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SUMMARY OF RESEARCH NEEDS 

Groundwater is a major source of fresh water for municipalities, industries 
and agriculture throughout the United States. In those areas categorized as 
arid or semi-arid, groundwater assumes added importance, particularly in the 
agricultural sector. Irrigated agriculture, confined largely to the semi-arid 
portions of the seventeen western states, is by far the largest consumer of 
water in this region. About 41 percent of all irrigation water for the approxi
mately 39 million irrigated acres in the United States is supplied from ground
water resources. Each area of the country which requires supplemental irriga
tion from groundwater resources is experiencing a similar problem -- aquifer 
overdraft. Since the major underlying problem is the same in these arid and 
semi-arid areas, the ramifications, subordinate problems, and solutions to 
these problems tend to be similar. For this reason, the writers have chosen to 
highlight the Texas High Plains area with the understanding that the problems, 
solutions, and research needs of this area depict the majority of those of other 
areas where groundwater is the primary source of supply for agriculture. In 
addition, because approximately seventeen percent of all the irrigated land in 
the country is located in the Texas High Plains, and because this area was among 
the first to extensively develop irrigation programs utilizing groundwater, 
related problems have, perhaps, been more intensively studied here than in other 
areas of the country. For example, as early as 1951, voters of thirteen coun
ties in the High Plains of Texas, recognizing the need to conserve groundwater, 
created the High Plains Underground Water Conservation District No.1. Subse
quently five other districts have been created in the High Plains of Texas, two 
of which are operational. Cognizant of the impact that depleted groundwater 
reserves would have on High Plains agriculture and on the overall economy, by 
1954 Water District No.1 had formalized sufficient concepts and collected 
sufficient data to ask the Internal Revenue Service (IRS) for a ruling pertain
ing to the special treatment of underground water as a mineral and a depletable 
resource. District officials argued their case before the Internal Revenue 
Service annually from 1955 to 1959 without success. A test case was brought in 
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1960 by a high plains farmer who claimed a water depletion allowance on his 
1960 tax return. The allowance was denied by the IRS and the case went to 
court in 1962 in Lubbock, Texas. Following favorable rulings by the Federal 
District Court in Lubbock and the District Court of Appeals in New Orleans, 
the case was settled in 1965. Basically, the case rested upon the proof that 
the Ogallala Aquifer of the Southern High Plains was a non-rechargable, deplet
able resource. The basic principles which provided for groundwater depletion 
deduction were the following: 

1. There must be a proven cost basis in the groundwater deposit, 
2. There must be documented saturated thickness of groundwater, and 
3. The annual decline of the water table must be documented. 

These conditions were met at the time; the decline of the water table, mentioned 
in item 3 above, still continues and is documented in greater detail today. More 
than one alternative exists for decreasing the rate of decline of the water level 
or for completely reversing the declining trend of the past forty years. In 
order to assess the alternatives adequately, to understand the problem and all 
its ramifications more fully, and to develop institutions and strategies to put 
the problem to rest, intensified research activity must be undertaken. Only 
research can provide the understanding; the technological, sociological, and 
environmental advancement; the economic strategies; and the institutional frame
work from which prudent and permanent decisions and solutions can be derived. 

However, before research can become an effective tool to combat groundwater 
wastage, quality deterioration and shortsighted or misdirected policy, the focus 
of water research must be enlarged significantly. Historically, research has 

been fragmented within specific areas of concern and within specific disciplines. 
This approach has resulted in partial solutions and in ineffective information 
dissemination and technology transfer. For example, it makes little sense to 
concentrate water conservation efforts solely within the municipal and indus
trial sectors of most arid and semi-arid areas when agriculture typically con
sumes more than 95 percnet of the water. In areas where agriculture is the 
largest consumer, there is a greatly diminished need to conduct municipal or 
industrial water conservation research unless agricultural water supplies, 
which generally provide the foundation for the population and economies of 
such areas, can be guaranteed. Similarly, it is illogical to expect engineers 
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or hydrologists to make significant advancements in areas such as crop water 
use efficiencies and cropping and cultivation practices. Certainly the agri
cultural fraternity, including agronomists, soil scientists and botanists, 
must be included if the research is to be productive. The research community 
and agencies which sponsor research need to more fully understand that truly 
effective progress in water-related research associated with arid or semi-arid 
environments can be accomplished through multidisciplinary and interdisciplinary 
efforts and then only if a cooperative, holistic approach is taken and the "total" 
problem is addressed. 

Included below is a partial listing of research topics which need to be 
addressed if our groundwaters are to be properly developed, utilized and managed, 
and if irrigated lands in arid and semi-arid areas are to continue to be agri
culturally productive. 

Quantity Related Studies 

Due to the fact that groundwater supplies in the Texas High Plains are 
becoming depleted, research directed toward improved conservation, augmenta
tion and proper management of the available supplies becomes essential. The 
following areas are among those for which research needs are most critical. 

1. Hydraulic Properties of Aquifers -- It is doubtful that the 
amount of water in storage in any aquifer can be estimated 
to within plus or minus 25 percent of its true value. Accu
rate assessments and wise use of the available water in an 
aquifer require extensive knowledge of the lithology and 
spatial variability of the aquifer media and its peremability 
and storage coefficients. Studies should be undertaken to 
delineate areas of the aquifer where low specific yields 
would be expected (where aquifer is principally clay) and 
those areas where transmissibility would be at a maximum 
(where aquifer is principally sand and/or gravel). 

2. Irrigation Efficiency -- Drip or trickle irrigation practices 
have been shown to result in substantial savings of water in 
some applications. Additional study should be given to present 
equipment and practices and to modifications in them to improve 

iv 



thei r app 1 icabil ity to II row cropll agri culture, especi a lly 
in view of rapidly increasing energy costs. Studies should 
be undertaken to refine and modify irrigation scheduling to 
better accord with groundwater irrigation systems. Also, 
different row spacings and between-row land shaping should 
be studied for their effectiveness in conserving water. 
Additional research should be conducted to develop more 
efficient ways to monitor the amount of water applied to the 
land, and the amount of water contained in the root zone at 
any particular time. Presently, most irrigators have little 
knowledge about how much water they are actually pumping, or 
how much they should apply at a particular time. Also, methods 
to control and utilize tailwater more effectively should be 
investigated more fully. 

3. Cultivation Practices -- While much research has been conducted 
with regard to cultivation practices, much additional research 
aimed at conserving soil moisture is warranted. The frequency, 
depth and optimum times for plowing which will conserve the 
greatest amount of soil moisture and maximize crop yields need 
to be studied further. In like manner, the effectiveness of 
different types of terracing practices in utilizing the preci
pitation that is available is in need of evaluation, particularly 
in view of rapidly changing energy costs. 
It is important to note that major breakthroughs are not neces
sarily required to make this type of research profitable. For 

example, water currently has a value of about $50 or $60 per 
acre-foot at the ground surface for irrigation in West Texas. 
Since approximately six million acres of land are irrigated, 
research findings that resulted in an average saving of one 
quarter of an inch of water per year on all irrigated land in 
the High Plains would conserve, each year thereafter, 125,000 
acre-feet of water with a total value of $6 or $7 million. 
Surely, major breakthroughs are not required to effect water 

savings of this magnitude. 
4. Cropping Practices -- IIConventional wisdom ll is that cotton and 
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grain sorghum are the best money crops to raise in the South 
Plains. This may no longer be the case in the immediate future. 
Experimental plots should be utilized to investigate crops 
which grow well and produce high yields with less water, to 
develop drought-tolerant genotypes, or to find "big money" 
crops which could conceivably be grown in smaller quantities 
on fewer acres and still generate the same dollar volume as 
crops presently grown. If these research results dictated 
cropping changes, improved or different methods of financing, 
marketing, processing, and transportation might need to be 
developed. Optimization of such developments would likewise 
require a substantial research effort. 

5. Well Modification -- In past years, well construction and 
development in many areas have been, for the most part, 
shoddy, with little consideration being given to pumping 
efficiency. Improved methods, such as the utilization of 
well screens rather than torch-slotted casing, and selection 
or properly sized gravel pack are gaining favor on the Texas 
High Plains. Research can provide additional improvements in 
well development and construction, and, perhaps, provide ways 
to renovate existing wells through in-situ gravel packing and 
well screen placement. If such measures are proven to be 
effective, the potential energy savings are enormous. 

6. Playa Lake Modification -- The surface of the High Plains of 
Texas slopes gently to the southeast dropping about two meters 
per kilometer. The few developed water courses (other than 
the Canadian River) have very narrow contributing watersheds. 
Most of the surface drains to shallow depressions, known as 

playa lakes, which accummulate runoff during stormy periods of 
several days duration and then lose most of it promptly through 
evaporation. Because of soaring energy costs, expenditures 

required to lift groundwater to the surface have increased 
greatly and may, in fact, become prohibitive to future irriga
tion. Surface waters, essentially those in the playa lakes, 
are therefore much more valuable as irrigation supplies today 
than they were in the past. For this reason, further research 
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aimed at obtaining more realistic water budgets for the numerous 
playa lakes situated in the High Plains should be undertaken to 
determine the economic feasibility of using the water contained 
in these small surface lakes for irrigation. Also, previous re
search aimed at determining the feasibility of modifying these 
playa lakes to decrease the surface area-to-volume ratio, and thus 
eliminate excessive evaporation, needs to be updated and expanded. 

7. Institutional Research -- It has been suggested that negative in
centives constitute the greatest deterrent to effective water con
servation on the High Plains. These negative incentives are, for 
the most part, of a legal or institutional nature. If one farmer 
does not practice water conservation, while those around him do, the 
one who is profligate will benefit from the water belonging to those 
who are conservative. Overzealous regulation, such as that recently 
imposed on dust concentration in cotton gins (which threatens to 
terminate cotton growing and processing in the area), and agitation 
for strict governmental control of groundwater production and use 
constitute threats to confidence in long-term investment. Current 
interest (and discount) rates are such that a prudent individual could 
well justify maximizing production and profits now rather than risking 

the very uncertain economic and political climates of an extended future. 
Research is needed to determine the extent to which these and other nega
tive incentives are valid and to suggest mitigating alternatives. Pre
sently, the only method used to regulate the amount of groundwater 
pumped on the Texas High Plains is well spacing. Legal and institutional 
research can provide alternatives which may better suit the interests of 
High Plains residents. Also, subsidization practices should be examined. 
Research may indicate that it is more prudent to subsidize farmers for 
not irrigating cultivated land and thereby reducing yields and conserv
ing a non-renewable resource, water; as opposed to taking here-to-fore 
cultivated land, a renewable resource, totally out of production. 

8. Water Reuse -- Water reuse can be an effective method for meeting some 
of the increased demands on limited fresh water supplies. In arid 
and semi-arid parts of the country, in fact, the clea r need 
simply to reclaim and reuse water once is being surpassed 
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rapidly by the necessity to subject water to multiple reuse. 

While technological advancements necessary to reuse water 

effectively have been made in recent years, deficiencies 
still exist. Most technological innovations have been con
cerned with the reuse of wastewaters for industrial purposes, 

with little regard having been given to agricultural reuse. 

Agricultural reuse systems should be a topic of intensified 

research and investigation. Economic analyses should be under

taken to determine potential savings through reuse in terms of 

short and long range benefits, in terms of both savings in 
treatment costs and benefits from nutrients contained in waste
water. 

Probably the greatest deterrent to water reuse that exists today 

is the question of health effects. Exposure studies, bioassays 
and other means to detect and minimize adverse health effects 

resulting from water reuse should be conducted. In addition, 
because of quality deterioration, water cannot be reused indef
initely. Methods to treat or dispose of water that is no longer 

reuseable must be found. Such methods must be environmentally 

sound and economically feasible. 

9. Water Importation -- Research needs associated with water impor

tation include inventories of the water needs of areas of origin 

and use, benefit/cost analyses, environmental impact assessments, 

artificial recharge investigations, energy impact studies, and 

institutional framework analyses. 

Quality Related Studies 

When there is a shortage of groundwater, pollution prevention or abatement 

takes on an added degree of importance. That is, when water is in short supply, 

it is imperative that water which is available be of a quality sufficient to meet 

the needs of the prospective user. 

Even though it was not mentioned specifically, it should be understood that 

some water quality oriented research is inherent in, and germane to, the quantity 

related studies previously described; it is particularly pertinent to the areas 

of irrigation efficiency, reuse, and playa lakes. Some of the more urgent water 
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water quality research needs are listed below. 
1. Irrigation Efficiency Studies -- When irrigation efficiencies 

are improved care must be taken to ensure that the soil is not 
deteriorated as result of decreased mineral leaching. Long term 
studies need to be conducted which are designed to determine the 
impact, that 1 esser quantiti es of water app 1 i ed to the soil wi 11 

have. Of specific interest are the nature and kinds of chemical 
and physical reactions that occur between the soil and the dissolved 
minerals contained in the water. 

2. Reuse Studies -- Of particular importance to studies involving agri
cultural reuse, is the quality of the water to be reused. For 
example, if municipal sewage effluent is to be reused for irriga
tion purposes, it is important to know the effect that certain con
taminants, especially organic chemicals, will have on crop produc
tivity and soil quality. Specifically, the fate of potentially 
harmful organic chemicals needs to be documented. Depending upon 
the results of such studies, it may become necessary to conduct 
preliminary evaluations of sewage treatment plant effluents in 
order to determine their compatibility for irrigation of certain 
crops and with certain soil types or to subject troublesome efflu
ents to preliminary treatments designed to remove specific pollut
ants. 

3. Playa Lake Studies -- Previous investigations have found that the 
quality of the water in playa lakes is satisfactory for irrigation 
and is detrimental for aquifer recharge only because of suspended 
solids which tend to clog the pores of the aquifer. A possibility 
of pollution obviously exists, however, when the watershed of a 
playa lake (which, on the average, has an area of about one square 

mile) becomes a receptacle for industrial and/or municipal wastes, 
agricultural chemicals, and/or wastes from livestock or wildlife. 
Much work remains to be done in establishing safe limits for various 
pollutants and in finding alternate means of disposal (or, preferably, 
utilization) of potentially dangerous concentrations of them. 

4. Infiltration Studies -- Cesspools, which are widely used on the Texas 
High Plains, are presently the cause of significant but unquantified, 
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amounts of groundwater pollution. Studies should be undertaken 
to determine the extent of such pollution and ways to eliminate 

or abate it. In like fashion, the extent to which unlined or 

permeable storage lagoons contribute to groundwater contamination 
should be determined so that corrective measures could be recom

mended. 

5. Nitrate Pollution Studies -- One detrimental effect which often 

results from utilization of wastewater for irrigation purposes is 

nitrate enrichment of underlying groundwater. Research is needed 

to determine the balance between hydraulic and nitrogenous load

ings which will meet the water and fertilizer needs of crops while 

avoiding groundwater contamination. 

6. Sludge Disposal Studies -- There is a continuing need to develop 

better methods for the disposal of sludge from water and sewage 

treatment plants. In agricultural communities, sewage sludge is 

frequently disposed of on the land. There is also a continuing 

need to develop better methodologies to ensure that such land dis

posal techniques do not adversely impact the soil, crops, or under

lying groundwater. 

7. Microbiological Studies -- More sophisticated studies involving 

monitoring and analysis of reused or recharged waters needs to be 

conducted. Specifically, the roles that microorganisms play in 

soil modification, nutrient uptake, and contaminant removal need to 

be studied in conjunction with irrigation reuse investigations. 

Viral assays, as well as pathogenic bacteriological studies, need 

to be incorporated as routine procedures in any recharge or reuse 

study involving treated sewage effluents or other poor quality 

waters. 

Economic and Related Studies 

Economic studies regarding the importance of irrigated agriculture to the 

states involved and to the nation appear to be among the most pressing needs at 

this time. 
1. Economic Models -- While input-output models have been developed, 

these models need to be refined and updated periodically. Little 
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attention has been given to the problem of lessening the impacts 
of a major decline of irrigated agriculture or of providing alterna
tives which might preserve the economy of a region reverted to dry
land farming. If changes or shifts in the production of goods and 
services are to be required, a slow but evenly paced transition 
would not disrupt the economy as severely as would a sudden change. 
In addition to economic factors, the social, institutional, legal 
and technological aspects should also be considered. 

2. Energy Studies -- Energy costs, rather than declining water supplies, 
may end irrigation in West Texas. For this reason, it is urgent 
that several studies aimed at reducing the cost of energy, increas
ing the efficiency of irrigation, or determining other alternatives 
which will lessen the impact of drastic increases in the cost of 
energy should be conducted. Research aimed at evaluating alterna
tive energy sources for powering irrigation wells needs to be con
ducted. Such alternative energy sources include solar, wind, and 
biomass, all of which are frequently associated with arid and semi
arid lands. 

3. Value Studies -- While the value of water used for irrigated agri
culture is approximately $50 per acre-foot, water used for domestic 
purposes has a value of approximately $120 per acre-foot and water 
used for secondary oil recovery purposes has a value of approximately 
$600 per acre-foot. Therefore, if economic forces alone were to 
determine where adjustments in water consumption were to be made, 
agriculture and its supporting industries would bear most of the 
burden. Studies need to be undertaken to estimate the impact that 
response to such water values would have on agriculture in arid and 

semi-arid lands, and to investigate means of mitigating adverse 
impacts that would be certain to accompany any shifts away from 
agriculture. 

While the list of research topics presented is far from all-inclusive, it is 

believed to be representative of the types of research which are urgently needed. 
Most of the topics mentioned here and other important research areas are further 
described in the body of the report. It should be emphasized that in past years 

meaningful research has been conducted into most of the categories mentioned, and 
in many instances successful results have been obtained. However, the continuing 
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decline of our groundwater supplies, coupled with increased energy costs, have 

made it necessary to further refine many of the practices which, as a result of 

past research, have become standard practice. We simply cannot afford to sit idly 

by and let the economy of a region slide down hill as a result of groundwater de

pletion while we are able, at very low cost, to find means of at least slowing 
the rate of descent. Ways must be found to reduce the quantity of water needed 
to keep the economies of arid and semi-arid areas viable, and these ways can be 

found only through more intensive research. It may confidently be anticipated 

that money invested in research in water resources will be returned many times 
to the states and to the nation through greater efficiency in the use of our avail
able groundwater. 

