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Introduction 

Change is a constant in human experience, but the current decade, 

and the one that will follow, present particular challenges that must 

and will be met to maintain the strong economy and the quality of life 

of West Texas. The interdependence of the economy -- local, state, 

national and international -- posits that the future of West Texas is 

of great significance far beyond its geographic limitations. 

It is for these reasons that Texas Tech University's Inter

national Center for Arid and Semi-Arid Land Studies (!CASALS), the 

Lubbock Chamber of Commerce, and the West Texas Chamber of Commerce 

joined to arrange a conference on WEST TEXAS NATURAL RESOURCES: 

ECONOMIC PERSPECTIVES FOR THE FUTURE. This one-day conference was 

held on the campus of Texas Tech University of Friday, April 22, 1983. 

The objective was to analyze the changing patterns in the land, water, 

energy and human resources base, which will present both challenges 

and opportunities for development . The conference brought together 

more than 150 business, government and university leaders, and a large 

number of faculty and students, in an open discussion of the impact of 

these changes on the long-term economic outlook for the regional 

economy. This publication constitutes the proceedings of that 

conference. 

We wish to acknowledge the invaluable work of the Steering 

Committee and our cooperating agencies, the Lubbock Chamber of 

Commerce and the West Texas Chamber of Commerce. We are grateful for 

the interest and assistance of the Offices of the Governor and the 

Lieutenant Governor of Texas, and the Office of the Texas Commissioner 

of Agriculture; Senator John Montford of the 28th Senatorial District; 

various other members of the Texas Legislature; and Representative 

Kent Hance of the 19th U.S. Congressional District of Texas. 
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Keynote Address * 

West Texas Natural Resources: 
Beyond 2000 

WILLIAM P. HOBBY 
Lieutenant Governor of Texas 

Austin, Texas 

It is particularly gratifying for me to be back on this campus , 

since my father worked very hard when he was lieutenant governor and 

governor t o establish this institution, and just 60 years ago was 

appointed to serve on the first Board of Regents of Texas Tech. So 

this institution has a particular place in my heart. 

We are here to discuss the long-term economic outlook for the 

West Texas economy . The long-term outlook is good. Texas has a great 

future, but the quality of that future depends heavily on our good 

judgment and foresight. 

A decade ago Texas reached nationwide importance and economic 

prominence because of the dramatic increase in our per capita income, 

accompanied by a significant population increase . This was a product 

of our special circumstances -- a good climate, employment 

opportunities , rising energy prices, and a very favorable business 

climate. The question is , will we be able to maintain this momentum 

as we move toward the year 2000? I see that Vic Arnold, the former 

director of the Texas 2000 Project, spoke to you this morning and I 

hope my words will not be too repetitious of his because much of what 

I have to say is founded on the very fine work that Vic did on the 

Texas 2000 Project . 

Factors that must be considered in progressive planning include 

our population increase. We should see a continuation of the past 

decade's growth rate -- about 3 percent every year through 1990, and 

at that point the growth rate will probably decrease about 1 percent 

per year to the turn of the century. Our present population will have 

*Luncheon address presented April 22, 1983 , at the University Center 
Ballroom, Texas Tech University 
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increased to 22 million by that magic year 2000. Our economy, as well 

as our natural resources, will be strained by this growth. For 

example, with the projected age structure of the population we will 

need to create more than 170,000 new jobs every year just to maintain 

current employment levels. 

In West Texas discussion of the long-term economic outlook 

immediately brings to mind thoughts of water. Current and foreseeable 

water shortages already affect agriculture, industry and urban life. 

In the year 2000 water use may be at 21.5 million acre-feet, which 

greatly exceeds dependable water supplies even with cutbacks in 

irrigation. 

Texas agriculture is in the process of gradual change, in part 

because of declining water supplies and rising energy costs. If ' this 

change is not reversed, agricultural production will decline in Texas. 

The answer is accelerated research programs aimed at increasing 

productivity and developing new agricultural technologies. At the 

same time, we must practice conservation techniques. 

Turning to energy, the declining trends in our oil and gas 

production have implications for every sector of the economy. We 

must, to reverse these trends, emphasize three factors: first, 

conservation of conventional reserves; second, those yet undiscovered; 

and finally, tertiary reserves. Much research and development remains 

to be done in the tertiary recovery process. One program going on in 

state government with the Bureau of Economic Geology is the 

·characterization of geologic reservoirs to determine the potential for 

in-field drilling. !t appears that there is great potential in some 

areas for additional recovery with slight variances in well spacing. 

These are only several of the principal conditioning factors 

related to the future of the Texas economy as we move toward the 21st 

century. However, like others who are addressing this conference, I 

look with considerable optimism at our future. We will find answers 

to our problems in water, agriculture and energy. 

find are dependent on research and development. 

The answers that we 

The state, the 

private sector, and the great universities and foundations of Texas 

must create greater awareness of the vital role of research and 

development and generate funds with which to accomplish these crucial 
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objectives. This conference, bringing together representatives of the 

state government, business and universities, helps create awareness of 

these needs. It is appropriate that Texas Tech, combining with the 

Lubbock and West Texas chambers of commerce, focus attention on the 

problems of this vital region of our state. 

I wish to commend the research being conducted at this 

institution through its International Center for Arid and Semi-Arid 

Land Studies; its Water Resources Center; its internationally 

recognized College of Agricultural Sciences; the work that is being 

done in engineering -- for example, in energy research; in the fields 

of nutrition and health sciences; research by social scientists and 

those in the humanities on human responses to environment. 

The West Texas environment presents a challenge to us all. 

Because of the agribusiness character of a major sector of this 

economy, a special challenge is presented to farmers and ranchers. 

Traditional agriculture has historically attempted to modify the 

environment to suit the growth of some particular plant. The time has 

come to reverse that philosophy and attempt to modify the plants to 

fit the particular environment. This can be accomplished through 

dedicated research and development by our universities in cooperation 

with private enterprise, by either developing new genotypes of 

existing crops or by introducing new and unconventional crops never 

before cultivated. In addition, new advancements in biotechnology are 

opening avenues for genetic engineering of plants and animals never 

dreamed of 10 years ago. These technologies are coming on line at a 

rapid pace, and they forecast a bright future indeed for those 

creative and responsive enough to take advantage of these 

opportunities. 

Texas has the momentum and the human resources to bring these 

challenges to fruition. We must support the research effort in the 

development of the utilization of our natural resources, and the 

universities must lead in that effort. 
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TheTexas2000Report 

VICTOR ARNOLD 
Director 

Bureau of Business Research 
University of Texas 

Austin, Texas 

The Texas 2000 Project was initiated in the Office of the 

Governor in 1980 to identify and project changes in Texas' population, 

natural resources, economy and service infrastructure during the next 

20 years, develop and analyze alternative state policy response and 

propose long-range solutions. 

The areas selected for attention were water, energy, agriculture, 

transportation, research and development, government finance, and 

relations with Mexico. There are other issues important to the 

future -- for example, education, health, housing, human services and 

recreation. The state's ability to deal with these human resource 

issues will depend, however, on its success in meeting the economic 

development challenges associated with the selected issue areas. Each 

of these areas holds great potential for the state, and each is a 

potential threat, for if not properly nurtured, any one area could on 

its own put a damper on the Texas economy. 

Let me turn now to the areas themselves. Water scarcity holds 

the greatest potential for disrupting the Texas economy and is the 

single most important issue addressed by the Texas 2000 Project. A 

dramatically different approach to water needs is needed to avoid 

present and foreseeable acute water shortages -- shortages that will 

not only affect urban life but substantially reduce agricultural 

productivity and industrial growth. The seriousness of the water 

issue has prompted the Texas 2000 Project to recommend a series of 

innovative state actions to alleviate a predicted water deficit of 8.5 

million acre-feet by the year 2000. The long lead time of 15 to 30 

years for completion of major water projects makes immediate action 

necessary. 
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To accomplish needed water projects, the state will have to 

revise existing legislation and break with some time-honored 

traditions. The project has recommended that the Texas Department of 

Water Resources be authorized to undertake water projects that involve 

interbasin transfers of water, a practice now prohibited by state law 

except under certain conditions. Furthermore, the project reconnnended 

that the Texas Department of Water Resources and the special districts 

develop and implement a statewide system for groundwater management -

a departure from state law that currently provides no incentives for 

water conservation. These and other water activities must be 

coordinated in a comprehensive Texas water plan. The Department of 

Water Resources is in the process of preparing such a plan. The 

project emphasizes that the water plan should include conservation and 

water quality projects and options for importation of water from other 

states and Mexico as well as more conventional surface water projects. 

The state's concern about energy is almost as great as its 

concern about water, but the state's role in energy development is 

vastly different. We have a state economy that is heavily dependent 

on the energy industry and a state government that derives more than 

20 percent of its operating budget from oil and gas severance taxes. 

Of course the project recommends continued exploration, development 

and production of non-renewable energy sources. At the same time, we 

recouunend stepped-up research in the development of currently 

subeconomic resources -- mainly nonconventional oil and gas and deep 

basin lignite. We also strongly support continuing serious research 

in the areas of biomass, solar, and wind as energy sources. 

We recommend the continued use of nuclear power for generating 

electricity. We should employ nuclear power to supplement other 

non-renewable resources until renewable sources become economically 

available. We clearly state, however, that resolution of nuclear waste 

disposal issues and protection of public health and safety must 

accompany the operation of nuclear plants. We Texans like to produce 

energy, but we believe in conservation, too. We reconnnend the 

continuation of conservation efforts through state supported 

educational and technical programs. 

6 -



Texas is the primary cattle state. In 1980, Texas ranked third 

behind California and Iowa in agriculture cash receipts in the United 

States $9.9 billion. Our agricultural industry faces two major 

threats: a slowdown in the rate of growth in agricultural produc

tivity and water scarcity. The reasons for the slowdown are many: 

the high cost of fuel and fertilizer, labor unavailability, high 

interest rates. We have already addressed the water issue but it must 

be emphasized that irrigation as we have used it in the past cannot 

continue. The water will not be there from current Texas sources. 

The agricultural industry, particularly in the High Plains, is going 

to have to adapt to new crops and new techniques in order to survive. 

In past years, research and development has been a key to 

increased agricultural productivity and profitability. If we are 

indeed reaching the limits of traditional farming methods, it is time 

to renew our faith in the ability of our research and experimental 

institutions to help us out. Texas boasts some of the finest 

agricultural research programs in the country, and the project 

recommends increased support for these programs. We also recommend 

greater concentration on education and technical assistance to farmers 

and ranchers through our agricultural extension service and corre

spondingly less emphasis on home economics and social planning. We 

are suggesting an evaluation of the Texas Department of Agriculture's 

marketing program to find out if a greater investment in promotional 

activities will increase overseas sales of Texas food and fiber. 

Finally, we feel that the regulations that govern transportation of 

agricultural products must be examined. High transportation costs are 

a hardship for producers and a large factor in high prices consumers 

must pay. 

Americans take mobility for granted. Texans in particular like 

their cars -- we. travel 1,300 vehicle-miles more per year than the 

national average. What will our already crowded roads and highways be 

like with 50 percent more traffic? We'll have the chance to see; by 

the year 2000, just 17 years from now, the population of Texas will 

have increased by 50 percent, from more than 14 million to 21 or 22 

million. 
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Our state and local transportation planners have a twofold 

challenge -- to keep our roads and highways in good repair while 

expanding the system for our growing population. All of this must be 

done in the face of uncertain federal funding, declining gas tax 

revenues and rising costs. Roads and highways are only part of the 

transportation story. 

The full story is a complicated mixture of public and private 

services that allow us choices among air, rail, waterway, pipeline as 

well as highway to move our freight and ourselves. To help in 

planning for the future, the project recommends that local governments . 
and state agencies with responsibilities for transportation complete a 

needs assessment through the year 2000 . From these needs assessments, 

a statewide transportation plan could be drawn up, and some ideas of 

costs to the year 2000 would be available to the governor and the 

legislature. 

The project recommends that a task force study the possible 

reorganization of state transportation responsibilities, and that an 

independent study of intrastate transportation regulation be made. 

Furthermore, the project recognizes that us er fees must pay an 

increasing portion of the cost of all forms of transportat i on. 

Certain services will never be self-s upporting, but the project 

recommends that the state begin to shift the burden of paying 

transportation costs to the users of the systems. The r evenues should 

go to maintaining the system that generated them. 

If our transportation experts are correct, we should see a 

national trend toward application of user fees to publ i c services. We 

can hope that user fees will create cons cientious and informed 

consumers as well as more cost-efficient providers of transportation 

services. 

