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GROU ND WATER SECTION 

WESTERN RESOURCES CONFE REN CE - 1960 

Steve McNicho ls, Governor of Colorado, ini ti ated the ground 
water study out o f which grew the idea for the Ground Water Section. 

The Ground Water Section of the Western Resources Conference 
was made possible th rough the coopera ti on of Dr. Edward L. Clark, 
Director, Colorado Depa r tment of Natural Resources; Fe li x L. Sparks, 
Director, Colorado Water Conservation Board; George W. Colburn, 
Engineer and Execut ive Secretary, Colorado Ground Water Commission; 
Clyde S. Conover, Ass istant Direc tor, United Sta tes Geo logical Survey, 
Ground Water Branch, Den ver, Colorado; Wells A. Hutchins, Agricultural 
Research Service , Depa rtment of Agriculture; and the participating states 
and their agenc ies. 

The Wester Resources Conference is sponsored jointly by the 
University of Co lorado, Colorado State University, and Colorado School 
of Mines .• 

The Ground Water Section· was proposed oy Colorado's consul tan ts 
on ground water. Its purpose was to assemble the officials charged with 
the adm inistra tion of ground water programs in all states west of the 
Mississippi in a cooperative effort to exchange data on ground water 
resources, tneir management and optimum use. Invitations to participate 
were extended to tne official water agencies of eacn of the states, and repre­
sentatives of tne Ground Water Branen of the United StatesGeologica i 
Survey.and the Department of Agriculture. 

The proposaJ was accepted by the Western Resources Conference 
on cond lt lon t hat the consultanta be responsible for the invitations, the 
program, and the duplication of the papers presented. The cooperating 
state and federal agencies assumed the expense of the attendance of their 
rep res en tat i ves . 

The State of Colorado expresses its appreciation to the Western 
Resources Conference, its chairman, Dr. Morris E. Garnsey, and Alan Brown, 
Directo r of the Bureau of Continuing Educa t ion of the University of 
Co lorado, who were hos t s to the CDnference, the participating states, and 
especially the speakers who prepared and presented the papers. The 
experiences of the sister states wil 1 assist Colorado in achieving a more 
workable ground water program. We hope each state partlcipating wil 1 
benefit from the material presented. 

Dav i d J. Mi 11 er 
Samuel Chutkow 

Consultants 
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PAPERS OF THE GRO UN D WATER SE CTI ON, 

WESTE RN RESOURCES CONFERENCE - 1960 

Clyd~ S. Conov er, Assistant Chief, Groun d Water Branch, U.S . 
Geolog i cal Survey, Department of In ter ior, Washington, D.C. 

Robert E. Glove r, Engineering Consultant, Colorado Exper iment 
Station, Colorado State Universi t y, Fort Col I ins , Colora do 

Wells A. Hutch ins, Agricultural Research Service, Department of 
Agricul ture, P.O. Box 89, Berkeley, Califo rn ia 

Obed M. Lassen, Sta t e Land Commissioner of Arizona, Phoen ix, 
Arizona, presen ted by Kel M. Fox , Secre t ary, Ari zona Water 
Resources Committee, Phoenix, Arizona 

Charles D. Harr is, Special Assistant Attorney Genera l, New Mexico 
State Engineer Office, Roswell, New Mexico 

William L. Berry , Chief Engineer, Division of Resources Planning, 
Depar tment of Water Resources, Sacramento, Ca l ifornla 

Stephen C. Sm ith, Department of Agricultural Economics, University 
of Ca l ifornia, Berkeley 4, California 

W. H. Sunderland, Senior Engineer, Division of Water Re sources, 
Topeka, Kansas 

L. G. McMil lion , Chief, Ground Water Division, Board of Water 
Engineers, Austin, Texas 

· Otha F. Dent, Member, Texas Board of Water Engineers, Aus t in, 
Texas 

Edward A. Mou lder, District Engineer, U.S. Geological Survey, 
Ground Water Branch, Denver Federal Center, Denver, 
Colorado 

V~ H. Dreeszen, Assis t ant Director, Conservation and Survey 
Division of the Nebraska Geological _Survey, Lincoln, Nebraska 

Victor E. Zieg ler, Investigation Engineer, North Dakota State Wa t er 
Conservation Commission, Bismarck, North Dakota 
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Jack E. Sceva, Ground Water Geologist, Oregon State Engineer, 
Salem, Oregon 

Frank Raab, Executive Director, Oklahoma Water Resources Board, 
Oklahoma City, Ok l ahoma, presented by W. G. Barclay, U.S. 
Bureau of Reclamatio11, Oklahoma City, Oklahoma 

George W. Colburn, Engineer and Executive Secretary, Color.ado 
Ground Water Commission, Denver, Colorado 

J. W. Grimes, Chief Engineer, South Dakota Water Resources 
Commission, Pi e rre, South Dakota 

George N. Carter, State Reclamation Engineer, Boise, Idaho 

Mor ton Bittinger, Engineer, Colorado State University, Fort Coll ins, 
Colorado 

Robert E. Clark, Professor, School of Law, University of New Mexico, 
Albuquerque, New Mexico 

Wil I iam R. Ke! ly, Attorney at Law, Greeley, Colorado 
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.f.l.y_de S. Conover, /:1s sis tant Ch ief, Ground \fater Branch 
Geological Survey, Department of In t er ior , Washington, D.C. 

~obert E. Glover, Engineering Consultan t , Colorado Experimen t 
S tation, Colorado State Universit / , Fort Collins, Co lorado 

Wells A. Hutch ins. Ag ricu ltural Research Service, Department 
of Agriculture, P.O. Box 39 , Be r keley, California 
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Tope:~a, :(ansas 

L. G. McMil lion, Chief, Ground Water Division, Board of Water 
Engineers, Austin, Texas 

Otha F. Den t , Member Texas Board of Hater Engin ee rs, State 
of Texas, Austin, Texas 

11. William L. Broadhurst, Chief Hydrologis t , High Plains Water Dis tr ict, 
High Pa ins Underground Wa ter Cons ervation District No. 1, 
1628-3- 15th Street, Lubboc k, Texas 

12. Edward A. Moulde r, District Enginee r, United States Geological 
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/ GROUND-WATER RESOURCES--DEVELOP.MENT AND MANAGEMENT.!/ 

By 

Clyde s. Conove-df 

The need for broader appreciation, evaluation, arri management 
or ou.r ground-water resources is becoming more evident every d.V• 
ilso, as development of our water resources approaches a finite limit, 
it becomes evident that ground waters and surface waters must be 
developed and managed as one water supply. This integration, like the 
solution of many other problems, is easier said than done. 

Effective development arrl management of ground water, whether 
singly or in conjunction with surface water, requires lmowledge and 
appreciation of its physical environment. Though ground water and 
surface water are phases of the hydrologic cycle and therefore ere 
interdependent, their prime comino~ denominator is the fact that both 
are wet.. There are other common factors, of cou.rse, such as chemical 
character, but many of the physical situations in which ground water 
and surface water exist cl.re quite different. It is only because they 
are different that we have water during dry periods. Mother nature 
planned it this way, and if man is to make maximum use of ground and 
surface waters he must fully understand and tailor his actions to take 
advantage of these different environmental factors. 

Take storage, for example. In most areas, the volUJ!le of ground 
water in storage is several times that of surface water. In the 
United States as a whole, the quantity of water in undergrourrl storage, 
within half a mile of the land surface, is several times that in all 
the large lakes of the North American Continent and more than 100 
times the annual runoff of streams in the United States (Nace, 1960, p. 3). 
Though the volume of ground water in storage is large, its natural rate 
of replenishment is small in comparison. For the United States as a 

l/ Presented August 24, 1960, to Grouni Water Section of the Western 
Resources Conference, Boulder, Colo. _Publication authorized by the 
Director, u. S. Geological Survey • 
'!./ Assistant Chief, Ground Water Branch, Water Resources Division, 
u. s. Geological Survey, Washington, D. c. 
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lihole, several hundred years would be required to replenish the 
stored ground water• whereas streams are replerJ.shed seasonally. 
J..n outstanding example of large storage and small replenishment is 
offered by the ~outhern High Plains in Texas and New Mexico. Overall, 
the ground water in storage in the Texas portion is about 200 million 
acre-reet, but if exhausted it would take considerably more than 1,000 
years to replace (U. s. Senate Select Committee on National Water 
Resources, 196oa, P• 15) • 

The rate of movement of ground water also contrasts sharply with 
thc.t of surface water. Generally, ground water flows inches or feet 
per day, whereas the flow in streams is measured in feet per second 
or minute. The contrast in rates of .flow is illustrated by the 
movement of' ground water in the aquifer supplying Houston, Tex. 
Houston, the largest city of the United States dependent mainly on 
wells for municipal supply, is served by an aquifer having a better­
than-average capability for transmitting water. Even so, a cross 
section of the aquifer 45 miles wide and 600 feet thick is required 
to transmit 80 mgd (million gallons per day) to the Houston area at a 
cydraulic gradient of 10 feet per mile. New York City obtains three 
times as much water from Croton Reservoir through a pipeline less 
than 14 feet in diameter (Thomas, 1951, P• 98). 

The flow in streams is such that water from a large area can be 
gaged at a single location. Surface reservoirs also can be gaged at 
a single location. However, permeable earth materials offer signifi­
cant impedance to flow of ground water, with the result that a 
ground-water reservoir (aquifer) must be gaged at many points if the 
statuB of the resource is to be evaluated. Water-level measurements 
in a single observation well may indicate conditioru! in only a small 
part of an aquif'er. 

Though stream channels are not simple conduits, they can be 
easily mapped and measured. The same is not true of aquifers. Aquifers 
are composed 0£ a wide range of earth materials deposited by many 
geologic processes. The very nature of geologic processes insures that 
the materials cam.posing aquifers will vary in character both laterally 
and verticall.y. Formations that are water bearing (aquifers) in one 
locality may change lateral~ to become nonwater bearing ( aquicludes) 
in another area. Several aquifers may be present in a particular area, 
separated vertically by aquicludes, and both water-table and artesian 
conditions may exist. The source of water to and the area of discharge 
from an aquifer may be distant or nearby. Therefore, aquifers are not 
easily mapped. However, they must be mapped, their water-bearing 
characteristics determined, and their hydrologic regimen evaluated 
be£ore decisions can be made as to optimum development and management 
of the ground-.ater resource over a long period of time. 
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Water is commonly referred to as a renewable resource, Strictly 
sp~king, this is true. However for many ground-water reservoirs, • 
esf~cially those in tl-'2 arid and semiarid parts of the country, the 
question of rene-Hability is academic so far as the life span of 
present water users is concerned. Even in humid areas, ground water 
withdrawn from wells is renewable by natural recharge only where the 
wells are so placed that natural discharge is reduced or natural 
recharge increased by an amount equal to the net consumptive use. 
If \he wells cannot be ideally located--or, even if they are but 
the net consumptive use of water exceeds the natural discharge 
(recharge) of the aquifer--then the reserve can be renewed only if 
the withdrawals are reduced or stopped. 

Year-to-year declines in water level are the usual condition in 
mq of the developed aquifers of the West. Persistent declines are 
eviclence of depletion of ground-water resources. Whether the 
dep etion is localized or aquifer-wide, end whether it is temporary 
or will persist for periods equal to or greater than long-tenn climatic 
cycles, deperrls upon the local geohydrologic situation. Lowering of 
wata- levels is a natural consequence of pwnping of wells, so that even 
in humid areas of abundant recharge there are declines of water level. 

In areas of shallow-lying ground water, particularly in mmy 
etre:am valleys of the West, rank growths of phreatophytic vegetation 
consume large quantities of water, The area of phreatophytes in 
Calif'ornia~ .Arizona, New Mexico, Nevada, Utah, and Colorado CUITently 
is estimated as 7 million acres. These plants conswne 10 to 12 
million acre-feet a year. The area of phreatophytes in New Mexico 
errl Arizona is almost 1 million acres, and the water consumption is 
2½ to 3 million acre-feet per year (U. s. Senate Select Committee on 
National Water Resources, 196Gb, P• 2). Not only do these plants 
waste large amounts of water, but the water transpired is virtually 
pure. The chemical character of the water remaining therefore has 
deteriorated. Salvage of this wasted water by such measures as 
eradication of the vegetation and construction of drains is only 
partially effective. However, in many areas capture of this wasted 
water could te easily accomplished and would be a natural consequence 
of tbe lowering of water levels caused by pumping. If wells are 
l~ed with the objective of salvaging water, then the net usable 
sup~y can be increased and the quality improved. However, if wells 
are :installed with water supply as the only objective, then their 
locztion may be such that the pumped water comes from ground-~ater 
storage or from streamflow. If so, the individual well owner 
benerits temporarily at the long-term expense of all water users. 

Use of ground water may provide an increase in water supply 
through the medium of recirculation. This is ps.rticularly true in 
irrigated areas, where a significant portion of the water applied to 
the crops may infiltrate to the ground-.ater body. It is then pumped 
to the land surface for reuse by the same individual or his neighbors • 
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Reuse or surf ace water is on a do.mstream basis, each succeeding user 
receiTi.ng a supply diminished in quantity and less acceptable in 
quality. Recirculation of ground water, though it may take place on 
the same property, likewise diminishes the quantity and deteriorates; 
the q ality. In an aquifer, the continued recirculation of water 
results in an accumulat ion of dissolved salts, whereas in a stream the 
water of diminished quality is flushed dounatream. Thus, in many areas 
of ground-water development, the accumulation of salts in the water 
poses a more serious threat to the life of the resource than does the 
decrease of supply. The Wellton-Mohawk area of the Gila River basin 
1n Arizona illustrates such deterioration through recirculation. In 
20 ye,ars the concentration of salts in the ground water there increased 
from 11000 to as much as 161000 ppm (Thomas, 19511 p4 59). 

Development am management of ground-water resources, to provide 
the optimum use of the water for the "benefit of a large segment of the 
population and for the greatest period of time, therefore should be 
based upon scientific hydrology and tailored to the geohydrolog:lc 
characteristics of the particular aquifer in question. 

Mar\1 aquifers may be classified, with respect to developnent and 
management, into two broad categories: those which have large storage 
but negligible recharge and which are not intimately related to streams, 
and those associated with streams. By proper management, s dependable 
euppq of water of acceptable quality can be developed on a virtually 
peremrl.al basis from aquifers of the second class -- that ie, those 
associated with streams. Aquifers of the first class can yield only a 
small perennial supply once their storage is depleted. 

Aquifers under the first category - those having large storage 
and little recharge - correspond generally to those having "reservoirtt 
problems as discussed by Thomas (1951, P• 35). In such aquifers to 
limit the use of water to the rate of recharge is not feasible because 
of (a} the large demand, (b) the very small recharge, or (c) aquifer 
characteristics such that natural discharge cannot be diverted or 
stopped feasibly by development. These are the aquifers where water 
is bei ng mined, and must be mined, if the water resource is to serve 
a usetu.1 purpose. The problem is to recognize the mining situation 
and to manage the resource for the greatest good over the longest 
possible time. A large number of developed aquifers in the West fall 
into this category. Included in the areas of current or potential 
ground-water mining are the southern High Plains o! Texas and New Mexico; 
the northern High Plains in Oklahoma , Colorado, and Nebr&ska, and many 
of the intennontane valleys of New Mexico, Arizona , California, Nevada, 
and Utah. 

Consider the southern High Plains of Texas and Ne-w ~'.exico ae an 
example of a problem of developnent and managerr~nt o! an aquifer 
having a large volume of water in storage, but only a smnll unit rate 
of replenishment. 
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The southern High Plains, or Ll ano Estacado, lies south of the 
Canadi an River in Texas an:i New :Mexico. It has a total area of some 
30,0CO square miles. Conspicuous escarpments form the east arxl west 
borders. The north border is the deep canyon of the Canadian River. 
The Ogallala formation is the aquifer, and its boundaries are 
essentially those of the High Plains . The Ogallala is thin or absent 
1.n some areas but is more than 600 feet thick in other areas. The 
total water potentially available fran storage in the Texas portion in 
1958 was about 200 million acre-feet · (Cronin, 1959, P• 11), but the 
annual average rate of recharge is only about 50,000 acre-feet. 
Storage and recharge in the New Mexico part of the High Plains are 
perhaps a third as great. Thus, tot al storage in the southern High 
Plains was perhaps 250 to 275 million acre-feet in 1958. About 
40 million acre-feet had already been pumped, and the current rate of 
pumping is more than 100 times the recharge. Obviously, limiting 
devel opment to the rate of recharge would mean that the large volume 

.1 of water in storage would not be uti lized. Further, even if it were 
- --- decided .so to limit the developnent, it would be physical}Jr almost 

i..,ipossibla to carry out the decision if the premise were that doing 
so wruld result in a per ennial water supply. The only means of develop­
ing water from an aquifer on a perennial basis is to locate wells so 
thatr over a long time, the natural discharge can be stopped, and 

:· =there.fore diverted to the pumps, or the recharge can be increased, 
:: or both, in an amount equivalent to the consumptive use. 

Most of the discharge from the High Plains occurs along or near 
the east ern escarpment. Originally some discharge occurred fran ground-

- Hater lakes such as at Portales, N. 'Mex., and Muleshoe, Tex. Over 
most of the Plains the water table is more than 50 feet below the 
land surface, and lowering of water levels in these areas cannot induce 
more recharge. Therefore, it is not physically possible, except in 

- small areas, to locate wel ls on the High Plains so that the water 
· pWJlped will come other than from storage. 
- -- ------- -

The lowering of water levels caused by pumping from a water-table 
· aquifer such as the Ogallala fo:nnation is transmitted laterally at a 

slow rate. The major lowering of water level occurs in the vicinity 
- of the well. The areal spread of t he cone of depression is independent 
"" of the pumping rate and is a function of time and the hydraulic 
· characteristics of the aquifer. An increase in pumping, or localized 
·· heavy pumping, such as caused by many wells in one locality, deepens 

aDi steepens the cone of depression. The water can be pumped at such 
- a rate that it is virtually exhausted in the area of heavy pumping, 

yet water levels are affected only slightly and slowly a few miles 
_away. For example, pumping on the High Plains has been concentrated 
in the areas where the land is suitable for irrigated fanning and 
where adequate wells can be obtained. As a consequence, water levels 
have declined more than 100 feet in same of these areas and an average 
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~ more than SO feet under whole count ies (Cronin, 1959, P• 10,)yet 
in areas of little or no pumping the water levels have not declined, 
or have declined only a few feet. 

The general solution to the pr oblem of optimum development of 
ground water in areas of mining i8 therefore t wofold: conservative 
pumping !rom adequately spaced wells. Th~ exact rate and spacing are 
a matter of deciBion which mU!lt take into account the aquifer character­
istics and which revolve essentially around philosophical and long-
term economic considerations. A long-tenn, stable devel opment pennits 
amortization of capital expenditures for farm equipment, city and 
highway development, s chools, etc. Also of importance, a long-term, 
stable development permits the economy of the region to evolve t o a 
level such that conservation and rectification measures ca'1 be under­
taken. In the final analysis, all conservati on and rectification measures 
are economic - a balancing of cost with benefits, either locally, 
regionally~ or nationally. Some conservation and rectif ication measures 
require research, and research takes t ime - time bought by managed 
development. to pennit a stable, growing economy to pay f or the research. 

An example of management that recognizes the two factors of time 
and spaoed development in ground-we.ter mining is afforded by regula­
tory measures set up by the New Mexico State Engineer in t he Lea County 
portion of the High PlE-ins. Reguh.tion in Lea County is based essen­
tially upon assuring a firm minimum 40-year l ife of extractable water 
for agricultural purposes. It is accomplished on a township basis by 
taking into acccunt the recoverable water under each township. 

Such farsighted regulated management of ground-~ater mining 
assures a stable development and econonv an:i also allows the time 
needed to invest igate and institute conservation and rectification 
measures. Such measures could include (a) increasing r echarge, (b) 
improving water-applicati on practices, (c) substituting crops of l ower 
water requirements., {d) changing from an agricultural to an industrial 
economy, (e) utilizing (perhaps derr.ineralizing) inferior waters for 
certain industrial processing, (f) importing surface wat er, and (g) 
transporting ground water from undeveloped to developed areas. 

Transporting ground water from undeveloped to developed areas to 
alleviate local shortages is a distinct possibility in some areas of 
the High Plains., especially for municipal and industrial supplies. 
J.marillo and Inbbock, Tex., are doing so, and Portales., M. Mex., is 
favorably s-ituated to transport water from the sand-dune area to the 
north. A significant part of the High Plains is underlain at less 
than plow depth by cemented sediments· called1tcaliche" which are not 
suitable for agriculture. The fonnation of the caliche rocks in these 
areas may be said to have effectively saved water for the future, and 
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the rocks t herefore may be ltworth their weight in water" to the 
econom-., of the Plains. 