While water resources research funding is available from several sources at 

the federal level, seldom is such funding provided for specific projects in a 

localized area such as groundwater research in an arid or semi-arid environment. 
Because such research, even though specific and localized, is of importance to 
the entire nation, it appears appropriate for a federal agency such as the 

National Science Foundation to undertake such funding endeavors. 

xii 



Figures 

1 - River and Coastal Basins and Zone Delineations 
of Texas [Texas Water Development Board, 
1977J 

2 - Projected Pumpage and Storage Depletion in the 
Ogallala Aquifer, Northern High Plains 
[TWDB. 1977J 

3 - Projected Pumpage and Storage Depletion in the 
Ogallala Aquifer. Southern High Plains 
[TWDB. 1977J 

4 - Minor Aquifers of Texas High Plains [TWDB. 1977J 

5 - Map Illustrating Those General Areas Where Sand
Size Fragments Constitute More Than 60 
Percent of the Ogallala [Reeves and Whitten
berg. 1978J 

6 - Distribution of Nitrate in the Ogallala Aquifer. 
Texas High Plains [Reeves and Miller. 1978J 

7 - Distribution of Chloride in the Ogallala Aquifer. 
Texas High Plains [Reeves and Miller. 1978J 

8 - Distribution of Dissolved Solids in the Ogallala 
Aquifer. Texas High Plains [Reeves and Miller. 
1978J 

9 - Amount of Fuel Required to Lift One Acre-Inch at 
Indicated Overall Efficiency [Smith and Carver. 
1976J 

10 - Estimated Agricultural Use of Water With High and 
Average Commodity Prices [Adams. Lacewell and 
Condra. 1976J 

xiii 

4 

5 

6 

20 

22 

29 

30 

31 

53 

58 



Tables 

1 - Present and Projected Population and Water Use, 
Canadian River Basin [Texas Water Develop
ment Board, 1977J 

2 - Present and Projected Population and Water Use, Red 
River Basin [TWOB, 1977J 

3 - Present and Projected Population and Water Use, 
Brazos River Basin [TWOB, 1977J 

4 - Present and Projected Population and Water Use, 
Colorado River Basin [TWOB, 1977J 

5 - Ground Water Availability of the Ogallala Aquifer, in 
Thousands of Acre-feet, by County, as of 1974, 
Canadian River Basin [TWOB, 1977J 

6 - Ground Water Availability of the Ogallala Aquifer, in 
Thousands of Acre-feet, by County, as of 1974, 
Red River Basin [TWOB, 1977J 

7 - Ground Water Availability of the Ogallala Aquifer, in 
Thousands of Acre-feet, by County, as of 1974, 
Brazos River Basin [TWOB, 1977J 

8 - Ground Water Availability of the Ogallala Aquifer, in 
Thousands of Acre-feet, by County, as of 1974, 
Colorado River Basin [TWOB, 1977J 

9 - Diseases and Counties of the Texas High Plains Having 
Clustered Mortality Rates from Diseases Monitored 
by Texas Department of Health [Reeves and Whitten
berg,1978J 

8 

9 

10 

11 

15 

16 

17 

18 

34 

10 - Estimated Crop Output at Selected Natural Gas Prices 56 
[Adams, Lacewell and Condra, 1976J 

11 - Estimated Planted Cropland by Crops, at Selected Natural 57 
Gas Prices [Adams, Lacewell and Condra, 1976J 

12 - Estimated Quantity of Water Used in Agricultural Produc- 59 
tion at Selected Water Prices [Adams, Lacewell and 
Condra, 1976J 

13 - Value per Acre-foot of Irrigation Water [Patten and 60 
Lacewell, 1977J 

xiv 



Tables (cont.) 

14 - Expected Crop Output, Irrigated Acreage and Producer 61 
Net Returns for Alternative Natural Gas Prices, 
Texas High Plains (Based on 1971-74 Commodity 
Prices) [Patten and Lacewell, 1977] 

15 - Expected Crop Output, Irrigated Acreage and Producer 62 
Net Returns for Alternative Natural Gas Prices, 
Texas High Plains (Based on Current Commodity 
Prices) [Patten and Lacewell, 1977] 

16 - Projected Natural Gas Prices for Texas [Texas Governor's 63 
Energy Advisory Council, 1977] 

17 - Pumping Cost Comparisons for Alternate Water Sources 65 
for Lubbock County [Davis, 1975] 

18 - Irrigation Application Efficiencies [Clark, 1972] 68 

xv 



GROUNDWATER RESOURCES OF THE TEXAS HIGH PLAINS: 
STATE-OF-THE-ART AND FUTURE RESEARCH NEEDS. 

W.L. Broadhurst, then chief hydrologist of the High Plains Underground 
Water Conservation District No.1, wrote an editorial entitled "Itls Later 
Than You Think -- But Itls Not Too Late" in 1954 for the first issue of the 
Districtls monthly publication, The Cross Section. In it he praised Presi
dent Eisenhowerls message to the Congress calling for a strong Federal program 
in the field of resource development and pointing at the same time to the 
necessity for cooperation of private citizens. The High Plains has witnessed 
the cooperation of private citizens to a marked degree. They have supported 
programs of well permits, well spacing and tailwater recovery. They have 
cooperated in data gathering and in research. They have willingly supported 
conservation agencies; voted for bond issues for financing water development; 
and supported the voluntary organization, Water, Inc., in its continuing 
advocacy of water importation. 

They have found that there are few easy answers to the water problems 
associated with water importation and resulting from increased demands on a 
diminishing supply. No economically feasible means has been discovered for 
artificially recharging the aquifer on a substantial scale; such water as is 
surplus elsewhere would involve a pump lift of over 1.25 km, long conveyance 
facilities, difficult political negotiations, and storage in an area of high 
potential evaporation; and fuel prices are inflating at a rate which is threat
ening to make the pumping of existing groundwater uneconomical for irrigators. 

The future of the High Plains lies in its diversified industry, much of 
which uses little water; in dry farming or, preferably, in farming using 
irrigation technology and agronomic developments which obtain the maximum 
feasible benefit from the water used; in full use of playa lake water; and 
in reuse of municipal and industrial water. 

At some time in the more distant future, as the value of crops increases 
with greater demand and shorter supply and as non-petroleum energy becomes 
available, the economics of water importation should clearly dictate the 

intensive redevelopment of the fertile soil ideally adapted to mechanized 
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agriculture which is the heritage of the South Plains. 
The research which has been conducted to date and the research needs fore

seen to guide this development are described in this report under five cate
gories: 

I. Studies projecting demands on, and availability of, groundwater 
resources in the High Plains region; 

II. Studies on the quality of groundwater contained in the aquifer and 
its suitability for agricultural, municipal, and industrial use; 

III. Management practices employed in the High Plains for groundwater 
resources utilization; 

IV. The impact of increased energy costs on groundwater supplies; and 
V. The augmentation of, and substitution for, groundwater supplies. 

A list of references is included with each category. Appendix A lists 
publications of the U.S. Geological Survey and of the Texas Department of 
Water Resources (and its predecessor agencies, the Texas Water Commission, 
The Texas Board of Water Engineers, and the Texas Water Development Board) 
which contain data on the groundwater of the Texas High Plains. Appendix B 
lists the publications of the Texas Tech University Water Resources Center, 
almost all of which are intimately related to water problems of the Texas 
High Plains. 



CATEGORY I 

Studies Projecting Demands on, and Availability of, 
Groundwater Resources in the High Plains Region 

Water Demands 

Projections of water requirements are difficult to make because of the 
innumerable variables involved. For example, not only are projected growth 
patterns and population changes required, but the increase or decrease in 
manufacturing, municipal and industrial power requirements, and recreational 
and agricultural needs, to name only a few variables, must be accurately 
determined before projected water demands can be seriously considered. Thus, 
demand studies frequently become dated and worthless due to changes in related 
variables. 

The latest and most comprehensive study of water demands on the Ogallala 
Aquifer of the Texas High Plains [Fig. lJ is the 50-year projection used in 
the 50-year water plan for the State of Texas [Texas Water Development Board, 
1977J. Based on historical water-level data, saturated thickness, area of 
land irrigated in the past, and future pumpage requirements, approximately 
101.79 million acre-feet of water would be required from the Ogallala Aquifer 
in the Northern High Plains [Fig. 2J, for irrigation only, during the period 
1974-2030 [Texas Water Development Board, 1977, p. IV-38J. The projected 
water demand for the available irrigable acreage in the year 2000 is 2.57 
million acre-feet for 2.06 million acres, rising to 3.04 million acre-feet 
for 2.60 million acres in the year 2030. However, this represents a shortage 
of 1.07 million acre-feet of available Ogallala groundwater by the year 2000 
and of 1.54 million acre-feet by the year 2030. 

On the Southern High Plains [Fig. 3J approximately 2.03 million acre-feet 
of Ogallala groundwater would be available to irrigate 1.97 million acres in 
the year 2000, declining to 1.03 million acre-feet annually to irrigate 1.08 
million acres by the year 2030. By the year 2000 approximately 6.50 million 

acre-feet of Ogallala groundwater would be needed to irrigate 6.78 million 
acres, increasing to 7.69 million acre-feet for 8.56 million acres in the year 
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EXPLANATION 

-- River and Coastal Basin Boundaries 

Zone Boundaries 

<D Zone Numbers 

Figure 1. River ant~Coastal Basins and Zone Delineations of Texas. The 
Extent of the High Plains is Marked by a Heavy Black Line. The 
Canadian River Basin Occupies the Northern High Plains. The 
Red, Brazos, and Colorado River Basins form the Southern High 
Plains [Texas Water Development Board, 1977]. 
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Figure 2. Projected Pumpage and Storage-Depletion in the Ogallala Aquifer, 
Northern High Plains [Texas Water Development Board, 1977J 



140 6 

120 

~J I--
w 
W 
lJ.. 
I 

W 0:: 
0:: 100 <t 
u 
<t ::.:: <;t 

u I'-

Z 0 Q:! 
0:: 2 (l. ;;;;; 

---' <t 
---' u t;j 
::E 80 w 

~ 
lJ.. 

~ t 
W 

W W 0:: 
(!) (!) u 
<t <t <t 
0:: 

60 0:: Z 0 0 
I-- I-- 0 . 
en en :::::i 
w w ---' 
---' ---' ::E !D !D <t <t 
0:: 

40 0:: (X) W W 
~ > E; 0 

u u w w 
a:: a:: 

20 1 14:4 

RECOVERABLE STORAGE IN "BREAKS" AREA, 5.57 MILLION ACRE~ FEET IN 1974 

0 

NON.-RECOVERABLE STORAGE OF 39.92 MILLION ACRE - FEET 

JAN JAN JAN JAN JAN JAN 

3 1980 1990 2000 2010 2020 2030 

0:: 
<t z w 

0 >-
:::::i 0:: 
---' w 2 ~ CL 

~ I--
W W 
(!) w 
<t lJ.. 

(l. I 

::E w 
a:: :::> u 

CL <t 

0 
1980 1990 2000 2010 2020 2030 

Figure 3. Projected Pumpage and Storage Depletion in the Ogallala Aquifer, 
Southern High Plains [Texas Water Develooment Board, 1977J 
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2030. For the Southern High Plains this represents an annual shortage of 
6.66 million acre-feet of water by the year 2030. 

The principal water-using sectors of the economy of the Texas High 
Plains are those of food and fiber. For example, irrigated feed grains 
use over 17,000 acre-feet of water and irrigated cotton uses over 7,000 
acre-feet of water for each million dollars of production [Texas Water 
Development Board, 1977]. During 1976 approximately 6,400,000 acres of 
the High Plains were irrigated by 71,000 wells, 90 percent of which lift 
water over 125 feet. Seventy one percent of the irrigation wells deliver 
less than 700 gallons per minute. Total groundwater used on the High Plains, 
in 1974, was estimated at 8 million acre-feet, accounting for about 78 per
cent of the groundwater used in the entire state during that year. 

Water demands for each of the river basins (Canadian, Red, Brazos, and 
Colorado) of the Texas High Plains [Fig. 1], projected to the years 2000 
and 2030, were determined for the Texas Water Plan [Texas Water Development 
Board, 1977]. Tables 1, 2, 3, and 4 list the present and projected water 
use for the Brazos, Canadian, Colorado and Red river basins in the Texas 
High Plains. 

Demand studies, on a more or less local scale, for that part of the 
Ogallala Aquifer which lies in eastern New Mexico are monitored by the State 
Engineer's Office, Roswell, New Mexico. 

Condra and Lacewell [1975] investigated the effects of different pro
ducts and input prices on the demand for irrigation water. Condra and 
others [1975] developed a model for estimating the demand for irrigation 
water on the Texas High Plains. This model, using both variable and fixed 
costs, shows that irrigation demand will cease when water prices reach 
$55.47 per acre-foot. Lacewell and Condra [1975] found that irrigation usage 
on the Texas High Plains is closely tied to the price of the energy (natural 
gas, diesel) used to pump the water, but that near-term expected energy 
price increases will have only minimal impact on irrigation energy demands 
on the Texas High Plains. 



TABLE 1. PRESENT AND PROJECTED POPULATION AND WATER USE, CANADIAN RIVER BASIN [TWDB, 1977J 

Population and Water Use Category by Zone 1974 2000 2020 2030 

(Requirements in thousands of acre-feet) 
ZONE 1 

Population 23,500 27,000 30,700 32,800 

Municipal 4.4 7.0 8.3 9.1 
Livestock 6.8 8.8 10.4 11.2 
Manufacturing 0.1 0.1 0.3 0.3 
Ste~m-E~ec£lic Power 0.0 0.0 0.0 0.0 
I rn ga t 1011--' 986.6 663.6 590.6 554.1 
Mining 1.9 2.6 3.2 3.6 

Total Water Use 981.8 682.1 612.8 578.3 

ZONE 2 

Population 113.100 140,500 148,500 153,700 

Municipal 26.4 37.4 40.7 42.7 
Li vestock 8.7 11.6 13.5 14.5 
Manufacturing 34.1 52.0 86.4 113.3 
Ste~m-E~ec£lic Power 6.0 26.3 26.3 26.3 
IrngatlOn- 947.3 885.0 740.9 668.8 
Mining 3.0 2.2 2.0 1.9 

Total Water Use 1,025.5 1,014.5 909.8 867.6 

TOTAL BASIN POPULATION 156,600 167,500 179,700 186,500 

TOTAL BASIN WATER USE 2,007.2 1,696.8 1,530.5 1,456.6 

AGRICULTURAL REQUIREMENT~ 611.8 699.2 742.9 
AGRICULTURAL REQUIRE~1ENT~ 399.5 848.7 1,073.3 

TOTAL BASIN REQUIREMENT~ 2,007.2 2,707.7 3,078.5 3,272.9 
~ Uses based upon existing or locally available supplies. 
b/ Quantity of additional water necessary to develop potential project type irrigation. 
c/ Steam-electric power requirements were held constant at the 2000 level for 2020 and 
- 2030 zones projections. Basin totals may include additional requirements not allocated to zones. 

co 



TABLE 2. PRESENT AND PROJECTED POPULATION AND WATER USE ZONE 1, RED RIVER 8ASIN [TWDB, 1977J 

Population and Water Use Category 1974 2000 2020 2030 

(Requirements in thousands of acre-feet) 

Population 159,700 241,500 353,500 435,200 

Municipal 31.6 65.5 99.5 124.7 

Livestock 16.4 21.8 25.8 27.9 

Manufacturing 6.6 8.9 12.6 15.7 

Steam-Electric Power 
I rri ga t i on-~/ 1,906.8 791.6 427.1 312.3 

Mining 3.4 2.6 2.6 2.6 

Total Water Use 1,964.8 890.3 567.6 483.2 

~ Uses based upon existing or locally available supplies. 

\0 



TABLE 3. PRESENT AND PROJECTED POPULATION AND WATER USE ZONE 1, BRAZOS RIVER BASIN [TWOB, 1977J 

Population and Water Use Category 1974 2000 2020 2030 

(Requirements in thousands of acre-feet) 

Population 323,900 436,000 562,200 644,600 

Municipal 58.6 111.6 149.4 174.5 

Livestock 12.1 15. 1 17.6 18.8 

Manufacturing 7.8 12.3 22.0 31.0 

Steam-Electric Power 12.0 45.5 45.5 45.5 

I rri ga ti on~ 3,585.8 914.0 681.1 564.7 

Mining 19.5 37.3 50.7 59.5 

Total Water Use 3,695.8 1,135.8 966.3 894.0 

a/ Uses based upon existing or locally available supplies. 

o 



TABLE 4. PRESENT AND PROJECTED POPULATION AND WATER USE ZONE 1, COLORADO RIVER BASIN [TWDB, 1977J 

Population and Water Use Category 1974 2000 2020 2030 

(Requirements in thousands of acre-feet) 

Population 270,400 314,400 358,200 384,500 

Municipal 51.1 80.4 93.5 101.3 

Livestock 4.1 5.8 6.7 7.2 

Manufacturing 8.2 18.0 33.5 47.0 

Steam-Electric Power 1.3 2.4 2.4 2.4 

IrrigationY 813.9 319.0 211.7 157.9 

Mining 72.4 96.7 55.2 34.4 

Total Water Use 951.0 522.3 403.0 350.2 

~ Uses based upon existing or locally available supplies. 
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Water Availability 

Studies concerned with determining the availability of groundwater in 
the Texas High Plains have been conducted primarily by the Texas Department 
of Water Resources and predecessor agencies (Texas Water Commission, Texas 
Board of Water Engineers, and Texas Water Development Board), local under
ground water conservation districts, and the U.S. Geological Survey. 

The earliest studies concerning groundwater of the Texas High Plains 
were by Johnson [1901, 1902J, Gould [1906, 1907J and Baker [19l5J. Ground
water studies in the New Mexico portion of the High Plains were conducted 
by C.V. Theis [1933, 1935, 1939J. During the period 1933-1934 Theis, Bur
leigh and Warte [1935J conducted a widespread reconnaissance of groundwater 
in the High Plains region from Texas north into Colorado. A regional inven
tory of water wells in 25 counties of the High Plains was conducted during 
the period 1936-1939. The results, consisting of well records, logs and 
water analyses, were released by the Texas Board of Water Engineers in 
mimeographed form (see Appendix A). 