Texans overwhelmingly pref er traveling by personal auto instea d 

of using public transportation. However, rising energy prices, 

traffic congestion and air pollution are all reasons to provide 

assistance to local governments for public transit systems. The 

project recommends that the state continue to gi ve planning, technical 

and financial assistance for local public transit systems. 
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At this point the project came to an important realization: the 

words "research and development" were becoming a familiar refrain in 

each area examined. "R&D" was needed in water development, for topics 

ranging from desalination to aquifer geology; in energy, for improved 

oil recovery to synthetic fuels; in agriculture, for genetic 

engineering to pesticides; and in transportation, for traffic control 

to paving materials. 

Research and development is more than a means to a number of 

ends, however. Investment in research and development is becoming an 

economic necessity if Texas is to remain in the forefront of high

technology industry. Ideally, Texas would like to be more than a 

location for these industries. Texas would like to be a complete 

center for high technology with education, research and industrial 

facilities second to none in the country. 

A successful research and development program will draw heavily 

on the state's educational resources, further challenging Texas 

universities and colleges to produce more and better-trained 

scientists, engineers and technicians. Texas has reason to seek 

preeminence in fields other than energy . An overall decline in fossil 

fuel production i s inevitable, even if temporary increase s occur. 

Texas needs to diversif y to sustain its economy. Research and 

development can be a key to diversification. 

When we turn to government finance, we find that uncertainty is a 

dominant factor. We are uncertain about oil and gas r evenues , 

uncertain about "new federalism," uncertain about our willingness to 

tax ourselves to pay for public services. 

We know that education consumes 50 percent of state expenditures. 

It is the single largest expense of local governments and the cost 

continues to rise. We know that oil and gas production has declined 

since 1972 and that thus far price increases have offs et production 

decreases; state revenues have not y e t started to decline. We know 

that water projects wi ll cos t $30.2 billion through the year 2000 and 

that changes in the federal budget will alter and probably reduce 

funds corning to s tate and local governments. We know that growth is 

expensive -- expensive especially to local government that is under 
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continual pressure to expand municipal services for the in-migrants 

and industries arriving daily to Texas. 

These things that we know are of great concern in our long-range 

planning. And, they warn us that we must provide state and local 

governments the tools to project and respond to changing economic 

conditions . The project's recommendations reflect this "watchful" 

approach to government finance. 

We recommend that the governor and legislature create an· economic 

advisory council to monitor and evaluate changes in the revenue and 

expenditure patterns of state and local government . The economic 

advisory council would be requested to make long-range studies of 

state and local tax structures, education funds and funding and other 

topics relating to government finance. 

In addition to the council, the project recommends the develop

ment of an economic-demographic model to track, understand and project 

the changes in the Texas economy and population. The project feels 

that properly employed, both the council and model can be outstanding 

techniques to guard against the kind of crisis that arises from 

unattended incremental change. We may find that these same techniques 

alert us to a number of opportunities for economic development as 

well. 

Now we turn to the final topic that the project addressed: 

relations with our neighbor, Mexico. The importance of this topic 

cannot be equated to its position in the report. Mexican/U.S. trade 

is thriving and holds immense promise for both countries. A good 

relationship is of international significance, economically and 

politically. 

Therefore, Texas, having 1,200 miles of border with Mexico, is in 

an excellent position to take the lead in advising the U. S. government 

on relations between the two countries. Texas should expand its 

educational, cultural and technical exchange programs with Mexico and 

above all, should organize and consolidate the offices that promote 

Mexican relations so that information and services are easily 

accessible. 

Our recommendations reflect the need observed for clarification 

of existing Texas-Mexico initiatives, and for attention to economic 
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development along the border. We resisted making firm statements 

about immigration in favor of calling for a thorough study of the 

magnitude, economic impact and attitude toward immigration. We felt 

that additional information could be very useful in establishing new 

policies toward immigration. 

This covers the seven areas, but we have yet to discuss our most 

important findings. Four general conclusions that transcend the 

specific areas of concern we have examined are: 

(1) First, basic issues in each area are closely interwoven. 

For example, agricultural productivity in the future is 

heavily dependent on what Texans do about water and energy 

supplies and transportation facilities, as well as on the 

new technologies that agricultural R&D may yield. Achieving 

the diversified energy base that Texas needs will not only 

require R&D but also solutions to water and transportation 

problems. Similar interdependencies exist in the other 

areas. 

(2) Second, it is believed that an increased and strategically 

focused R&D effort is fundamental to Texas' . future. This 

effort is needed for two rather different purposes: (1) to 

help solve water, energy, agriculture and transportation 

problems, and (2) to assume that Texas becomes a leader in 

the new technology-based industries rapidly emerging through 

the world -- industries which inevitably will constitute the 

new leading sectors in future economic growth. 

We recognize that R&D is a complex process, stretching from 

fundamental scientific research through multiple phases of 

experiment, development, and application. A successful R&D 

program requires close cooperation among creative 

scien~ists, engineers, and private entrepreneurs, as well as 

management by people who understand the crucial role of 

R&D. 

(3) Third, we recognize that federal resources available to help 

finance activities of state and local government are being 

cut severely. Looking ahead, we expect the policies of 

future national administrations and Congress to vary on this 
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matter. Our judgment is that the citizens of Texas would be 

wise to assume that states will have to rely increasingly on 

their own resources. For example, it is up to Texans to 

solve Texas' water, energy, agricultural, and transportation 

problems and to build the R&D capacity necessary to solve 

such problems. No one else is going to do these things for 

us. 

(4) Fourth, the project's work should be regarded as the 

beginning of a sustained process. It is important that 

Texas connnit itself to an active and permanent long-range 

planning process, with the resulting information made 

available to the public and private decision-makers around 

the state. 

In conducting our work and in making our recommendations, we 

adhered to three principles, all of historical importance to Texas: 

(1) Keeping the role of government at a minimum. Our recommen

dations are focused primarily on improving the performance 

of state government as it is presently organized. Thus, any 

recommendation suggesting a new governmental entity was 

examined very critically. 

(2) Assuring that the favorable business climate, which has 

been a major factor in the growth of Texas' economy, is 

preserved and enhanced. 

(3) Preserving to the greatest extent possible the tradition of 

local autonomy and responsibility . 

We are living in uncertain times, however, and extraordinary 

actions may be demanded of us or our government . We hope that the 

Texas 2000 Project is the beginning of a continuing process of looking 

ahead and adjusting state actions as circumstances change . With 

vigilance and innovation, we can maintain a Texas state government 

that will preserve our heritage and enhance individual opportunity for 

advancement. 
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The west Texas Economy: Tomorrow 

ROBERT L. ROUSE 
Professor 

Department of Economics 
Texas Tech University 

Lubbock, Texas 

I have been asked to comment on the prospects of the West Texas 

economy for growth during the next two decades. In approaching this 

topic, it is my intention not only to identify the trends that will 

support a continued growth of the area but also to discuss factors 

that may limit that rate of growth. 

What is the area included in West Texas? A moment's reflection 

would suggest that there is no standard definition as there is in the 

case of political entities such as cities or states where precise 

boundaries are defined. Thus, many definitions may and do occur. For 

example, the West Texas Chamber of Commerce includes .in West Texas the 

cities of Fort Worth, Arlington and Waco and the areas west of those 

cities. The Texas 2000 Report identifies the area of the Panhandle 

and West Texas as beginning west of the Fort Worth-Waco area and 

excludes border areas such as El Paso. Some years ago a book written 

about the West Texas economy considered the spine of West Texas to be 

the Texas and Pacific Railroad from Fort Worth to El Paso. 

In addition to the problem of definition, the lack of a well

developed data base also complicates the discussion. Most data is 

developed for political entities such as cities, counties, states and 

the nation. Little data may be available for particular sub-units of 

these entities so conclusions are necessarily more tentative. 

Different methodologies also may be used to develop a scenario 

for future prospects of an area. One possibility is to use an 

econometric model but no such model is available for West Texas, and 

it is only recently that models have been developed for Texas. 

Another possibility is to extrapolate trends and the Texas 2000 Report 

essentially uses this technique fitting S-shaped curves to the data. 
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My own approach is much more intuitive and relies on observations 

about the state of the development of the West Texas economy and 

perceived trends in the nation and the area that may affect that 

development. Primarily, three major factors will affect the rate of 

growth of the West Texas area: the performance of the national 

economy, the rate of population growth, and the structure of the 

regional economy. 

THE NATIONAL ECONOMY 

Local and regional economies are greatly affected by the 

performance of the nation's economy. When a recession occurs in the 

United States as it has this past year, it has depressing effects on 

local economies. However, it does not affect these areas and regions 

with equal impact. For example, a 10 percent unemployment rate in the 

United States may translate into an 18 percent rate in Detroit and a 6 

percent rate in Lubbock. Nevertheless, during the recession both 

localities experience an increase in unemployment rates. 

If we assume that the nation's economy would be relatively 

stagnant for the next two decades, then the outlook for growth in the 

West Texas area would be much more bleak than if we assume a vibrant 

national economy with a fairly high growth rate. The Texas 2000 

Report uses such a favorable growth rate for the national economy when 

it assumes that the annual growth rate experienced between 1959 and 

1979 (3.6 percent) will continue to the end of the century. 

Such an assumption seems very reasonable; in fact, it may be 

conservative since certain factors may be developing which would 

encourage a more rapid rate of growth. One such major factor, in my 

opinion, is the age composition of the population in this country. 

During the late 1960s and the 1970s the number of new entrants in the 

labor force was exceptionally large due to the high birth rates of the 

late 1940s and 1950s. The economic system was taxed to provide 

employment opportunities for the bulge in this age group of the 

population. Furthermore, a larger percentage of the labor force was 

relatively inexperienced and this resulted in an unfavorable impact on 

productivity. 

This circumstance will reverse in the late 1980s. New entrants 

into the labor force will come from the births of the late 1960s and 

14 



early 1970s when the "baby bust" replaced the earlier baby booms. In 

addition, the labor force as a whole will be more experienced with a 

resulting favorable impact on productivity. This could be very 

stimulating to the economy. 

Therefore, my conclusion is that prospects for the national 

economy seem favorable for the remainder of the century and thus 

should not be a limiting factor on the growth of the West Texas 

region. 

THE RATE OF POPULATION GROWTH 

Rapid population growth stimulates the economy and results in 

faster growth rate. The increases in population increase the demand 

for all types of goods and services. This not only includes consumer 

goods but also includes housing and other types of investment goods as 

well. 

Population projections are available for Texas. For example, the 

Texas 2000 Report projects that population in the state will increase 

from 14,299,191 in 1980 to 17,703,000 by 1990 and 22,091,000 by 2000, 

a rate of increase in excess of 24 percent. 

Even higher projections come from the Joint Center for Urban 

Studies at MIT and Harvard. This agency projects a 29.2 percent rate 

of increase during the 1980s with a resulting population of 18,389,000 

by 1990. 

While the projections are for the state as a whole, West Texas 

should share in this increase although perhaps at a lower rate than 

the eastern part of the state. The natural rate of increase is likely 

to remain high, particularly considering the higher birth rates of the 

Hispanic population. In addition, migration should be favorable 

because of the search for more favorable labor markets as well as 

autonomous migration for such reasons as retirement. 

THE STRUCTURE OF THE ECONOMY 

Extremely important to the growth of the West Texas area are the 

prospects for the various sectors in this economy. In performing this 

type of analysis it is helpful to differentiate between primary 

sectors and secondary sectors of economic activity . 

Primary sectors produce goods and services for sale outside as 

well as within the region. These are the export sectors of the 
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regional economy and bring money into the region. Secondary economic 

activity features economic units providing goods and services for each 

other as well as the primary sectors. Thus, money brought into the 

region through a primary industry flows through the regional economy, 

creating activity in the secondary sectors. 

Historically, the primary sectors in the West Texas region have 

been primarily natural resource-oriented. Agriculture and agri

business have been the dominant activities with their associated 

ranching, farming and various agribusinesses such as cotton seed oil 

mills. The petroleum and natural gas industry has been a very 

important sector and the huge resource of oil and gas has contributed 

to the economic well-being of many communities. 

Of lesser importance has been the government sector, with mili

tary installations and other governmental activity which have brought 

money into the West Texas economy. On the other hand, industrial 

activity with the exception of the agribusiness area and activity 

related to the petroleum and natural gas industries has not been well 

developed. 