Aquifers of the second category with respect to development ard 
managemerrt--that is, those associated with streama - correspond to 
ttose having itvatercourse~ problems ani generally to those having 
"pipeline~ problems as discussed by Thomas (1951, P• 36). These are 
aquif'ers in which t he s.mount o! water that can be developed is 
su!ficiiently l arge t o waITant management on a perennial basis. The 
ground ~ater in these aquifers is related to surface stream~, either 
directl;y along a str eam r each or indirectly through spring flow or 
other natural discharge. 

The prime requisites for development of water from an aquifer 
on a perBnnial basis are as follows: (a) the location and character 
of t he dische.rge areas are such that pUI11ping from wells can effect­
ively reduce the nat ural discharge from the aquifer, and (or) (b) 
recharge to the aquifer can be increased in the recharge area or 
induced in the discharge area. Development can be perennial if the 
net consumptive use of developed water does not exceed the sum of 
(a) natural di scharge s topped and {b) recharge induced or increased, by 
virtue of the development or by other artificial means. 

Ground-~ater reservoirs in alluvial valleys of essentially 
perennial streams, wherein the surface and ground waters are intimately 
related, fit this category. Ex~~ples of such are the Middle, the 
Rincon, and the Mesilla Valleys of the Rio Graoo.e in New Mexico arxi 
the Duncan-Virden and the Safford Valleys of the Gila River in 
New Mexico an:l Arizo na. In Colorado the South Platte and Arkansas 
River Valleys and some of their major tributaries also fit this: cate­
gory. 

In such valleys , surface water is usually applied to irrigate the 
lands. A part of t he surface water infiltrates to the ground-water 
body and returns to the stream through drains and by ground-water 
seepage. The amount of water avai lable for net consumptive use is 
essentially equal to the difference between the inflow, primarily that 
brought in by the stream, and the outflow that must be allowed by 
virtue of prior water needs and rights downstream (and by the necessity 
of maintaining salt balance). In many such valleys, the valley 
consumptive use of water exceeds the beneficial consumptive use because 
of the areas of native phreatophytic vegetation. For example, in 1936 
the consumption by irrigated lands in the ¥~ddle Valley of the upper 
Rio Gran:ie was 157,000 acre-feet, whereas the total consumptive use 
was 583,000 acre-feet (Natural Resources Committee 1938, p. 91). 

Strerur.flow in such valleys is occasionally inadequate for the 
needs, in spite of r egulation by surface reservoirs. Consequently, 
wells have been installed. As these wells commonly are located at a 
spot convenient to provide water, evapotranspiration by native vegeta­
tion is reduced little if any; accordingly1 net consumptive use of the 
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p'lD'llped water results in either diJTlinution of streamflow or reduction 
in ground-water storage, or both. Before pumping is undertaken in 
most such stream valleys, ground water feed.a the streams. After 
pumpi.ng lowers the water table the ground-water accretion to the 
streaJrS is reduced or, more frequently, the gradient of the water 
table is reversed so that the stream loses rather than gains water. 
Water shortages downstream are thereby increased, and individuals 
downstream who are able also install wells to satisfy their water 
needs. Because of this extraction from storage, the stream will 
continue to lose water even after nonnal inflow to the ~alley is 
res~. Therefore, pumping will be continued until such time as 
increased efficiency in ~ater use, reduction of nonbeneficial losses, 
and in.now of excess surface water result in replenishment of groW1d­
water storage. 

i study of the effects of pumping in the Rincon and Mesilla 
Valleys of the Rio Grande in New Mexico sho-wed that pumping would 
need ~o be continued for 4 years after a return to nonnal surface 
supplT following a 5-year period of 50-percent-normal surface supply. 
In the absence of excess surface water, pumping there would need to 
be continued, even in years of nonnal surface supply, unless the 
debt to ground-water storage could be gradually reduced by more 
efficient usa of the pumped water and the reduction in pumping that 
would be made possible. It was shown that ground water obtained by 
pumping in the Rincon and Mesilla Valleys (where losses from areas 
of native vegetation are small) does not represent an additional 
supply or new source of water, but rather a change in method, time, 
and place of diversion of the supply already available (Conover, 1954, 
P• 2,122, 126). During the period of shortage of project water 
supply in the surface reservoirs, individual fanners utilized the 
ground-water reservoir by pumping of wells. As a natural consequence 
the groond-water reservoir was replenished later from project water 
supply by stream losses and infiltration from irrigated lands. Pump­
ing in such circumstances therefore is, in effect, borrowing on 
future water supplies. 

Tlrl.s unplanned, though somewhat effective, use of the ground­
water reservoir in conjunction with the surface stream benefits those 
who have wells but works a hardship on those who have only surface­
water rights. Planned development and management of ground water in 
stream valleys can increase the water supply by salvaging nonbeneficial 
losses in areas of shallow water and will facilitate using the ground­
water reservoir in conjunction with the surface supply to the maximum 
benefit· of all water users. Such planned development and management 
necessitates locating and pumping of wells in hannony with the surface 
system. If such is proper:cy- done a perennial water supp:cy- can result. 
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Proper locat.:um of pumps includes placing wells in areas of 
shaliow water to capture water used by native vegetation, and spacing 
of wells so that :e storage of ground water can be manipulated. 
Operation ~ pumps :ii.:n conjunction with the surface supply entails 
pumping dur.ing per.ires of deficient surface supply at a rate ~~ch 
that the ground-wai.'f!r reservoir can be replenished during periods of 
excess surface supply. A fully managed ground-water and surface­
water supply- not u will maintain but will increase the firm 
supply because 0£ ( a) the savings in evaporation resulting from 
storing surface wat/Br underground, (b) the capture of floodwaters by 
surface reservoirs imade vacant by storing water underground, (c) the 
reduction of evap anspiration losses by phreatopeytes, and (d) the 
recirculation of lilaiter by pumping. 

Because of the large volume of water in underground storage in 
many alluvia1 valleys, as compared with the volume of surface reservoirs, 
a f'ull.y managed imlBgrated system would be capable of providing a 
firm supply- that ilild span climatic cycles a decade or two long. 
Theoretical.JJ, it 5 possible to control a supply to the extent that 
no water wou1d be a11..Il_owed to now to the oceans. However, such a 
eystem is not desm ble or feasible, as the salt content of the water 
would increase and t.1he economy- of the region would suffer. A managed 
system should the~ re provide for flushing out excess salt during 
periods or excess ~ecipitation and runoff. 

The popu1aticr.m ~f the 17 Western States is expected to continue 
to increase at a raft.e exceeding the national average. The present 43 
million population f these States is expected to reach 108 million 
in 40 years (U. s. Senate Select Committee on National Water Resources, 
1960c1 P• 9). The eed for industrial, municipal, and agricultural 
water likense is expected to increase. Competition for the limited 
water supply- will ctate syste.matic planning, coordination, and 
integrated develo nt and management of water supplies. 

Integrated d~ ·lopment and management of surface and ground water 
will require a better understanding of our grourrl-water resources and 
the nature and ext...:mt of the aquifers• The nature of ground-water 
investigations is anging as the demarrl for water increases arrl the 
limit of the ground-1water resources is approached. Only some 30 years 
ago most ground-wa:ter investigations went no further than to determine 
the occurrence 0£ iiai"ter--that is, where could wells be drilled, and 
what might be their expected yield? The concentrated development of 
wells in s ome areas of the West brought questions of well interference 
and the need £or qu.m1titative studies of the effects of pumping. Such 
questions prompted heis to develop his well-lmown nonequilibrium 
formula in 1935. trend toward full development of ground-water 
resources and integration with surface-water development is creating 
a demand f"or mearur T analyzing masses of geohydrologic data and 
parameters to pr :e a basis for choosing among alternate plans for 
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aquifer development. Electrical analog models offer promise of 
providing solutions to complex problems. Development of such 
equipnent for analyzing aquifer systems is now well advanced, and 
examples of their use are forthcoming. The results will be only as 
good as the number and quality of data fed into them will permit, 
however, and in many cases the necessary data will cost a lot of 
money to acquire. 

In summary, optimum developnent and integrated management of 
ground waters, singly and in conjunction with surface waters, promises 
to solve many perplexing water problems of the West . But the 
solution will be neither easy nor inexpensive. The public, as well as 
those responsible for water-resource development and management, 
must be infonned and convinced of the need and value of such measures . 
Large sums will have to be spent to acquire the needed infonnation on 
the ground-water reservoirs and their relation to the streams, and in 
many States substantial new legislation will be needed to provide the 
basis for planned water management. 

10 

.. 

.. 

• 

• 



n, · ,~ 

. ·• 

I 

I 

REFERENCF.5 

- - Conover, G. s., 1954, Ground-water conditions in the Rincon and 
Mesilla Valleys and adjacent areas in New Hexico: u. s. Geol. 
s,1rvey Water-Supply Paper 1230, 200 P• 

Cronin, J. ~., 1959, Notes on the availability of ground water in 
the South Plains of Texas: u. s. Geol. S-.u-vey open-flle rept., 
14 P• 

?lace, R. t., 1960, Water r.ianagement, agriculture, and ground-water 
supplies: u. s. Geol. Survey Circ. 415, 12 P• 

National Resources Committee, 1938, ~egional planning, pt. 6, 
The Rio Grande joint investigation in the Upper Rio Grande 

-~asin in Colorado, ~ew ~1exico, and Texas, 1936-37, v. 1, 566 P• 

Theis, c. v., 1935, The relation between the lowering of the 
Piezometric surface and the rate and duration of pumping of 
a well using ground-woter storage: Am. Geophys. Union Trans., 
v. 16 ~ pt. 2, P• 519-524 • 

Thomas, H. E., 1951, The conservation of ground water: New York, 
McGraw-Hill, 327 P• 

u. s. Senate Select Committee on National Water Resources, 1960a, 
National ~ater resources and problems: Comm. Print 3, 42 p., 
January. 

1960b, Evapotranspiration reduction: Comm. 
Print 211 42 p., February. 

1960c, Future needs for reclamation in the 
Western States: Comm. Print 14, l.i5 p., April. 

11 



• 

Ground Water-Surface Water Relationships 

by 

Robert E. Glover* 

Introduction 

Water resources have commonly been considered as falling within one of 
two separate and distinct categories. T 11ese are surface waters and ground 
waters . A s our water supplies are becoming more heavily encumbered, it is 
beginning to be realized 110wever, that these two categories are not necessarily 
distinct; and t 1at in irrigation pr_actice, the operations of foe surface divert er 
and the user of ground water may affect each othe r in very fundamental and 
important ways. Such possibilities may be brougt1t to attention, for example, 
by the advent of pumping in an area previously irrigated by surface diversion 
alone. 

The possibility t 11at an established surface diversion right might be adversely 
affected by pumping operations has led to demands for legal regulation of the 
pumps. However efforts to frame an equitable ground water law have run into 
trouble because of t h e difficulty of evaluating the nature and magnitude of the sup­
posed interferences. Before these relationsnips can be clarified it will be neces­
sary to evaluate quantitatively the effects of storage and release of ground 
water. It is the purpose of ti-1is paper to describe an analytical procedure by 
which these evaluations can be made. 

Analytical methods 

The procedures to be described are an outgrowth of the mathematical 
methods discovered by Isaac Newton in about the year 1666. (8) Of particular 
importance are the additional developments of J.B. J. Fourier about 1812. ( 1) 
It was in this year that Fourier's methods were presented to the French Academy 
and stirred up one of the most violent controversies in the history of science. 
The importance of this in the present connection is that if the budgetary require­
ment that the rate of rise of the water table within a narrow zone be compatible 
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with the rates of flow of ground water into the zone is expressed in mathematical 
form it leads to differential equations of the type treated by Fourier. This imme­
diately makes it possible to adapt the brilliant developments of Fourier, and 

I 

his successors, to the calculation of ground water movements. Because of the 
interest aroused by Fourier's original_paper the mathematical resources in this 
field are exceptionally good. It will be clear that these methods are not new 
since they represent some 300 years of development by able mathematicians. 

The condition of continuity 

The types of differential equation described above are obtained if the flow 
of ground water is computed by the Dupuit-Forschh eimer idealization, which 
applies the surface gradient of the wat e r table, at any point, to the entire satu­
rated thickness below that point and by computing the flow on the basis that the 
original saturated thickness of the aquifer remains unchanged. 

On this basis t he requirement that the difference of flow across two plane s 
a distance dx apart in the direction of flow should be compatible with the rate 
of rise of_ th_e _water table between_ t ~e two planes is 

Where 

and 

where 

• • • ( 1) 

h represents the height of the water table measured upward from 
an assumed original stable water table level. 

t time 

x a distance measured along the path of flow, 

Cl' = 
KD 

V 

K represents the permeability of the aquifer 

D the original saturated depth 

V the ratio of drainable or filla ble voids to the total volume. 
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Where radial symmetry prevails, as around a pumped well, the basic 
differential equation takes the form: 

Where 

• • • ( 2) 

s represents the drawdown fr om an assumed original stable 
water table level and 

r represents the radius. 

In order to estimate the rate of ground water movement in any given case 
solutions of the above differential equations are needed which conform to the 
appropriate initial and boundary conditions. A few examples are the following: 

( 1) For the case of a well pumped at the rate Q drawing water .from 
storage in an aquifer of unlimited extent which conforms to the 
conditions 

When t = o. s = 0. for r > 0 

A solution of equation 2 is: ( 2) ( 3) 

s = 
_Q_(' e-uuz 

21rKD \ 
}_r 
/4at 

du ••• (3) 

The integral which appears here is a form of the exponential integral. A table 
of values can be found in reference 5. 

When a river runs over the surface of an aquifer and is in contact with the 
ground water in it the stream depletion q 1 due to a well at a distance x 1 from 
the river when pumped at the rate Q can be obtained from this expression in 
the form: (2) (9) 

2 
= 1 - r:; 

• • • ( 4) 
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The integral which app ears in this expr e ssion has been extensively tabulat ed. 
(4) (5) (6) It is called the "Probability Integral". Chart s o f a general nature 
can be construct e d from such expressions . A sample is given in figure 1. 

By integrating thi s expr e ssion wit h r espe ct to t ime the t ot al depletion of the 
r iver can be obt a ined in the form: 

s:ql dt 

x1 \~ /~) r-u' 2 -uz 2 = l - e du ~4at ~ e Qt .)7r T. uz 
, o 

Xl 

A plot of this expression is s hown in figure 2. The integral 

-uz 
e 

du 

du ••• (5) 

h~s he. P.n bhi1btPrl hy Mr . M . W . Bittinger . T his t able may b e found in 
reference 3. It m::ty be n0to<l t !tal ll1 P!=:P f'h.=i.rt s are of a very general nature 
and can be applied to a wide range of conditions if o nly thP. aquifer properties 
::ire known. 

A solution of equation 1 s ubject to the conditions 

h = H for 0 < x < L when t = 0 

h = 0 when x = O fo r t > 0 

h = 0 when x = L for t > O 

is: (2) (3) 
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The part of the drainable volume remaining can be obtained from this expression 
in the form: 

n= oo 

= e 

7 
• • • {7) 

n=l,3,5 .. . 

A plot of this expression is shown on figure 3. These expressions may be used 
to estimate drainage rates to parallel drains a distance L apart, or, since 
there is no flow across the plane at x = L / 2 they may b~ used to estimate the 
return flow due to deep percolation losses from irrigation in an irrigated river 
valley of width L with the river in the middle of the valley . 

Nature of the solutions 

The condition of continuity described above is of a budgetary nature and 
imposes the requirement that the total flow across the boundaries and the water 
remaining in storage must equal the volume originally present in the aquifer. 
This condition is imposed upon the solutions and it follows that the amounts of 
water involved are exactly accounted for even though the differential equation is 
an exact expression of the physical conditions only if the rise or fall of the water 
table is infinitesimally small when compared with the original saturated depth. 
Whatever inaccuracies there may be will then appear only in the estimate of the 
time required for the changes t o take place. The movements of ground water are 
treated as transient phenomena by these methods. This idealization will be 
f ound to accord well with the conditions to be found in the field. 

Comments: 

Plans for engineering works to promote the conservation of water and to 
provide for its effective use have generally been concerned with surface waters 
only. Such plans are usually based upon studies utilizing the records of runoff 
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for a series of years. These studies are also of a budgetary nature but 
generally require no mathe matical operations beyond arithmetic. Even though 
it is recognized that the stor2_ge and release of ground water may be an impor­
tant factor it has heretofore been difficult to include this factor because there 
has been no means available for accounting for the time delays inherent in 
ground water movements.* By utilizing the analytical methods described herein 
this difficulty can be overcome, the factors introduced by ground water move­
ments can be eval.uaft,ed and the studies can be completed. 

Even though s pecialized mathematical skills are required in this procedure 
the results of the mathematical work can be incorporated into simple charts, 
such as the ones shown, and thereafter the inclusion of the ground water factors 
can become a routine matter requiring no familiarity with advanced mathematical 
procedures. The charts will not have to be remade for each new case. They are 
sufficiently general to require only a knowledge of the aquifer characteristics. 
and its geometry. They can be prepared on either a flow or volume basis. The 
developments descrJihed are adequate to treat the factors of pumpage, return 
flow from irrigations, canal leakage and seepage from reservoirs. The cases 
described illustrate a method which can be extended to many other cases. The 
spreading of water from recharge areas, for example, can also be treated in 
this way. 

Summary 

The analytical methods described herein will permit the storage and return 
of ground water to be included in water budget studies required for the planning 
of engineering works for water conservation purposes. Charts can be prepared 
which will permit these factors to be included on a routine basis. Ground 
water-surface water relationships in existing developments can also be clarified 
and the effect of future developments can be assessed. 

Acknowledgments 
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WESTERN LEGISLATION FOR PUBLIC ADHINISTP.ATION 

OF GROUND WATER 

By Wells A. Hutchins 
Farm Economics Research Division 

Agricultural Res~arch Service 
United States Department of Agriculture 

Presented at Ground Water Section of the Western 
Resources Conference, Bold der, Colorado, 
August 24 and 25, 1960 

The purpose of this paper is to su~marize essential principles of 
public administration of ground water that appear in statutes of the 
Western States. Heretofore in discussing water 1 aws of Western States, 
we have Included the 17 States extending from North Dakota to Texas on 
the 100th Meridian and thence westward to the Pacific Coast. Now that 
Hawaii has been admitted to the Union, with a ground water statute 
enacted by its fast Territorial legislature, there are 18 States to deal 
with. 

The legislation herein considered deals chiefly with rights to the 
use of ground water and with measures to protect the quantity and quality 
of this great natural resource so that it wl 11 continue to be available 
for maximum utilization for beneficial purposes. Included are both 
artesian and nonarteslan waters. In some instances, separate regulation 
of artesian wells is noted. 

1. Classification of Ground Water 

Administration Statutes 

Appropriation statutes 

lo the ground water statutes of 11 of the Western States, rights 
of use are based on pr iority of approp~Tation. These are Idaho, Kansas, 
Nevada, N-~w Mexico, North Dakota, Oklahoma, Oregon, South Dakota, Utah, 
Washington, and Wyoming. In several, the appropriation statute relates 
to the whole field of appropriation of water, with insertion of a few 
provlsions relating specifically to ground water. The larger number of 
legislatures. however. have enacted separate statutes for ground water 
which are complete in themselves other than incorporation of some 
features -- such as detailed procedure for making appropriations -- by 
reference to the general appropriation statute. 
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Nonappropriation statutes 

Statute·s of Arizona, Colorado, Hawai I. Nebraska, and Texas provide 
for certain controls over withdrawals of ground water, but not on a basis 
of prior appropriation. 

Statutory provis ions in California relate chiefly {l) to preven­
tion of waste from artesJan wells and to reports of installation of 
water wells generally. and (2) to use ~f a!ternate water supplies a~d to 
recordation of water extractions and diversions in sp1;1-:! fie,:I co~nt !es . 
In Montana they relate t o pre·1entlon of waste of artesian water and to 
fl ling of records of water we] ls. 

Exemptions 

Host States that Impose r~strictions upon the exercise of ground 
water rights or us~s ~rovlde exemptions therefrom. Although varyin9 in 
coverage, they relate ch iefly, but not exclusively, to small withdrawals 
of water for domestic purposes and watering of livestock, lawns, and 
gardens. 

11. Ground Waters Affected 

Basic classificaticns 

Applic.ation of statutory restrictions to al 1 ground waters that 
are- free to move through the soil and are capable of physical control 
prevails by a large margi n in the West. 

