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A NATIONAL GROUNDWATER LABORATORY 

Civilizations have developed and prospered only where an abundance of 

fresh water has been available. History has recorded, time after time, the · 

failure of many great civilizations due to the deterioriation of this vital, life 

perpetuating resource. 

A subcommittee of the United States Senate, studying the problem of water 

pollution, estimated that by 1980 the American people will be consuming 650 

billion gallons of water a day. This happens to be the maximum amount' avail

able from all of this Nation's natural sources. 

Water to satisfy unprecedented population explosions and a rapidly expand

ing national economy has pushed many of the surface water resources of this 

Nation to their maximum development. But what about groundwater? Too 

little attention has been placed on the importance of the Nation's groundwater 

resources and how they might relate to the nationwide demands for more and 

more water. The belated recognition of the interdependency between ground 

and surface water has resulted in a haphazard, inefficient utilization of 

groundwater reservoirs and the water they contain. Even in the face of 

ever-increasing need for more water, both for the present and the future, 

the search for a better understanding of the Nation's groundwater supplies 

has been almost completely neglected. From the east to the west, 97% of 

the fresh water in the habitable parts of this Nation is underground water --

water stored in reservoirs beneath the surface of the land --- but again, how 
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much do we actually know about these reservoirs or the water they hold? 

Within themselves, groundwater reservoirs are a dynamic resource receiv

ing and discharging water, and in the process frequently changing, for 

better or worse, the chemical character of contained water. The reservoirs 

are dynamic both with respect to nature and with respect to man's activities. 

In addition to the naturally occurring groundwaters, the large storage capa

city available underground in groundwater basins with its relative frc~dom 

from evaporation losses, constitutes a natural resource of great value. 

The aquifers themselves provide a natural distribution system. With proper 

knowledge of their indi victual characteristics these aquifers might readily 

be put into use as terminal and regulatory storage for distribution of imported 

and reclaimed water. Conjunctive operations with the limited storage a vail 

able in surface reservoirs can result in a much higher degree of conservation 

of local runoff than could be achieved otherwise. After all, the Ogallala 

formation alone can hold more water than all the lakes and rivers of the 

United States, Great Lakes included. 

If we are to keep abreast of our Nation's water problems, increasing use 

must be made of these underground storage facilities, for in many areas of 

the Nation there are no other storage reservoirs available. But scientific 

knowledge important to their delineations, development and capabilities 

has advanced little beyond the use of a peach limb and a steel tape. 
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Groundwater aquifers in most parts of the Nation have been developed 

through indi victual initiative without proper regard for any hydrologic system. 

The individual obtained his water, but in collectively doing so, he and others 

may have jeopardized, by the lack of scientific knowledge, the ability of 

a reservoir to continue furnishing adequate water of an acceptable quality 

for an extended period of time. 

The appalling lack of understanding of the many facets of groundwater by 

both layman and scientist in the related fields of reservoir development and 

scientific engineering has resulted in one of the Nation's most productive 

water supplies being rashly referred to as "the forgotten alternative." 

To achieve the goal of knowledgeable utilization and management of this 

"forgotten alternative", studies of the groundwater supplies of this Nation 

must be approached on an interdisciplinary basis --- Hydrology, Geology, 

Reservoir Engineering, Sanitary Engineering, Physics, Chemistry, Metero

logy, Soil Science Engineering, Economics, Sociology, Political Science, 

Legal and Public Administration --- with, of course, a maximum of exchange 

and cooperation between all disciplines. 

It is true that some agencies of the State and Federal governments have 

been interested and have made certain studies of various groundwater pro

blems for many years. The United States Geological Survey, in particular, 

has colle .cted and published a sizeable amount of information relating to 

the Nation's groundwater supplies, but an alarming lack of scientific know-
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ledge of groundwater in the United States curtails the proper .development 

of these resources. While the need for fact gathering and data compilation 

still exists, and will continue to exist, the urgent need today is in the 

field of research to provide a better background against which such data 

can be analyzed and put to work. In addition, state institutions and uni ver

sities throughout the Nation have developed a considerable amount of infor

mation from the studies of certain groundwater problems. All of these studies 

have been important and collectively have added immeasurably to the body of 

knowledge available, but at best, we must call this work fragmentary ---

scattered pieces of a tremendous problem. 

The time has come for the United States to plan and build a National Ground

water Laboratory. 