The early studies of groundwater availability suffered from the lack of 

well control. For example, in 1940 there were only 2180 irrigation wells on 
the Texas High Plains, thus U.S. Geological Survey Water Supply Paper 889-F 
[White, Broadhurst and Land, 1946J required only 37 pages to present all the 
known data on groundwater availability in the 30,OOO-sq. mile High Plains 
area. 

The first regional stud,Y of groundwater availability of the Texas High 
Plains based on adequate well control (44,000) is that reported in U.S. Geo
logical Survey Water Supply Paper 1693 [Cronin, 1964J. Cronin [1964J pro
vided the first available regional maps illustrating depth to water, altitude 
of the base, and altitude of the water table of the Ogallala Aquifer. Also 
provided were the saturated thickness of the Ogallala Aquifer before large
scale irrigation well development and the saturated thickness of the Ogallala 
Aquifer in 1958. These were the first maps to graphically describe the 
radical depletion occurring in the Ogallala Aquifer. 

Cronin's [1964J work was so well received by the scientific community 
that an update, released as U.S. Geological Survey Hydrologic Investigations 

Atlas HA-330, was published in 1969. Whereas Cronin's original [1964J work 
covered only the Texas High Plains, the 1969 study included the entire portion 
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of the Southern High Plains in New Mexico and Texas. Maps were provided 
illustrating the altitude of the base of the Ogallala, the decline of the 
Ogallala water table for the 30-year period 1937-1967, the altitude of the 
water table in 1967 and the saturated thickness of the Ogallala Aquifer in 
1967. Hydrologic Atlas 330 [Cronin, 1969J remains as the latest principal 
regional study of groundwater availability in the High Plains of Texas and 
New Mexico. 

Occasional reports concerning groundwater availability on the High 
Plains have been published by the local Water Conservation Districts. For 
example, Geology and Ground-Water Resources of the North Plains Ground Water 
Conservation District (undated) has been published by the North Plains Ground 
Water Conservation District No.2, Dumas, Texas. Maps showing the thickness, 
depth to water, saturated thickness, decline and change in depth to water 
during the period 1946-1966 for the Ogallala Aquifer in Cochran, Gaines, 
Terry and Yoakum counties, were published [Wyatt, 1968J by the now defunct 
South Plains Underground Water Conservation District No.4. 

The most recent evaluation of the amount of water in storage in the 
Ogallala Aquifer is the Ogallala Analytical Study by the Texas Department of 
Water Resources. By June 1, 1978, twelve of the projected series total of 
forty reports covering 45 counties had been published and an additional seven 
were at the printers. These studies, principally by Wyatt, Bell and Morrison 
[1976a, 1976b, 1976c, 1976d, 1977a, 1977b, 1977cJ, represent the most sophis
ticated regional attempts yet made to delineate groundwater availability of 
the Ogallala Aquifer. 

Reports of the Ogallala Analytical Study present tables and maps illus
trating: 1) the saturated thickness and volume of water, 2) the potential 
well yield, 3) the pumping lifts, and 4) the pumpage from the Ogallala Aquifer. 
The base year for each study was 1974, with succeeding maps reflecting projec
tions for each decade starting in 1980 and continuing through the year 2020. 
The hydrologic data base used for the Ogallala Analytical Studies was the 

network of water-level observation wells used by the several water conserva
tion districts and the Texas Department of Water Resources. Supplementary 
data in the form of water well driller's logs were used in local areas. 

Data used to determine the depletion of the Ogallala Aquifer were the 

water-use patterns between the years 1960-1972. A depletion schedule per 



range of saturated thickness was calculated from which a computer program 
projecting future saturated thicknesses at each well site was derived. 
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Volume of water was then determined (at any specific year) by having the 
computer calculate the number of acres corresponding to each saturated thick
ness range, and multiply by the coefficient of storage. The total of these 
volumes produced a volume figure for water in storage for any designated 
year within each respective county. 

The potential well yields, in gallons per minute, were based on pumping 
tests from various saturated thicknesses. Well yields were then adjusted 
using the declining saturated thicknesses for each succeeding decade. 

Pumping lifts, defined as the depth to the static water level plus the 
drawdown during pumping, were calculated by assuming well yields of 800 or 
900 gallons per minute, a specific yield of 10 or 15 gallons per minute per 
foot of drawdown, and well production at the capacity of the aquifer until a 
10 foot minimum saturated thickness was reached. The lower values were used 
in the Middle and South High Plains; the higher were used in the north. 

Pumpage from the Ogallala Aquifer, at the projected rate of water level 
decline, was determined by multiplying the desaturated volume (from water level 
decline maps) by the number of acres for each 0.25-foot segment of decline by 
the storage coefficient. Estimates for natural recharge (1/2 inch per year) 
and irrigation recirculation were used in the calculations. 

A 1974 computer study of the Texas High Plains revealed that approximately 
340 million acre-feet of groundwater were then in storage in the Ogallala Aquifer 
in the 45-county area surveyed. Of these, approximately 123.38 million acre
feet were in storage in the Southern High Plains (excluding 39.92 million acre
feet considered unrecoverable) and 158.39 million acre-feet were in storage in 
the Northern High Plains (with 18.41 million acre-feet considered unrecoverable). 

The availability of Ogallala groundwater in each of the river basins 
(Canadian, Red, Brazos, and Colorado) of the Texas High Plains [Fig. lJ, pro

jected to the years 2000 and 2030, was determined for the Texas Water Plan 
[Texas Water Development Board, 1977J. Tables 5, 6, 7, and 8 list the 1974 
and projected groundwater availability for the Brazos, Canadian, Colorado and 

Red river basins in the Texas High Plains. 
Availability studies for that part of the Ogallala Aquifer in eastern New 

Mexico are monitored by the State Engineer's Office, Roswell, New Mexico. 



TABLE 5. GROUND WATER AVAILABILITY OF THE OGALLALA AQUIFER (PURGATOIRE-DAKOTA AQUIFER IN DALLAM 
COUNTY INCLUDED), IN THOUSANDS OF ACRE-FEET, BY COUNTY, AS OF 1974, CANADIAN RIVER BASIN 
[TWDB, 1977J 

Recoverable Annual Average Annual Ground ~~ater Avail abil i ty 
Storage Natural (storage depletion plus natural recharge) Remaining Recoverable 

1 1 Storage 2031 County January 1974 Recharge 1980 I 1990 1 2000 1 2010 2020 2030 Rate 

Carson 2,755.0 3.2 45.2 38.5 38.5 30.9 30.9 30.9 790.1 

Da 11 am 18,273.0 14.0 338.6 290.9 290.9 219.1 219. 1 219.1 3,287.9 

Gray 2,391.3 1.2 16.9 14.2 14.2 10.7 10.7 10.7 1,670.8 

Hansford 17,009.0 8.5 202.1 183.5 183.5 145.5 145.5 145.5 2,549.0 

Hartley 24,550.0 13.2 304.4 281.6 281.6 229.2 229.2 229.2 7,830.6 

Hemphi 11~ 4,975.6 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4,975.6 

Hutchinson 6,882.0 4.5 135. 1 122.7 122.7 97.7 97.7 97.7 728.2 

Lipscomb 14,209.0 8.8 63.7 59.0 59.0 49.9 49.9 49.9 11 ,779.8 

Moore 12,338.0 7.7 167.1 144.2 144.2 111 . 1 111 . 1 111 . 1 1,870.6 

Ochi ltree 21,662.0 8.5 290.7 270.6 270.6 238.9 238.9 238.9 8,206.7 

Oldham 147.3 0.3 5.1 3.8 3.8 0.3Q/ 0.3 0.3 -0-

Potter 277 .0 1.6 7.9 6.7 6.7 5.0 5.0 5.0 0.6 

Roberts~ 16,028.4 6.7 6.7 6.7 6.7 6.7 6.7 6.7 16,028.4 

Sherman 16,889.0 8.5 168.8 157.5 157.5 130.0 130.0 130.0 2,044.5 

TOTAL 158,386.6 90.7 1,756.3 1,583.9 1,583.9 1,279.0 1,279.0 1,279.0 61,762.8 

~ The projected amount of water needed from the aquifer to meet requirements for potentially irrigable lands is less 
than average annual natural recharge. Therefore, the average availability was adjusted to be the amount of annual 
natural recharge, and recoverable storage was not depleted. 

Q/ Recoverable storage depleted at the end of the previous year (for example, recoverable storage is depleted at the end 
of year 2009 for the column 2010). 

U1 



TABLE 6. GROUND-WATER AVAILABILITY OF THE OGALLALA AQUIFER THROUGH THE YEAR 2030, 
IN THOUSANDS OF ACRE-FEET, RED RIVER BASIN [TWDB, 1977J 

Annual Average Annual Ground Water Availability 
Natural (Storage Depletion Plus Natural Recharge) I ReeDyerab 1 e 

_ County _._. .~tor_age 
Recharge 1980 I 1990 I 2000 I 2010 I 2020 _l 2030 Rate 

Armstrong 3,229.0 4.2 77 .8 62.2 62.2 40.6 40.6 40.6 

Briscoe 893.0 2.5 4l. 3 10.8 10.8 2.5~ 2.5 2.5 

Carson 8,265.0 4.8 130.9 110.7 110.7 87.8 87.8 87.8 

Castro 2,778.0 3.2 64.6 53.2 53.2 35.4 35.4 35.4 

Crosby 404.6 0.5 9.5 7.6 7.6 5.7 5.7 5.7 

Deaf Smith 7,92l.0 1l. 3 238.4 170.8 170.8 50.8 50.8 1l.3~ 
Di ckens 79.2 0.6 3.0 2.2 2.2 l.0 1.0 0.6~ 
Donley 1,636.0 3.8 47.9 35.3 35.3 16.7 16.7 3.89..1 

Floyd 1,42l.2 3.5 32.8 25.7 25.7 18.4 18.4 18.4 

Gray 5,579.7 6.7 60.8 5l.1 5l. 1 39.0 39.0 39.0 

Hale 495.1 0.5 10. 1 7.9 7.9 5.5 5.5 5.5 

Hemphi 11 2,132.4 3.2 7.1 6.3 6.3 5.1 5. 1 5.1 

Oldham 343.7 l.0 12. 1 9. 1 9. 1 1.09..1 1.0 1.0 
Parmer 4,609.4 3.2 110.0 9l.1 91.1 52.4 52.4 52.4 

Potter 831.0 0.5 19.5 15.8 15.8 10.8 10.8 10.8 

Randa 11 3,450.0 5.1 99.8 73.3 73.3 29.8 29.6 5. 19..1 

Roberts 843.6 0.4 12.7 11.4 1l.4 9.4 9.4 9.4 

Swisher 2,649.0 6.9 97.6 57.9 57.9 6.9~ 6.9 6.9 
Wheeler 1,045.0 3.0 35.9 24.9 24.9 4.6 4.6 3. rfoI 
TOTAL 48,605.9 64.9 1,111.8 827.3 827.3 423.4 423.4 344.3 

Remaining Recoverable 
Storage 2031 

89.6 

-0-
2,370.3 

94.4 

-0-

-0-

-0-

-0-
164.5 

3,114.4 

74.0 

1 ,969.3 

-0-
7. 1 

1.7 

-0-

244.9 

-0-

-0-

8,130.2 

aj Recoverable storage depleted at the end of the previous year (for example, recoverable storage ;s depleted at the end 
- of year 2009 for the 2010). 

0) 



County 

Bailey 
Castro 
Cochran 
Crosby 
Dickens 
Floyd 
Garza 
Hale 
Hockley 
Lamb 
Lubbock 
Lynn 
Parmer 
Swisher 
Terry 

TOTALS 

TABLE 7. GROUND WATER AVAILABILITY OF THE OGALLALA AQUIFER THROUGH THE YEAR 2030, 
IN THOUSANDS OF ACRE-FEET, BY COUNTY, BRAZOS RIVER BASIN [TWDB, 1977J 

Annual Average Annual Ground Water Availability 
Recoverable Natural (Storage Depletion Plus Natural Recharge) 

Storage Recharge 1980 I 1990 I 2000 I 2010 I 2020 I 2030 January 1974 Rate 

4,962.0 7.8 113.7 88.1 88.1 61.1 61. 1 61. 1 
8,334.0 4.8 189.0 154.9 154.9 101.3 . 101.3 101. 3 

614.4 2.6 23.4 15.7 15.7 2.6~ 2.6~ 2.6 
3,641.4 4.6 78.4 62.7 62.7 47.0 47.0 47.0 

52.8 0.3 1.9 93. 1 93. 1 0.6 0.6 0.3~ 
5,684.8 4.3 121. 3 83. 1 83.1 63.9 63.9 63.9 

162.0 0.9 7. 1 3.8 3.8 0.9~ 0.9 0.9 
9,406.0 8.7 191.9 149.4 149.4 104.2 104.2 104.2 
1,492.0 6.8 57.6 39.0 39.0 6.8~ 6.8 6.8 
9,052.0 9.6 184.8 147.1 147.1 102.7 102.7 102.7 
3,902.0 7.9 85.9 70.2 70.2 52.3 52.3 52.3 

563.4 6.2 35.2 9.2 9.2 6.2~ 6.2 6.2 
5,633.7 4.8 135.3 112.2 112.2 64.9 64.9 64.9 
1,766.0 1.2 61. 7 35.2 35.2 1.2~ 1.2 1.2 

231.0 1.3 9.6 5.7 5.7 1.3~ 1.3 1.3 

55,497.5 71. 6 1,296.7 987.8 987.8 616.8 616.8 616.5 

Remaining Recoverable 
Storaqe 2031 

427.6 

283.0 

-0-
316.7 

-0-
658.0 

-0-
1 ,405.5 

-0-
1,311.9 

379.7 

-0-
8.6 

-0-

-0-

4,791.0 

aj Recoverable storage depleted at the end of the previous year (for example, recoverable storage ;s depleted at the end 
- of year 2009 for the column 2010). 

'-J 



County 

Andrews 

Borden 

Cochran 

Dawson 

Ector 
Gaines 
Glasscock 
Hockley 

Howard 
Lynn 

Martin 
Midland 
Terry 

Yoakum 

TOTAL 

TABLE 8. GROUND-WATER AVAILABILITY OF THE OGALLALA AQUIFER THROUGH THE YEAR 2030
j IN THOUSANDS OF ACRE-FEET, BY COUNTY, COLORADO RIVER BASIN [TWDB, 1977 

Availability Average Annual Ground Water Availability 
(Storage Depletion Plus Natural Recharge) 

Recoverable Annual Natural 
Storage Recharge Rate 1980 1 1990 1 2000 I' 2010 I. 2020 I 2030 

529.0 10.5 16.9 18.5 18.5 18. 1 18. 1 18. 1 

80.0 0.9 4.0 2.7 2.7 0.8~ 0.8 0.8 

921. 6 4.8 36.1 24.5 24.5 4.7~ 4.7 4.7 

2276.0 6.7 66.4 56.6 56.6 30. 1 30.1 6.7g) 

67.0 0.4 2.4 1.9 1.9 0.8 0.8 0.5~ 
8364.0 13.8 158.3 139.7 139.7 115.5 115.5 115.5 

517.0 1.2 15.0 10.8 10.8 7.5 7.5 6.2~ 
373.0 1.7 14.4 9.7 9.7 1.7~ 1.7 1.7 

348.0 3.8 17.8 11. 5 11.5 3.8~ 3.8 3.8 
62.6 0.7 3.9 1.0 1.0 0.7~ 0.7 0.7 

960.0 8.5 36.9 29.4 29.4 15.4 15.4 8.5~ 
394.0 3. 1 18.9 9.2 9.2 3.l~ 3. 1 3.1 

1309.0 7.1 54.4 32.5 32.5 7.1~ 7.1 7.1 

3063.0 7.8 77.9 67.8 67.8 43.8 43.8 7.8~ 

19,264.2 71.0 523.3 415.8 415.8 253.1 253.1 185.2 

Remaining 
Recoverable 
Storage 2031 

~.-- ......... - .. ~~-~ 

104.4 

-0-

-0-

-0-
-0-

1361. 4 

-0-
-0-

-0-
-0-

-0-
-0-

-0-

-0-

1465.8 

a/ Recoverable storage depleted at the end of the previous year (for example, recoverable storage is depleted at the end 
- of year 2009 for column 2010). 

co 
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Section 193 of the Water Resources Development Act of 1976 authorized the 
Secretaries of Commerce and Army, working through and in cooperation with appro
priate federal, state and municipal agencies, to study the Ogallala Aquifer. 
Study efforts in Texas, directed by the Texas Department of Water Resources, 
will begin September 1, 1978. The principal objective will be to better deter
mine the availability of Ogallala groundwater by: 1) a thorough regional study 
of the occurrence, operation and use of the aquifer, 2) an improvment of the 
quantitative descriptive parameters of the aquifer and 3) the development of a 
reliable computer model of the aquifer. The major specific aquifer items 
slated for investigation are: 

1) Elevation of the base of the Ogallala, 
2) Pumpage rate, 
3) Hydraulic parameters: specific yield and permeability, 
4) Test hole drilling and logging, 
5) Soil moisture surveys, 
6) Regional water level, 1980, and 
7) Saturated thickness, 1980. 

Principal contractors are the Texas Department of Water Resources, the High 
Plains Underground Water Conservation District #1, the North Plains Ground 
Water Conservation District #2, the Panhandle Ground Water Conservation Dis

trict #3, and C. C. Reeves, Jr., Department of Geosciences, Texas Tech Univer

sity. 

Minor Aquifers 

The only minor aquifer in the Texas High Plains north of the Canadian 
River is the Purgatoire-Dakota (Cretaceous) in the northwestern part of Da1lam 

County. However, on the Southern High Plains groundwater of variable quality 
is produced from the Edwards-Trinity (Cretaceous) and Santa Rosa (Triassic) 
rocks. The Santa Rosa produces principally in western Gaines, western Andrews, 
and most of Ector counties [Fig. 4] whereas the Edwards-Trinity produces in 

Cochran, Hockley, Yoakum, Terry, Lynn and parts of Bailey, Lamb, Hale, Dawson, 
and Gaines counties. 