Exceptions are: (1) Arizona, Oklahoma, a~d Texas, which exclude 
definite underground s treams and the;-efore relate to percolating waters 
only; {2) Washington~ wh ich adheres to the classification of bodies of 
water the existence and boundaries of which may be reasonably established 
or asc~rtained; (3) New Mexico, where the mc1ln statute refers to ·r.inde. r­
ground streams, channels, artesian basins, reservoirs, or lakes, having 
reasonably ascertainab le boundaries, ~nd a J 95lenactment to all ground 
waters of the State. 

Interconnected surface and ground Naters 

The fundamentally Important association and interdependence of 
surface streams and ground waters, known so well and so long by hydrolo­
gists and becoming bette r known generally. finds expression In statutes 
of Colorado, Idaho, Oregon, \-/c:13hington, and \oiyoming. In one State or 
another, legislation includes such matters as recognition of relative 
~I _ghts in the correlated common supply of surface and ground water in a 
single schedul e of prt rir ttles, whether a partrcular diversion be made 
from a stream or a we ll; Imposition of conditions In a ground water permtt 
to prevent substantia l Interference with surface water appropriative 
rights as well as other ground water rights; incorporation of stream and 
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ground water use·rs i n the same administrative area; and provision that 
in a proceeding t o determine water rights in a specified area, all 
affected appropr iator s of surface and ground water may be made parties. 

Artificially s tored 9!2;l~water 

A few statute · ':!eat expressly with this subject. 

Thus in California, stream water may be appropriated for spreading 
over lands and later recovery from the ground for beneficial use. 

Texas ground water conservation districts are authorized to acquire 
lands, construct works, and Install equipment necessary to recharge ground 
water reservoi rs. 

The Washi ngton statute contains procedure by which one may substan­
tiate his clai m to water stored in the ground by artificial means, either 
lntenttonally o r inci dentally to irrigation, which otherwise would be 
dissipated by na tura l waste. 

111. Ground ~later Administrato rs 

State level 

State admi nist ration of ground water control functions Is centered 
wholly or chiefl y in the official who performs comparable duties with 
respect to surface s treams. In most cases this Is the State Eng i neer -­
the traditional chief in the surface water field -- or a comparable 
official, department . board, or commission. Colorado has a Ground ~later 
Conmission wh ich directs the State Engineer in ground water matters, and 
Is assisted in certain respects by the State Water Conservation Board. 
Texas has a State Board of Water Engineers of 3 members. In Wyoming, 
certain functi ons are vested in the State Engineer and others in the Board 
of Control of wh ich he is president. 

The acts and o rders of State ground water administrators are subject 
to judicial revi ew at the instance of parties aggrieved thereby. 

Local administrators 

Most of the wes tern ground water statutes provide for officials who 
work under the di rection of the chief State administrator, eithe r at large 
or in local areas. Usually they are appointed by the chief; in a few 
States. they a re elected locally. 

Another method of local administration ts through district boards. 
In some States. such as Texas, the district ts an autonomous entity with 
regulatory powers. In others, it acts chiefly In an advisory capacity. 
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tv. Ground Water Rights 

Character of ground water right 

Appropriative. - ~tghts to the use of ground water by prior eppro­
priatlon may be acquired under the laws of 11 Western States (as above 
noted,_ Idaho, Kansas, evada, New Mexico, North Dakota, Oklahoma, Oregon, 
South Dakota,. Utah, Washt ngton, Wyoming). 

Nonappropriative - The other ground water statutes d,:, not provide 
for the acquirement of ater rights in the sense in whic!i th i s term is 
commonly used in the Vest. The courts of Artzon3, Cai• forni1, Hawaii, 
Montana, Nebraska, and Texas accord rights to the use of per·;,:.Jati ng 
water to the owner of ov2rlylng land solely because of the r,:!lattve situa• 
tions of land and water, and the Texas statute specifically s~pports the 
principle. The Colorado Supreme Court recognizes appropriative rl~~ts in 
percolating waters that are tributary to streams, but hc:1s not yet h::id 
occasion to decide the status of rights in nontributary waters. \.Jl;c1t the 
several ground water sta·tutes do is to provide for reg·ilation of existing 
uses, and some of them 1mpose restrictions upon the initiation of ~ew 
uses as wet l. 

The Montana statute, whtch regulates the drilling and use of 
artesian wal!s, provfdes that ·any landowner may Install artesian w~lls 
on his land to procure water for domestic, stock, I rri gatlon, or ma,,u-
facturing purposes. · 

Preexisting ground water rights 

The policy of legislatures in enacting ground water control stat­
utes is to specifically recognize valid preexisting water rights. In soma 
States, these are termed "vested rights. 11 This paves the way for preser­
vation and continuance of ground water u:es for beneficial purposes ante­
~attng en.:ictment of the statute, under whatever right or clai'Tl of right 
such uses r,1ay have been made, and disclaims any legislative intent to 
avoid providing for due ,process. 

Oregon follows a pattern set by Jts surface water code In recogniz­
ing ground water rights based on actual application of water to be:neficial 
use prior to the effective date of the act, or within a reasonable ti~e 
thereafter with the use of works then under construction. Provisions to 
the same effect are inc l uded In the Kansas and ~outh Dokota laws. 

In North Dakota . a user of water f roM a source Inc ludi :ig "undergrctmd" 
for beneficial purposes over a period of 20 years prior to Ja:iuary 1, 1934, 
Is deemed to have acquired a prescriptive right to the use thereof. 

In a ground water area designated t.y the Hawatl Commission on Ground 
Water Resources as tn need of regulation, existlr.g lawful and beneficial 
uses are "preserved" for the user. The Hdw3ii Su;,reme Court has hel:i thct 
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owners of land f n an artesian area have rights in the common ~upply of 
water. However . the statute declares that a certificate of preserved 
use ts deemed t o consti tute a description of the use that ts preserved, 
end not an adjudication of property rights in the ground water supply. 

Claimants of preexisting rights are required in some States to 
file declarations of ~heir claims • 

Procedure for appropri ating ground water 

Procedure for acqul ring appropriative rights under thA ground 
water statutes foll ows the faml liar pattern which was dcvelop<!.d for 
surface stream water ri 9hts before the turn of the century and which ls 
in effect now wi th res-pect to surface waters in nearly al 1 Western States. 
The first step ;is t he filing of an application to appropriate water with 
the State admi nl strator, who grants the application only if unappropriated 
water ts avai lable and other specified requirements are met. The approved 
application may -consti tute a permit to ma ke the appropriation, or a sepa­
rate documentary penn·t may be Issued. In any event, the grantee has 
permission to proceed with his Intended project under conditions stated 
In the law and in the permit itself. On completion of construction work 
and applicatton -of water to the proposed use, the permittee receives a 
license or certi f i cate of appropriation which evidences the State's approva l 
of his appropri ation of ground water and Its consent that he proceed to 
exercise his r i ght subj ect to all prior rights. 

In n·early a l1 western ground water c1ppropri at ion statutes the 
prescribed appropriati on procedure is cle~~ty, or at least by stro~g 
presumption,. the exclusive method of acqui rlng a ground water righ:. 
Idaho ts a defi n ite exception. There an intending appropria tor ma-; e i ther 
follow the statu tory p.rocedure, or he may acquire an equally val i d right 
by diversion and appli cation of the water to beneficial use, at his option. 
A partial exception obtains in New Mexico, where the permit procedure is 

_ required only i n basins declared by the State Engineer to have reasonably 
ascertainable boundari es. 

A few. o ther vari ations may ·be noted. In Idaho and Wyoming , an 
application in an a rea not designated as critical is granted If all 
requlrements are met ; but in a critical area, notice must be given and 
a hearing he ld on objections. An intending appropriator in a designated 
basin ln Nevada must obtaln a permit before doing any work; otherwise 
under nonartes i an condi t ions a permit is unnecessary unti 1 the well Is 
Insta l led and water deve loped, but one mu s t be obtained before diverting 
the water. The Utah State Engineer may Issue a t emporary permit to dri 11 
a wel l afte r. t he fi ling of an application to appropriate water therefrom. 

Permit ltmit.atlons and restrictions 

-Some ground water statutes speci fi ca 1 ly authorize administrators 
to Include in permits requirements as to proper exercise of the right. 
For example ~ the Oregon State Enginee r may impose conditions designed 
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to prevent wasteful use, undue Interference with existing wells, or 
substantial rnterference with existing rights to appropriate surface 
water. 

T~ States -- Kansas and Nevada -- declare that it is an express 
condltfon of each appropriation of ground water that the right relates 
to a speci fl c quantl ty of water and must a 1 low for a reasonable. lowering 
of the statie water level at his point of diversion resulting from later 
appropriations. A Wyoming declaration is worded differently but expresses 
the same principle. On the other hand, the Idaho statute declares that 
early appropriattons of grounci water shall be protected in the maintenance 
of reasonable ground water pumping levels as may be established by the 
State Reclamation Engineer. Washington forbids the issuance of permits 
to withdraw wa~r beyond the capacity of the formation to yield water 
within a reasonable or feasible pumping lift In case of pumping develop­
ments, or a reasonable or feasible reduction of pressure in case of 
artesian developments. 

The Utah statute accords to a junior ground water appropriator the 
right of replacemant of water, with approval of the State Engineer, In 
the event that his project may impair a senior right. The nonappropriatlon 
statute of Hawaii contains a provision along the same lines. 

Preferred uses of water 

Preference in use of water ts mentioned In some statutes, dJmestic 
use belng at the head of each list. For er.ampl~, one of the corrective 
control provisions that the Oregon State Engineer may include in his 
order declaring the existence of a critical gro~nd water area is the 
according of first preference, without regard t~ priorities, to domestlc 
and livestock purposes, followed by other beneficial uses In such order 
as he deems advisable under the circumstances. 

Changes in exercise of ground water rights 

A number of the ground water statutes authorize an appropriator t:J 
change the location of his withdrawal of water, place of use, and use of 
the water without loss of priority, with the approval of the State admin­
istrative agency. Changes would be conditioned on no resulting enlarge­
ment of the appropriation or impairment of other rights. 

Determination of qround water rights 

As In the case of surface streams, administration of appropriative 
rights In the common water supply ts fact litated by and under some cir­
cumstances dependent upon a determination of relative priorities of the 
several claimants. Such determinations may be solely court acijudica­
tions, or they may be special procedures In which administrative and 
judicial functions are combined. Surface stream appropriation statutes 
of most Western States contain procedures in which the State administra­
tive ugency ts Involved tn some way. 
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Some of tihe States that have separate ground water appropriation 
statutes have included therein provisions for determining ground water 
rights in areas designated therefor by the State Engineer. For such 
purpose. the. comparable provisions of the general appropriation statute 
are adapted to t'he requirements of ground water appropriations. Final 
decrees of adj ud ication Include such usual provisions as name of appro• 

. prtator. prlority of right, quantity of water, place of diversion, 
place of use. and conditions of exercise of right. In addition, some 
Include such fec!tures as boundaries of the ground water area, level 
below which the water may not be drawn down, and safe yield. In Oregon, 
the detenninatlon of a critical ground water area may be included in 
the proceedJ'ngs for adjudf cat Ing ground water rights. The Wash I ngton 
statute authorizes reservation of jurisdiction for the determination 
of a safe sustain ing water yield necessary from time to time to preserve 
the water rights and prevent depletion of the ground water supply. 

In addition to the general adjudlcatory procedure, the Idaho 
ground water statute provides for administrative determinations of 
claims by appropriators that their rights are being adversely affected 
by juni"or claimants. A local board created for each specific contro­
versy determtnes the nature and extent of the water rights involved, 
makes correcti ve orders, and when lt has finally disposed of the 
clalm. ceases tlo exist. 

· Loss of ground water ri ohts 

Loss of ground water rights by forfelture for nonuse for pre­
scribed periods of years, and by abandonment, Is provided for in some 
of the separate ground water statutes. In some cases, there Is 
admi ni strati ve p.r:oced!Jre for determining such losses. 

In South Oakota 7 any well not put to beneficial use for a period 
to be determined by the State Water Resources Commission is declared by 
statute to be abandoned and is required to be plugged. 

Under the nonappropriation statute of Hawaii, a "preserved use" 
of ground water ls extinguished by nonuse for prescribed periods of 
years unless cau·sed by water shortage resulting from natL!ral conditions. 

v. Ground Water Administrative Areas 

Practtcal ground water administration perforce requires for tts 
functTonlng g_eogr-aphtcal areas with defined boundaries substantially 
coterminous wi th those of the bodies of ground water to \vhich adminis­
trative measures are to be app 1l ed. The fact that determinations of 
the existence and characteristics of ground water bodies are feasible 
represents a grea t advance over the skepticism exhibited by a Vermont 
court more tha a century ago. That court remarked upon 11The secret, 
changeable •. and uncontrollable character" of ground water, which 
"sometimes dses to a great height, and sometimes moves In collateral 
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directlons, by some secret influences, beyond ou r comprehension." 
[Chatfield v. Wilson, 28 Vt. l~9, 54 (1855).1 Although it is true 
eoough that ground water Is still Invisible to the naked eye, much 
of Its "ser:retiveness" and "incomprehensibl lity" has been removed by 
the science of ground water hydrology. 

Some regulatory measures are not limited to defined local areas. 
For example, laws and regu 1ations re la ting to well drilling, or to 
reports required from ground \'Jate r users, may be statewide In applica­
tion. l t is t he aggregate of many wl thdra,..,a Is of water from given 
sources of supply, which may or may not be physi ca lly Interconnected, 
that cause the greatest concern; hence are the e ssential factors of 
specific ground water supp ly and spec i fic· surface area in which with­
drawals therefrom are made . 

The sta rting point i n designat i ng a ground water administrative 
area, then, is determination of the body of ground water to which it is 
to be applied -- variously termed a basin, reservoir, formation, or 
aquifer. For administrative purposes, a surface area is designated 
which overlies a ground wa t er body, o r a subdivision of it, or possibly 
more than one distinct formation. 

The purpose of a ground water area may be to supervise withdrawals 
of water according to relati ve priorities of surface and ground water 
rights, as in ca se of watermaster districts In Idaho. 

The purpose may be to Impose regulatory and corrective measures 
through the media of autonomous legal subdivisions. Examples are the 
Nebraska ground water conservation district, the New Mexico artesian 
conse rvancy district, and t he Texas underground water conservation 
dist r ict. 

I f the status of the ground water supply in a particular region 
gives cause for concern and suggests the need of public regulation, 
either permanently or for t he time being, the affected area is desig­
nated for this purpose by t he State administrator. A favorite term 
Is "critical area," which i s used in the larger number of States. 
Other statutes speak of areas "designated" or 11 defined11 by the adminis­
trato r. 

A critical ground wa ter area, as defined in the Arizona statute, 
overlies a ground water basin or subdivision in which there is not 
enou gh ground wate r to prov ide a reasonably safe supply for irrigation 
of cultivated lands at the then current rates of withdrawal. The same 
thought is exp ressed in some other statutes but without limiting the 
hazard to irrigation uses. Elsewhere an area may be critical if over­
draft or pollution is threatened, without waiting for the actual 
occurrence. For exampl e, the criterion in Colorado is a water supply 
that appears to have approached, reached, or exceeded the normal 
annua l rate of replenis hmen t. Danger signals In Wyoming include use 

- 8 -

.. 



;I . 

._1 

.J 
' 

• 

& 

l 

I 

j 
of ground water that approaches the current recharge rate, excessive 
decline In water levels, present or expected conflicts between users, 

, occurrence or probable occurrence of waste. The only requirement for 
_a destgnated area in etther Hawaii or Nevada is a finding that It is 
In need of administration under the statute. 

Designation -- that ts, creation -- of a critical ground water 
area Is a means to the end of preventing or correcting serious condi­
tions. It Is a step taken by the State administrative agency, not 

· arbitrarily, but sometimes on petition of affected ground water users 
and In any event after gl vi ng objectors an 0J1portunt ty to be heard. 
Furthermore, aggrieved parties have the right of judicial review. ·In 
the same manner in wh ich it is created, the boundaries of a designated 
area may be altered; or the designation may oe rescinded if and when 
discontinuance proves justified. However, If development pressures 
continue In the measu re in which they have been exerted In many areas 
in recent years, restrictive measures therein appear likely to continue 
for a long time. 

VI. Ground Water Regulation 

Investigations 

Huch investigation precedes the determination of a body of ground 
water and of the related surface area which Is the locus of most admin­
istration of ground water controls. This is necessarily so. With respect 
to a natural resource that is hidden from sight but is readily open to 
scientific Inquiry, the necessity for searching investigation before 
imposing controls is axiomatic. 

Authorizations and directions to administrators to make investi­
gations appear in many western ground water statutes. Some contain 
general authorizations to make studies of ground water supplies of the 
State, or methods of ground water conservation. Sometimes they speci­
fically authorize administrators to cooperate with Federal, State, and 
other public agencies and with individuals. 

A few examples of authorizations of investigations relating to 
ground water basins or reservoirs are: Arizona, data on safe annual 
yield and use made thereof; Colorado, effect of withdrawals on aquifer 
supply and on surface flow of streams; Nevada, pumping tests to 
determine whether overpumping is Indicated, specific yield, and perme­
abl lity characteristics; Utah, adequacy of the supply for existing 
claims in a defined area. In Oregon the State Engineer is directed 
to Investigate, id~ntify, and define tentatively the characteristics 
of each ground water reservoir in the State; but before making a final 
determination of boundaries and depth of any ground water reservoir, 
he is to make a final determination of all ground water appropriative 
rights therein. 
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Character of regu1ation 

In gEnera l . - Regul ation of ground water under a statute based 
upon priority o f approp~i ation necessarily involves In the first 
instance recognlti•on and p reservation of preexis t ing r l3hts, procedure 
for acqu t ring new rights, and determt nati nn or ar!j udl C3 t.i on of water 
rights, heretofore discussed. Statutes not base~ on priority of 
appropriation do not purport to disturb or to en large the exl~ting 
basts of ground W-d ter d9hts in the jurtscl iction, but t hey are concerned 
with existing uses of ground water and with new uses. U:ider t::oth appro­
priat ion and nonappropria tlon statutes, regulation of ground wa ter 
includes protecti on and conservation of the ground water supj)iy, instal­
lation of wells. supervi sion over wit!,drawal of water, and prevention 
or correction of overdr3f t -- functions th~t will be dealt with presently. 
It also includes regls tr.atton of wens, r,s~iorts from water users, and 
promulgation of r ules a.1d regulatlo,1s. 

Enforcement of r egu lat~~!:!.· - Some ground \'later statutes au tho rt ze , 
the State ~clminl s t ra to r t o ente r upon private la nds In order to examine 
wells and cbtatn r equi red data. In a numbe r of States, officials may 
bring actior. to enjoin vi olations of the statute; In 2 of them, they 
may intervene tn court ac tions to prevent depletion of ground water 
supp 1 l es. 

Artesian conservancy districts In New Mexico have concurrent 
authorTty with t he State Eng1·neer to enforce regulatory pro~islons of 
the statute where waters ·within the respective districts are affected. 
The State Engineer may in tervene In proceedings brought by or against 
these districts when necessary to protect or adjudicate rl ghts in · the 
public waters. 

Violation of any p rovision of the ground water statute ts generally 
decla red to be a misdemeanor. 

Protect ion and conservati on of ground water supply 

Weste rn ground water legislation is replete with prohibitions 
against depletion and unnecessary waste and pollution of ground water 
supplies, and with directions that wasteful practices be brought 
under contro t • 

There are a number of broad legislative declarations of policy. 
Among these are t hat of Hawaii that the ground water re r,ources of all 
areas must be pro tected from the threat of exhaustion, depletion, 
waste, pollution. and deterioration by salt water encroachment; ld~ho, 
directing the St ate admi ni strator to do all things reasonably necessary 
to prevent depl et ion of ground water resources; Nebraska, that conser­
vat ion and benefi cial use of ground water are essential to the future 
well be ing of t he State; Nevada, that it ts the intent of the legisla­
ture to prevent waste and pollution of ground wate r; Oregon, that 
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depletion of ground water supplies below economic leve1s, pollution, 
and wasteful practices be prevented or controlled within practicable 
limits. 

Directions are given to administrators to take specific measures 
to prevent unnecessary waste of wel 1 ~'later both under and on the sur­
face, and losses from storage and conveyance wor!<s, as well as pol lu­
tion of ground waters. These Include mechanical devices for control 
of flowing we11s; safe and efficient construction of ail wells; 
abatement of abandoned artesian wells and wasteful or defective wells; 
insertion of conditions in a permit prohibiting wasteful practices. 