A special committee of the American Society of Civil Engineers studying the 

needs of more accurate knowledge related to the development of groundwater 

supplies of the United States, published a paper in December, 1964, which 

included the following remarks: 

"Because of the very wide scope and complexity of the total problem 

of groundwater management, this panel limited its considerations 

to research needed in the following areas only: 

1. Hydrology and storage capacity of groundwater reservoirs. 

2. Economics of groundwater management. 
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3. Quahty control. 

4. Recharge. 

5. Legal, legislative and organizational requirements for e{fective 

groundwater management i" 

Following are a series of excerpts from the American So9iety of Civil Engineers 

, report: 

1. HYDROLOGY AND STORAGE CAPACITY OF GROUNDWATER RESERVOIRS 

1. Develop better methods for: (a) determining or estimating hydro,.. 

logic properties of the aquifers and aquitards from 9eologic, geophy

sical and hydrauhc evidence; (b) determining rate and direction of 

gro1,mdwatei; movements; (c) determining storage capacity, inc;l1,1d

ing improvement of direct field methods of measuring moisture content, 

porosity and other properties; (d) relatiri<;J laboratory results to field 

data and applying to field conditions. 

2. Improve geophysical tools and methods. 

3. Understand the movement of water in the unsaturated zone. 

4. Understand the interrelations between surface an.d groundwater r 

5. Understand changes in hydrologic properties with time and under 

applied stresses. 

2. ECONOMIC 

1. Determine the economic effects of using alternative criteria for 

opera ting integrated surface groundwater systems in terms of quantity 
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and quality of water service. 

2 • Determine the economic effects of alternate forms for organizing 

surface groundwater systems for providing quantity and quality 

management. 

3. Determine the economic effects of alternate depletion rates 

and pumping patterns in a groundwater mining situation. 

3 • QUALITY CONTROL 

1. Develop models suitable for computer analysis by which to evalu

ate the probable decline in quality of the entire fresh water resource 

of the Nation at various levels of population magnitude and intensity 

of urban-industrial-agricultural water use. 

2. Develop a concept of input-output of quality to a groundwater 

basin, with particular concern for the operational procedures nece.ssary 

to keep exports of quality depressing materials, which may be water

transported, equal to or greater than the imports to the basin. 

3. Develop concepts and computer techniques for economic evalua

tion of water quality. 

4. Determine engineering parameters and operational procedures 

necessary to take full advantage of the waste treatment (quality up

grading) ability of the soil mantle of the earth. 

5. Evaluate the alterations in the nature of recharge water, parti

cularly its quality, necessary to maximize rates of recharge. 

· Q.. Determine the effect of quality of water on the ability of various 

soil,~ to accept and to transport water, and to identify and evaluate 
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the para meters involved . 

7. Determine the effect of soil characteristics on the quality of 

percolating or stored water. 

8. Investigate the soil-water-crop relationships with particular 

reference to the effect of water quality on these relationships. 

9. Develop analytical methods of detecting various types of new 

chemicals; and procedures for rapid determination of their signifi

cance in water destined for various beneficial uses. 

10. Collect on a systematic and continuing basis, data on current 

groundwater quality; to evaluate these data in relation to origin, 

soil characteristics, and volumetric importance; and to interpret 

these observed quality effects in relation to proposed groundwater, 

surface water management schemes. 

4. RECHARGE 

The ability to utilize storage in subsurface reservoirs depends upon the 

success of artificial recharge techniques. In turn, these techniques depend 

on the physical and chemical characteristics of the soil and substrata and 

of the recharge water. Research must provide a better understanding of the 

relationships between soil and substrata characteristics, moisture conditions 

(field capatity, field saturation), and water movements. With this information, 

methods should be explored of altering the physical and chemical characteris

tics of the soil a ~1d substrata and of the recharge water to substantially increase 

the ability of soil and substrata to accept, transport and release water. 
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Satisfactory inventories of physical and chemical characteristics of potential 

recharge sites are needed as are research developments to guide interpre

tation, relationships and developments. The following is a list of specific 

research needs for recharge: 

1. Develop better methods of operating and maintaining recharge 

facilities to promote and prolong very high rates of infiltration 

(reduce or prevent clogging due to sedimentation, chemical and 

biological activity). 