As we look to the future concerning agriculture. and agribusiness 

in West Texas, the following observations seem warranted. First, 

agriculture and agribusiness will remain a most important export 

industry to West Texas, although in my judgment, it will decrease in 

relative importance during the next two decades. Thus, this sector 

cannot be expected to be the major contributor to a rapid growth in 

West Texas, although it should remain a major bulwark of the West 

Texas economy. 

Second, from the demand side, long-term prospects seem very 

favorable to agriculture since the potential demand for agricultural 

products remains high and is likely even to increase as world 

population increases. The Malthusian dilemma remains with us. In 

addition, agriculture in West Texas as in America is highly productive 

and enjoys a comparative advantage for many agricultural products when 

compared to the rest of the world. 

Third, West Texas agriculture has certain constraints, particu

larly in the irrigated areas of the High Plains. Depleting water 

tables seem certain to reduce the amount of irrigated agriculture by 

16 



the year 2000. In addition, irrigated agriculture is energy-intensive 

and with the increased costs of energy, the price-cost squeeze may 

from time to time be a serious problem to many farmers as it has been 

recently. 

Fourth, the increase in relative importance of foreign markets 

for West Texas agricultural products is likely to continue. Approxi

mately 30 percent of Texas agricultural production now enters 

international trade and this percentage is likely to increase in the 

future. One result of this dependence on foreign markets is that the 

attitude of the people in the agricultural sector of the West Texas 

economy is likely to become more internationally oriented. As this 

occurs, less and less support for "neoprotectionist trade policies" 

likely will occur from the population in this area. 

In summary, the agricultural sector of the West Texas economy 

cannot be expected to be a major contributor to a more rapid rate of 

economic growth in the West Texas area. It should be pointed out, 

however, that there is little evidence to indicate that developments 

in agriculture will contribute to a decline in economic activity in 

the West Texas area. It should remain a most important sector to the 

economic health of the West Texas area. 

Also, it is unlikely that petroleum and natural gas activity 

should be a major contributor to economic growth of the West Texas 

area during the next few years. Despite new discoveries, current 

projections indicate a decline in the physical output of petroleum and 

natural gas. This decline is not expected to be precipitous so there 

is little likelihood that a major economic disruption will occur in 

this sector in the near future. West Texas will remain one of the 

major producing areas of petroleum and natural gas, but the prospects 

of this sector serving as a primary industry with good growth 

prospects is not high. One should note that the importance of this 

sector to other economic activity should continue undiminished since 

there may be considerable incentive for some types of activity to 

locate close to sources of energy. 

Nor is it likely that any significant changes will occur in the 

government sector in the West Texas area. Relatively, this sector 

likely will diminish in importance and a declining percentage of 
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economic activity will be generated by federal and state governmental 

activities. 

Thus, the sectors that historically have contributed to a rapid 

rate of growth to West Texas in the past would appear unlikely to 

contribute to an increased rate of growth in the future. While they 

may be expected to support the existing economic structure and 

activity of the region, additional growth will need to come from 

developments in other sectors. In my judgment, there are many 

favorable factors for the expansion of several sectors in the West 

Texas area, and with this expansion, the economy should continue to 

grow. 

The most important sector with favorable prospects for expansion 

in West Texas is industry. I do not intend to restrict this to 

manufacturing activity although that certainly is an important part. 

In addition to production of goods, the classification would also 

include service industries such as financial and medical services. 

There are several reasons why industry may grow more rapidly in 

West Texas in the forthcoming years. First, in this country there is 

a trend toward industrial dispersion to the Sunbelt, and West Texas 

has already benefited and is likely to continue to benefit from this 

dispersion. 

Second, West Texas has the advantage of possessing a labor supply 

that is lower in cost than in many other sections of the country and 

many firms find this very attractive in their relocation plans. 

Third, the industrial climate in West Texas currently is very 

favorable to industry. For example, Texas provides a favorable tax 

environment, unions are less well developed, and state and local 

governments generally exhibit a more favorable attitude toward 

business. 

Fourth, the infrastructure in West Texas compares very favorably 

with other sections of the country. For example, the network of 

highways -- while in need of repair and improvement in many places 

is of sufficient quality that it is a favorable factor for attracting 

industry to the West Texas area. 

Fifth, population growth itself will promote industrial 

development in the West Texas area. As population increases, the 
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market expands and many activities are stimulated to meet the growing 

needs of the market. In addition, the expansion of population in West 

Texas may provide the demographic base to locate industries in the 

area to produce products that have been previously imported from other 

areas. Thus, the productive activity is increased. 

Other factors favoring location of new industry in the West Texas 

area would include advantages in access to energy sources, and the 

possible attraction to "high tech" industries of the research and 

development environment that may be associated with a major university 

such as Texas Tech at Lubbock. 

One final word should be said with respect to this sector. All 

too often we think in terms of considering industrial development only 

in the sense of attracting the relocation of firms from other sections 

of the country. While this is very important, one should not lose 

sight of the fact that the growth of existing firms in the area as 

they expand their markets both domestically and internationally is 

also extremely important to the industrial development of the area. 

In addition to the industrial sector, there are other emerging 

sectors in the West Texas area. Higher education has become an 

important export sector, particularly in cities such as El Paso and 

Lubbock where large state universities exist and in Abilene where a 

number of private institutions are in operation. The health-care 

sector has rapidly developed in the Lubbock area, resulting not 

only in a reduced percentage of imports of health-care services by the 

West Texas region but also an increase in the percentage of exports of 

health-care services, particularly to eastern New Mexico. The 

retirement sector may also be an emerging export sector to the West 

Texas area. 

In conclusion, continued economic growth seems likely in West 

Texas. The sectors that lead that growth may be in the process of 

changing but many favorable factors exist for a continued economic 

development of the West Texas region. 
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west Texas Land Resources: Beyond 2000 
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Lubbock, Texas 

West Texas, for the purpose of this paper, constitutes that part 

of Texas lying west of a line running from Wichita Falls in the north 

to San Antonio and Laredo in the south (Map 1). It contains about 95 

million acres of land, which is approximately 56 percent of the state. 

The region includes five land resource areas (Table 1), each of which 

has similar climate, landscapes, soils, vegetation, and animal life 

(Godfrey et al., undated). If West Texas were a state, it would be 

the third largest in the United States. 

CLIMATE 

Rainfall and temperature are the major climatic factors affecting 

the distribution and production potential of agricultural land. In 

West Texas, average annual precipitation, most of it in the form of 

rain, ranges f r om a high of about 28 inches in the east to 8 inches in 

the westernmost point at El Paso (Map 2). The Trans-Pecos land 

resource area is a region having maximum rainfall in summer, whereas 

in the rest of West Texas there are rainfall peaks in May and 

September. Rainf all and temperature are affected by topographic 

differences, which leads to rather abrupt changes in both climatic 

factors over short distances in hilly and mountainous areas. 

Annual temperatures vary from 74°F at Laredo to 62°F at El 

Paso, 54°F at Dalhart, and 64°F at Wichita Falls . The frost-free 

growing season is about 290 days at Laredo and 180 days at Dalhart, in 

the northwestern corner of the Panhandle . Everywhere except in the 

northern Panhandle, the climate i s suitable for cotton, which r equires 

a long and hot growing season . Practically all other conunon crops 

except citrus and rice can be grown throughout the region. 
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Map 1 

WEST TEXAS 
Land Resource Areas 

BA Winter Garden 
9 Edwards Plateau 

10 Rolling Plalna 
11 High Plalns 
12 Trans Pecos 

Cities: Ab = Abilene; Am= Amarillo; EP = El Paso; La = Laredo; 
Lu = Lubbock; M =Midland; SA = San Angelo; SAn = San Antonio; 
WF = Wichita Falls 
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Table 1 

ACRES OF LAND IN WEST TEXAS 
LAND RESOURCE AREAS 

Land resource area Acres 

Rolling Plains 24,000,000 

High Plains 19,500,000 

Edwards Plateau 24,000,000 

Winter Garden 9,360,000 

Trans-Pecos 18 2 000 2000 

TOTAL 94,860,000 

LAND RESOURCE AREAS 

The Winter Garden area is a subdivision of the Rio Grande Plain. 

It is a nearly level to rolling plain. Native vegetation consists of 

thorny shrubs, mesquite, and tall and short grasses. Most of the land 

is used for ranching, but irrigated and dryland farming of vegetables, 

cotton, grain sorghum, and forage crops are also important. Soils are 

deep, calcareous, and medium-to-fine-textured, for the most part. 

Elevations range from 200 to 1,000 feet. 

Shallow and stony calcareous clays and clay loams are dominant in 

the uplands of the Edwards Plateau, at elevations of 1,500 to 3,000 

feet. There are minor areas of deep alluvium in the valleys. The 

landscape is a deeply dissected stony plain covered with live oak, 

shin oak, cedar, mesquite and short grasses. Desert shrubs such as 

creosotebush are found in the drier western part of the plateau. 

Nearly 98 percent of the land is in range. Texas wool and mohair 

production is largely confined to this land resource area. Deer 

numbers are large. There is only limited production of irrigated and 

dryland crops in the valleys. 

The landscape of the Rolling Plains is nearly level to rolling 

with scattered low hills. Grass is the dominant native vegetation but 

much of the rangeland is now covered with brush. Elevations go from 

1,000 to 3,000 feet. Dryland and irrigated grain sorghum, wheat, 

cotton, and forages are important crops. Three-fourths of the land is 

used for grazing. Practically all soils are calcareous but some are 
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Map 2 

WEST TEXAS 
Average Annual Precipitation 

Inches 

-WHI Tex• lend 
resource bound•ry 

20 
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sandy and deep, others are stony and shallow, while still others are 

clayey and deep. Saline soils are associated with gypsum deposits and 

shale geologic material. Wind erosion on sandy cultivated soils is a 

major problem. This land resource area is second -- in Texas -- only 

to the High .Plains in the amount of cultivated land within its 

boundaries. 

About 60 percent of the High Plains land resource area is 

cropland, principally used for cotton, grain sorghum, corn, wheat, 

vegetables and sugar beets. In an average year, approximately half of 

the cropland is irrigated with water from the Ogallala Aquifer. The 

High Plains is a tableland lying at 3,000 to 4,000 feet above sea 

level and is characterized by thousands of small depressions called 

playas. The only major dissection of the tableland is the Canadian 

River valley north of Amarillo. The vegetation is dominantly short 

grass. Soil textures change progressively from the sandylands of the 

south to the mixed lands in the center to the hardlands (fine

textured) in the north. 

AGRICULTURAL POTENTIAL 

It is safe to say that in Texas the best soils in the most 

favorable locations and having the best water supplies from rain or 

irrigation -- are already being used for crop production. Further 

improvement in the economic future of those lands depends upon 

technological advances in production techniques and the reduction of 

production costs. For the foreseeable future, it is likely that the 

same crops being produced now in the High Plains and the Rolling 

Plains will continue to be produced on the same land, with the 

exception of high water-requiring crops in places where Ogallala water 

supplies are depleted. For economic reasons, it is not likely that 

present crops will be replaced to any significant degree by "energy" 

crops in the two land resource areas, despite current interest in 

growing crops for alcohol production. 

ENERGY CROPS 

Both conventional and unconventional plants have been proposed as 

holding considerable potential for partially meeting U.S. and world 

energy needs. Some can be used for the production of liquid 

hydrocarbons (e.g., Euphorbia lathyris), others for making ethyl 
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alcohol (e.g., Sorghum spp.), and a large number for direct combustion 

(e.g., trees). A lengthy list of fuelwood crops adapted to the 

different climates of the world can be found in the publication, 

Firewood Crops (National Academy of Sciences, 1980). Two main 

approaches can be followed in using plant biomass for energy purposes: 

(1) collect plant wastes and crop residues from wherever they are 

available -- lumbering operations, crop stubble, etc., and (2) 

establish energy farms where fast-growing plants are raised 

commercially for their energy content. 

The economics of gathering and sorting organic residues are 

unfavorable, in most cases, because the residues are scattered widely. 

Energy plantations have the same kinds of costs as conventional farms 

but handling and transportation of materials is usually less and the 

farms can be located on land of relatively low agricultural potential. 

Arid and semi-arid lands are especially attractive for energy planta

tions since many of them are marginal for conventional crop production. 

In West Texas, the promising regions for energy plantations are 

the Winter Garden, Edwards Plateau, and Trans-Pecos land resource 

areas, assuming that the Rolling Plains and the High Plains will 

continue to be used primarily for food and fiber production. Within 

the three promising land resource areas, successful plantations 

without irrigation probably can be established with drought-tolerant 

crops only where the annual precipitation exceeds 12 inches. In 

general, that region extends east of a line running south of Kermit. 