Installation of wells 

An important part of ground water regulation relates to instal­
lation of wells and other works and appliances for withdrawing water 
from the ground. 

Grants of authority to appropriate water and authority to drill 
a well therefor may or may not be rnade in one permit Issued by the 
administrator, but they apply to entirely different functions ... one 
to acquire and exercise a water right, the other to Install the 
physical plant and equipment necessary to draw the water to the 
surface. In issuing permits to dri 11 wells, the administrator exer­
cises his statutory direction and follows his own rules and regulations 
in imposing specifications for safe and efficient construction under 
local conditions. Several statutes expressly l~clude in the required 
undertaking approved devices for measuring water. 

Licensing of water \'lel I dri 1 lers by the State is required by a 
considerable number of ground water statutes. This may apply only to 
persons who Install wells for others for compensation, or it may 
Include all who drill wells even for themselves on their own properties. 
Drillers are generally required to keep logs and to furnish copies to 
the State administrator. In New Mexico, licensing Is required only in 
ground water areas the boundaries of which have been determined and 
proclaimed by the State Engineer. Nevada authorizes the State Engineer 
to appoint a well drl llers' advisory board or boards on either a 
regional or statewide basis for the purpose of determining qualifications 
of applicants for well drillers' licenses. 

In several States, spacing of wells Is a feature of control. 
The Nebraska statute declares that drl lllng of irrigation wells without 
regard to spacing ts detrimental to the public welfare, and prescribes 
a minimum distance of 600 feet unless unusual circumstances preval I. 
Statutes of Ok lahoma and South Dakota also make provision for spacing 
of wells where advantageous; Texas, with respect to ground water censer• 

vation districts; Wyoming, in critical areas. · 
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Measures to prevent or correct overdraft 

Appropri atlc- ~: stat•Jtes. - In the States in whl ch statute5 are 
based on pll'Jorlty cf appropriation, two steps are commor-ly taken when 
the aggregate of withdrawal s of water In a designated or critical area 
ls found to exceed the ~afe annual yield: (1) closing of the area to 
the lssual!'!'Ce of further permits to appropriate water; and (2) restric­
tion of wfthdrawals of water to conform ·to priority rights, withdrawals 
under the later rights being reduced or prohibited to the extent neces­
sary to setisfy the earlier ones. In a few States the administrator 
has the op,tion of imposing systems of rotat!:m. 

The Oregon State Engineer has a ~Ide discretion In the selection 
of corrective control provisions. He may order one or nore of the 
following ~ (1) closing of the area to further appropriations; (2) 
determination of tha permissible total withdrawal and Its apportionment 
among c:ppro!)rlators In accordance with relati·,e priorities; (3) accorJ­
ing of firs:: orefcre.ice oesplte priorities t'J domestic .:;:-i:l livestock 
uses and t~er~aft~r, in such order as deemed advisable, to agricult~ral, 
industria l , munlcl~3l other than domestic, racreatlonal, and other bene­
ficial purposes; (4) reduct ion of permissible withdrawal by any one or 
more appropriators or wel ls; (5) if 2. or more ~~lls are used by the same 
appropriator, adjustment of the total permissible withdrawal by him, or 
complete prohlbftion of the use of one or more of such wells; (6) abate­
ment or sea11ng of any well responsible for ?Ollution of the water supply; 
(7) Impos i tion of a system of rotation; (8) addltionul requirements tn 
the public welfare. 

Nonappropriatlon st.:,tutes. - In both Arizona and Colorado, critical 
areas ar~ closed to furthe r developme,1t of ground water resources while 
the critical condition con tinues, and _ new permits to drill wells and 
withdraw waters are limited chiefly to replacement and preservation of 
existing diversions and uses. The Colorado act provides that permits 
must be obtained generafly for all new wells and for increases and exten­
slons of existing supplies; If located outside the boundaries of a critical 

• district, permits to use ground water will be Issued. The Colorado permit 
does not have the effect of granting or conferring a ground water right 
upon the user, but It Is prima facle evidence of the date and extent of 
the new use. 

The board of directors of a Nebraska ground water conservation 
district, after conferring wi th State and University officials and after 
notice and public hearing , may Institute corrective measures to Insure 
proper conservation of ground water in the district. As to the nature of 
permissible corrective measures, the statute is silent. 

A Texas underground. water conservatlo~ district may provide for the 
regulation of production of water from nonexemptec wells in order to 
mlnlml7.~ so far as practicable drawdown of the w~l~r table or reduction 
of artesian pressure, or !o prevznt waste. 
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/The California statute governing court reference procedures for 

determination of wnter rights provides that in specified counties, if 
after the administrative referee report has been filed it appears that 
unrestricted pumping wi 11 induce ocean water intrusion to the Irrepa­
rable injury of the ground water supply before final judgment, the 
court may tssue a preliminary injunction e~uftably restricting and 
apportioning reduction in pumping subject to adjustment and compensa­
tion in the final judgment. 

The Hawaii ground water use act Is an adaptation of the "Model 
Water Use Act" prnp-:ired at the Legislative Research Center, University 
of Michigan Law School. \-Jithdrawal of water directly from a designated 
area in which regulation is needed, except for domestic use and pre­
served uses, requires a permit for a specified period of years, which 
may be granted if ... :ater is available for beneficial use, water resources 
are not thereby tm~atred, and no substantial Interference with existing 
uses is indicated. If In such area a water short~g~ occurs, new wells 
and uses may be fort:idden, existing uses and facl llties modified, arid 
water uses apportioned, limited, or rotated. In the eve~t of an emer­
gency In a ground water area, the State administrative ag~ncy Is 
authorized to take extraordinary steps to cope with it whether or not 
the area is designated. 

The question of d11e process. - In States in which the principle 
that ground water belongs to the public, su~ject to appropriation, has 
Judicial recognition as well as statutory approval, closing the area to 
further appropriation in event of an overdraft is compara~le to closing 
a surface st,eam the wat~rs of which have been fully appropriated. As 
nobody has a rt ght to approprl ate water from a source a l1 of which is 
needed to satisfy prior rights, an is~ue of dental of due process does 
not arise In denying new applications to appropriate water from the 
Insufficient supply. 

A different situation exists in a jurisdiction in which overlying 
landowners are held by the courts to have property rights in waters in 
their lands, where In ca5e of overdraft the only uses of ground water 
that are protected are those then existing, and overlying landowners who 
have not yet made such use are prohibited from doing so while the short­
age persists. In such event, a judicial appraisal of statutory restric­
tions on the exercise of recognized and declared property rights, to be 
favorable to Its validity, must draw a distinction between denial of due 
process and exercise of the State's police power. 

Finally, lt is important to note in this connection that the 
validity of the Arizona restrictive act was sustained by the supreme 
court of that State. The court took the position that where the public 
Interest is significantly involved, the preferment of such interest over 
the private Interest of an individual ls a distinguishing characteristic 
of exercise of the police power. Under the circumstances presented by a 
critically overdrawn water supply, the court could not say that invoca­
tion of the police power in administering the ground water act Involved 
a dental of due process. [Southwes t Enqlne P- rlnq Co. v. Ernst, 79 Ariz. 
403, 291 Pac. (2d) 764 (1955). J 
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ADMINISTRATIVE PROBLEMS IN 
GROUNDWATER PROl.iRAMS 

Ooed M. Lassen 
State Land Commissioner of Arizona 

Presented at tne Western Resources Conference 
University of Colorado, Boulder, Colo. 

August 24, l :;tbO 

· Groundwater, as an administrative proolem, first came into tne 
picture in Arizo11a wi -.,1 passage of the Groundwater Act of 1945. This 
law required the registration of al 1 irrigation wells and the filing 
of a Notice of Intention to Ori 11 a Wel 1 .by anyone proposing to 
drill an irrigation wel 1. Objective of the Act was to accumulate 
data to be used as a source of information and as a guide in 
dra~~i_ng addi_t~onal legislation. 

Three years after the passage of this /kt, the Legislature 
enacted the Groundwater Code of 1948, under which the State Land 
Commissioner is empowered to designate critical groundwater areas, 
areas in which no irrigation wel 1 can be drilled without first 
obtaining a permit • .. - - - -... ~ - ... 

A c~ritical ground\'1at e r area, according to t his statute, is any 
groundwa te r basin, or designated subdivision t hereof, net having 
suf f icien t groundwater to provide a reasonably safe supply for 
irriga t ion of cu lt iva ted l ands in th e basin at the then current 
rate of withdrawal. 

A proposal to create a critical groundwater area can be 
initiated by the Commission e r or by petition signed by not less than 
twenty-five users ( or on e fourth of the users) of groundwater 
within t he exterior boundaries of the propos ed basin or subdivision 
thereof. 

A hearing is requir ed a t which the proponents and opponents of 
th~ -proposal may be heard, and no t i ce of such hearing, toge t he r with a 
full disc los ure of the proposed critical area, must be pub] ished for 
four cons ecu t iv e wee ~s prece ding the hearing in a newspap e r of gen e ra l 
circu l a t ion in t~e cc un t y involved. 

The first critical ar ea in Arizona, consis t ing cf eleven to\'ms h ip s 
in the -lower Santa Cruz Va lley, was established in April, 1949. 
ln -1951 three o the r c ritica l areas were designated, embracing the 
principal cultiva t ed lands in the cen t ral valleys of southern 
Arizona. Today there are seven such areas, plus additions to some of the 
early areas. No new critical areas have been set up since 1954, and 
the last addition to a critical area was in 1956. 
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A further refinEroent in the administration of the law came about 
when a farmer in t he Avra Valley, near Tuscon, decided he wanted to 
irrigate some desert land continguous to his farm, land not previously 
in- cultivation. 

The Commissioner objected and t he disputing parties went to 
Court. The farmer won his case in the lower court and, last February, 
the Supreme Court sustained the lower court. The essence of this 
decision was that a farmer who owned a well drilled before an area 
was declared critical could use whatever water he could pump from 
the well on whatever land he chose. 

We have not lived with this latest interpretation of the 
Groundwater Act long enough to know just what problems we face in 
enforcement. 

Among its enforcements prov1s1ons, by the way, the law provides 
a fine of up to $250 for each day of continuing violation . 

So much for the story of our problems in connection with 
the administration of the GroundwaterAct of 1948. 

What are the results? 

In the Salt River Valley, the state's leading agricultural area-­
an area declared critical in 1951 -- withdrawal of ground water 
increased 16% between 1950 and 1955. From 1955 to 1960 there was no 
further increase in withdrawal. However an average drop of 25 feet 
in the water ·table between 1951 and 1955 was followed by another drop 
of 25 feet between 1955 and 1960. 

In the lower Santa Cruz and Gila River valleys there was a 
similar pattern in groundwater withdrawal, that is, a 161o increase 
between 1950 and 1955, no increase between 1955 and 1960. The drop 
in the water table was greater, however, averaging 80 feet in the 
first five -,ears, better than 40 feet in the last half of the decade. 

In the Upper Santa Cruz and Avra valleys, where no critical 
areas was designated until the latter part of 1954, groundwater 
withdrawal increased 25% between 1950 and 1955, but decreased 
10% from the peak firure between the years 1955 and 1960. Despite 
this decrease in pumpage, however, the static water level 
continued to drop--about 30 feet in the last five years. 

It is interesting to oote that the period of lowering 
water tables took place while our biggest crop and heaviest user 
of water, cotton, was undergoing a drastic decline in acreage. 

It is a widely held belief that an ; rizona farmer can't 
make money producing alfalfa or small grains if he has to I ift 
water more than 275 feet. The pumping lift in many of the wel Is in 
the critical groundwater areas already exceeds 275 feet. 
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have in mind one recommendation for the next session 
of our Legislature--an amendment to the Grouridwater Act which 
would s t op all irrigation well drilling without a permit immedi ately 
upon detlaratidn of a critical groundwater area, that is, 
eliminating the provision pertaining to substantially commenced wel Is. 
This could lead to a general overhauling of the law, making 
for more effective administration, 
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INTRODUCTION 

Any discussion of the New Mexico water law 
involves two k ey phrases--beneficial use and impairment 
of r _ights. These are the legislative guide posts and 
the standards by wh i ch the State Engineer administers 
water rights. In a larger sense, a discussion of these 
terms involves some discussion of the basic philosophy of 
water law which , in turn, involves a discussion of the 
entire philosophy o f property law . 

It appears to me that the western states, and 
particularly ew Me xi co, in developing the law of prior 
appropriation h ave been confronted with two diametrically 
opposed concept s. These concepts are flexibility and 
security . Probably the fundamental concept of our water 
law ls that of security, that is, " first in time is first 
in right.rt 

The early court decisions concerning water law 
in the west an d certainly the early legislation was direct­
ed toward sec · rin¥ property rights in water. In the case 
of Yeo~ Tweedy, the New Mexico Supr eme Court discussed 
the alternat ives to the prior appropriation d octrine and 
stated: 

"The preventive for such unfortunate a nd 
uneconomic results is found in the recognition 
of t he superior rights of prior appr op riators. 
Inve sted capital and improvements are thus 
made only from a suppl y not already -in bene ­
ficial use. Non-use involves fo rfeitur e . A 
great natural public resource is thus both 
util ized and conserved ." 

In New Mexico we have been hard put to achieve 
the idealization of the doctr ine of pri or appr opria ti on 
as pronounced by the Supreme Court in 1929 . We know 
now that in many instances our water res ources cannot 
be both util ize d and conserved . In most of our ground­
water basins such as Lea County, Portales, Mimbres, and 
Anima s basins any appropriati on involves mining of water. 
In other words , once the water is utilized by man , it 
cannot be at t he same time conserved. 

Even in 1929, however, the Supreme Court was 
concerned wi th the social implications of the use of water . 
In the same case , the Supreme Court said: 

to the 
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"Such bodies of subterranean water are 
the principal resource of the localities 
wer·e they occur. Their emp 1 oymen t to the 
bes t economic advantage~ important to the 
stat e. 

Th.is same idea was express~d in the recent case 
of State v. Mclean, decided in 1957. Chief Justice 
Lujan sta.ted: 

"All water within the state, whether above 
or beneath the surface of the ground, belongs 
to the state which authorizes its use and there 
is no ownership in the corpus· of the water but 
the use thereof may be acquired and the basis 
for such acquisition is beneficial use. The 
state as owner of the water _has the right to 
prescribe how it may be used. This the state 
has done by the enactment of Sec. 75-11-2, 
which provides that the beneficial use is the 
bas i s, · the measure and limit to the right to 
the u se o- water." · 

In the McLean case the Supreme Court went on 
to hold that the defendant had not made beneficial use 
of the water fo r a period of more than four years. In 
that case the defendant had all owed the water to flow 
from the artes i an well in question, uncontrolled, 24 
hours a day, without a constructed irrigation system. 
However, the defendant clai~ed that water was absorbed 
on nat ive salt grass and was used to water livestock 
and that it was a beneficial use. The Supreme Court 
held against the defendant, ruling that he had lost the 
right through conti uous nonuser through waste. 

This case does not help us much in determining 
the meaning of beneficial use but the Supreme Court did 
say that allowing water to waste out on the land without 
being under the control of an irrigator was not benefi­
cial use. As f ar as we- are able to determine, this is 
as near to a defini tion of beneficial use as the Supreme 
Court has ~ve r given us. The McLean case did say that 
an appropriator is limited to the use of such water as 
may be necessary and useful for some beneficial purpose 
on the land from which it is taken but the law has never 
defined what benefi cial use is. 

Query : Does the beneficial use have to be bene­
ficial to the landowner or does it have to be beneficial 
to the public as a whole? Certainly, the McLean case 
stands for the proposition that waste will not be tolerated 
and it further stands fo r t~e pr oposi tion that the stan­
dards of care in preventing was te are greater than the 
standard required in the early days of irrigation. 

-2-
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It may well be that the trend is toward elimi-

nat on of wasteful practices. Certainly the technological 
advances which have enabled appropriators to use underground 
irfigation systems or concrete-lined ditches have gone a 
long way toward elimination of waste. It may well De as 
the shortage of water in the state increases, the public 
will demand stricter enforce ment of the laws prohibiting 
waste. · 

-3-



I 

l 

PREFERENTIAL -RIGHTS 

Any discussion of transfer of water rights requires 
discussion o f the l egal preferences to use of water, esta­
blished in New Mexic o~ The earliest statute giving a prefer­
ence to the u se of water was enacted in 1876, which declared 
that all wate rs in springs, rivers and ditches ar e free in 
order that a ll perso ns trave ling in the state shall have the 
right to take water therefr om for their own use and that of 
the animals under t h.,eir charge. Section 75-1-4, N.M.S.A. 
1953, Section 75-1-5 , N.M.S .A. 1953. This statute evidently 
gave travelers and l ivestock an abso lute right t o the use of 
water withou t regard to the doctrine of prior appropriation. 
While this statute is interesting as setting up an absolute 
preferencer it has n ot had nuch importance on the develppment 
of -water law. 

However, in 1953 the Legislature promulgated an 
amendment t o Section 75-11-: which creates an important pre­
ference. Thi s amendment provides that the State shall issue 
a permit to applican ts for domestic use and for livestock 
water. These permits do no~ require adve rtising and hearing 
as is usually requir ed in applicati ons f or appropriations. 
Neither does t he s tatute provide any gr ounds up on which the 
State Engineer can d eny an applicati on' fo r livestock or f or 
domestic purposes. The Leg : slature recited in the 1953 
amendment that this statute was enacted for the reason that 
relatively small a mounts of water vere consumed in the 
watering of li vestoc k or for household o r other domestic 
use. However, i.t c an be seen that eventhough the amount of 
water used is smal l , that this statute gives to appropria­
tors for domestic or livestock water, an absolute preference 
over other users, t h e effec t of which is a transfer from 
prior appropri ators by operation of law and with out compen­
sation. The const itu tional i ty of this s ection has not been 
passed upon by the New Mexico Supreme Court. 

The same s .ection also gives a preference to 
appropriators for t h e use in prospecting, mining and drill­
ing operation s des igned to discover or develop the natural 
mineral resour ces in the State. The preference given for 
drilling, prospecti n g and mi ning operati ons is not an 
absolute one since i t is limited to three acre feet of water 
for a definite peri o d not to exceed one year and the State 
Engineer is a l so gi ven the discretion of determining whether 
or not the proposed u se will permanently impair any exist­
ing rights. I f the State Enginee r in a preliminary examina­
tion of the applicati on finds that the proposed use will 
permanently i mpair existing rights, the statute requires 
advertisement and he aring as provided in other applications. 
It can thus be seen that the appropriation of water used in 
prospecting, mining o r drilling operations designed to 
discover or develop the natural mineral resources of the 
State of New Mexico have a preference over any other water 
users except domest i c and livestock uses. This portion of 
Section 75-11-1 has not been passed upon by the Supreme 
Court, This i s ano t her ins t ance of a transfer of water 
rights by operation o f law. 
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These are the only preferences whi c h we can find 
in the New Mexico statutes, however, during the last fe w 
years important litigation has arisen over the claim of 
preferential rights for municipal uses. This involves the 
doctrine of _pueblo rights. 

Under the California cases, the California Supreme 
Court has held that t he cities of San Dieg o and Los Angeles 
were originally formed as pueblos by ei ther the Spanish or 
Mexican governments and that the original pueblo grants gave 
to those cities the right to use of waters of the San Diego 
and Los Angeles river s respectively, not only for the orig­
inal pue blos but the rifht in future to the successors of 
the original pueblos to use all of the water that was reason­
ably necessary for the growth of the cities, as in the cases 
or San Diego a nd Los Angeles. These ci tie s have the right 
to take all the water a~d to drive out of business any other 
users t o their source of water without compensation. 

The New Mexic o Supreme Court has discussed the 
pueblo ri ght s doctrine in the ca3e of New Mexico Products 
Co. v. New Mex ico Power Company, but---rr:i" that case held 
that Santa Fe never did have a puebl o grant and therefore, 
the pueblo rights doctrine WQuld not apply. 

The most recent decision concerning preferential 
rights is that of Cartwright Y...:_ Public Ser vice Company of 
New Mexico ,4 1958 . In this case the Public Se rvice Company 
was taking all the waters of the Gallinas River for use under 
its franchise to supply the City and Town of Las Vegas with 
water. The farmers using water from the same stream brought 
a suit demanding injunc~ion, or, in the a lte rnative, damages 
for their loss of water. The defendant company countered by 
claiming it had an absolute right by virtue of a Mexican 
grant to the pueblo of Las Vegas t o take all of the water 
of the Gallinas River reason ably neces sary for municipal 
uses without compensation t o other users on the river. 