2. Determine more accurately the quantity of water and water move

ments in the soil and substrata under conditions of refilling and 

dewatering (unsaturated and saturated conditions) and when, where, 

and in wnat concentrations salts will be leached to the water table 

under recharge due to irrigation and to artificial practices. 

3 • Determine the relationships between soil core performance 

(laboratory tests) and field performance; step-up field determinations 

of water conditions and water movements to make present soil mapping, 

inventories of stratigraphic characteristics, and laboratory tests more 

useful. 

4. Explore approaches to make recharge facilities or areas multi

purpose such as used for recreational areas, wildlife habitats, and 

for aesthetic improvement of the environment. 

5. Develop better approaches to minimize or prevent chemical and 

biologic nuisances, such as odors, insects, etc. 

6. Study watershed treatment and management to increase infiltration 
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of rainfall or diverted water where appropriate and in the light of 

surface yield and other considerations. 

7. Explore methods of capturing and infiltrating surface water in 

localized urban areas, even to the possibility of involving the 

individual land owner. 

8. Explore methods (chemicals, high-energy blasts) of making sub

surface barriers permeable to solve recharge and drainage prol:;>lems. 

(In some instances it is desirable to do the opposite, that is to 

create a barrier). 

9. Explore the possibility of releasing capillary water to provide 

more usable storage capacity and yield." 

5. LEGAL, LEGISLATIVE AND ORGANIZATIONAL 

1. Establish the nature of groundwater law which will be continuously 

responsive to the public interest in a dynamic society. 

2. Determine the jurisdiction, powers, and type of organization 

best suited to administer groundwater activities of an area for opti

mum economics and social benefits of all who are affected, and the 

proper inter-relationship of that organization with existing agencies. 

The report included several pages describing in limited detail the research 

needed under each of the above categories. Without going into detail it 

named other fields of related research necessary before a complete under

standing of the Nation's groundwater potentials could be reached. 
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Dr. O. E. Meinzer, one of the Nation's outstanding groundwater authorities, 

said as early as 19 3 6 in an address to the American Water Works Association 

meeting in New York, "Only we must guard against the depletion or spoiling 

of our extremely valuable groundwater reservoirs. Indeed the conservation 

and efficient use of these natural reservoirs is one of our major national pro

blems, and it is immediately urgent. " 

In his book, "Groundwater Hydrology" David Keith Todd, Ph.D., Associate 

Professor of Civil Engineering, University of California, made the following 

observation. "It is unfortunate, perhaps, that most investigations to ascer

tain safe yield are not initiated until basin developments have produced over

drafts. Yet this is almost necessary in order to obtain an accurate value 

for safe yield. Conkling9 pointed out that it would be extremely difficult 

to determine safe yield in a virgin basin --- one full of water with a balan..ce 

existing between natural inflow and outflow and no pumping. Similarly, 

estimating the future safe yield of a basin under greater development than 

at present requires careful evaluation of items in the equation of hydrologic 

equilibrium. " 

We have touched briefly on the multi-disciplinary approach to studying one 

of the Nation's most occult problems. A National Laboratory of Groundwater 

Research is of urgent importance to our Nation. It might also become worldwide 

* 9 Conkling, H., Utilization of groundwater storage in stream system deve

lopment, Trans. Amer. Soc. Civil Engrs., Vol. 111, pp. 275-354, 1946. 
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in importance just as has the United States Salinity Laboratory in Riverside, 

California. Such a laboratory, properly tooled and staffed with scientists 

of various disciplines, can be expected to provide an answer before the pro

blem becomes a crisis of major proportions and while time may yet be avail

able to approach the problem on a logical and rational basis. 

The efficiency of a team approach to a problem, utilizing experts from diverse 

disciplines and the system-analysis techniques made possible by the power

ful electronic computers now available has been dramatically illustrated by 

the success of the space program. Such an approach must be applied to the 

national groundwater problem. The fragmentation of past effort is not enough. 

6. LOCATION 

In considering a location for the United States Groundwater Laboratory, the 

Great Plains area of the United States would appear to be most logical. It is 

an area of the Nation heavily dependent upon groundwater for municipal, indus

trial and agricultural purposes. Much of the area is underlain by enormous 

deposits of water accumulated in the past. Streams are small and widely 

spread, rainfall is scanty and recharge rates to the aquifers are far below 

withdrawal rates. Yet here is located the Nation's greatest reserve of high 

quality, under-developed lands. 

