were made by the
committee regarding zones of passage for drifting or migrating
species. Here is the statement:

"ny barrier to migration and the free
mevement of the aguatic biota can be hamful in
a number of ways. Such barriers block the
spauning migration of anadremous and catadromus
species. Many resident species make loeal



migrations for spmming and other purpoges and
any barrier can be detrimental to their continued
existence. The natural tidal movement in
estuaries and downstrean movement of plumktonic
organiems of aquatic invertebrates in flowing
fresh waters are important factors in the
re-population of areas and the gemeral economy
of the water. Any chemical or thermal barrier
destroys this valucble source of food and
creates unfavorable conditions below or above
it.

"It 15 essential that adequate passageways
be provided at all times for the movement or
drift of the biota. Water quality criteria
favorable to the aguatic commnity must be
maintained at all times in these passagevays.

It 48 recognized, hoveven, that certain aveas of
mizing are wiavoidable.

"These create harmful polluted areas and
for this reason it is essential that they be
limited in width and length and be provided only
for mizing, The passage zone must provide
favorable conditions and mist be in a continuous
ctreteh bordered by the same bank for a considerable
distance to allow safe and adequate passage up and
doum the stream, reservoir, lake or estuary for
free-floating and drift organisms.

"The width of the zone and the volume of
flov in it will depend on the character and gisze
of the strean or estuary. Area, depth, and volume
of flow must be sufficient to provide a usable and
desirable passageuay for fish and other aquatic
organisms. Further, the crocg-sectional avea and
volune of flow in the passageway will largely
deternine the percentage of survival of drift
organisms. Therefore, the passageway should contain
preferably 75% of the eross-section areq and/or volume
of flow of the stream or estuary. It is svident that
where there are several mizing aveas cloge together
they should all be on the same side so the passageway
18 continuous. Concentrations of waste materials
in passageways should meet the requirements for
the water,

"The shape and size of mizing areas will vary
with the location, size, character, and use of the
recetving vater and should be established by proper
adminictrative authority. From the standpoint of
the velfare of the aquatic life resource, howevenr,
such areas should be as small as possible and be
provided for mizing only. Mixing should be



aceomplished as quickly as possible through the
use of devices which insure that the uaste is
mized with the allocated dilution water in the
emallest poseible area.

"ot the border of this avea, the uater
quality must meet the water quality require-
ments for that area. If, upon complete
maing with the available dilution water,
thege equirements are mot met, the waste
must be pretreated so they will be met. For
the protection of aquatic life resources,
mizing areas must not be used for, or
eonsidered as, a substitute for waste
treatment, or as an extension of, or substitute
for, a waste treatment facility.”

Admittedly, it is difficult to describe how these zones
are to be delineated, but the principle should be adhered to keeping in
mind that swimming species normally may swim at certain preferred
depths and may have the capacity to avoid unfavorable temperatures,
while drifting organisms are subject to currents and their imnate
flotation characteristics.

The Committee on Water Quality Criteria made a number of
recommendations as to the allowable temperature increase and
maximum temperatures for receiving water for both fresh and
marine waters. It should be noted that since the Committee on
Water Quality Criteria reviewed and examined scientific data for
the purpose of formulating recommendations, a considerable quantity
of field and laboratory data relating to thermal tolerances and
ecological impact of heated discharges has been reported in
technical literature, It {s cbvious that much could be gained
through an evaluation of these data by a second conmittee for
the purpose of updating these recommendations.

Fresh Waters

Recormendation for warm waters: To maintain a well-
rounded population of warm-water fishes, the following
restrictions on temperature extremes and temperature increases
are recommended:

1. During any month of the year; heat should not be
added to a stream in excess of the amount that will raise the
temperature of the water (at the expected minimum daily flow
for that month) more than 5°F. 1In lakes and reservoirs, the
temperatures of the epilimnion, in those areas where important
organisms are most 1ikely to be adversely affected, should not
be raised more than 3°F about that which existed before the
addition of heat of artificial origin, The increase should be
based on the monthly average of the maximum daily temperature.



Unless a special study Shows that a discharge of a heated effluent
into the hypolimion or pumping water from the hypolimnion (for
discharging back into the same water body) will be desirable,

such practice is not recommended.

2. The normal daily and seasonal temperature
variations that were present before the addition of heat, due to
other than natural causes, should be maintained.

3. The recommended maximum temperatures that are not to
be exceeded for various species of warm-water fish are given in
Appendix C.

Recommendation for cold waters: Because of the large
number of trout and salmon waters which have been destroyed, or
made marginal or nonproductive, the remaining trout and salmon
waters must be protected if this resource is to be preserved:

1. Inland trout streams, headwaters of salmon streams,
trout and salmon lakes and reservoirs, and the hypolimnion of
lakes and reservoirs containing salmonids should not be warmed.
No heated effiuents should be discharged in the vicinity of
spawning areas.

For other types and reaches of cold-water streams,
reservoirs, and lakes, the following restrictions are
recommended.

2. During any month of the year, heat should not be
added to a stream in excess of the amount that will raise the
temperature of the water more than 5°F (based on the minimum
expected Tow for that month). 1In Takes and reservoirs, the
temperature of the epilimnion should not be raised more than
39F by the addition of heat of artificial origin.

3. The normal daily and seasonal temperature
fluctuations that existed before the addition of heat due to
other than natural causes shoyld be maintained.

4. The recommended maximum temperatures that are
not to be exceeded for various species of cold water fish are
given in Appendix C.

Note.--For streams, total added heat (in BTUs) might
be specified as an allowable increase in temperature of the
minimun daily flow expected for the month or pericd in question,
This would allow addition of a constant amount of heat throughout
the period. Approached in this way for all periods of the year,
seasonal variation would be maintained. For lakes the situation
is more complex and cannot be specified in simple terms.



Marine Waters

Recommendation: In view of the requirements for the
well-being and production of marine organisms, it is concluded
that the discharge of any heated waste into any coastal or
estuarine waters should be closely managed. Monthly means of
the maximun daily temperatures recorded at the site in question
and before the addition of any heat of artificial origin should
not be raised by more than 4°F during the fall, winter, and
spring {September through May), or by more than 1.5°F during the
summer (June through August). North of Long Island and in the
waters of the Pacific Northwest (north of California), summer
Timits apply July through September, and fall, winter, and
spring Timits apply October through June. The rate of
temperature change should not exceed 1°F per hour except when
due to natural phenomena,

Suggested temperatures are to prevail outside of
established mixing zones as discussed in the section on zones
of passage.



APPENDIX B

CRITERIA FOR MAINTENANCE OF WATER QUALITY
(F THE ENVIRONMENTAL PROTECTION ADMINISTRATION
WATER QUALITY OFFICE

The Federal Water Quality Administration has adopted
a set of criteria for the maintenance of water quality, including
thermal and radioactivity aspects. Each state is to establish its
own water quality standards (which must be approved by FWQA) and
the legal means of enforcing these standards.

The following pertinent paragraphs are taken from the
report of the Federal Water Quality Administration Committee on
Water Quality Criteria:

"In grrising at suitable temperature criteria,
the problem ig to estimats how far the natural
temperature may bz erceeded without adverse effects.
Hhateuar vequivergnts are suggestad, a secsonal
eyele must be retained, the changes in temperaturs
mist be graducl, aid the temperature reached must
not be 80 kigh or so low a8 to damage or alter the
compogition of the desired population,

"Tn view of the many vaviables, it seems
obvious that no single temperaturs requirement
can be applied to the United States as a whole, or
even to one state; the requirements must be closely
related to each body of water and its population.
To do this, a terperature increment based on the
raturql vater temperature 18 more appropriate than
an wwarying rumber. Using an inorement requires,
however, that we have information on the natural
temperature conditions of the water in question,
and the size of the increment that can be tolerated
by the desired species.”



APPENDIX C

RECOMMENDED MAXIMUM TEMPERATURES
FOR FRESH-WATER FISH

(Provisional maximum temperatures recommended as compatible with
the well-being of various species of fish and their associated
biota)(a)

93° F: Growth of catfish, gar, white or yellow bass, spotted
bass, buffalo, carpsucker, threadfin shad, and gizzard shad.

90° F: Growth of largemouth bass, drum, bluegill, and crappie.
84° F: Growth of pike, perch, walleye, smallmouth bass, and sauger.

80° F: Spawning and egq development of catfish, buffalo, threadfin
shad, and gizzard shad.

75° F: Spawning and eqq development of Targemouth bass, white,
yellow, and spotted bass.

68° F: Growth or migration routes of salmonids and for egg develop-
ment of perch and smallmouth bass.

569 F: Spawning and egq development of salmon and trout (other
than lake trout).

48° F: Spawning and egg development of lake trout, walleye, northern
pike, sauger, and Atlantic salmon.

Note - Recommended temperatures for other species, not 1isted above,
may be established if and when necessary information becomes avail-
able.

(a) As determined by the Federal Water Quality Administration
Conmittee on Water Quality Criteria.



PREFERRED TEMPLRATURE AND TOLERANCE

APPENDIX D

LIMITS OF SELECTED FISH2

Preferred Range  Upper<

Lethal FWQA Spawning
Name of Fish Field Lab Limit  Criteria  Criteria
Pacific Salmon  52-55.5 55.5-57.5 77 68 54.5
Lake Trout b 52.5-54 1 68 48
Winter Flounder 53-58 b i b b
Brook Trout 57-60.5 55-67 77 68 55
Brown Trout b 53.5-64 78 68 54.5
Tautog 55.5-62 b 86 b b
Greenfish b 14-76 88 b b
Silverside n-13 b 88 b b
Yellow Perch 67.5-70 7075 90 84 68
Atlantic Salmon  57-61 b 92 68 48
Bluegill b 89-9) 94 b b
Striped Bass 55.5-61 64-72 94 b b
Largemouth Bass 82-8  86-90 96 92 76
Gizzard Shad 13745 b 97.5 94 79.5
Goldfish b 82-84 106 b b

2dapted from Clark, 1969103

bNo data given.

Determined by laboratory testing.



APPENDIX £-1

POWER PLANT SITES AND INSTALLED GENERATING CAPACITY

AS OF DECEMBER 31, 1970

Houston Lighting and Power Company

Station

Cedar Bayou

W. A. Parish

W.
W.
W.

P.
P,

A.
A
A.

H.
H.

Parish
Parish
Parish
Parish

Robinson

. Robinson

Robinson

Robinson

Sam Bertron

Sam Bertron

Sam Bertron

Sam Bertron

Sam Bertron

Webster

Webster

Webster

Webster

Greens Bayou

Greens Bayou

Greens Bayou

Greens Bayou

Location

Baytown

NE Ft. Bend Co.
NE Ft. Bend Co.
NE Ft. Bend Co.
NE Ft. Bend Co.

NE Ft. Bend Co.

Bacliff
Bacliff
Bacliff
Bacliff
Channelview
Channelview
Channelview
Channelview
Channelview
Hebster
Webster
Webster
Hebster
£ Harris Co.
£ Harris Co.
£ Harris Co.

E Harris Co.

Unit  Capability

No.
!
]

G1-1
6T-2

W
750.0
177.0
177.0
278.0
565.0

14.0
481.0
481.0
565.0

14.0
177.0
177.0
235.0

27.0

14.0
112.0
12.0
375.0

14.0

72.0

72,0
112.0
112.0

Type
Steam Fossit-Fuel
Steam Fossil-Fuel
Steam Fossi]-qu]
Steam Fossil-Fuel
Stean Fossi1-Fuel
Gas Turbine
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Gas Turbine
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Gas Turbine
Gas Turbine
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
6as Turbine
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel

Steam Fossil-Fuel



APPENDIX E-2

POWER PLANT SITES AND INSTALLED GENERATING CAPACITY

AS OF DECEMBER 31, 1970

Houston Lighting and Power Comany, Continued

station
Hiram (lark
Hiram Clark
Hiram Clark
Hiram Clark
Hiram Clark
Hiram (lark
Hiram Clark
Hiram Clark
Hiram Clark
Hiram Clark
Hiram Clark
Deep Water
Deep Water
Gable Strest
Gable Street
Champion
Champion
Champion

T. H. Wharton
T. H. Wharton
T. H. Wharton

Location
SW Harris Co.
SW Harris Co.
SW Harris Co.
SW Harris Co.
SW Harris Co.
SW Harris Co.
SW Harris Co.
SW Harris Co.
SW Harris Co.
SW Harris Co.
SW Harris Co.
Houston
Houston
Houston
Houston
Kouston
Kous ton
Houston
MW Harris Co.
NW Harris Co.

NW Harris Co.

Unit
No.

]

2

3

4
6T-1
67-2
6T-2
6T-3
GT-4
67-5
6T-6

HP

4
GT-1

{apability
MW

44.0
44.0
82.0
82.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
61.0
177.0
26.0
36.0
6.0
4.0
12.0
.0
234.0
14.0

Type
Steam Fossil-Fuel

Steam Fossil-Fuel

Steam Fossil-Fuel

Steam Fossil-fuel
Gas Turbine
6as Turbine
Gas Turbine
Gas Turbine
Gas Turbine
Gas Turbine
Gas Turbine
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fue:
Steam Fossil-Fue)

Gas Turbine



APPENDIX E-3

POWER PLANT SITES AND INSTALLED GENERATING CAPACITY
AS OF DECEMBER 31, 1970

Station
Nueces Bay
Hueces Bay
Nueces Bay
Nueces Bay
La Palma
La Paima
La Palma
La Palma
La Palma
La Palma
Victoria
Victoria
Victoria
Victoria
Lon Hil
Lon HiNT
Lon HiTl
Lon HiTl
J. L. Bates

J. L. Bates

Central Power and Light Company

Corpus Christi
Corpus Christi
Corpus Christi
Corgus Christ
San Benito

San Benito

San Benito

San Benito

San Benito

San Benito
Yictoria
Victoria
Victoria
Victoria
Corpus Christi
Corpus Christi
forpus Christi

Corpus Christi

Unit
No.

3
4

5

Capability

W
17.0
17.0
3.0

175.0

5.0
6.0
10.0
27.0
2.0

150.0
37.0
73.0

170.0

240.0
72.0
70.0

163.0

240.0
13.0

1.0

Type
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossit-Fuel
Steam Fossil-Fuel
Steam Fossil-Fuel
Steam Fossil-fuel

Steam Fossil-Fuel



APPENDIX E-4

POWER PLANT SITES AND INSTALLED GENERATING CAPACITY

AS OF DECEMBER 31, 1970

Gulf States Utilities. Company

Type
Steam Fossil-Fuel
Steam Fossil-Fuel

Steam Fossil-Fuel

Steam Fossil-Fuel
Steam Fossil-Fuel

Steam Fossil-Fuel

Unit Capability

Station Location No, M
Neches Beaumont AN 427.0
Sabine Port Arthur AN 890.0
Lewis Creek  Conroe A 265.0

PUB--City of Brownsville
Si Ray Brownsville 4 6.0
Si Ray Brownsville 5 24.0
Si Ray Brownsville § 23.0
Si Ray Brownsville 7 15.0 Gas Turbine
Source: Electric Reliability Council of Texas for all except

Gulf States Utilities. GSU data supplied by the

company.



APPENDIX F

PLANNED GENERATING CAPACITY RESOURCES

IN THE COASTAL ZONE

Ownership Capability In-Service
Company Station MW Date Type
CPAL E. S. Joslin 20.0 57 Steam-Fossil
HL&P Cedar Bayou #2 750.0 11/71  Steam-Fossil
GsU Lewis Creek #2 265.0 12/11  Steam-Fossil
CPaL Nueces Bay #37 325.0 372 Steam-Fossil
HL&P Greens Bayou #5 425.0 3/713  Steam-Fossil
HL&P Unassigned 300.0 3/13  Gas Turbine
HL&P P. H. Robinson #4 750.0 /73 Steam-Fossil
CPaL La Palma #182 (ret.) - 110 12/73  Steam-Fossil
63U Sabine 580.0 12/713  Steam-Fossil
CPaL Barney Davis #1 325.0 1/74  Steam-Fossil
HL4P Cedar Bayou #3 750.0 11/74  Steam-Fossil
(PaL Nueces Bay #3844 (ret.) - 34.0 12/7¢  Steam-Fossil
CPaL Unassigned 450.0 1/75  Steam-Fossil
Brasvl.  Si Ray #8 20,0 1/75  Gas Turbine
CPaL Unassigned 160.0 1/76  Steam-Fossil
HL&P Unassigned 750.0 /76 Steam-Fossil
CPalL Unassigned 450.9 177 Steam-Fossil
HL&P Unassigned 750.0 N/17 Steam-Fossil
CPAL La Palma #3 {ret.) - 10.0 12/m
CP&L Unassigned 520.0 1/78  Steam-Fossil
Brasvl.  Si Ray #9 40.0 1/78  Steam-Fossil
HL&P Unassigned 750,0 11/78  Steam-Fossil
HL&P Unassigned 750.0 11/79  Steam-Fossil
CPAL Unassigned 520.0 1/80  Steam-Fossil
" OHLEP Unassigned 750.0 11/80  Steam-Fossil



APPENDIX G

COOLING WATER REQUIREMENIS

FOR STEAM ELECTRIC PLANTS*

The use of water for the dissipation of heat is a necessary
part of the thermodynamic cycle of all modern steam electric power
plants. 1Its value for this purpose lies in its high specific heat,
its general abundance and its ability to consume heat in the
evaporation process.

In the modern power plant, whether nuclear or fossil fueled,
steam from the boiler flows through the turbine giving up energy
to the turbine roter and cooling in the process. At the exhaust of
the turbine, the steam must be condensed and returned to the boiler,
This is accomplished in the condenser using cooling water and in
the process the cooling water is increased in temperature. Although
some water is also used in other processes in the power plant,
particularly for boiler make-up, the quantities are not significant
in comparison with the condensing use. The increase in the
temperature of the water flowing through the condenser depends upon
the design of the condenser, but it is usually between 15 and 25
degrees f,

For a given rate of heat removal, the temperature rise in the
cooling water is inversely proportional to the amount of water
pumped through the condenser. The size of the condenser and the
amount of water circulated can be varied substantially. The design
values are selectad on the basis of a complex economic analysis which
takes into account many factors such 23 the cost of fuel, the cost
of money, expected operating schedules, water temperature,
meteorolegical data and site conditions, all being part of the
optimization process in plant design which will result in a plant
with the lowest cost product. The range in water flow rates for
modern plants is probably from about 30 to 50 gallons per kilowatt
hour generated, the lower rate being associated with very efficient
plants and the higher rate being that of the larger commercial
nucledar plants now in operation.

Power plant efficiencies are expressed in terms of the plant
heat rate, which is the BTU input required to generate each net
kilowatt hour at the terminals of the plant gemerator. A "perfect”
plant would have a heat rate of 3413 BTU/kwh meaning that each BTU
entering the fuel was converted into electricity, At preseni the
best that can be achieved is a heat rate of about 8600 BTU/kwh which

*0. R. Drew, Divector of Research, Texas Electriec Service
Company, Prepared for ASCE Conference on Research Needs in. Civil
Engtneering Aspects of Power, Pullman, Washington, September 13,
1988.



is equivalent to an efficiency of about 40%. There are many older
plants with much higher heat rates and the national average heat
rate is about 10,300 BTU/kwh.

Most of the loss of energy in the power plant occurs in the
heat which must be dissipated in the cooling process. In nuclear
plants this amounts for almost the entire loss. [n fossil fueled
plants between 10% and 15% of the heat entering with the fuel is
lost in the boiler, the rest being lost in the cooling process.

In the "average" United States plant, of the 10,300 BTU/kwh entering
in the fuel, possibly 8800 BTU would reach the turbine. Of this,
3413 BTU Teaves as electricity and the balance, about 5400 BTU is
removed in the condenser. If this were a nuclear plant, the heat
removed in the condenser would be about 7000 BTU per kilowatt hour.
This is indeed typical of the first generation of nuclear plants.

In the latest, most efficient supercritical fossil-fueled units,

on the other hand, the heat removal in the condenser may be as low
as 3600 BTU/kwh. Thus the range of heat removal rates in the
condensers of Targe modern plants is between about 4000 and 7000 BTU
per kilowatt hour generated.

The heat added to the water as it flows through the condenser
must be dissipated to the environment in some way. Where. the
cooling water is returned to a natural watercourse, reservoir, bay
or other water body, this dissipation is accomplished by evaporation,
radiation, conduction, and advection, [f the heat is dissipated in
a wet-type cooling tower, it is almost entirely by the evaporation
of water. In a dry-type cooling tower, the heat dissipation is
almost entirely by conduction and convection.

It is desirable to make a distinction between the terms
"consumption® and "use" as applied to water. As noted, the removal
of heat in the condanser requires the circulation of large quantities
of water, but except for its increase in temperature this water is
unchanged in quality and is therfore still useable for other
purposes. If the heat that is added, however, is dissipated partly
by evaporation, the evaporated water cannot be reused and must be
considered as having been permanently consumed, except in those
cases where the evaporated water would not have been useable anyway;
i.e., in the case of a plant located on the ocean or a cooling tawer
plant using sewage effluent.

Studies made by the U, S. Geological Survey on several
reservoirs in the West have made it possible to determine how the
heat which is added to a reservoir is dissipated. A pioneering
study! at Lake Colorado City, Texas, in 1954-55 utilizing energy
budget and mass transfer analyses demonstrated that the increase in
evaporation from the lake was directly proportional to the amount
of heat added to the lake by the power plant on it and that 58% of

ly. §. Geological Survey, The Effect of the Addition of Heat
from a Pawer Plant on the Thermal Structure and Evaporation of Lake
Colorado City, Texas, Professtonal Paper 272-B, (1959).




the energy added to the lake by the plant was utilized to increase
evaporation while 25% was conducted to the air above the reservoir,
3% was carried away by the evaporated water and 14% was radiated

to the atmosphere,

The results of the Lake Colorado City study are strictly
applicable only to that location. The percentage of the heat added
to a reservoir which is dissipated by evaporation varies with
meteorological conditions, particularly wind speed, air temperature
and humidity. However, another study? pemmits an estimation of the
increase in evaporation which would occur in other locations by

. making adjustments based upon the air temperature and wind speed
measured at the nearest weather station. The following table was
prepared using the foregaing study to illustrate the percentage of
heat used in evaporation at different locations in the United States.

Mean Mean Percent of Heat Added
Ig_mgl Nina_SEeed* “That 1s Utilized to
moh Increase Evaporation
Phoenix, Arizonia 69.0 3.3 46
Sacramento, Calif,  60.4 6.2 49
Denver, Colorado 49.5 6.7 42
Atlanta, Georgia 61.4 6.6 50
Chicago, I11inois 50.8 7.3 43
Topeka, Kansas 54,9 7.9 49
Syracuse, New York  48.0 7.0 42
Portland, Oregon 52.9 5.4 44
San Antonio, Texas  68.7 6.4 55
Washington, D. C. 57.0 6.8 48

Average = 46.8
* corrected to 2 meter speed

If 47% of the heat added to a reservoir is dissipated by
evaporation and evaporation takes place at the rate of 1061 BTU per
pound of water (57°F), the amount of water evaporated will be
approximately 50 gallons per million BTU of heat added to the lake.

The dissipation of heat from a Take is entirely a surface
phenomenon and therefore the amount of surface area available is a
critical factor in the use of lakes for cooling. As a general rule,
about one acre of lake surface is required for each megawatt of
generating capacity using the lake for cooling.

There is Tittle information available as to the amount of water
consumed due to heat which is added to flowing rivers. Heat

Yavbeck, C. E., Jr., Estinating Foreed Evaporation from Cooling
Ponds, Journal of the Power Division, Proceedings of the American
Society of (tvil Engineers, Vol. 90 No. FO §, October, 1964.




dissipation from a river involves some phenomena that are different
from those which occur in ponds and reservoirs and the writer has
been unable to obtain the results of any studies which would furnish
2 basis for making an estimate in the short time alloted for the
preparation of this paper. The most reasonable approach seems to

be to assume that the percentage of the heat added to a river

which is utilized to increase evaporation is the same as that for

a reservoir, recognizing that this assumption has a high probability
of error. Hopefully, studies now taking place or proposed will

give a better basis in the near future and meanwhile the approxi-
mation should be adequate for the purpose of this paper.

Wet-type cooling towers dissipate approximately 90% of their
heat load by evaporation. In addition, systems using wet-type
cooling towers require a continuoys waste of water in order to
prevent a build-up of dissolved solids in the circulating water
system due to the loss of water by evaporation. The amount of
this blowdown varies, being dependent upon the salt content of
the makeup water and the permissible concentration (from
considerations of corrosion and scaling) in the circulating water
system. For the generalized case, the total water consumption in
the tower is equal to En/{n-1) where n is the ratio of the
concentration of the water maintained in the cooling tower system to
the concentration of the makeup water and £ is the amount of water
evaporated by the tower. A concentration ratio of 5, which is
probably more-or-less typical, results in a total water requirement
approximately 25% greater than that needed to replace the
evaporation loss alone.

Assuming that the typical cooling tower dissipates heat at
the rate of 1061 BTU per pound of water evaporated, that 10% of
the heat is dissipated by non-evaporative processes and that makeup
is 1,25 times the amount evaporated, the net amount of water
required for the typical wet-type cooling tower is approximately
140 gatlons per million BTU of heat dissipated.

Dry-type cooling towers being very expensive are little used,
the Targest being at a 120 mv unit in Rugeley, England. Because
the heat is dissipated directly to air by conduction and convection
rather than by evaporation as in a wet-type cooling tower, much
more air myst be moved through the dry-type tower and the available
heat transfer surface must be very great. Both of these factors
increase greatly the power requivements of these towers. In
addition, the minimum cooling temperatures achievable in dry-type
towers are limited by the dry bulb rather than the wet bulb air
temperature with the result that higher turbine exhaust temperatures
must be accepted. In the warmer parts of the country this places
a severe penalty upon the efficiency and capability of the power
plant. Because of their substantially greater cost it is unlikely
that dry-type towers will be used to any great extent in this
country in the near future and they are not considered as a factor
in determining the water use estimates in this paper.

By combining the foregoing estimates of water consumption
rates with the ranges in heat rejection and circulating water flow,



a range of estimated water requirements by type of plant can be
given. As noted previously, these are subject to major error in
some cases due to a Jack of adequate knowledge of some phenomena
that occur in coaling.

(1) For smaller, Tess efficient fossil fueled plants and for
the currently operating nuclear units, the amount of heat
rejected can be as high as 7000 BTU per kilowatt hour
generated and the amount of water required to be
circulated through the condenser for the removal of heat
is about 50 gallons per kilowatt hour generated. The
amount of water actually consumed is about 0.35 gallons
per kilowatt hour in plants located on Jakes or rivers
and 0.98 gallons per kilowatt hour in plants using wet-
type cooling towers,

(2) Large modern highly efficient plants and eventually
nuclear plants will typically reject heat at rates as
Tow as 4000 BTY per kilowatt hour generated and will
require the circulation of about 30 gallons per kilowat
hour generated. The actual water consumed will be as
lTow as 0.20 gallons per kilowatt hour in plants located
on lakes or rivers and 0.56 gallons per kilowatt hour in
plants using wet-type cooling towers.

(3) Most plants operate between the above ranges. The
"average" fossil fueled unit would reject heat at a
rate of 5300 BTU per kilowatt hour generated and would
consume between 0.27 (lake or riverg and 0.75 (wat-type
tower) gallons per kilowatt hour.

Power plant efficiencies are still being improved, although
for fossil fueled plants the improvement is at a slower rate than
has prevailed in the last 25 years. The thermal efficiency of the
current gersration of nuclear power plants is poorer than the fossil
fueled plants because of the Timitations imposed on permissible
temperatures in the nuclear fuel core, which in turn limits steam
temperatures. This should be considered as a temporary condition,
In the Tlight water types we can expect continuing improvement in
thermal efficiency as research and engineering develop improved
materials and cooling methods in the care. In addition, some types,
such as the high temperature gas cooled reactors, are capable of

producing the same steam conditions as in modern fossil fueled plants.

The HTGR plant being planned in Fort St. Vrain, Colorado, for
instance will have a thermal efficiency of about 39%. Liquid metal
cooled fast breeder reactors now being developed in this country

and abroad are also likely to achieve temperature conditions
equivalent to modern fossil fueled plants. All in all, it is likely
within the next ten or fifteen years that new nuclear plants will be
capable of achieving at least as good thermal efficiencies as fossil
fueled plants so that their heat rejection rates will become nearly
as low.



A number of other energy conversion methods which could
increase the efficiency of power generation substantially above
that which is possible in present day steam electric plants are
being actively investigated although none is likely to come into
general use for many years. Notable are magnetohydrodynamic,
electrogasdynamic and thermionic methods. Although any of these
might operate as separate power plants, they are more likely to be
used at first as topping devices instalied ahead of the boiler
in the fuel cycle, in effect making it possible to utilize some
of the engrgy in the fuel at higher temperatures before it enters
the conventional steam-electric cycle. Magnetohydrodynamic
generation has been demanstrated on a laboratory scale and a
32,000 kw demonstration unit has been constructed. Active
investigation of electrogasdynamic generation is more recent and
the unsoived problems are greater. Thermionic generation will
probably be used only in conjunction with nuclear plants.

The development of fuel cells which convert chemical energy
directly into electrical enerqy is receiving great emphasis in
this country, with millions of dollars being spent annually.

It is entirely possible that a fuel cell capable of operating
continuously and reliably on hydrocarbon fuels and air will be
developed within the next decade or so, but it is not certain that
these devices ever can be built cheaply enough to substitute for
central station power.

Ultimately, the use of controlled thermonuclear (fusion)
reactions for the generation of electric power is likely to be
accomplished, with the resulting benefit of making useable for fuel
the almost uniimited supply of deuterium (heavy hydrogen). Fusion
power plants may have the potential of converting all or a part of
the fusion enerqy divectly inte electricity without going through
the conventional steam cycle. Such plants are unlikely before the
year 2000 however,

Because of the substantial savings in fuel cost which are
possible, methods for increasing the efficiency of power plants
are Jikely to come into general use as they become economic. The
advantage of being able to reduce the amount of waste heat that
must be rejected from the power plant s an additional incentive.
It is noteworthy that @ small increase in plant efficiency can
result in a substantial reduction in the amount of heat rejected.
As an extreme example, if plant efficiency could be increased
from 407 to 604, the amount of heat rejected would be reduced from
5200 to 2300 BTV per kilowatt hour gemerated.

Rowever, even though the amount of water consumed in the
generation of electric energy may decline in the future as plant
efficiencies are improved, the amount of electrical energy being
used per person in the United States is likely to continue to
increase, The net result wil) probably be a gradua) increase
in the amount of water consumed per person for power generation.



In & study prepared in 1965 for the Texas Water Commission® the
writer concluded that the future consumption of water for power
generation in gallons per day per capita would show a net increase
amounting to slightly less than 1% per year. If water quality
considerations force greater use of wet-type cooling towers, this
gstimate could be too low.