The state of New Mexico filed a brief amicus 
curiae and to ok the positi onthat a vested right could be 
acquired only pursuant ~o the constitution of New Mexico , 
i.e., beneficial use is the basis and the measure of the 
right to use water . Si nce all of the waters of the river 
had not been a pp ropriat ed to beneficial use pri or t o the 
times the farmershad appropriated the water , then the city 
and town of La s Vegas, as successors t o the Mex ican pueblo, 
did not have a vested ri ght pri or t o the acquisistion of 
New Mexico by the United States. 
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It was t he State's further argument that under the 
laws of nat ions an,d the Treaty of Guadalupe-Hidalgo neither 
New Mexico no r t he United States was obligated to protect im­
perfect or i nchoat,e rights. The state recited a long list 
of cases by both t he New M~xico Supreme Court and the United 
States Supreme Court in which the courts have refused t·o 
protect non-vested r i ghts ~cquired before the transfer of 
sovereignty. Fur t her, the state of New Mexico pointed out 
that neither the l egislature nor the constitutional convention 
recognized the s o-c alled California doctrine of pueblo rights 
and that the New ' exico situation should be distinguished 
from the Ca li forni a cases involving the pueblos of Los 
Angeles and San Di ego. 

The Ca l ifornia Supreme Court had justification for 
its promulga t ion of the California doctrine of pueblo water 
rights · by virtue of special acts by the California legisla­
ture. However, the New Mexico Supreme Court disregarded 
these consi de rations and held that the California doctrine 
of pueblo rights p-r evails insofar as the Las Vegas pueblo is 
concerned~ 

It appear s that the Supreme Court of New Me x ico 
based its conclusi on more on social and philosophical 
grounds than on any legal analysis. There is no mention 
of constitutional definition of beneficial use and no men­
tion of the f act that no rights had vested under Mexican 
sovereignty. Inste ad, the Supreme Court in a three to two 
decision, stated: 

nl t is not surprising that a doctrine such 
as the Pueblo Rights arose when we consider the 
fact that these colonization pueblos t o which the 
right attached were largely, if indeed, not al­
ways, established before there was any settle­
ment 01 the surrounding area. Thus it resulted 
that t her e had never been any prior appropriations 
or use o f water of the river or stream, nor any 
allotment of lands, by the Mexican government 
prior t o the establishment of the Pueblo." 

It is in teresting that there is no support what­
soever in the reco rd for the above quoted statement and as 
a matter of fact~ the evidence does show that there was a 
considerable sett lement on the Pec os River, of which the 
Gallinas River is a tributary, pri o r to the pueblo grant 
in 183.5. 
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Justice Sadler, speaking for the majority, went 
ahead to state: 

"It is the claim of plaintiffs (appellants) 
that constitutional and statutory provisions 
touching the use of water is contrary to the 
Pueb lo Rights doctrine and that it can find no 
place in our jurisprudence. They fail, however, 
to point out in what resp ect this is true. This 
Cour t has long recognized that we have followed 
the Mexican law of water rights rather than the 
comm.on 1 aw." 

Judge Federici, who wrote the dissenting opinion , 
points out that the California puebl o doctrine of water 
rights does conflict with the statutes and constitution 
of New Mexico and also cites the evidence to show that 
there were settlemen ts and appropriators on the Gallinas 
River prior to the grant to the pueblo of Las Vegas. Judge 
Federici also point s out that there is absolutely nothing 
in any law of Spain or Mexico which would grant a pueblo 
the right to destroy the property of an appropriator from 
a stream, being his right to the use of the water, with no 
compensation. 

Judge Federici, in his dissent, states that the 
New Mexico legislature has never delegated or surrendered 
its power or c ont rol over the execution of the trust to 
the town of Las Vegas. 

This writer submits that the majority decision is 
judicial legislation. This is strikingly pointed out by the 
majority opinion 1 s rationale of the case: 

"And just as in the case of a private use, 
so long as he pr oceed s with due dispatch to reduce 
to benefi cial use the larger area to which his per­
mit entitles him, enjoys a priority fo r the whole 

· so by analogy and under the rationale of the Pueblo 
Rights doctrine, growth and expansion, carried with 
them the torch of priority, so long as there was 
avai labl e water to supply the life blood of the 
expaild .ed community." 

We might question whether Justice Sadler is saying 
that the commun i ty could expand its use of water forever 
since the Court implies in the above quoted statement that 
the expanded use in 1958 would relate back and be given a 
priority of 18)5. 

It appears that the Court disregarded the separation 
of powers doctrine and arr ogated to itself rather than the legis­
lature the authority to determine the extent of police power as 
witness the following statement from the majority opinion: 
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"Ther e is pr esent i n the doctrine disc us sed 
the recogn i za bie pre s ence of lex sup reme , the police . 
power, whi ch f urnishe s answer t o clai ms of confisca­
tion always pr esen t when private and public rights 
or claims collide . Compare, Middl e Rio Grande 
Conservancy Dis t. v . Middl e Rio Grande Water Users 
Asstn., 57 ~ . M. 287 (310), 258 P.2d 291 . So , here, 
wa see in the Pueblo Rights doctrine the elevation 
of the publi c go od over t he cl aim of a private right." 

After the first deci s ion i n t he Cartwright case, the 
Supreme Court of New Mexico gr anted a re hear ing and also gr anted 
a second rehearing. At the las t r ehearing , Justice Sadler was 
no l onger with the Court and t he case was fina l ly determined 
without an opinion by a two to two dec is ion. In both the first 
rehearing and the second rehear i ng, Judge Fed e rici, speaking 
for the dissent, ably answered e very argument advance d by the 
majority decision. 

Query: Regardles s of how it is worded, does not the 
Cali fo rnia doctrine of pue b lo water rights result in confisca­
tion without compensation? The ef fec t of this decisi on is 
relatively small insofar as the community of Las Vegas in con­
cerp~d. But consider for a .moment the tremendous problems 
confronting the State Engineer and t he courts of New Mexi co 
if the California doctrine of pueblo rights is applied to the 
Rio Grande valley. How can New Mexic o honor her compacts if 
all the pueblos, including the Indian pue blos along the Rio 
Grande, have the absolute right to t ake all of the waters 
from the Rio Grande and the valley fill as the pueblos feel 
they need, without regard to diligence, beneficial use, the 
statutes on forfeiture or without regard to priority? 

The California and New Me x ic o courts have said that 
a pueblo use cannot be lost for n on-use or abandonment, cannot 
be sold or transferred . Doe s this doctrine destroy all secur­
ity of property rights in the Rio Grande? Who knows how many 
pueblos 1n New Mexico and Texas are entitled to absolute rights. 

As I have discussed before, the New Mexico Supreme 
Court and the United States Supreme Court have held that Santa 
Fe was not a pueblo. The United States Supreme Court also 
denied the claim of the City of Albuquerque to a pueblo right. 
But now the City of Albuquerque and the state of New Mexico are 
engaged in litigation wher e in the City of Albuquerque, notwith­
standing the decision of the United States Supreme Court, pre­
sents new evidence unearthed in the archives in Mexico City 
purported to show that Albuquerque was in fact a colonization 
pueblo and that Albuquerque is entitled to all the rights 
which the pueblo of Las Vegas has won. This litigation has 
been pending for two years before the districtcourt setting in 
Albuquerque and, even though Judge Macpherson had indicated on 
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several occasions that the state of New Mexico would prevail, 
at the time of the last hearing, on August 11 of this year, 
the

1
"district court ruled from the bench that ~e would f ind 

fo ~ Albuquerque and that Albuquerque could take all of the 
wa~er from the valley fill of the Rio Grande necessary for 
municipal purposes without regard to the effect on prior ap­
propriators. 

The state of New Mexico, when and if judgment is 
entered for Albuquerque, will undoubtedly appeal this case 
to the New Mexico Supreme Court. There are several distinc­
tions between the Albuquerque case and the Las Vegas case, 
one of the distinctions being that Albuquerque submitted to 
the jurisdiction of the State Engineer and applied to the 
State Engineer fo r a permit and that the State Engineer has 
only such author i ty as the legislature has granted him. The 
legislative enactments require the State Engineer to deny the 
permit in the event it will impair existing rights. No attack 
has been made upon the finding of the State Engineer that 
the granting of the present permits would impair existing 
rights. In addition to arguing that the Cartwright case in­
volving Las Vegas can be distinguished from the .Albuquerque 
case, counse l for the State will undoubltedly argue that the 
Cartwright case should be . reversed . 
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TRANSFER OF WATER RIGHTS 

The surface water statute involving change of place 
of use or change of purpose of use is Sec. 75-5-23, N.M.S.A. 
1953, which provides that the change may be made, provided that 
no such change may be a 11 owed to the _ detriment of others having 
a valid and existing right to the use of the water of said 
stream system. The underground statute provides that there 
must be a showing that such change will not impair existing 
rights. 

In the case of Templeton v. Pecos Valley Artesian 
Conservancy District, decided in 193'8,~ the Supreme Court of 
New Mexico held that in the case where a ground water user had 
dried up the Rio Felix, the appropriator from the Rio Felix 
could follow the source of water and drill wells and thus 
pump ground water sufficient to take care of his water rights. 

This case is a landmark case in New Mexico, since 
it recognizes the laws of natur_e in that both surface and 
ground water in . the valley fill are part of the same system. 
The New Mexico court followed the lead of the Colorado 
courts in recognizing the relationship between surface and ground 
water. The State Engineer by his administrative action has 
administered the Rio Grande Underground Basin in such a way 
as to give the greatest amount of protection to the base flow 
of the Rio Grande. In the Roswell Artesian Basin and in the 
Rio Grande Basin there are many administrative problems 
connected with the decision of the court in the Templeton 
case. 

The question has not been resolved as to whether 
appropriators from the small streams tributary to the Pecos 
River can now regain the amount of water covered in their 
original appropriation by drilling wells. In many cases the 
original source of water from springs or streams has been 
dried up for 20 to 40 year?. Have these appropriators lost 
their right by not exercising diligence in applying for a 
permit to drill a well? Are they guilty of laches by 
sleeping on their rights while other appropriators expended 
money by drilling wells and appropriating water from either 
the valley fill or the artesian basin? 

Some answers may be given by the Supreme Court in 
!he case of Pettett~ State Engineer, Supreme Court Cause 

No. 6766, now pending before the New Mexico Supreme Court. 
1n theJettett case, the water user had a priority of 1904 
from seeps or springs in Zuber Hollow. By 1922 or 1924, the 
spring flow had decreased to such an extent that the ap­
propriator supplemented his water by using drainage water 
and sewage water from the Town of Dexter on his land. By 
1938, the source was so inadequate, the appropriator 
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illegally placed a pump in the Pecos River in order to get 
hi _s duty of water. In 1954, the State Engineer obtained 
an injunction agains t the use of the Pecos River water and 
shortly thereafter Pettett filed an application with the 
State En ginee r to drill a well to change his point of diver-

- sion from Zuber Hollow to the shallow water basin. 

The trial court found that app ropr iation from the 
shallow basin had dried up the springs and granted the per­
mit. The State Engineer appealed and argued before the 
Supreme Court of New Mexico that the appropriator has the 
burden of proving how much water he was taking from the pub­
lic ·water s ource and in this instance the app li cant did not 

- meet his burden of proving the amount of public water to 
which he was entitled. The state further argued that the 
illegal di ver sion from the Pecos River could not be consier­
ed as a lawful diversion for beneficial use and that since 
more than four years had gone by without beneficial use from 
a lawful source , forfei ture had occurred. 

The argument on forfeiture w;s base d upon the case 
of State v. Mitchell, decided in 1959. In this case, the 

- Supreme Court he ld that the appropriator could not and can­
not change the location of a well used to irrigate a tract 

= --with a vested ri gh t without fol lowing the statutory proce­
dure and the irrigation from the new well for fou r consecutive 
years resulted in a legal forfeiture of the water right. 
Chief Justice Lujan in the opinion stated: 

"Irrigating from an unauthorized well mus t, 
insofar as forfeiture is concerned, bB considered 
tantamount to not irrigating at all. 11 

I have pointed out just some of the problems con­
cerning the administration of water rights in New Mexico. 
Most of these problems are problems with which the admin is­
trators of water law in the western states have also faced 
or probably will face within a short time. 
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CAL FORNIA'S GROUND WATER PROBLEMS 
1 ANO THEIR SOLUTION 

Presented to The Western Resources Conference, 
Univers i ty of Colorado, Boulder, Colorado 

August 22 to 26, 1960 

·By WUliam L. Berry;',, Chief Engineer 
Division of Resources Planning 

California State Department of Water Resources 

be-lieve it can be stated unequivocally that the 
economy Californians enjoy today would not have develop ed, were 
it not for the ava ilability of water placed in our vast under­
ground reservoirs by nature over the years, Consider, for 
instance, the grea t Los Angeles metropolitan area. Could its 
economy ever have developed to the point where the importation 
of water from the di stant Colorado River could have been financed, 
without the readil y available ground water resources on wh ich to 
gro.w? This same si uation has been experienced in many areas of 
the State. It may s 1eem ironical, but it is true that the serious 
water-defici en cy problams now being experienced in California are 
due to the development in large part made possible by these ground 
water resources which were once considered virtually inexhaustible. 

Since the turn of the century draft on ground water re­
sources throughout Ca lifornia has increas ed at a phenomen al rate. 
Today about one-hal-f of the total water suppli es put to beneficial 
use are secured from ground water sources. The bul k of this use 
is i'n the Central Vil 11 ey where the average annua I draft exceeds 
10 million acre-fee t , of which mo r e than 8 mil I ion acre-feet are 
pumped in the San Jo.aqui n Va ll ey . This tremendous development has 
generally occurred on an uncoordinated indi vidu sl basis, with 
1 ittle concern for the ralationship between extraction and re­
charge, and without progressive action to arr est th e st eady 
decline of ground water levels. The resul ts of these practices 
are plainly eviden t in many parts of the Sta te , both in quanti­
tattve overdraftsy amounting t o some 5 mill ion acre-feet per year 
for the State as a hole , and in degradation of native water 
supplies by intrusion of saline aters, as is being experienc ed 
in many coastal and several inland groun d water basins. 

The greatest ground water deficiency is found in the 
San Joaquin Va lley , in which the average annual extraction exceeds 
the safe ground wa te r yield by sane 3 mill ion acre-fee t. Other 
areas of serious overdraft include .'\ lameda 2nd San t a Clara 
Counties in the San francisco Ba y area; Monterey al!d San t a 
Barbara Counties in th e Central Coastal Area; and V ntura County 
and the portions of los Angeles, Orange, San Ge rnardino, and 
Riverside Counties irn t he South Coastal Ar ea, 
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aking a brief glance at the future, it is forecast 
that California's present water requirements of 24 mill ion acre­
feet per year will ultimately more than double to some 51 million 
acre-feet per year. A great portion of this increase in water 
use will, of course, occur in areas of present or imminent ground 
water deficiencies. So it can be seen that California not on ·ly 
is experiencing present problems but will be confronted with 
even greater problems in the future in the management of her 
vita) ground water resources to the end that the overall water 
requirements can most equitably and efficiently be met. 

I propose to center my discussion today primarily around 
the engineering and legal considerations which have been and will 
continue to be encountered in the solution of California's present 
and future ground water management problems. However, it p,ight 
be wel l to begin with a brief summary of the history of develop­
ment of the law governing the use of ground water in California. 

History of Ground Water Law 
i n Ca 1 i fo rn i a 

tn contrast to the use of s~rface waters, rights to the 
use of ground water in California are generally not governed by 
basic statutory law. The doctrines of riparian water rights, 
attaching to lands contiguous to natural channels; pueblo \-later 
rights, the paramount rights of certain cities as successors of 
a Spanish or Mexican pueblo (municipality); and appropriative 
water rights, governing the use of water on essentially all other 
lands, provide full coverage to the development of surface waters 
of California for beneficial uses. The latter doctrine is of the 
greatest importance, since most of the rights to the use of water 
in California have been gained by appropriation. However, present 
law regulating the use of ground water has stemmed largely from 
court decrees resolving individual problems as they have de-

. veloped. Although the doctrine of appropriative rights extends 
to ground water flowing in "known and definite channels 11

, this 
doctrine is unimportant in California, as ground waters fal 1 ing 
under such a category are insignificant. 

The use of ground water in C91 ifornia was first accorded 
formal recognition by the courts 1n 1903 in a decision by the 
CJ] ifornia Supreme Court in i(atz v. \falkinsha\-i. _This decision 
established the doctrine of correlative rights in California 
which holds that owners of land overlying a common ground water 
basin have mututal and correlative rights to the reasonable bene­
ficial use of the water on the overlying land. Adoption of the 
1:reasonable use' ' doctrine rejected the former common-L:l\·1 doctrine 
of absolute ownership in percolating water. Ar between ove rlying 
land owners and -exporters for distant use, the rights of the 
overlying landowners are paramount, but I imited only to the 
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quantity of water necessary for beneficial us e on ove r l ying lan ds. 
If the supp l y of pcrcol ting waters is sufficient, th e exporter 
may ta ke the ·surplus. However, if the supply is 1 imi t cd, al 1 
other owners are to nave a fair and just por t ion of th e total 
supply. Court decisions subsequ ent to :~.atz ::!_. ~.'21 !-dn shaw on 
rights to perco l ating wate rs nav e adher red consisten t l y t o the 
principles l aid down in the decision in t ha t case. 

The case of Pasadena¥. Alhambra (lSLr0) added a nc,v 
concept of "mutual prescription '! to tne long establ ish ..: d cor­
relative righ ts doctrine. This case has assumed outst~nding 
importance in the ground water law of California, as it applied 
to a ground water area (Raymond Easin) that nad been ove rdrawn 
for many yea r s. Briefly tne decision of th e court found tnat 
since the five-year prescriptive period fol lowing tn e f irst 
occurrence o f overdraft nad pass ed v1itnout any proceedings oy 
the earlier pumpers to protect their rights, al 1 pump e r s --over­
lying users as well as exporters--nad acquired a prescriptive 
rignt as against each otner at tnat time. Eacn pumper was en­
joined from pumping more tnan nis propurdonate share of the 
safe yield of the basin, based upon the ratio of his rights to 
the total of all rights in the basin. The reduction in this case 
amounted to about one- t hird of the tl tal pumpage. Th e ~aymond 
Basin decision has widespread impl !cations in California because 
of the considerable numbe r of overdrawn ground wa t er basins in 
the State. 

The trial couri: in Pasadena v. Alhambra referred the 
case to the Division of Water Res~urces {predecessor to the State 
Water Rights Board in matters pert~ining to water righ ts ) under 
the 1 1court reference procedure" as set for t h in Section s 2001 and 
2010 of the California Water Code. Under t he court r e fe rence 
procedure, t he trial court is authorized to appoint th e : tate 
Water Rights Board (the Division of Water ~2 sources at the time 
of the Raymond 8asin Reference) to investigate and det e rmine t he 
phy_sical facts and to ma ke recomrrendation for solution in a report 
of referee submitted to the court. The court referenc e procedure 
was also fol lowed in the case of California Water Servi ce Company 
v. City of Compton (~lest Coast Bas in Reference). 

Pursuan t to orders of the trial courts, the Depar tment 
of Water Resources (and its predecessor agency the Divi s ion of 
Water Resources) is maintaining watermas t~ r service in both the 
Raymond Bas in and West roast Basin. Jhe cou r t decr ee in the 
:,aymond Basin case· determined the wate r righ L::; , pl.aced 0 limit 
on the pumpage authorized to each holder, and appoint ed the 
Department (then Division) of Water Resources as the w.:;t ermaster 
to enforce the provisions of the decree through supervi ~ion and 
control of pumping. 
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In the West Coast Basin Reference, the parties involved 

entered into an interim agreement pending the final decision by 
the cour 't. In the agreement all parties voluntarily reduced their 
pumpage to their prescriptive rights as of 1949, and the De­
partment (then Division) of Water Resources was appointed as 
watermaster to ·supervi-se and maintain accurate records of ground 
water extraction and of ground water levels. 

Another extremely important decision of the California 
Supreme Court in the case of Los Angeles~ - Glendale has added 
to California ground water law an essential tool in the .management 
of ground water basins. One objecti ve of the case was to es tab I ish 
the validity of the claim by the City of Los Angeles of ownership 
under its pueblo rights Jf al I water originating in the watershed 
of the San Fernando Va 11 ey . The other objective, and per i1aps the 
more important, particularly as it relates to the implementation 
of the California Water Plan, was to estab lish the validity of the 
claim by the City of Los Angeles to title to waters imported to 
the San Fernando Valley through the Owens River Aqueduct. The 
City of Los Angeles spreads a considerable por t ion of t he Owens 
River water in the upper San Fernando V~I ley wh e re it comm ingles 
with native ground water . The city us es the ~nderlying ground 
water storage both to provide terminal regulation to the imported 
water ancl for conveyance of the waters dovm the va 11 ey to the 
re-diversion wor!<.s where it enters the city's munici paJ · v.,ater 
system. 