Yields from the Edwards-Trinity are usually low, but may be as much as 
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600 GPM. Wells from the Santa Rosa Aquifer may yield as much as 1000 GPM but 
tend to average about 250 GPM. 

No reports, known to the writers, are available describing the minor 
aquifers of the Texas High Plains. 

Research Needs: Category I 

The availability of, and future demands for, Ogallala groundwater are 
basically a function of the specific yield of the aquifer. Historically the 
specific yield for the Ogallala Aquifer has been considered to be 0.15, yet 
many instances occur where specific yield in the Ogallala Aquifer ranges from 
0.05 to at least 0.22. Because specific yield changes so drastically, in both 
lateral and vertical perspectives, studies to determine more accurate regional 
specific yield figures for the Ogallala Aquifer are needed. 

Specific yield of any aquifer is essentially a function of the lithology 
(rock type) of the aquifer. For example, fine sands and clays exhibit a low 
specific yield (0.01 - 0.05) whereas coarse sands and gravels are usually 
characterized by large specific yields (0.10 - 0.22). Thus, one method of 
more accurately determining regional specific yields for the Ogallala Aquifer 
is to map the distribution of lithofacies on the Ogallala section. Such studies, 
based on evaluation of Ogallala outcrops and examination of thousands of driller's 
logs, cores and well samples, have been underway for several years. Prelimi-
nary data indicate that grossly identifiable lithologic wedges do exist in the 
Ogallala section. For instance, there are general areas where the Ogallala 
Aquifer contains more than 60 percent sand [Fig. 5J. Such areas are naturally 
prime recharge localities having specific yields in excess of the standard 
0.15 usually used for the aquifer. These studies, continuing under support 
from the Texas Tech University Water Resources Center and the Texas Department 
of Water Resources, are being refined for the entire Southern High Plains. 

Availability of Ogallala groundwater, especially when considering future 
demands, must consider natural recharge. This is particularly true because the 
Ogallala Aquifer of the Texas High Plains is totally isolated, forming the 
major part of the escarpment which delineates the High Plains physiographic 
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province. The Ogallala Aquifer receives no recharge from any river, the Pecos 
and Canadian channels having eroded to levels below the base of the Ogallala. 
Over most of the Texas High Plains the Ogallala section is covered by a vari
able thickness of younger (Pleistocene and Recent) eolian sands (Brownfield, 
Amarillo soils) and fine-grained loessic debris (Pullman soils). The eolian 
sands usually exhibit an immature calcrete ("caliche") profile and the loessic 
debris considerable clay, both of which interfere with surface water percola
tion. The top of the Ogallala Formation is itself marked by the massive calcrete 
profile known as the "Caprock caliche", thus natural recharge of the Ogallala 
Aquifer by surface precipitation is seriously impeded in most localities, the 
most reasonalbe estimate being about 1/2 inch/year [Hughes and Harman, 1969J. 
Studies delineating the extent and type of calcrete development in beds overlying 
the Ogallala and in the Ogallala proper will be instrumental in more accurately 
determining the amount of surface water reaching the aquifer. These studies are 
scheduled, under support from the Texas Department of Water Resources, to begin 
September 1, 1978. 
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CATEGORY II 

The Quality of Groundwater Contained in the Aquifer and its 

Suitability for Agricultural, Municipal and Industrial Use 

Groundwater quality of the Ogallala Aquifer is generally good, but may 

exhibit a wide range of changes over local areas. Essentially, water from the 

Ogallala Aquifer is considered to be hard, usually having> 10.5 grains/gallon 

or > 180 mg/l total hardness. Calcium averages about 50 ppm, magnesium about 

60 ppm, sodium about 40 ppm, potassium about 10 ppm, bicarbonate about 350-400 

ppm, sulfate about 65 ppm, chloride about 70 ppm, and dissolved solids about 

300-500 ppm. Nitrates generally range from about 2 to 10 ppm and fluoride 

from 2 to 6 ppm, but many local areas have much higher concentrations. 

Ogallala groundwater is of acceptable quality for irrigation of the prin

cipal crops grown on the High Plains (cotton, grain sorghum), and for the 

watering of livestock in the numerous feedlots. However, for many industrial 

uses Ogallala groundwater is too hard with resulting deposition of scale in 

boilers and laundry machines. Because of the high calcium and/or magnesium 

content Ogallala groundwater is not recommended for boilers, electroplating, 

tanning, dyeing or textile manuracturing without treatment. 

Ogallala groundwater, for human use, has apparently both good and bad 

characteristics. For example, areas with hard water have low cerebrovascular 

mortality rates. The Texas High Plains has some of the hardest water in the 

United States and one of the lowest cerebrovascular death rates in the conter

minous United States. On the other hand, Ogallala groundwater often contains 

an excessively high fluoride content. Fluoride in the range 0.6 - 1.0 ppm 

gives remarkable protection against dental caries (cavities), but in amounts 

exceeding 1.0 ppm often causes discoloration of permanent teeth. 

The high nitrate content of Ogallala groundwater is also detrimental. 

Cyanoses, brought about by reduction of nitrate (NO;) to nitrite (NO;) by 

bacteria in the digestive tract, followed by absorption of the nitrite into 

the bloodstream where the nitrite oxidizes the ferrous ion (Fe++) in hemo

globin to the ferric ion (Fe+++), prevents the transport of oxygen by the 
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blood hemoglobin. This results in a gradual suffocation (cyanosis) which tends 
to attack human infants ("blue babies") and/or animals (cattle). Adults are 
unaffected because of the more favorable stomach environments. 

A large mass of water quality data has been collected for the Ogallala 
Aquifer, but little has been assembled and published. One of the first studies 
providing chemical analyses of Ogallala groundwater was U.S. Geological Survey 
Water Supply Paper 1106 [1951J reporting on public water supplies in West Texas. 
No attempts were made at that time to explain changes in groundwater quality. 
An undated and unsigned map of the Texas High Plains, produced by the Texas 
Water Commission, is also available. This map illustrates regional Ogallala 
water quality by analyses of chloride, sodium, calcium, magnesium, sulfate, and 
bicarbonate. 

Several important water quality studies were initiated during the early 
1970's. For example, 24 playa lakes in Lubbock County, Texas, were sampled on 
a routine basis following runoff-producing rainfall for a period of approximately 
18 months to determine whether recharging of water collected by these lakes 
might be a hazard to the water quality of the Ogallala Aquifer. Based on the 
results [Wells, Huddleston and Rekers, 1970J it appears that the water quality 
of the High Plains lakes is generally superior to the quality of water in the 
Ogallala Aquifer, at least in terms of dissolved solids. Amounts of suspended 
solids, organics and microorganisms are subject to wide variation. 

Because of the many livestock feedyards on the Texas High Plains, signi
ficant volumes of runoff containing large amounts of undesirable wastes are 
impounded in natural basins above the Ogallala Aquifer. The possibilities 
of infiltration of the feedlot wastes into the Ogallala Aquifer have been 
examined by several investigators. Lehman, Stewart and Mathers [1970J studied 
a representative playa near Amarillo, Texas, finding, at least for the short
term, no apparent deep infiltration of nitrate, chloride, or ammonia. The 
Lehman, Stewart and Mathers [1970J study was followed by a long-term study 
[Miller, 1971J investigating possible deterioration of Ogallala groundwater 
quality beneath feedlots. Eight commercial cattle feedlots were investigated 
to varying degrees and 22 feedlots were drilled and/or cored to reveal subsur
face geology and water chemistry. Several feedlots were found to be degrading 
Ogallala groundwater by increasing N03-N levels. 
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W.O. Miller also initiated a regional study of Ogallala groundwater in 
1970, but was killed in 1972 before completion of the project. This project, 
completed by C.C. Reeves, Jr. [Reeves and Miller, 1978J, reveals widespread 
areas of poor water quality as documented by distribution of nitrate, chloride 
and dissolved solids. A total of 1597 analyses from 27 counties shows that 
the elements studied increase in concentration from northwest to southeast 
across the Texas plains. Northeast of a line from about Clovis, New Mexico, 
to Lubbock, Texas, nitrate is usually <45 ppm, chloride is <20 ppm and dissolved 
solids are <400 ppm. However, southwest of this line nitrate may exceed 60 ppm 
[Fig. 6J and in some areas is >170 ppm. Chloride [Fig. 7J commonly exceeds 500 

ppm and may be >2000 ppm, and dissolved solids [Fig. 8J usually exceed 1000 ppm 
and may be >8000 ppm. Most of the high nitrate values (>45 ppm) occur in areas 
having sandy soils which have been intensively cultivated, thus leaching of 
nitrogen-based fertilizers is suspect. However, the high chloride and dissolved 
solids localities apparently represent lateral seepage of saline water from 
large alkali lake basins and local vertical migration from saline cretaceous 
aquifers. 

The High Plains Underground Water Conservation District #1, from data on 
file at the Groundwater Quality Retrieval System, Texas Department of Water Re
sources, Austin, Texas, published [McReynolds, 1978J maps of the water district 
illustrating concentrations of nitrate and fluoride. Additional maps illustrat
ing other water quality aspects are to follow [personal communication, A.W. Wyatt, 
1978J. 

Water quality of the minor aquifers (Purgatoire-Dakota, Edwards-Trinity and 
Santa Rosa) is not as good as that of the Ogallala groundwater. Not enough data 
are available, however, for construction of water quality maps [Texas Water 
Development Board, 1972J. Generally, water quality of the Purgatoire-Dakota 

Aquifer in Dallam County is good with TDS values as low as 300 mg/l, whereas 
the Edwards-Trinity and Santa Rosa Aquifers in the Southwestern part of the 

Texas High Plains [Fig. 4J haveTDS values in the 1000-10,000 mg/l range [Texas 
Water Development Board, 1977J. 
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Research Needs: Category II 

Changes in water quality apparently occur with pumpage. For example, 
selected wells in Hartley and Dalham Counties show increases in £li from a 

32 

7.6 - 7.7 range in 1960 to 8.3 in 1978 [personal communication, Ann Bell, 
TDWRJ. Thus, the possibility of changes in water quality due to long-term 
pumpage need to be examined in other areas. Possibilities for water quality 
changes due to long-term pumpage exist because the Ogallala Aquifer is usually 
in hydrologic continuity with either Cretaceous or Triassic rocks which usually 
yield saline water. Thus, as the Ogallala Aquifer is depleted the amount of 
saline water may increase in wells not cemented off from lower infusion. 

Mortality statistics for the State of Texas and for the conterminous 
United States show that certain counties and areas of the Texas High Plains 
experience death rates from various malignant neoplasms and heart disease which 
are higher than expected for normal age distribution and population. For 
example, National Cancer Institute [1975J statistics show that Potter County 
ranks in the highest significant decile (in the conterminous United States) 
for deaths from malignancies of the kidney in the white male, Hall and Hale 
counties in the highest significant decile for deaths due to prostate cancer, 
and Lynn County in the highest significant decile for deaths due to leukemia in 
white males. What possible role the groundwaters of the Texas High Plains may 
play is unknown, although many investigations have revealed definite relation
ships between certain mortality rates and element concentrations in groundwater, 
soils and air. The etiology of certain diseases is unusually complex, yet many 
studies [Barn, 1975; Davis and others, 1968; Sullivan and others, 1968; Perry, 
1971J show that a deficiency or an above average content of only a single element 
may play an important role in the pathogenesis of a disease. For example, fac
tory workers dealing with chromium and nickel have above average death rates 
due to lung cancer; and beryllium, cadmium and arsenic are all known to cause 
various carcinogenic reactions, yet high calcium and magnesium content in ground

water (as in the Texas High Plains) will lead to a low incidence of cardiovas
cular disease. Once trace-element studies have been conducted on the groundwater 

from the Ogallala Aquifer the additional research need of identifying the 
source(s) of any recognized or potential carcinogenics arises. The contents of 
the previously mentioned carcinogenics, as well as others (lead, uranium) in the 
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soils and groundwaters of the Texas High Plains and their health related 
effects are unknown; these, then, represent the principal research needs in 
Category II. 

Reeves and Whittenberg [1978J have examined the statewide distribution 
of mortality statistics for a 20-year period for 18 diseases monitored by the 

Texas Department of Health [Texas Vital Statistics, 1956-1976J. Statistically, 
the mortality rates for each disease, adjusted to a base-line population of 
100,000, were divided into four categories: below average, average, above 

average, and clustered. "Clustered" mortality counties of the Texas High 
Plains, with related monitored diseases, are listed in Table 9. 

To date, the Reeves and Whittenberg [1978J study has been unfunded; how
ever, a proposal requesting funding, based on the statistical evidence at 

hand, is now being prepared for submission (Fall 1978). Funding will be re
quested for analyses of known carcinogenic trace elements (chromium, nickel, 
arsenic, uranium, cadmium, etc.) in the state1s major and minor aquifers and 
principal soil groups. The analyses for these e12ments of the aquifers of 

the Texas High Plains and correlation with excessive disease mortality rates 
will be an important phase of the overall program. It is interesting to note 
that uranium exploration efforts have documented local areas on the Texas High 
Plains having unusual concentrations of arsenic, uranium and molybdenum 

[Nichols, 1977; 1978J. 



TABLE 9. DISEASES AND COUNTIES OF THE TEXAS HIGH PLAINS HAVING 
CLUSTERED MORTALITY RATES FROM DISEASES MONITORED BY 
TEXAS DEPARTMENT OF HEALTH [FROM REEVES AND WHITTENBERG, 
1978, lli PROGRESS] 

Breast Malignancies - Hall, Lamb, Martin 

Malignant Neoplasms - Briscoe 

Malignant Bucal Cavity - Swisher, Lamb, Crosby, Terry 

Neoplasms Digestive Organs - Briscoe, Martin 

Malignant Respiratory - Sherman, Armstrong, Donley, Briscoe 

Malignant Genital - Armstrong 

Malignant Urinary - Hansford, Gray, Wheeler, Parmer, Garza, Borden 

Leukemia - Sherman, Ochiltree, Briscoe, Lynn, Yoakum 

Hypertensive Heart Disease - Briscoe, Bailey 

Hypertension - Hutchinson, Carson, Parmer, Lamb, Hockley, Lynn 

Cerebrovascular - Armstrong, Hemphill 

Arteriosclerosis - Hartley, Potter, Armstrong, Roberts, Hemphill, 
Donley, Floyd, Cochran 

Cirrhosis - Castro, Donley, Wheeler, Lipscomb 

Nephrites - Dallam, Potter, Gray, Yoakum 
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Kidne,Y Infections - Oldham, Carson, Armstrong, Gray, Lamb, Hale, Garza 

Prostate - Armstrong, Hockley 
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CATEGORY III 

Management Practices Employed in the High Plains 
for Groundwater Resources Utilization 

Since the very early years of commercial irrigation on the High Plains 
the Agricultural Research Service, USDA; The Texas Agricultural Experiment 
Station; the College of Agriculture at Texas Tech; and other research entities 
often with grants-in-aid from producer's organizations, the underground water 
conservation districts, and industry -- have conducted intensive research into 
optimizing water management practices in agirculture. 

Soil classification studies, annual soil moisture surveys (in which the 
moisture content of the top five feet of soil is measured at ninety locations 
on the South Plains each fall or winter to determine proper quantities of pre
plant irrigation water, developments in plant breeding and fertilizer applica
tion, and a wide range of investigations into methods and timing of irrigation 
have enabled the area's farmers to increase the efficiency of their use of 
water. A sampling of the published research in these fields is included in 
the list of references. 

Tailwater Recovery 

In furrow irrigation, water is introduced at the top of the furrow in 
sufficient quantity to replace the soil water under the entire length of furrow. 
In practice, to approach this ideal distribution, excessive water is supplied 
and some accumulates at or beyond the lower end of the furrow as tailwater. 
Such water often carries significant amounts of commercial fertilizer and other 
nutrients. 

Tailwater can constitute a nuisance as well as a waste. Ponding of water 
interferes with plant development and decreases yield. Tailwater may accumulate 
on roads thus creating a traffic hazard. In roadside ditches it may cause ero
sion, siltation, and/or weed growth; it adds to the cost of ditch maintenance. 
Shallow water accumulation provides breeding places for mosquitoes. 
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On land with slopes much exceeding one percent, and elsewhere where the 
value of the crop will justify the expense, land levelling is recommended 
to minimize tailwater. On the nearly level High Plains it is common practice 
to construct pits and to pump the accumulated tailwater from them for further 
use. Since tailwater usually amounts to about 20 percent of the water applied, 
its recovery is economically advantageous to the irrigator. 

The Cross Section has described and illustrated many tailwater recovery 
installations over the years. A few of these articles are cited in the list 
of references. 

Water Harvesting 

Water harvesting has the potential of supplying adequate irrigation water 
to a portion of an area by diverting a large percentage of the total rainfall 
on the total area to the portion selected. The problems which arise in its 
implementation are 1) to provide an economical and stable watershed capable of 
yielding a large quantity of high quality water, and 2) to provide storage for 
the diverted water, which becomes available only when the irrigated area has 
probably also shared in the runoff-producing rainfall. Some data has been 
accumulated in small-scale tests at Bushland [Hauser and Signor, 1967J and at 
Lubbock [Wendt, 1967; Wilke and Wendt, 1971J. 

Reuse of Effluent 

Treated sewage is used as a supply of industrial and/or agricultural water 
in many arid and semi-arid locations in the world. There is much to recommend 
the practice. 

1) Where water supplies are limited, it permits a saving of water in 
uses where the quality of the effluent is not a restricting consideration. 
For irrigation, the nutrient content may well be a distinct advantage. 

2) Where the reuse occurs near the sewage treatment plant a substantial 
saving in cost of pipelines or other conveyance channels may result. It was 
this consideration which led a steel plant at Sparrows Point, Maryland, to 

purchase Baltimore's effluent for cooling in the early 1940's. 
3) Much potential pollution of surface water is eliminated by withholding 

effluent from it. Lubbock, Texas, provides an excellent example of this; for 

97 of the 121 months of record at a stream gaging station located a few kilo
meters upstream of Lubbock's largest sewage treatment plant, the total flow 
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was zero. For the 57 consecutive months from August 1944 through April 1949, 
the total flow was 11.3 acre-feet. Thus, had Lubbock been releasing effluent 
to the stream it would have constituted the entire flow of the stream most of 
the time. 