In a recent article, Di Luzio* estimates that in the year
2000 the amount of heat to be rejected to rivers from thermal
power plants will be 7,140 trillion BTU. If all of this heat were
dissipated in wet-type cooling towers, the approximate amount of
weter consumed would be 1 trillion gallens as compared to 357
billion gallons using rivers. This increased water consumption
would be particularly significant in the more arid parts of the
country but as our use of water resources continues to grow, the
importance of conserving water becomes a nationwide concern.

When one recognizes that plants using cooling towers cost
substantially more to build and tu operate, in addition to
consuming more water, it becomes apparent that the selection of
water temperature limits must give due weight to these hidden
penalties. The ability of lakes and rivers to dissipate heat is
very valuable and the substitutes are very costly. To ignore this
in the selection of water temperature 1imits would be a disservice
to the water and power using public which pays the bills.

3Drew, H. B., 4 Projection of Per Capita Nater Use for
Electrie Power Generation in Teras, May 15, 1363,

Y0P Luzio, Frank C., "Water Use and Thermal Pollution,"
Power Engingering, June, 1368.



Rivers

Lakes

Cooling Towers
Brackish

Salt Water

SOURCES OF CONDENSING WATER SUPPLY

Year 1966 New Plants Ordered (1966-67)
Net generation  Percent Installed capacity Percent
billions of kwh  of total T of total
1. 2. 3, 4.
504.4 55 8172 29
164.2 18 8251 29
96.9 1 6971 25
9.3 1 2432 9
44,2 5 2224 8
9.0 26,050

Derived from FPC data and industry sources. Column 1 figures are for
531 U. S. plants representing 79.3 percent of total energy production
of 1,147 billion kwh in 1966,



APPENDIX H
RECORDED INCIDENTS OF THERMAL FISH KILLS
Date State Stream or Lake Nearest town Degree of Numbe r
or county severity of fish

Aug. 6-8, 1962 Pennsylvania Rays town Branch, Saxton Heavy 3,441

Juni ta
Aug. 11, 1962 Missouri Discharges canal %o Ladue Heavy Several thousand

Montross Lake
Sept. 7, 1963 ITlinois Rock River Rockford Light
May 28, 19564 Texas Unnamed stream Victoria Light
Aug. 19, 1965 Pennsylvania Schuylkill River Reading Moderate 1,000
Aug. 20, 1965 Ohio Greater Miami River Montgomery County 11,250
Jan. 19-22, 1966 Ohio Ohio River Toronto Light 200
Sept. 2, 1967 Pennsylvania Schuylkilt River Philadelphia Heavy 50,000
Jan. 1, 1967 Ohio Sandusky River Sandusky County 300,385
Jan. 17, 1967 Ohioc Sandusky River Erie County 78,750
Jan. 7, 1968 Nebraska Lake Hastings Has tings Moderate 5,000
Jan. 2, 1968 Ohio Sandusky River Sandusky County 250,585
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APPENDIX I
INCREMENTAL COST PER KWH DELIVERED
FOR 200 MILES OF 500 KV TRANSMISSION LINE

Assume 500 KV transmission line cost at $100,000 per mile. Losses
on transmission line from hi-side of power plant step-up transformer to
hi-side of bulk substation step-down transformer to be about 0.50% more
than would occur if power plant was located adjacent to load center. The

. average load of the 500 KV Tine is assumcd to be 500 M. Also, assume

cost of power plant at $100/KN and fuel cost at 2.2 mills/Kuhr.

Cost of transmission Tine:
200 miles at $100,000 per mile  .......... $20,000,000
(A)  Annual charge at 15% ... 3,000,000
Cost of power plant capability for losses
2,500 KW at $100 per Kd i 250,000
(B) Annual charge at 15% ... 37,500
(C) Fuel for losses
2500 KW x 8760 hrs. x $0.0022  .......... 48,200
Total Cost = (A) + (B) + (C)  .......ei. 3,085,700
Total energy delivered:
500,000 KW x 8760 x 0.995 ... 4,360,000,000 Kwhr
Cost per Kwhr delivered per 100 miles line:

$3,085,700/4, 360,000,000 voverennn 0071 mills per Kuhr



APPENDIX J

TYPES OF COOLING SYSTEMS FOR
STEAM ELECTRIC PLANTS IN COASTAL ZONE
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APPERDIX K
COMPARATIVE COSTS FOR CONDENSER AND COOLING WATER SYSTEMS

(800 mv net generation)

INVESTMENT COST
(in thousands of §)

- - —

Condenser Cooling Pumps Cooling Tower

Cooling Water and Towers and Makeup Cooling Total

System Auxiliaries and Basin Conduits System Lake  Investment
FOSSIL FUEL UNIT l
Ocean 1,600 - 3,300 - . 4,90
River 1,700 - 3,300 - - 5,000
Cooling Lake 1,500 - 2,700 - 2,600 6,80
Mechanical Draft

Het Tower 1,900 1,700 1,600 1,200% - 6,400
Natural Draft

Wet Tower 1,900 4,200 1,700 1,200% - 9,0
Mechanical Draft

Dry Tower 1,100 12,200 2,100 - - 15,4
Natural Draft

Dry Tower 1,100 28,000 2,100 - - 3,2
NUCLEAR FUEL UNIT Dl
Ocean 2,400 - 4,800 - - 7,2
River 2,600 - 4,800 - - 7,400
Cooling Lake 2,300 - 3,900 - 3,400 9,6
Mechanical Draft

Wet Tower 2,800 2,600 2,400 1,600%* - 9,400
Natural Draft l

Wet Tower 2,800 7,100 2,500 1,600%* - . 14,0
Mechanical Draft

Dry Tower 1,000 19,300 3,400 - - 24,4
Natural Draft

Dry Tower 1,700 45,000 3,400 - - 50,1

*Includes $700,000 for tower water makeup pratreatment system
**Includes §800,000 for tower water makeup pretreatment System



APPENDIX K CONTINUED

l CAPITAL COSTS

Condenser Incremental Totai
and Cooling Cost for Comparative
Water Auxiliary Auxitiary Capital
System Power Power Cost Unit
aoling Water (thousands  Requirements  (thousands ( thousands Cost
System of §) (ke) of §) of §) (§/kn)
(1)
lossn FUEL UNIT
cean 4,900 3,000 300 5,200 6.50
River 5,000 3,400 340 5,340 6.68
looh‘ng Lake 6,800 3,400 340 7,140 8.93
Mechanical. Draft
Wet Tower 6,400 8,600 860 7,260 9.08
latural Oraft
Wet Tower 9,000 7,000 700 9,700 12.13
Mechanical Draft
Ory Tower 15,400 24,300 2,430 17,830 22.29
atural Draft
Dry Tower 31,200 7,300 730 31,930 3.9
l)UCLEAR FUEL UNIT (2)
cean 7,200 4,600 690 7,890 9.86
River 7,400 5,200 780 8,180 10.23
'Cooling Lake 9,600 5,200 780 10,380 12.98
Mechanical Draft
Wet Tower 9,400 13,200 1,980 11,380 14.23
lNatura] Draft
Wet Tower 14,000 10,600 1,590 15,590 19.49
Mechanical Draft
Dry Tower 24,400 38,400 5,760 30,160 31.70
Natural Draft
Dry Tower 50,100 11,600 1,740 51,840 64.80

(1) $100/kw
(2) $150/kw



APPENDIX K CONTINUED l
FUEL COST PARTIAL PRODUCTION COSTS I—
(with alternative condensing

and cooling water systems)
Comparative Differential
Partizl Parti

Net Plant Fixed Chargés@ Production Produc
Full Load 15%(thousands Fuel Cost Cost {os
Cooling Water  Heat Rate  Fuel Cost  of $)Annual Mills/net  Mills/net  Mills/net
System Btu/kwh Mﬂ}s;kwh mills/net kwrz : kwh kwh kwh
. 1 1
FOSSIL FUEL UNIT '
Qcean 9,106 2.73 780 0.4 2.73 2.87 Base
River 9,110 2.13 801 0.14 2.73 2.87
Cooling Lake 9,128 2.74 1,071 0.19 2.74 2.93 l
Mechanical Draft
Wet Tower 9,187 2.76 1,089 0.19 2.76 2.95 0.08
Natural Draft l
Wet Tower 9,1N 2.75 1,455  0.26 2.75 3.0 0.14
Mechanical Draft
Ory Tower 10,217 3.07 2,675 0.48 3.07 3.55 0. 68'
Natural Draft
Ory Tower 10,014 3.00 4,790 0.85 3.00 3.85
NUCLEAR FUEL UNIT l
(2) (1)
Ocean 10,364 1.55 1,188 0.2 1.55 1.76 Base
River - 10,369 1.56 1,227 0.22 1.56 1.78 ODZI
Cooling Lake 10,388 1.56 1,57 0.28 - 1.56 1.84 0.08
Mechanical Draft
Wet Tower 10,445 1.57 1,707 0.30 1,57 1.87 0.11
Natural Draft '
Wet Tower 10,427 1.56 2,339 0.42 1,56 1.98
Mechanical Draft
Ory Tower 12,167 .83 454 081 1.8 2.6 0. es'
Natural Draft
Dry Tower 11,954 1.79 7,76 1.3 .79 3.18
(1) Fossil fuel cost (1) Based on full lToad operatwn at 80%
$0.30 per million Btu annual capacity factor(5606 x 106 net kuh
(2) Nuclear fuel cost per year).

$0.15 per million Bty



APPENDIX L
SALT WATER COOLING TONER APPLICATION
BY ELECTRIC UTILITIES ON THE GULF COAST

Based on the results of a survey of the existing technology of salt
water cooling towers and on the operating experience of a Vimited number
of units, a salt water ccoling tower system of the magnitude required for
the size of generating units being installed by electric utilities could have
consequences on the environment that would be totally unacceptable. Salt
water cooling towers can be built to give satisfactory service for certain
requirements and in certain locatigns notably in the smaller sizes and
applications not subject to potential environmental problems.

The installations now in service on salt water are 20 to 100 times
smaller than what would be required for the size of generating units being
installed by electric utilities. Jubstantial additional research and develop-
ment is required to develop the necessary information before an acceptable
cooling tower System can be Specified for a large power plant using salt water.

A. Areas of Sufficient Experiences

1. The thermodynamic performance of towers can be predicted
with a degree of confidence that assures proper hear rejection
capability.

2. Mechanical draft towers are modular in construction and thereby
capacity can be achieved by adding cells. There is extensive
experience in the utility industry with the large size double-flow
towers with multiple cells. The largest tower facility in salt
water service is only 5 cells in size. Electric utility generating

units will normally require about 100 cells of similar size.
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APPENDIX L CONTINUED
To accommodate the normal electric utility generating unit,
six hyperbolic towers would be required of the largest size
that the suppliers are currently prepared to offer. There is
demonstrated design, construction, and operating experience
with towers almost as large in fresh water service. It should
be noted that these 500 ft. towers would probably present a
potential interference to the operations of airports within
several miles.
Cooling tower suppliers are prepared to submit conventional,
fixed price bids for salt water equipment. Regarding the
relative economics, of mechanical draft towers and hyperbolic
towers, it is the general opinion of knowledgeable people in
the cooling tower industry that the climatic conditions along
the Gulf Coast favors mechanical draft towers. With respect

to dry towers, they are not now feasible.

B. Areas of Minimum Experience

1.

The materials of construction currently selected by the suppliers

of both mechanical draft and hyperbolic towers appear to be
suitable for salt water service. However, with the exception of
the metals, none of these materials has been in use in warm salt

water for sufficiently long enqugh periods of time to be assured

their real lifetime is adequate. In particular, there is a question

regarding the serviceable lifetime of the treated wood.

The cooling tower suppliers are unanimous in saying that
except for hyperbolic towers they can furnish equipment that
will meet hurricane criterion of 140 mph winds. However,

it should be noted that their general experience has been to

TR . o s L o - T



APPENDIX L CONTINUED
design to lower wind loadings. With possibly one exception,
there are no large towers of the types discussed that have been
degigned and constructed to 140 mph criteria. However, it is
believed that the suppliers can suitably meet this requirement

with an appropriate design and development program.

3. A1 of the operating salt water towers on which definitive

information has been obtained use some type of water treatment

to inhibit or minimize marine growth in the towers. Some type

of treatment would probably be required for towers Tocated on

the Gulf Coast, however, it is not possible at this time to
properly appraise this situation. It is concluded that a suitable
engineering solution can be reached on this point during the

time period of other research and development.

. Area of [nadequate Experience

Drift represents an outstanding problem area. Simply defined, drift
refers to the water carried up the stack in fine droplets and released
to the atmosphere. In salt water cooling towers these droplets
contain salt. The problems are: (1) how much salt comes out of the
cooling towers, (2) what is the size of the area over which this salt
is deposited, and (3) what effect does the salt have upon the sur-
rounding environment, including plant and animal life, and soil and
structures of the area. The cooling fower suppliers are willing to
guarantee a maximum Timit of drift from their equipment; however,

the industry possesses no accurate standard method for experimentally

measuring drift, and therefore present drift guarantees are probably
not too meaningful, particularly at Tow values. The significant

problem is that even operating within the guaranteed drift values for



APPENDIX L CONTINUED
currently operating towers, the amount of salt coming out of cooling
towers used for electric utility generating units is calculated to be
from 20 to 400 tons per day depending on meteorological conditions
and area deposition rates are potentially prohibitively high. Prior
to building a salt water cooling tower as large as that required for
the subject units substantial research, development, and prototype
testing will be required. There is no such research development and
testing being carried out at this time, or even contemplated. It is
Jjudged that a program to do this job would require a minimum of

4 years and several million dollars.
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FINANCIAL IWSTITUTIONS TN

THE COASTAL ZOWE

INTRODUCTION

Financial institutions have probably contributed more to
the growth of the Texas-Gulf Coast than any one other kind of
organization. Moreover, as they have contributed to industrial,
commercial and residential development in the Texas-Gulf Coast,
these activities have in turn contributed, in an upward cycle,
to the growth of financial institutions. This relationship
has held true in the past and will continue to hold true in
the future.

The subject of this discussion will be the past growth
of the Texas-Gulf Coast and the part financial institutions
have played in it, and the future growth of the Texas-Gulf
Coast and the importance financial institutions can expect
to have in it, Financial institutions include not only
commercial banks, but also savings and loan associations,
credit unions, insurance companies, and any other organization
which lends money. Because commercial banks, however, by
virtue of their taking demand deposits and making more different
kinds of Toans than either insurance companies or savings and
Toan associations, enjoy a more direct relationship to the
economy, this discussion will be confined to commercial banks.

For purposes of this discussion, the Texas-Gulf Coast
is defined as the 17 counties which border the coast: Aransas,
Brazoria, Calhoun, Cameron, Chambers, Galveston, Harris,
Jackson, Jefferson, Kenedy, Kleberg, Matagorda, Nueces, Orange,
Refugio, San Patricio and Willacy. This area is Shown in
Figure 1.

PRESENT ACTIVITIES

Table I gives for each of the 17 counties of the Texas-
Gulf Coast the number of banks and accounts and the amount
of deposits as of June, 7966, and June, 1958, and the percent
change over that period. The total mumber of accounts in the
Texas-Gulf Coast increased by 14.1%. Total deposits increased
by 1%, from 4.9 billion dollars in 1966 to nearly six billion
dollars in 1968. Demand deposite increased by £2%, hut savings
deposits decreased by 6.8%.

There were 180 banks in the Texas-Gulf Coast in 1966,
and 184 in 1968, Nearly half, however, were found in Harris



FIGURE 1
TEXAS-GULF COAST
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County. At present there are 186 banks in the Texas-Gulf Coast;
113 of them, or more than half, are found in Harris County,
Kenedy County has no banks.

As of December, 1970, 43 bank charter applications were
pending in the Texas-Gulf Coast; of them, 34 were proposed
for Harris County.

The Federal Deposit Insurance Corporation has divided the
state into 28 statistical areas which cover from one to 24
counties. The 17 counties of the Texas-Gulf Coast, as shown
in Figure 2, are included in seven of the F,0.I.C. areas, as
follows:

Area 03 - Kenedy, Kleberg

Area 11 - Aransas, Refugio

Area 14 - Brazoria, Calhoun, Chambers, Harris, Jackson
Matagorda

Area 15 - Cameron, Willacy

Ared 19 - Galveston

Ared 23 - Nueces, San Patricio

Area 24 - Jefferson, Qrange

The following Tables 11 through VI gives figures for F,D.I.C.
insured commercial banks in the State and in the seven areas
which include Texas-Gulf Coast counties. Only insured commercial
banks are represented here,

Table 1 gives assets, liabilities and capital accounts
for December, 1968, and December, 1969, and the percent change
over that period. Table IIJ gives selected balance sheet ratios
for a breakdown of assets and total deposits as of December 31,
1969. Table IV gives income and expenses for December, 1968,
and December, 1969, and the percent change over that period,
Table V gives income and expenses as a percentage of total
operating revenue as of December 31, 1959, Table VI gives
selected operating ratios for a breskdown of rates of return,
percentages of total assets, percentages of capital accounts and
special ratios for 1969.

ANALISIS AND PROJECTIONS

In order to determine the past, current, and future growth
of the Texas-Gulf Coast counties, ecanomic characteristics have
been studied for selected years during the 1950-1960 and 1960-
1970 ten-year periods, Eeonomic indicators are statistical,
and projections based on them ave therefore statistical. The
periods were chosen to show past and recent performance and
rate of growth; alternate years within these periods were used
when possible to give close points for graphical projection
into the future. The economic characteristics used were popu-
Lation, economie index, and hank deposits.



FIGURE 2

SEVEN F.D.1.C. AREAS
COVERING

TEXAS-GLLF COAST COUNTIES
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Population figures for each county were gathered from the
1950, and 1960 .5, Census of Population, and from estimates for
1970 and projections for 1980, The percent change was calculated
for each ysar tabulated and for the pverall period, 1950~1980.
As shown in Table VII, the papulation of the Texas-Gulf Coast
was 1,633,041 in 1950, and 2,311,300 in 1960, or an increase
over that period of 41.5%. 8y 1970 it had increased by 23.2¢
to 2,839,429, Projections to 1990 were cbtained from the Bureay
of Business Research at The University of Texas at Austin, As
shown in Table VIII, the population of the Texes-Gulf Coast 15
nprojected to reach 4,882,716 by 1990,

The economic index for each county, obtained from the Texas
Fducation Agency, Austin, Texas {¢ based on the assessed county
valuation, scholastic population, and incame total, and i3
determined by weighting these factors by &%, 204, and 72%
respectively. The economic index of each county represents
that county's percentage of the total economic activity of the
state. 1t was tabulated for seven years within a period beginning
with the 1952-1953 schoal year and ending with the 1969-)970
schoal year, and the percent change was calculated for each year
tabulated and for the overall peried, 1982-1953/1969~1970. As
shown in Table IX, the economic index of the Texas-Guif Coast
was 24,265 in 1952-1953 and 32.015 in 1969-1970, or an increase
aver that perdod of 31.9%, Graphical projections were made to
1990, As shown in Table X, the economic index of the Texas-
Gulf Coast is projected to be 36.293 in 1980, or an increase
of 12,4% over 1970, and 39,981 in 1990, or an increase of 10.24
over 1980,

Bank deposits of each county were tabulated for five years
within a period beginning with 1950 and ending with 1968,
Agzin, the percent change was calculated for each year tabulated
and for the overall period, 1950-1968. As shown in Table XI,
bank deposits of the Taxas-Gulf Coast increased by over 200%
from 1950 to 1968. Projections to 1990 are shown in Table X{1
Bank daposits of the Texas-Gulf Coast ave projected te reach
$13,078,000 by 1980, or an increase of 96.2% over 1970, and
$25,146,000 by 1990, or an increase of 92.3% over 1980.

The figures given in Tables VII through XI1 allow for
significant inferences to be made about the sconamic activity
to be expected in the Texas-Gulf Coast in the future; the past
performance and rate of growth of a county give an indication
of what its future performance and rate of growth will be,
If a county experiences a dramatic change in its economic base -
if, for example, a major facility employing a large portion of
the county's Tabor force opens or closes - the projections for
that county will have to be re-evaluated. If, however, develop-
ment throughout the state continues at.its current pace, the
statistical projections glven heve will hold true. They indicate
the growth to be expected in each county in the Texas-Gulf
foast and can thus be used as tools for planning for future needs.
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INTERAGENCY RELATIONS AFFECTING

THE COASTAL ZONE

I. INTRODUCTION

The ultimate success of the (oastal Resources Management Program,
as well as the success of the efforts to arrive at it, clearly depends
on the effective cooperation of the many State agencies involved.
Effective interagency cooperation depends on a positive and fully
understond plan of action and full utilization of the State personnel,
funding, and data involved. One of the most important functions to
perform at this stage of the Program's development {g to delineate
and spectfically determine what the total State effert in the Coastal
Zone now ts. :

The following analysis of interagency relations presents the
responsibilities and activities of the natural resources agencies of
Texas State government and the coastal and marine programs that they
are now undertaking. The next step will be to determine the flaxible
organizational format that will bring all of this managerial and
technical competence together with the political and financial
realities into implementing a purposeful, integrated, and truly
effective management program.

Unique Beritage

Texas alone among the 37 states which have been added to the
Union was a truly independent nation before its ammexation. The
RepubTic of Texas did not cede to the United States the ownership of
the public land and minerals within its boundaries but specifically
retained this right under the terms of the agreement between the
Republic and the Union. This fact of Tewas independence places the
State in an extraordinary position so far ag ite recognized jurisdiction
to cosstal and submerged lands bordering the Gulf of Mexico is concerned.
Thus, Texas has a unique heritage in claiming ownership of the State's
tidelands up to 10% miles from shore,

The State-owned bays, estuaries, beaches, and submerged lands of
the Texas Gulf Coast, comprising over four million acres, are the
property of the people of Texas and held in trust for them by the
State. This bond carries with it a State responsibility to insure
their optimum development and conservation through the proper management
of these great natural resources.



Resource Management

The vast resources associated with the Texas Coastal Zone are
contributing significantly to the prosperity and welfare of the
people of the State. The potential of the wealth represented by
the estuarine and marine waters, and by the submerged and continguous
Tands, has not been completely realized as of yet. Part of the
reason is that these resources have not yet been fully inventoried
and developed. Future vealization of this potential may be precluded
by the exploitation of one respurce unnecessarily damaging or
destroying another, This disasterous occurrence can be avoided by
wise management.

[f the most advantageous use or combination of uses is to be
attained in managing our Coastal Ione resources, this must be
identifiable, If the criteria used to identify the most advantageous
mix is economic advantage in the true sense - not short-term economic
gain - the value associated with each particular use must be
discriminable. Further, it must be realized that the value of a
particular resource is not a constant but a variable related to the
quality of the resource, the need for the resource, and the demands
presented to the utilization of the resource by conflicting users.

In addition to identifying the optimum mix resource uses and processing
the technical knowledge to correctly predict the level of demand one
will present to ancther, the management procedures must be provided to
properly manage them.

The Coustal Resources Management Program has this purpose as
its goal. The Program will be a flexible framework to enzble the
development of our Coastal Zone resources to be done for the
satisfaction of the collective needs of our society and its optimum
relationship to the natural environment. The Program is founded on
the principles that the fundamental respomsibility for the maagement
and orderly development of these resources rests with the State and
the development must satisfy the values and needs of the citizens of
Texas and of the United States,

The Program recognizes the vast social, economic and esthetic
value of our Coastal Zone resources, the complexity of the environ-
ment and its problems, and the magnitude and difficulty of the
Program's task at arriving at a politically, economically, and
environmentally sound solution, The Program recognizes that
implementation must rely on eristing functions as well as on potential
capabilities of State and local governmental wnits and must safeguard
the interests of both government and private citizens. The Program
also recognizes that priorities do exist, they are not statie, yet
they mist be observed throughout the development and conduct of the
preparation and implementation of a resources management program.
Consequently, flexibility exercised by competent and responsible
program management i$ a fundamental element of the total effort.



Interagency Natural Resources Council

In the management and development of the State's natural
resources for the people of Texas, the administrative organi-
zations involved and the intergovernmental relations necessarily
connected with them are continually becoming more complex. Thus,
numerous State, federal, and Tocal agencies are concerned with
many natural resources programs at varying degrees of intensity
and responsibility and the related governmental activities often
overlap one another.

The 60th Texas Legislature designated the Governor as the
Chief Planning Officer of the State and authorized the creation
by the Governor of interagency planning councils, chaired by the
Governor, to foster the coordination of functional State plamning
and programs, This was done in legislative recognition that the
important need for effective cooperation in the coordination of
adninistrative planning and control would undoubtedly increase as
the State continued to grow. Thus, the Interagensy Natural
Resources Counetl was created as the focal point to conduct State
resource and environmental activities on a joint, cooperative
basis.

The present members of the Council are:*

General Land Office

Office of the Governop

Texas Air Control Board

Texas Department of Agriculture
Texas Highuay Department

Texas Industrial Commission

Texas Parks and Wildlife Department
Texas Railroad Commission

Texas Soil and Water Conservation Board
Texas Water Development Board

Texas Water quality Board

Texas Water Rights Commission

The Council is the means that has been established to help
coordinate the natural resources development of Texas and to under-
take the Coastal Resources Management Program. This Program i3
aimed at determining the economic, cultural, and recreational
contribution of the State's Coastal Zone under various levels and
types of development and formulate the essentials of a system to
manage the coastal and marine resources of Texas.

———

*Texas A & M University and the University of Texas at Austin
sit on the Council as ex-officio members.



Bnabling Legislation

The Joint Interim Committee to Study Texas Beaches, as part
of its total effort to foster conservation in the State’s Coastal
Zone, presented to the 61st Texas Legislature a concurrent
resolution which upon enactment did initiate the Coastal Resources
Management Program. A complementary bill, declaring a moratorium
on the sale or leasing of State-ouned tidelands, also was submitted
by the Committee and subsequently passed.

The resolution, S.C.R. No. 38, states the following:

"Whereas, it is the declared policy of the State
that such submerged lands, islands, estuaries,
and estuarine areas shall be so managed and used
as to...develop these...areas to further the
growth and development of the State's and...

"Whereas, a comprehensive study is necessary to
prepave the way for constructive legislation for
the present and future protection of the interests
of the people of the State of Texas in such...areas;
ande..

"Whereas, the United States government is now
conducting similar studies...and is entitled to
receive the full eocperation of the agenciee of
this State with respeet to the... estuarine areas
of this State’s...

"ow, therefore, be 1t resolved...that the
following be accomplished:

"Section 1. The Interagency Natural Resources
Counctl, an interagency planning entity created

under the authority of...Aets of the 60th
Legislature...1s authorized and dirvected to make

a comprehensive study...of the State's submerged
lands, beaches, islands, estuaries, and estuarine
areas, ineluding but without limitation, coastal
marshlands, bays, sounds, seaward aveas, and lagoons."

S.C.R. No. 38 represents a milestone in helping to foster State
interagency cooperation. There is no similar Texas precedent for
such legislative encouragement of joint State program participation
and coordination.

The complementary bill, S.B. No. 20, Art. 5415f, declared a
moratorium on the sale or leasing of the surface estate of State-
owned submerged lands, beaches, and islands under any existing



Taws of Texas pending receipt of the Interagency Natural Resources
Council rveport as directed by the concurrent resolution. The
61st Texas legislature, at Governor Preston Smith's request, also
appropriated funds (100,000 dollars per year) to the Council to
undertake the Program.

Federal Action

Congress has not been inaetive in consideration of the present
and future status of the nation's Coastal Zone. In 1966, the (lean
Hater Restoration Aet directed the Secretary of the Interior to
conduct a study of the country's estuarine systems to determine the
present condition of pollution, to delineate pollution problems,
and to evaluate the detrimental effects of pollution on productive
coastal rises. With p,L. 90-454 passed in 1968, Congress has stated
that it is now its policy to maintain the responsibilities of the
States in protecting, conserving, and restoring the nation's
estuarfes. Congress is now considering S. 2802 which recognizes that
the attaimment of the maximim benefit from the country's Coastal
Zone depends on a management partnership between the federal and the
State govermments. Thus, it is certain that public and private
pressure for the multiple use of the Texas Coastal Zone will increase.
This challenge must be met and accepted by the State in connection
with its recognized exercise of jurisdiction over this region and in
consequence of the benefits resulting to the people of Texas from
its development and protection. Certainly, if the State does not
take positive, affirmative action, then the federal government most
certainly will. Since our State brought her pubiic coastal lands
with her into the Union well over a century age, and has retained
them ever since, it most certainly does not seem logical that they
should now be relinquished to external control.

Conaluston

The Interagency Natural Resources Council has recognized and
decided that Tecas will not allow the State's initiative in
determining the utilization of its coastal and marine resources to
be preempted by third parties who will surely etep into the vacwum
created as a consequence of the State's inaction and do the job for
us. Thus, the Council, through Governor Smith's leadership and
legislative authorization, has formulated a Texas effort for the
orderly and prudent development of the State's Gulf Coast through
the Coastal Resources Management Program. The goal will be to provide
for the optimum berefit and welfare for the people of Texas by
achieving a rationale balance between the economic development and
conservation of the resources of the Texas Coastal Zone.



OFFICE OF THE GOVERNOR

The Governor is the Chief Executive Officer of the State. The
unprecedented growth and changes in the economic and social conditions
of the State are requiring the Governor's Office to offer the citizens
of Texas a wider range and scope of services. Therefore, in recent
years the Governor has, of necessity, adopted significantly increased
and varied responsibilities.

Among reason's for the expansion of services by the Governor's
Office are:

Accelerated efforts by the Governor to provide services to State
agencies and local governments in response to increased demand
for reliable information and direction from a single contact
point within State government.

Emergence of a multitude of federal programs which require
comprehensive coordination of State, regional, and Tocal plans
prior to expenditure of federal project funds such as required
by the U. S. Bureau of the Budget.

Execution by the Governor of his statutory responsibilities as
Chief Budgeting and Planning Officer of the State which require
the direct participation of his 0ffice in the fiscal and
comprehensive planning process.

Renewed emphasis by the Federal Administration on State and local
governments as the principal instruments of action on domestic
problems - "New Federalism.”

Administration by the Office of the Governor of a number of
"pass-through" financial assistance programs which provide State
of federal grant funds in support of local, regional, and State
programs.

Passage of House Bill 276 of the 60th Legislature Session
authorized creation of interagency planning councils, recognized the
Governor as Chief Planning Officer, and directed creation of the
Division of Planning Coordination within the Governor's (ffice. The
Division serves as an information center, provides State program
coordination and regional services, operates as State grants clearing-
house, furnishes information systems assistance, operates the input-
output economic project, and 1s undertaking the Coastal Resources
Management Program through the Interagency Natural Resources Council.

The 60th Legislature, to foster the coordination of State planning
and related functional activities at all Tevels of operation, provided
in H.B. 276 for the creation of interagency planning councils composed
of administrative heads of the member State agencies. The Interagency



Natural Resources Council was created to give attention to the coordination
necessary for the unified development of Texas water, recreation, and
environmental quality programs. Underlying these actions was the con-
viction that State government must continue its primary responsibility

for the management and development of the natural resources of Texas.