The court held in Los Angeles v. Glendale that the 
city's pueblo rights do not attach to the imported water, but 
that since the city imported the water and did not abandon it, 
it retained title to the water, and that the Cities of Glendale 
and Burbank had no rights to the imported water. This holding, 
therefore, constitutes a valuable precedent in support of con­
junctive operation in other areas, as for instance, in the San 
Joaquin Valley under The California Water Plan. I will refer 
to this case later in a discussion of future problems, 

None of these court decrees has accomplished anything 
toward- solving the basic water problem in Cal ifornia--the 
imbalance between available ground water supplies and the demands 
thereon; it was not the purpose of these decrees to do so. But 
they did establish doctrines to facilitate the management of 
ground ~ater basins, not only under present conditions but under 
future conditions of their increased use. 

Accomplishments Toward Solution 
of Present Problems 

The complete solution to California's present ground 
water problems, and of course the future problems, I ies in an 
integrated combination of physical or engineering accomplishments 
to make additional water available, and the legal means of their 
implementation. Considerable progress has been made thus far 
through the efforts of various agencies in the construction of 
physical works to improve their opera.tions, and by enactment 
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of certain recen t legislation. 

Substantial accomplishment has been made by many local 
districts throughout the State in supplementing the natural 
recharge of ground water basins, either by percolation of local 
surface water reso urces or by percolation of surface waters 
imported from dis an t sources. These recharge activities may 
be classed as de1"berate or artificial, and incidental. Arti­
ficial recharge involves the relcasa of water from surface 
storage for perco l ation either in natural stream channels or 
in any of severa l f orms of spreading basins, or both, or the 
diversion of unregulated runoff to spreading basins, Under 
incidental recha rge , ground water replenishment is accomplished 

witho.ut specific ef fort, through the normal conveyance and 
application of wat,e r to irrigated crops, Incidental recharge 
is practiced more universally than artificial recharge for the 
simple reason t ha t losses of 1t1ater by deep percolation from 
canals and lateral s and on irri9ated lands are unavoidable. 
It can be said tha t nearly every agency utilizing both surface 
and ground water s ources presently acccmpl ishes incidental 
recharge. 

Bround wate r r echarge, other than that occurring under 
natural conditions, involves the coordinated or conjunctive 
operation of surfac e supplies a~d underground storage faci) ities. 
While the term "conjunctive .operation 11 may be new to some of 
you, certainly t he practice has been long established. Briefly, 
conjunctive opera t ion involves the supplementing of surface 
storage with unde r ground storage to increase the conservation 
of water resources by utul ization of greater total storage 
capacity. Such ope ration involves the use of cyclic or long­
term carryover s to rage, both surface and underground, but par­
ticularly underground. With respect to ground water basins, 
this will result in a drawdown of ground water levels during 
drought per i ads, fo 11 owed by a recovery during suus cq..;en t wet 
periods.--· rhis pl anned fluctuation, or alternating lowering and 
recovery of wate r levels, is necessary to regulate an extremely 
variable water supp ly to a relatively uniform yearly demand. 

Many water service agencies in California operate 
surface storage fadl ities to achieve the fullest control of 
variable water supp ly from year to year. These agencies supply 
the bulk of irriga t ion water from surgace sources during the 
wetter years, while individual operators secure the majority of 
their supplies from ground water sources during drier years. 
This operation permits irrigation of a larger acreage than would 
be possible under a uniform annual supply from the two sources, 
if operated independently. In this manner ground water recharge 
may be accomplished through incidental means or through bot;, 
incidental and de) iberate or planned operations. 
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Deliberate or artificial recharge is presently being 
practiced in some 275 ar t ificial recharge projects throughout 
the State. It is estima ted that a total replenishment of 
440,000 acre-feet was a t tained during 1951-52 by operation of 
these project s. Such recharge has been practiced since 1895 in 
Southern Ca l ifornia. Ar t ificial recharge activities are con­
centrated l-arge l y ·in the Sunta Clara Va lley just south of San 
Francisco Bay , in t he sou t hern San Joaquin \/alley, and in 
Southern Cc,i ifornia, This is readily und e rstandable in light 
of the extens i ve exploitation and overdcvelopmen t of ground 
waters in these areas, coupled with ex t reme fluctation of run­
off, scarci ty of suitable surface storage sites, and avail­
ability of extensive ground water storage capacity . 

In an a_ttempt to so l ve its water prob 1 em the Orange 
County \.later IDistrict, in Southern California, has secured 
special legislation which permits it to levy an assessment on 
the amount o f water pumped for the purpose of purchasing for 
recharge purposes. In addition, this district has the power of 
levying a 1 imited ad valorem tax for the purpose of purchasing 
additional imported water to further replenish the basin. Both 
the latter d i stric t and th e Los Angeles County Flood Control 
District are rp:resently purchasing and spreading ,Colorado River 
water to reduce the overdrafts on the ground water basins of 
the coastal p1ain on !range and Lus Angeles Counties. 

In order to establish a means of financing the re­
plenishment of overdrawn ground water basins with imported 
water, the wl ifornia Leg islature enacted the Water Replenish­
ment District Act in 1955. This legislation authorizes the 
formation of ground water replenishment districts in the Counties 
of Santa Barbara, ·ventura, Los Angeles, San Diego, Riverside, 
San Bernardino, and Orange , The Central and West Basin Water 
Replenishmen t District in Los Angeles County, constituted by an 
election on November 17, 1959, is the first such district formed 
under this legisla t ion. 

An important l egislative step was also ta ken in 1955 
when the Ground Water Recordation Act was passed by the Legis­
lature. This legislation requires the recordation of ground 
water extract ions in excess of 25 acre-feet per year in River­
side, San Bernardino, Los Angeles, and Ventura Counties, Those 
who sponsored the legisla t ion believed that this procedure will 
help protec~ water rights and reduce high cost of water 1 iti~ation 
by making such records prima facie evidence in court, 

While these acts are applicable only to a few counties 
of the State and to only a portion of the critical area of 
Southern California, it is probable that similar acts will extend 
to other areas of the Sta t e as the deg r ee of ground water de­
velopment appir,oaches that now existing in Southern California. 
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Future Ground Wate r Problems 
I and Their Solution 

California's basic water problem dictates the pattern 
of solution, as envisioned under The California Water Plan. 
The bulk of the water resources occ rs in the northern part of 
the State, while the productive land and major urban areas are 
located in the central and sothern regions. The solution to 
this basic problem involves the capture and control of surplus 
waters of Northern California and their transfer to the central 
and southern areas of deficiency, 

Studies made by the Department of Water Resou rces 
during the formulation of The California Water Plan strongly 
indicate t hat the objectives of the plan--the full satisfaction 
of water requir ements in al 1 parts of the State for all benefi­
cial uses and purposes--cannot be achieved by surface facilities 
alone . Partially regulated water r esources of the Sacramento 
Valley must receive final regulation in the extensive ground 
water basins of Central and Southern C0 l ifornia, especially in 
the San Joaquin Va lley . This will requir e full and careful use 
of our vital underground storage resources. The reason for this 
is twofold. first, remaining combinations of good dam sites 
with surface r eservoir si tes of adequate storage capacity are 
rare, particularly in the areas which surplus wate r must be 
develop ed; furt hermore , th e cost of such s t orage is, in many 
cases, beyond t he present I imits of economic feasib ility. 
Secondly, ad equa t e storage capacity is available in the ground 
water basins to deve lop at portion of the water resources 
which \vould be too costly to develop by surface storage alon e . 

Under the f ur ther development of Californi a's water 
resources, ground water basins wil I be utilized fo r conservation of 
local supplies, and for seasonal and eye! ic regulation 0 f 
wa ter to be exported from areas ,:> f surplus and of imported water 
in areas of defici ency . Th is involves not only the correction 
of present ground wate r overdrafts but the balanced us e of both 
surface and ground wate r supplies so as to achieve optimum 
utility of ground watei ·ba ~ins. 

Development of local ground water supplies to meet the 
needs of ove rlying users does not pose too much of an engineer­
ing or l egal problem, as it is already in universal practice in 
nearly al 1 of the ground wa t er bas ins of the State. Simi lar ly, 
conjunctive us e of underground storage for providing terminal 
regu l ation for impor ted water such as is practiced in the South 
Coastal Area, is founded upon we ! 1-establ ished principles, and 
does not pose a significan t engineering problem, However, there 
is a need for further development of ground water law to ensure 
full-scale ope ra tion to provide terninal regulation. 
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0ndoubtedly the most formidable engineering problems 
and Jrobably the greatest legal p oblems of ground water basin 
management wil I be encountered in the planned large-scale use 
of ~•ye! ic ground water storage, as contemplated in the Central 
Valley und e r The California Hater Plan. 

Physical and Engineering Problems 

The operation of t he Central VAiiey under ultimate de­
velopment assumes the development of local water resources to 
their full practicable 1 imit. About one-half (8,000,000 acre­
feet) of the ultimate seasonal water requirements of the San 
Joaquin Valley can be developed by conjunctive operation of local 
resources, while the remainder would be provided by importation 
of water from northern areas of surplus. Surplus water developed 

~in the Sacramento Valley for export to the San Joaquin Valley 
would be of three types: (1) water develope·d conjunctively by 
major footnil l reservoirs and ground water storage on a firm 
seasonal basia; (2) variable seasonal releases from major footnill 
reservoirs, depending on the wetness of tne particular yea r ;and 
(3) variable seasonal pumpage fr001 ground 1...iate r storage in the 
Sacramento Vnlley during drier periods. It is the latter two 
sources, or ''secondary suppliesi 1

, tnat will require vast under­
ground storage in tne San Joaquin Valley for tneir final regula­
tion. 

Ground water recnarge in tn e San Joaquin Valley would 
oe accompl isned oy: (1) seepage of wat e r from main canals, 
laterals, and surface distrioution systems during tne irrigation 
season and, if necessc:ry, during the winter season; (2) percola­
tion of normal e,(ccsscs of appl i cd irrigation water and of pre­
cipitation durinr wetter years; and (3) water deliver ed to 
spreadin!:J oasins for direct ~rou 11 d wai::er recnarge. 

Broadly spea,dn!:J, rne primary pnysical proolems as­
sociat:ed directly \vim ~ne full development and utilization 
of ground water storage are: the practicability of ground water 
replenishment, or the t ransfer of surface water to underground 
storage; the efficiency of recovery of ground water so stored, 
including transmission from areas of rechar ge to ar eas of use; 
the effect upon the mineral quali ty of ground water from such 
planned operation; and ·he effects of such uti lization on the 
overlying service areas. 

The engineering problems encountered in solving the 
physical prob lems are: the conveyance of surplus 1 ... ate rs, par­
ticularly the large quantities of varia ble or s ~condary wa ters, 
from the S2cramen t o vA11ey to the ~a n Joaquin \ all ey ; the pat te rn 
of distribution and dis posal of :he water imrorced f rom t he 
Sacramento Va ll ey , as we ll as local suppli es , t:irou ,~h irrigation 
application and through spreadin g , if necess ar y, so as to best 
utilize the physical percolation charac tc ris ~ics in t he San Joaqu in 
Valley service areas; ma in t anance of satisfac tory ;mineral quali ty 
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of ground water; prov1s1on for drainage facil itles; and estab-
1 ishing a balanced use of surface and ground wa t er supplies so 
as to achieve the optimum util lty of ground wa te r s torage and to 
minimize adverse effects on overlying us e rs. 

Another pr6blem arises with respect to the manner of 
treatment of the present ground water ov e r~raf t in t he San Joa quin 
Valley during the transitional period from presen t opera t ion t o 
ultimat e conjunc t ive orc ration , \·!ate r l evels i:n t he valley ar e 
presently depress ed t o great depths over large areas. In addition, 
there is a current annual overdraft amounting t o approximately 

- 3,000,000 acre-feet, Conjunctive operations, with the accom­
panying fluctuation of ground water levels, can be accomplished 
with the average water level stabilized at almost any depth, 
dependent upon qua ] ity considera ti ons. However, the cost of 
wafer recovery wil l depend, in large measure, on the depth to 
the average stabil i zed water level. Recharge of sufficient water 
to replenish all, or a major pa r t, of the accumulated overdraft 
will result in sizeable operating economies in the future , 

Lega J Prob 1 ems 

It has been established that the impl ementation of The 
_California Water Plan requires the la rge-scale conjunctive opera-

. - tion or planned management of ground water basins for use on 
either overlying or nonoverlying lands. The court decree in Los 
Angeles v. Glendal e constitutes a very strong precedent in sup­
port of conjunctive operation of surface and underground storage 
where water is to be stored underground in one area and then 
withdrawn for use in another area. It stil 1 leaves some doubts, 
however. Under our judicial sys t em, the rights of landowners 
and an agency enga ged in conjunctive operation usually cannot be 
readily determined in advance of construction of the project. 
But it is obviously imperative to know for certain that this type 
of operation can be carried out before spending hundreds of mil ­
l ions of dol Jars to construct expensive faciliti es, Even more 
important t han the possi;Jle monetary loss, - however, is the pos­
sible dela y of many years which might occur if a determination 
as to the legality of conjunctive operation is left to the courts 
under present law. 

The only adequa t e solution to this problem is legisla-
__ tion that specifically authorizes the acts required for con­

junctive operation in its broadest aspects. Any such legislation 
would, of course, provide full protection for vested rights to 
the use of ground water. Because of the far-reaching changes 
that planned utilization of ground water basi ns would cause in 
relation to the many individual water users, a constitutional 
amendment to authorize this practice may be desirable. A prin­
cipal function of such an amendment would be to ma ke sure that 
the injunctive process would not be used to delay or prevent such 
programs. 

-9-



·I 
J 

~ 
l 

. ' 1 

' 

I 
I 

, j addition to the cited need for legislation and a 
constitutional amendment that would clearly authorize conjunctive 
operat ion, the following legal steps are considered necessary to 
the implementation of The California Water Plan. 

J. Local districts throughout the State should review 
their existing authority to determine whether the districts have 
adequate powers to carry out their role in ground water basin 
management under The California 1,,/ater Plan. To the e.xtent that 
existing districts are inadequate, legislation should be enac t ed 
which would enable the formulation of districts with adequate 
authority for such ground water management • 

2. Provisions of the \-✓ate r Code relating to the filing 
of records of ground water eYtraction in five Southern California 
counties should be expanded to the entire State, with such modi­
fications as experience indicates a r e necessary. 

J. Legislation should be prepared that will stream-
line, improve, and extend the "statutory adjudication 11 and "court 
reference 11 procedures in order to improve procedures for faci 1-
itating adjudication of ground water rights. 

4. The Water Replenishment District Act should be ex­
tended in the near future to additional areas of the State. 

Conclusion 

In conclusion, serious ground water problems have de­
veloped during the rapid expansion of California's economy. How­
ever, through court -decrees, operational activities of many 
organized agencies and districts, and recently enacted legisla­
tion, considerable progress has been made tcward the minimization 
of these problems. With respect to the future, formidable en­
gineering problems of long-distance transfer of water and provi­
sion of regulatory and terminal storage through planned operation 
of ground water basins must be solved. Concurrently, legal steps 
must be taken to permit the effectuation of the physical or 
engineering plans. 

Formidable as these problems appear to be, it must be 
remembered that they need not be solved today. Our experiences 
and knowledge will, without doubt, develop as the specific prob­
lems take · shape, and I am sure these problems can be ta ken in 
stride when their solution becomes necessary. 

*Prepared jo1ntly by William L. Berry and Albert J. Dolcini, 
Principal Hydraul icEngineer, California State Department 
of \Ja ter Resources. 
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PUBLIC DISTRICTS IN THE MANAGE~~NT 

OF CALIFORNIA Is GROUND WA TER-j/ 

by 

Stephen C. Smi trY 

Public Districts are used as a form of organization in managing Cali-
fornia1s ground water. They have been organized to execute programs hopefully 
designed to meet problems facing ground water users. The range of management 
activities the districts carry on wil 1 be outlined in section I. However, the 
meaning of Cal ifornia 1s correlative rights doctrine will not be discussed in 
greater detail than to say that overlying land owners have coequal rights to pump 
for beneficial use with municipal itles and exporters from the basin being appro­
priators. For a complete rjjiew of chis doctrine, see Wells A. Hutchins 1 Law 
of California Water Rights..-:Y Due to the 1 imitations of space, only selected 
aspects of the relationship of the distri~t to this doctrine will be mentioned. 

Experience with the public distric t in California has been suggestive of 
factors which are important to the ro l e it plays in ground water management. 
These will be discussed in section I I. 

Although the future is uncertain, 
be anticipated and questions raised: 
be noted briefly in section I I I. 

the time is at hand when problems should . 
Some of these questions and problems wil 1 

District P ograms 

The predominant sentiment of Cal ifornia 1 s ground water users has favored 
the retention of the correlative rights doctrine rather than adopting new ground 
water legislation with provisions for management. The possibility of such legis­
lation, however, has not been by-pass ed without_0eing considered by the major 
interests concerned with ground water problems . · Instead, public districts 
have been used as · a form of organization to provide the degree of manag em ent 
decided upon by i t s cons t i tu en t s. 

The prob lem of increasing depth to wat e r with increaiing costs of production 
was recognized by early ground water users. They readily observed that is some 
method could be devised for raising t he water level savings might accrue depend­
ing upon compara t ive costs. Defore long, it was realized that the storage space 
of the ground wa t er reservoir had a value , Why not capture flood waters in 
rainy years to build up th e reservoirs and then pump them down during the dry 
years? Or if the secular pattern of draft were declining, its rate might be 
slowed by such a program. 

The management program for these situations was recommended more than half 
a century ago. The desire was to integrate surface and ground water management 
and to explicitly recognize and util i.ze the interdependence of the two. The 
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program which is practiced most widely was started here in Colorado in 1889 
and in California about 1895--artificial ground water recharge. Early efforts 
in this direction generally consisted of little more than widening the stream 
bed and throwing a )ow sack or log darn across a stream to construct an in-stream 
sprecdingpond. Today, this same activity--artificial recharge--is still the 
most predominant ground water management program executed by districts. Of 
course, the programs of 1960 are much more complica t ed and complex; yet t he 
intent of integrati ng the management of surface and ground water is still para­
moun t and the main func ti on of the district organization. 

The particular way the recharge program fits into local water management 
will depend upon the physical, economic, and historical setting. These al 1 
differ from one groun d water basin to an other. To illustrate the variety of 
situations whicr. must be met, four cas e areas will be briefly mentioned • . In 
each , the pub ! ic d i s tr ic t has played a different role. 

At the southern t ip of San Francisco Bay, the residents ef Scl n t a Clara 
Coun t y organized the Santa Clara Valley \Jat er Conservation District in 1929 . 
Then the Valley was mainly rural--today it is becoming urban at an ex treme ly 
rap id rat e . Th e assessment power of this District to levy against the value 
of l and exclusive of improvements was used as security for issuing bon ds from 
1934 to da te , From th e receipts from these bond sales, storage reservoirs have 
been built in the mountains surrounding the Va lley. (The total reservoir capa­
city is approxima tely 140,000 acre-feet.) These reservoirs catch the winter 
flood flows for re lease into spreading areas along t he edges of the Valley floor. 
In th is way , the s easonal run-off is stored in tne ground wate r basin. Tne 
store d water may be used for tne subsequent summe r dry per iod or during the 
next drought period. Tnere nas been no program for widespread surface delfvery 
of water for i rriga t ion in tnis vall ey. Tne developed water nas been distriouted 
tnrou gh tne ground water resrervoir. 

Today, tne boundary of the Sa11ta Cia ra Valley Water Conservation District 
approxima te s the boundary of the northern ground water basin. 'The desira bility 
of th is situation, however, was not self-evident to tne County's residents. 