Actually, Lubbock has not released effluent to a stream channel since the 
early 1930's when the City contracted with Frank Gray and his associates to 
purchase the entire supply of effluent subject to the condition that none be 
permitted to run off their land [Gray, 1965; Sweazy and Whetstone, 1975; Wells, 
Sweazy, and Whetstone, publ. pending]. 

Gray's irrigation, much in excess of crop requirements, led to the creation 
of a groundwater mound under his property. At present, water from this mound is 
being pumped for the supply of a chain-of-lakes park and other nonpotable uses 
in Lubbock. Much of the preliminary and monitoring research which has guided 
this development is cited in the list of references. 

A research study [Urban, in progress] is curre~tly underway at Texas Tech 
to inventory and analyze the wastewater flows available for reuse in the Texas 
High Plains and to determine the potential for additional reuse in the study 
area. Although wastewater reuse is not likely to be a major factor in the 
overall plan for water management and development in the High Plains (since 
most water use is consumptive), this study should establish the degree of sig
nificance that reuse may attain in the future. 

Pollution Considerations 

Oil Field Brines 

A non-artesian aquifer, such as the Ogallala, located at shallow depth is 
subject to natural recharge from any concentrated body of surface water. In 
general, little such recharge occurs from the playa lakes since their bottoms 
have become sealed by the residues of evaporation over geologic time. That 
some recharge does occur from some playa lakes has, however, been demonstrated 
by the investigations of L.L. Tonroy [Anon., 1957a], who traced the source of 
saline concentrations in the Ogallala formation near Levelland to a playa 
which had been used for oil field brine disposal. Playas or dug pits were 
commonly used in the early (1930's) development of the area's oil fields on 
the assumption that the brines would evaporate rather than infiltrate. In 
practice, however, oil slicks form on the surface of the pools; these retard 
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evaporation and provide a hydraulic head for the infiltrating salt water [Anon., 

1957bJ. 
Surface disposal pits have been illegal for many years. Some potential 

pollution may, however, remain from leaks in pipelines carrying the brines to 
disposal wells and through improperly installed injection wells. liThe injec
tion of brine into such a well, even with very moderate injection pressures, 
could cause [anJ inadequate cement bond to fracture, resulting in migration of 
brine up the well bore, behind the uncemented surface casing and into fresh 
water-bearing zones. The Panhandle Field ... has hundreds of thesewells ... "[Dent, 
1963J. 

Defect i ve Wells 

Potentially, a well provides direct access to the aquifer. Practically, 
common sense procedures of well location, sealing, and sterilization (if followed) 
provide for protection of the aquifer and of the user of the well [Heiser, 1962J. 

Potential Pollution from Playa Lakes 

Wells, Rekers, and Huddleston [1970J sampled 24 playa lakes in Lubbock 
County after each runoff-producing rainfall during a period of 18 months and 
sampled each of an additional 15 lakes on the High Plains once. A portion of 
their summary is quoted. 

Most of the lakes are in rural areas where they receive runoff 
from agricultural lands only. Four of them are entirely within the 
City of Lubbock and a few others receive runoff from partially urban 
and partially agricultural areas. 

Results of the study indicate that concentrations of nitrates 
in playa lake waters are generally somewhat lower than the concen
trations of nitrates in the groundwater in the area. In practically 
all samples tested, the concentration of nitrates was found to be 
in the range of about 0.5 to about 14.0 mg/l. Concentrations in 
most of the samples tested fell within the range of 1.0 to 6.0 mg/l, 
while the concentration in groundwater in the area usually ranges 
from about 6 to 15 mg/l. Both nitrite and ammonia concentrations 
were also determined for all samples collected. The concentration 
of ammonia was generally found to be less than 1 mg/l, but occasional 
values as high as 2 mg/l were found. Nitrite concentration was found 
to range from a low of about 0.002 mg/l to a high of about 0.6 mg/l. 

The concentration of phosphate in samples collected generally 
range from about 0.1 to about 1.0 mg/l, with an occasional sample 
containing somewhat more than 1 mg/l. 



All samples collected were routinely analyzed to determine the 
concentrations of chloride, sodium, potassium, calcium, sulfate, 

41 

and alkalinity. While concentrations of all these constituents varied 
over fairly wide ranges both from lake to lake and from time to time 
in the same lake, the concentrations found were all generally lower 
than corresponding concentrations in existing groundwater in the area. 

Based on the results of this research, it appears that water col
lecting in both rural and urban playa lakes in the vicinity can be 
recharged into the Ogallala without damage to the inorganic chemical 
quality of the water. Indeed, from the standpoint of most inorganic 
chemicals tested, the playa lake water is of better quality than 
existing groundwater. 

Results of the parallel research project being supported by the 
Federal Water Quality Administration indicate that concentrations of 
herbicides and insecticides in playa lake water are also far below the 
maximum permissible criteria for drinking water. Concentrations of 
pesticides were generally so low as to be undetectable in most water 
samples tested. 

The possibility of bacteriological or viral contamination of 
groundwater through recharge of playa lake water was not studied 
in this project. Because of the nature of the aquifer, the possi
bility of widespread travel of bacteriological pollutants that 
might be introduced into the aquifer appears to be very slight. 
The aquifer generally consists of lenticular deposits of sand, 
gravel, and silt, which makes the aquifer itself an effective bac
teriological filter. While it would undoubtedly not be as effec
tive in removing viral particles, it does not seem to be likely 
that viral contamination would be a Significant problem. 

Continuing additional studies should be made to determine present quality in 
light of changes in watershed utilization, changes in the constituents of agri
cultural or industrial chemicals present, and changes in the concentrations of 
various pollutants legally permissible in water destined to various uses. 

Feedlot Pollution 

The High Plains of Texas contain one of the world1s greatest concentrations 

of cattle feedlots. In the early days these were often built on the edges of 
draws with the deliberate intention of utilizing the flushing action of heavy 
rainfalls. At present, the value of manure for fertilizer is such that vir
tually all of it is sold to farmers. The storm drainage from the lots is now 

to playa lakes. 
The Water Resources Center at Texas Tech has participated in many studies 

of the pollution potential of seepage from the feedlots and/or from the playa 
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lakes utilized for their waste disposal. 
Grub et al [1968a, 1968bJ, in a study of feedlot design and management 

for pollution control, concluded that runoff from feedlots on the High Plains 
should, after ponding and blending with other water, be used for irrigation. 
If land is unavailable for this purpose, retaining ponds must be sufficiently 
large to allow accumulated liquid runoff to evaporate. 

Wells et al [1969, 1970, 1971J, made laboratory and field tests to deter
mine the characteristics of the liquid and solid portions of the wastes, of the 
runoff from the feedlots, and of the seepage after percolation. They concluded 
that treatment of runoff by conventional methods is not feasible, that direct 
application of undiluted runoff to crops is detrimental, that storage in unlined 
ponds risks groundwater pollution, and that liquid handling systems for cattle 
feedlot wastes are thus not feasible. 

Actually, the potential hazard posed by feedlot wastes in the High Plains 
has been substanti ally e 1 imi nated by economi c changes whi ch have occurred in the 
past few years. Whereas manure was non-competitive with commercial fertilizers 
(which are less bulky and more predictable in their chemical constitution) at 
the time of Well's studies, recent rises in price and uncertainties of availa
bility of commercial fertilizers have led to strong demands for manure as ferti
lizer. With sound management practices the pollution potential of manure spread 
on fields is negligible. 

Coleman et al [1971J, after continued agronomic studies, emphasized that 
land disposal of feedlot runoff in semi-arid areas risks severe salt damage. 
Additional research on utilization of the nutrients present in feedlot runoff 
and on the control of its pollution potential was called for. 

Alternative methods of manure handling to minimize risk of pollution include 
the dilution of feedlot runoff with sewage effluent followed by irrigation of 
bermuda grass (which is particularly effective in the utilization of nutrients 
and in evapotranspiration) [Sweazy and Wells, 1973J, the conversion of feedlot 
wastes to ammonia synthesis gas [Halligan et al, 1974J, its use as fuel (probably 
in conjunction with coal in the generation of electricity) [Parker and Whetstone, 
1974J, or as a feedstuff component [Whetstone, 1974-1975J. Parker's investigations 
of pyrolysis as a means of manure utilization are continuing. Intensified research 
into the utilization of manure should result in substantial enhancement of the 

quality of life as a potential pollutant is converted into a valuable resource. 
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Legal Considerations 

Groundwater in Texas is privately owned in fee simple by the owner of the 
surface of the land unless such ownership has been lost by severance or sale. 

Underground water districts have been established by local action to regu
late use of groundwater through well spacing programs and enforcement of laws 
forbidding waste of water. Artificial pollution of groundwater is an offense 
which provides a basis for an action for damages. Groundwater may be used off 
the premises on which it is produced. 

Many proposals for the "modernization" of Texas' water law have been forth
coming [Templer, 1976J. Certainly, intensive research will be necessary to 
assure equity in the superimposition of a program of supplying imported water or 
of weather modification on the existing pattern of rights. 

Research Needs: Category III 

Management practices are chosen or changed primarily in response to eco
nomic pressures; the most drastic of these at present, and probably for the next 
few decades, is the rising cost and uncertain availability of energy. Thus many 
of the research requirements in management practices are discussed in Category IV: 

The Impact of Increased Energy Costs on Groundwater Supplies. 
There is also need for continued research in the reuse of municipal effluent, 

feedlot runoff, oil field brines, natural salt seepages and other non-potable 

water sources. A double advantage accrues when such potential pollutants can be 
made to serve as irrigation or industrial water supplies or as media for secondary 
recovery of petroleum. 

The modification of clouds to produce rain and/or to prevent hail is a field 
in which much remains to be investigated in the physical processes and, perhaps 
even more, in the appropriate institutional framework. 

Institutional analysis is also seriously needed to guide ultimate importation 
of water. At present, recharged water is the property of anyone who captures it 
while it is in transit through a volume of aquifer to which he holds the water 
rights. No precedent exists for acquiring rights-of-way for surface conveyances, 
and no local entity with legal authority to incur and discharge indebtedness on 
a scale appropriate to the importation of water for irrigation has been established. 
The equitable framing of such an entity, while retaining full protection to property 
rights, will require extensive study and unending restudy. 
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CATEGORY IV 

The Impact of Increased Energy Costs on Groundwater Supplies 

The High Plains of Texas, recognized as one of the nation's most signi
ficant agricultural regions, relies heavily upon irrigation from groundwater 
for its productivity. With pumping energy requirements added to those of 
farm equipment fuels, herbicides, nitrogen fertilizers, and others, it be
comes apparent that the area's agricultural production is highly energy
intensive. The determination of the effect of increased energy costs on 
groundwater utilization and the ensuing overall effect on regional agricul
tural practices and economic stability is a matter of concern to the area, 
to the state, and to the nation. 

A principal focus of concern lies in the relationships between energy 
costs and irrigated crop production. A study by New [1974J indicated that 
there were an estimated 68,000 irrigation wells in the Texas High Plains. 
Of these, 65 percent were powered by natural gas-fueled internal combustion 
engines, 30 percent utilized electric motors (with the major portion of the 
electricity being produced by natural gas-fired power plants), and the remain
ing 5 percent used butane or propane-fueled internal combustion engines. 
Approximately six million acres are irrigated each year, with irrigated crop 
Yields being from two to five times as great as those of dryland farms in 

the area. As energy costs increase, it is anticipated that more and more 
cropland will revert to "dryland farming". A detailed analysis of the causes 
and effects of this potential transition is presented in following sections. 

Reasons for Increased Energy Costs 

Energy costs for irrigated agriculture in the Texas High Plains have 
increased dramatically over recent years. While some of the reasons for 
these rising costs are apparent, others, though not so obvious, are also 
of significant importance. 
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Increasing Fuel Costs 

The energy situation in the world and in the United States has been 
covered extensively in the literature. Patton and Lacewell [1977J have 
reviewed trends in U.S. consumption, production, and price of energy, argu
ing that the energy problem is basically economic in nature and can be char
acterized as one of supply and demand. Furthermore, they contend that the 
greatest single factor in increasing the demand for natural gas has been 
interstate price regulation by the Federal Power Commission. There are no 
controls on intrastate gas prices. Until recently these had been competitive. 
From July to December 1975, 98.8 percent of new intrastate contracts were at 
prices approximately three times as high as the interstate price [Patton and 
Lacewell, 1977J. As a result, irrigators of the Texas High Plains have seen 
natural gas prices rise from about $0.40/MCF (thousand cubic feet) in 1974, 
to a current rate of about $1.75/MCF. With the almost total dependence on 
natural gas as a fuel for powering irrigation pumps, this more than four-fold 
increase in price obviously has played a significant role in contemporary 
agricultural practice and will continue to do so in the future. 

Along with increased natural gas prices, comparable increases have 
occurred in fertilizers, liquid petroleum (lp) gas, oil, gasoline, and petro
leum-based herbicides, insecticides and other agricultural supplies. In order 
to evaluate the effect of increasing energy prices on groundwater, it will be 
necessary to include the effects of these increases in the overall analysis. 

Changes in Fuel Availability 

Closely related to the problem of increasing fuel costs is the uncertainty 
in the future availability of fuels. A case in point which serves to highlight 
this problem is that of an order proposed by the Federal Power Commission (FPC) 
in 1975 to reduce the natural gas consumption for irrigation to a lower priority. 
This would have had the effect of reducing fuel availability to irrigators 
during critical shortage periods. In hearings reported by the High Plains 
Underground Water Conservation District (HPUWCD) No. 1 [1975aJ it was stated 
by area experts that there were 50,000 gas-powered irrigation wells in the 

Panhandle-South Plains area and that conversion to gasoline would increase 
hourly fuel costs by 320 percent for 150 horsepower engines, while conversion 
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to propane would increase hourly costs by 282 percent. Typical annual costs 
for l50-horsepower engines were compared as follows: $3,570 for natural gas; 
$15,000 for gasoline; and $13,650 for propane. 

Ultimately, FPC Administrative Judge Curtis L. Wagnor, Jr. issued an 
initial decision to reinstate the use of natural gas by irrigators as a No. 2 
priority, making possible the increased likelihood of natural gas availability 
even during shortages and allowing easier access to financial assistance for 
farmers. The opinion was based on the high cost of conversion of irrigation 
wells to other fuels rather than on the availability of natural gas [HPUWCD 
No.1, 1975bJ. 

The above example emphasizes the dependency of High Plains irrigation on 
natural gas as a fuel source. Although other fuels are available, natural gas 
remains the most desirable one from an economic and environmental basis, and 
competition for natural gas continues to cause price escalation in the competi
ti ve market. 

Pumping Plant Inefficiency 

An extensive study was made by the Agricultural Engineering Department at 
Texas Tech University [1968J to determine the efficiencies of irrigation pumps 
and associated power units in use in various areas including the Texas High 
Plains. In addition, operation and maintenance characteristics of power units 

using different fuels or electric power were studied, as were the costs of 
pumping. Extremely wide variations were found due to the following factors: 

(a) lowering water tables, 
(b) badly worn pumping equipment 
(c) inefficient design, 
(d) improper installation, 
(e) improper type of power unit used, 
(f) lack of proper maintenance of power units, and 
(g) mismatching of pumps to field conditions. 

With changing energy costs and realization of the loss due to inefficient 
systems, many of the pumping systems upon which this study was based undoubtedly 
have been modified. Many of these same systems may, however, remain in opera
tion, with efficiencies continually decreasing. 

New [1974J reported that the energy to pump irrigation water is controlled 



primarily by: 
(a) the quantity each well delivers, 
(b) the depth from which it must be pumped, 
(c) the method of irrigation, and 
(d) pumping plant efficiency. 
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While the first three of these factors are somewhat predetermined, the last is 
determined by a combination of the first three in addition to those enumerated 
in the 1968 study previously cited. 

New emphasized that improper maintenance is a major contributing factor 
to decreased efficiency and increased energy costs. Internal combustion engines 
typically convert 20-25 percent of the energy which enters the carburetor into 
actual power for pumping. If in poor running condition, they may use two to 
three times as much fuel to develop the same power. In practice, however, if 
an engine is in poor mechanical condition its power declines, but the rate of 
fuel use does not change appreciably. The quantity of water delivered by the 
well is reduced and longer pumping times are required to deliver a given amount 
of water. 

Electric motors, on the other hand, convert 85-90 percent of the electric 
energy taken in by the motor to power the pump. However, the original power 
generation is normally only 30-34 percent efficient, and is, therefore, an 
influential factor in determining the ultimate electrical power costs for 
irrigation. 

Pumps taking the power from the internal combustion or electric motor for 
the delivery of irrigation water to the surface may be 70 to 80 percent efficient 
if in top condition and if properly matched to the motor, lift, capacity, and 
other design factors. Improper matching of anyone or a combination of these 
factors can further reduce the overall efficiency of the pumping plant, thus 
increasing energy costs to deliver a given amount of water. 

The overall efficiency relationships of various pump-motor-fuel combinations 
have been presented by Smith and Carver [1976J as shown in Fig. 9 which vividly 
demonstrates the fuel or energy savings possible by even slight increases in 
efficiency. 

Declining Water Levels 

As previously reported, the Texas Department of Water Resources utilizes 
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results of pumping records in the High Plains to project estimated future pump
ing lifts. For the District, the average change in depth to water from 1969 
to 1978 has been 18.77 ft., with an average decline of 1.9 ft. per year (HPUWCD 
No.1, 1978J. 

In addition to the increased lift resulting from declining water levels, 
this change can (and does) create a mismatched motor-pump-well situation which 
continues to reduce efficiency over time. This normally results in a reduction 
of water delivered rather that in an increase in rate of fuel usage; however, 
more fuel is required to deliver a fixed amount of water. 

Responses to Increased Energy Costs 

Rising energy costs for irrigation have been met with many and varied 
responses from farmers, institutional interests, and the research community. 
The following sections detail some of the approaches under consideration. 