Coastal Zone Activities

The Interagency Natural Resources Council recognized early in its
existence that the Texas Gulf Coast was tremendously rich in natural
wealth and was and would be rapidly developed for industrial, residential,
navigational, fishing, and recreational purposes. MWith this perspective
in mind, the Council recognized the desirability of meshing together the
planning efforts and field operations of the various member State agencies
in regard to their activities along the Gulf Coast. The Council thus
decided to design a cooperative framework for the formulation of
standards, policies, and activities for the development of the natural
resources of the State's Coastal Zone - the Coastal Resources Management
Program.

The objective of the Coastal Resources Management Program is to
identify the State's coastal resources and the most desirable means to
utilize these resources by providing the techniques and methodology
req*ired to permit their optimum development and management to be
realized. :

The Program will include:

1. The economic value of industrial, commercial, residential,
recreational, and tourist development and other various estuarine
resource uses in each estuarine complex at present, at some
specified date in the future, and at ultimate development.

2. Fn estimation of the demand at specified dates for each
estuarine use in each estuarine complex, such as, cooling water
needs, recreation value, and waste disposal potential.

3. A compilation of the best available data on the response of
significant marine animals and their food chains to environmental
conditions.

4. The precise geographical locations of areas unique with

respect to some particular use value, such as scenic areas, marine
animal nursery areas, and areas with high or Tow waste assimilation
capacity.

5. Predictive models for environmental quality management for
selected estuarine complexes and their various components.



6. A compilation and interpretation of State and federal statutes
to determine the responsibilities of various governmental juris-
dictions - Tocal, State, and federal - and to discover areas of
statutory deficiencies and needs.

7. Management concepts for the coordination of all governmental
and private activities in estuarine areas.

8. Establishment of priorities for programs or projects designed
to correct existing problems or prevent approaching problems.

9. A set of bound, indaxed volumes enumerating the programs
findings and conclusions.

It will be no simple matter to design the Coastal Resources Management
Program to provide for the optimum management of our Coastal Zone resources
and for Texas political leaders to legislate an overall policy for the
development and use of these resources. The Program's design and
execution will tax the ingenuity of the foremost authorities on water
resources, marine ecology, waste treatment, sociology, economics, law,
political science, systems analysis, and the other disciplines involved
in the development and use of Coastal Zone resources.

Cooperative Programs

The Interagency Natural Resources Council works through its member
State agencies with federal and local agencies. The Council works closely
with the Federal Water Quality Administration, Department of Housing and
Urban Development, and Bureau of Outdoor Recreation on its Coastal
Resources Management Program.

Statutory Authortazation

$.C.R. #38, 615t Texas LegisTature

Funding - FY 1971

Management $100,000

TEXAS PARKS AND WILDLIFE DEPARTMENT

The Legislature created the Texas Parks and Wildlife Department in
1963, by merging the State Parks Board and the Game and Fish Commission.
The merger came about as a proposed economic move to consolidate the two
agencies which had similar functions and administrative structures and
which could be appropriately integrated. The new Department initiated
Tong-range policies and programs designed ultimately to provide the



State with modern parks and game management in keeping with public demand
for outdoor recreation aress and the preservation of wildlife resources.

Increased appropriations by the Legislature have made possible the
emerging development program. Added emphasis and financial support came
with the enactment of the Land and Water Conservation Fund Act of 1965
{Public Law 88-578) providing financial assistance in the development of
public outdoor vecreational areas and facilities. State participation,
authorized by the Legisiature in 1965, designated the Texas Parks and
Witdlife Department the State agency to cooperate with the federal
government in administration of this Program, A Statewide Comprehensive
Outdoor Recreation Plan (SCORP) approved in January, 1966, established
eligibility to receive federal funds and has been maintained and updated
in accordance with the State's needs,

The arnual federal apportionment under this act 1S divided, according
to the State plan, 60 per cent for State projects and 40 per cent for
projects sponsored by local goverrmants. Grant-in-aid funds match
State-appropristed funds for State park acquisition and/or development.
Assistance is provided local political subdivisions in the praparation
and submission of applications for federsl matching funds to acquire new
Tand for park sites or to construct recreational facilities on Jocally
owned Tand, Approved Tocal projects receive continuing adninistration
by the Department for the duration of each project, To date, $10 million
has been provided under the Land and Water Conservation Fund.

Acquisition and development of new State parks was provided for by
the adoption of 3 Constitutional Amendment on November 11, 1967,
authorizing the issuance of $75 million in State general obligation bonds
for this purpese, Enabling legisiation passed by the 60th Legislature
in 1967 also provided that these bonds would he retired from entrance
or gate fees at existing and/or rew State parks, Other than ap initial
sale of $5.75 million, no move park development bonds have been
marketed because of the 4kt interest rate allowed on the bonds has priced
them out of the market. Funds from the initial sale are committed to
various park development projects and limited additional purchases and
are matched by federal grant-in-aid funds.

Over 12,000,000 persons visited State parks in 1963, Investigations
of potential sites continue, with areas of 1,000~2,000 acres, and water
hased areas considered particularly desirable, especially ¥f accessible
to major metropolitan centers. Further acquisition is dependent upon
additional bond sales.

The Texas Parks and Wildlife Department is responsible for the
enforcement of game and fish laws, water safety laws, and trespass Taws.
Respansibility for the planning and execution of the Department’s game
and fish management prograns are delegated to the Wildlife Restoration
and Inland Fisheries functions. Their objectives ave as follows:
manage and regulate wildlife resources in regulatory authority districts;
determine game and fish restoration needs and possibilities; conduct
programs of applied research on wildlife management areas, reservoirs,



and privately-owned lands and carry out proven restoration practices
on suitable areas.

These objectives are accomplishad through projects carried out
under the provisions of the Federal Aid in Wildlife and Fisheries
Restoration Acts. Projects are approved by the Department of Interior
which reimburses the State for 75 per cent of the funds expended on
approved activities.

A marine fisheries program involves the management of marine
resources of the Gulf Coast. With the dual objectives of research
and management practices, the Texas Parks and Wildlife Department
studies the common species of marine Tife in their ecological relation-
ships to associated coastal and marine plants and animals. Included
in these efforts are related problems such as control of industrial
waste coming from oil fields, ships and sewage disposals. An inland
fisheries program produces and distributes fish and conducts
continuous biological experimentation to improve the crop.

In 1969, 2.4 million State hunting Ticenses were sold. Individuals
also bought 1,4 million fishing 1icenses. Both types of Ticenses sold
averaged a 18% increase in two years. Fish produced and distributed
by 14 State hatcheries totaled 15.2 million.

The Texas Parks and Wild1ife Department administers the provisions
of State laws relating to the sale of sand, shell, gravel, and marl
from the public waters and streams of the State. Before anyone can
leqally take such material from these waters, he must secure a permit
from the Department to operate, post a surety bond, and file monthly
reports of his activities together with payments for the material
removed. The Department is required to make refunds to municipalities,
counties, and the State Highway Department for sums paid to the State
for the purchase of sand, shell, gravel used in road, street, and
highway construction.

Coastal Zone Activities

The coastal fisheries program of the Department develops information
on marine and commercial fisheries on which to base management practices
for these fisheries and the Coastal Zone. This includes the development
of data on ecological factors regulating shrimp migrations and the
development of data on shrimp growth in various salinities. The
Department also develops disease resistant oyster stocks. Fish in all
bay systems are monitored, potential mid-water Gulf fish are determined
and red snapper fishing grounds are plotted. Also included is a seafood
marketing program.

The Department enforces game and fish plus water safety programs
regulations in the Coastal Zone.
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Park activitias include the operation and maintenance of State
parks and the development of State park recreational facilities.
Acquisition of new park sites is currently being expanded. Six
toastal State pavks are now operated and maintained, plus a new State
park site {1950 acres) has been acquived on Galveston Island,

The Statewide Comprehensive Outdoor Recreation Plan provides
guidelines for the development of the State's outdoor recreation
resources to include actions by all levals of governmant and the
private sector. The Plan is & continuing analysis of outdoor
recreation demands, supply, and needs. The next updated version of
the Plan will provide a balanced actton program to meet critical needs
in the Coastal Zone and elsewhere throughout the State,

The Department operatas a beach cleaning and mainterance grant-
in-aid program, It has provided grants-in-aid to seven coastal
political subdivisions for the cleaning and maintenance of the public
beaches within their jurisdiction hordaring the Galf of Mexico.

Cooperative Progroms

The Department works with the Bureau of Outdoor Recreation on the
Satewide Comprehensive Qutdoor Recreation Plan and on the acquisition
and development of new recreational sites and facilitias,

The Department alto copperates ¢losely with the Bureau of Sport
Fisheries and Wildlife, Bureau of Comvercial Fisheries in fisheries
rosearch work, and with other velated activities of the federal
government under the provisions of the Fish and Wildlife Coordination
Act of 1958, Under the provisions of the latter Taw, the Department
reviews 311 federal developments in the Coastal Zone for their effects
on fish and wildlife. The Department also exchanges data and information
with othar State agencies and institutions engaged in coastal research
and management,

Statutomy Authorization

Articles 6069, 6067a, 6070h, 60815, 5068, and 54154+, V.A.L.S,

Funding - FY 1971

Stuties § 225,000
Management 978,457
Planning 40,000
Regulation 545,000

Total $3,788,457

1



TEXAS WATER QUALITY BOARD

Water pollution control Taws in Texas date back to 1860 although
no comprehensive Statewide coverage or control was visualized nor
centralization effort undertaken until 1961, In that year, the
57th Texas Legislature, in response to public recognition of the
rapidly increasing pollution of the State's streams, lakes, bays, and
estuaries, enacted the Water Pollution Control Act. This was the first
step in the evaluation of an effective policy and an administering
State agency.

Earlier responsibility for water pollution control was vested
solely in the State Department of Health. Limited activities operated
~ primarily under the direction of environmental health personnel of the
Department and the affiliated local health departments throughout the
more populous cities and counties of the State.

The 1961 Act established a seven member board with authority to
Study conditions and consider corrective measures. Three of these
members are appointed by the Governor, and the other four are the
Executive Director of the Texas Water Development Board, the State
Comnissioner of Health, the Executive Director of the Parks and Wildlife
Department and the Chairman of the Texas Railroad Commission. Board
authority and operating funds vemained limited. MNo funds were
appropriated directly to the Board during the first two years of its
existence. This left the major pollution control functions in the
State Department of Health with the Water Pollution Control Board
acting in an advisory capacity only. For the 1964-65 biennium, the
State made small appropriations for operation of the Board and
authorized the receipt of any monies transferred to it from any Federal
or State agency.

The Legislature in 1965, appropriated more funds and authorized
the Water Pollution Control Board to employ some personnel. This was
in recognition of the increasing need for a more comprehensive water
quality control program and the value of an independent agency to
develop a Statewide program and coordinate the efforts of all State
agencies involved. The Executive Secretary of the Board, supervisor
of a1 pollution control activities, remained an employee of the State
Department of Health. He acted in the dual capacity of Director of
water pollution control for the Health Department and Executive
Secretary to the Board of Water Pollution Control.

The Texas Water Quality Board came into existence in 1967 through
the enactment of the Texas Water Quality Act. This succeeded the Texas
Water Pollution Control Board. For 1968, in addition to general
operating appropriations, $2 million was granted for areawide sewage
disposal planning studies in major population centers of the State. In
1969, the Legislature appropriated an additional $400,000 for areawide
planning for the biennium,



The Texas Water Quality Act expresses the State policy on water
quality and water pollution control. It outlines a Statewide contre]
system to coordinate all water quality contro) programs of various
State agencies and local governments with those of the federal govern-
ment. The statute created the Texas Water Quality Board as the State
agency to administer these programs.

The Public Law 660 Grant Program provides governmental efforts for
water pollution control at all Tevels. This is the federal sewage
construction grant program administered by the Texas Water Quality
Board. Municipalities and other public bodies with authority to con-
struct, maintain, and operate sewage treatment works are eligible for
grants. Since the beginning of this program, over 400 projects in
Texas have been funded. This represents $50 million in federal funds
and $150 miltion in local funds which have been tied into the areawide
planning activities,

The establishment of a sound, basic program and essential
organizational structures has been tompleted by the Texas Water Quality
Board. Significant progress has been made in studying present and
future needs in areawide sewage treatment facilities for every major
populated region of the State. Field offices have been created and
staffed. Strides have baen made in obtaining effective quality manage-
ment in major industry-municipal-fishing systems. As of May, 1969,
there were on file 976 municipal and 1,298 industrial permits. Also,

a self-reporting system was initiated in the spring of 1970; as of the
present, it is still too soon to evaluate it's true effectiveness.

The rapid development of quality contro] measures focused
attention on the need for legislative action to delineate further State
responsibility for water pollution control. This was coupled with the
urged demand for immediate corrective control measures. Several State
agencies and departments were still engaged in water quality control.
Corractive action in this matter was taken by the 61st Legislature
which spelled out the fialds of responsibility and enforcement
Jjurisdiction for the Department of Health, Water Quality Board, Water
Development Board, Texas Railroad Commission, and Parks and Wildlife
Department. The offense of water pollution was given the provision for
criminal prosecution of violators.

Coagtal Zone Activities

The Texas Water Quality Board is undertaking coastal programs in
six major areas of activity. A Coastal Water Quality Monitoring
Program covers field tests of temperature, dissolved oxygen, turhidity,
water surface characteristics, tide cycle information, and conductivity.
Sample collections are taken from 65 stations along the Texas Coast four
times per year. Samples are examined for 8.0.D., ph, Chiorides, Ammonia
Nitrogen, Nitrate Nitrogenm, total and violatile suspended solids, total
phosphates, sulphates, and fecal and total coliform bacterial density.
This data is available as computer printout.



An inventory of return flows covers compilation of quantity and
guality data on waste water returned to the environment. Compilation
includes data generated by both waste discharges and the Texas Water
Quality Board. The compilation is made on digital computer and
available on computer printout.

One of the most significant undertakings of the Board is the
Galveston Bay Project involving waste waters discharged into the Bay
and including the Houston Ship Channel - the huge petro-chemical
complex of that area (over 50 per cent of the nation's petro-chemical
facilities). The Project is scheduled for completion in fiscal year
1973. It is a multi-disciplinary effort of the State of Texas to
determing an optimum water quality management program for the Galveston
Bay System, an intricate industry-municipal-fishing complex. The
scope of the Galveston Bay Project far exceeds any previously undertaken
effort of this type. Concepts and lessons learned here will be of
great value when applied in other areas of Texas and the nation.

Three year studies are being made on the effects of heated effluents
on the ecology of Texas estuaries. They are to determine the ecological
effects of the discharge of heated effluents and the measures required
over and above those presently in effect to control the ecological
impact of the waste water. The Texas Water Quality Board has required
these studies to be undertaken by various power companies who are
constructing facilities along the coast. The studies when concluded
will be available as a final report.

Regulation of waste water discharges to the coastal waters is
being controlled and maintained through the process prescribed by law
and the rules of the Texas Water Quality Board.

Comprehensive water quality management plans are being developed
by the Board through grants awarded to local plamning entities.

Cooperative Programs

The Texas Water Quality Board assisted the Federa] Water Quality
Administration in the "National Estuary Study." The Board's part in
this project consisted of the gathering of data regarding water quality,
sources of pollution, immediate pollution control needs, water quality
standards, and information on current and past water quality surveys.

The Board is helping the Gulf Coast Waste Disposal Authority to
originate a comprehensive water quality management program including
the development of one or more regional waste water collection and
treatment facilities in the area under its jurisdiction,

Grants are being made to the Environmental Sanitation Services
Division of the Texas State Department of Health for the purpese of
funding the Shellfish Sanitation Program in Texas. This Program
largely consists of the surveillance of water quality in and around
producing oyster reefs.



The Board is participating fully in the Coastal Resources Management
Program of the Interagency Natural Resources Council of which it is a
member,

Statutory Authority

Article 7621d-1, Sections 1.02, 3.01, 3.03, 3.18, 4.01, V.A.C.S,

Funding - FY 1971

Management $ 115,500
Studies 250,000
Regulation 587,000
Planning _ 177,000

Total $1,729,500

TEYAS WATER DEVELOPMENT BOARD

Texas has 275,416 square miles of land, much of which is underlaid
with usable groundwater, There are about 3,700 streams in the State
having a combined Tength of approximately 80,000 miles, and some 1,000
miles of coastline which includes the shorelines of numerous bays. The
State has more than 150 major lakes and reservoirs, each with a
capacity of 5,000 acre-feet or more,

The struggle in Texas for the conservation, development, and
management of its water resources dates back to 1889. In that year,
the Legislature patterned its statutory concepts and procedures on
those of other arid western states. This was an attempt to establish a
basis for orderly distribution and peaceful development of the State's
Timited water resources.

From 1889 to the present, the struggle, in the form of effective
water legislation and constitutional amendments, has been continuous
in keeping with changes in the population pattern and general economy
of the State. Texas has gone from a sparsely settled land of dry farms
and cattie ranges to the fourth most populous State with modern mechanized
agriculture, including thousands of acres of irrigated farmland, thriving
urban centers, and highly industrialized complexes.

In 1957, the State reacted to the multi-million dollar property
loss resulting from rampant floods on all major streams and earlier
extensive drought conditions that prevailed throughout Texas. Texas
advanced the cause of conservation and development by adopting a
constitutional amendment creating the Texas Water Development Fund. This
action initiated a program of Toan assistance to local political



subdivisions to encourage the development of the State's water resources.
The issuance of the State's first water development bonds to finance such
programs was also authorized. In 1965, the Legislature increased the
responsibilities of the Water Development Board by transferring to it al)
planning and water development functions previously vested in the Texas
Water Commission.

The most significant achievement of the Texas Water Development
Board was the completion of the Texas Water Plan which was released in
November, 1968, and formaily adopted by the Board in April, 1969. The
Plan was the culmination of more than 10 years work on the part of the
State. It was formulated through the simultaneous progress of activities
in many program areas. This included detailed summaries relating to each
river basin concerning historical, present, and projected water conditions
plus the holding of 27 public hearings.

Programs undertaken by the Texas Water Development Board relating
to the Plan included the completion of population and water require-
ments projections for all uses to the year 2020, Reconnaissance
hydrologic analyses were completed which resulted in the development
of a water balance by decades from the present to the year 2020. Design
and cost studies and the preparation of an organizational and institutional
format in which the Plan could be implemented were started.

An extremely sophisticated research program of system analysis was
initiated by the Texas Water Development Board. Its objective was the
devising of an ultimate tool for the effective operation and management
of the complex facilities proposed in the Texas Water Plan. The first
part of this system analysis research program was funded, in part, by
the Office of Water Resources Research, United States Department of the
Interior. It was completed in September, 1969. The second phase of this
research is underway along with preliminary application to the Texas
Water Plan of the results of last years research. All of these studies
and their results will be reviewed and refined as progressive steps are
taken to implement the Plan.

Following the release of the Plan, refinement studies began,
directed toward its ultimate implementation. On August 5, 1969, an
election to amend the Texas Constitution was held. Two proposals
affecting water resources development were on the ballot. Amendment 6
would have made financing available for implementing the Texas Water
Plan by 1ifting the 4% interest restriction imposed by the Texas
Constitution on Texas Water Development bonds. Amendment 2 would
have increased the constitutionally authorized amount of Texas Water
Development bonds by authorizing the Texas Water Development Board,
with approval of the Legislature, to issue $3.5 billion in bonds to
pay the Texas share of the cost of implementing the Texas Water Plan.
Both of those amendments were defeated.

Some of the major economic studies prepared by the Texas Water
Development Board have been concerned with water resources benefit-cost
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calculations, cost allocation, and analysis of electric power production,
A study of the importance of an alternative irrigation water supply to
the West Texas economy has been completed. Evaluation of water-oriented
recreation benefits and projections of population, employment, and
municipal and industrial water requirements have been initiated. Each
of these studies is being conducted on a continuing basis with

revisions being made as new information becomes available.

The Texas Water Development Board is studying the potential of
desalination. The objectives are the determination of the economic
feasibility of desalting brackish and saline water vesources and the
role of desalting in the water resources planning activities of the
State. A more detailed regional study has been completed examining the
application of large-scale desalting in lieu of small individual desalt
plants for nine Rio Grande Valley cities, An engineering-economic
appraisal has been made of the variations of desalt plant capacities
and processes for variable saline waters of West Texas.

Since September, 1965, the Texas Water Development Board has
completed 44 reports on various aspects of water rescurces planning
needs,

COASTAL ZONE ACTIVITIES

The Board 15 developing an overall bay data acquisition management
program to assure that sufficient information will be available to
determine that the necessary fresh-water inflows of suitable quality
will be provided seasonally and at optimum geographic locations for
maintenance of estuarine environments and levels of productivity. The
Board must propose for Tegislative consideration alternative methods
of financing the repayment of costs of water thus allocated to estuarine
inflow. Such allocation of inflows is essential as soon as possible,
due to full upstream water resources development that is predicted and
necessary for Texas.

The Board is beginning to establish general hydraulic and water
quality characteristics of the coastal bays and estuaries under the
widely varying hydrologic conditions to which they are subjected.

A coastal data collection program assembles, compiles, and
incorporates into basic data reports tide gage information and physical
and water quality data. Data on plankton, benthic fauna, and other
biological organisms which are not presently being gathered under any
existing bio-assay program in the coastal estuaries is collected by
the Board's staff.

As an integral part of “intensified data collection in the
estuarine systems, 17 new streamflow, precipitation, and water quality
stations have been established by the Board on approximately 11 major
rivers having estuaries. These are stations where data on inorganic



chemical constituents, biochemical oxygen demand, dissolved oxygen,
temperature, nitrogen and phosphorous, Ph, chlorinated hydrocarbon
pesticides, and herbicides are now being collected. Additional
parameters will include periodic data on minor elements, color,
turbidity, suspended solids, and bottom sediment pesticide residues,

Development and verification of two-dimensional mathematical
hydrodynamic and conservative salinity transport models for two bay
systems are being completed by the Board. Such models are considered
basic to all aspects of estuarine studies. The models will simulate
spatial and temporal variations of tidal flows and amplitudes
throughout the bay systems, thus defining the hydraulic patterns
throughout the estuarine systems under varying conditions. A total
of approximately 9 to 11 new tide gages are being installed for
purposes of a high degree of model verification.

Cooperative Programs

The Texas Water Development Board is currently engaged in a
cooperative program with the U. S. Geological Survey involving
collection of chemical and physical data, on a reconnaissance level,
in all estuarine systems of the Texas Coast except Galveston Bay
which is being extensively studied under direction of the Texas
Water Quality Board.

An order of priority with respect to the intensity of data
collection in each principal coastal estuary has been established
with the Texas Parks and Wildlife Department. This priority schedule
coincides in many respects with on-going ecological and related
studies in the estuaries by the Texas Parks and Wildlife Department.

Tide gage data is collected in cooperation with the U. S. Army

Corps of Engineers, U. S. Coast and Geodetic Survey, and the
U. S. Geological Survey.

Statutory Authorization
Article 8280-9, Section 21, V.A.C.S.

Funding - FY 1971

Studies $188,335
Planning 11,676
Management 75,000

Total ~ $275,011



TEXAS WATER RIGHIS COMMISSION

Acts of both man and nature influenced the course of development
of water policy in Texas. Early conflict between cattle and agri-
cultural interests led to the passage of an act in 1913 creating the
Board of Water Engineers. This initiated the first real attempt at
orderly development of water rights. Floods in 1913-17 resulted in
the adoption of a constitutional amendnent recognizing the State's
legal rights to requiate the conservation of its natural resources.
The amendment also authorized the Legislature to pass all appro-
priate laws to accomplish this purpose.

With the growth of cities and industries within the State,
municipal and hydroelectric interests became competitive with those
of the cattlemen and the irrigators. This led to the passage of the
Wagstaff Act in 1931 which declared, in effect, that for a given
supply of water domestic and municipal needs myst be met first,

Then industrial needs, irrigation, mining, hydroelectric power
generation, navigation, and recreation were to follow in that order,

The passage of the Water Planning Act in 1957 vested the Board
of Water Engineers with the primary function of administering water
rights., [n 1962, the Legislature changed the name of the Board of
Water Engineers to the Texas Water Commission to depict more
accurately its functions and responsibilities, This name was changed
to the Texas Water Rights Commission in 1965 when the Legislature
realigned the functions of the Texas Water Rights Commission and the
Texas Water Development Board.

The Texas Water Rights Commission exercises continual supervision
of the public waters of the State. Commission functions include
permitting and regulating the use of water, enforcing laws relating
to the use of water, and ascertaining that authorized structures are
properly designed, constructed and operated to provide the greatest
degree of public safety and conservation of the public water.

Applications for permits to appropriate public waters are carefully
examined to insure that essential information is complete and accurate.
Evaluation is made of the availability of appropriate water, the need
for and beneficial use of the applied for water, the effect of the
proposed project on prior appropriation, and the hydraulic and
hydrological capabilities of the project. When structures are involved
in the project, determination is made as to the adequacy of structural
hydraulic and hydrologic design. This is followed by periodical
inspections during construction to insure compliagnce with approved plans.

The requiatery function of the Texas Water Rights Commission
include investigations and studies made to assure compliance with State
water statutes and Commission rules. Inspection by a corps of qualified
personnel is continuous with reports filed concerning structural and
hydraulic aspects of existing projects. These also include findings on
complaints and use of water in highway construction. Inspections and



investigations continue with appropriate remedial action when this is
indicated by the Commission.

Statutory obligations require that the Texas Water Rights Commission
evaluate, approve, or disapprove petitions for the creation of multi-
county water development districts. For underground water conservation
districts, the Commission must also designate the boundaries of the
underground reservoir before the district is created. It nmust also
review the feasibility of projects planned by water control and
improvement districts contemplating the issuance of bonds to defray
construction or improvement costs.

The Commission is responsible for the adjudication and administration

of water rights on streams or segments thereof. Investigations are
made and basic data collected and evaluated in preparation for adjudi-
cation proceedings as scheduled. A1l findings are reduced to writing
and the necessary plots prepared for illustration and records.

The Texas Water Rights Commission maintains interstate compact
coordination among the various compact commissioners of interstate
streams and other State and federal agencies. This is to insure that
Texas' interests in interstate and boundary streams are adequately
protected. The Commission also reviews federally-supported water
resources projects for recommendations to the Governor as required by
statute. Research and development of new procedures and techniques
to provide more efficient water resources operations are continually
carried on.

During the 1968-69 biennium, the Texas Water Rights Comnmission
received 929 water use applications and 865 permits were issued.
Some 2,000 inspections were made for compliance with State water
statutes. Developments point to the creation of 100 additional water
districts by the 62nd Legistature in 1971 requiring investigations and
recommendations.

Coastal Zone fetivities

The Texas Water Rights Commission studies on specific applications
for coastal projects as part of its regular work on permitting use of
public waters, The Commission will become more deeply involved in the
adjudication of coastal water rights as the various governmental
authorities make a more intense developmental effort in this field.
This will relate to such questions as arising from water planning,
navigation, and coastal economic development and its demand on fresh
water,

Cooperative Programs

The Texas Water Rights Commission works closely with the Texas
Water Development Board, Parks and Wildlife Department, Texas Water
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Quality Board, Corps of Engineers, and the Bureau of Reclamation in
development and management projects involving the coastal waters.

Statutory Authovization

Article 7477, V.A.C.S.

Funding - FY 1971

No specific figures available.

TEXAS HIGHWAY LEFARTMENT

The Texas Highway Department was created in 1917 by act of the
35th Texas Legislature. At first it administered a program of State
and federal aid to countries which performed the actual construction
and maintenance of a proposed connected system of State highways.

In 1924, the Legisiature gave the Highway Department active
control over the construction, maintenance and operation of the
State highway system.

Direct responsibility continues for these functions in rural
areas, together with further identical responsibility for urban
highway sections and for farm to market roads.

With the advent of the Federal Aid Highway Act of 1956, the Texas
Highway Department began construction of the State's portion of the
vast 42,500-mile Interstate Highway System. Texas has the largest
portion of the system - 3,166 miles, now 70 per cent complete. The
entire system is to be completed in 1978.

The Highway Department is dedicated to building, maintaining
and operating facilities that provide the best service to all Texans,
both in urban and rural areas. The Texas highway System now includes
almost 70 thousand miles of State maintained and designated highways.

Mileage is not the best measure of a highway system. What is
significant is the kind of service it provides the traveling public.
Does it provide convenient transportation in keeping with the
flexibility of the motor vehicle as a mode of transportation? Is it
a safe facility? Can it handle adequately the volumes of traffic that
use 11?7 These are tests of a modern highway network. Providing
affirmative answers to these questions is the goal of the Highway
Department.

The Department also supervises registration of all motor vehicles

and {ssues certificates of title through county tax officers and makes
audits of their records.
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The Department also compiles and disseminates information about
all phases of Highway Department activities. [t also is responsible
for conducting the collateral phase of the official State travel and
tourist development program to stimulate recreational travel to and
within Texas. The Department operates tourist information bureaus on
key highways at borders of the State, plus visitor centers in the
Capitol in Austin and at the Judge Roy Bean Museum in Langtry. The
Department also publishes the official State highway map.

Coastal Zome Activities

The State-meintained highway network in Texas' coastal area is one
of the most complex and sophisticated in the nation. This system of
highways of all types serves deepwater, barge traffic and commercial
fishing ports of importance. It provides for motor vehicle traffic in,
through and between some of the most important population centers.

It supports traffic to and from some of the largest concentrations of
heavy industries and petrochemical complexes in the world. Further,
the entire coastal region is one of the most important and popular
tourist and recreational areas in the South and Southwest.

At present, the five Texas Highway Department districts fronting
on the Gulf of Mexico, plus the Houston Urban Office, have some $275
million of the $815 million worth of State highway work under contract.

Current activities range from the construction of a high-level,
$18.5 million freeway bridge over the Houston Ship Channel to park
roads affording access to both ends of the Padre Island National
Seashore,

The Highway Department operates free ferry services regularly
at Port Aransas and between Galveston and the Bolivar Peninsula, Many
major bridges - also toll free - take traffic easily and smoothly over
other major waterways in the area. The Highway Department's only
highway tunnel serves coastal area traffic between Baytown and Greater
Houston.

Meanwhile, major construction and reconstruction projects are
underway on Gulf Coast highways. A major reconstruction is underway
on the Gulf Freeway (IH 45) between Houston and Galveston.

Other important coast-wise roads are being developed as traffic
demands rise and as funds are available.

The pace of highway development in the great arc of the Texas
Gulf Coast will not soon slacken. Proposals have been made for a
bridge over Bolivar Roads connecting Galveston and the Bolivar
Peninsula, with a 1968 estimated cost of $30 million.
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The rapid urbanization is not going unnoticed, either, As in
other major population centers, urban areas all up and down the Gulf
Coast are the subject of continuing urban transportation studies.
The Highway Departient, in cooperation with Tocal and federal
governments, is taking a leading role in their development.