In fa ct, ten yea rs of pu :) 1 ic debate and organizational e ffort preceded taking 
thi s .action. The wi s dom of the decision has been demon stra ted in their ex;Jerience 
and i ncorporated into late r, more special it~d legislation-- the lav1 enab ling the 
crea t ion of water replenishment dis t ricts~ 

Un t il recent years, th is District was e ss entially singl e pu rpose in character 
although its powers under i t s enabling act would permit movement into almo s t any 
desired \<Jater ma nagement act i v i ty . But the policy focus as developed in i:he organ ­
izing process ha s been upon maximum wate r s t orage for r echarge purposes. However, 
since the creat ion of the District in 1929 , new water manag emen t inter ests have 
arisen--flood contro l , recreation, and muni cipal water supp ly via water importa­
tion. These v;ere no t s een as major problems at t he time of organization and sub ­
sequent ly we re not incorpo1-ated into the operating p rog ram of the Dist rict. For 
some issu e s this has been a satisfactory solution; f or examp le, recr eational use 
of th e reservoirs. ~arly efforts t o handl e this function by lease wer e misdir ected 
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largely due to the lac!~ of technical s k ills wi thin the crganization. An internal 
awareness of the problem and pub! ic i:ressure lead to a coopera t iv e ef for t to 
organize a County recreational department . The situation is not so clear-cut for 
flood contro l and water importation. New organizati ons--dis tr icts--have been 
created around these interests vii th resulting in te ragenc y conflict. \•Jerking 
through seve ral functionally organized agencies has made it difficult to develop 
an integra ted plan • 

The eas t side of t he large San Joaqui n ·-;al ley is in con t rast to the well­
contained Santa Clara Valley. A series of rivers rise in the Sierra Nevada Moun ­
tains and fl ow into the Valley perpendicular to its axis. Ma ny early farmers 
in this area had both s urface and ground water available. Water has been developed 
by individual farmers, ditch comp anies, and irrigation districts with both the 
Bureau ·of Re,clamation and the Corps of Engineers constructing large works . in the 
past decade a nd a half. As might be expected, few of these surface water manage­
ment agenc ies have boundaries which con f orm to the ground wa te r ba sin. Yet 
efforts are bein g made t o integra te surface-ground water management t hrough dis­
trict organ iza tions. 

3 

One such program has been carried out by the f(aweah Del ta \-later Cons ervation 
District s ince 1927, This is a district which overlies several other organizations -­
districts and mutual wa te r companies. The function of the Distric •i: is t o carry ou t 
an artific ia l recharge program. The rechar ge wate r is run th roug h cons tituents 
canals to the specially construc ted spreading pond s. Also , some of the stream· 
beds and unlined irrigation canals are used for this purpose. Water from the 
Kaweah an d St. Johns ri vers are spread, plus Class I I water from the Bureau of 
Reclamation~ The opera ti on is financed by an assessmen t upon land and improve­
ments. Th i s overlying District integrates the interests of several related organi­
zations. 

In Kaweah Delta, as well as in other localities, ground water flow does no t 
stop at the District boundaries. At times well fields are used to capture es cap ­
ing ground water flow--either to retain it within the Dis t rict or to capture it 
from another , The legal issues wi 11 not be mentioned, but the point made earlier 
with re~ect to distric t boundaries should be emphasized. Also, as part of an 
integrated ground-surface water management program, wells are operated by some 
districts to increase the depth to water, to provide s t orage space, and t o counter ­
act potential drainage problems. 

Irrigation districts , likewise, may spread and perform an important related 
function in setting t he t o l l charged for the sur f ace water delivered to farms. 
By varyi 19 this toll th e: District can influence wh ether the farmer uses Dis tr ic t 
de! ivered su·rface water or gound water. The relationship between tolls and 
electric charges for pumping are significant wa te r manag ement tools. 

District programs of artificial r echarge have also played an important role 
in integrating ground and surface water management activities in California's 
southern coastal region. The oldest of these activities has been single purpose 
similar to that mentioned in Santa Clara County. These programs initially de­
pended upon local surface water, but recently Colorado River water has been pur­
chased for t his purpose. Also, special programs of wel 1 injection as the 
Manhattan Beach Project have been initiated to prevent sea water intrusion. 



4 

._, 

·1 

,1 

.I 
j 

Multifunctional distr i cts also have operated on a large scale. Examples of the 
former are the newly fo rmed water replenishment districts and the older Orange 
County Water District. Other districts combine some functions but not al 1, such 
as the Los Angeles County Flood Control District which includes functions such 
as flood control, conventional recharge, and well injection, 

One aspect of the Orange County Program should receive elaboration. Their 
experience may prove he l pful to other areas. This District 1t.'as given the powe r 
to levy an excise tax upon the volume of water pumped from each well. The ground 
water users within the Orange County Wa ter Conservation Distract approved this 
action so that the Dis t rict could purch~se Colorado River Water from the Metro­
politan Water Distric t of Southern California for recharge purposes, Each well 
is metered with the ra te of levy depending upon the volume of water to be pur­
chased. Based, in par t , upon this experience ena bl ing legislation was passed 
to permit the organiza t ion of single-purpose water replenishment districts with 
the power to utilize the pumping tax. Two such districts have recen tly been 
formed, but they have not been in operation a year, The size of t he levy has 
varied among these t hree districts and wil l vary from year to year, but the range 
has been between $4 and $8 per acre-foot. Of course, the size of the levy will 
tend to affect pumping similarly to toll e f fects previously mentioned although 
in these situations sur face sources are no as r.eadily avaiiable. 

As corporate entities, public districts have functioned in the California 
situation 1.u r epresent t he internal interests to interests external to the dis­
trict. Again, the experience of the Orange County Water District illustrates 
this characteristic in California's legal setting with the correlative rights 
doctrine, The Orange County Water District represents the water users overlying 
the lower basin fed by the Santa Clara River. The upper basin, which feeds the 
lower basin, is pumped , in particu .lar, by the cities of Riverside, Colton, San 
Bernardino, and Redlands, The Orange County Water District sought injunctive 
relief and wanted to lim it the volume of water which these cities could pump. 
Relief was gran t ed and the ability of the cities to pump from the well field was 
limited according to last year's ruling. Without going into the legal points at 
is-sue, the District has been used to define pumping rights through court action. 
Whether the cities can circumven t the intent of this action by purchasing stock 
in mutual water compani es or by other means is not clear. 

Publi c distri .ct management has executed also a strong force in directing 
water development and use. Of course, programs of public education about good 
management practices pl ay an important role. And even more effective is the con­
tinual counseling to water users--both present and prospective. A good district 
mznager can go a long way in effecting the location and type of installation. 
Yet effectiveness in this direction is limited by the powers which districts 
are granted, 

II 

The Role of Districts 

Public districts have been used to organize the activities which have just 
been illustrated. They have f illed a governmental vacuum in the management of 
California's ground wa ter. Generally, other governmental units had little inter­
est or author i ty to concern themselves with ground water problems in a management 
sense. Because of the correlative rights doctrine, the state did not function 



♦ • 
. ,.J 

in the same capacity as it did for appropriative surface water. 
eral or state action programs were not as obvious nor legally as 
sequently, legislation began to appear enabling public ~li.,stricts 
to carry on certain ground water management activities..2/ 

Further, fed-
f ea s i b 1 e • Con -
of several kinds 

Before looking at this enabling legislation, I want to make one point which 
may not be apparent from looking just at the formal institutional structure. The 
structure does not tell you what went ~n in the process of drafting the enabling 
law nor does it tel I you about the struggles of organization which frequently 
took place in attempting to use the enabling law. California has several enabl­
ing acts which might be used or special acts can be and have been-passed by the 
legislature; for example, the Orange County Water District Act. During this 
process of deciding upon an act and of obtaining voters approval, basic pol icy 
decisions are made concerning the character of the program, the terms of organi­
zation, and the nature of local control and participation. Although this proce­
dure may at times seem laborious in our democratically organized society, it pays 
in program participation and effectiveness. In a very real sense the district 
provides a procedure for considering conflicts of interests and eeaching a deci­
sion. 

Two types of enabling acts have been passed by the California legislature-­
generai acts which may be used in any locality in the state and special acts 
which enable the creation of a specif i c district. Further, these acts vary from 
specialized districts empowered to do one or a narrow range of activities to broad 
multipurpose districts. In the latter case, artificial recharge covers only one 
item in the range of water mAnagement activities. At first the number of enabl-
ing acts may appear confusing,but one effect has been to give the local users 
of ground water a choice in the character of the organization to be used. This 
flexibility has certain advantages since the problems of integrating sorface-ground 
water management are different in each basin. The burden of responsibility for 
integration is placed with the overlying water users since their active support 
and consent is needed to create the di strict and to approve major programs. How­
ever, this potential asset has hazards which may add unnecessarily to the complexity 
of water management--namely, a fragmen·tation of the decision-making machinery. 

Fragmentation may t ake place in two ways. Separate districts may be organized 
around each functional water management interest--irrigation, municipal water 
suppl~, flood con t rol, recreational use of water, or others. Or fragmentation may 
be on a geographic basis. Of course, it will be recognized that under certain 
circumstances these two t ypes of fragmentation may reinforce each other. On the 
positive side, such segmentation mea ns that each interest probably will have a 
watchful opponent ready ".:o do pub! ic battle over water issues 1t1hich arc of a com­
petitive nature. I do not deny that the pub! ic interest may be served thereby. 
But a critical examination of the use of pub! ic districts for ground water manage­
ment should not negl ect :he fact that such fragmentation may make it impossible 
to develop a coordinated plan of action or to achieve acceptable terms of organiza­
tion, This problem can be guarded against if the situation is carefully appraised 
at the time of organizat ion. In fact, the process of organization is fundamental 
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to creating an institutional structure with both the responsibility and the capa­
city for action. The decision of what interests to include as internal to the 
district organization is not susceptible to a general answer but is the result 
of the organizing process under t he particular conditions of the basin. The dis­
trict form of organization may have this f exibil ity. It might be suggested that 
in the organizing proce ss the direction of effort might be to start with the 
genera l multipurpose o,rganization and work out restrictions as needed for local 
purposes. 

The question of dis tr ict boundary has been important and will continue to 
be sign ificant. The boundary needs to be directly related to interests and pro­
gram. Where whole bas i ns or separable segments are not included, problems have 
arisen , some of which \'/e re mentioned previously in connection with outflow. 

The use of a multipurpose district also may present difficulties in that 
the geographic areas of water management may overlap in par t but not in their 
entire t y. Such si t uati ons are no t uncommon and have been handl ed by the creation 
of submanagement areas with special terms of organization which are not generally 
appl icaib le throughou t t he district. Thus, if special pumping equipment is 
necessary to provide water to a particular locality, this may be done vii th the 
cost incident upon tha t loca-1 ity. An answer to the boundary question hinges upon 

a clea r decision upon program and based upon sound engineering, geologic,and 
economic studies. Economically the bound2ry is important in relating th \ inci­
dents of benefits to costs. 

Cdlifornia distric t s engaged in ground water management tap three sources of 
revenue, and each is also a tool for water manag ement--(!) assessment of land, 
exclusive of improvements; (2) assessment of land and improvements; and (3) an 
excise levy upon th e volume of water pumpe d , The ad valor em ass essment upon land 
exclusi ve of improvement s has been used where urban communities are within the 
distric t and wil 1 not accept the assessment of improvemen t s. Th e use of the 
pumping tax has been t imited so far to districts purchasing water for recharge. 
In selecting and using the three procedures, car eful attention should be given 
to the purpose which is desired. The method selec ted should itself be considered 
as one of the tools of ma nagement. These effects are evi dent; for example, in 
the experience in Orange County. With the instal l ation of meters and the impo­
sition of a pumping tax, more efficien t water use has resulted, Many farme rs 
former ly relying upon trad itional experience found they we re applying too mu ch 
water. The use of m_eters made i t fea siol e: to exe::1-c is e control. It has been r e­
por t ed t hat the sa ving in water has more than paid for ~he ~300 mct a r installa­
tion cha rge in a ma:=ter of a year or two . For t hos e areas wh ich have both surface 
and groun d v,ater sources , the use of this tax procedure might be integra ted wi t h 
the surface water tol l as effective tools of integr-3ted management--that is, 
encourag ing pumpi ng in some years and discouraging it in other years. 

Being corporate entities, districts can own property- - including water rights. 
Also, they can seek inj unctive relief as previously ~oted. This ability is cer­
tainly essential to in tegrating the management of ground and surface water in 
many si tuations. A par t of this same characteristic is th$bility to represent 
the in t e rn al interests in the signing of cont racts. This may be particularly 
impo r tant in simplifyi ng the arrangements for using ground water storage in the 
interreg ional t ransfer of water. 
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The district as a fin ancially capable organization also has been important 
in integrating the management of ground and surface water in California. The 
ability to inves t in dam s ~ canals, and spreading ponds and to purchase water 
are dependent upon a rev enue source as has been previously illustrated. There 
are problems connected with al 1 of the methods of financing a discussion of which 
would call for a separa t e paper; the three most common me thods have been mentioned. 

I would 1 ike t o clos1e this section of my paper with a problem which I think 
is serious in man y si tua t ions; namely, plans are proposed and adop t ed--or should 
I say s.old--wi' thou t s erious study and 1,,,ithout having them chec ked by com-
petent outside, disin teres t ed personnel. The public needs some protection from 
being sold a "bil l of goods. 11 Of course, you may say it is my professional bias, 
these decisions ne ed economic, engineering, and legal knowledge built right into 
the plann~ng process. The economists 1 questions should be raised initially rather 
than in an effort t o make a last-minute appraisal. In saying this, I am cognizant 
of the added compli ca tions which are encountered when the integrated management 
of surface-ground wate r is involved. 

II I 

Considerations for the Future 

For the future, the demand wi 11 be for the integrated managem~n t of surface 
and ground water. If th e public district is to play an important function, it 
will need to encompass th e area of activity--both geographically and functional l y. 

Geographical ly , the control of the district must encompass the ground water 
basin. Boundary prob lems have been discussed and suggestions have been made. 
Functionally~ t he dis tr ict powers should be able to integra te the several pur­
poses of water man ag emelilt necessary to relate surface wit h ground water manage­
ment. The multifunctional district needs to provide for a system of represen ta ­
tion for each purpose so that decisions will not be one-sided and thus tend toward 
the creation of new interest groupings. The excess creation of new groupings can 
lead to undesirab le fragmentation in decision making. 

The power of the di st rict to make contracts with outside water supplying 
agencies and with cons ti tuents needs careful appraisal. This is particularly 
true with respec t to the affect upon water rights held by these constituents. 
Relationships wi th in t hi s area may be key factors in achieving integrated 
management within exis ti ng legal systems. The power to contract in conjunction 

- with the pol i'ce power need further careful study. In fact, this is just one of 
several avenues for regu~ ating draft which require further research effort. Such 
an effort would aid the 1egislative development of adequate district enabling 
legislation. 
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Kansas will observe the one hundredth anniversary of its admission to 
the union as a state in 1961. Many changes have taken place during that 
first century in agriculture, industry, education, transportation, and in 
all other phases of our day to day life. Our lnterest in this discussion 
is in the evolution of state water law, particularly that relating to 
development and use of ground water. 

The constitution of the state is silent in regard to water, and the 
water policy in Kansas has been made by the legislature and the courts. 
It was not until 1945 that effective legislation was enacted establishing 
the appropriation doctrine and providing for its administration at the 
state level. 

In 1886 a law was enacted by the legislature providing for appropriation 
of water by the procedure of posting a notice at the point of diversion and 
filing a copy of such notice in the office of the register of deeds. In 
1917 the Kansas Water Commission was created and provision was made for 
the appropriation of water by application to the commission, but no details 
of procedure were provided. In 1927 the duties and responsibilities of the 
Kansas Water Commission and the Division of Irrigation were transferred to 
the Division of Water Resources of the State Board of Agriculture. The 1886 
act was repealed in 1941 and shortly thereafter the Kansas Supreme Court 
found the remaining statutes relating to appropriation of water to be in­
effective. In general, court decisions prior to 1945 have followed the 
common law. 

In 1945. as a result of a study and report by a committee appointed 
by the governor, a law was enacted which provided detailed procedure by 
which a lawful right to use of water may be established and protected. 
It applies to all water in the state regardless of source. After some ten 
years of experience with administration of the law, it became apparent that 
some of its provisions were inadequate and it was amended by the legislature 
of 1957. The Chief Engineer of the Division of Water Resources of the Kansas 
State Board of Agriculture is designated as the state official charged with 
administration of the provisions of the law. 

The act first dedicates all water within the state of Kansas to the 
use of the people of the state, sub j ect to the control and regulation of 
the state in the manner provided. It provides that, subject to vested 
rights, all waters within the state may be appropriated for beneficial use. 
It defines "vested right" and sets forth the procedure for determining and 
establishing the vested rights of those who were actually using water for 
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benefici al purposes other than domestic, on or before the effective date 
of the act. Determination of vested rights has bee n essentially completed 
and no particular difficulties were experienced in that survey and deter­
mination. 

The law next sets forth procedure for acquiring an appropriation right 
to use of water. Very briefly, the steps involved are the filing of the 
applicat ion; issuance of the permit by the Chief Engineer; the notice of 
completion of works and proof of use of water by the applicant; field in­
spection by a representative of the Chief Engineer; and the issuance of 
the certificate of appropriation which must be filed with the register of 
deeds in the county wherein the ?Oint· of diversion is located. There is 
also procedure provided for declaring water rights abandoned and terminated 
if, without good cause, no use is made of the water for three years or m9re . 
Procedur e is provided for changes in the location of the point of dive rsion, 
the place of use and the use made of the water under a water right so long 
as such change relates to the same local source of supply and will not impair 
existing rights . The law specifically states that it shall be an express 
condi tion of each appropriation of surface or ground water that the right 
of the appropriator shall relate to a specific quantity of water and that 
such right must al l ow for a reasonable raising or lowering of the static 
water l evel and for the reasonable increase or decrease of the stream flow 
at the approptiator's point of diversion. 

As amended, the act contains seve r al sections assigning to the Chief 
Engineer the duty and responsibility for enforcement and administration of 
the laws of Kansas pertaining to beneficial use of water. Section 82a-706 
provides that "The Chief Engineer shall enforce and administer the laws of 
this s t ate pertaining to t he beneficial use of water and shall control, 
conserve , regu l ate, allot and aid in t he distribution of the water resources 
of the state for the benefits and beneficial uses of all of its inhabitants 
in accor dance with the rights of priority of appropriation." 

Section 82a- 706a provides that "T~,e Chief Engineer, subject to the 
approval of the State Board of Agriculture, shall adopt, amend, promulgate 
and enfo rce such reasonable rules, regu lations and standards as he shall 
deem necessary for the discharge of his duties and for the achievement of 
the purposes of the act pertaining to the control conservation, regulation, 
allotmen t and distribution of the water resources of t he state." 

Section 82a-706b provides that "If any person knowingly prevents, by 
diversion or otherwise, any waters of this state from moving to a person 
having a prior right to t he same, the Chief Engineer, or his authorized 
agents . upon the request of the party being injured, shall open, close, adjust 
or regul ate the headgates, valves, or other controlling works of any ditch, 
canal, c onduit, pipe, well, or structure as may be necessary to secure such 
water t o the person having the prior right to its use, and the Chief Engineer, 
or his authorized agents, may attach to the headgates , valves or other controll­
ing works, a written notice properly dated and signed, setting forth the fact 
that t he headgates, valves, or controlling works have been properly regulated 
and are wholly under his or their control which notice shall be legal notice 
to all persons interested in the distribution of water of the ditch, canal, 
conduit, pipe, well or structure." 
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Section 82a-706c provides that "The Chief Engineer shall have full authority 
to require any water user to install meters, gages, or other measuring devices, 
whi,ch devices he or his agents may read at any time, and to require any water 
user to report the reading of such meters, gages, or other measuring devices 
at reasonable intervals. He shall have full authority to make, and to require 
any water user to make periodic water waste and water quality checks and to 
re.quire the user making such checks to report the findings thereof." 

Section 82a-706d provides that "(pan the request of the Chief Engineer, 
the attorney general shall bring suit in the name of the State of Kansas in 
courts of competent jurisdiction to enjoin the unlawful appropriation diversion, 
use of waters of the state, and waste or loss thereof." 

These sections of the law apparently give the Chief Engineer a conside:-­
able degree of authority over conservation, regulation and distribution of 
water, but we have some question as to whether there is adequate provision 
for enforcement of his orders. It is, however, expected that any inadequacies 
can be readily corrected. 

There is specific and detailed procedure provided for appeals from 
orders by the Chief Engineer to the district court or to the supreme court. 
In any court action for determination of water rights where the state is 
not a proper party, the court may order a reference to the Division of 
Vater Resources, or its Chief Engineer, as referee, for investigation of 
and report upon any of the physical facts involved. 

The firs ,t order of business following the enactment of the law was to 
start a survey of the entire state to locate all existing beneficial users 
of water for purposes other than domestic, and to determine and establish 
the extent of the vested rights resulting from such users. The survey was 
comple~ed and orders issued determining and establishing the extent of the 
vested rights of approximately 2,200 water users. A few appeals from these 
orders are still pending in the district courts of the state. Vested rights 
geoerally are considered as having been acquired under the connnon law whicb. 
prevailed prior to 1945 and will be administered accordingly. 