The Ogallala Formation which underlies most of the Great Plains of Texas, 

Eastern New Mexico, Eastern Colorado, Western Nebraska, Western Kansas 

and Western Oklahoma is one of the largest and most productive aquifers in. 
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th,e world. No better location for the United States Groundwater Laboratory 

can be found than atop this vast and productive formation. Within itself, 

the Ogallala Formation contains most of the problems characteristic of aqui

fers the world over. 

It is felt further that the Southern part of the Great Plains would be a good 

location for the United States Groundwater Laboratory for the following reasons: 

1 . lt is more heavily dependent on groundwater use than is the 

Northern part due to 

a. A longer growing season with its heavier demand for irrigation 

water. 

l:;>. Its comparative lack of surface water supplies. 

c. Substantially smaller winter precipitation. 

d. The dynamic economy places a greater demand on municipal 

and industrial water uses. 

2. The major ~ater district research of the Great Plains, even though 

inadequate, is taking place in the Southern area. 

3. The Southern area has the most dynamic economy of the Great 

Plains area for many reasons , one of which is the length of the growing 

season and its resultant wide range of crops. 

4. l'he only major university of the Great Plains, Texas Technological 

College, is located in the Southern part of the area. 

The International Cent~r for Arid and Semi-Arid Land Studies at Texas Techno-
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logical College will complement the United States Groundwater Laboratory 

because of the importance of groundwater to arid and semi-arid lands. 

Texas Technological College, located at Lubbock, Texas, is a young, grow

ing, vigorous university with the broadest based foundation of disciplines 

in the Great Plains area. Bachelor's degrees are offered in 83 separate 

fields, Master's degrees in 4 7 fields, and Ph.D's in 17 fields. Degree 

offerings, particularly at the graduate level, are expanding rapidly. With 

17, 000 students, q, vast, well-equipped campus, and the !CASALS· program, 

Texas Technological College should be a real asset to the United States 

Groundwater Laboratory. 

It is recommended that this laboratory should be a national facility operated 

under one of three possible ways: 

1. As an "In-House" government laboratory operating with land and 

certain facilities furnished by the University. 

2. On a direct contract to the University for operation as specified 

by the Federal Agency. 

3. As a combination of (1) and (2) with certain aspects being operated 

as "In-House 11 research and certain aspects under contract to the 

University or other research agencies. 

In any case, all scientists will have the opportunity to serve as members of 

the faculty of Texas Technological College, .land will be furnished by the 
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University, and many of the University facilities will be useful in carrying 

out the laboratory program. 

Texas Technological College has l, 500 acres of farm on its main campus. 

Several wells supply water from the underlying aquifer, and other sources 

of water for use in irrigation are treated sewage, now being stored in a pond 

on the campus, and runoff water collected in playa lakes. In addition, the 

College operates a 15, 000-acre research farm near Amarillo which will be 

available for field studies. 

A wide variety of surface soils can be found within a few miles of the cam

pus, and the bottom deposits in the thousands of playa lakes in the vicinity 

provide an additional rich variety of soil types, thicknesses and depositional 

patterns for investigation. The playa lakes in the area, likewise, are ideal 

for experiments in recharge, storage and evaporation losses. 

7. COSTS 

Preliminary studies indicate that the space, equipment, and full-time staffing 

requirements shown below are necessary for a workable facility. This esti

mate does not include a high-speed digital computer since Texas Tech's com

puter could be used by the Laboratory on a time-sharing basis. 
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8. PRELIMINARY ESTIMATE OF COST FOR BUILDING AND EQUIPMENT 

Laboratory Space: 41, 600 ft2 @ $30/ft2 = $ l, 248, 000 

Laboratory Equipment: = 1,950,000 

Office Space: 16 I 700 ft2 @ $20/ft2 = 334,000 

Technical Shops: 2 I 2 00 ft2 @ $15/ft2 = 33,000 

Technical Shop Equipment: = 100,000 

Storage Space: 5 ,000 ft 2 @$ 8/ft2 = 40,000 

Greenhouses: 4,000 ft2 @$ 6/ft2 = 24,000 

Grounds Improvement (parking, drives, landscaping, etc.) = 50(000 

Total $ 3,779,000 

9. OPERATION 

It is estimated that the annual operating budget for this laboratory, when 

fully staffed with 75 professional man years, will be approximately three to 

four million dollars • 
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