In fact, throughout all of the work of the Highway Department,
there is close cooperation with all levels of government. The
Highway Department recently assumed responsibility for the operation
of formerly-owned county causeways and roads affording access to
Padre [sland, for example, All the Highway Department's work is of
2 partnership nature.

Cooperative Programs

The Highway Department cooperated with the Federal Highway
Administration in funding Interstate and many U. S.- and State-
numbered and farm to market and recreational roads. On all but
the Interstate system, local governments cooperate with the State
in the acquisition of right of way. Local governments participate
in planning.

In addition the Highway Department cooperates with many other
agencies in the development of coastal highways; for example, the
U. S. Corps of Engineers, the Coast Guard, and the Texas Water
Development Board in highway crossings of navigable waters.

In short, the Highway Department involvement in Coastal Texas
is great and, because of the dynamic growth of the region, without
doubt will continue to represent a major effort of the Department.

Statutory Authorization
Articles 6663-6666, 6669-5674, V.A.C.S.

Funding - FY 1971

Development $12,596,000

TEXAS ATR CONTROL BOARD

The Texas Air Control Board was created in 1965 as &
semi-autonomous arm of the State Department of Health. The Board
is comprised of nine members, which include an engineer, a Ticensed
physician, a representative from industry, one experienced in
municipal government, an agricultural engineer, and the remaining
four from the general public. A11 Board members are appointed by
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the Governor. The objective of the Texas Air Control Board as
stated by statute, is "to safequard the air resources of the State
from pollution by controlling or abating air pollution consistent
with the protection of the health and physical property of the
people, and for the full industrial development of the State.”

To accomplish this objective, the Board is empowered to
develop a general plan for the control of air pollution by
adopting and promulgating rules and regulations governing air
poliution. The Board directs the activities of the Texas Air
Control Program, which is administered by the State Department of
Health, in investigating possible sources of air pollution, holding
hearings on complaints for litigation through the Attorney General's
0ffice, and in seeking compliance with its regulations.

The Air Control Program conducts studies and performs extensive
research on air pollution throughout the State, collects and
disseminates information, and cooperates with other governmental

agencies interested in the control of pollution. Voluntary cooperation

is encouraged through persuasion and consultation, but when necessary
the Board issues such orders or determinations as may be necessary to
contro} the air pollution. If the Board determines that a regulation
is being disregarded or viclated flagrantly, action for injunctive
relief and/or fine is undertaken.

Coastal Zone Activities

Activities of the staff of the Texas Air Control Board in the
Coastal Zone embrace 18 counties which are designated into the
regions of Beaumont-Port Arthur, Houston-Galveston, and Corpus
Christi. The Texas Air Sampling Network operates stations in the
coastal area which monitor particulate matter, benzene solubles,
nitrates, and sulfates, as well as recording the effects of sulfur
dioxide, hydrogen sulfide, oxidants, and acid mists upon various
materials. Extensive 30-day ambient air studies have been conducted
in all of the large industrial metropolitan areas among the coast.
Mobil air sampling laboratories have been assigned to monitor the
guality of the air in these regions periodically, and a four-phase
study has been conducted along the Houston Ship Channel to determine
the location of air pollution sources. '

Cooperative Programs

The Air Control Board staff is entirely composed of employees
of the Texas State Health Department functioning as the Texas Air
Control Program, The Air Control Program works closely with the
National Air Pollution Control Administration in the continuous
monitoring of the ambient air to determine the effectiveness of air
pollution control efforts. Local programs have been encouraged in
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an effort to promote pollution control at the source Tevel. Local
agencies are now operating in Houston, Beaumont, Corpus Christi,

Harris County, Galveston County and Jefferson County in the Coastal

Tone. In many cases these programs have been successful in effecting

or enforcing compliance with the Board's Regulations. Industry is
encouraged by the Texas Air Control Board to achieve compliance on @
voluntary basis through the Variance System. The Board has also
cooperated with industry in the constant evaluation of pollutant loadings
through source emission inventories and a computerized data-feedback
system.

Statutory Authorization

Article 4477-5, V.A.C.S.

Funding - FY 1971

Regulatory $1,114,264

TEXAS RATLROAD COMMISSION

In 1891, the Texas Railroad Commission was created fo regulate
railroad rates and tariffs in the State and to prevent unjust
discrimination. In 1917, Tegislation was enacted which, though
dealing principally with pipelines as common carriers, designated
the Railroad Commission as the agency to administer certain of its
general provisions relating to the conservation of o1l and gas.

In 1919, broad regulatory and enforcement powers relating to oil and
gas canservation were conferred upon the Commission and these activities
have subsequently constituted its major concern.

The Gas Utilities Act, passed in 1920, gave the Commission
authority over persons and cofpanies engaged in producing, transporting,
conveying, or distributing natural gas for domestic or other use.
legislation enacted in 1937 conferred regulatory powers over the
Tiquified petroleum gas industry. The Motor Bus Law of 1927 and the
Motor Carrier Law of 1929 extended the supervisory and regulatory
authority of the Commission to commercial transportation over the
State's highways.

The principal activity of the Railroad Commission concerns the
supervision and enforcement of laws and rules related to the
conservation and prevention of physical waste in the production of
0il and gas, including requlation according to market demand. The
Commission issues drilling permits and conducts safety inspections
upon completion of each well. Allowables for each well are set in
accordance with production factors, consumer's requirements for oil
and gas, and conservation practices.
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In 1965, the Railroad Comnission was given authority to provide
for the pooling of mineral interests into proration units for an oil
or gas well under certain conditions. The Commission was made solely
responsible for the control and disposition of waste, abatement, and
prevention of water pollution resulting from oil and gas activities.
This involved both surface and subsurface water which was to be
protected from contamination associated with oil and gas exploration,
development, or production. Permits were to be issued for the dis-
charge of waste resulting from these activities. The plugging of
wells to prevent water pollution was given increased importance with
broader powers for enforcement of related laws and regulations given
to the Commission,

Coastal Jone Activities

The Railroad Comission enforces regulatory and policing
activities concerning the production of 011 and gas from coastal
waters. It conducts an extensive coastal mapping program for
coastal wells and pipelines and has inaugrated an oil spill progrem
to contain and disperse offshore oil discharges. The Commission
undertakes safety inspections of offshore wells and production
facilities and plugs leaking and abandoned wells with State funds.

Cooperative Programs

The Commission maintains a cocperative program with the Texas
Water Quality Board and the Texas Parks and Wildlife Department
concerning coastal oil pollution and mitigation of damage to wildiife
areas and fisheries hatcheries and spawning grounds.

Statutory Authorization ,

Article 16, Section 59, Texas Constitution, and Articles 6004,
6005, 6008, Section 6, 60292, 602%, 6046, 60662, 6066b, 6066c, 7621d,
Section 10c4, Article 7621b, Section 23, V.A.C.S.

Funding - B 1971

Regulatory $125,000

TEXAS STATE DEPARIMENT OF HEALTH

The Texas State Department of Health was created in 1879, The

Taws of Texas assessing to the Health Department specific responsibility

for all matters pertaining to the health of Texas citizens. The
Department provides local health services, preventive medical services,
and special health services, and is responsible for solid waste
pollution contrel,
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The sanitary engineering activities of the Health Department
have as their principal objective the creation of an environment
free from health and sanitary hazards and favorable to secyring
the greatest possible reduction in praventable diseases. The
Department is charged with making studies and investigations and
collecting evidence in connection with the enforcement of safe
water laws and other laws relating to sanitation. This includes
the certification of the competancy of water and sewage plant
operators. The Department certifies water used in interstate
traffic and provides consulting services on health engineering
problems to municipalities, county governments, and State agencies.

The Air Control Board of the Department monitors air pollution
in the metropolitan areas of the State, Air sampling stations
are maintained in representative areas of the State. Inspections
and surveys are made of industries producing significant quantities
of atmospheric pollutants.

The Health Department handled water pollution control activities
for the State until passage of the Texas Water Quality Act of 1965
which transferred this function to the created Texas Water Quality
Board.

Coastal Zome Activities

The Division of Marine Resources of the State Health Department
is responsible for determining those State waters that are suitable
to produce a safe, edible shellfish product. This responsibility
calls for a rather specific knowledge of the Coastal Zone particularly
in the matter of industrial, commercial, and private activities
that could influence the character of the shellfish harvesting and
seafood producing waters. To obtain this knowledge, the Texas Health
Department gathers sanitary and bacteriological data from all major
Texas bay areas. [n order to maintain a close public health
surveillance of approximately 1.3 million acres of Texas Coastal
waters, the scope of such data extends from simple field tests to
laboratory determinations for fecal coliform, chlorides, pesticides,
radionuclides, and heavy materials.

Cooperative Frograms

The Health Department carries out its program for shellfish
sanitation regulation in cooperation with the Texas Water Quality
Board and the Federal Food and Drug Administration. Cooperation
with the Water Quality Board includes an advisory service regarding
shel1fish production as it relates to the water quality of Texas
bays and estuaries. The relationship with the Federal Food and Drug
Administration is through the National Shellfish Sanitation Program.
As a result of the Texas Shellfish Program, the Food and Drug
Administration approves the sale of Texas shellfish in interstate
cormerce.
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Statutory Authorization

Articles 4450f and 4476-8, V.A.C.S.

Funding - FY 1971

Requlatory $99,006

GENERAL LAND OFFICE

The General Land Office was first created in 1836 under
authorization of the Constitution of the Republic of Texas. Although
the Office was originally charged with the principal duty of keeping
the records and archives pertaining to land titles, within the last
half-century it has become a business office and collection agency.
In 1876, the Texas Constitution dedicated one-half of the then
remaining public domain to the Permanent Free School Fynd. In 1939,
the residue of the public domain along with the mineral interest in
river beds and the tidelands, including bays, inlets, and the
marginal sea to the outer edge of the continental shelf.

In 1949, the Veterans Land Board was created as a new State
agency. The employees of the agency were to be considered employees
of the Land Office and much of its administrative work has been
absorbed by the personnel and equipment of the Land Office.

The General Land Office performs field surveying required by
statute relative to the pubtic lands in which the State owns a
mineral interest. The Office maintains files on field notes, plots,
and maps filed or prepared in the agency. It constantly compiles
new maps of counties, prepares plots of submerged areas offered for
Tease by the School Land Board, and prepares sketches and maps for
the land leasing boards. Field notes returned to the Office on which
patents or deeds of acquittance are to be issued are examined for
approval.

The 0ffice is charged with the duty and responsibility of keeping
a register on survey Tands dedicated to the Public Free School Fund
and the Veteran's Land Board Fund, as well as on all surface and
mineral leases, sales, and easements. The Spanish archives contain
records of Spanish and Mexican titles deposited in the General Land
Office. The Spanish translator is charged with the statutory duty
of translating the instruments on file from Spanish into English.

The Office maintains information on drilling and exploration
activities throughout the State and collects data pertaining to those
areas where the State owns mineral interests. Current abstracts are
kept of all original Texas land titles. At their disposal is files
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containing the original grants made at the time Texas hecame a
sovereign State. Records of corrections in existing titles and
patents and of new surveys and patents issued are maintained by
the abstract compiler.

At the end of each fiscal year, the land records are compiled
and printed as a supplemental abstract volume for the State agencies
requiring its use and for the public. These are used by county
officials for tax purposes as well as a means of determining the
existence of lands within the counties. The Office handles legal
matters relating to patenting of lands and boundary questions. The
validity of claims under old land certificates which have not been
patented for some reason are determined.

The General Land Office prepares patents issued by the State
of Texas and deeds of acquittance by which the State grants titles
to excess lands after payment of the price fixed by the School Land
Board.

Coastal Tone Activities
The General Land Office is the Constitutional Manager of the

millions of acres of beaches and submerged lands that are owned by
the State.

Cooperative Programs
The General Land Office works with the Texas Parks and Wildlife
Department, the Texas Railroad Commission, and the Corps of Engineers
in the management and leasing of State-owned submerged lands and
islands s0 as to achieve coastal resources conservation, navigation,
and industrialization.
Statutory Authorization
Article VII, Section 2, Constitution, Articles 5251, 5339, 5353, 5415c,
5415, 5421C-6, 8225, V.A.C.S.

Funding - FY 1971

Management $21,236

TEXAS DEPARTMENT OF AGRICULTURE
Originally set up for the organization of farmer's institutes

over the State to promote interest in agricultural problems, the Texas
Department of Agriculture has embraced to varying degrees research,
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education, and regulatory activities in its programs. Today the
Department functions primarily as the State's agency for enforce-
ment of agricultural laws and provides equal emphasis on service
programs for Texas agriculture and Texas consumers. The Texas
Department of Agriculture is, in fact, the major agency in Texas
State government assigned responsibilities for consumer protection
in such areas as weights and measures, packaging and labeling and
marketing. In addition to its direct regulatory and service
function, the Department of Agriculture serves as a clearinghouse
for numerous agriculture-related problems and requests which are
under the jurisdiction of other governmental agencies.

The specific responsibilities of the Department include
enforcement of agricultural and plant quarantine laws, The
Department regulates the sale and control of herbicides and
insecticides. It administers the Commodity Referendum Act and
regulates many other programs pertaining to agriculture in the
coastal area.

In addition to the requlatory work of the Department a very
in-depth market news program iS expanding to provide vital marketing
information. Publications are mailed daily from the Department
concerning all aspects of Texas production and prices paid for the
productions. A Tist of market services are available from the
Commissioner's office.

Perhaps the greatest service to Texas agriculture is the
newly formed program for the promotion of Texas agriculture pro-
ducts, known simply as the "TAP" program. This program has worked
diligently to promote and identify Texas products to Texans and to
the people of the world alike. The demand by production groups for
the services of the Department in this particular program is
tremendous .

To summarize the efforts of the Texas Department of Agriculture,
one must say that the Department enforces the Taws of Texas agri-
culture. It promotes the sale of Texas products. It serves all the
people of the State as farmers, as processors, as retailers, and as
consumers. The development of the Texas Coastal Zone is a real
concern to the Texas Department of Agriculture and its Commissioner,
John C. White.

Coastal Zome Aetivities

The Department does not have specific programs for the Gulf
Coast area; however, the regular work of the Department requires its
involvement in this region. The Coastal Zone produces some of the
major Texas agriculture products. The use of the Tand in these areas
is of a very great concern to the Conmissioner of Agriculture,
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Cooperative Programs

The Texas Department of Agriculture works closely with the
U. S. Department of Agriculture and local farmer and agriculture
organizations in promoting the use of Texas Agricultural Products.

Statutory Authorization

Article 47, V.A.C.S,

Funding - FY 1971

No specific figures available.

TEXAS INDUSTRIAL COMMISSION

The Texas Industrial Commission is the State's agency for
attracting industry and encouraging the expansion of existing
industry thereby creating jobs for Texans.

The Commission conducts the State's advertising programs,
provides consultants to communities to help outline local industrial
development programs, and operates a department for the export of
Texas made products.

As an information center, the Commission, through advertising,
direct contact, and follow-up inquiries, seeks to attract the
favorable attention of prospective new industries to Texas. The
Cormission also serves as a computerized clearinghouse for community
data which can be used effectively by corporate industrial location
executives seeking plant sites.

The Conmission is vitally interested in development using
water transportation, both from the standpoint of new or existing
industry and through the development of Texas ports, and their
export potential.

Coastal Zone Activities

Interest of the Commission in Coastal Zone Development centers
around the tremendous potential growth of the Gulf Coast area.
Realizing the necessity of protecting the environment, the Commission
has a direct influence on helping communities achieve a balanced
economical as well as ecological environment.
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Cooperative Programs

In complementing and coordinating private programs, the
Commission is in frequent contact with top industrial development
leaders in utility companies, banks, railroads, chambers of commerce, .
and others, Meetings are held with community and business develop-
ment officials where the work of the Commission is explained and
successful individual efforts discussed. The Commission works
closely with smaller communities in assisting them to organize and
attract industry.

Statutory Authorization
Article 51905, V.A.C.S.

Funding - FY 1971

No specific figures available.

TEYAS SOIL AND WATER CONSERVATION BOARD

The Board is the coordinating agency for the Texas soil and
water conservation districts under procedure specified by State
law, There are 188 soil and water conservation districts in Texas
comprising 99 per cent of the State's total land area.

Each s0i1 and water conservation district constitutes a
governmental subdivision of the State. The districts have various
powers including the formulation of requlations governing use of lands
within the area to conserve soil and soil resources and prevent or
control soil erosion.

The Texas Soil and Water Conservation Board offers and provides
assistance to the districts in the execution of programs and plans
and in coordinating and securing private and intergovernmental
cooperation. The Board has been designated by the Governor as the
approval agency for applications to plan and carry out watershed
protection and flood prevention programs on small watersheds of
250,000 acres or less.

Coastal Zone Activities
The Texas Soil and Water Conservation Board is now participating

in a Type IV Coastal Basin Study of the U. S. Department of Agriculture
involving coastal flood prevention, drainage, and irrigation.
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Cocperative Programs

The Type IV Coastal Basin Study is being undertaken in
cooperation with the U. S. Soil Conservation Service and the Texas
Water Development Board.

Statutory Authorization

Article 165a-4, 165a-10, V.A.C.S.

Funding - FY 1971

No specific figures available.
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HISTORICAL AND CULTURAL HIGHLIGHTS OF

THE TEXAS COASTAL ZONE

I, OVERVIEW

That portion of Texas near the GuIf of Mexico exhibits diver-
sity in its historical past as well as the cultural past and present.
Since 1530 when Cabeza de Vaca earned himself the distinction of
being the first white man to set foot on Texas soil, throughout
Coronada's jaunt of 1541, Frenchman La Salle's venture, Austin's
colonization effort, revolution, independence, statehood, Civil
War, reconstruction, and the transition to industry, oil, and
NASA, the coastal area has seen its share of significant happenings:

Augtin brought hig firet colomiets
Sam Houston led the defeat of Santa Anna

The only battle of the Civil Har fought in Texas was
at Sabine Pass

0il, gas, and other mineral resources were developed

The dredging of the Houston Ship Chanmel made the area
a world pert

The few remaining Whooping Cranes winter at Avansas
Wildlife Refuge

The Astrodome ushered in a new dimension for "outdoor
sports"

The Manmed Spacecraft Center gent men forward to their
Firgt walk on the moon

These, combined with many other attractions both tangible and
intangible, make this area a truly significant historical and
cultural resource of the State of Texas and ene which should be
preserved so that future generations of Texans may cherish and
enjoy it.

In preparing a synoptic discussion of the cultural and/or
historical characteristics of the region, many parties provided
information. Most notable among these were the State Historical



Survey Committee and the Barker Library at the University of

Texas at Austin. This short report dwells briefly on each major -
time period in Texas history, then locates many of the significant
sites (as noted by the State Historical Survey Committee), and
finally proposes a set of objectives as established by the Goals
for Texas investigations.

II. FROM DISCOVERY TO COLONIZATION

Early in the 16th century (1519) Spain's Alonso Alvarez de
Pineda was comnissioned by the governor of Jamaica to find the
expected strait through America which was supposed to bring the
riches of the Far fast within Spain's grasp. It was also his
task to explore further those Tands already claimed by Ponce de
Leon. Pineda mapped the entire Gulf Coast from Florida to Vera
Cruz and recommended that a settlement be established near the
mouth of the Rio Grande, but this was not done for some two
hundred years.

Entering the interior of Texas for the first time, and once
again representing Spain, were Alvar Nunez Cabeza de Vaca and three
survivors of the Panfilo de Narvaez expedition which had been
ship-wrecked six years earlier. After wandering through the heart
of the State, they arrived at Cuiiacan, near the Gulf of Cali-
fornia on May 18, 1536.

Excited by tales brought to Mexico by Cabeza de Vaca, Fran-
cisco Vasquez de Coronado left to explore this northern Jand.
The expedition Ted only to disappointment, though, when instead
of the Seven Cities of Cibola and the expected riches, Coronada
found only wretched pueblos inhabited by unfriendly Indians. In
garly 1541 he set out for the promised land of Quivira, which
supposedly 1ay to the east of his present location near Albuquerque.
Once again his search ended only in disappointment and frustration
when he finally found Quivira. It was nothing more than an area
containing several Wichita Indian villages and the only metal
visible was some copper jewelry,

Coronado traveled back to Mexico and reported to King Charles
I that there was nothing significant emough in the area to justify
being colonized by Spaniards.

During this same period of time, Hernando de Soto was exploring
the area north of the Gulf of Mexico. After his death, Luis de
Mascoso de Alvarado led the expedition toward Mexico. The group
attempted to Tink up with Coronado, but when they failed to find
him they returned to the Mississippi River area. There thay built
some crude boats and began floating downstream. They were forced
ashore near Beaumont and reached the Spanish town of Panuco. Like
Coronado, De Soto's men found nothing of much value in Texas.



In the 1600's, Spaniards began settling Texas from the West.
A number of missions were established along the Rio Grande border
of Southwestern Texas. Then, in 1659, a mission was established
near Juarez at E1 Paso del Norte. "After the I[ndian revolt in
New Mexico in 1680, the retreating Spaniards and friendly Indians
established the mission pueblo of Corpus Christi de Ta Isleta
a few miles east of E1 Paso where the village of Ysleta now is.
This was the first peranent European settlement within the present
boundaries of Texas."

In 1683 Spaniards began settling eastward and a group of
missions was established near the joining of the Rio Grande and
Conchos Rivers. Father Nicolas Lopez was sent from New Mexico
with a military escort commanded by Don Juan Domingues de Mendoza
in order to Christianize the Indians.

It was at this time that reports began arriving which confirmed
suspicions that the French were beginning to settle along the Guif
Coast in direct viglation of Spanish ¢lgims.

The intruder turned out to be Robert Cavelier, sieur de La
Salle. He had actually planned to settle along the mouth of the
Mississippi River, but through error, found himself at what is now
Matagorda Bay. There he established Fort St. Louis. La Salle
made a six-month exploration of the area around Ft. St. Louwis,
and returned to the settlement with only eight of his original
thirty men. Upon his arrival he discovered that not one of his
original four ships was left. Also, crops had failed and the
Karankawa Indians were harrassing those who had managed to survive.
Furthermore, only 45 people were still alive in the fort. La
Salle decided to seek the Mississippi River once again and seek
help in Canada. He never reached his destination, however, as he
was assassinated by one of his own men on March 20, 1687. Six
survivors of the band eventually made their way to Canada and
finally to France, but Louis XIV never saw fit to send aid to the
stranded colonists.

If help had come, it would have been too late anyway, as the
fort was soon destroyed and most of its inhabitants slain. Mean-
while the Spanish Tearned of the fort from captured French pirates
and tried to find the settlement. After four attempts, Governor
Alonso de Leon of Coahuila finally discovered the ruins of the
i1l-fated fort.

Even though fate had removed the French threat for the present,
the Spanish realized that they would never be secure in the area

]Richardson, Rupert N., Wallace, Ernest, Anderson, Adrian N.,
Texas the Lone Star State, (3rd ed., Englewood C1iffs, New Jersey:
Prentice-Hall, Inc., 1970), p.15,



until they took formal possession of it. So, when De Leon returned
to Mexico he sent optimistic reparts of the land of the Tejas to
the viceroy. He was assisted in his pleas for a mission in this
area by Father Damian Massanet, as on an earlier expedition into
that area, Massanet had promised the Tejas chief that he would
return.

The petition was approved and Father Massanet, three other
priests, De Leon, and & military escort set out for the area in
1690. Thus, the first mission in the Tand of the Tejas - San
Francisco de los Tejas was established.

Unfortunately, this mission also was doomed to faiture.
Father Massanet and De Leon returned to Mexico. In 1691, Domingo
Teran de los Rios, governor of the province of Tejas and Coahuila
led another expedition into the area. They discovared that the
crops were failing, an epidemic had killed many Indians and one
of the priests, and the Indians had gradually become hostile to
the intruders,

Early in 1692 Teran departed, leaving behind only Massanet
and a small guard, to return to Mexico in order to seek help. A
relief expadition from Monclove brought supplies, but already it
was too Jate to be of any value. Finally, even Father Massanet
had to agree that the missions could mot survive without support
from presidios and settlements. Thus, the Fast Texas missions
were abandoned.

During this peried, France had been involved with internal
difficulties and did not press her claim to the Mississippi Valley.
In 1712, however, France granted the colony of Louisiana to Antoine
Crozat as a commercial monopoly and La Mothe Cadillac became its
first proprietary governor. In Europe, the grandson of Louis XIV
of France had ascended the throne of Spain and the Spanish govern-
ment gave tacit agreement to the French to settle in the Gulf area.
BUT, there would be absolutely NO trading between the two areas.
This is exactly what Crozat sought, and as he was readying an
expedition, word arrived from Fray Francisco Hidalgo suggesting
that perhaps the French would Tike to help establish & mission for
the Tejas. Louis St. Denis was sent to try to initiate trade with
the Spaniards, and he arrived on the Rio Grande at San Juan Bautista
on July 18, 1714,

St. Denis and Hidalgo were immediately called to Mexico for
explanations of the forbidden trade. St. Denis ended up marrying
the granddaughter of the commander at San Juan Bautista and was
to serve as a guide for soldiers and missionaries which New Spain
{Mexico) was sending to the Tejas.

So, once again a French threat led to the establishment of
missions in the land of the Tejas Indians. By the end of 1716,
there were six Spanish missions from Neches to Los Adaes and within
a few miles of the Red River.



[n 1716, also, Martin de Alarcon was appointed governor of
Coahiila and Texas and established the ¥illa de Bexar and Mission
San Antonio de Valero in present-day San Antonio in 1718. The
beginnings of this mission preceded the most successful mission
System ever set up by any government in Texas.

With the Spanish occupation along the Gulf of Mexico a general
program of expansion was initiated in nearly all of New Spain.
The efforts were redoubled when there were threats from the French
occupying areas both to the north and east of Texas; the English
had settled in Georgia and by so doing, appeared as a threat to
Spanish supremacy in Florida; Indian tribes were harrassing the
frontier areas; and, last but not Teast, there were reports of
precious metals to the narth of San Antonio. The fast-moving
Spanish occupation actually began about the year 1745 and continued
spasmodically until the cession of Louisiana to Spain by France
in 1762. Even though the Spanish held much territory in Texas,
there were still vast areas Teft totally uninhabited from Tampico
to the San Antonio River (Nuevo Santander) extending inland in
some places for as much as 300 miles. Now, the Spanish leaders
held fears that the unguarded area might be settled by the English.
And already that area was also an asyium for Indian renegades and
remnants of tribes,

In 1746 Jose de Escandon was given the dubious honor of settling
the area and subduing the Indians. He spent two years exploring
the area and making preparations and finally gathered more than
3000 soldiers and colonists at Queretaro. Between 1749 and 1755
he left 23 settlements, among the most important of which were
Dolores and Laredo north of the Rio Grande.

Also established during that time by Cscandon was current-
day Goliad., It had first been established in 1726, but Tater had
been moved to Victoria., Escandon had the Mission La Bahia del
Espiritu Santo de Zuniga and Presidio Nuestra Senora de Loreto moved
back to the San Antonio River at the present site of Goliad.

The Spanish had ambitious plans to establish missions in the
area approximately 150 miles northeast of San Antonio along the
San Gabriel River. With problems created by disease, indifferent
Indians, and hostile Apaches, the mission enterprise of a series
of three missions along San Xavier (San Gabriel) was finally abandoned,
Other expansion-type missions suffered similar disasters and defeats,
especially Indian trouble,

"Thus, Spain's efforts at expansion in Texas, except at
Goliad and Laredo on the Rip Grande were failures. &1 Orcoquisac,
placed at the mouth of the Trinity River to expel French intruders,
may have been of some value, but it never daveloped into a civil
settlement or even a mission center of any consequence. The mission
efforts an the San Xavier and the San Saba ended in calamity,
proving that Spains's chief pioneering institutions, the mission and



2
the presidio, could not be made effective north of San Antonio."

Near the end of the Seven Year's War in Europe, Spain entered
the conflict on France's behalf. In so doing, at the Peace of
Paris in 1763, sne lost Florida but was allowed to keep western
Louisiana which France had ceded to her in secret.

Louisiana had been an enormous burden on France, anyway,
and it was no less so to Spain. The aggressive English were
now Spain's new neighbors instead of the tolerant Fremch. After
the American Revolution Spain had the uneasy Anglos to worry about,
t00, and if that were not enough, there were internal difficulties
in New Spain.

Jose de Galvez was sent to America on behalf of Charles III
to carry out certain reforms there, Under this man, the Marques
de Rubi was sent to explore the northern frontier. From 1767
until 1770 Rubi spent three years traveling in the Area and made
exhaustive reports and recommendations which resulted in a Regu-
lation for the Presidios on September 10, 1772,

Among other things, the regulations called for "(1) the
abandonment of all missions and presidios except San Antonio and
La Bahia, {2) the strengthening of San Antonio de Bexar by moving
to it settlers from Los Ais and Los Adaes, and (3) the inaugura-
tion of a new Indian program calling for friendly relations with
the northern tribes and a war of extermination against the Apaches.
Thus Spain had determined not only to give up all attemnts to
occupy the country north of San Antanio but also to abandon the
settlements in Last Texas and the presidio and mission on the
Trinity, no longer needad to prevent intrusions from the east."

In 1800 Napolean entered upon a grandiose plan for reinsti-
tuting French influence in the North American continent and cajoled
the king of Spain into transferring Louisiana once agafn to France.
"Then, in 1803, realizing that it would be difficult to hold the
province in the event of a war with Great Britain, he broke his
pledge to Spain not to alienate it and sold it to the United
States. Now Texas was once again on the border of New Spain,
and an indefinite boundary separated it from the Tand-hungry
Americans. To meet the new situation Spain adopted a three fold
imperial policy: first, to hold the territory with its ancient
boundaries unimpaired; second, to increase its garrisons and colon-
ize the territory with Toyal SRanish subjects; and third, to keep
out Anglo-American intruders."




The Adams-De Onis, or Florida Purchase Treaty, signed in
1819 after the Napoleonic Wars aided Spain greatly in their efforts
to enforce this policy. In accordance with the terms of the treaty,
the United States was given Florida from Spain and gave up any
claim to Texas that she MIGHT have had. Perhaps even more impor-
tant, the Lovisiana-Texas houndary was at last settled. It was
established as "the west bank of the Salina from its mouth to the
32nd parallel, thence north to the Red River, along the south bank
of that stream to the 100th meridian, thence north to the Arkansas
River, along the south or west bank of that stream to its source,
and thence northward to the 42nd parallel. The eastern boundary

of Tegas as determined by the agreement remains unchanged to this
day."

Even with all of the Spanish efforts to colonize Texas, at
the time of the Adams-De Onis Treaty, the only permanent settle-
ments were at San Antonio de Bexar, La Bahia {Goliad) and the
pueblo of Nacogdoches. Sti11 fearful of Anglo-American tresspassing,
Spain once again undertook the task of populating the province.
The entire population of Texas at that time has been estimated
at 4,155° one fourth of whom were soldiers. "The efforts of
officials to introduce foreigners were offset in great measure by
the opposition of Nemesio Salcedo, commandant general of the
Interior Provinces, who Tooked with suspicion on all immigrants
from Loyisiana, and stoutly forbade commercial relations with
that country."7

Those who tried to do s0 anyway, among them a Louisiana trader
by the name of Philip Nolan, were promptly put to death. Another
martyr, Miguel Hidalgo, a priest, was killed for raising the banner
of revolt against the harsh Spanish government.