Reduction in Irrigation 

As previously stated, irrigation is important to the Texas High Plains 
due to the shortage of rainfall. High crop yields in the area are possible 
only with irrigation. Carver [1977J reports that area experts have stated 
that under dryland farming, the production of wheat would be reduced by 40 
percent, cotton and sorghum reduced by 50 percent, and corn reduced by 80 
percent. 

Adams, Lacewell and Condra [1976J selected the High Plains of Texas as a 
study area for determining the short-run effect of rising energy prices on 
agricultural production. Crops chosen for the study were cotton, grain sorghum, 
wheat, corn, and soybeans. Energy and energy-related inputs investigated 
were diesel, herbicides, natural gas, nitrogen fertilizer, and water. A 
mathematical linear programming (LP) technique was used with parametric pro
gramming techniques incorporated into the LP model to evaluate the effect of 
varying input price parameters over a specified range. 

The study indicated that rising input prices would cause acreage shifts 
from irrigated to dryland. However, with Ilaverage" commodity prices, these 
shifts would not occur until the diesel price reaches $2.69 per gallon, natural 
gas sells for $1.92 per MCF, the nitrogen price becomes $0.41 per pound, or 
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the water price reaches $14.69 per acre-foot (excluding pumping and distribu
tion costs). The first crops to shift out of production as energy input 
prices rise would be grain sorghum and corn. Cotton appears to be relatively 
unaffected by anticipated near-future price increases. Wheat production was 
found to increase as fuel costs increase. 

Considering natural gas prices as a factor in crop production, Table 10 
indicates that crop output remains essentially constant until natural gas 
exceeds about $2.00 per MCF. Estimated effects on cropping patterns are shown 
in Table 11. 

Considering water as a commodity, the effects on agricultural use of water 
in the Texas High Plains are shown to be greatly affected by market commodity 
prices, as shown in Figure 10. The effect on irrigated vs. dryland farming 
is summarized in Table 12. 

In the Patton and Lacewell [1977J study previously cited, the effect of 
rising energy costs on irrigated agriculture was considered specifically. 
The value of irrigation water was found to range from $37 to $114 per acre
foot (see Table 13). Beattie [1976J, on the basis of 1976 prices, found the 
value on the Texas High Plains to be $40 to $65 per acre-foot. The values 
placed on an acre-foot of water for other uses ranged upward from $116 for 
urban residential uses to $603 for secondary oil recovery. They concluded 
that these values indicate that greater and greater pressure will be placed on 
national agricultural water supplies. 

Utilizing a linear programming model, they examined the effect of increas
ing natural gas prices on a segment of Texas High Plains agriculture. The 
results, summarized in Tables 14 and 15 again indicate the significance of the 
effect of crop price on shifts to dryland farming and in cropping patterns. 

They concluded that at 1976 planning price levels for crops, the Texas High 
Plains would continue to be a major irrigated region as gas prices increase. 
However, it was pointed out that a deficiency of the analysis was the lack of 
consideration of internal adjustments that have little immediate effect on 
output but have significant implications for local farmers, financial institu
tions, suppliers, and communities. 

This optimistic picture is reversed, however, when these same data are 
compared with natural gas prices projected by the Texas Governor's Energy 
Advisory Council [1977J, and extrapolated, as shown in Table 16. 



TABLE 10. ESTIMATED CROP OUTPUT AT SELECTED NATURAL GAS PRICES 
BASED ON AVERAGE COMMODITY PRICEsa AND CURRENT INPUT 
PRICES:b TEXAS HIGH PLAINS 

Natural 
gas price Production 
per Mcf Cotton Grain sorghum Soybeans Wheat Corn 

(dollars) (1,000 bales) (1,000 cwt) --------1,000,000 bu-----

0 2,475 103,132 4.2 23.6 80.3 

1.66 2,478 102,943 4.2 23.7 80.3 

1.92 2,478 102,943 4.2 23.4 80.3 

2.54 2,478 llO ,443 4.2 23.4 63.8 

2.89 2,498 108,150 4.8 23.4 63.8 

3.86 2,745 92,507 4.8 23.4 63.8 

4.26 2,745 92,507 4.8 29.4 19.6 

5.08 2,664 83,878 4.8 29.4 19.6 

6.00 2,267 34,614 4.2 25.9 4.2 

6.38 1,328 34,614 4.2 25.6 4.2 

9.12 1,328 34,614 0 25.6 0 

aAverage commodity prices are defined as: cotton lint--$0.31 per 
pound; cottonseed--$lOO.OO per ton; grain sorghum--$3.10 per cwt; 
soybeans--$4.27 per bushel; wheat--$2.60 per bushel; corn--$1.94 
per bushel. 

bCurrent input prices are defined as: diesel--$0.40 per gallon; 
nitrogen--$0.20 per pound. 

Source: Adams, Lacewell and Condra, 1976. 
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TABLE 11. ESTIMATED PLANTED CROPLAND BY CROPS, AT SELECTED NATURAL GAS PRICES BASED ON AVERAGE COMMODITY PRICES" 
AND CURRENT INPUT PRICES:b TEXAS HIGH PLAINS 

Acres Planted 
Natural Ictal C Cotton Grain sorghum So;tbeans 
gas price % of % of % of % of 
per Kef (1.000) Total (1.000) Total (1,000) Total (1,000) Total 

{dollara} 

0 7,550 100 3,013 40 2,168 29 120 2 

1. 66 7.550 100 3,011 40 2,168 29 120 2 

2;54 7,550 100 3.011 40 2.318 31 120 2 

2.89 7,550 100 2,994 40 2.318 31 137 2 

3.86 7.550 100 2,785 37 2,527 34 137 2 

4.26 7,550 100 2,785 37 2.527 34 137 2 

5.14 7,550 100 2,821 37 2,527 34 137 2 

6.00 7,550 100 3,360 45 2,318 31 120 2 

6.38 7,550 100 3.379 45 2,318 31 120 2 

9.12 7.392 98 3,379 45 2,318 31 0 2 

Wheat Corn 
% of % of 

(1,000) Total (1,000) Total 

1,519 20 730 10 

1,521 20 730 10 

1.521 20 580 8 

1,521 20 580 8 

1,521 20 580 8 

1,923 26 178 

1,886 Z5 178 2 

1,713 23 38. d 

1.695 23 38 d 

1.695 23 0 d 

aAverage commodity prices are defined as: cotton 1int--$0.31 per pound; cottonseed--$100.00 per ton; grain sorghum--$3.10 per cwt; soybeans--$4.27 
per bUShel; wheat--$2.60 per bushel; corn--$1.94 per bushel. 

b Current input prices are defined as: diesel--$0.40 per gallon; nitrogen--$0.20 per pound. 

~e cropland restriction (acres available) is 7,550,000 acres. 

dLess than .5 percent. 

Source: Adams, Lacewell and Condra, 1976. 
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Figure 10. Estimated Agricultural Use of Water With High and Average 
Commodity Prices [Adams, Lacewell and Condra, 1976J 



TABLE 12. ESTIMATED QUANTITY OF WATER USED IN AGRICULTURAL PRODUCTION 
AT SELECTED WATER PRICES WITH ASSOCIATED DRYLAND AND IRRI
GATED ACRES AND PRODUCER NET RETURNS BASED ON AVERAGE 
COMMODITY PRICEsa AND CURRENT INPUT PRICES:b TEXAS HIGH 
PLAINS 

Water Acres of CroE1and 
Price per Quantity Producer 
acre-foot used Dry1and Irrigated net returns 

(dollars) (1,000 ac ft) -------1,000-------- ($1,000,000) 

0 5,787 3,146 4,404 486 

5.90 5,785 3,146 4,404 452 

14.69 5,717 3,157 4,393 401 

22.37 5,560 3,157 4,393 358 

29.58 4,957 3,559 3,991 318 

32.23 4,602 3,753 3,797 304 

34.40 3,781 4,177 3,373 295 

38.94 3,436 4,345 3,205 278 

41. 74 1,896 5,660 1,_ 890 268 

46.07 1,329 6,344 1,206 260 

53.76 1,075 6,579 971 250 

56.10 615 6,953 559 247 

60.24 140 7,392 120 245 

71. 75 0 7,392 0 243 

aAverage commodity prices are defined as: cotton 1int--$0.31 per 
pound; cotton seed--$100.00 per ton; grain sorghum--$3.10 per cwt; 
soybeans--$4.27 per bushel; wheat--$2.60 per bushel; corn--$1.94 
per bushel. 

bCurrent input prices are defined as: diese1--$0.40 per gallon; 
natural gas--$0.88 per Mcf; nitrogen--$0.20 per pound. 

Source: Adams, Lacewell and Condra, 1976. 
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TABLE 13. VALUE PER ACRE-FOOT OF IRRIGATION WATERa 

Irrigation Water Value ($/ac. ft. ) 

Source Low High Average 

Nat. Water Commission 15 40 20 

Grubb -- Texas High Plains 26 32 NA 

Lacewell & Grubb -- High Plains 20 38 NA 

Beattie [1971J -- High Plains 20 33 24 

Condra, Lacewell, Sprott, Adams -- Texas 37 114 NA 

Beattie [1976J High Plains 40 65 53 

Beattie [1976J South Texas 32 45 44 

aValue at the farm gate. To estimate value of groundwater, 
costs of pumping must be deleted. 

Source: Patton and Lacewell, 1977 



TABLE 14. EXPECTED CROP OUTPUT, IRRIGATED ACREAGE AND PRODUCER NET RETURNS FOR ALTERNATIVE 
NATURAL GAS PRICES, TEXAS HIGH PLAINSa (BASED ON 1971-74 COMMODITY PRICES) 

Price of Natural Gas Eer 1000 cubic feet 

Item Unit 0.00 0.80 2.12 2.47 2.80 3.00 3.37 3.82 4.67 

- - - - - - - - - - 1,000,000 - - - - - - - - - - -
Net Returns 

b 
dol. 129.9 99.0 59.5 49.0 40.7 38.0 35.8 33.3 32.4 

Irrigated Acres c 
2.6 2.6 2.6 2.2 1.3 0.5 0.5 0.3 0.0 ac. 

Crop Output 
Corn bu 180.8 148.9 115.2 115.2 23.3 23.3 23.3 0.0 0.0 
Cotton lb. 203.5 203.5 203.5 0.0 0.0 0.0 0.0 0.0 0.0 
Grain Sorghum cwt 29.3 29.3 40.0 40.0 40.0 12.0 12.0 12.0 15.3 
Soybeans bu 0.9 11.1 1l.1 1l.1 11.1 11.1 8.7 8.7 0.0 
Wheat bu 12.1 12.1 16.7 16.7 29.3 29.3 30.3 30.3 30.3 

a Source: Lacewell, Condra and Fish. 
Based on a per acre $15 charge for land and no charge for water on acres irrigated. Crop 
prices are 1971-74 average and are cotton $0.31/1b., cottonseed $100/ton, wheat $2.60/bu. 
corn $1.95/bu, soybeans $4.27/bu, and grain sorghum $3.10/cwt. 

b 
Net returns are returns to management, water and risk. 

c Total land available is 3.7 million acres of which 2.6 million are irrigab1e. 

Source: Patton and Lacewell, 1977 
O'l 
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TABLE 15. EXPECTED CROP OUTPUT, IRRIGATED ACREAGE AND PRODUCER NET RETURNS FOR ALTERNATIVE NATURAL GAS PRICES, 
TEXAS HIGH PLAINSa (BASED ON CURRENT CROP PRICES) 

Price of Natural Gas Eer 1000 cubic feet 

Item Unit 0.00 0.38 1. 25 1. 30 5.46 6.09 6.94 7.63 7.79 8.40 10.12 

- - - - - - - - - - - - - 1,000,000 - - - - - - - - - - - - - - - -
Net Returns b 

dol. 331.8 319.0 291.0 289.6 160.5 141.1 116.2 99.3 95.9 92.4 87.6 

Irrigated Acres c 2.6 2.6 2.6 2.6 2.5 2.5 2.1 1.6 0.4 0.2 0.0 ac. 

Crop Output 
Corn bu 180.8 180.8 180.8 180.8 180.8 180.8 180.0 180.8 47.7 23.3 0.0 
Cotton lb. 96.1 203.5 203.5 203.5 203.5 173.0 173.0 61.1 61.1 61.1 61.1 
Grain Sorghum cwt 45.6 32.7 29.3 29.3 29.3 29.3 12.0 12.0 12.0 15.3 15.3 
Soybeans bu 0.9 0.9 0.9 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Wheat bu 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 30.3 30.3 30.3 

a 
Source: Lacewell, Condra and Fish. 
Based on a per acre $15 charge for land and no charge for water on acres irrigated. Crop prices are set at 
levels that seem most reasonable with current information. These prices are cotton $O.42/1b., cottonseed 
$lOO/ton, wheat $3.75/bu, soybeans $4.50/bu, corn $2.70/bu, and grain sorghum $4.25/cwt. 

b 
Net returns are returns to management, water and risk. 

c 
Total land available is 3.7 million acres of which 2.6 million are irrigable. 

Source: Patton and Lacewell, 1977 
0'1 
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TABLE 16. PROJECTED NATURAL GAS PRICES FOR TEXAS 

Year Avg. Natural Gas Price {$/1000 MCF) 

1976-1980 $1.36 

1981-1985 $2.45 

1986-1990 $3.53 

1991-1995 $3.87 

1996-2000 $4.56 

2001-2005 2 $5.33 

2006-2010 $6.18 

2011-2015 $7.17 

2016-2020 $8.32 

2021-2025 $9.65 

Source: 1Texas Governor's Energy Advisory Council, 1977 

2Linear extrapolation from (1) 

63 



64 

On the basis of these data projections, Young [1978a] concluded that 
supplemental water for all grains and cotton may cease after 1995 if natural 
gas prices rise at an average rate of 20 cents per MCF from a 1976 level of 
$1.36 per MCF and if crop prices are intermediate (midway between 1976 crop 
target levels and the highest prices received for that year). Projections 
for annual net crop income for the study area (Texas High Plains) showed a 
decline from $277 million in 1976 to $186 million in 2025 with intermediate 
crop prices and constant natural gas prices. However, with intermediate prices 
and increasing gas costs, the crop income could drop from $277 million in 1976 
to $164 million in 2025, due to the decline in irrigated agricultural practice. 

Utilizing Alternate Supplies 

In response to rlslng energy costs, studies have been made to compare the 
energy utilization of different supply sources. Schneider and New [1975] 
referred to 1964-1968 studies at Texas Tech and elsewhere which compared 
pumping costs for: (a) irrigation wells, (b) playa lake pumps, and (c) tail
water return systems. It was found that pumping from wells is two to three 
times as costly in terms of energy as the others, because of the higher heads 
involved. 

Davis [1975] reported an economic comparison made with imported water 
(Canadian River water to Lubbock), an irrigation well, and the use of tailwater 
recovery pits. Table 17 shows the results of that comparison, which reveal 
that tailwater recovery systems are indeed much more economical to operate than 
the other systems compared. Davis concluded that groundwater is the cheapest 
major source of water and should be conserved. Tailwater return helps to con
serve groundwater supplies and can be accomplished at a cost to the irrigator 
of about one-fifth that of well pumping. 

Estimates by Hauser and Signor [1967] indicate that 2.5 to 3 million acre
feet of rainfall runoff are collected annually in playa lake basins with 90 per
cent of this being lost to evaporation. Modification of playa lakes for 
efficient surface water storage provides additional opportunities for reducing 
irrigation costs and for increasing the feasibility of artificial recharge 
efforts. Studies to increase the availability of local surface water supplies 
through playa lake modification have been accomplished by Grubb and Parks [1968], 
Young and Merrick [1973], and Young and Kuehler [1975]. 



TABLE 17. PUMPING COST COMPARISONS FOR ALTERNATE WATER SOURCES FOR LUBBOCK 
COUNTY 

Pumping Cost/Acre-Footl 

65 

Source @ Typical Efficiency (50%) @ High Efficienty (70%) 

Lake Meredith 2 

Ground Water Irrigation3 

Tailwater or Playa Lake Water 

$21.60 

$ 9.06 

$ 1.604 

lFigures based on 1975 electricity costs of $0.02/KWH 

2158 mile of conduit (1080 KWH/acre-ft.) 

$ 6.48 

$ 1.16 

3222 ft. Total Dynamic Head (TDH) (453 KWH/acre-ft. @ 50% efficiency) 

440 ft. TDH (80 KWH/acre-ft. @ 50% efficiency) 

Source: Davis, 1975 
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Ramsey and Young [1978J are presently conducting a study to evaluate 

alternative playa lake resource situations. This study will incorporate a 

systems analysis model to determine irrigation pumping costs for using stored 

surface water from modified playa lakes and will examine various strategies 

such as wind and solar energy sources for pumping plants, interrupted energy 
supply situations, and others. 

Changing Pumping and/or Delivery Systems 

Another response to rising energy costs for irrigation involves altera

tions in pumping and delivery systems. As previously discussed, natural gas 

is the primary fuel source for irrigation in the area, and conversion to other 

fuels for internal combustion engines would increase pumping costs further 

[HPUWCD No.1, 1975aJ. Conversion to electric motors is not a viable alterna

tive since, in addition to equipment replacement costs, the price of electricity 

has increased along with rising costs of natural gas and coal. 

An alternative to changing pumping systems is to change delivery systems. 

In the past, much of the delivery of water from the well to the crops has been 

through a ditch-and-furrow system. This system has been shown to be inefficient 

in that a significant portion of the water pumped does not reach the root zone 

of the particular crop being irrigated because of losses due to evaporation 

and to unwanted percolation beneath the root zone. Consequently, much work has 

been done in the development of portable, above-ground piping systems to 

eliminate losses from ditches and canals, and in sprinkler irrigation systems 

to deliver the water directly to the crops. The advantages of sprinkler systems 

over furrow irrigation has been cited by the HPUWCD No. 1 [1976aJ. These include: 

(1) no need for tailwater pits since there need be no runoff; (2) reduced labor 

costs; (3) reduced fuel costs since less water is needed to cover a given area; 

(4) liquid fertilizers can be applied during irrigation; and (5) some farmers 

claim that sprinklers tend to wash insects off leaves. One Parmer County farmer 

asserted that he could produce an equal or better crop with one-half the water 

and one-half the fuel bill (as opposed to furrow irrigation). 