Precipitation and soils are the principal limiting factors in 

producing biomass. Temperatures are less important in West Texas, 

where the growing season exceeds 200 days in the three promising land 

resource areas. Within this region are about 4.8 million acres of 

first-class soils -- prime land -- and about 11.6 million acres of 

soils that can be cultivated but which have some limitations of slope, 

texture, or depth (Table 2). All of the 16.4 million acres lie in the 

12-inch or higher rainfall zone. Most of that land is in the Winter 

Garden and Edwards Plateau areas. 

Fourwing Saltbush 

Dr. J.R. Goodin, professor of biological sciences and deputy 

director of the International Center for Arid and Semi-Arid Land 
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Table 2 

ARABLE LAND IN THREE "DRY" LAND 
RESOURCE AREAS OF WEST TEXAS+ 

Land resource area Prime land Other arable land* 
(acres) (acres) 

Winter Garden 3' 100 ,ooo 5,000,000 

Edwards Plateau 1,575,000 6,300,000 

Trans-Pecos 842000 3402000 

TOTAL 4,759,000 11,640,000 

+Average annual precipitation more than 12 inches 
*Estimated 

Studies at Texas Tech University, is an expert on the desert shrub 

called fourwing saltbush or chamiza (Atriplex canescens). Saltbush is 

a good livestock forage plant that grows profusely throughout most of 

the arid and semi-arid regions of the western United States (Goodin, 

1979). Because of its wide adaptability and rapid growth, it appeared 

to have promise as an energy plant for the dry regions of West Texas. 

In 1980 Dr. Goodin, in cooperation with Dr. R.J. Newton of Texas A&M 

University, began to screen hundreds of plants for their energy 

production potential in arid regions. The intensive screening process 

identified 14 plants among which were mesquite, kochia, Johnson-

grass, and fourwing saltbush -- as having qualities that distinguished 

them for adaptability to varied soil conditions, ease of harvesting, 

energy content, and other considerations. The top-ranked plant was 

fourwing saltbush. 

A detailed production and economic analysis showed that with 

medium yields on 100,000 acres of land in the vicinity of Fort 

Stockton, 300,000 tons of dry material could be harvested, having an 

energy content of 5 trillion Btu. That amount of energy is the 

approximate equivalent of the energy in 1 billion cubic feet of 

natural gas. After harvesting the saltbush, it would need to be taken 

to a central point for compression into pellets that could be used for 

burning. The total cost making the densified saltbush available to 

consumers at the densifying plant was estimated to be $4.25 per 

million Btu or 1,000 cubic feet of natural gas. Goodin and Newton 

estimated that the fuel cost would drop to $4 per million Btu if 
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saltbush yields were increased by 60 percent. The $4.25 per million 

Btu cost compares well with the current cost in Lubbock of $4.47 per 

million Btu from natural gas. 

At present assumed yields, which are modest in view of the 

absence of intensive research on yield improvement, 10 million acres 

of semi-arid land in West Texas could produce the energy equivalent of 

500 billion cubic feet of natural gas annually. Since fourwing 

saltbush is a perennial, there would be no need to replant each year. 

That alone not only reduces production costs but provides a degree of 

plant cover all the year around, thereby reducing soil erosion. The 

perennial character of the plant also makes it less susceptible to the 

inevitable droughts that plague the semi-arid regions. In some years, 

drought would prohibit establishment of annual plants but would only 

slow growth of perennials. 

CONCLUSIONS 

Growing crops for fuel instead of food or fiber appears to have 

considerable potential in three of the semi-arid and subhumid land 

resource areas of West Texas. Fourwing saltbush is a good candidate 

crop because it is widely adapted to the region, has excellent forage 

characteristics, can be harvested and compressed easily, and has a 

high energy content. About 16.4 million acres of potentially 

cultivable but not presently cultivated land are located in the Winter 

Garden, Edwards Plateau, and Trans-Pecos land resource areas where the 

annual precipitation exceeds 12 inches. 

Millions of acres of land in the High Plains and Rolling Plains 

could also be used for energy crop production. It is not likely, 

however, that energy crops will replace the crops now conunonly grown 

in those regions. 
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If water resource studies could generate water -- or even prevent 

the evaporation of existing supplies -- we would now have few water 

problems. Inventories of future water supplies and needs have been 

conscientiously compiled by federal, state and local task forces, 

alone or in concert, on several occasions in recent years. 

They have not produced water -- but they have been highly 

effective in that they have focused attention on the imperative 

necessity of conserving the water we have and that we receive from 

time to time through precipitation, and in assuring that it be used 

wisely. 

Ultimately, water importation will be required if the potential 

of West Texas to supply food and fiber for America and the world is to 

be realized. The construction and energy costs of importation will be 

astronomical and the institutional constraints to be overcome in 

securing out-of-state and/or out-of-nation water will be monumental. 

In any case, as will be documented later, economic reality tends to 

indicate that interstate importation to the Texas High Plains is at 

least a generation away . And while we should continue to update 

existing importation studies periodically, it appears unlikely that 

-states of origin or the federal government will ever initiate any 

importation activity . Therefore, if importation is ever to become a 

reality, it will be up to Texans to justify its need and probably to 

pay for its implementation. 

THE HIGH PLAINS STUDY COUNCIL REPORT 

The governors and other representatives of six High Plains 

states, assisted by federal agencies and consulting firms and acting 

under congressional authorization granted in 1976, organized the High 
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Plains Study Council. After five years of intensive investigation, 

the council issued the most recent comprehensive analysis of the 

future water supply situation of the portions of these states over

lying the Ogallala Aquifer. This region has 1 percent of the nation's 

population, 6 percent of its land area, and produces more than 15 

percent of the total values of wheat, corn, sorghum and cotton and 38 

percent of the total value of livestock. 

The study predi·cted values of the principal crops (in 1977 

dollars) in 1985, 1990, 2000, and 2020 . Water availability was 

calculated for a baseline case which assumed: (1) that no changes 

would occur in water laws, and (2) that more efficient technology will 

be adopted as it becomes available. 

For this case, Table 1 shows the estimated acreage of cropland in 

production in Texas, in millions of acres. Table 2 estimates the 

water remaining in storage in the Ogallala Aquifer underlying Texas. 

Estimated annual water use from the Texas Ogallala is shown in Table 3. 

Table 1 

FUTURE ESTIMATED TEXAS CROPLAND ACREAGE IN PRODUCTION 

Year 
1977 
1985 
1990 
2000 
2020 

Irrigated 
5.970 
5.920 
5.595 
5.50 
4.94 

Table 2 

Dry 
4.815 
5 . 035 
5.150 
5.195 
5.69 

Total 
10.785 
10 . 955 
10.745 
10.695 
10.63 

FUTURE ESTIMATED TEXAS OGALLALA WATER IN STORAGE 

Year 
1977 
2000 
2020 

Million Acre-Feet 
283.7 
197 . 0 
87.2 

Table 3 

% of 1977 
100 
69.4 
30 . 8 

ESTIMATED ANNUAL WATER USE FROM TEXAS OGALLALA 

Year 
1977 
1985 
1990 
2000 
2020 

Million Acre-Feet 
8.240 
5.605 
3.820 
3. 575 
3.235 

30 

% of 1977 
100 
68 
46.3 
41.4 
39.2 



Five alternatives to the baseline case were also analyzed. These 

consisted of: (1) incr.~ased voluntary conservation of Ogallala water, 

(2) mandatory c-o~-~-;~~t~~n of .. O~~ll~la ~~t~~-~ -·(3) ·;:·~~al w~-~e~ · ·s -~ppiy. 
augmentation, (4) intrastate · surface water interbasin transfer, and 

(5) voluntary conservation of Ogallala water combined with imported 

water. 

-~- The first alternative -- increased voluntary conservation --.-----.. ·· ----···-·· ... · · -·~·- ·-- ·--- ·--· -· ··~ · ·····- ···~-··· - ... -. ····- ·-...... ~ ...... .. 
would result in increased irrigation efficiency through increased 

investment in water-saving equipment, improved soil-moisture 

monitoring, and improvements in the scheduling and application of 

irrigation water. Reasonably priced long-term capital would be 

required for this alternative to be viable. 

Small improvements would be anticipated in benefits and water use 

"because farmers are expected to adopt most water-saving technologies 

without added incentive programs." 

.*1'he second alternative -- mandatory conservation of Ogallala 

water -- would involve limiting the annual pumpage while applying the 

most efficient irrigation methods. In the case studied by the council -··----- ----------.. -··· 
it was assumed that the permitted pumpage would be 90 percent of the 

volume used under voluntary conservat i on in 1985 . This would decrease 

by steps to 70 percent by 2000, and then remain at 70 percent through 

2020. It was anticipated that total agricultural production, value of 

agricultural production, and returns to land, water and management 

would all decrease in this alternative. Some 30 percent more water 

would remain in storage in the three-state subregion of New Mexico, 

Oklahoma and Texas under this alternative than under the baseline 

case. Some 11 percent more than baseline would remain under the 

voluntary alternative. 

:y.rhe third alternative considered -- local water supply augmenta

tion -- includes such technologies as weather modification, snowpack 

management, artificial recharge, water harvesting (concentrating the 

rainfall on a small portion of the surface) and playa lake utiliza

tion. The council's summary report stated that while these "offer 

potential benefits in local areas, they do not provide a major break

through in meeting long-range regional irrigation water requirements. 

Most of those that might result in significant augmentation are as yet 
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largely unproven. Much more research and planning will be necessary 

before the potential can be assessed." 

Some research in which Texas Tech has participated in cooperation 

with the High Plains Underground Water Conservation District No . 1 and 

the Texas Department of Water Resources would seem to indicate that, 

at least for the Texas portion of the Ogallala, the secondary recovery 

of groundwater has a very significant potential. I shall return to 

this concept after completing a summary of the council's study. 

The council's fourth alternative -- intrastate surface water 

interbasin transfer -- would involve moving water from the Sabine and 

Sulphur rivers to the Texas High Plains in accordance with a plan 

analyzed by the U.S. Corps of Engineers. Oklahoma, Nebraska and 

Colorado prepared some preliminary plans for specific diversions 

within their boundaries. "The other High Plains states concluded that 

very little, if any, surplus surface water is available within their 

borders that might be transferred to the High Plains area." 

Estimated costs, as determined by the Corps of Engineers in 1977 

dollars, for routes C and D leading to the Northern and Southern High 

Plains of Texas respectively, are shown in Table 4. As Map 1 

illustrates, these routes assumed several intakes in Arkansas in 

addition to those on the Sulphur and Sabine rivers. 

These costs do not include those involved in local distribution 

and application. 

Estimated direct gross benefits, to the irrigator, of imported 

water to Texas ranged from $45 to $246 per acre-foot in 2000, and from 

$70 to $324 in 2020. A change of $1 in agricultural production in 

Texas was calculated to produce a change of about $2.87 in the Texas 

High Plains economy. 

Table 4 

ESTIMATED COSTS FOR ROUTES C AND D 

Route Million Net Rise Billion Cost Dollars 
Ac-Ft in ft KWH Billions per 

Eer }'.'.ear Eer }'.'.ear Ac-Ft 
c 1.26 3,280 8.4 7.0 569 

7.51 3,600 49.7 27.8 430 

D 1.55 2,610 7.5 7.5 370 
8.68 2, 725 49.0 20.6 308 
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The fifth alternative -- voluntary conservation of Ogallala water 

combined with imported water -- showed a consistently negative effect 

throughout the study period. 

THE COUNCIL'S RECOMMENDATIONS 

The High Plains Study Council made 18 specific reconnnendations 

under seven subheadings. Among these were: 

"A. Water Conservation Research and Demonstration 

1. Increase the levels of both public and private funding for 

research to increase water use efficiencies, decrease 

erosion losses and improve agricultural productivity for 

both irrigated and dryland farms throughout the High Plains 

Region. 

2. Expand programs to demonstrate the use of water-efficient 

irrigation techniques and practices, and soil/water 

conservation management systems. 

3. Increase public and private funding for research, 

demonstration and market development for more 

water-efficient crops adapted to High Plains growing 

conditions • ••• 

C. Water Supply 

1. Expand research, planning, development and use of technology 

and programs to increase the quantity and protect the 

quality of water resources available within the High Plains 

Region. 

2. Continue regional interstate water transfer feasibility and 

planning studies, with appropriate consideration for the 

water needs and concerns of basins and states of origin of 

potential export waters. 