Hidalgo's rebellion in 1810 was suppressed mainly because the
upper classes of Mexico, the merchants, and the clergy would not
join the movement. Nevertheless, his death planted the Seeds
of rebellion in the minds of many others. Subjects in New Spain
were becoming increasingly dissatisfied with Spain, especially
after Napoleon had taken Ferdinand VII prisoner and put Joseph
Bonaparte on the Spanish throne.

So, with the end of the Eurpoean wars in 1819, the revolu-
tion in New Spain was continued under new leadership. In Spain,
Ferdinand was reinstated and made to restore the liberal constitu-
tion of 1812. This constitution, under which, of course New

Sibid., p. 3.
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Spain must also Tive, was viewed as a threat by the higher classes
in Mexico and also infuriated the priests because of certain anti-
clerical policies that it contained. Thus, "01d Spain had become
too 1iberal for New Spain."8 On February 24, 1821, the two factions
in Mexico entered an agreement by which New Spain was declared an
"independent, moderate, constitutional monarchy."” It also guaran-
teed the Catholic religion and proclaimed racial equality. In
August, the Tast Spanish viceroy recognized Mexican independence.
This final severing of ties with the mother country was to have
far-reaching effects on subsequent Texas history.

TTI. COLONTZATION BY ANGLO-AMERICANS

On December 23, 1820, Moses Austin sought permission from
Governor Antonio de Martinez in San Antonio to establish an American
colony consisting of 300 families in Texas. Austin had come
from Missouri, which was once a part of Louisiana; thus, he was
received as a former Spanish citizen and was given permission
on January 17, 1821, to settle his families in Texas.

Shortly after Austin's return to Missouri he died, leaving
the fulfillment of his commission to his son, Stephen F. Austin.
Although he was only 27 years o1d at the time, the younger Austin
was well-educated and already experienced in business and legal
matters. In addition, he had served for five years in the Missouri
Territory legislature and had held an appointment as a district
Jjudge in Arkansas. Finally, and perhaps most importantly, Stephen
F. Austin was well acquainted with the type of people that lived
in that area and that would more than 1ikely comprise his group
of colonists.

So, 1n 1821, the younger Austin went to San Antonio with a
small party of men and was given permission from the governor
to carry out his father's dream. News about Austin's arrange-

ments out-distanced his travels, and when he returned to Natchitoches,

Louisiana, he found almost a hundred letters from people seeking to
make the move into Texas. After sending the schooner Lively

ahead of him with essential cargo for establishing a colony,

Bustin returned to Texas by way of Nacogdoches where he met a

group of waiting colonists. MWhen Austin reached the Brazos River,
he found eager colonists already establishing homesites. The
Lively, missing its destination of the Colorado River mouth,

had returned to Louisiana with its discouraged colonists.

81bid. , p. 38.
I1bid., p. 38.



"The first settler to enter the colony, Andrew Robinson,
crossed the Brazos River at the La Bahia Road crossing in November
1821, The ferr¥ he operated marked the settlement of Washington-
on-the-Brazos,"10

After helping to settle his colonists, Austin returned to San
Antonio in March 1822. It was at that late date that Governor
Martinez gave him the unwelcomed news that officials in Monterey
did not recognize the arrangement made with Moses Austin and the
authority of Stephen Austin to carry them out. Martinez suggested
that Austin travel to Mexico immediately to straighten matters
out with the central government, After leaving Josiah Bell in
charge of the colony, Austin left for Mexico.

The political situation in Mexico was, to say the Teast,
one of confusion, Political power had changed hands twice, but
finally, on April 14, 1823, almost a year after his arrival in
Mexico City, Stephen F. Austin's colonization grant was approved.

In August 1823, Austin returned to his colony with Baron de
Bastrop, the commissioner who would have the authority to grant land
titles. Although the colony had suffered extensive hardships
enough to convince some colonists to return to the United States,
the promise of soon-to-be-issued land titles and setting up of
local governing officials helped the morale of the group greatly.

The Tocal governmental headquarters was set up on the Brazos
River and subsequently named San Felipe de Austin. The 272 Tand
grants that Bastrop issued extended from the Brazos, Colorade and
Bernard Rivers all the way to the Texas Gulf Coast. "By the terms
of the imperial Taw each family was to receive one lgbor (177
acres) if engaged in farming, and a sitio (a square league or
about 4,428 acres) for stock raising. Of course, most of the colon-
ists preferred to be classed as stock raisers, and only about 20
titles called for Tess than a sitio. Special grants were made to
a few men as compensation for substantial improvements such as
mills... Bustin, as empressardio, received about 22 eitios. The
1aw required that land should be occupied and improved within two
years after the receipt of the deed, that colonists must profess
the Catholic religion, that for six years they would be exempt
from the payment of tithes and duties on imports, and that children
of $laves born in the empire would be free at the age of fourteen.'!

The Imperial Colonization Law, under which Austin received
permission to carry on in his father's behalf, was not a national
program, but a special arrangement worked out to aid Stephen Austin.

10pbid., p. 48,
Nibid., p. 50,



It was not until August 1824 that the Mexican Congress issued a law
covering colonization. This law decreed that, with certain excep-
tions, the national government turned over the dealing of public
lands to Tocal governments. The exceptions included the amount

of land that could be issued to an individual (no more than 11
aitics), areas in which foreigners could not settle (ten 1eagues

of the coast and twenty leagues from an international boundary),

no alien could receive a grant, and, finally, that until 1840

no foreigner would be prohibited entrance to the lands as a colonist,

It was the great success of the colonization activities which
nearly spelled its doom. Without warning, on April 6, 1830, the
Mexican government forbade further colonization efforts. Through
reports of such men as General Manuel Mier y Teran, the Mexicans
were brought to realize the very real threat that existed if such
extensive Anglo-American activity were to continue. General Teran
recommended settling more Mexicans, Swiss, Germans and soldiers
in the areas already occupied by American colonists. The April
6, 1830 decree forbid citizens of foreign countries which shared
boundaries with Mexico from colonizing Mexican territory. This
decree, of course, effectively shut off the flow of Anglo-Americans
into Mexican-held Texas. This seemed to spell disaster to the
colonists. In April 1833, a convention was held in which the
colonists drafted a petition designed to convince the Mexicans
to repeal the law. Stephen Austin carried it to Mexico City and,
effective May 1, 1834, the decree was duly repealed.

Numerous colonization projects were begun, among them, the
Galveston Bay and Texas Land Company and the Nashville Company.
(ther colonies, those of James Power (a native-born Irishman)
and James Hewetson of Monclova and of John McMyllen and James
McGloin sought to draw Europeans into the area.

Colonization legally ended when, by an act of the Congress
of the Republic in June, 1837, it was stated that all empresarios

ended on the day of the declaration of independence on March 2, 1836.

IV, THE INEVITABLE REVOLUTION

There were a number of contributing causes to the final break
with Mexico. The colonists that came to Texas been exposed to
self-government; they considerad Mexicans inferior and resented
both the governmental authority and having Mexican troops quartered
among them. They hated the fact that ¢ivil matters were, at best,
secondary to military matters. Finally, they did not like the
close connections between the church and the state. These traits
Tay in direct opposition to Mexican customs. Most citizens of
New Spain were very ysed to being subjugated, especially after
being held by Spain for 300 years. They did not understand their
own constitution which the Anglos considered sadly Tacking in many
respects. Some of these differences in custom and tradition could



only accent mistrust and suspicion. Mexican President Guerrero's
procTamation of the emancipation of slavery in the colonies
(September 15, 1829) and the decree of April 6, 1830 did little
to cement friendly relations between the Mexicans and the Anglo-
Americans.

Colonel John Davis Bradburn, a Kentuckian in Mexican service,
who was commander at Anahuac, added immeasurably to the already
strained relations between Mexico and Texas. The most serious of
his numerous bTunders was the imprisorment of William B. Travis
and Pratick Jack after they had irritated him by implying that a
force was coming from Louisiana to retrieve some slaves which
Bradburn would not release. The extended imprisonment of the two
men brought open resistance from the colonists, William H. Jack,
Patrick's brother, first tried legal means to have his brother
released, and, when that failed, urged colonists to join him in
attacking Bradburn. On June 10, 1832, 160 colonists, including
some from Brazoria, were outside Anahuac awaiting the arrival
of a cannon,

CoTonel Jose de las Piedras, Mexican commander at Nacogdoches,
arrived with orders to settle the dispute peacefully. The prisoners
were released to civil authorities for trial and Bradburn resigned
his post. Thus, for the moment at least, pitched battle was
avoided.

John Austin, one of the colonists from Brazoria who had
Tent his support at Anahuac, returned home, retricved three cannons
and some men from Brazoria, and started by boat down the Brazes
River toward Anahuac. The boat was stopped by Mexican officials
at Velasco and a bloody battle was fought in which the colonists
emerged victorious.

This engagement did much to help fan the flame of resistance
among the Anglos, They were resolved to rid all the settlements
of Mexican soldiers, This they finally did succeed in doing.

Since, 5o far, the colonists had been so successful, they
decided to press for some concessions from the Mexican government,
On August 22, @ letter was sent from San Felipe to all the districts
requesting that delegates be sent to San Felipe on October 1, 1832
for a convention. Sixteen districts acknowledged by sending 58
detegates to the proceedings. Stephen F. Austin was elected president
and various committees were set up to investigate topics and propose
legislation. Even with the former problems with the Mexicans,
the colonists professed loyalty to the new Mexican government
headed by Santa Anna and the Mexican constitution.

"The convention placed the greatest emphasis on two requests
made of the government at Mexico City: first, the repeal of that
part of the act of April 6, 1830, prohibiting Anglo-American
imigration; and, secondly, separation from Coahuila and admission



of Texas to the Mexican confederation as a state. There was a
Tengthy and ur?ent memorial on each, The convention adjourned
on October 6."

For some obscure reason the petitions were never presented
to the Mexican government. The governor reminded the Texans that
the whole idea of the convention itself was in vielation of Mexican
Taws and that Santa Anna would mot look upon the convention favorably.

This information did not frighten the colonists in the least.
And, in fact, on April 1, 1833, a second convention was held.
Chairman of this convention was William H. Wharton, a radical
member of one of the two factions of the Texas group. Much the
same grievances were aired as at the first convention with the
same two major requests of the Mexican government heading the
T1ist. And, it was at this second convention that a highly improper -
at least in the eyes of the Mexican government - state constitution
was drafted. To add insult to injury, the Texans petitioned the
central government for approval.

Once again Stephen F. Austin was entrusted with pleading their
cause in Mexico City. When he arrived there on July 18, Santa
Anna was away, so he met with the Vice-President, Gomez Farias.
On October 1, after much frustrating detay, Austin flatly told
the Vice-President that if the government would not act, the
state government would be set up WITHOUT its approval. On November b
fustin finally had his long-awaited conference with Santa Anna.
The only request that was not approved was the separation of Texas
from Coahuila.

Austin left Mexico City on December 10th and on his way back

to Texas he stopped at Saltillo on business. There, on January 3, 1834,

he was placed under arrest for a latter written in the heat of passion
stating that the Texans WOULD set up their own state government.
It wasn't until July, 1835 that his release was finally secured.

In April of 1834, the formerly 1iberal Santa Anna set himself
up a dictator after he could see that the army, the clergy, and
wealthier classes would oppose any liberal reforms. Consequently,
his vice president was exiled and congress was disbanded. October,
1835 saw the form of government change from a federalist system
to a highly centralized system with the ruthless Santa Anna in
sole cormand.

The actual beginning of the revolution can be dabed at October
2, 1835, Mexican Colonel Ugartechea was sent to Gonzales in order
t0 retrieve a 6 pounder cannon which had been loaned to Green DeWitt,
the empresario, for defense against Indians. The Texans saw this
as an attempt to keep them from resisting the military forces of

21bid., p. 76.



Santa Anna and consequently hid the cannon. Runners were sent
to secure aid for the Texans and the men were able to Send the
small Mexican force fleeing for San Antonio. Now the Revolution
was officially underway.

A force under Captain George Collinsworth captured Goliad
with its extensive supplies and the colonists headed for San Antonio.
On December 5, a force of about 300 volunteers under Ben Milam
drove Mexican General Cos and his army from the city, but allowed
them to return to Mexico.

[n March, 1836, James W. Fannin, Jr., with about 450 volun-
teers sought to aid the defenders of the Alamo who were being
besieged by Santa Anna. He was never able to arrive there because
of transportation problems, On March 13th and 14th, General Houston
ordered him and his men to retreat to Victoria, since it was already
too Tate to help those at the Alamo. After being delayed while
waiting for some of his men who had been sent to Refugic to evacuate
settlers, he finally began retreating on March 19th. In one of
the best known events of the Texas Revolution, Fannin and his men
were surrounded on an open prairie by superior Mexican forces,
and the next day they surrendered as prisoners of war. A week
tater, on Palm Sunday, Fannin and his remaining 350 men were slain.
News of the massacre aroused citizens of the United States sufficiently
for them to send financial and moral support.

On March 6, 150 men defending the Alamo in San Antonio were
also slain at the hands of Santa Anna, Among those men were
William B. Travis, David Crockett and his "Tennessee boys," Jim
Bowie, and James Bonham. Although their situation had been hope-
less from the beginning, the delay caused to Santa Anna bought much-
needed time for the struggling Texans. For these few precious days,
those men paid with their Tives.

Several days before that, on March 2, 1836, a Declaration of
Independence was presented before a Texas governmental convention.
It was adopeed on March 16th. The convention set itself up as the
governnent of Texas, and Sam Houston was appointed commander in
chief of Tand forces. As a last act, an ad interim government was
set up on March 17th. David G. Burnet was elected president and
Lorenzo de Zavala was elected as vice-president.

Houston had left the proceedings to go to the relief of the
Mlamo, but at Gonzales where he had stopped for reinforcements,
he learned that their arrival was too Tate. When Houston learned
of Santa Anna's army moving eastward, he decided to retreat.

With news of Houston's retreat toward San Felipe, civilians
and sotdiers alike also began to flee. The government had been
moved first from Washington to Harrisburg (present-day Housten)
and then to Galveston Island.



Santa Anna and his forces arrived at San Felipe, which Houston's
men had burned in their retreat on April 7th. At Fort Bend, where
he took over the ferry, he heard that the seat of governemnt
had been moved to Harrisburg; he wasted no time in setting out to
cover that short 30 mile expanse, but arrived too late to capture
the Texas officials. He missed them once again at Morgan's Point,
on the mainland overlooking Galveston Bay. At this point, on April
20th, he set up camp "with open country on his left flank, the San
Jacinto Rive{ on his right, and Buffalo Bayou and Houston's army
before him."

Sam Houston and a force of some 900 men were situated near
Lynch's Ferry where Buffalo Bayou and the San Jacinto Rivers joined,
He did not have any official strategy in mind, but adopted a watch
and wait policy toward the Mexican army. The opportunity for action
came on April 21st during Mexican siesta time. "A rise in the
terrain hid the Texans from view until they were within 200 yards
of the flimsy Mexican barricades. The shape of the terrain, the
Mexican habit of taking a siesta, and the utter contempt in which
Santa Anna held the Anglo-American troops, afford the only explama-
tion of one of the most astounding facts in all military history:
an army was taken by surprise by a much smaller force advancing
for a mile across a prairie in the middle of an April af?irnoon.
Santa Anna had made his second mistake within 24 hours."

The entire Battle of San Jacinto lasted for about 18 minutes,
in which time 630 Mexicans were killed, 208 were wounded, and 730
were taken prisoner, including Santa Anna himself. Nine Texans
were killed and 34 wounded.

V. FROM REPUBLIC T0 STATEHOOD

Along with the astounding victory, the Texans faced many
problems and responsibilities. There were still about 2000 Mexican
troops in Texas; Sam Houston was incapacitated by a shattered ankle;
the army was as thoroughly disorganized by their stunning victory
as their opponents were disorganized by defeat.

The initial problems confronting the government, then, were
to establish order, strengthen the army and its supplies, and
achieve Mexican recognition of Texas Independence.

Time itself was their biggest ally, for as people Tearned how
total the victory at San Jacinto had been, peace and order were
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restored. Those who had fled their homes during Santa Anna's advance-
ment returned rapidiy. The government headguarters were moved from
Galveston to Velasco and, on July 23, President Burnet called for a
general election on the first Monday in September to establish g
constitutional government.

In this election, "three major issues were to be decided: first,
ratification of the constitution; second, the election of constitutional
officers who would take office provided the voters approved the consti-
tution; and third, whether the new government should seek annexation
to the United States."!

The first president of the Republic of Texas was Sam Houston, who
was elected by a majority of 80% of the votes cast. Ironically, of
the three men who were running for the office, Stephen F. Austin
received the fewest number of votes. There were several reasons for
his gradual disfavor among the people of Texas. First of all was his
initial opposition to the independence of Texas; he wanted only to
support the Mexican constitution of 1824, Secondly, it was mainly
through his efforts that the prisoner Santa Anna was saved from a
firing squad and finally sent back to Mexico. And, thirdly, he
was charged with not serving the Texas cause well in his trips to
the United States. Houston, however, chose Austin as his Secretary
of State and his other opponent for the presidency, Henry Smith,
as Secretary of the Treasury. Two months later, though, Austin died
and Robert A. Irion fulfilled the rest of his term in office. Another
pionger Texas leader, William H. Wharton was sent to Washington to
represent the new-born Republic. '

Some of the congress' first Jegistation included re-opening
of Tand offices which had been closed at the beginning of the revol-
ution. By using land as payment, the Republic was able to reimburse
soldiers according to their lengths of service.

One of the infant Republic's major problems was the financing
of its activities. Houston's expenses amounted to almost $2,000,000
during his term of office, but total income for the same period was
far below that Tevel, Income included tariffs on imports, port and
tonnage fees, property taxes, poll taxes, business taxes and land
fees. These sti1l did not finance the expenditures. In fact, at one
time the Republic was so poor thet Henry Smith, the Treasury Secretary,
was unable to carry on his business because of the absence of stationery
and any money with which to purchase any!

So, legislation in 1837 authorized paper money issuance. The
President would issue $650,000 worth of promissory nates payable within
12 months and including a 10% interest rate. These notes were widely
circulated and suffered very 1ittle depreciation.
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During the next Presidential election, Vice-President Lamar
was elected, since no President might succeed himself. During
his tern of office, public lands were set aside for educational
purposes, the permanent capital was established and duly named
Austin (October, 1839), bloody Indian wars were engaged in and
the financial situation was so bad that paper money issued in the
amount of $3,552,800 was only worth 10-15 cents per dollar,

The third election saw Sam Houston once again as President.
Houston embarked on an austerity program designed to pull the
struggiing Republic out of its financial quagmire and had fairly
positive results. So carefully were expenditures controlled that
in three years the government only spent $500,000! He also insti-
tuted Indian policies that saw a number of treaties signed and the
end to the Indian hostilities,

During these years the Republic saw phenomenal growth. Liberal
land policies constitute the main reason for this rapidly expanding
population. Homestead acts, preserving one's home from seizure
for unpaid bills, also added to the populatiry of the region.

And finally, contracts with foreign immigrants saw an infiux
of Europeans, especially Germans and some Czechs.

"In summary, the frontier line of settiement in 1846, when
a State government replaced that of the Republic, extended from
Corpus Christi to San Antonfo on the Southwest, and thence north-
ward through New Braunfels, Fredericksburg (settled in 1846),
Austin, Belton, Waco, Dallas, and Collin County to Preston on the
Red River near the present city of Dennison. The main reason for
such a phenomenal extension of settiement, in the face of danger
from Indian attac%g and Mexican invasion was the liberal land policy
of the Republic."

From 1836 through 1839, Texas had actively sought first,
recognition by the United States, and then, annexation. The
Texans managed to achieve recognition by the end of Andrew Jackson's
term of office. Annexation was quite another thing, though.
There was so much opposition to it in the United States Congress
that on January 23, 1839, Texas formally withdrew its offer of
annexation, Then, finally, in October 1843, President John Tyler
opened negotiations for annexation by treaty, The treaty was
defeated both because it was an election year and because the
question of slavery had alréady become an issue of conflict.
Texas' annexation, in fact, became one of the campaign issues of
the year. Annexation came before Congress once again on February
28, 1845 and the joint resolution was finally passed and was signed
by President Tyler on March 1, 1845. Then, on October 13, 1845,
the people of Texas approved both annexation and a new constitution,
Congress accepted the constitution on December 29, 1845 and Texas
officially became a state.
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VI, FROM STATEHOOD 70 THE CIVIL WAR

On December 15, 1845, election of the new State officers
took place. J. Pinckney Henderson was elected governor and Albert
(. Horton was elected Lieutenant Governor. When the Texas received
word that Prasident Polk had signed the act admitting Texas to the
Union, President Jones of the Republic called for the legislature
to meet in Austin on February 16, 1846, and on February 19, the
reins of government were officially passed from the President of the
Republic of Texas to the State's first governor. At that same time,
Sam Houston and Thomas J. Rusk were elected as the state's first
senators.

As had been anticipated, Texas' annexation to the United
States led directly to a war with Mexico, The Republic of Texas
had established the Rio Grande as its boundary, but Mexico was
unwilling to accept this boundary. President Polk ordered General
Zachary Taylor to move into the area along the Rio Grande to enforce
the Texas claims. Skirmishes on April 24, May 8, and May 9 resulted
in the United States' declaration of war upon Mexico on May 13th.
The war ended with the treaty of Guadalupe Hidalgo on February 2,
1848, by which terms Mexico recognized Texas independence and the
Rio Grande boundary, and, for a payment of $15,000,000, ceded
New Mexico and upper California to the United States. Thus,
Mexico lost any claim to the area north and east of the Rio Grande.

The northwestern boundaries were not settled until 1850,
however, due to claims and counter-claims within the United
States, Inctuded in the Compromise of 1850, however, was the
final boundary establishment which is present todays territory
beyond that boundary which was claimed by Texas, was included in
the Territory of New Mexico, and Texas was paid $10,000,000 for
the Tand.

Governor Elisha M. Pease's term of office from 1853 to 1857
saw a number of important events for the future of Texas take
place. "The most important act of his administration was the school
law of 1854, By its terms the state set aside $2,000,000 of the
indemnity bonds which it had acquired from the United States in
the settlement of 1850 as a permanent endowment for public schools.
Income from the fund was distributed each year on a per capita basis
to supplement the receipts from the one-tenth of the ?9nual revenues
which the constitution had reserved for the schools."!/ This Taw
provided the foundation for public education in Texas.

From the political standpoint, Pease's administration was

1bid, , p. 143.



important because it was during that time that political parties
were first in avidence in the state of Texas. Finally, it was
during Pease's term of office that the enovmous public debt was
at last paid off.

In the 1857 election, Sam Houston was defeated by Hardin R.
Runnels, largely due to the issues preceding the Civil War, Since
many immigrants were from the deep South, they favored a states’

rights candidate. But in the election of 1859, the faction supporting

the Union solidified, and Sam Houston was elected governor on an
independent ticket.

Once again, though, those more radical factions calling for
secession of Texas from the Union were gaining ground, and on
March 5, 1861, Texas formally joined the Confederate States of
America and withdrew from the Unign. On March 16, the same conven-
tion declared the office of the governor of Texas vacant and
made Lt. Governor Edward Clark governor,

Although officially a part of the Confederacy, almost the
only military activity directly related to the CiviT War occurred
in the area along the Gu1f Coast. In July of 1861, a Federal
blockade included Galveston Island; therefore, before a sizeable
enemy force, Confederate troops were forced to evacuate the Island
in October, 1862, John B. Magruder was determined to recover the
is];;nd, though, so with 300 men he recaptured the island on January
1, 1863.

Other activity was engaged in along Sabine Pass. In September,
1862, it, also, had been captured by Federal troops and forced the
Confederate soldiers out. On January 21, after their success at
Galveston, Confederate forces decided to recapture that area,
also. This they did successfully, A major Federal campaign was
then instituted to retake Sabine Pass once again. "Four gunboats
and 17 transports bearing about 1,500 troops for the initial Tanding
attacked it on September 8, 1863. To meet this formidable force,
Lieutenant Dick Dowling had two small gunboats and a garrison of 46
men! Yet he disabled and captured two enemy craft, took about 350
prisoners, and turned back the entire expedition. His victory was
a severe blow to the morale of the North and augmented doubts
about the efficiency of the Federal Navy,"18

The Fedaral troops were much more successful in other areas
along the Gulf Coast. By 1863 they had overtaken Brownsville,
Corpus Christi, Aransas Pass, Indianola, and others, leaving
ONLY Galveston and Sabine Pass in Confederate hands.

On August 6, 1866, newly elected governor G. W. Jones proclaimed
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the insurrection of Texas over. Reconstruction in Texas proved
to be nearly disastrous. The main problem was that of labor.
To many former slaves, freedom meant freedom from work. "Cotton,
practically the only money crop, declined in value from 31 cents
per pound in 1866, to 17 cents in 1870 and 13 cents in 1875,

The total production of cotton declined from 431,000 bales in
1859 to an average of 343,000 bales for the years from 1866 to
1870, both inclusive."9 When working for wages was replaced in
large part by tennant farming and the sharecropping system was
instituted, cotton production by the year 1873 reached 500,000
bales per year.

The growth in the cattle industry also helped spark new 1ife
into the Texas economy; hundreds of thousands of cattle made their
way fram southern and western ranges to northern markets.

Industrial growth, although quite slow initially, advanced
steadily. Railroad mileage increased from 395 miles in 1865
to 1,650 in 1874,

"Economic losses through the war and reconstruction were soon
overcome, but the damage to political institutions was more enduring.
The people could not forget that radical Republicans in Congress
had imposed on the South a harsh program designed, it seemed, more
for political purposes than for the general welfare. Thus, the
Republican Party in the state was all but destroyed by the reaction
against the Davis administration, and a one-party political system
consequently has prevailed for a century."20

In 1872, with the election of a Democratic legislature and
election of Governor Coke in 1873, the Democratic Party held a
firm grip on State politics and were determined to rid the State
of the last vestiges of radical Republican rule.

One of the most far-reaching accomplishments during the
decade from 1876-1886 concerns public education. Both higher
education and the State public school system were begun in that
same period. The Agricultural and Mechanical College (present-
day Texas A & M) was established near Bryan as the first institu-
tion of higher learning in the State (1876). Then, in 1883, the
main University of Texas at Austin was opened, with the Galveston
Medical Branch following in 1887,
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VII. FROM AGRICULTURE TO COMMERCE

The greatest asset in converting the largely agricultural
area of Texas to a State of industrial importance was the expan-
sion of the railroads. Rapid, cheap, and dependable transportation
was needed to cover the vast expanse of land and the scattered
communities within the State.

In addition to Tocal seductions of the railroads by communi-
ties (e.g., for a time Fort Worth offered bonuses to railroads
coming into that city), a State law in 1871 heavily subsidized
railroad building in the State. The bulk of railroad construction
in Texas was completed within 20 years, and in 1890, Texas.had
8,710 miles of railroads. This rapid increase made it possible

for Texas to have more miles of railroad than any other state by 1904.

The industrialization in 1870 was still confined to small
community shops; but, within the next several decades, the movement
gained momentun and manufacturing came into its own, although it
sti11 depended heavily on agriculture and natural resources. Into
the 1880's "flour mi11ing was the leading industry, ranking ahead
of that of Tumbering. Meanwhile, menufacture of products from
cottonseed steadily increased in 1mporta5?e, ranking second in
the State's industrial economy in 7900."¢' Meat packing plants
also grew in importance. The first was established in Victoria
in 1868; later, plants were estabiished in Fort Worth, Dallas,

San Antonio, E1 Paso, and Amaritlo.

In the mineral sphere, 6i1, of course, was the primary natural
resource to be exploited. 011 was discovered accidentally in
Nacogdoches County in 1867, and the Gulf Coast region is especially
rich in this commodity.

There were also industrial developments in coal, salt, iron
ore, limestone, granite, and sulphur mining.

"Paralleling the emergence of a commercial econcmy in Texas
was the rise of cities. In 1870 only 6.7 percent of the people
Tived in incorporated urban areas of 2,500 population or more.

By 1900 urban incorporated centers contained 17.1 percent of the
population; and by 1930 the figure had climbed to 41- percent."22
This explosive population growth and concentration in urban areas
was brought about largely through better transportation facilities

and through the astounding growth in oil and oil-related industries.
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Politically, during this era, perhaps the best known figure
is that of James Stehen Hogg. His public career began in 1886
as attorney general under Lawrence Sullivan Ross. His efforts
were directed against unlawfully operating insurance companies.
He was also instrumental in the passage of antitrust Tegislation
and measures were undertaken to regulate railroads operating in
Texas. It wasn't until Hogg had been elected governor that a commis-
sfon to requlate railroads was finally set up (April, 1891).

In 1914, another of the most well-remembered of Texas' governors
was elected, James E. Ferguson, who rose from grinding poverty
to be the chief executive of the State, had great influence in
Texas politics for a generation, His determination to help the
tennant farmer and his great appeal to that group led to his victory
in the election in 1914, In 1916, Ferguson was re-elected easily
and undertook a continuation of a constructive legislative program.

In 1917, Ferquson's popularity began to wane as his problems
with the University of Texas, which had begqun in 1915, came to a
head. In June, 1917, as an outgrowth of that argument, Governor
Ferquson vetoed the entire appropriation for the University.
The situation worsened, and on September 24, the governor was
convicted on ten of the 21 charges that had been made against
him in impeachment proceedings. The impeachment forbid him from
holding office again in the state of Texas.

The end of the first world war brought many changes on a
State, as well as a national Tevel. "The depression of 1920 was
short-lived, and Texas shared the general prosperity that soon
returned. New plants were eracted for the manufacture and processing
of goods, Jand values doubled, millions were invested in public
utilities, and thousands of new oil wells belched forth their
black gold, The state highway system was constructed, destined
to be used by an ever-increasing number of foreign and Texan-gwned
cars. New colleges were built, and thousands of youths crowded
the o1d ones; the public school system grew Targer and more creditable
ach year. Prices of farm commodities lagged behind those enjoyed
by industry, but bountiful crops tended to offset the price handi-
cap. Texas was prosperous during the 'mad decade,' and people
paid no heed to timid prophets here and there who told them that
ahead were lean years that would devour the fat ones"23

Z1bid., p.318.
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VIII, SIGNIFICANT SITES AND SUGGESTED POLICIES

Along with statehood have come many privileges as well as
many responsibilities. Texas has had in the past and continues
to have some of the most sobering and challenging problems with
which any state has had to cope and seek solutions.