Smith and Carver [1976J developed tables for comparing costs for pumping 

groundwater for irrigation by the furrow method with those by sprinkler methods. 

As an example, the 1976 costs of pumping water from a natural gas powered well 

(1976 price = $1.20 per MCF) at a rate of 800 GPM with a total dynamic head of 

350 feet would have been $21.51 per acre-foot (pumping costs) plus $7.20 per 
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acre-foot (distribution costs) for a total furrow irrigation application cost 

of $28.71 per acre-foot or $2.39 per acre-inch. 

If the applications were made utilizing a center pivot sprinkler, the cost 

would have been $21.51 per acre-foot (pumping costs) plus $16.56 per acre-foot 

(distribution costs) plus $5.40 per acre-foot (additional pumping cost for 

pressure sprinkler system) for a total of $43.47 per acre-foot or $3.62 per 

acre-inch. Although the unit costs are higher for the center pivot sprinkler 

alternative, the more efficient use made of a smaller amount of water more than 

compensates for the difference. 

Additional innovations in delivery and application, as described by Clark 

[1972J, include furrow methods with tailwater return, "trickle" irrigation 

(water emitted through tiny orifices in a small diameter pipe laid on the sur

face), and subirrigation methods (similar to trickle systems, but with pipe 

buried below the soil surface). Efficiency of application, defined to be the 

ratio of the usable water applied to the total application, is shown in Table 

18 for furrow, furrow with tailwater return, sprinkler, trickle, and subirriga

tion delivery systems. The wide ranges reflect differences in antecedent soil 

conditions, wind and evaporation rates, and overall management practices. Through 

optimal system design and management, it is clear that a reduction in water re

quirement is possible, with a resultant savings in energy utilization. 

A number of irrigators in the region are currently changing from high

pressure to low-pressure pivot systems. The low-pressure systems require less 

energy in irrigation application and may also reduce the amount of evaporation 

losses. The most advanced system of application may be the mobile trickle system 

under study at the Texas Agricultural Experiment Station near Lubbock, Texas. 

Trickle systems have the potential of reducing required application rates by up 

to 50 percent compared with furrow application. The method of furrow-dyking 

also under study at this research station prevents surface runoff and may be 

used in combination with the mobile trickle system for increased application 

efficiency [Young, 1978bJ. 

Increasing System Efficiency 

As discussed in a previous section, low initial and declining efficiencies 

in pumping systems account for a substantial portion of wasted energy and, 

hence, of fuel costs. Several means of improving system efficiency are being 

practiced and others are under investigation. 

One approach, in general practice in the underground water conservation 



TABLE 18. IRRIGATION APPLICATION EFFICIENCIES 

Irrigation Method Efficiency 

Furrow 40-70 

Furrow with Tailwater Return 

Sprinklers 

Trickle and Subirrigation 

Source: Clark, 1972 

60-85 

55-85 

90-95 
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districts in the Texas High Plains, is the use of controlled well spacing 
[Rayner, 1975J. When wells are placed in close proximity to each other, their 
individual "cones of depression" overlap, resulting in less water being produced 
from each well and in pumping at much greater pumping lifts. Consequently, 
controlled well spacing prevents excessive interference, helps maintain efficient 
pumping plant operation, and reduces excessive energy utilization. 

In addition to spacing, the design of the water well and pumping plant 
system is another area which shows promise for increasing efficiency and decreas
ing energy use. Most existing wells in the area were drilled before the increase 
in power costs, with little or no attention being given to constructing energy
efficient wells. Dr. Bill Lyle, irrigation engineer with the Agricultural 
Experiment Station at Halfway, Texas, conclusively demonstrated that it is 
possible to construct a new well which is significantly more efficient than 
most existing wells [HPUWCD No.1, 1976bJ. Utilizing engineering principles 
coupled with manufacturer's information and advice, a well was constructed 
which produced 1300 gpm during pumping tests, while two similar nearby wells 
were capable of only 350 and 400 gpm. The key to a successful well is described 
as a properly designed commercial well screen and an associated matching gravel 
pack. Variables in proper design of a well to ensure optimum efficiency include: 
(a) well diameter, (b) well spacing, (c) well screen length, (d) well screen 
slot openings, (e) well screen diameter, (f) screen transmitting capacity, 
(g) screen material, (h) screen strength, (i) gravel pack design, and (j) thick
ness of gravel and method of emplacement [HPUWCD No.1, 1977aJ. 

Additional attempts are being made to increase the efficiencies of existing 
wells. LePori and Lacewell [1976J have suggested that energy use in irrigation 
could be reduced by as much as 41 percent if 90 percent of the irrigation wells 
were to be upgraded by installing new pumps or pump components. In one example, 
tests on an existing irrigation well near Lazbuddie, Texas indicated that the 
system was operating at 44.8 percent efficiency. The pump was pulled and a new 
set of bowls selected. Using the same power plant and gearhead, the efficiency 
was found to be 74.6 percent. Cost for improvements totaled $3,064, but hourly 
fuel cost was reduced from $1.79 to $1.09. In addition to increasing the well 
yield from 637 gpm to 890 gpm, an annual savings of $1,663 was realized, with 
a 54 percent return on investment [HPUWCD No.1, 1977bJ. 
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Research efforts are currently underway at Texas Tech University to 
increase the efficiency of existing wells by various renovation methods aimed 
at decreasing the energy loss as the water moves (a) through the aquifer very 
near the well, and (b) through the well casing. This project is seeking 
feasible methods to install well screens in existing wells and "jet" the 
aquifer through the screen [Claborn, 1978J. 

Alternative Energy Sources 

As natural gas and electrical energy prices soar, alternative forms of 
energy are being sought to power irrigation systems. Current research efforts 
are concentrating on the use of solar energy, wind energy, and biomass conver
sion systems for irrigation power. 

Texas Tech is presently involved in a study of a 200 kWe Solar photo-
voltaic concentrator integrated with an electircally pumped deep well in the 
Trans-Pecos region of Texas. The system will pump 800 gpm from a depth of 540 
ft. The experimental system is not expected to be able to compete economically 
with existing systems, although regional wells are incurring annual utility 
bills approaching $16,000 per well. The present system will cost approximately 
$2 million but with more efficient and lower cost materials and methods of 
operation, costs could be reduced to $400,000 by 1985 [Center for Energy Research, 

1978J. 
Another experimental solar-powered irrigation system has been designed and 

constructed on a farm near Willard, New Mexico. The equipment, which cost about 
$800,000, can irrigate 100 acres of farmland, by pumping 640 gpm from a 110 ft. 
well. Water is pumped into a storage pond and subsequently delivered to the 
fields by conventional means. This study revealed several problems associated 
with this approach to solar-powered irrigation: (1) solar panel maintenance 
is required to keep the surface dust-free; (2) special provisions are necessary 
to prevent wind and hail damage; (3) a thermal storage facility is necessary 
to maintain pumping at night or during cloudy conditions; and (4) the size of 
the collector field, storage tank, engine house, and storage pond is significant 
(4 acres) and takes up valuable farm land [HPUWCD No.1, 1977cJ. 

Experiments with wind turbines (vertical-axis windmills) show promise as 
an alternate energy source. These devices utilize blades with the more efficient 
lift characteristics of an aircraft airfoil as opposed to the limited efficiency 
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of the flat blade of a conventional windmill. An experimental wind turbine 
at the Albuquerque, New Mexico, Sandia Laboratories can generate 60 kilowatts 
of electricity in a 30-mph wind (enough to power a 75-hp motor). Average 
wind velocity in the Texas High Plains is approximately 15 mph, with greater 
velocities normally~perienced during daylight hours. Costs for a commercial 
system are thought to be in the $40,000-50,000 range under mass production, 
but it has been concluded that much technology remains to be developed before 
the wind powered system could become widespread in use [HPUWCD No.1, 1977dJ. 
Studies at Texas Tech are investigating the potential of using wind turbines 
alone or in a series to feed power into existing utility grid systems and to 
produce enough energy for a number of irrigation wells and other farm needs. 

Biomass conversion systems are being investigated as means to produce 
fuel for conventional internal combustion engines from biological wastes. 
Researchers in the Chemical Engineering Department at Texas Tech are experi
menting with such systems, and report that a low-BTU gas may be produced from 
cotton gin trash for about $3.00 per MCF. They also report good potential 
for producing an economical gas from feedlot manure [Young, 1978bJ. 

Other Responses 

Responses to rising energy costs for irrigation have occurred in many areas 
other than those previously mentioned. These range from attempts to improve 
management systems to the selective breeding of drought-resistant crops. Some 
of these approaches are described in the following discussion. 

Load management is being considered by some High Plains electric co-ops 
as a way to reduce the cost of wholesale electric power. Part of the cost to 
co-ops is for a demand charge based on peak usage, for which the transmission 
lines, substations, and other system components are built, though the high 
design capacity is not needed or used during most of the year. By reducing 
peak loads, and the need for systems to carry such high loads, the demand 
charge could De substantially reduced. Systems to reduce peak loads which have 
been tried by Nebraska farmers include: (1) voluntary methods whereby irriga
tors are asked to turn off pumps during prescribed hours on scheduled days; and 
(2) automated systems whereby pumps are turned off by a signal injected in the 
power lines or by a radio signal system. A load management system has been 
considered for at least one Texas High Plains county [HPUWCD No.1, 1977eJ. 
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By determining the water usage by crops at various stages in their life
cycles, it is possible to schedule irrigation based on actual plant needs 
thereby using less water (and energy) more efficiently. Field tests in 
Nebraska showed that it was possible to decrease irrigation water used by up 
to 10 inches per year and also save $6.00 to $10.00 per acre by using less 
energy [Redeker, 1977J. Similar studies at Texas Tech have shown that while 
in some areas up to three times as much water may be used as is necessary for 
irrigation, this is not usually the case on the South Plains where there is 
a great awareness of the need to conserve a dwindling water supply [HPUWCD No. 
1, 1976cJ. It may be possible to improve yields by using less water (hence 
less energy) through crop breeding and management. It seems that breeding 
for improved performance on the basis of field experiments would have the 
greatest success in areas where drought occurs in the same part of the growing 
season year after year. Management, like breeding, will be most effective if 
it is based on sound understanding of the timing of environmental demands and 
crop sensitivity. Decisions on the crop to plant in given environments, and 
on the timing of irrigation should be made on the basis of such information. 
Although little is known or understood about plant improvement for drought, 
two different phenomena would seem to be responsible for higher yields: 

(1) drought avoidance - permits a crop to grow longer in a given 
environment because it is able to tap a larger part of the water 
stored in the soil (more extensive root system, or less water use 
per unit of time), 

(2) drought tolerance - permits a crop to produce more yield at a 
given tissue water potential [Boyer and McPherson, 1975J. 

Environmental controls for improving crop yields have been suggested by 
8egg and Turner [1976J. These include the use of windbreaks to reduce drying 

and the addition of carbon dioxide as a soil fertilizer. Gains in crop improve
ment in terms of yield, disease resistance, and water use efficiency are most 

impressive for crops grown under irrigation or with favorable rain-fed natural 
environments. Research programs are currently underway by the Plant and Soil 
Sciences Department at Texas Tech to develop high yielding, stress tolerant 
genotypes of various crops for the Texas High Plains. 
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General Conclusions 

The general outlook for the Texas High Plains is that there will be 

substantial adjustments in irrigation over the next few years in response to 
expected increases in energy prices for pumping. Irrigation projections using 

constant energy prices indicate that the peak of irrigation development would 

occur in the 1980's for the overall region. Most economic model studies agree 

that very little irrigation would be continued after 2015. However, if major 

advancements in irrigation efficiency and economical energy production continue 

to be made over the next few decades, the economic life of irrigation may be 

prolonged. 

The projected economic life of irrigation may be shortened by 20 to 30 

years if natural gas prices continue to rise at the rate projected by the 

Governor's Energy Advisory Council. While the impact of this price increase 

may be offset to some extent by improved pumping plant and technical irriga

tion efficiency, future energy prices, rather than exhaustion of the ground

water supply, would currently appear to be the major threat to the continued 

viability of agriculture in the Texas High Plains [Young, 1978b]. 

Research Needs: Category IV 

The effects of increased energy costs on groundwater supplies are many and 

varied; the greatest potential for research to lessen the degree of impact 

would appear to be in such areas as energy supply, efficiency studies, crop 

production, conservation, and economics. While some areas have been examined 

in past studies and others are being investigated in current research programs, 

it is apparent that a more intense research effort will be required if solu

tions to the energy-related problems described in this section are to be found 

in a timely manner. Among the most critical research needs are the following: 

1. Extensive development of economic models to assess the impact of 

changes in both farming cost inputs and commodity prices on the 

regional social and economic stability. Existing models that are 

being utilized to predict effects of increased energy costs need 

to be refined and continually updated to reflect current changes 

in market prices and other variables so that planning agencies 
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can base decisions on best data and projections available. 
2. Methods of increasing efficiencies of existing irrigation systems 

and system components. Preliminary analyses have shown that potentially 
significant energy and cost savings may be made through widespread 
efforts to increase the efficiency of existing wells and pumping system 
components. Specific research areas include the following: 
a. Well renovation - research is needed to develop the technology 

to renovate wells quickly and at a reduced cost. 
b. Increase efficiency of pump components - studies are needed to 

determine the savings attainable by replacing inefficient pump 
components with those having characteristics allowing pumps to 
operate more efficiently over the range of declining water 
levels anticipated in the Southern High Plains. 

c. Investigate alternative power units - research is needed to deter
mine (1) the potential savings associated with proper matching 
of power units with pump components, (2) alternatives available 
in terms of power unit type, fuel source, and efficiency, and 
(3) new and/or innovative techniques for pumping groundwater 
(e.g. windmill-based systems). 

3. Alternate energy supplies. Strides have been made toward the development 
of alternative energy supplies, primarily in areas of solar, wind, and 
biomass conversion. While it has been shown that these systems may be 
feasible at present from a technological standpoint, they are still 
prohibitive on the basis of cost. Additional research in these and 
other areas may result in cost-effective irrigation systems independent 
of present energy sources. 

4. Development of alternative supplies. As energy costs rise, development 
of surface supplies, primarily through playa lake modification, becomes 
more feasible. Quicker, easier, and more economical methods of utilizing 
these sources are needed. 

5. Development of more efficient delivery systems. If methods to deliver 
water to crops more efficiently can be found, less water, hence less 
energy, will be required. Research areas showing the most promise are 
traveling trickle irrigation systems and low pressure center pivot 
systems. These and other innovative delivery systems need further 
research and development before their energy and water conservation 
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effectiveness can be optimized. 

6. Advances in cropping practice. Research in breeding crop varieties 

for drought tolerance needs to be expanded. Genetic studies and 

programs to identify factors such as root development, leaf area, 

mass, etc., are needed to develop crops capable of high yield with 
lower irrigation water and pumping energy requirements. Research 

efforts are needed to identify and develop plants adapted to this 

semiarid region. These should be investigated for potential economic 
characteristics and adaptability to current cropping practice. 

7. Social, financial and institutional studies. Identification of infra

structural policies and practices is needed to guide and direct regional 
development in areas undergoing transition from irrigated to dryland 
farming. This information can be utilized to reduce the adverse 
socia-economic effects anticipated in regions undergoing this transi

tion. 
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CATEGORY V 

The Augmentation of, and Substitution for, Groundwater Supplies 

The gross water supply available to the High Plains of Texas consists of: 

(1) the fossil storage in the Ogallala formation, (2) an augmentation of this 

storage by natural recharge estimated to average about 2 cm per year, (3) the 

Texas rights to the flow of the Canadian River as regulated by an interstate 

compact with New Mexico and Oklahoma, (4) precipitation in addition to that 

which infiltrates to the aquifer, and (5) water in formations other than the 
Ogallala. Surface inflow, other than that of the Canadian River, is negli
gible. 

If the water in storage in the aquifer is to be augmented the additional 

water must come from the Canadian River, the "excess" precipitation, some of 

which accumulates after rainstorms in depressions known locally as "playa" 

lakes, or interregional importation of water. 

Canadian River Water Supply 

The Texas entitlement to waters of the Canadian River is trapped in Lake 

Meredith, then distributed by over 500 km or pipelines to 11 cities on the 

High Plains for municipal supply. In Lubbock, during low-demand periods of 

the year, treated water from the Canadian River is recharged to the Ogallala 

through wells near the city to be repumped during periods of high demand. 

No unappropriated water remains in the Canadian River. Each of the eleven 

cities is obligated to seek elsewhere (groundwater) for any supplies it may 

desire beyond its entitlement under the agreement creating the Canadian River 

Municipal Water Authority. 

Artificial Recharge of the Ogallala Aquifer 

Experiences with Artificial Recharge 

Two excellent surveys of the history and status of attempts to recharge 
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the Ogallala Aquifer were published in 1967, by which time much sobering 
experience had accumulated [Rayner, 1967a, b; Hauser and Signor, 1967J. Both 
contain extensive lists of references. 

The earliest attempts at artificial recharge in the area were for the 
purpose of clearing roads, railroads, and farm land of standing water. These 
artificial drains soon clogged. 

The next stage consisted of planned research studies inaugurated in 1953 
by the High Plains Underground Water Conservation District No.1. The District 
and its cooperators studied many types of lake modifications, water filtration 
and flocculation systems, well and supporting structure designs, well operation 
programs involving periods and rates of recharge and pumping, and agricultural 
practices. Many of these studies were described in the 38 articles in the 
Cross Section from January 1955 through August 1962 cited by Rayner [1967aJ. 

Larger scale experiences with artificial recharge began with those of the 
McDonald Well Field near Amarillo in which, in 1954-55, water from wells in the 
Ogallala formation some ten miles away was recharged into two wells in the 
McDonald field to supply peak demands. "The investigation showed that, although 
the groundwater reservoir has no physical lateral boundaries within the area of 
investigation, water moves laterally from an injection well so slowly that about 
80 percent of the recharge water injected during the winter months may be 
recovered by pumping during the remainder of the year. It also showed that 
water could be injected by gravity flow at rates exceeding 1000 gallons per 
minute per well. Wells more than half a mile from the point of injection bene
fit very little from the recharge operations over a period of a year" [Moulder 
and Frazor, 1957J. No difficulty with clogging occurred in this case in which 
water from one location in the Ogallala Aquifer was injected into another. 