3. Provide state and federal funding to continue monitoring 

ground water quantity and quality and the projected effects 

of continued ground water depletion on the Region and 

Nation. 

D. Agricultural Energy Alternatives 

1. Demonstrate the use of on-farm energy use efficiency and 

auditing methods and devices to increase energy efficiencies 

for agricultural purposes. 
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2. Increase research and demonstration programs and projects 

for the development and use of alternative energy sources 

for agricultural uses. 

E. Legal and Institutional 

2. Provide financial incentives to encourage improved methods 

for conserving soil, water, and energy." 

THE SECONDARY RECOVERY OF GROUNDWATER 

The research programs that are currently under way at Texas Tech, 

though at a very moderate pace because of budget restraints, permit us 

to hope that the council's caution in its evaluation of its third 

alternative -- local water supply augmentation -- was overly 

pessimistic. 

The most promising of these investigations concerns the secondary 

recovery of groundwater. A study of this subject in the. field, 

laboratory, and library -- spearheaded by the High Plains Underground 

Water Conservation District No. 1 with the cooperation of the Texas 

Department of Water Resources, Texas Tech, and others -- established 

that large quantities of capillary water are in storage in the 

unsaturated zone of the Ogallala formation in Texas. · A technique has 

been tested in the field and in the laboratory that will release a 

portion of this water for future recovery· by wells. 

Many questions remain unanswered and a large program of future 

research will be required to determine optimum procedures for the 

economic recovery of water from an aquifer that varies from place to 

place in depth, porosity, and physical composition -- as does the 

Ogallala. 

Test hole drilling and analysis of the cores taken between the 

bottom of the root zone and the 1980 water table indicated that the 

average content of capillary water is about 25 percent, with a range 

from 10 percent to 40 percent. For the Texas Ogallala this translates 

into 840 million acre-feet of water previously written off. In 

addition to this, some 625 million acre-feet of capillary water would 

remain after gravity drainage of the currently saturated portion of 

the aquifer. For rough comparison, this total of 1.46 billion 

acre-feet represents about 90 years' flow in the two largest importa

tions studied by the Corps of Engineers for the High Plains Council. 
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In a careful library search, no record was found of any attempt 

anywhere to produce capillary water commercially. A few references 

were found to "pushing" water out of voids to provide storage space 

for natural gas, and an extensive literature exists on the production 

of oil by air drives, gas drives, water drives, steam drives, 

surfactant/foam drives, vibration, electro-osmosis and other 

mechanisms. In cases where water was reported as having been produced 

with the oil under air or natural gas drives, the water which had 

usually responded much better than the oil to the drive was 

regarded as a nuisance. 

Economic considerations would appear to rule out any mechanism 

other than air drives in the secondary recovery of water. 

The three field tests conducted in 1982 were designed to evaluate 

the physical air-injection mechanisms and well designs. The first two 

tests, near Slaton, Texas, involved the injection of air beneath a 

confining layer of hard rock 11 to 16 feet thick, about 50 feet above 

the water table. The 8.5 million cubic feet of air injected in the 

3.5-day second test caused an increase of at least 7 acre-feet in the 

amount of available water stored in the aquifer at the test site. 

The third test, near Idalou, Texas, involved air injection in 

quantities, raised in five steps during a six-day run, reaching 2,200 

cubic feet per minute (CFM). The corresponding injection pressure 

attained 160 pounds per square inch (PSI). The confining layer at 

Idalou consisted of a clay stratum 2 to 12 feet thick. An air

pressure front was detected as far as 1,400 feet from the air

injection well. The water table reacted rapidly to changes in air 

injection rates and pressures. 

In the area of 565 acres within a radius of 2,800 feet of the 

air-injection well, the measured net increase in stored water was 225 

acre-feet within 30 days after completion of the test, 315 acre-feet 

within 100 days, and 406 acre-feet within 160 days. 

Costs for the Idalou test -- including construction of the air

injection well, compressor rental and fuel, and labor for seven days 

-- were nearly $19,000. For the 406 acre-feet of water added within 

160 days, this would indicate a unit price of about $47 per acre-foot. 
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While this price is too high at present for water destined for 

irrigation, it is approximately one-third of the 90 cents per 1,000 

gallons that the City of Lubbock now receives for water, and is less 

than 16 percent of the smallest unit cost found in the corps' study, 

referred to earlier, of imported water. 

It should be noted also that in petroleum practice air or natural 

gas drives are normally operated at quite low pressures. The pulsa

tions caused by an air compressor, and the daily application of high 

pressure for a few hours followed by return to lower pressures, have 

proven to be effective . Project lives of 10 years or more have been 

common. 

Such operating conditions should be substantially less expensive 

than those reported for the Idalou test. 

Smaller equipment could be employed. 

Labor , after initial installation and monitoring, could be 

reduced to occasional checking. 

There is good reason to believe that wind or solar power would 

prove to be most effective in furnishing the variable low

pressure air compress ion desired. 

And, considering that 38 percent of the total value of live

s tock i n the United Sta tes is raised over the Ogallala, the 

use of biomas s energy to power the compressors is a tanta

lizing concept. 

GROUNDWATER RECHARGE 

West Texas contains s ome 37,000 playa lakes with an average 

capacity of about 150 acre-feet. The total surface neutralized by 

them is about 184,000 acres. The rate of evaporation from a free 

water surface -- some 84 inches per year -- is too s low to prevent the 

drowning of crops planted in their bottoms, or even to permit the 

replant i ng of drowned crops. 

On the other hand, this high rate of evaporation, contrasted with 

the 18 to 20 inches of precipitation, constitutes a dire threat to 

surface water storage. 

Thus both cons i derations of land use and of water salvage have 

encouraged experimentation in the artificial recharge of playa lake 

water to the aquifer. In general, the results have not been too 

37 



encouraging. Yet, the groundwater mounds formed under the Lubbock 

wastewater irrigation farm and under the vicinity of the Texas Tech 

campus -- this latter being largely attributed to seepage of 

stormwater accumulated in modified playa lakes -- would indicate that 

under some circumstances large quantities of water can be induced to 

infiltrate. 

Some years ago Philip Johnson and Duane Crawford of Tech's 

Petroleum Engineering Department studied the causes of failure of 

artificial recharge attempts, primarily plugging of the aquifer in the 

vicinity of recharge wells or pits. They reasoned that if the water 

allowed to flow into a recharge well were "a true suspension, one with 

its silt load uniformly distributed, its plugging nature in porous 

media becomes a function of (1) settling rate of the particles 

suspended, (2) reduction of flow rate, and (3) bridging efficiency of 

particulate matter." 

The settling rate can be controlled by altering the flow rate. 

Stilling basins just ahead of recharge wells have been proven to be 

effective in removing particles the size of sand or larger. 

The colloidal particles remaining in suspension, . if they are 

smaller than the interstices of the formation , should advance until 

the velocity of the water is no longer sufficient to sustain this 

motion . But, as pore spaces become smaller due to the settling of 

colloids in them, velocities should tend to increase, and the colloids 

tend to return to suspension. The process should, in fact, be 

enhanced by micro-erosion of the formation by the flowing particles. 

This scenario, based on a rather too simple model, breaks down in 

practice when gravity recharge is attempted in the Texas Ogallala. 

Johnson and Crawford, suspecting that micro-erosion was not 

occurring under the too-moderate pressures developed in gravity 

recharge, experimented with the pumping of playa lake water, under 

moderate heads, into recharge wells at eight sites. 

At two of these, leaks occurred to observation wells placed too 

close to the recharge well. In other cases marginal results were 

obtained when attempts were made to recharge portions of the Ogallala 

where the formation is too fine-grained. Several of the sites did, 

however, function well during the tests. Water samples monitored 
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during the experiments indicated that the sanitary quality of the 

Ogallala water was not detrimentally a~fected. 

The pumping of water for artificial recharge is an expense that a 

farmer cannot justify at a time when even the pumping of water present 

in the aquifer is marginal. If and when, however, the prices of crops 

and of pumping energy become such that recharge is economical, it will 

be important to have fully documented procedures for its optimization. 

Another artificial recharge study, currently in progress, is 

investigating the feasibility of using commercially available wick 

filters, buried in trenches excavated in the clay bottoms of playa 

lakes, to convey clear water to recharge wells. Sediment removal 

would be accomplished primarily by the layer of clay used as backfill. 

Shrinkage cracks and disking during the periods when the lakes are dry 

have produced promising flow rates in the laboratory simulations 

conducted to date. Field tests will be required to optimize the 

filter designs and to provide data for economic feasibility 

evaluation. 

CONCLUSIONS 

In summary, the future water supply of West Texas -- like the 

pre-1940 supply before the Ogallala was brought under general develop-

ment will not be easy. 

We can expect that precipitation and evaporation will continue to 

occur -- and that annual potential evaporation will continue to be 

several times as large as precipitation. 

To adjust to this physical constraint surface water storage, when 

employed, should be limited to deep basins with small surface areas. 

And underground storage should be employed insofar as possible. Thus 

playa lake modification and artificial recharge of the aquifer become 

two prime tools. 

By perfecting secondary recovery of groundwater we will, in 

effect, augment our reserves in the Ogallala. A combination of 

secondary recovery and artificial recharge, particularly if powered by 

wind, sun, or biomass, could potentially convert the Ogallala into a 

quasi-permanent supply. 

Patient, site-specific research will be required to optimize such 

a program. It would be completely compatible with ultimate 
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augmentation of the water supply by importation. And it would have 

the tremendous advantages of immediate paybacks for each incremental 

advance and of retention of local control, with the profit returning 

to the landowner who would incorporate the advance into his operation. 

With declining resources in petroleum and groundwater, and in a 

political environment in which the massive federal aid that built the 

dams and irrigation projects of the West and the waterways of the East 

no longer has significant national support, West Texas will . be able to 

maintain its economy only through a program of planning and research 

emphasizing the optimal use of its water resources. 
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west Texas Oil and Oas Resources: Beyond 2000 

THOMAS J. TIBBITTS 
Regulatory Affairs Manager 

Midcontinent Production Division 
Exxon Company, USA 

Midland, Texas 

The subject of West Texas oil and gas resources beyond 2000 is 

certainly a challenge. Because of the many uncertainties in the oil 

and gas industry, it is extremely difficult to forecast accurately 

what will happen as early as next year, let alone 17 years and beyond. 

We found this to be especially true recently with the sudden decline 

in world oil prices, and a surprise surplus of natural gas deliver

ability in this country. 

With this in mind, I plan to provide you with an overview of the 

current oil and gas reserve picture; what we believe is the potential 

in West Texas for additional oil discoveries and for adding reserves 

to known fields; and some of the factors that are critical to success

fully realizing this potential without getting into specific volume 

f orecasts. 

Before discussing the outlook for f uture oil and gas resources in 

West Texas, I believe it will be of interest to review the current 

world and U.S. oil reserves situation. The 15 leading oil producing 

nations are listed in Table 1 in rank order of remaining reserves. 

These 15 countries hold about 91 percent of the total world reserve of 

670 billion barrels. It is interesting to note that Saudi Arabia has 

more than twice the reserves of the next leading country. The 10 OPEC 

nations control 65 percent of the world's known oil reserve. At 

current rates of production the proven reserves of the world will be 

consumed in about 33 years or during January 2016, just 16 years into 

the next century. 

As you might suspect, the United States' outlook on this basis is 

much worse. At the present time we rank seventh in the world with 

proven reserves of nearly 30 billion barrels, which is only 4 percent 
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Table 1 

REMAINING OIL RESERVES 
COUNTRY BILLION \OF 

DAHRELS TOTAL 

• 1. SAUDI ARABIA 164.6 24.5 
• 2.· KUV/AIT 64.5 9.6 

3. u.s.s.n 63.0 9.4 
• 4. IRAN 57.0 8.5 

5. MEXICO 57.0 8.5 
• 6. UNITED ARAB EMIRATES 32.2 4.8 

7. UNITED STATES 29.8 4.4 
• 8. IRAO 29.7 4.4 
• 9. LIBYA 22.6 3.4 
* 10. VENEZUELA 20 •. 3 3.0 
11. CHINA IP .R.C.I 19.9 3.0 

* 12. NIGERIA 16.5 2.5 
13. UNITED KIHGDOr~ 14.8 2.2 

*14. IHDOHESIA 9.8 1.5 
• 15. ALGERIA 8.1 1.2 
TOTAL, TOP 15 NATIOHS 609.8 90.9 
WORLD TOTAL, 66 NATIONS 670.7 100.0 

*Members of OPEC. All OPEC members account for 65% of the world's total. 