As can readily be seen, many of the major historical events
in Texas have occurred in the counties in the Coastal Resources
Management Program. There are certain areas which are especially
rich with respect to historical sites, monuments, and architecturally
significant sites that have played a major role in the development
of the State. :

Consequently many of these areas have been designated as
historically significant points of interest by the Texas State
Historical Survey Committee in a continuing effort to Tocate and
preserve these areas (See Figure 1.). These sites have been included
as a task in the Coastal Resources Management Program for two
reasons, First of all, they provide educational benefits to anyone
who is interested in the colorful history of our State. Secondly,
and not to be overlooked, many of these sites Tend themselves
to tourist attractions, and this activity, bringing visitors from
widely separated areas can be very beneficial to the region from
a financial standpoint.

With thirty-four historical sites marked with plaques by
the Texas State Historical Survey Committee, Galveston County is
able to claim the largest number of sites in the coastal area.
Many of these sites are buildings of architectural importance,
such as the Galveston County Courthouse and St. Mary's Cathedral.
Others such as West Galveston Island, which provided sanctuary
for the famous Jean Laffite, and a Karankawa Indian campsite, lend
themselves easily to imaginary pictures of dashing pirates and
cannabilistic Indians.

Of the thirty-five counties considered in the Coastal Resources
Management Program, Harris County contains the second largest number
of historically important sites. Some of the most famous of these
include the San Jacinto Monument and Battleground, the Battleship
Tergs, 01d Market Square, Lynch's Ferry, and the original Port
of Houston. As for culturally significant sites, Houston's new
Astrodome and Astrohall merit mention.

Scattered throughout the remainder of the area are such
varied areas as cemetaries, which are important for local historical
reasons, all the way to sites as the first sulphur mine in Texas,
the first railroad line in the State, and sites of famous battles
of the Texas Revolution, such as the Goliad Massacre.

From the preceding information, it should be obvious that
historical and cultural sites must be taken into consideration
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when planning for any land usage or developmental aspects along
the Texas coast. The "Goals for Texas" program, a joint under-
taking of the Office of the Governor and many lacal governmental
entities plus countless private citizens, presented in its Phase
I1 Report a set of objectives for the entire State. Those perti-
nent guidelines set down by that effort which velate to the State
in general or to specific points within the Coastal Zome are given
below.

SIX-YEAR GOALS

Develop State and Tocal financing programs for the purchase
and the renovation of buildings of historic and architectural
value by developing a cooperative program with the State
Historical Survey Committee, the Parks and Wildlife Depart-
ment, local civic organizations, and governmental units.

Determine historic site acquisition methods which are to
be employed and obtain the selected sites.

Increase public knowledge and appreciation of South Plains
history by acquisition of historic:and prehistoric sites,

Identify methods to publicly or privately acquire historic
sites of statewide and regional significance and expand
existing sites.

Acquire, preserve, and use local and county histories and
records as resources for annual prehistory and historical
celebrations.

Acquire and develop plans for preserving historical sites
such as: Fort Concho, Fort McKavett, 01d Fort Terrell,
Fort Chadbourne, Fort Lancaster, Real Presidio de San Saba,
Mission San Saba, Camp Elizabeth, Camp J. . Johnston, and
Camp San Saba,

Provide museums in Starr County, Zapata County, Jim Hogg
County, and Webb County for the preservation and educational
display of historical materials.

Cooperate with the State Historical Survey Committee, ;he
Parks and Wild1ife Department, and Highway Department in
the development of a regional historic preservation plan.

Identify, acquire, and develop historical sites such as Pea
Ridge site in Ward County, buildings in Fort Stockton, and
the grounds at Horsehead Crossing.

Acquire and develop the Indian pictographs at Paint Rock
as a State historical site,
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TWO-YEAR GOALS

Analyze existing historic sites and determine remedial work
required for those sites to be used as tourist attractions.

Identify and inventory buildings which portray local and

Texas history and significant architectural design by encouraging
Tocal citizens to organize local historical societies or to

work through civic clubs in cooperation with appropriate

State agencies.

Provide for the preservation of sites of interest of local
cities and organizations with the use of federal and State
grants.

Preserve local, urban, and rural historical sites of interest
through expanded planning.

Encourage a comprehensive historical site study that will

be integrated into the program of site preservation as contrasted
to acquisition and development of facilities for active
recreation.

Initiate archeological excavations of those sites where his-
torical records are incomplete.

Expand existing historic sites to incorporate all of the
significant regional historic features.

Locate and identify historic and prehistoric sites of regional
significance; and acquire for development the Comanche Canyon
site in Lubbock as an area of historic interest and recreation
opportunity.

Encourage the designation of all registered historic Tand-
marks on Texas highway maps and related publications.

Establish a restoration and preservation program for historic
sites and determine a sound method of management.

Survey, preserve, mark, restore, and interpret prehistoric
sites and historic buildings, with special attention to
band stands, courthouses, opera houses, and other buildings
which can become attractions for the Texas Travel Trails.

Provide historical markers for all historical, sites with perma-
nent type plaques or stones containing descriptions.

Locate citizens who are qualified and interested in preserving
recreational and historical sites and organize working
committees.
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MARINE AFFAIRS IN TEXAS

A HIGHER EDUCATION REPORT

I, INTRODUCTION

A delineation of what constitutes marine affairs is essential
to a discussion of marine education. For the purposes of this
discussion the marine sphere will be considered to include:

the sea, the sea floor, and the land under the sea floor,
the lands contiguous to the coast, the air above the sea,
and any of man's industrial, comereial or resreational
activities that ocewr because of his prowimity to the sea
and the land/vater interface.

A discussion of marine higher education requires some considara-
tion of general higher education since the former is only one element
of general higher education. This report attempts to bring out some
pertinent elements in the development of American higher education
in order to present a few comments on Texas marine education in
proper context.

II, A PERSPECTIVE OVERVIEW OF AMERICAN HIGHER EDUCATION

The American educational system is presently under scrutiny
from several quarters. Educators, legislators, students and the
public are very concerned about the form and content of the educa-
tion available to the present generation of students. This is
unusual only in its present intensity and some of its specific
concerns. The people of the United States have aluays placed
great faith and hope in their unique form of public education.
Because of the close scrutiny inspired by this faith and hope,
the system has remained responsive to public perception of national
needs.

One of the early important changes in higher education in
response to a societal need was the development of Zand gramt
colleges for the improvement of agriculture. This revolutionary
{in its time) program focused on applied problems and introduced
the concept of public service extension activities. It led to
the establishment of field stations oriented toward experimentation
relevant to regional problems (1).

Solutions to agricultural problems often required multidiscip-
YTinary cooperation. This cooperation continued over time because



it was successful and because agricuTtural problems grew more
complex. It will continue to be encouraged because of the need
for food production to keep pace with increasing population.

Paralleling the development of the agricultural sciences was
a tendency, among engineers and scilentists, toward discipline
fragnentation (1%. As man's knowledge of his universe expanded,
specialized disciplines emerged to cope with technological advances.
This fragmentation of disciplines was part of the reason for very
rapid expansions in technology that occurred. This fragmentation
changed many aspects of the educational processes as more academic

departments developed, concentrating on narrow aspects of technology.

However, according to Berelson (1), past attempts to establish
separate graduate colleges separate from undergraduate feeder
institutions have failed. They failed at least partly because of
the need for coherent broad-based undergraduate programs.

In the post-Sputnik era greater emphasis was placed on mathe-
maties, the sciences, and foreign languages in secondary educa-
tion as a result of the writings of such authorities as James B.
Conant (2,3) and Hyman G. Rickover (9,10). The emphasis placed
on quality, science-oriented, education by these authorities
caused teachers, students, and parents to place great value on
college education. The increased demand thus created for educa~
tion for all beyond high schoel has placed great straing upon
our system of higher education.

Perhaps more importantly, this emphasis is one of the factors
that has created a serious shortage of skilled craftsmen. The
same educational system that led to the high evaluation of a
college education also led to the great technological advance-
ment that required highly skilled technicians and craftsmen.

Yet these craftsmen are in short supply because their value to
society has been 1ost against the backdrop of the high value placed
on the college diploma.

Furthermore, the rapid technological advancement appears to
have been made to some extent at the cost of some degradation of
the environment. Environmental improvement requires the same
kind of multidisciplinary cooperation that was brought to bear
on agricultural problems around the turn of the century (1).

In summary, it emerges clearly that the educational process
is not merely a 'gathering together of a group of unrelated academic
programs in an atmosphere of isolation. Education tmvolves academie
pragrams, certainly, but it includes research, extensiom activitias,
Field work, commmication, information dissemingtion and central
to it all, manpover development.

White a knowledge of the content of the basic disciplines is
important, education is no longer a matter of a few rigid curricula,
These curricula must be kept flexible to suit the needs of the
student. Edueation ehould be rvelevant in that programs should
be planned to meet problems that are emerging.



Research and education in the decade of the 'Sixties were
oriented toward economic and technological advancement and to the
concurrent proposition that everyone should have a college education.
Perhaps the emphasis for the 'Seventies and beyond still should
be on technological advancement, but not at the cost of a spoiled
environment; it should be on advancement with a soeial conscience;
and it should be on a college education for 11 who want it and can
profit by it, with a renewed emphasis on the social and economic
value and worth of the skilled craftsman and the technician. This
proposed new emphasis in education should begin at the elementary
school Tevel and extend through all levels of education including
public-supported technician training programs and public service
continuing education for adults.

III, MARINE RELATED HIGHER EDUCATION

The ideas brought out 1n the preceding section were addressed
to some of the philosophy and problems of general higher education.
Much of the discussion relates as well to maring aspects of higher
education. The purpose of this section of the report is to summarize
some of the current thought on how best to present marine related
education programs to interested students. At the outset it should
be made clear that marine education 1ike general education cannot
exist alone, but must be integrated into the total educational
system. Marine education egn no move stand separately than can
the phyeteal sciences or engingering or agriculture. Thus the
brief look at some of the elements of general higher education
contained in the preceding pages has many direct applications to
marine related higher education.

Marine related education is no more a gathering together of
a group of unrelated academic programs in an atmosphere of is0la-
tion than is general education, Although some marine science
programs are ideally suited for graduate study, all of marine
science education can mot be presented separately as a graduate
level program. An appreciation of the marine environment begins
at the elementary school level.

Marine higher education, just as does general education, involves
research, extension activities, field work, communication of infor-
mation and manpower development. As has been stated in Marine
Science Affairs = Selecting Priority Programs (8, Chapter VII, p. 97):

During the coming decade, our ability to develop marine
vesources and wisely manage the marine emvirovment will depend
on the matlability of trained manpover, facilities, and
equipment to conduct programs of creative (pure and applied)
research in the fields of marine seience, engineering and
related diseiplines... legal, economic, medical, and socio~
logieal aspeets of resource management, use, and conservation
v, and marine commerce {in short, mavine affairs).



In another section of the same report it is stated that (8, p. 37)

FRational management decisions on the use of the coastal zome
should be predicted on scientific information as to the wwanted
and often unanticipated effscts of man's activities on the
coastal eeology... Monitoring capabilities to deteot the

changes already occurring in water quality ave too limited

to meet needs.

In the so-called Stratton Report (2, Volume I, page I-44), the
following recommendation is made:

. estuaring and cogstal reseavch centers (elsewhere called
Coastal Zone Laboratories and referved to earlier in the
present report as field stations) should davelop appropriate
training programs in their specialties; additional training
prograns for marine technicians should be cregted.

These training centers should supplement existing on-campus marine
education programs, not supplant them. These same centers could
become extension centers in addition to their function as research
centers and supplemental training centers,

In summary then, certain factors regarding marine related
education emerge rather clearly. First, as in the case of other
fields of study, students need to be introduced to marine related
studies at an early stage of education, and some degree of exposure
needs to be continued throughout the pubTic school years. This
exposure could be related to geoscience and/or conservation units
of instruction. Vocational quidance programs also are needed.

On the college level, marine education should remain inte-
grated with the standard, supportive curricula, and not separated.
Woods Hole Oceanographic Institution and Scripps Institution of
Oceanography both began as separate independent institutions
devoted exclusively to oceanographic investigations and training.
Both subsequently found it necessary to become affiliated with
education institutions farther inland which possessed the full
range of educational programs,

On the other hand, Field stations situated along the coast
and responsive to the special problems of a particular region
are vitally important for research, on-site training and extension
activities. These stations are analogous to the agricultural
experiment stations, which dot the country-side. Such stations
could serve a very useful purpose as extension centers, and as
adult education and retraining centers as well.

Available evidence indicates a need for more trained erafts-
men and technicians to support the viable and expanding marine
activity on the Texas Coast (7,11). The areas of specialization
of these technicians include oceanographic instrumentation, under-
water welding, seafood processing and numerous others.



The point that marine education should be conducted in conjunc-
tion with other educational endeavors, and not be expected to stand
alone in isolation from other academic units, has previously been
made. Angther facet of the problem of conducting meaningful and
relevant marine education programs should be mentioned, namely
the management of such progeams, This problem was examined in
a recent research study (12) whose purpose was to design an effective
and efficient model for managing a Sea Grant Institutional Program,
Ona of the major findings of the study was the importance of &
unified management for such a marine activity. The multi-depart-
mental, inter-disciplinary nature of marine programs require
coordinative direction of a much greater degree than most other
university programs. The high dollar level of expenditure for
most comprehensive marine programs is also an important factor
Teading to a need for careful coordination of the activity.

In the following section of this report, a brief summary of
the majority of the existing programs 1s given. The swmary high-
lights both the strengths and some of the weaknesses of existing
mavring programs in Tesas educational institutions. The survey
first Tists the state-supported senior colleges and universities
followed by private university programs, and concludes with a
sunmary of several technical institutes, junior colleges and other
specialized activities.

IV. SUMMARY OF TEXAS MARINE EDUCATION FROGRAMS

Several of the state supported institutions of higher education
have marine related educational and research programs. Although
the central focus of this report is on educational programs, some
attention will be given to research programs since research is one
of the cornerstones of higher education. For the purposes of this
report, higher education will be defined as any form of education
beyond the secondary school. It must be recognized, too, that
Teadership for public school curriculum change will often origi-
nate on the university campus, so ways and means of bringing
about these curriculum changes will be discussed in the report as
one function of higher education.

A report on marine related education programs was prepared
as part of a 1968-69 study by the Industrial Economics Research
Division (IERD) of the Texas Engincering Experiment Station of
Texas ABM University {(6). Some of the university marine science
expenditure for the current academic year were cited by witnesses
at the Texas House of Representatives Interim Study Committee
for a Texas Ingtitution for Oceanography hearings on education in
College Station September 14 and 15 (7). In the IERD study it
was reported that the state supported colleges Tisted on the
following pages had marine science programs, supported at the
indicated level of funding (1970 Tevels, where given, vere from
testimony at the hearings of the House Interim Study Committee



for a Tezas Institution of Oceanography). Some university, jumior
college, technical institute, and special marine education programs
are not included in this summary, which was gleaned from the two
sources cited above. Available time did not permit a complete,
in-depth, inventory. Such an inventory should be conducted prior
to initiation of a major marine education development program in
Texas.

The expenditures given in the tables above are project expen=
ditures and as such do not reflect funding for facilities main-
tenance or planned {or in progress) construction. Faculty instruc-
tional salaries are not included in the 1968-69 tabulation, except
where faculty members have been given released time to conduct
research, or where such salaries cover a part of the cost of quiding
a graduate student research project. It should be noted that the
expenditures for 1970-71 for the Univensity of Houston and the
University of Texas System include emvirommental and/or water
resources funds, Those for Tewas AGM ave for specific marine
ralated qetivitiee only, In the case of the 1970-71 tabulation,
the funding 1ists all expenditures except those for facilities
construction,

Facilities planned or available for marine science education
and research are very important because of the need for expansion
to take care of increasing enrollments. As was the case in research
and teaching expenditures, illustrated by the tables above, the
Teading universities in the terms of facilities available, planned,
and under construction are Tezas AeM University and the iniver-
sity of Texas at Austin. {Other universities have some facilities
expenditures as well. These expenditures are given in the following
narrative discussions.

V. PROGRAMS AND FACILITIES OF TEXAS A&M UNIVERSITY

Oceanography Department

The Department of Oceanography at Texas ABM University
established in 1949 offers the M.S. and Ph.D. degrees in biolog-
ical, chemical, geological, meteorological, and physical oceanog-
raphy. The department is primarily engaged in graduate education
and research. A total of 180 advanced degrees have been awarded
since establishment of the department in 1949. Currently it has
95 graduate students enrolled and 26 faculty members. During the
1968-89 school year, seven M.S. degrees and seven Ph.D. degrees
were granted in the department.

The department budget for the 1968-69 school year was
$2,100,000. In support of its graduate academic program, the
department conducts a broad program in basic research. Principal
sources of support for the overall program of research include



TABLE T

Institution

'58-69 Funding

'69-70 Funding

Texas A & M University
University of Texas at Austin
University of Houston

Texas Tech University

Lamar State College of Technology
Texas A & T University

Southwest Texas State University

§2,065,724
1,026,402
713,498
37,000
N/
40,000

23,000

$4,350,000
4,300 ,000%
360,000% (est.)
N/A%
/A%
40,000

N/ A%

* The $4.3 million is for entire U, T. System and includes Water Resources funds.

*(est.) - The estimate of $360,000 was & verbally cited figure given to the

Lemmon Committee.

/A - Not Available

In addition a few state-assisted community colleges-technical institutes

reported expenditures for marine science programs.

TABLE I1

These were;

Ingtitution

'68-69 Funding

'70-71 Funding

Del Mar College

Texas State Technical Institute (Waco)

Galveston College

110,800 (26 months)
45,000

50,000

54,000
35,500

=Q-

Other institutions in which marine activities have been initiated since

the IERD report are:

TABLE 11T

Institution

'70-71 Funding

Brazosport College

Texas State Technical Institute (Harlingen)

$18,000

20,000




FIGURE 1

TEXAS MARINE EDUCATION AND RESEARCH PROGRAMS
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the Office of Naval Research, which contributed over $800,000
during the 1968-69 school year; the National Science Foundation,
which contributed over $530,000; the United States Geological
Survey; the Atomic Enerqy Commission; the U.S. Department of
the Army; the National Aeronautics and Space Administration;
various industry groups; and the University. The support from
these organizations during the 1968-69 school year totaled an
estimated $1,750,000,

Included in this figure is a $29,440 project being conducted
in the Meteorology Department on the relations between sea sur-
face temperature gradients and the structure of cloud systems
associated with tropical disturbances. Although the Oceanography
and Meteorology Departments are separate, considerable cooperation
exists on research projects.

Also included in the Oceanography Department's research
expenditures are several projects being conducted at the Texas
A@M Marine Laboratory in Galveston, Texas. These projects
total $91,298, The laboratory was established in 1944 and
conducts research activities in many areas of marine estuarine
biology.

Currently the Oceanography Department occupies parts of
three buildings on the College Station campus. These have a
combined floor space of 45,000 square feet. The Board of Directors
of Texas ABM University has anproved the construction of a new
14-story Oceanography-Meteorology Building and construction
began in August 1970. The building is expected to cost approx-
imately §8.1 million, An artist's conception of the proposed
building is shown in Figure I11.

The department's Targest ship is the R/V Alaminos, It is
the only oceangoing research vessel operated by an educationa
institution in the state. The 180-foot converted Army FS has
displacement of 840 Tong tons and carries a crew of 17, with
accomodations for 14 scientists. It has seven general labora-
tories and a central electronics lab where all data recording
is conducted, A photograph of the R/V Alaminos is included as
Figure IV,

A second research vessel, the R/V Orca was recently
acquired by Texas A&M University. The ship will be used for
coastal research. Texas ARM University is also scheduled to
receive two new oceanographic research vessels by the end of
the 1970's under a special ship-building program proposed by
the Navy, The first is scheduled for delivery in 1972.

Sea Grant Program

Texas AWM University is one of ten institutions in the
United States that have received institutional grants from the



PROPOSED OCEANOGRAPHY - METEORQLOGY BUILDING
AT TEXAS ABM UNIVERSITY
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National Science Foundation for a Sea Grant Program. The amount
for the 1968-69 school year was $475,000. The institutional

award for the university includes support for research projects,
technician training, ocean engineering, advisory services, develop-
ment of new subject matter, marine Taboratory, and administration.
An award of §750,000 was made for the second-year operations during
the 1969-70 school year. The award for the 1970-71 school year is
$1,166,000.

In the academic year of 1969-70 the Sea Grant Program had
47 projects. Of these, thirteen are fisheries oriented, ten are
directed toward engineering problems, four are teehnician training
projects, and five are oriented toward advisory and informgtion
dissemination uclivities. The remainder deal with such problems
as marine and coastal law, resource management, marine acoustics,
sediments and geochemistry, coastal tourism and land use, and
pollution. In 1870-71, there are 54 projects, including fifteen
in fisheries, twelve in engineering and equipment development,
eleven in education and curriculum development, four in technician
training, and six in advisory services. Others deal with pollution,
sediments, and geochemistry, marine and coastal law, resource
management and other areas similar to the 1969-70 program (see
Figure V).

Coastal gnd Ocean Engineering Division

The Coastal and Ocean Engineering program is at the graduate
level at present. The interdisciplinary program provides the basic
course work leading to M.S., M. Eng., and Ph.D. degrees. Discussions
are underway reqarding the offering of a Baccalaureate degree in
ocean engineering also. The graduate program is interdisciplinary
in nature and flexible enough to satisfy the needs of individual
students with a variety of backgrounds and career interests.
Students with a Bachelor's or Master's degree in any area of science
and engineering are eligible to enter this program. Eight new
graduate courses were developed during the last three years. Three
Master's degrees were awarded in 1967-68, three in 1968-69 and
five Master's degrees and three Ph.D. degrees in 1969-70. There
are currently twenty-one students enrolled in the Coastal and Ocean
Engineering program.

Since research is an integral part of any successful graduate
program a major effort has been made in attracting research grants
and contracts. During the 1ast three years research sponsorship
was secured from the U. S. Army Corps of Engineers, N.A.S.A.,

Texas Water Rights Commission, Sea Grant Program, U. S. Coast Guard,
Texas Engineering Experiment Station, and industry groups. Some
twenty projects were conducted or are underway in Coastal and Ocean
Engineering amounting to $320,000.

Concurrently with graduate program development a major effort
was made to design and develop facilities. A new wing was added
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to the Hydromechanics Laboratories' Building and the old building
was remodeled and now the division has exceptional facilities for
research and testing. The facilities include four wave tanks

or basins, large recirculating flumes and dredge pump test stands
and slurry flow test pipelines. The expenditures totaled $300,000.

The pragram has alreadv bequn planning work on the duplication
of a major of the portion of the Texas Gulf Coast in its Coastal
Engineering Laboratory at the Research Annex. When completed, the
$2 million project will include large models (ranging up to 300
feet) of Galveston, Corpus Christi, Matagorda, San Antonio, Aransas,
and Baffin Bays, Sabine Lake and Laguna Madre.

A "Coastal and Ocean Hydrodynamics" short course presented
by the Division on August 4-15, 1969, was attended by 30 industrial
and government engineers from throughout the nation. The course
included such topics as prediction of mooring forces, hurricane
and storm surge, dredging, and marine waste disposal, linear and
non-linear wave theories, wave generation prediction and spectral
analyses, and coastal model studies. The next short course titled
?re?ging Theory and Applications will be given on January 11-17,
971,

The Untversity Marine Laboratory al Galveston

Since its establishment in 1958, the Galveston Marine Labaratory
has experienced a steady, but not rapid, growth in staff, funding
and equipment. From the time of its establishment it has been
located in one of the buildings of old Fort Crockett on Galveston
Island. Present plans call for the Galveston Marine Laboratory
to be moved to the Mitchell Campus on Pelican Island as soon as
space there can be made available.

Early in its history the Laboratory was used as a base of
operations for scientists preparing for cruises on the Oceanography
Department research vessel, and as a research laboratory during
the summer months. From this modest beginning, it has evolved
into one of the most important seaside research laboratories in
the GulIf of Mexico. Other universities than Texas A&M University
have from time to time used these facilities on a cooperative basis,
and indeed this type of usage is increasing markedly.

Beginning in 1964, some academic courses have been offered
at the Laboratory, Qriginally, these courses were offered excly-
sively imthe summer months, The educational offerings have been
expanded however, such that at present, fourteen courses are being
taught. These courses are still primarily summer courses, but
present plans call for the expansion of the program to cover the
entire academic year in order that a student may complete all or
most of the requirements for the Master of Science degree at the
Laboratory,



Chemurgic Research Laboratory

A fish protein concentrate (FPC) pilot research plant is now
in operation at Texas A&M University. One of only a few FPC plants
in the United States, it is Tocated at the Texas ASM University
Research Annex. The plant, jointly funded by the University's
Chemurige Research Laboratory and SWECO, was built at a cost of
$150,000, SWECO is a Los Angeles based process equipment manu-
facturing firm.

Pacific hake from Washington State was chosen as the test fish
because of its approval by the Food and Drug- Administration. A
maximum of 150 to 180 pounds of FPC can be produced in a day at
the pilot plant during two fourhour cycles using 500 to 600
pounds of raw fish,

Texas Maritime Academy

The Texas Maritime Academy was established in 1962 and is
an integral part of Texas A&M University. [t is one of six major

maritime academies in the nation and the only one on the Guif Coasta

Two courses of study are offered - Marine Engineering and
Marine Transportation, Upon graduation from the academy, graduates
receive a B.S. degree in either Marine Transportation or Marine
Engineering, a U. S. Coast Guard license as a Third Mate or Third
Engineer, and a commission as Ensign, U, S. Naval Reserve or
U. S. Coast Guard,

The Academy's budget during the 1968-69 school year was
$1,816,513. The Galveston facilities include one building of
white stucco, formerly a part of Fort Crockett, facing the Gulf
of Mexico. The Texas Clipper, a converted ocean liner of 15,000
tons capable of 16 knots, is the Academy's training vessel. It
is used to take the 190 plus students on an annual Summer cruise.
The 1969 Mediterranean cruise lasted 10 weeks and traveled 13,676
miles while visiting several foreign ports.

The construction of a new campus called the Mitchell Campus
has been announced by Texas A&M University officials. Land for the
100-acre campus on Pelican Island was donated by Mr. George P.
Mitchell, a Houston contractor and land developer. A §1 mitlion

grant from the Moody Foundation of Galveston will enable the immediate

start of construction. A $597,000 contract has been awarded for
construction of docking facilities at the new campus. The campus
will eventually house the Texas Maritime Academy, Marine Laboratory,
and other oceanographic installations,

Water Resources Institute

The institute was reorganized in 1964 when the name was
changed from the Water Research and Information Center to the

T N A T N W e



Water Resources Institute. The scope of the institute program was
broadened so that the organization could better serve the water
research needs of Texas and complement the graduate and under-
graduate academic programs in fields related to water resources

at Texas AMM University,

The overall purpose of the Water Resources Institute is to
promote and support research in water resources and to disseminate
research information on water. The institute determines water
resources research needs of Texas and carefully formulates a
research program directed to these needs.

The institute research program now includes cooperative
efforts with The University of Texas at Austin, the University
of Houston, and Texas Tech University, Under the provisions
of the "Cooperative Agreement for Water Resources Research Among
Universities in Texas," which is a memorandum of agreement among
the four universities, effective research programs have been developed.
Representatives of each unjversity meet to work out details of water
research programs and establish priorities among research projects.

The research prograns at Texas ABM University involves coopera-
tive rasearch with the six of the Colleges at Texas ASM University,
These are the Colleges of Agriculture, Business Administration,
Engineering, Geosciences, Liberal Arts, and Sciences. Efforts are
continuing to provide opportunity for water resources research in
any academic department which can contribute to the solution of
the broad problems which exist in Texas. During FY 1968, a total
of §200,724 was spent on 22 marine projects in the institute.

Wildlife Seience Department

Texas A8 University is the only institution in Texas which
offers an undergraduate curriculum in fisheries. The Department
of Wildlife Science offers the B.S. and M.S. and Ph.D. degrees
in fishery biology. Courses in fishery science are offered on the
main campus during the reqular school year as well as at the Texas
AGM Marine Laboratory in Galveston during the summer months.

Brwiromental Engineering & Envivonmental Seience Division

This division of the Civil Engineering Department is heavily
involved in water quality studies in both fresh and salt water
systems, The division offers specializations under the Civil
Engineering Department at both the masters and doctoral level and
also supports study and research in related science fields. The
division operates a portable field Taboratory at Barbour's Cut
on upper Galveston Bay and the R/V Excellence, a fifty-five foot
research vessel (a converted pleasure cruiser) in the Houston Ship
Channel-Galveston Bay region. Negotiations are being conducted
between the Texas ASM Sea Grant Program Director and Galveston
Community College for the transfer of the fifty foot converted

17



yacht Mariner to Texas A#M for use by the Environmental Engineering
Division and the Sea Grant Program for technician training, research
and familiarization cruises for summer institute high school teachers.
Other Environmental Division activities are carried out on the College
Station campus and in the city of Dallas Water Reclamation Center.
Division activities related to estuarine systems are budgeted at
approximately $200,000 per year.

VI. PROGRAMS AND FACILITIES OF THE UNIVERSITY OF TEXAS AT AUSTIN

Ewvironmental Bealth Engineering Laboratory

The Environmental Health Engineering Laboratory, located at
the Balcones Research Center, is engaged in some marine related
research projects. During the 1968-69 school year, expenditures
for a1l water quality related projects totaled $370,402. Source
of funds includes U. S. Public Health Service, Federal Water Pollu-
tion Control Administration, Atomic Energy Commission, and the National
Science Foundation.

Research activity of the eight-man staff includes graduate
training in water supply and pollution control, transport of
radionuctides in water, and interaction of nitrosylruthenium com-
pounds with particulates in an aguatic environment.

Center for Research in Water Resources

The Coordinating Board, Texas College and University System,
and the Federal Water Pollution Control Administration awarded
$55,000 to Texas A&M University, the University of Texas, and
Texas Tech pniversity for the development of a work plan of the
Galveston Bay Water Quality Study Project.

Also, the Center has received grants from industries totaling
$19,000 to conduct research on industrial water poliution problems.

College of Bustness Admintstration

During the 1968-69 school year, the College of Business
Administration received $50,000 from the Bureau of Commercial
Fisheries for marine related research.

Burequ of Eeonomic Geology

The Bureau of Economic Geology is an organized research agency
of The University of Texas at Austin and a component unit of the
Division of Natural Resources and Environment; it also functions as
a State agency. The Bureau was established in 1909 and is also



recognized as the Texas State Geological Survey; its Director fills
the position of State Geologist.

The Bureau is engaged in research and public service in Texas
geology and natural resources. It carries on basic research to
further the understanding of the geologic architecture of the
State and of the natural earth processes that operate in Texas.

The applied program is focused on earth resources, environmental
and conservation problems, and engineering problems. The Bureau's
effort in systematic geologic mapping is designed to produce
geologic maps and special derivative maps at several scales and for
several purposes. The Bureau also participates in other University
research efforts in the fields of resources and earth sciences.

The Bureau publishes major reports in The University of Texas
Publication series; it also has its own series of Reports of Inves-

tigations, Geologic Quadrangle Maps, Guidebooks, Geological Circulars,

Mineral Resource Circulars, and special publications. A complete
1ist of approximately 565 items published to date is available on
request.