A series of recharge experiments was conducted at Halfway, near Plainview, 
in 1957-59 in which playa lake water was drained through a two-way well into 
the Ogallala Aquifer. Of 45.3 acre-feet entering the well in June-July 1959, 
"approximately 7 acre-feet of water was pumped back into the lake while redevelop
ing the well each day ... 6.2 cubic yards of silt and clay and 16.4 cubic yards 
of formation sand were pumped out of the aquifer during the recharging operation" 
[Cronin, 1961J. 

Valliant [1963, 1965, 1967J, in reporting on further recharge events at 
Halfway, maintained a guardedly optimistic outlook on the long-term potential 
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of recharging playa lake water. His mechanical filters proved to be unsuccess

ful. Cullinan [1959] determined that only about 29 percent of the silt and 

clay injected into the well at Halfway during a recharge cycle was reclaimed 

during the pumping cycle and that "decreases in transmissibility and permea

bility have been brought about through the use of untreated lake water for 
recharge." 

The City of Midland, Texas, after extensive tests in 1957 and 1961, adopted 

a policy of pumping water from a distant well field and storing it in a well 

field near town to facilitate the supplying of peak demands. In 1964, the 

Colorado Municipal Water District, after extensive pilot studies, began large

scale artificial recharge of a well field near Odessa using unfiltered water 

from Lake J.B. Thomas. Some well "sanding" problems have been reported. 

The Agricultural Research Service, USDA, after a preliminary hydrogeological 

analysis, beginning in 1963, of a potential recharge site and of the playa lake 

selected for its supply, investigated possibilities of recharge through shafts 

extending over 30 feet into the Ogallala formation but ending above the water 

table [Hauser and Signor, 1967, p. 51-52]. Such shafts should have the follow

ing advantages: "(1) air should be removed from solution before the water 

entered the water table, (2) the playa lake water could come into near chemical 

balance with the aquifer before being withdrawn by a well, (3) shafts may be 

cheaper than wells, (4) biological pollution hazard is less, and (5) accidental 

plugging would not damage the aquifer." Recharge rates were too low for practi

cality, but hope was expressed that shafts of a modified design can be effective 

"if the playa lake water can be clarified. II 

Brown and Signor [1973], in a report on extensive investigations of arti

ficial recharge on the Southern High Plains made by a USGS project office estab

lished in Lubbock in February 1968, concluded that 

Recharge is currently practiced in many places on the 
Southern High Plains. Some operations have been successful 
for several years by using high quality, chenically compatible 
water to recharge the aquifer. Successful recharge through wells 
hsJ s been achieved by intra-aquifer transfer of water at Amari 110 
and Midland, Texas; by recharge of water from the Canadian River 
into well fields at Lubbock; and by recharge of water from Lake 
J.B. Thomas into well fields between Big Spring and Midland. 
Although these operations have not been carried on long enough 
to preclude the possibility of failure from bacterial contamination 
or slowly occurring chemical changes, the success indicates that 
there are no short-term difficulties in recharging high-quality 
water. 



Recharge through wells of water from playa lakes has been 
generally unsuccessful. The water in the playa lakes contains 
so much suspended sediment that the aquifer is rapidly clogged 
by the injected material. Problems of chemical incompatibility, 
bacterial contamination, and air entrainment may complicate 
recharge experiments using playa lake water; however, the large 
amount of suspended sediment clogs the pore spaces in the forma
tion so rapidly that it overshadows all other factors. The wells 
that have operated for a period of years as both recharge and 
production wells are those which pump a great deal of sand, and 
thus remove a large part of the aquifer material and the injected 
sediment during redevelopment. 

The most successful approach to recharging playa-lake water 
through wells has been that of Hauser and Lotspeich [1967J, in 
which surface treatment of the highly turbid water removed 90 
percent or more of the suspended material from the water. Even 
when using water with low concentrations of suspended material, 
biological plugging may eventually result from a combination of 
the dissolved organic materials and biota contained in the water. 

Recharge from spreading basins, ditches, or vertical shafts 
has been successfully accomplished and may be feasible over large 
parts of the Southern High Plains. The most serious problem 
appears to be the presence of layers of low permeability between 
the land surface and the water table, which would delay vertical 
movement of water and prevent utilization of recharge within an 
acceptable period of time. 
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The USGS project office is currently investigating recharge by pits. An 
investigation by the Texas Tech Petroleum Engineering Department and cooperators 
[Johnson, Crawford and Davis, 1976J of pressure injection of playa lake water 
into the Ogallala formation at seven sites, selected to secure a variety of 
conditions, holds great promise. The failures which occurred were all trace
able to avoidable errors -- observation wells too close to the injection well, 
inadequate cementing of wells, and insufficient depth. No formation clogging 
was detected. This accords with theoretical considerations addressed by the 
investigation [Ibid., p. 10-l1J: 

Plugging Mechanism. Little is shown in the literature that 
establishes even a conceptual picture as to how sediment-bearing, 
organic-content waters behave while flowing through porous media. 
Nothing is known about the efficacy with which such waters are 
able to plug or seal a sand face or a reservoir matrix. In the 
past, scattered field reports have indicated flow failure when 
playa-lake waters were discharged into a receiving well. The 
implication has always been that these wells "mudded Up," accounting 
for their failure to receive additional water. In many instances 



these wells have not been operated under carefully controlled pro
cedures. As a result, data pertinent to well failure are unavail
able on such wells. In addition, well-completion practices usually 
permitted mud slurry (from a nearby lake bottom) to be carried into 
the well, masking any skin effect or plugging properties of the lake 
water itself. "Mudding-up" of well bottoms is reasonably verified 
by reports that backflushing improved recharge capacity of subject 
well s. 

If surface waters flowing into a recharge well are permitted 
to carry an overload of small particles, the province of the 
problem is completely altered. No longer does true laminar flow 
of homogeneous fluid through porous media exist. Such injection 
permits a combination mud-sand-silt-trash slurry to flow into the 
well. As a result, the slurry collects on the floor of the well, 
increasing in concentration and depth as flow continues until enough 
solids are present to form an impermeable plug in the well bore. 
Such particulate dropout is enhanced by the change from vertical, 
downward flow to lateral, outward flow. Such a mechanism is far 
More efficient than any other available mechanism that might detri
mentally alter flow into the porous media. 

If the injection water is 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 particu
late matter. 

Settling rate can be controlled by altering flow rate, causing 
particles of sand size or greater to settle according to Stokes' 
Law. A stilling basin in which surface velocity is reduced to at 
least two feet per second is usually sufficient to remove the sand 
load of fresh water. This, of course, prevents all but extremely 
fine sand from entering the well, and eliminates as well the major
ity of particles capable of bridging the sand face. In such a situ
ation the particles of interest are those that flow into the porous 
media. If the sand is reasonably uniform, its interstitial cross
section area should be fairly constant, allowing the non-bridging 
particle that enters the formation to meander into the formation 
until its forward velocity will no longer sustain its support. 

For flow through porous media, it is reasonable to hypotbesize 
that colloidal material will eventually collect in selected pore 
openings as a result of a pore velocity less than some critical 
velocity dictated by a complicated combination of viscosity effects 
and Stoke's Law mechanisms. The clustering of these particles reduces 
the cross-sectional area of the pore opening, thereby increasing 
pore-velocity to a value exceeding this critical velocity. Since 
colloidal particles are anywhere and everywhere in the flowstream, 
they can perform an abrading function (especially if some of the 
particles are silty) as flow velocities increase (especially if 
microturbulent flow is reached). Conceivably, "micro-erosion" 
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can occur. All that remains is for flow and pressure conditions 
to exist to support an erosional flow pattern. In gravity-recharge 
activity, in the project area, empirical data indicate that such 
"erosion" does not occur and formation plugging occurs. Results 
from this project, in which moderate surface pressures and high 
recharge rates are used, indicate "erosion" (a clay bank movement) 
does occur with the incidence of formation plugging. 

Clarification of Playa Lake Water 
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Several attempts have been made to filter playa lake water before recharging 
it to the Ogallala. Hauser and Signor [1967] dismiss the studies on filtration 
at Bushland with the comment that "past research with filters at Bushland has 
shown them to be relatively ineffective for field use. The tremendous volume 
of suspended solids contained in playa lake water makes successful filter 
operation, with raw water, almost impossible." Believing, however, that "prac-
tical recharge systems designed for widespread use should include water clari
fication," they undertook laboratory and pilot studies of flocculants from 
which they concluded that lithe experimental water clarification system and 
recharge wells described [Ibid., p. 53-57] are not recommended for wide use. 
However, these tests did show, for the first time, that simple water clarifi
cation systems combined with simple recharge wells could effectively recharge 
Significant volumes of water in the field. Where formerly there was only hope 
that successful, simple, inexpensive recharge systems could be found, there is 
now demonstrated fact that simple systems can and will work in the field. These 
simple systems require improvements to make them economically feasible and 
physically practical to operate. II 

Winn [1960] had shown earlier that field flocculation would remove from 29 
to 76 percent of the suspended solids in playa lake water depending upon the 
method of application and some weather factors. A pumping cycle following injec
tion of playa water from which chemical flocculants had removed 29 percent of the 
suspended solids returned only 5 percent of the suspended solids injected. 

Broadhurst [1962], reporting on several attempts to clear playa water by use 
of a centrifuge, summarized his findings as follows: IIBy some standards, such a 
test would be classified a failure. We look upon it as a successful experiment 
in that here is another method that did not work." 

Recharge Through Pits 

Dvoracek and others [Dvoracek, 1962; Dvoracek and Scott, 1963; Dvoracek and 
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Wheaton, 1969; Dvoracek and Peterson, 1971; Schneider, 1971] have investigated 
the use of pits as a means of encouraging recharge. If the pits are constructed 
near, but out of, playa lakes the cost of pumping and conveyance is kept minimal 
while avoiding the impermeable deposits left by years of evaporation. Removal 
of some near-surface strata may be quite an advantage in attempting pit recharge 
in some portions of the High Plains [Schneider, 1971J. 

Experimental pits with surface dimensions of 75 m by 30 m of various side 
slopes, and depths of 3 m experienced surface level declines of up to 0.5 meters 
per day when full and in good condition [Dvoracek and Wheaton, 1969]. As the 
surface dropped recharge rates decreased due to silt deposits and also due to 
decreasing percentage of total area represented by side slopes. Freeze-and-thaw 
cycles or overwintering, aided by winds, tend to render pit sides with slopes of 
1:1 or steeper virtually self cleaning. A maximum percolation rate of 2 m/day 
was obtained at Bushland [Aronovici, Schneider and Jones, 1970; Schneider, 1971]. 

Dvoracek and Peterson [1970] also investigated the recharge potential of a 
natural cavity found near their pits. Despite the fact that 15 acre-feet of 
surface runoff with sediment concentration of 40 to 200 ppm were recharged, the 
hole grew larger and the rate of recharge increased. 

Surface Spreading 

The spreading of water on areas of high natural infiltration rates as a 
method of recharge has not been given serious consideration to date. It could 
well be a consequence of the investigation, previously referred to, which Reeves 
is scheduled to begin Sept. 1, 1978. 

The groundwater mound which has built up under Frank Gray's farm as a result 
of the application of sewage effluent in quantities well in excess of crop require
ments has been referred to earlier also. Another groundwater mound has recently 
become troublesome in deep elevator shafts near the Texas Tech campus in Lubbock. 
Its sources of supply and means of control are presently under investigation. 

Recovery Potential 

Groundwater, in Texas, is the property of the owner of the overlying land. 
While several well-documented studies have shown that a substantial portion of 
the water recharged can be recovered by the recharger within a year -- thus 
justifying municipalities in the use of old depleted well fields near town for 
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storing peak supplies -- considerable reluctance to recharge water which may, 
in fact, flow to a neighbor's well does exist. 

Economics of Recharge 

Uncertainties about potential pollution, clogging of the aquifer, and 
percentage of recovery of recharged water have all contributed to keeping the 
quantity of playa lake water recharged quite small. Now, when inflating power 
costs threaten to make it uneconomical to pump any water for irrigation from 
the aquifer, no incentive exists to add costs and to risk catastrophies in 
storing additional water. 

Pumping from Playa Lakes 

An increasing number of individual farmers have, over the years, resorted 
to the direct pumping of water from playa lakes to the fields. There are a 
number of advantages to the practice: 

1) land in the playas can be made available for crop or forage production 
if drowning of the plants can be prevented by prompt removal of the water, 

2) the water in playa lakes carries nutrients and top soil which are bene
ficial, 

3) the temperature of lake water during the growing season is much higher 
than that of groundwater, 

4) lower pumping heads and cheaper pumps are required for lake pumping as 
contrasted with pumping from the aquifer, 

5) where underground pipelines are in place for use of groundwater the 
additional cost of connecting lake pumps to the pipe network is moderate, and 

6) mosquito control is enhanced by the prompt removal of shallow water. 
The principal disadvantage is that the playas are an erratic source of 

water. In general, they receive water only after a period of several consecu
tive days in which precipitation has occurred. At such times the soil moisture 
in the fields has been fully restored and additional irrigation is undesirable. 
By the time the water is wanted, much of it will have been lost by evaporation. 

The effectiveness of playa lakes for water storage can be enhanced by lake 
modification -- deepening a portion of the lake so that the same volume of inflow 
water occupies a much smaller area. 
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Two parallel studies were funded from 1961-65 to investigate the problems 
of lake modification, its effectiveness in mosquito control, and its cost
benefit ratio. 

Grubb, Parks and Sciple [1968J, reporting primarily on an economic analysis, 
concluded that 

Estimated health benefits were only 2.9 percent of modification 
costs if modifications last 20 years, and 3.5 percent of modification 
costs if modifications last 40 years. On the basis of these estimates, 
health benefits from encephalitis are not sufficient to justify playa 
modification. A separate analysis of the benefits from lake-bed land 
protection and irrigation water savings shows that is would be profit
able for farmers of the fine-textured soils area to modify playas over 
10 acres in size ... The estimated multipurpose benefits (health plus 
land plus water) were not large enough to offset playa modification 
costs in the medium-textured soils area or in the fine-textured soils 
area for lakes of less than 10 acres. 

The results of this study could become obsolete with changes in 
playa modification technology, changes in prices of modification 
inputs or outputs, and medical breakthroughs pertaining to encepha
litis prevention or treatment. Major improvements could be made in 
the economic analysis of playa modification costs and benefits if 
better data were available about the runoff of playa watersheds in 
relation to watershed size and watershed use ..... 

Ward and Huddleston [1970J, reporting on structural considerations, 
encephalitis control, and general desirability of the practice, concluded 
that 

The multipurpose modification approach used for this study has 
several advantages and disadvantages. 

1. Advantages 
a. Mosquito production is virtually eliminated. 
b. Agricultural land with a high cash value can be reclaimed 

to help offset the costs of modification. 
c. Valuable water is conserved. 
d. Recreation use is enhanced by sport fishing and waterfowl 

hunting. 
e. With proper soil management, average agricultural production 

in the lakebed can be expected. 

2. Disadvantages 
a. Cost of modifications are high. 
b. Some maintenance and weed control on the structures are 

necessary. 
c. Impounded water is very slow to clear. 
d. Maximum agricultural use of the water, with its attendant 

smaller pit and reduced costs, is not compatible with fish 
and waterfowl use. 
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that they have affected the rainfall in their target areas." 
A statistical analysis of hail suppression attempts in the High Plains, 

based on admittedly inadequate data [Scoggins et al, 1975, p. iv], led to the 
conclusions "that cloud seeding does not influence rainfall" and "that the 
hail suppression program did not significantly affect cotton hail damage." No 
other hail damage was analyzed. 

Weather modification is a field in which much competent research is urgently 
needed. 

Research Assessment: Category V 

Artificial Recharge 

The problems of artificial recharge are essentially technical and economic. 
The social and environmental advantages of draining shallow temporary ponds 
promptly for flood relief and mosquito control far outweigh any conceivable 
disadvantages. The technical problems are essentially those relating to forma
tion clogging; the economic problems are inherent in the cost of energy for 
pumping the recharged water from the aquifer. 

The most significant research on artificial recharge through wells has been 
the early (1953-1964) work of Broadhurst, the continuing investigations by the 
USDA at Bushland, Winn1s studies on pond clogging, and Johnson and Crawford1s 
application of petroleum recovery technology in pressure injection. 

Dvoracek1s continuing work on recharge by pits would appear to indicate 
that this method is preferable to recharge by wells except in the case of trans
fer of clear water to municipal well fields near load centers. 

All recharge of water destined to agricultural use is questionable econom
ically at present. 

Lake Modification 

The lake modification studies of 1961-1965 established the technological 
possibilities of mosquito control and of significant evaporation reduction. 
Economic feasibility was found to be questionable at the time of the studies. 
As with artificial recharge, lake modification would be beneficial socially and 
environmentally. 

Continuing and intensified research on cost-effective means of modifying 
lakes for storage of irrigation water for use within a few months of storage 
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and for destruction of mosquito breeding areas should be stressed. Changing 
economic factors tend to render any cost-benefit study obsolete in a short 
period of time. Such studies should thus be redone frequently. 

Basic Data and Overall Planning 

The continuing investigations of the Texas Water Development Board and 
its collaborators on the physical data of the aquifer and its groundwater are 
providing an increasingly valuable foundation for all efforts at solution of 
the water problems of Texas. The Board's continuing water planning and its 
cooperation with other states and with Federal Agencies should provide for 
prompt and effective implementation of solutions as they become politically 
feasible. 

The comprehensive studies of C.C. Reeves, Jr. on the geology of the High 
Plains are providing a valuable file of information. Its use, ultimately, 
will be of basic importance in the selection of reservoir sites and canal 
routes for any imported water. His ongoing investigations on the correlation 
of chemical constituents of the groundwater and causes of mortality should be 
adequately funded. 
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