LIFE, 
YEAHS 

46.8 
192.9 

14.3 
. 113.6 

65.3 
58.3 

9.5 
91.2 
58.2 
26.6 
27.2 . 
33.0 
22.7 
16.7 
29.5 
34.7 
32.9 



of the world's supply. We are producing our oil more than three times 

faster than the world average and at present producing rates, 

remaining domestic oil reserves will last only about 10 years, or not 

even to year 2000. 

Natural gas reserves in the United States currently total about 

200 trillion cubic feet (TCF) which is a drop of 31 percent since 

1970. As shown in Figure 1, we experienced a steady reserve decline 

during the 10-year period from 1970 to 1980, averaging about three 

percent per year. In 1980 and '81, industry replaced gas produced in 

those years with new reserves and even showed a slight surplus. The 

Natural Gas Policy Act (NGPA) passed in 1978 established improved gas 

prices for new production. This legislation along with crude 

decontrol assisted industry in halting the steep reserve decline of 

the previous 10 years. Although today we have an abundance of gas in 

the marketplace, it should be remembered that the surplus is one of 

current well deliverability and not a surplus of reserves for future 

consumption. As is the case with oil, remaining domestic gas reserves 

could be depleted in about 10 years at present demand rates. 

Before everyone panics and runs out to fill up their gas tanks or 

buy a cord of wood, I must temper these statements with the fact that 

I am talking about known reserves and current producing rates. 

Although there is a finite quantity of oil and gas available for world 

exploitation, and the United States is in the advanced stages of 

i dentifying conventional oil reserves, there is good opportunity for 

us to stretch our oil and gas reserves beyond the 20th century. 

To accomplish this feat, we must continue prudent conservation 

practices, provide the economic clima t e for resource exploration to 

find new r eserves both onshore and of fshore, and we as industry must 

develop the technological advances required to produce so-called 

"unconventional" oil reserves. With that background, let's focus on 

the outlook for the oil and gas indus try in the state, and in 

particular, the West Texas area. 

First, I would like to cite a few 1981 statistics that point out 

the significance of the oil and gas industry in Texas. Statewide, 

there are about 11,000 oil and gas f i elds, and production occurs in 

more than 80 percent of Texas counties. 
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As shown in Table 2, industry employed 436,000 persons, or seven 

percent of the total state workforce. This was up about 18 percent 

over 1980; however, employment fell in 1982 with the decline in oil 

prices. Total wages paid by industry in 1981 were $11 billion. For 

more than 50 years, Texas has led the nation in oil production and it 

continues today. In 1981, 945 million barrels of oil were produced in 

the state by approximately 6,200 separate firms. This volume 

represented 30 percent of the United States total, and as noted by the 

number of companies involved, the industry has plenty of competition 

within its ranks. Texas operators drilled 24,000 wells, each of which 

averaged about one mile in depth. Collectively the drilled footage is 

sufficient to penetrate completely through the earth three times. The 

state's drilling activity also represented 30 percent of the U.S. 

total. 

On the business side, industry paid $3.4 billion in Texas state 

and local taxes of which severance taxes amounted to $2.2 billion or 

28 percent of the state's total collections. The remainder of $1.2 

billion was paid to local governments in the form of ad valorem taxes. 

From these brief statistics, it is clear that in Texas the 

petroleum industry is vital to the economy of the state and, for that 

matter, vital to the nation. 

Moving now to West Texas, I would like to review with you where 

we have been and where we may be headed with regard to oil reserves. 

Some of the more significant fields are identified on Map 1 of 

the West Texas area. You may be familiar with names like Slaughter, 

Wasson, Kelly/Snyder and Spraberry. Production figures for 1982 

indicate the No. 1 county in the state is Pecos County, producing more 

than 50 million barrels of oil annually and where the prolific Yates 

Field is located. The four highest ranking counties in the state are 

Pecos, Yoakum, Gaines and Ector, all in West Texas . Additionally in 

the state, 13 of the 18 counties that produce in excess of 10 million 

barrels of oil annually are located here in West Texas. Twelve 

counties in the state have produced in excess of 1 billion barrels of 

oil and seven of these are in West Texas. 

A better understanding of the area's performance can be gained by 

reviewing production and drilling statistics over the past decade . 
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Table 2 

OIL & GAS INDUSTRY 

1981 TEXAS STATISTICS 
• EMPLOYED 436,035 

- 7"''° OF STATE \VOBICFODCE 
- $11 BILLION PAYROLL 

• PRODUCED 945 MILLION Obis. OF OIL 
-30\ OF U.S. TOTAL 

• DRILLED 23,940 WELLS 

- AVERAGE DEPTH OF ONE MILE 
- 30°1o OF U.S. TOTAL 

• PAID $3.4 DILLION IN STATE & LOCAL TAXES 
- SEVERANCE TAXES 65\ OF TOTAL 
• $1.2 DILLION FOR AD VALOREM TAXES 
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Through the early part of the decade, crude and condensate 

production increased primarily from field infill drilling and 

waterflood responses. As shown in the top left graph in Figure 2, 

production peaked in 1973 at 770 million barrels and has since 

declined at a rate of 3 percent per year to 600 million barrels. This 

gradual falloff is indicative of industry's concerted efforts to 

offset the more rapid decline of individual fields with new 

discoveries and improved methods of recovery in existing reservoirs. 

However, the decline still exists, and if we were to maintain this 

level of decline to year 2000, productivity would have decreased by 

nearly 60 percent. 

The top right graph in Figure 2 shows the trend in natural gas 

production. Annual production declined over the period of 1974 to 

1978 prior to enactment of the Natural Gas Policy Act. Improved 

pricing of new gas resulting from this legislation slowed the decline 

initially then because of conservation, demand fell and surplus gas 

deliverability exists today. The steep decline shown on the chart for 

1982 reflects the current depressed market for natural gas. Much of 

industry's and the general public's frustration with .the gas 

supply-demand situation can be traced to the NGPA. Although the act 

was designed to correct inequities between intrastate and interstate 

gas pricing, regional price differences still remain. Also, the 

legislation keeps approximately one-half of current gas under pric e 

controls forever, which is a false economic measure that never allows 

the gas market to reach parity with other competing fuels. 

The long range reserve outlook for gas is somewhat more 

optimistic than oil. Although about two-thirds of the existing gas 

reserves in the state have been produced, estimates indicate that 

undiscovered gas reserves are sufficient to nearly replace what has 

been produced. The long-standi ng problem of replenishing na tural gas 

reserves has been one of federally controlled gas pricing and 

uncertain market conditions which served to di scourage exploration. 

As previously discussed, we have the additional factor of having a 

temporary surplus gas deliverability which provides an erroneous 

signal that additional reserves are not needed and, hence, the market 

incentive to explore erodes. 
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A favorite barometer for assessing the health of the petroleum 

industry is the level of rig activity at a given time. The graph on 

the lower left in Figure 2 is a plot of the average number of active 

rigs drilling each year in the Permian Basin. The number of rigs rose 

sharply in 1973 following the Arab embargo and during the next four 

years gradually increased to 280 in 1977. Rig activity continued to 

increase in 1980 and 1981 with more favorable crude and gas pricing, 

reaching a peak of 525 rigs in the first week of 1982. 

Unfortunately, this level of activity could not be maintained, 

and the rig count has continued to drop to its current level of 242. 

This severe decline in activity is attributed primarily to two 

factors: a drop in oil prices and the abnormally high cost of 

capital. 

The bottom right graph closely parallels the drilling rig chart 

and shows annual well completions in the Permian Basin. As a result 

of accelerated rig activity during the past two years, the number of 

well completions reached a high of 7,600 in 1981. 

So much for the past -- I know you are interested in what the 

future holds; however, the last few years have been dramatic learning 

experiences which told us that new resources can be found and 

developed with the proper economic incentive. 

Generally oil reserves are placed in one of three categories: 

(1) existing oil, or proven reserves, (2) undiscovered oil, or 

unproven reserves, and (3) unconventional oil, or that oil which might 

be recovered with unconventional or enhanced recovery techniques. 

Proven original oil in place in Texas is estimated at 153 billion 

barrels, and approximately 37 percent of this oil can be produced 

through conventional primary and secondary recovery techniques. Based 

on this percentage, recoverable conventional oil will amount to about 

56 billion barrels. Since we have already produced 48 billion barrels 

or about 85 percent of the total, only 8 billion barrels remain to be 

produced by conventional means in Texas. 

However, the Department of Energy estimates that another 30 

billion barrels of oil in place remain to be discovered in Texas. 

Again applying the 37 percent recovery rate, some 10 to 12 billion 
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barrels of reserve additions can be expected, which is more than the 

current proven reserve. 

You may ask, "Is this all there is?" Well, we still have about 

63 percent of the oil left in the ground after conventional produc

tion, which amounts to 97 billion barrels. Estimates of the amount of 

existing oil that can be recovered by unconventional techniques are at 

best preliminary, and range from a low of 5 percent to a high of 40 

percent. This is because there are several unknowns associated with 

unconventional recovery techniques. Despite these uncertainties, we 

expect that there will be several billion barrels of oil produced in 

the future by unconventional methods. For Texas, the estimated range 

of recoveries is from 4 to 32 billion barrels, which is unusually 

broad and reflects the fact that there are only a few fields where 

these methods have been actually tested. West Texas' known fields 

contain 69 percent of the state's original oil in place; therefore, 

this area should be the major contributor to the state's f uture 

reserve potential. 

Although there are many unconventional oil recovery methods now 

available, those which are most applicable to the West Texas reser

voirs include carbon dioxide miscible flooding, polymer-augmented 

waterflooding and strategic infill drilling, as shown in Table 3. 

The Department of Energy in 1981 estimated that about 50 percent 

or 55 billion barrels of original oil would be applicable to carbon 

dioxide miscible flooding techniques in West Texas. When carbon 

dioxide is injected into an oil reservoir, some of the smaller, 

lighter hydrocarbon molecules in the contacted crude will vaporize and 

mix with carbon dioxide, forming a wall of enriched gas. If the 

temperature and pressure of the reservoir are suitable, this wall will 

mix with more crude, forming a bank of miscible solvents capable of 

efficiently displacing oil ahead of it. Recovery of 10 percent of the 

original oil in place by this method would add 5.5 billion barrels of 

producible reserves. The major producing horizon where carbon dioxide 

miscible flooding may be applicable is the San Andres formation in 

Wasson, Slaughter, Levelland, and Means Fields. 

The. Department of Energy also estimated that 6 billion barrels of 

original oil would be applicable to polymer-augmented waterflooding in 
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UNCONVENTIONAL. OIL POTENTIAL 
PERMIAN BASIN 

• C02 MISCIBLE FLOODING 
• APPLICABLE TO 55 BILLION Obis OF ORIGINAL OIL IN PLACE 
·RECOVERY OF 1 O°to OF ORIGINAL OIL ADDS 5.5 BILLION Obis • 
.. MAJOR FIELDS : VI ASS ON, SLAUGHTER, LEVELLAND, FULLERTON, MEANS 

• POLYMEH·AUGMENTED WATERFLOODING 
• APPLICABLE TO 6 BILLION Obis. OF ORIGINAL OIL IN PLACE 
• RECOVERY OF 5\ OF ORIGINAL OIL ADDS 300 MILLION Obis. 
• MAJOR FIELDS: Mc ELROY, HOWARD-GLASSCOCK, GOLDSMITH,SANDHILLS 

• SELECTIVE INFILL DRILLING · 
' 

• APPLICABLE TO HETEROGENEOUS,FAULTED,GEOLOGICALLY COMPLEX FIELDS 
• POTENTIAL DEPENDS ON INDIVIDUAL FIELD CHARACTERISTICS 
.. MAJOR FIELDS: ROBERTSON, FULLERTOH, MEANS, W·ASSON, SLAUGHTER 



West Texas. Polymer flooding is an improved waterflooding process 

used in reservoirs containing moderately viscous oil. The polymers 

are chemicals that thicken the water, increasing its viscosity close 

to that of the reservoir oil so that displacement is more uniform and 

a larger portion of the reservoir is swept. Recovery of 5 percent of 

the original oil in place would add 300 million barrels of producible 

reserves by this method. The major fields that are considered 

candidates for this type of enhanced recovery mechanism would be 

McElroy, Howard Glasscock, Goldsmith, and Sand Hills. 

The third unconventional method is strategic infill drilling. 

This is applicable to heterogeneous and geologically faulted fields 

where oil is trapped and not able to be drained by existing wells. 