Geologic and natural resource data developed by the Bureau
of Economic Geology in the form of reports and maps are used by
many State and Federal organizations in carrying out investigations
in the public service. The Bureau cooperates on both a formal
and an informal basis with various Federal, State, and local organ-
jzations.

The Bureau of Economic Geology staff presently consists of
13 full-time research personnel, with an accompanying clerical,
administrative, cartographic, editorial, and technical staff.
Total budget for 1870-71 is approximately $475,000, derived mainly
through The University of Texas at Austin appropriations and in
part from outside grants and contracts with certain Federal and
State units. Approximately 20 percent of the total budget is
utilized to support current ongoing research and mapping in the
Texas Coastal Zone.

Hechanical Engineering Department

The Mechanical Engineering Department had several marine
related research projects in force during the 1968-69 school year.
These included research in the optimal number and location of
offshore drilling platforms, nuciear dual-purpose desalination
plant dynamics, and compression-extrusion freezing for desalting
saline water.

Tnstitute of Marine Seience, Port Avansas, Temas

The Institute of Marine Science is a division of the graduate
school of The University of Texas. M.A. and Ph.D. degree programs
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are offered in the fields of marine science, ecology, zoology,
microbiclogy, geology, biology, and chemistry.

The budget during the 1968-69 school year was $587,000. The
institute has seven full-time staff members. $ix M.A. and two
Ph.D. degrees were granted during the 1968-69 school year. There
were 25 full-time students and 23 summer students enrolled during
the 1968-69 school year.

Facilities include classrooms, library, constant temperature
growth chambers, shops, garages, outdoor experimental ponds,
40-foot cruiser, several smalier boats, and related equipment.

A $3 million expansion of the institute has been approved by
the Board of Regents. Nueces County and the federal government
have made available a 50-acre tract of land south and west from
the 11 acres now occupied by institute buildings. It is expected
that the present seven-man academic staff will be enlarged to 18
to 24 members. The institute will then be able to accommodate
80 to 90 resident students as well as Targe numbers who will
then be there for special courses and for short-temm research,

The proposed University of Texas Marine Science Institute
Building at Port Aransas is shown in Figure VI.

VII. OQTHER MARINE RELATED EDUCATIONAL OR RESFARCH ACTIVITIES

Programs and Facilities at Texas Teeh University

Texas Tech University does not have a major involvement in
the marine field at this time. However, several areas of research
currently underway indicate a strong interest im activities concernad
with the marine environment.

A unique progran is Texas Tech's new International Center for
Arid and Semi-Arid Land Studies which will invalve evaluation of
the marine environment on arid and semi-arid processes and products.

Texas Tech, in cooperation with Texas ASM University and The
University of Texas at Austin, has made a study of a plan for develop-
ment of a comprehensive water quality management program for Galves-
ton Bay.

In addition, Texas Tech has implemented 2 dune stabilization
study on Padre Island in cooperation with the Gulf Universities
Research Corporation. Sponsored and funded by the U. S. Ammy
Corps of Engineers, the $37,000 study will identify various marsh
and salt water resistant grasses which are effective in controlling
the movement of sand dunes.

Researchers at Texas Tech are also participating in a three-
year study of the submerged portion of the Rio Grande River delta.
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Sponsored by the Gulf Universities Research Corporation, the
project is in cooperation with the University of Houston, the
Southwest Research Institute and the Westinghouse Ocean Research
Laboratory.

Programe and Faeilities at The University of Houston

Strong curricula in marine-griented disciplines of geology,
chemistry, physics, biology and engineering are being expanded
into a marine program at The University of Houston. Courses in
these fields offer preparation for all phases of oceanography.
The scope of current research in the field of geology includes
statistical measure of association of nearshore biostratigraphic
projects conducted in the geology field totaling $13,500. In
addition, the Chemistry Department reported 25 projects involving
total expenditures of approximately $700,000 for the 1968-69
school year. The Biology and Mechanical Engineering Departments
also conducted marine related research projects.

The largest departmental project within the university is
the Geology Department's three-year fnvestigation of the submarine
portion of the Rio Grande River delta. This project is under
the auspices of the Gulf Universities Research Corporation and in
partnership with Texas Tech Univereity, the Southvest Recearch
Institute, and the Westinghouse Oeean Research Laboratory.

In testimony before the Interim Study Committee for a Texas
Institution of Oceanography, representatives of the University of
Houston discussed that institution's new Marine and Environmental
Counetl. The Council surveyed the University's programs and
recommended a new academic unit that is to be mission oriented
and is to have a four fold emphasis: oceanographic, marine,
coastal and urban, Two hundred thousand dollars in research funds
were identified by the Council as channeled directly into marine
research.

The University of BHouston College of Law in cooperation with
the Texas ABM University Sea Grant Program Office has initiated
a project on the law and the marine resources of the Gulf of
Mexico. The project aims at identifying and determining the needs,
as well as priorities, of the legal-administrative framework
relating to marine resources and the coastal zone of the Gulf,
in order to initiate a coherent program in research, training,
and the dissemination of information relevant to present and future
developments. The University of Houston College of Law in coopera-
tion with the Sea Grant Office of Texas A&M University, on May
17-18, 1970, held a workshop to discuss and evaluate the whole
range of the legal-administrative framework relating to marine
resources, in the context of present and future needs of training,
research, and information. Based on this insight, the College
of Law will initiate, during 1970-71, a program of instruction,

begin extensian services, and formulate a coherent plan of research.

The funding for this project is in the amount of $37,500.

22



Programs and Facilities at Southwest Texas State College

The Biology Department of Southwest Texas State College
expanded its curriculum to include a program in aquatic biology
and added to its facilities an aquatic station in September 1967.
The aquatic program permits an undergraduate student to pursue
2 course of study leading to the haccalaurcate degree with emphasis
in aquatic biology. An M.A. degree program with emphasis in
aquatic biology is offered to qualified students holding a bacca-
laureate degree in biology, chemistry, mathematics, or physics.

In the 1968-69 school year, the Aquatic Station had a budget
of $13,500, not including the salaries of its three full-time
faculty members. The biology department had 18 full-time
faculty members, During the 1968-69 school year, six B.S. and three
M.A. degrees were granted in marine related studies. Expenditures
for research projects during the same period totaled $23,000,

Three of these projects were funded with state appropriations
and one by the Texas Water Quality Board.

Programs and Facilities ai Texas A& University

The Department of Biology at Texas A&l University, with a
$22,000 instructional budget and eight full-time faculty members,
is engaged in marine related studies. During the 1968-69 school
year, there were 11 research projects conducted with a total
expenditure of $30,000. Five M.S. degrees were granted in marine
related studies for the 1968-69 school year.

Programs and Faeilitiee at Lamar State College of Technology

The Lamar State College of Technology Board of Regents has
approved 2 new program to offer a B.S. degree in oceanographic
technology. The program has been approved by the Coordinating
Board, Texas College and University System. The program will
{nvolve the various departments of the science and engineering
schools. The objectives will be to train oceanographic tech-
nologists for institutions, industries, and other organizations
engaged in oceanographic investigations. Seventy-one students
enrolled in the course for the 1970-71 academic year. 0f these,
seventeen are juniors who transferred from other institutions
or other programs.

Programs and Facilities at Southern Methodist University

Each year at Southern Methodist from twenty-five to sixty
students enroll in marine or marine related courses. Over the
last few years sixty M.S. and Ph.D. degrees related to marine areas
have been granted. Annyally $35,000 is spent on marine research
with $250,000 anmnual expenditures on marine related research, In
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the present year, eight faculty and a Tike number of students in
science departments are conducting marine research, while over
the entire university about twenty faculty and twenty students
are so engaged.

Programs and Facilities at Rice University

Although Rice University does not have a recognized curriculum
in marine activities, several of its scientists conduct marine
related research. Since 1958, a total of 12 doctorate degrees
have been granted within the Geology Department for research in
marine geology and marine geophysics. Students in the Biology
Department are concerned with the biochemistry and physiotogy
of estuarine animals. The lack of deep water vessels has steered
Rice's marine program toward shallow water sedimentology, along
the northwest Gulf Coast.

Baylor University

Baylor University offers a small number of marine geology and
marine biology courses. Three years ago the umiversity initiated
a geosciences secondary education certification program. There
is presently an active CICAR project operated jointly with the
University of Mexico City.

Texas Christian Univeretty

Several Texas Christian University scientists are conducting
marine related research. Total expenditures for these projects
are $95,000 under the TCU Research Foundation. The studies include
how 1ife in water can adapt to drastic environmental changes,
ecology of a half square mile body of water near Wood Holes, the
zoogeography and the taxonomy of marine ostracods, and the benthic
fauna of the Heald-Sabine Banks area of the northwestern Gulf
of Mexico.

No degree program in marine related studies is offered.

Umiversity of Corpus Christi

The University of Corpus Christi has a curriculum in Marine
Science at the undergraduate level. During the 1968-69 school
year, 40 students were enrolled. There are three full-time faculty
members directing the program.

§t. Mary's University
The Department of Geology at St. Mary's University plans to

offer one course in Marine Geology in the 1969-70 school year as
part of the Earth Sciences Teacher Preparation Program.
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The Univereity of St. Thomas

The Institute for Storm Research at the University of St.
Thomas concentrates on the study of extreme weather phenomena.
Five staff members teach part-time in the institute, and students
completing the program are awarded the B.A. degree. A tota) of
13 vesearch projects were reported with expenditures of $446,468
for the 1968-€9 school year.

Brazosport Junior College

Under a cooperative agreement with the Texas ABM Sea Grant
Program, the college has initiated a technician training program
for hoat operators. The technological developments during and
since World War II have made available to marine use sophisticated
equipment such as electrical devices for navigation, electrical
fish finders, improved nets and deck gear for rapid handling of
catch, newly developed processing methods, more efficient main-
tenance and care of equipment, and techniques of underwater operation.

The Brazosport project will undertake a study to plan and
organize an educational program for marine technology. The study
will include instructional aid, equipment, and facilities to
supplement an established curriculum. Time will be given in the
preparation of materials for the purpase of directing and guiding
secondary school students into the fisheries program. Recruitment
methods for the marine program will also be studied and established.

This initial year of $tudy and planning is expected to be
followed immediately by the implementation of a two-year Associate
of Applied Science degree program in marine technology.

Del Mar College

Del Mar College, through its Technical Institute, is conducting
a maring technician project in cooperation with the Southwest Research
Institute. A project grant of $110,800 over a 26-month period was
awarded by the Sea Grant Program of the National Science Foundation.

The project, started August 1, 1969, is criented toward
marine electronics. It will define marine electronics technician
tasks and the required skills and educational background necessary
for performance of work at sea and ashore as a basis for development
of a two-year curriculum and course of study. A pilot program
with an envollment of 20 students will be conducted with both class-
room and practical at-sea training. Basic classroom work will be
conducted at Del Mar, with instructional assistance from special-
ists at Southwest Research Institute, which also will provide the
sea experience. Three full-time faculty members at Del Mar and
one Southwest Research Institute employee will provide the fnstruc-
tion.
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Upon completion of the 120-hour, electronics-orineted program,
the student will receive an Associate of Arts degree.

A new, somewhat more general program is now being offered in
cooperation with the Texas ABM Sea Grant Program involving a seventy-
five course hour program. This program is funded at the level of
$36,000 and is oriented toward training Marine Biology and Marine
Chemistry Technicians.

Texas State Teehnical Institute - James Commally Cempus

The Connally Campus of TSTI has a program for the training
of underwater welders. This is a cooperative program in coopera-
tion with the Texas ABM Sea Grant Program. The training program
is of fifteen weeks duration. The student's initial training is
conducted in a special underwater facility located on campus.
They then progress to nearby lakes and finally into the deep sea
environment of the Gulf of Mexico. Training includes both "hard-

hat" and SCUBA diving.

Students graduating from a two-year welding technology program
offered on campus are considered to be ideal candidates for the
program. (ther candidates come from industry.

Texas State Technical Institute - Rarlingen Campus

The purpose of this Rigman-Mate Training Course jointly
sponsored by TSTI - Harlingen and the AM Sea Grant Program is
to train unskilled and semi-skilled adults for more highly skilled
positions in the shrimping and fishing industry. Recent previous
efforts to train migrant agricultural workers in this occupational
field have not been greatly successful because of the psyehologieal
and physiological problems inherent in adapting to life at seq.
Therefore, this program is oriented toward up-grading the skills
of adults already involved in fishing. The course is designed
to qualify a person as a rigman and enhance his opportunities
to become a shrimp boat captain. The Tevel of funding of the
program is approximately $20,000 for the 1970-71 academic year.

Pitagerald Laboratories Technician Training Program

This technician training program is conducted by a private
corporation under contract from the federal government. The
purpose of the program is to train and/or retrain unenployed
and under employed adults as shrimp hoat crew-men. The program
is divided into two parts. In phase one the students are given
classroom training in various phases of boat operation. The
second phase consists of at-sea training under actual working
conditions through a cooperative arrangement with area shrimp-
boat captains. There are three training centers - at Freeport,
Aransas Pass, and Brownsville,
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Gulf Universities Research Corporation

The Gulf Universities Research Corporation (GURC) is a regional
consortium of universities and industries from the states surrounding
the Gulf of Mexico, plus the University of Mexico City. The purpose
of the corporation is to unite the universities and industries
into a group having sufficient resources and facilities to pursue
detailed in depth studies of the chemistry, physics, geology, and
biology of the Gulf of Mexico.

GURC recently received $100,000 from the National Science
Foundation as a preliminary planning grant to precede Gulf of
Mexico studies under the International Decade of Oceanography.

Bureau of Commercial Fisheries Laboratory - Galveston

The BCF Laboratory is operated by the Bureau to perform
studies related to the fisheries of the western Gulf. These
studies are primarily oriented toward the shrimp fishery since
this is the major fish product of the region. The laboratory is
currently involved in studying the feasibility of reproduction
and spawning of shrimp in captivity.

Texas Parks and Wildlife Iaboratory - Palacios

Researchers at this facility are studying the mariculture
of various marine spacies, chiefly shrimp and oysters. The facility
fncludes biological and chemical lahoratories and a number of
salt water ponds in which replicated mariculture studies are
conducted,

The summaries given above indicate that the majority of the
marine science programs in operation in Texas have very strong
orientations toward marine biology. Only Texas AGM has a broadly-
based, multi-disciplinary effort at present. This arises partly
from the twenty year history of the departments of oceanography
and meteorology. However, the other departments of the College
of Geosciences; geology, geography, geophysics and the marine
Taboratory, contribute to this strength as well. The marine
related programs that exist in seven of the eight colleges of the
university are also contributing to the strength of the university
in marine resource development. The existence of the Sea Grant
Institutional Program serves to focus the activity of all these
departmental efforts on the search for programatic mission-oriented
solutions to problems of the coastal zone.

The summaries in the preceding pages may certainly not be
exhaustive. Other colleges, junior colleges or specialized
programs may exist that were not covered by the IERD survey, and
that did not have witnesses to appear before the Interim Study
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Committee. However, the coverage seems fairly complete in spite
of the fact that the brief time available did not allow for the
conduct of an up-to-date survey.

Certain facts seem to emerge clearly from the report. As
is almost inevitable in any type of program, educational activities
range from quite modest to imposing, and some areas of activity
are well covered while others are almost bereft of effort, Panel-
ists and discussion leaders at the Governor's Conference on Goals
for Texas in the Coastal Zone and the Sea (5} seemed to echo
many of the same sentiments. iany of the speakers spoke favorably
of most of the major marine education programs of the State. How-
ever, on several occasions panelists cited specific areas in which
insufficient effort was currently being expended. The conference
proposed a number of actions to be taken, in its Conference Proceedings.

Educational recommendations for the future for development of
the coastal zone of Texas and wise use of its resources are presented
in the following pages. The recommendations represent a distillation
of the expressed thoughts of many people who participated in such
events as the Governor's Conference, Interim Study Committee hearings,
educational, industrial, and other workshops conducted by the Texas
AEM Sea Grant Program Office, "Stratton Commission" study panels,
the studies of the National Council on Marine Resources and Engin-
gering Development and a number of research studies.

VIII. RECOMMENDATIONS FOR THE FUTURE

The State should initiate a vigorous campaign through the
Legislature, the Governor's Planning Office and the Interagency
Natural Resources Council to inform the people of the State of
the value and importance of the natural resources of the Texas
coast and the Gulf of Mexico. These resources must be wisely
used; the coastal lands must be wicely developed. Further, the
people of the State must be educated as to the importance of
the concepts of wise use and planned development. The process
of informing the public of the importance of these programs will
be expensive. However, the programs themselves are even more
expensive and may not be accapted by the public without a vigorous
information campaign, regardless of their importance.

What makes the marine educational program so expensive?
First is the need to develop and implement State supported educa-
tional programs at every level from kindergarten through post-
graduate and adult-extension education. Second is the need to
tmprove the image of the crafteman/technician and provide voca-
tional-tachnical education for students not interested in a college
degree. Third, and most important in view of cost, is the need
to provide adequate factlities for education, training and research,
Bn inadequate supply of ships, docks, sea-side facilities, research
and educational laboratories and classrooms now exist to meet
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present demands. As future demand increases, additional expanded
facilities will be required., Because of the high initial cost
of facilities such as these, it seems wisest to build upon and
supplement ewisting facilities and programs rather than to build
duplicate and/or complementary programs and faetlities.

The major percentage of the marine education and research
funding presently comes from federal sources. As a rule, these
federal programs are annual and not readily renewable and tend to
be discontinuous, Therefore, the programs that result tend to be
discontinuous as well, and tend not to be focused on solutions
%o regional or State problems. 4 contimuing support base of
State funds is needed for at least the major faeilities and pro-
grams in order to provide contimuity of cperation. This does
not mean a complete supplanting of federal funds, but rather
a splid, continuing base on which to build sound, Tocally oriented
programs. Examples of such major programs which should have this
support are: the Texas State Technical Institute programs; the
Del Mar College and Brazosport technician training programs; the
Lamar State College Ocean Engineering Technology Program; the
University of Houston Ocean Engineering programs; the Institute
of Marine Science; the Bureau of Economic Geology and the Environ-
mental Health Engineering Laboratory of the University of Texas,
the Oceanography, Coastal and Ocean Engineering and Environmental
Engineering programs, the Galveston Marine Laboratory, Moody
Marine Institute and Texas Maritime Academy, and the Sea Grant
Program of Texas ABM University to mame but a few. Many of these
have some State support, but should receive a more solid base
of support to insure continuity of programming. Additional facil-
ities will be required in the near future in most cases to provide
for increased enrollment. To return to an earlier point, the
pracess of educating the public to the wise use of the State's
natural resources must begin at the earliest level in the educa-
tional process. In spite of the immense size of the State and the
consequent size of its educational system, this education program
should be statewide. The state has mountainous regions, deserts,
high plains, forests, urban and rural regions. What happens to
the soil and water in each of these regions ultimately is felt
in the coastal zone, and in return, what happens in the coastal
zone has a profound (and not perfectly understood) effect on the
High Plains wheat farmer and the East Texas forester. The educa-
tion of the public on the wise use of resources, if it is to take
hold and grow, should begin with youth, and should continue through
the entire educational process. It should be tailored to the
differing perceptions of the student, wherever he may live,

It 15 the responsibility of the classroom teacher to motivate
his students to want to know about environmental matters, marine
science, and conservation of resources. It is the responsibility
of the Regional Educational Services Centers and university faculty
to provide help in assembling the materials and teaching units
for the classroom teacher. Some of the necessary curricular
materials and units are already available but others will need to
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be developed. Career selection materials are also needed for the
use of public school counselors. These materials should stress

not only careers requiring college preparation but technician

and crafts opportunities as well. An effort must be made to provide
meaningful retraining and work for the adult “drop-out” and the so-
called hardcore unemployed whom the existing types of educational
programs have tended to by-pass. These men and women are the

legacy of our "college for everyone" attitude, and must not be
overlooked.

IX. SUMMARY

It can readily be seen that the majority of the commentary
in the preceding pages is applicable to nearly all fields of
educational endeavor, and need not be restricted to marine activ-
ities. However, the central focus of these remarks is on marine
activities. In summation several actions may be recommended.

The recommended actions are not necessarily in any priority order
since all are of more or Tess equal importance to the future of
marine activities in Texas. The first recommendation is, however,
of critical importance and should be initiated immediately. The
State should:

Conduct a thorough {nventory of existing and planned marine
programs in Texas educational institutions at all levels.

Develop an earth seience eurrieulum for the public school
Tevel acceptable to the Texas Fducation Agency.

Develop public school level guidance and counseling materials
with both college-bound and erafts and technician information
in marine science.

Initiate and expand summer programs and field trips in marine
science.

Create a high sechool course in marine sciences which might
be used as a vehicle for making students aware of their
environment.

Develop junior eollege eurricula in technician training,
individualized by the institution to serve the needs of local
communities.

Develop adult education programs with a marine focus to train
or re-train unemployed or under-employed adults.

Develop a Marine Law Center.

Develop undergraduate courses in ocean science which would
provide a continuing interest for students.
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(reate new programe in marine related areas such as (oastal
Zone Management and seafood processing.

Provide inereased support for fasilities, equipment, and
staff for the teaching and research and extension functions
at colleges and universities with ezisting marine programs.

Encourage greater sharing of facilities among institutions.

Provide for more i{nformation on marine resource development
to be brought to the attention of the public.

Expand extension services to include the areas of marine
resources.

Provide for a study of the job opportunities in Texas in
marine resource fields.

Build up sxisting marine programs rather than create new
programs based on self-interest groups.

Provide Zong range plaming for marine resource use and
development based on scientific knowledge,

These actions are essential to assure that existing marine
programs become and remain responsive to the needs of the state.
If Texas is to provide a well balanced marine education for present
and future residents of the state, the voids outlined in this
report must be filled, and existing major programs must be supported
in their effort to forge ahead into imaginative new programs. If
Texas is to be the leader in marine affairs that it could and should
be, the time to advance is naw,
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I. GENERAL DESCRIPTION OF THE GULF OF MEXICO

QOccupying a surface area of 619,000 square miles, the Gulf
of Mexico is roughly two and one-thirds times the size of the
State of Texas. Although almost entirely surrounded by land
(of the United States, Mexico, and Cuba), the Gulf exhibits fully
marine conditions; and, because of 1ts small size, it provides
2 unique opportunity for studying a total marine system as a
functional unit. For practical purposes, the Gulf may be divided
into three zones: the coastal zome, continental shelf, and off-
shore area Or deep Gulf (Figure 1). Although characterized by
different properties and resource potentials, these three zones
are intimately interrelated in the sense that they exchange water
masses, nutrients, and living organisms.

Coactal Zome

The coastal zone includes bays, estuaries, lagoons, and
other shoreline features which are generally characterized by
shallow water, low but variable salinity, and reduced tidal action,
These areas often receive inflow from streams, on the one hand,
and from the Gulf, on the other. Much sedimentary material is
deposited here so that the bottoms tend to be quite muddy. Such
areas are normally zones of intense biological activity. Bacteria
and other decay organisms break down the organic material trans-
ported from elsewhere as well as the organic matter produced locally,
especially in the salt marshes. Large populations of juvenile
fish, crustaceans, and mollusks utilize these areas as nursery
grounds and feed Targely upon the nutrient-rich decaying organic
matter of the shallow backwaters. Thus, the production of most
of the speciee of eommercial importance (shrimp, crabs, oysters,
menhaden, ete.) is tied closely with the water quality of the
nursery areas. Any activities which diminish the inflow of
fresh water, reduce the extent of the salt marshes, or lower
the quality of the estuarine waters are likely to decrease the
populations and, hence, the potential harvest of the coastal marine
biological resources.

Continental Shelf

The continental shelf extends from the shoreline out to a
depth of about 600 feet. Along the Texas coast it varies in
width from 40 to 120 miles. The shelf receives water from Tand
drainage (through the outfalls of streams, estuaries, etc.), from
the open Gulf, and from neighboring portions of the shelf (by
long-shore currents). The emvironment of the shelf exhibits
reqular patterns of seasonal variation, but conditions may vary
widely from year to year in response to water currents and weather
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patterns, Along the northern Gulf coast, the nearshore environ-
ments tend toward high mud content, whereas sand and shell bottoms
increase with distance from shore. Consequently, nearshore waters
contain much suspended matter and are highly turbid, while offshore
waters have little suspended matter and are clear and deep blue.
Along the outer edge of the continental shelf 1ie a mumber of hills
which approach within a hundred feet of the surface. These hills
support marvelous reefs of coral and carbonaceous algea which are
populated by highly colored fishes and invertebrates of West

Indian affinity.

Deep Gulf

Beyond the edge of the continental shelf lies the bulk of
the Gulf of Mexico covering a surface area of about 500,000 square
miles and achieving a depth of 2 1/2 miles. This area is charac-
terized by clear vater and low blologieal productivity, and the
environment tends to be less variable than the shallower zomes.
The deep Gulf is horizontally stratified. The surface water to
a depth of about 150 feet is lighted and of relatively high tem-
perature {approaching 90* F. at the surface in mid-summer), whereas
the bottom water is totally devoid of 1ight and exhibits year-
around temperatures only a few degrees above freezing. This
stratification is reflected in the distribution of the chemical
and biological components of the deep Gulf. A1l three zomes of the
Gulf of Mexico probably contain exploitable quantities Of petro-
leum and other geochemical resources.

II. EXTERNAL INFLUENCES
Although occupying a semi-enclosed basin, the Gulf of Mexico
is strongly influenced by three major external factors:
the Yucatan current,
drainage from land, and
atmospherie faetors.
These three influences determine, in large measure, the special
chavacteristics of the Gulf and are chiefiy responsible for the
dynamic balance between the 1iving and non-living components of
the GuIf system.
Yueatan Current
The Yucatan current annually brings approximately 200,000

cubie miles of water into the Gulf of Mexico from the Caribbean
Sea. This tropical water is distributed through both the surface



and bottom layers of the Gulf and serves to keep the witer os the
Gulf of Mexico in circulation. Since the incoming waters are highly
oxygenated, they maintain oxygen-rich conditions in the Gulf from
top to bottom. Without this conetant flushing action, the Culf of
Merico would tend to develop conditions of stagnation (as occurs
in the Black Sea and portions of the Mediterranean). The Yucatan
current is also responsible for transporting tropical species

so that the fauna and flora of the Gulf of Mexico are closely
related to the Central American and West Indian biota, The Gulf
1§ drained by currents passing into the Atlantic Ocean through

the Straits of Florida.

Land Drainage

The Gulf of Mexico receives drainage from most of the United
States lying between the Rocky Mountains and the Appalachians,
as well as from eastern Mexico and a small portion of northern
Cuba. Nearly a million cubie feet per second of fresh vater are
normally discharged into the Gulf, about three-quarters of which
derives from the Mississippi-Atchafalaya River systems. Since the
prevailing current along the ocntinental shelf of the northern
Guif is westerly, much of the sedimentary discharge of these
streams is deposited along the Louisiana-Texas shelf areas. These
streams drain most of the important agricultural lands and much
of the highly industrialized portion of the United States so that
the stream run-off (estimated to be about one-fourth of the total
precipitation volume) brings into the Gulf enormous quantities of
fertilizers, pesticides, and other dissolved and suspended by-
products of human activities. Thus, the Texas coastal waters
receive large amounts of domestic, agricultural, and industrial
residues from the entire mid-section of the United States. The
exact nature and extent of this pollution and its effect upon
the coastal resources is yet to be determined.

Atmospherie Factors

The Gulf of Mexico is influenced by atmospheric conditions
ariging from the North American continental land mass (especially
in the winter) and fram the Caribbean area (especially during the
sumer). During the winter, cold, high-pressure Canadian air
sweeps across the central plains bringing northern storms all
the way to the Guif, chilling the estuaries, and creating surface
disturbances in the Gulf which send high ro11ing waves all the way
to Yucatan. During the warmer months, tropical storms originating
farther south sweep into the Guif from the Caribbean. During the
late summer, when the surface waters of the Gulf of Mexico achieve
temperatures in excess of 85%F., they may provide the energy to
transform tropical storms into hurricanes which strike the northern
Gulf Coast with devastating force.



ITI. STATE OF OUR KNOWLEDGE OF THE GULF OF MEXICO

Despite the extensive coastline and great economic potential
the Gulf of Merico has mot been the subject of intengive inpestigation
until the past two decades, and thus, even though & fair amount of
pertinent information has been amassed in recent years, the system as
a whole is only partially understood. This lack of knowledge is due
to a combination of factors.

Serious marine investigation requires adequate laboratory
facilities on land to process the marine data; to house collections
of marine life, geological cores, and seawater samples; to study
volumes of data on water current patterns and weather conditions; and
to carry out a variety of chemical and physical analyses as well as
Taboratory experiments. [t requires sophisticated elecironic
environmental monitoring equipment, a variety of types of collecting
gear, remote sensing devices, radioisotope analysis facilities, etc.
Most of all it requires a team of well~trained seientists to design
and build the equipment, to carry out the observations and experiments,
and to interpret the data. It depends, further, upon a team of
dedicated supporting persomel to operate the ships in all kinds of
weather, to participate in the heavy physical labor associated with
the collection of data at sea, and to aid in the conduct of laboratory
analysis.

Major marine work is, thus, a long-term endeavor of acquiring
facilities, building teams, and obtaining stable sources of continuing
funds. It must be a goal of society, free from political whim, and
wntrarmeled by trivia. To the credit of the State of Texas these
conditions are now being met, and the goals are being achieved at
Texas A & M University.

Until recently, however, most of the Gulf work was carried out
by the heroie individual who operated from totally inadequate shore
facilities; who sampled from a skiff, bay-boat, or shrimp trawler;
and whose efforts were Timited largely to bays, estuaries, and other
nearshore environments. The studies were poorly funded, limited
in scope, and generally of little direct economic importance.

Most of the applied work uas carried out wnder contract, and the
results were buried in the files of Government agencies and
private industry.

The state of our knowledge of the Gulf of Mexico was summarized
in 1954 in a large report by the U. S. Fish and Wildlife Service
(GuLf of Mexico, Its Origin, Waters, and Marine Life. Ed. by P. S.
Galtsoff. See References section]. Providing for the first time
a comprehensive view of the Gulf system, this volume dramatically
ilustrated the extreme diversity and complexity of the system,
and at the same time it pointed to the great paucity of information,
especially concerning the shelf and offshore areas of the Gulf.

Since publication of this volume much has been Tearned about
the system. Coastal features have been studied by several Federal



agencies, notably the Army Corps of Engineers, and significant
reports are on file in their offices. During the 1950's the
American Petroleum Institute sponsored an extensive series of inves-
tigations on the sedimentary environments of the northern Gulf
€0ast, and these studies devoted considerable attention to the
Texas coast. The U. S. Fish and Wildlife Service has conducted

a series of exploratory fishery investigations on the deeper
portions of the Texas shelf, the results of which are published
primarily in the Fishery Bulletins and Speeial Scientifie Reports -
Pisheries. In addition, private industry has amassed a wealth

of information concerning the potential mineral resources as well
as the general surface and subsurface characteristics of the bays,
estuaries, and continental shelf, but this information <e not
generally available for public use.