Its potential is extremely variable due to individual field 

characteristics, but it has proven to be a major factor in increasing 

ultimate recoveries from Exxon's properties in Robertson, Fullerton 

and Means Fields. 

Currently, there are several operators in West Texas in various 

stages of implementing large scale co2 projects. Three of the 

projects that are under way or will be soon are Exxon's Means San 

Andres Unit, Shell's Denver Unit at Wasson Field, and Amerada Hess' 

Seminole project. Together, these projects are expected to recover 

460 million barrels of oil with the capital outlay for development 

being in excess of $1.3 billion. 

An example of the scope and timing for a large enhanced recovery 

program is shown in Figure 3 on Exxon's ~1eans Project. This project 

will necessitate drilling 223 producing and 161 injection wells. In 

addition, a gas injection plant and distribution system capable of 

handling up to 70 million cubic feet per day (MCFPD) of carbon dioxide 

gas will be constructed. Facilities will be installed to separate the 

produced co2 from the gas stream so that it can be reinjected into 

the reservoir. Project start-up is scheduled for the first quarter of 

1984. Well drilling and facility construction are anticipated to be 

essentially complete by the end of 1985. 

Means is typical of West Texas enhanced recovery projects in that 

it requires a very large capital commitment with attendant field 

operating expenses before any additional oil is realized. Conse-
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Figure 3 
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quently, these projects are very susceptible to the amount of 

additional oil to be recovered, future oil and gas prices, and the 

long term economic environment. 

The large volumes of co2 that will be required for these 

enhanced recovery projects will be supplied from fields in southern 

Colorado and northeastern New Mexico. Three of the major areas 

currently being developed for co2 supply are Sheep Mountain and 

McElmo Dome in Colorado and Bravo Dome in New Mexico, as shown on 

Map 2. 

To bring these supplies to the Permian Basin, large, cross

country pipelines must be constructed. The 480-mile Cortez pipeline 

operated by Shell will deliver co
2 

from the McElmo area, while the 

408-mile Sheep Mountain line owned by ARCO, Amerada Hess, and Exxon 

will transport co2 from both Sheep Mountain and Bravo Dome areas. 

Investments of $940 million for these co
2 

pipelines are in addition 

to the previously mentioned project investments. The Cortez pipeline 

is designed to deliver a billion cubic feet (BCF) and the Sheep 

Mountain line about 1/2 BCF per day into the Seminole area. Initial 

co2 deliveries were begun through the Sheep Mountain line to Amerada 

Hess' San Andres Unit last month. 

I have emphasized the large investments and risk associated with 

the task of enhancing conventional oil recoveries. Much of this risk 

can be reduced with a predictable economic environment that favors 

industry growth. Among the factors critical to the petroleum industry 

are: (1) product prices, (2) gas decontrol, (3) interest rates, and 

(4) future taxation. In the past two years industry has experienced a 

20 percent decline in the value of West Texas sour crude, dropping 

from a high of $36 per barrel (Bbl) to the current price of $29. The 

pricing effect has not only cut drilling programs severely, but also 

forced companies to defer planned enhanced recovery projects. Further 

deterioration of crude prices would set back progress made to date on 

energy self-sufficiency, and we could regress to greater dependency on 

OPEC and other foreign sources of supply. 

Important legislation affecting the oil and gas industry is now 

being debated in Congress. This legislation concerns the decontrol of 

natural gas. Our recent experience with the lifting by President 
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Reagan of oil price controls added significant reserves and reduced 

our dependence on foreign crude. Similarly, decontrol of natural gas 

should increase the United States' energy independence in the long 

term by stabilizing prices and backing out foreign crude imports. It 

should also eliminate anti-competitive regional pricing under current 

NGPA regulations and stimulate the nation's economy. The petroleum 

industry will benefit by allowing the time-proven supply-demand free 

enterprise system to control the price rather than artificial federal 

regulation. 

Another factor critical to industry's development of new energy 

resources is the current money borrowing rate. With high interest 

rates, aggravated by large federal budget deficits, industry will have 

difficulty obtaining necessary funding for the huge front-end invest

ments required for enhanced recovery projects. 

A final item of critical importance to project economics for oil 

and gas development is the level of industry taxation. As mentioned 

earlier, the petroleum industry contributes heavily to the tax 

revenues of both state and local governments. State and local tax 

payments have provided the foundation for governments in Texas to meet 

their social and educational commitments. Taxes paid by the petroleum 

industry, which totalled more than $3 billion last year, allow the 

citizens of the state of Texas to be free of any personal income tax 

assessment and enjoy one of the lowest per capita tax burdens in the 

country. 

To increase state revenue by further taxing a declining resource 

is counter-productive to a healthy economy in West Texas. With a 

depressed market for petroleum products and the potential for 

additional price reductions, near-term recovery of drilling activity 

will be delayed even more by additional taxation on an industry that 

is already overburdened. 

For a better understanding of what I am saying, let's examine the 

distribution of revenue from a typical barrel of oil, as shown in 

Figure 4. For this example, assume an oil sales price of $29. 

Royalty payments shown in the top band of the barrel would amount to 

$3.63. The next four bands identify the four categories of tax 

payments which are windfall profits, severance, federal income and ad 
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valorem. As indicated, total tax payments amount to 59 percent of the 

gross revenue from a barrel of oil. With the advent of the windfall 

profits tax in 1980, plus the normal federal, state and local tax 

requirements, it is an understatement to say industry has a staggering 

tax obligation. In the past three years, industry has paid nearly $50 

billion in windfall profit taxes alone. 

After deducting royalty and tax payments, the producer has less 

than a third of the revenue remaining. Taking the example a step 

farther, assume that it takes $3.00/Bbl to pay operating expenses and 

overhead to keep a property producing. Deducting this cost from $8.32 

leaves only about $5 per barrel for finding new oil, financing future 

large projects such as we discussed today, and to provide an 

acceptable profit to shareholders. 

As we all are aware, and as Table 4 summarizes, the oil and gas 

industry is vital to West Texas' economy. It provides jobs with good 

career opportunities and is a major revenue source to the state. 

Also, it generates secondary business growth by virtue of demands for 

retail purchases and services from employees and the industry itself. 

In recent years, industry has created a strong demand for technical 

graduates to staff expanding operations. There are several colleges 

and universities in West Texas, including Texas Tech, that have 

responded to our needs and met this demand. 

The unfortunate fact is that oil and gas is a finite resource 

that will continue to decline as we consume it. As elsewhere in the 

state, we will likely experience a loss in productivity in future 

years even with new discoveries that are estimated to exceed our 

current remaining reserve. However, enhanced oil recovery appears to 

have promise in West Texas, particularly co2 injection and 

polymer-augmented waterflooding. It is too early to know specifically 

how much oil can be recovered by these techniques; but industry has 

been willing to make sizable investments to find out . 

The keys to sustaining production beyond the year 2000 will 

depend on how successful the new techniques are and what other methods 

can be used to recover the 60-plus percent of oil that remains in the 

ground following reservoir depletion under conventional methods. As 

previously pointed out, industry must make large investments for 
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potential long-term gains which require a favorable economic 

environment that will allow industry to forecast future profits with 

some assurance that they can be realized. A major deterrent to this 

is the continually changing tax picture and government controls that 

move us farther from the true free enterprise system. The bottom line 

is that there must be sufficient economic incentive for producers to 

take the risk required to develop new reserves that will sustain the 

petroleum industry and the West Texas economy in the foreseeable 

future and beyond. 
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Public Policy, Technology Development, 
and the High Plains Economy 

MILTON L. HOLLOWAY 
Former Executive Director* 

Texas Energy and Natural Resources Advisory Council 
Austin, Texas 

During early 1981, the Texas Energy and Natural Resources 

Advisory Council (TENRAC) set out to develop a plan for Texas energy 

research. This plan was to be developed with the help of the four 

major state-supported universities: Tech Tech, Texas A&M, the 

University of Texas, and the University of Houston. The objectives of 

the plan were to: (1) provide for improved reporting of Texas energy 

research results, (2) provide a mechanism for coordination among 

competing interests when Texas competes against other states for major 

federal energy projects, and (3) write a Texas energy research agenda 

for the next five years. The idea was that by way of biannual 

updates, the Texas energy research and development (R&D) process would 

be improved. We have completed the first report, and I wish to 

discuss it here today and to relate how I think it applies to the 

subject matter of this conference -- "West Texas Natural Resources: 

Economic Perspectives for the Future." 

Government policy, research by the public and private sectors, 

and the private sector's willingness to risk investment have provided, 

respectively, the rules, the knowledge base, and the "engine" for 

economic development of the High Plains. The same mechanisms and 

incentives will develop the changes that deliver this economy into the 

21st century. The question now concerns what the policies should be 

and what the focus of R&D should be to bring about the desired 

results, Will the same institutional arrangements that resulted in 

*Dr. Holloway was executive director of the Texas Energy and Natural 
Resources Advisory Council from March 1980 to March 1983 and of its 
predecessor, the Texas Energy Advisory Council, from September 1977 to 
September 1979. 
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petroleum and agricultural development during the 20th century be 

sufficient to guide this economy through the downhill side of 

groundwater and petroleum exploitation? 

I suspect that new coalitions between federal, state, and local 

governments, private sector interest groups, and universities will 

have to be formed to provide the planning and ideas for maintenance 

and continued growth .of the High Plains economy during the 21st 

century. The High Plains economy during this century has been built 

upon the policies and R&D of exploitation of three natural 

resources -- land, groundwater, and petroleum. The policies and R&D 

of the next century will have to change to that of extending the 

groundwater and petroleum resources as far as possible while at the 

same time developing a new economic base for the region. Accordingly, 

I suggest the formation of a High Plains Development Council made up 

of representatives of the private sector, local, state, and federal 

governments, and High Plains universities to provide the guidance that 

surely will be needed during the years ahead. Such a council will 

need capital to complete its work, and I suggest the creation of an 

endowment fund to be managed by the development council. I will have 

more to say about this idea later. 

A HISTORICAL PERSPECTIVE 

In order to view the prospects for the High Plains future with 

some degree of order, one must understand the past development and the 

factors that brought us to this point in history; energy is a vital 

part of this rich heritage. 

Scarcely more than 100 years ago, this area was a vast prairie 

where ranching was made possible by government policies of free 

grazing and subsidization of the railroads for the development of the 

West. The technologies that developed that era were two -- the steam 

engine and the cow pony; the natural resource was the native grassland 

and water from springs, ponds, and rivers. Energy was supplied by 

coal for the steam engine, wood for cooking and heating, and human and 

animal "horsepower" for work. Barbed wire allowed the protection of 

property rights that formed the large ranches as the land was sold to 

private owners. The windmill became an added source of energy to 

support the cattle industry. Government policy designed to promote 
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the settlement of the West (e.g., the Homestead Act) brought the plow 

to the High Plains, and the large ranches slowly disappeared as the 

more intensive use of the fertile land forced the ranchers out of 

business. 

Tractors and mechanical harvesters were the new technologies that 

pushed the agricultural development of the High Plains to an estab

lished industry in the early 1900s. Well drilling technology allowed 

the development of both irrigation and petroleum production that 

propelled the region to the peak of economic performance in recent 

years. Pipeline construction technology allowed the movement of oil 

and gas to market, and irrigation distribution technology, underground 

concrete pipe, surface aluminum pipe and sprinkler systems allowed 

increased efficiency of irrigation. Government policy of the Federal 

Power Commission helped build the natural gas pipelines by allowing 

reserves of gas to be dedicated to the pipeline for the life of the 

resource. Texas Railroad Commission policy provided conservation of 

oil and gas by setting well spacing rules and production allowables 

that (1) stabilized oil prices and (2) stopped the waste of natural 

gas (flaring). These policies have extended the oil and gas resources 

over a more orderly development period. Furthermore, federal govern

ment tax policy and government-sponsored research and demonstration 

programs produced hybrid crop varieties, commercial fertilizer, and 

improved cultural practices. As a result, the development of a 

capital-intensive agricultural industry has been encouraged. 

The history of development of the High Plains economy, through 

both the agricultural and petroleum industries, has conditioned the 

attitudes and motivations of the people who came here and those who 

have grown up here. The frontier mentality of development, adverse 

weather conditions, and the fluctuations of the agricultural and 

petroleum markets have produced a people with great determination to 

overcome adversity and to compete for economic survival. 

In short, the history of the economic development of the High 

Plains has been one of government policies to encourage settlement and 

development and private sector initiative to invest capital to exploit 

the natural resources of the Great Plains: petroleum, groundwater, 

and land. But will the frontier mentality, private initiative, and 
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development-oriented policy be adequate to deliver the High Plains 

comfortably into the 21st century? Both groundwater and petroleum 

resources are being depleted. Although this exploitation will be 

extended by further conservation policies and technologies, this 

economy must eventually depend on a different resource base; a 

different industrial mix. What will it be? How will it be developed? 

How can we be sure that proper attention is paid to planning for such 

long-term adjustments? I will return to this question later. 

TEXAS FIVE-YEAR ENERGY RESEARCH AGENDA 

The plan developed by TENRAC and the universities lays out an 

agenda for the focus of Texas energy research for the next five years. 

The seven areas or mission statements identify major problem areas 

that need priority attention. Each mission area covers the full range 

of R&D from basic research to applied research, development and, where 

necessary, proof of concept. The seven mission areas of high priority 

are: 

(1) Energy policy and planning 

(2) Lignite development and utilization 

(3) Oil and gas recovery 

(4) Biomass development and utilization 

(5) Increased utilization of Texas solar resource 

(6) Efficient energy utilization 

(7) High Plains agricultural industry 

This state-wide focus in seven areas is applicable to the High 

Plains except for "lignite development and utilization." Briefly, the 

problems identified in each of these research mission areas are 

explained below. 

The Energy Policy and Planning Mission 

The policy and planning mission focuses on: (1) continual 

assessment of the direction of energy development in the state, and of 

state and national energy policy; (2) analysis of stability and 

viability of growth, perceived impediments to growth -- barriers, lack 

of incentives, and adverse impacts; and (3) formulation of general 

energy policy development relating to taxation, capital formation, 

regulation, and social, economic and environmental impact management. 
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The Oil and Gas Recovery Mission 

The recovery mission will concentrate on research to increase the 

ultimate recovery of oil and gas in Texas through: (1) regional, 

trend, and play analysis to delineate potential new trends or to 

further define existing trends for conventional exploration; and (2) 

geologic and engineering characterization of existing reservoirs to 

aid in deployment of techniques for increased recovery. 

The Biomass Development and Utilization Mission 

This biomass mission addresses: (1) assessment of the growing 

biomass resources of the state which could be converted into useful 

energy, thereby also reducing the problem of disposal of organic 

wastes; and (2) development of economic means of collection and 

utilization by new or integrated technologies. 

The Mission of Increased Utilization 
of Texas' Solar Resource 

The solar mission primarily addresses near-term needs to achieve 

long-range development objectives, by way of: (1) solar components 

cost reduction through improved manufacturing, engineering and 

development of new economical devices applicable in the Sunbelt 

region; (2) application of new devices through operation of proof-of

concept facilities; and (3) public education and policy development 

for greater acceptance of solar technology in all major sectors of 

energy use. 

The Efficient Energy Utilization Mission 

This efficiency mission addresses the need for increased 

efficiency of energy use. The focus of the mission is to develop 

technology and practices for effective energy utilization by all major 

sectors of the economy. 

The Mission of Maintaining and Enhancing 
the High Plains Agricultural Industry 

Although not totally an energy problem, this mission is an area 

of s t ate economic activity heavily influenced by rising energy and 

related fertilizer, insecticide, and herbicide costs. The depletion 

of the Ogallala Aquifer compounds the problem of rising irrigation 

costs. The mission addressing this problem will focus on: (1) 

development of efficient-energy management and conservation, and 

economic alternatives to energy use practices, (2) development of 
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drought-resistant crops; and (3) development of agricultural energy 

production as a commercial enterprise. 

Table 1 shows the estimated cost of R&D in the seven mission 

areas and the recommended level of state funding for the next five 

years. The state share estimates in Table 1 exclude normal 

appropriations for research in other energy areas, for general 

capacity development, and for graduate program expansion in 

universities, all of which are assumed to continue at normal growth 

levels. The basic support facilities and professional expertise at 

universities are assumed to continue in order to provide basic support 

to carry out the seven missions. 

The R&D missions listed in Table 1 address Texas-specific high 

priority energy issues in the state that require attention in order to 

provide proper direction and momentum for an orderly transition from 

old to new energy sources. The table shows the magnitude of new money 

Table 1 

SUMMARY OF TEXAS ENERGY R&D MISSIONS 
AND ESTIMATED COST FOR FIVE YEARS 

(1984-1988) 

Next Five Year's Recommended 
Mission Program Cost, State Funds, 

Million $ Million $ 

Energy policy and planning 20 .0 11.5 

Lignite development and 
utilization 156.0 31. 7 

Oil and gas recovery 13.6 7.6 

Biomass development and 
utilization 24.0 21.8 

Increased utilization of 
Texas' solar resource 25.5 4.8 

Efficient energy utilization 5.0 4.4 

High Plains' agricultural 
industry 9 . 8 8.0 

TOTAL 253.9 89.8 
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needed, over and above the present normal levels of appropriation in 

order to address high-priority Texas energy problems. 

The attention to energy R&D given by government is unstable over 

time. Following the oil embargo of 1973 and '74, the federal govern

ment stepped up the commitment of energy R&D. This government effort 

was managed first by various federal agencies, then consolidated by 

the formation of the Energy Research and Development Administration 

(ERDA) and later the Department of Energy (DOE). Overall, the 

non-military energy research effort by the federal government 

increased by a factor of 4.3 from 1973 to the peak year of 1980 ($395 

million to $1.7 billion). However, this trend has been reversed by 

the change in priorities of the Reagan Administration, which has 

drastically shifted the focus of federally-sponsored R&D away from 

energy to defense, except for nuclear energy research (Table 2). 

Of the 1981 estimate of total national R&D funding, 13 percent 

went for basic research -- toward knowledge leading to a fuller 

understanding of the subject, 22 percent went for applied research 

toward practical application and new knowledge for specific objec

tives, and 65 percent went for development -- toward ·production of 

useful materials, devices, techniques, and designs. R&D funds 

originating in industry are spent primarily by industry and on 

development activities. Industry also spends a major portion of 

federally-originated funds, and these are also spent primarily on 

development activities. 

The distribution of expenditures is shown in Table 3. The table 

indicates, for example, that university expenditures came 74.4 percent 

from federal sources, 2.8 percent from industry, 17.3 percent from 

Table 2 

FEDERAL R&D FUNDING 

Category 1981 1982 

Defense 51.9% 57.0% 
Space 13.9 13.6 
Health 10.8 9.9 
Energy 9.9 7.4 
Twelve Others 13.5 12.l 

TOTAL 100.0% 100.0% 
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Funding Source 

Federal 
Industry 
Universities 
Non-Prof it 

TOTAL 

Expenditures 
% of Total = 

Table 3 

TOTAL NATIONAL R&D EXPENDITURES IN 1981 

Expenditures 
Federal Industry Universities 

100.0% 32.0% 74.4% 
68.0 2.8 

17.3 
5.5 

100.0% 100.0% 100.0% 

13.0 71.2 12.4 

Non-Profit 

66.0% 
9.6 

24.4 

100.0% 

3.4 

university (state), and 5.5 percent from non-profit sources, with 

university (state) expenditures comprising 12.4 percent of the total 

national R&D expenditures. 

Although these data are for total R&D and not specifically for 

energy, the same basic pattern of funding sources and performance are 

believed to exist for energy research. 

The Five-Year Energy Research Plan documents the ·source and 

expenditure of energy research funding by type in Texas universities 

during the last five years. Of the total energy research expended by 

major Texas universities, 76 percent came from federal sources while 

11.2 percent came from state government agencies (Table 4). The total 

effort by state universities from all funding sources amounted to $130 

million during the 1977 to 1981 period. Nuclear research funding, 

amounting to some $40 million (primarily at the University of Texas 

Fusion Lab), is expected to continue from federal sources at the same 

or increased levels. All other areas of federal energy research 

funding are expected to be severely reduced. 

In short, the Texas Five-Year Energy Research agenda calls for a 

focus on seven problem or mission areas and for an increased state 

effort to fund the work. This increased need is in part due to the 

expected cutback in federal funding for energy research of all types 

except nuclear research. Table 1 reflects the state-wide priorities 

that we believe to be the needed focus of an increased effort of 

roughly $18 million per year in state funding. However, it does not 
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Fossil Fuels 
Nuclear 
Efficiency 
Solar 
Geothermal 
All Other 

TOTAL 

Table 4 

EXPENDITURES OF TEXAS STATE UNIVERSITIES 
FOR ENERGY R&D DURING 1977 TO 1981 

Indus- All Texas 
Federal trial Appropri-
Funding Funding at ions Total 
14. 8% 6.6% 3.7% 25.1% 
36.7 1.2 1.1 39.0 
2.5 1.1 1. 7 5.3 
8.6 0.7 1.1 10.4 
8.0 1.0 0.7 9.7 
5.4 2.2 2.9 10.5 

76.0% 12.8% 11.2% 100.0% = $130 Million 

appear that any increase in state funding for energy research will be 

forthcoming from the Texas Legislature this biennium due to the major 

decrease in expected revenue for the state budget. In fact, the 

likelihood is that funding will be decreased instead. Ironically, the 

diminished outlook for state revenue is in large part due to the 

decline in oil prices and related oil and gas industry activities. 

Our state and federal government processes seem unable to provide 

stable funding to support R&D that is the primary source of our 

long-term solutions to problems. 

If increased funding to support these mission efforts should go 

forward in the years ahead, however, there are direct connections 

between the purposes of the Plan and the long-term solutions to High 

Plains problems. 

FIVE-YEAR PLAN IMPLICATIONS FOR THE HIGH PLAINS 

Four of the seven areas of focus in the Five-Year Plan relate 

directly to the need to extend the effective economic life of 

petroleum and groundwater resources in the High Plains. These are: 

(1) energy policy and planning, (2) biomass development and utiliza

tion, (3) oil and gas recovery, and (4) High Plains agricultural 

industry. In my earlier remarks, I distinguished two areas of focus 

for the High Plains for the 21st century: (1) extending the effective 

economic life of the two exhaustible natural resources -- groundwater 

and petroleum, and (2) creation of a new resource base and industrial 

mix to provide the source of growth. The first will dominate the near 
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term, and the second is critical to the long term. The focus of the 

plan is on technologies and policies of the near-to-medium term (the 

next 25 years). 

Extending the economic life of groundwater and petroleum 

resources is both a policy and a technology problem. The rate of 

depletion and ultimate recovery of the oil and gas resources are to a 

great degree a function of state and federal policy, as well as the 

forces of the market place and new technology. A High Plains 

Development Council, as I have suggested, should debate whether 

existing government policies serve the best long-term interests of the 

region and provide a vehicle for focusing research attention on 

technologies that benefit the High Plains. 

Improvements in the knowledge base about the geologic conditions 

of remaining oil and gas reserves can both improve the efficiency of 

recovery and lead to changes in well-spacing policy of the Railroad 

Commission, Improved technology for enhanced oil recovery has the 

potential for greatly expanding the oil resource base. Air injection 

techniques may increase the ultimate recovery of groundwater 

resources. Groundwater control laws are options for spreading the use 

of this exhaustible resource over time. 

The intermingling of agricultural and energy markets by way of 

powerful public policy have important implications for the long-term 

development prospects for the High Plains. These interactions need to 

be understood and given direction by groups, such as a High Plains 

Development Council. There is both the potential for energy 

production from crops grown for energy production and for use of 

existing crops and waste products as energy sources. The prospect of 

conversion of cellulose to alcohol greatly increases the probability 

that waste products from agricultural production can produce 

marketable energy products. Existing tax policy by Texas and U.S. 

governments greatly subsidizes the conversion of various grain 

products to alcohol to be used as a gasoline additive or gasoline 

substitute. 

The immediate need to improve the economics of irrigation in the 

High Plains is an area of interplay between technology development and 

policy. During the last several years a "trickle irrigation" system 
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has been developed by means of government-sponsored research and 

development, including support from TENRAC. The State Water Plan 

recommendations from TENRAC adopted in February 1983 called for a 

state loan program to speed the adoption of the technology by High 

Plains farmers. The rapid adoption of such technology by High Plains 

farmers can stretch the productivity of groundwater by 30 to 40 

percent while reducing energy costs as well. 

These and other technology/policy combination ideas need to be 

developed and supported by those in the region who are most interested 

in the long-term economy of the High Plains. Again, I suggest that 

such issues are appropriate topics of a High Plains Development 

Council, funded by a stable source of research money to research the 

broad and long-range questions and to bring groups together to create 

consensus and action plans. You have much to gain from the "can do" 

attitudes that characterize your people and much to lose if the 

long-term transition of this region to a new resource base is not 

achieved. 
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