The most useful and most readily available information concerning
the offshore areas and the functioning Gulf system, as a whole,
has been amassed by and in cooperation with the Oceanography Depart-
ment of Texas A&M University, and this information is available
in the various publications and Reports of the Department (See
Reference section.). These major Studies fall into six categories,
each of which is discussed briefly below,

Biological Oceanography treats the composition, distribution,
abundance, and life histories of the marine organisms. Special
efforts are being made to provide information on the sbundance

of marine production in relation to the physical and chemical
environments of the Gulf. Studies are also underway on the effects
of pesticides and other pollutants on marine species of economic
importance.

Chemieal Oceanography attempts to define the organie and inorganic
chemicals found in the Guif and to relate these materials to the
overall chemical cyeles of the seq. Both natural and man-made
chemicals are under study, and efforts are being made to relate
these to their sources of origin.

Geological Oceanography concerms the origin, tramsport, distribution,
and properties of sedimentary materials in the Gulf of Mexico. It
also attempts to describe the botton surface features including
slopes, canyons, salt domes, etc.

Goophyeteal studies involve exploration of the physical propertice
of the sediments and crustal rocks underlying the Gulf of Merico
and the surrounding basin and the interpretation of these struc-
tures in terms of the geological histery of the region.

Metaorlogieal studies are concerned with emergy exchange across
the air-sea interface. Involved is the Tnvestigation of wind-
driven oceanic circulation and the effects of the oceanic system
on weather phenomena, including the weather patterns on land as
affected by oceanic disturbances.



Physical Oceanagraphy deals largely with civeulation pattesns,

thermal etructure, bides, and surface wave patterns of the Gulf,
Both metearslogical and physical oceanography ave being pursued
at sea as well as through computer modeling expariments on land.

Studies 1isted above ave being carried out in all three zones
of the Gulf, the estuaries, the shelf, and the deep Gulf, Yet
the task is one of some magnituda. For example, nearly 500 species
of Fishes alone are already known from the Texas coast, and this
Figure represents less than half the tyves of fishes knawn from the
entire Gulf. Add to this the thousands of types of tiny plants
(algae) and invertedrates which inhabit the Gulf, and the divarsity
is staggering. Cach type of organism displays its unigue pattern
of 1ife in response to the currenis, temperature, 1ight, chemical
factors, and other arganisns, and sach affects the anvironment
in certain unique ways. There are, however, common denominators
and overall patterns which can be discerped through careful study,
Efforts are alveady wndsray to undevstand the Culf as q gingle
funetional system lin the seological senge) theough whick shemicals
and energy [low in vegular pathuays and at megsurable rates.
Only through such basic knowdedge can the resources of the Gulf
be inventoried, managed, and viiYized in 4 knowledgeable way.

IV, EESDUACES (F THE RULR

Moz Guif of Wexico iy g grest regiomgl asset. Its euploitable
Hineral vosources include petroleum, sulfur, and natural gas
(of the subsurface formations), sand and shell {of the surface},
as well a5 a variety of chemical vlements extractable from the sea-
water itself, Biologioal reswress Include a variety of fish,
shrimp, crabs, and moTlusks: and in 1969, the Gulf fisheries indus~
try of the United States alone contributed a catch worth 252 million
dellars {about 30% of the total dollar value of the U, S. fisheries
praduction that year). Many species which are not currently being
utilized are potentially harvestable for direct human food, animal
food, fertilizer, of FPC (fish protein concentrate). These include
tunas, mackerel, pompanc, deep~water shrimp, and a variety of
smaller fish and crustacean species. Wany of these forms are also
available for potential commercial rearing ventures {maricul ture),
The potential harvest of the Gulf binlagical resources {8 refiected
in the fact that (uba s buslding wp a large and eophieticated
fishery fleet.® 1In this connection, the Ruagian investigators
have been intensively studying the fishery potential of the Guif
of Hexico {including the Texs cuast) and igve recently published
a book devoted entively to this subject. While Tezas debates the
fishery potential, Cuban and Ruteian brmolers may be explotting

*ndoubtedly with Ruseion support and backing



the vecources on the Teras coact. In addition, it is known that
Japanese long-line fishermen occasionally visit the Texas coast
to harvest the tuna fishes of our shelf waters,

The Gulf of Mexico serves as a transportation route for
marine shipping, and the availability of deep-water ports has
fostered the development of much industry along the coast. The
Gulf has been utilized as a duming site for many of the solid
wastes of civilization {including an arsenal of explosives) and
as a sump for many of the 1iquid wastes. As pressure is ezerted
to clean up the streams and the land of the nation, pressure will
grow to use the Gulf as the final repository.

Finally, the year-around mild climate of the Texas coast
and the associated recreational opportunities have attracted
many citizens who make use of the Gulf occasionally or indirectly.
The coastal zone is visited by many citizens of the coastal and
inland states. As (alifornia and Florida become saturated with
humans seeking employment opportunities and retirement homes, the
Texas coast will undoubtedly feel the effects of heavy population
influx. While contributing to the economic base of the coastal
areas, they will exert further pressure on the coastal and shelf
zones of the Gulf itself,

It is clear that the conflicting uses of the Gulf resource
must be brought into proper perspective, Yet it is already obvious
that we are exploiting and polluting an essentially umknown resource
and that the intensity of use and abuse will increase with greater
human settlement and technological development. The Texas coast
is already feeling the effect of 0il polletion and of continental
pesticide utilization, and the question may legitimately be asked
as to whether the blologicgl resources of the Gulf will continue
to be fit for hunan consumption or whether, indeed, they will
even continue to exist as the torie non-degradable wastes accum-
ulate. To those attempting to stidy the Gulf, the need for more
detailed knowledge is as obvious as the need for planning.

Within the immediate future, the main pressure will be directed
to the estuaries and the shelf. Yet one can not hope to understand
either the estuaries or the shelf through superficial surveys of
standing stocks or of pesticide analyses of occasional marine
organisms. The resources of the Gulf are intimately interrelated;

and to understand these relationships, one must develop the theoretical

framework upon vhich practical decisions may be based. Of cardinal
importance is the knowledge of the biological, chemical, and sedi-
mentary characteristics of each water mass bathing the coast. With
this knowledge as background, multi-disciplinary inventories will
provide the base-lines against which pollution and exploitative
effects may be measured.



V. FILLING THE GAPS

Research supplies the kapic data upon which plasners and Jegise
lators nust ultimately rely 0 veach appropriate decisions concerning
mylti~use resources. To bring the present discussion into the kind
of focus necessary for planning and legislative decision-making
thare is st down below a serfes of concrete problems which merit
mmediate attention.

o Air-vater {nterastions - One of the most basic needs
relates to the undarstanding of the complex water curvents
of the Guif of Mexica, the factors which underlie them,
and the ways in which the water currents interact with
air patterns to produce the variable and often severe
weather of the coastal zone, This knowledge is of funda-
mental importance in planning for shipping, agriculture,
recreation, and demse uman settlement in the coastal
zone.  Such knowledse ahsp must underlie our understanding
of the functional binloyical systems of the Gulf as well
as the distribution and offects of coastal pollytion,
0il spills, etc,

& Inventory of minerg? repoyeges ~ Sineg gost of the infor-
mation concerning tne potential wineral resources of the
Bulf Ts not available w0 the poblic some effort to survey
these resources shold ve made by the State. The suryey
shollld give some attection 1o the subsurface deposits
{011, gas, sulfur, ete. ) as well as the surface deposits
of harvestable sand and shell. Bssociated with thase
investigations other studies should be carried ont to
determing methods of exploftation which would cuuse
the least damage to the biolegical resources of the over-
Tying water,

3. Imentory of biologizal wesources - There 15 a strong
and immediate need for ¢ thacough investory of the marine
biglogical resources of the Tavas shelf and adjacent waters.
This study should be coupled with a detailed analysis
of ko the eevlogieal system actunlly works. Such
studies are necessavy te 1ay the groundwork for wise
management of the harvestde biological resources. but
they also are impovtant s eovablishing the bese-iinee
ugatnet which pollution dwage may be assessed.  Hevein
Ues the URGERGY,

b Sumpay of present extent of Gulf pollution - Thare exists
a desperate nead to determine the axtent to which the
various areas of the Gul% are already damaged by pollu-
tion. On almost every aecmmvyraphic cruise the sclentists
gncounter 017 slioke on the wurface, Cablss, ropes, and
equipment often come up 071y, Sutton samples retrieve
a1l maoner of hunan debris from 4in cans to metal qua



shell casings. Mounting evidence of pesticide and heany
metal pollution of the bays and estuaries suggests that
the envirorment of the continental shelf may also be
subject to pollutien pressure, and it is of utmost impor-
tance to initiate an in-depth survey of pollution damage
to the environment and ecosystem of the-shelf zone.

. Studies to predict future dangere - Investigations should
be carried out in both the laboratory and the field

to predict the effects of intensive coastal zone utili-
zation and water resource modification on the Gu1f system,
and particularly on the harvestable biological resources,
In order to complete their Tife cycles most of our commer-
cially important fish and shellfish species require low
salinity waters of high quality as well as estuarine bottoms
which are constantly refertilized by the silt load derived
from normal stream discharge. Construction of the Aswan
dam in Eqypt has devastated the fishery industry of the
eastern Mediterranean, and it is possible that the State
of Texas can accomplish the same result for its Gulf
fishery if the coastal zone is deprived of its normal

flow of nutrient-laden fresh water.

. Establishment of marine wildlife sanctuaries - Up until
the present time the 1iving resources of the Gulf have
been taken for granted. With intensive pressure from
human coastal activities, however, the marine 1ife will
need help to survive. If survival of marine 1ife is
important to the well-being and happiness of the human
population immediate steps should be taken to establish
a series of marine and coastal wildlife sanctuaries
where the marine organisms may exist in perpetuity.
Such sanctuaries would be of considerable recreational
value, but they would also serve as a source from which
more devastated areas could be restocked.

It is specifically recommended that San Antonio
Bay and Matagorda Island, which are still in fairly
primitive condition, be designated as a sanctuary to
accompany and protect the birds and other wildlife of
the Aransas Wildlife Refuge. It is also recommended that
steps be taken to preserve Texas' only major living coral
reef, the Flower Gandens, 1ocated on knolls at the outer
edge of the continental shelf (about 120 miles south-
east of Galveston). As the northernmost 1iving coral
reef of the western Atlantic these undersea gardens
are of considerable scientific interest and of potential
recreational value. Unfortunately, thic is also a conven-
tent spot for ships to anchor while cleaning out their
tanke befors proceeding into the Port of Galvestom.
Damage from anchors, garbage, and tank refuse is mounting.
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7. 4 synthesis of our knowledge of the Gulf - Knowledge
of the Gulf of Mexico is not readily available to the
planner, legislator, industrialist, educator, sportsman,
and general reader. Furthemmore, even the oceanographer
has a firm grasp of only the Zimited portion of the
subject with which he is working. As an aid in future
planning and as a service to the public, the State of
Texas should authorize and finance an endeavor to provide
a sourcebook on the Gulf of Mexico which is both authori-
tative and readable. The potential authors of this
book are already present in the State.

N



APPENDIX

MAJOR SOURCES OF REFERENCE LITERATURE CONCERNING
THE GULF OF MEXICO

A, General Sources (containing a variety of types of information)

T

2.

3.

Books
Galtsoff, P. S. (Ed.) 1954. Gulf of Mexico, Its Origin,
Waters, and Marine Life. U. S. Fish & Wildlife
Service, Fishery Bulletin, 55. 604 pp.
Ladd, H. S. (Ed.) 1957. Treatise on Marine Ecology and
Paleoecology. Geological Society of America Memoirs.
67, Part 1. Ecology. 1296 pp.
Journals
Deep Sea Research
Journal of Marine Research
Limnology and Oceanography
University Series

University of Miama (Florida)

- "Bulletin of Marine Science of the Gulf and Caribbean"

Louisiana State University

- Coastal Studies Institute - "Technical Report" Series
University of Texas

- "Contributions in Marine Science"
Texas_ASM University - Department of Oceanography

- "Contributions in Oceanography"

- "Folio Series on the Gulf of Mexico" (Publ. by the
American Geographical Society).

- "Technical Reports" Series

- "Texas ASM Oceanographic Studies" (Publ. by the Gulf
Publishing Company, Houston, Texas).
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B. dJourmals Related to Specific Pields
1. Biological
U. S. Fish and Wildlife Service, Fishery Bulletins

U. S. Fish and Wildlife Service, Special Scientific
Reports - Fisheries

2. Chenical
Geochimica et Cosmochimica Acta
3. Geological
American Association of Petroleum Geologists, Bulletin
Gulf Coast Association of Geological Societies, Tramsactions
Journal of Geology
Marine Geology

4. Physical and Gegphysical

American Geophysical Union, Transactions

Journal of Geophysical Research
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THE MULTI-USER ZONE OF THE GULF OF MEXICO
+-ITS PRONISE AND PROBLEMS! s

Richard A, Geyer’

INTRODUCTION

There is an ever increasing intensification of the use of the coastal zone as
the expanding population of the United States moves into this area. Currently,
seventy percent of the Nation lives within an hour's drive of the sea coast, if the
Great Lakes are included. A decent concern to preserve life's amenities, as well as
econamic considerations demand that more adequate provision be made for recreational
use along the Nation's crowded coastal zone, It may com: as a surprise that
this emphasis on the recreational use of this zone should come so early in this dis-
cussion when one realizes the critical industrial uses that exist in this area as
well, A comparison of recreational activity in coastal and offshore arcas is sum-
marized in Table 1. However, if the citizens of the highly congested urban areas
along the sea coast do not have clean and attractive areas for recreational pursuits
then many of the severe urban problems which face us today will never be solved com-
pletely and satisfactorily., In addivion, private housing has exercised and will
continue to exercise cne of the greatest demands for available shore property. This
is demonstrated, for example, ih the Boca Cicga bay arca off the West Coast of Flor-
ida. 1t has been transformed completely by housing developments and related activi-
ties in the past twenty years. The same applies to several areas along the Gulf
Coast. But there are other needs that must be met. Traditionally heavy industry is
located on the water's edge in seeking a cheap source of transportation for its
finished products as well as ready access to raw material and a simple solution to
waste disposal problems, Pollution abatement requirements have lessensd somewhat
the economic desirability of a waterfront industry location, but recent trends in

TABLE 1. A Comparative Summary of Recreational Activity
in Coastal and Offshore Areas

Participants, Annual expenditures,
nillions millions of dollars

Type of recreation 1964 1075 1064 1975

Swimming 3.0 4.0 1,500 2,000
Surfing 1.0 4.0 50 200
Skin Diving 1.0 3.0 300 900
Pleasure Boating 3.6 14.0 650 1,000
Sport Fishing 8.2 16.0 760 1,300

Total §2.8 77.0 §3,260 $5,400

Source: Battelle Memorial Institute, 4 Study of the 0.S.
Coast and Geodetic Survey's Products and Services as Re-
lated to Ecoromie Aetivity in the U.5. Continental-Shelf
Regions, April 1966.

'Paper No. 70052 of the Water Resources Bulletin (fournal of the American Water
Resources Association), Presented at the Fifth American Water Resources Conference,
San Antonio, Texas, October, 1969, Discussions are open until six months from date
of publication.

Head, Department of Oceanography, Texas AGM University, College Station, Tex.
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shipping have increased the demand for deep water frontage. Deep water access will
be essential to the future competitiveness of steel and other U.S. industries proc-
essing large volumes of heavy raw material. Sinilarly, future shoreline development
must provide adequately for additional transportation and power generating facili-
ties. Ftor almost a hundred years a vast network of piers, warehouses, and railroads
was constructed about the perimeters of the Nation's ports, as seen in Figure 1.
Today these facilities and housing to handle the type ship shown in Figure 2, as
well as major offshore unloading facilities for deep draft tankers are shown in
Figare 3. This transition will be extraordinarily difficult and will require con-
siderable planning and coordination of public and private activities on an entirely
new scale.

Electric power production has doubled approximately during every decade of this
century. An increasing percentage of new power plants will use nuclear fuel; dispe-
sition of waste heat will become an increasing problem. An example of such a com-
bined power and desalination plant designed for the Los Angeles area is shown in
Figure 4. It is estimated that by 1980 the power industry will wse for cooling one-
fifth of the total fresh water run-off of the United States, Many more power plants
will be located along the shore, thus campeting not only for valuable land but wam-
ing the local waters posing a major threat to the regional ecological balance.

This is especially serious when we consider that seventy percent of the present
U.S. commercial fishing effort takes place in coastal waters. Coastal and estuarine
waters and marsh lands provide the nutrients, nursing areas, or spawning grounds for
two-thirds of the world's entire fishery harvest. Seven of the ten most valuable
species in American commercial fisheries spend all or important periods of their
lives in estuarine waters; and at least 80 other comercially important species are
dependent upon estuarian areas. Thus, not only thermal pollution but other types of
pollution present an ever increasing threat, together with land fillings, dredging,
dumping, and marsh draining operations to these areas. For example, eighty percent
of the 300 square miles of tidal wetlands originally surrounding San Francisco Bay
have been filled. Coming closer to home, 68,000 of the 828,000 prime acres of estu-
aries for the state of Texas or eight percent of this habitat has been lost. Of the
other states bordering the Gulf, namely, Louisiana, Florida, and Mississippi, the
percentages lost to date are 3, 8, and 2 percent respectively, Although one might
say this compares favorably with the sixty-seven percent lost to California, and
fifteen percent to New York and New Jersey, the impact on the fishing industry can
be substantial when the pollution aspects as well are also considered,

Although aquaculture today as shown schematically in Figure 5 is of relatively
minor importance in the coastal zone, its future in this area will continue to grow.
As it does, the problems of conflicting use will increase; and estuarian areas
leased for this purpose may be closed to sports fishermen and in some cases to navi-
gation. A state wishing to emphasize the development of a major program in aquacul-
ture may be compelled to linit its shore-side industrial development, or visa versa.
Similarly, the conflict hetween competing objectives such as navigation, flood con-
trol and aquaculture is also a real one, as for example in the case of the Bomnet
Carre Spillway located on the Mississippi River near New Orleans. Opening this
spillway occasionally in the interests of flood control results in vast volumes of
fresh water diluting the salinity of large areas to the extent that the oyster in-
dustry could be affected under certain conditions.

The expanding use of merchant as well as military shipping in the Coastal Ione,
particularly the use of very large super tankers soon will require the designation
of reserved fairways. The introduction of high speed hovercraft and hydrofoils will
call for new safety measures, not to mention the burgeoning expansion of power boats
and sailboats and their attendant marinas will be competing to an ever increasing
degree in this zone.

DEFINITION AND STATISTICS OF COASTAL ZONE COMPONENTS

The Coastal Zone is a region of transition between two environments--the land
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Figure 5

and the ses. It may be defined as that part of the land affected by its proximity
to the sea. It includes a total of 1,631 statute miles along the Gulf Coast. The
associated estuarine areas along the Gulf of Mexico include 3,838 square miles.
This area is based on a definition of an estuarian zove, as an envirommental system
consisting of an estuary and those transitional areas consistently influenced or
affected by water fron an estuary, such as, but not limited to, salt marshes, coast-
al and intertidal areas, bays, harbors, lagoons, inshore waters and channels--as
well as all or part of the mouth of a navigable or interstate river or stream or
other body of water having unimpaired natural comnections with open sea and within
which the sea water is measurably diluted with fresh water derived from land drain-
age.

The total shoreline of the Gulf of Mexico includes 17,500 statute miles, Of
this, some 4,000 miles have been categorized as recreation shoreline of which only
121 meet the criteria of public recreation shoreline. Of the slightly more than a
thousand miles of recreation shorcline of the state of Texas, 301 miles are desig-
nated as beach, 421 bluffs, and 359 miles as marsh, For Louisiana with a comparable
total shoreline 257 miles are designated as beach and the remainder of 819 as marsh.
All but two miles of the entire 1,076 in Louisiana are privately owncd. Of the
total of 203 miles of shoreline for Mississippi, 134 are categorized as beach and 69
as marsh and 178 miles are privately owned.

The value of Louisiana fisheries in 1966 was approximately $100 million. In
1966, according to the Independent Petroleum Association of America, the value of
crude 0il, natural gas liquids, and natural gas at the well head, in Louisiana was
slightly mere than §3 billion and the petroleum industry paid almost half of the
state's revenue,

Aquaculture is widely enjoyed in Asiatic countries and five percent of Japan's
total fish catch comes from coastal areas having retention devices. Within the
United States this is currently limited to development and pilot studies, but thriv-
ing comercial fresh water trout and catfish fams have developed recently, It is
estimated that in the five-state southcentral region about 13,000,000 acres are
suitable for conversion to catfish farns.

Port development expenditures in the United States fram January 1, 1946 tc
December 31, 1965 in the Culf Coast area totaled $385 million of which $199 million
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was for general cargo facilities and $186 million for specialized facilities. Muring
this perjod the average size tanker in the world fieet increased from 15,000 dead
weight tons to 27,000.  However, the majority of new tankers building and planned
are much larger with the largest one now cperating of 312,000 tons was built in
Japan.  Similar increases in size for cry bulk and container carriers are also fore-
cast.  Tankers having a tonnage of 760,000 tons have heen forecast for 1980 and the
uppermost practical limit of a million tons based upon projected tochnology and
experience is forecast for the period between 1990 and the year 2000.  Bulk carrier
tonnage of 185,000 tons are forecast for 1980 and 317,000 tons for 1990,

Since the River and Harbors Act was passed in 1826 the Federal Government has
assisted in the development of over 500 comiercial harbors, as well as assuming the
responsibility for periodic dredging maintenance and navigational aids such as
charting, channel markers, and buoys. This has resulted during this period of ex-
penditures totaling §2.2 billion of which approximately three;quarters has been for
decp draft harbors and channcls, Deep draft being defined as an suthorized depth of
30 feet or more for coastal harbors. The Gulf Coast participated in this expendi-
ture in the amount of $182 million for construction and §123 million for mainten-
ance, For harbors less than 30 feet the total expenditures for this area has been
$45 million. Non-federal contributions for these activities totaled §34 million for
the shallow harbor class and §30 million for the deep.

Current funding by Federal agencies for activities relating to the Coastal Zone
tor the fiscal vear averaged slightly more than §600 million. It involves such
activities as fisheries, water pollution contrel, geologic surveys, national park
services, Office of Saline Water, Bureau of Outdoor Recreation, Coast Guard, Corps
of Engineers, ESSA, and so forth.

The suggested cost cstimate for managing the Coastal Zonc propased by the
President's Commission on Marine Resources 1is summarized in Table 2, for the next
ten years in five-year increments. The total cost for the various categories in-
cluding management and plamning, land acquisition, scientific and cngineering
studies, including a Great Lakes restoration project, is estimated to be an average
of $86 million annually for the first five years of the next decade, and $121 mil-
lion per year for the next five years or a total of a little more than a billion
dollars for the 1970 decade.

TABLE 2. Managing the Coastal Zonc
(Incremental costs in millions of dollars)

Average amnual costs Total

_— 10-year
1971-75 1976-80 COSts
Management and Planning $10 $10 $100
Land Acquisition 1 1 10
Scientific and Engineering Studies 50 80 650
Operation of Coastal Laboratories 10 20 150
Estuarine Monitoring Fquipment 6 4 50
Pollution Rescarch 4 i 30
(oastal Engineering and Technology 0 40 300
Ecological Studies 10 14 120
National Project--Lake Restoration Project 15 20 175
Total, Managing the Constal Zonc 86 121 1,035




Gl SN G WU UEN SRN NS NS NS BN EDS GER EEE S

MULTI-USER 20NE OF THE GULF OF MEXICO 585
COASTAL ZONE MANAGEMENT--PROBLENS AND THEIR POSSIBLE SOLUTION

Currently federal, state, and local govermments including intrastate and munic-
ipal coastal and harbor authorities are funding coastal zone facilities through
revenues derived by taxation of citizens and industries situated in this area. Con-
sequently, they also share the responsibility to develop a plan for the coastal zone
which reconciles, or if necessary, must make decisions to chopse among competing
interests and protect both long- and short-tem values. Effective management to
date has been thwarted by:

1. the variety of govermment jurisdictions from all categories involved,
1. the low priority afforded marine matters by state governments,

3. the diffusicn of responsibilities among state agencies, and

4, the failure of state agencies to develop and implement long-range plans.

Until rather recently, navigation over which the Federal authority is preemi-
nent has tended to dominate other uses of the coastal zone and perhaps for this
Teason states have been slow to assume their full respomsibilities. In addition,
the Federal role in the Coastal Zone has grown haphazardly and unfortunately with a
ninimu of coordination among the agencies responsible. For example, closely related
functions are discharged by the U.S. Coast Guard, Ammy Corps of Engineers, Depart-
ment of Housing and Urban Development, together with a number of bureaus of the
Department of the Interior and several other Federal agencies. The Federal Govern-
ment sponsors planning activities in certain coastal areas through River Basin com-
missions, which vere established pursuant to Title II of the Water Resources Plan-
ning Act of 1965 and in certain others to regional commissions established under
Title V of the Public Works and Economic Development Act.

(urrent coordination at the Federal level is the Committee on Myltiple Use of
the Coastal Zone of the Marine Council. It considers the broad aspects of coastal
nanagement and seeks cffective and consistent Federal policies. In addition, the
Water Resources Council, a Cabiner level coordinating and planning group analogous
to the Marine Council, but chaired by the Secretary of the Interior also has an
interest in the Coastal Zone. However, its work is primarily directed to inland
waters, but neither committee is concerned with the detailed management of specific
coastal areas, This diffusion and fragmentation of responsibility is reflected
within state governments within which individual agencies deal directly with their
counterparts at the Federal level, Too often states lack plans of their own based
on an appraisal of all state interests and a lack of scund scientific knowledge in
developing and maintaining their coastal resources. Frequently, in these cases
states have tended only to react to Federal plans.

On a state government level, the states are frequently subjected to intense
pressures from the county and municipal levels becuse coastal management often
directly affects local responsibilities und interests. Hemce, local knowledge fre-
quently is necessary to reach rational management decisions at the state level.
These decisions in turn should be reflected at the Federal level. Thus, making it
necessary to reflect the interests of local governments in accommodating competitive
needs.

The President's Commission on Marine Engineering and Resources has given con-
siderable thought to the problem of Coastal Zone Management. It recognized the tre-
mendous significance of this problem by designating a panel to study it specifically
during its two-yesr tenure. In fact, of the many recommendations made by the Com-
mission to accelerate the development of marine resources the closest program con-
sidered for the possible category of a crash program was that of Coastal Zone Man-
agement. This is necessary because of the rapidly accelerating rate at which exist-
ing coastal zone areas ar¢ being comsumed for a variety of purposes, without any
long-tern planning or often recognizing the legitinate needs of competing uses both
industrial and sociological, As a result of the studies of this Commission panel,
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as well as of the entire membership a mmber of specific recommendations have been
made. Seme of the major omes include:

1.

-

o

o

©w

11.

12,

13,

A coastal management act be inacted to provide policies and objectives for
the. coastal zone, and authorize federal grants-in-aid to facilitate estab-
lishing state coastal zome authorities empowered to manage the cuastal
waters and its adjacent land.

Tederal legislation to aid states to establish coastal zone authorities
should not impose any particular form of organization. But it should re-
quire approval of each grant be contingent on showing that the proposed
organization has the necessary powers to accomplish its purposes, has broad
representation, and provide adequate opportunities to hear all viewpoints,
before adopting or modifying its coastal development plans.

The land and water conservation fund be more fully utilized to acquire wet
lands and potential coastal recreation lands. Fnart legislation authorizing
federal guarantees of state bonds for wetland acquisition when necessary to
implement the coastal management plan,

ALL federal agencies providing prants-in-aid to states, or engaging in
coastal, activities should review all projects for consistency with plans by
the state coastal zone authority.

Estuarine studies should be conducted by the Department of the Interior to
identify areas to be set aside as sanctuaries to provide natural labora-
tories for ecological investigations.

Federal and state agencies with coastal zone responsibilities should pro-
vide more adequate support for scientific and engineering research on
coastal problems. This includes making an inventory of the multiple re-
sources in this area.

Universities affiliated with coastal laboratories should be encouraged to
provide aid to state officials on coastal issues and for their training,

The National Oceanic and Atmospheric Agency in collaboration with the
Department. of Transportation, U.5. Amy Corps of Engineers, and the Atomic
Energy Commission should support feasibility and fundamental engineering
studies relevant to the development of offshore terminals, storage facili-
ties, and muclear power plants,

Legislation be enacted to enable the AEC to consider environmental effects-

of projects under its licensing authority.

. Rivers and Harbors Act of 1899 be amended to empower the U.S. Amy Corps of

Engineers to deny a pemmit in order to preserve important recreation, con-
servation, or esthetic values, or to prevent water pollution.

The FWPCA should give increased emphasis on research to identify specific
pollutants and their effects, Immediate action by this agency aided by the
National Oreanic and Atmospheric Agency should be taken to develop instru-
mentation and to detect and record pollution lcads as part of an overall
estuarian monitoring network,

Review enforcement procedures by federal agencies to strengthen enforce-
ment. of existing laws, and Presidential orders concerning pollution abate-
ment.

Federal assistance should be given to states and localities adequate to

permit the construction of waste treatment facilities at the rate already
authorized by law.

20
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The Comission recomended also that coastal zene policies should recognize the
desirability to provide an outlet for the energy and imnovative talent of individual
entrepremures.  Many ways exist in which these energies might be applied including
not only for aquaculture projects but for underwater tourism. States should develop
precedures to pemit the leasing of offshore areas for new uses consistent with the
overall plans of the state coastal zone authorities to develop these areas.

It was felt by sone that undervater leases of this type might capture some of
the excitement and public interest spurred by the Homestead Act of 1862. Such “sea-
steads" might be offered for exterded periods on attractive temms contingent upon
the useful developent of the marine tract so that it would still safeguard neces-
sary navigation, fishing, and other uses of the superjacent waters, and would also
be integrated for the overall plan for the development of the Coastal Zome. In this
comnection, it should be enphasized that oil, gas, and mineral rights could not be
conveyed through a seastead plan.

Estinated costs of the various facets necessary for a comprehensive, efficient,
and successful plan to manage the Coastal Zone were sumarized in Table 2. It is
not too soon to start implementing the many recomendations made by the Comission
for the Coastal Zone of the United States, which is the Nation's most valuable geo-
graphic feature if it is to be developed in an optimm manner for all concerned. Yot
1t must be done in a mapner compatible for the best short- and long-term interests
of the diversified segnents of the industrial and sociological components of our
society. Otherwise it will not be possible to cope successfully with the myriad of
problems involved in this area which holds for our nation so much promise, as well
as unfortunately problems. Hopefully, the latter will not be insurnountable if the
entire Nation is to derive the naximm benefit from this area.
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