Following the enactment of the Act in 1945, applications were received 
for permit to appropriate water for beneficial use. For a number of reasons 
new uses of water were developed rather slowly during the first few y~ars. 
During the period from July, 1945, to July, 1952, only about 900 such appli­
c-ations were received. This was a period of generally above normal precipita­
tion. During the next few years, the state experienced a severe drought and 
there was a substantial expansion in irrigation development. From July, 1952, 
to July, 1957, nearly 1,000 applications were received. Since that time the 
state has again had above normal precipitation and applications have been 
received at the rate of about 300 each year. A total of approximately 8,500 
applications have been filed and nearly one-fourth or slightly more than 
2,000 have been abandoned or have failed. 

The Kansas law requires that a field inspection be made of each installa­
tion before a certificate of appropriation can be issued. The inspections 
are handled through four field offices each of which is staffed by a water 
commissioner, a civil engineer, an engineer aide and a stenographer. The 
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inspection involves a test of the pump or other diversion works to determine 
the maximum and average rate of diversion, a check of the location of the 
point of , diversion and of the land to be irrigated and the ownership of the 
land. The water user in each case is required to furnish records of pumping 
to determine the quantity of water diverted. Approximately 5,500 installa­
tions have been reported complete. About 1,500 certificates of appropriation 
have been issued and there are 4,000 installations awaiting inspection. It 
is expected that with our present staff it may be five years before this 
accumulation of field work can be reduced to the extent that it will be on a 
reasonabl y current basis. 

There have been a few instances where the water corrnnissioners have been 
called upon to distribute water among the users along a stream. These con­
troversies have usually resulted from a misunderstanding of the relative 
rights of the users and have been handled without litigation. 

The Kansas Law has been in effect for about fifteen years. The emphasis 
during that time has been on the establishing of vested rights and appropri­
ation rights, and many of the proposed appropriations have not yet been comple­
ted to the extent that certificates of appropriation can be issued. The 
Division of Water Resources, which is the state agency charged with administra­
tion of the water laws of the state, has not yet been faced with many problems 
relating to distribution of water. _Many problems of the kind we expect may be 
encountered have been handled in other states, and we expect to profit a great 
deal from their experience. 

It appears that the most difficult basic question in Kansas will be in 
the application of the rule of priority to the distribution of ground water, 
particularly in those areas where there is a substantial quantity of water 
in storage but where the rate of recharge is very low. 

It has been estimated that there is a quantity of some 200 million acre 
feet of ground water in storage in Kansas. In general, ground water in the 
eastern and north central parts of the state occurs only in the alluvial 
valleys o-f streams. It lies close to the surface and is readily recharged 
from precipitation on the land surface and in some instances from the stream. 
The quantity of water in storage is limited. It is believed that there will 
be no utiusual difficulties in administering water rights according to priority 
in these areas. 

In the south central part of the state, areas where ground water occurs 
are more extensive and there is a substantial quantity of ground water in 
storage. The water table is near the surface and there is enough precipita­
tion to provide substantial recharge. There will probably be no serious 
difficulties in these areas in administration of water rights. In these 
cases it will be possible to define a more or less definite quantity of 
water which is available and each water user can see whether water may be 
available to satisfy his right. 

A large part of the ground water occurs in the western part of the 
state in an area comprising approximately one-fourth of the total area of 
the state. Here the water table is generally at a greater depth below the 
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surface and, except for limited areas, the rate of recharge is very low. 
It has been es-ti.mat ed that the average rate of recharge in some areas near 
the west end of the sta e may be on the order of one-fourth inch per year. 
There are large quantLties of water in storage. Any extensive development 
of this valuable esouro~ can only result in its depletion, but it is of 
value only to the exten1t it is developed and used for beneficial purposes. 
Such development: h ould b e orderly and should be based on a policy which is 
understood by and i s acceptable to the people in the area who are most 
affected. Conditions va-rry considerably throughout this area and any policy 
should be based on -con.di1t ions in each particular locality. Surface drainage 
over much of the area ~s poorly defined and there is less definition of 
boundaries of ground wat ~r basins. 

Strict· apµli.cation of the rule of priority to the extent of limiting 
withdrawals of wate r t o the estimated recharge in each locality would require 
abandonment of many e:rl.s ting installations; in some localities such a policy 
would probably· l~ it wi1t~drawals to those having vested rights. On the 
other hand, contiinu:ed unlimited development may be expected to result in 
accelerated depLetion of the ground water supply in some localities. If 
the best use is t:o be d e of this valuable resource, a definite policy 
for its developme ~ and use will need to be considered in the not too 
distant future. Any policy which might be considered should be based on 
general plans for d evelopment and use of the water resources of the area 
being considered a:nd shou ld provide a guide for administration of water 
rights in accordance wit~ the adopted plan and in accordance with the law. 

One approach ~o t he question of administration of water rights is 
provided in the Water Appropriation Law wherein the Chief Engineer is 
authorized,. sub ject: to approval of the State Board of Agriculture, to 
adopt, amend, p ulgat:e .and enforce such reasonable rules, regulations 
and standards as he sba 1 deem necessary for the discharge of his duties 
and for t he achievement of the purposes of this act pertaining to the 
control, conse-rva~i-on ~ r egulation, a l lotment, and distribution of the 
water resources of the tate. 

Each of the water users involved would have an opportunity to partic­
ipate in the drafting of t he rules and regulations. At the same time each 
would have an opportunity also to fully understand the relationship of his 
water righ t to others • the area involved, and the procedure by which the 
available wat~r would be distributed among the various users. If that full 
understanding amon;g hol ers of water rights can be accomplished, it is 
reasonable to expec t t ha~ there will be the same mutual respect between 

_ owners of wate.r rights s now exists between owners of other property. 
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~f- A R~IEW_?F ~~ ~OR GRO~ WATE~ FORMATIONS 

L. G. McMil 1 ion, Chief 
Ground Water Division 

Texas Board of Water Engineers 

IN TEXAS 

This paper describes the principal water-bearing fonnations in Texas. 

The p~oblems of study and development of these fonnations are the subject 

of the next two papers which will be presented by Mr. Otha F. Dent, member 

of the Texas Board of Water Engineers and Mr. William L. Broadhurst, Chief 

Hydrologist for the High Plains Underground Wat~r Conservation District of 

Texas. 

The occurrence and reliability of ground water ~upplies in Texas is of 

particular significance in a state : n which climatic conditions range from 

extreme aridity to semi-tropic h~idity. Development of sound principles of 

ground-water use and conservation in a state encompassing a wide range of 

climatic conditions, a vast geographic expanse, supplies from ground water 

aquifers which vary widely in hydrologic characteristics, and wide ranging 

economic development, presents problems which will be solved ultimately only 

when adequate infonnation and basic data have been accumulated and evaluated 

on each of the ground water aquifers. 

The significance of ground water in the State's economy can be appreciated 

when we consider that the value of the State's agricultural production of raw 

materials of about 1.7 billion dollars per year is second only to the value of 

the products of the petroleum industry. This agricultural production depends 

heavily on irrigation water obtained from ground water sources. 

The rainfall in the State decreases almost linearly from east to west; 

from 55 inches per year on the eastern boundary to 8 inches per year at El Paso. 

The 25-inch rainfall line, which is about the limit of reliable crop production 

without irrigation, runs nearly north and south, dividing the State approximately 

in half, and roughly two-thirds of the State receives less than 30 inches of 
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rainfall per year. - Hence, over about half of the State most crops require ir­

rigation, and some crops such as rice in the Houston area, require it even in 

the areas of heavy rainfall. In 1957, about 9~ million acre feet of ground 

water was used in Texas for irrigation. The size of this amount can be appreciated 

by comparing it to about 4 million acre-feet which is the total amount of surface 

water consumptively used in the State during this same year. Also, the to.tal 

amount of ground water pumped that year was about 10~ million acre feet. (Texas 

Board of Water Engineers, 1958, p. 80) 

We have illustrated on this map the major ground water producing formations 

in Texas. In addition to these major aquifers, there are many minor water­

bearing formations which yield large quantities of water in small areas or 

relatively small quantities of water in large areas, These so-called minor 

aquifers achieve critical local significance where no other source of water 

supply is available. The general areas in which usable water occurs in the 

Ogallala formation, the Trinity sands, the Edwards limestone, the Carrizo-Wilcox 

sands; the Gulf Coast aquifers, and Alluvial deposits, are shown on this illus­

tration. In these formations, we find vast supplies of ground water which are 

used for a variety of beneficial uses ranging from massive irrigation develop­

ment on the High Plains to the .far-reaching industrial complex on the Gulf 

Coast. 

~The High Plains of Texas is an erosional remnant of nearly flat country, 

ranging frorri about 2600 to about 4700 feet above sea level, which has been 

dissected by erosion on the west, south, and east, and which is truncated by the 

Canadian R~ver. It was the site of some of the very large cattle ranches during 

the pioneer days, arid as recently as 1925 it consisted principally of pasture 

land with only an occasional patch of cultivation. The population, likewise, was 

thinly scattered, being distributed among ranches and occasional small towns. 

Today, if one drives through the same area, or flies over it, he finds it 

hardly recognizable. Almost the entire area is in intensive cultivation. The 
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population density is that of a highly developed agricultural a r ea, and the 

I 
former small town of Lubbock, in the heart of the area, has become a city of 

I 
about 1~9,000 population. The total population of the 18 count i es of the Southern 

High Pl ains was only about 150,000 in 1925, whereas it has now reached a figure 

of close to half a million. 

This transformation is the consequence of irrigation principally from the 

Ogallala formation. The Ogallala formation consists of interfingered and inter­

graded lenses and layers of sand, gravel, silt, clay and caliche ranging in 

thickness from a feather edge to more than 800 feet. The only source of recharge 

to the Ogallala formation is precipitation on the High Plains, and of the scanty 

rainfall in this area only a fraction of an inch per year will seep downward to 

recharge the underground reservoir. _ 

Pumpage from the Ogallala is far in excess of the rate of replenishment and 

this heavy pumpage, principally for irrigated agriculture, has resulted in de­

clines of the water table and lowering of well yields in some areas. Water in 

the Ogallala occurs under water table conditions and the useful life of the re­

servoir in each locality will be determined principally by water in storage, the 

rate and distribution of withdrawals, and the character of water-bearing strata. 

In areas of heavy pumpage, water evels will generally decline at a more rapid 

rate than in areas of less use, s · nce the rate of movement of water through 

the Ogallala is only inches per day under natural hydraulic gradients. Water 

supplies underlying some areas where the Ogallala is relatively thin have already 

been seriously depleted. Where thicker sections of the Ogallala occur, supplies 

are available in storage to meet present demands over a period of many years. 

Water in storage in the entire High Plains area of Texas is estimated to be in excess 

of 350 million acre feet. 

Alluvial deposits consisting generally of interconnected lenticular layers 

of sand and gravel interbedded with clay and silt occur in various parts of the 
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State as remnants of once vast alluvial plains, now largely removed by erosion, and 

I 
as extensive stream deposits along some of the major rivers. Large _quantities of 

I 
water are produced for irrigation from the West Texas alluvial deposits. 

For example, in the El Paso area alluvial deposits have accumulated in two 

large basin-like depressions west and east of the Franklin Mountains. The thick­

ness of these deposits ranges to more than 4,900 feet, but the quality of ground 

water supplies changes within narrow geographic limits and only in a relatively 

small part of the El Paso area underlain by alluvial materials are ground water 

supplies suitable for most purposes. 

In the Reeves, Loving, Pecos, Ward and Winkler Counties area, ground water 

is obtained from alluvial deposits in the Pecos River Valley and in troughs formed 

by subsidence of older beds, some occurring along the face of deep lying reef 

deposits. Principal development of the water from alluvium in this area is for 

irrigation. In 1957 approximately 1,000 wells, mostly in Reeves and Pecos Counties, 

supplied water for irrigation needs. Many of these wells produced as much as 

1,000 gallons per minute. The princ i pal water problem in this area is depletion 

of supply, as water levels have declined in response to pumpage and will con-

tinue to decline as long as withdrawals exceed recharge. 

On the Osage Plains region of North Central Texas, island-like remnants of 

a former alluvial plain make up the Seymour formation which in 1957 supplied water 

to about 1,600 irrigation wells and was a source of supply for 13 municipalities. 

These wells range in yield from SO to 1,000 gallons per minute. Since these al­

luvial deposits are generally less t han 85 feet thick, a serious potential prob­

lem of aquifer depletion exists • 

In the Edwards limestone reservoir, hydrologic conditions differ greatly 

from those found in the alluvial deposits and the Ogallala formation. This 

aquifer is in fact properly described as the Edwards and associated limestones 
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a,nd extends along the Balcones fault zone from near Brackettville in Kinney 

County to the vicinity of Kyle in Hays County, a distance of about 180 miles. 

Municipal, industrial and irrigation development throughout this area is largely 

dependent upon this aquifer. The Edwards and associated limestone reservoir 

actually forms two ground water reservoirs - one on the Edwards Plateau where 

ground water is unconfined and the other an artesian aquifer in the Balcones 

fault zone. The hydrologic system on the plateau receives and stores as recharge 

large amounts c,f water from rainfall and slowly discharges these supplies as 

spring flow to the perennial streams cutting i n to or through the plateau, The 

streams in turn recharge the artesian reservoir in the Balcones fault zone as 

the entire normal flow and much of the flood flow of many of the streams is lost 

as they cross stretches in which honeycombed and cavernous Edwards limestone is 

at or near the surface. The average annual rate of recharge to this ground­

water reservoir was about 426,300 acre-feet for the period 1934-1953 (Petitt and 

George, 1956, p. 1). Although the reservoir underlies three major river basins, 

the Nueces, San Antonio, and Guadalupe, it obtains about three fourths of its 

recharge from its western part which is in the Nueces River Basin. The general 

movement of water in the Edwards is from west to east and most of the discharge 

occurs in the eastern part of the reservoir. 

Much of the discharge is through Comal Springs and San Marcos Springs, the 

combined flow of the two springs i n 1957 being about 210,000 acre-feet (Texas 

Board of Water Engineers, 1958, p. L12). Irrigation and municipal wells have 

been extensively developed in recent years and their total withdrawal in 1957 

was also about 210,000 acre-feet, 

Water moves freely in the reservoir where zones of interconnected cavernous 

porosity occur, Wells developed in these large cavities are capable of pro-

ducing large volumes of water, for example, individual well yields of up to 
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16,800 gallons per minute have been recorded. However, due to the lack of 

homogeneity in the Edwards, well yieldsvary greatly. 

Because the availability of water in the Edwards depends almost directly 

upon the rate of recharge, programs :or altering or adding to the present rate 

of recharge will have far-reaching effects upon the economy of the area and of 

the State as a whole. 

In North Central Texas the Trinity sands of Cretaceous age comprise the prin­

cipal water-bearing formation. Thes e sands are interbedded with layers of shale 

and thin beds of limestone. The lower sands crop out at the surface along the 

western edge of the area shown on the accompanying map and dip generally east­

ward. Recharge from precipitation and surface water sources enters the aquifer 

in the outcrop and moves downdip to places of discharge. Most of the discharge 

from the aquifer is by wells. Maximum yields of wells in these sands vary from 

SO gallons to as much as 2,000 gallons per minute in the Dallas area. In the 

Dallas area, where many of the wells are more than 3,000 feet deep, the lowering 

of water levels has increased the cost of pumping to very near the economic limit 

of feasibility of production and in many wells the drop in water levels has ne­

cessitated well reconstruction to continue production. The principal use of water 

from the Trinity in North Central Texas is for municipal and industrial purposes. 

Much of this pumpage is concentrated in the Dallas-Fort Worth area where in 1955 

about 34 million gallons of water per day was pumped mostly from the basal sands. 

In the entire area pumpage from these sands in 1955 averaged about 60 million 

gallons per day. 

The Carrizo-Wilcox sands which supply water for irrigation, municipal and 

some industrial uses, extend from the Rio Grande northeastward across the entire 

State. The Wilcox fonnation is older and generally thicker than the Carrizo and 

underlies it in the downdip area. Generally the Carrizo contains coarser sands 
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and in many areas water from the Carrizo is of better quality. The combined 

I 
thickness of the two formations in this belt ranges from about 100 feet to sev-

/ 
eral thousand feet, increasing in thickness generally downdip. Water occurs 

in the Carrizo-Wilcox under artesian conditions. It is confined by overlying 

beds of clay and the quality of water in the two formations becomes generally 

less suitable for most uses downd i p. Fresh water occurs in the Carrizo at greater 

depths than in any formation in Texas. In Karnes County a well to a depth of 

5,355 feet produces water containing 1,150 parts per million dissolved solids. 

The rate of downdip deterioration of quality varies with individual sands, but 

in general going downdip the proportion of sodium in the fresh water in the 

Carrizo-Wilcox becomes great enough to make water unsuitable for irrigation long 

before brackish water has been reached. 

Recharge comes from precipitation and stream losses on the outcrop areas. 

In the East Texas portion of this aquifer, available recharge from streams cross­

ing the outcrop is being rejected because the aquifer is full and the transmission 

capacity under natural hydraulic gradients has been met. However, in the western 

part of the aquifer discharge by irrigation wells may have already exceeded the, 

rate of annual recharge. 

The greatest use of water from the Carrizo-Wilcox is for irrigation in the 

Winter Garden area. Most of municipalities and industries throughout the area 

shown. on the map are supplied by water from the Carrizo-Wilcox. 

The Gulf Coast aquifer is composed of a complex network of lenticular sand 

units extending vertically through a series of geologic formations. The maximum 

depth of water of usable quality in the Houston area is approximately 3,000 feet 

and approximately 30% of the section from the surface to that depth is composed 

of sand. Water occurs in the Gulf Coast aquifer under both water table and 

artesian conditions. Artesian conditions exist where layers of clay and silt 
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form - confining beds above fully saturated sand sections. All o f the fresh ground 

water in the Gulf Coast sands is in "transient storage" . It has been estimated 

that the amount of fresh water in transient storage ranges from 2,000 acre-feet 

per square mile in the Corpus Christi area to about 13,000 acre-feet per square 

mile in the Houston area (Wood, 1956, p. 1). The transmission ability of the 

aquifer in many areas is the principal factor which limits the development of 

water in the sands. 

The Gulf Coast sands are recharged by water infiltrating into them in the 

outcrop areas. Much available recharge from streams is believed to b~ rejected 

in areas where the annual precipitation exceeds 40 inches; however, where the 

precipitation is less than 35 inches per year probably little or no recharge 

is rejected to streams (Wood, 1956, p . 1). Although natural discharge from the 

sands is accomplished by slow upward percolation, large quantities of water are 

withdrawn by wells. In 1954, about one million acre-feet was pumped for irri­

gation (mainly rice irrigation), indtjstrial, and municipal uses. 

The normal hydraulic gradient in the Gulf Coast aquifer is generally south 

and east toward the Gulf Coast. However, in some areas of concentrated develop­

ment where water levels in locel areas have shown large declines, the coastward 

gradient has been reversed and salt water from downdip areas is moving slowly 

toward the wells. 

In summary, it is apparent that conservation and development policies applied 

to ground water aquifers under these widely varying conditions will have to take 

into account hydrologic conditions, availability of water supplies from other 

sources such as surface supplies, and the relative needs of the users of ground 

water resources. 

There are, however, . in the State some problems which are common to all the 

aquifers. Chief of these is the prob em of contami nation. The contamination to 
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fresh ground water results from the lateral and vertical encroachment of naturally 

I 
saline waters and from the disposal of artificial or man-made wastes. No equitable 

I 
or effective method of coping with the problem of contamination has yet been de-

vised in Texas and yet the solution to this problem and to the many other problems 

' 
associated with our ground water resources will be found in an awakening public 

awareness and the growth of our technical knowledge. 

Austin, Texas 
August 19, 1960 
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O. F. Dent, Member 
Texas Board of Water Engineers 

TEXAS GROUND WATER LAW 

Laws are related to the cultur al and economi c backgr ound of the people. 

The early history of Texas is "semi-uni que", _ in that Texas was the meeting place 

of many people of various nationali: ies and cultur es. During thi s period s i x 

flags unfurled their colors in the versatile politi cal breeze while sovereignty 

over Texas changed eight times. Geographically the Isthmus of Panama divides 

the two great Americas; however, culturally and linguistically an imaginiary 

separation occurs along the Rio Grande. Today more than a million Texans are 

Spanish-speaking. The Latin-American influence is found in geographic names , 

architecture, general culture and law--especially law governing water and its 

uses. 

Grants of land and the rig ts appurtenant thereto wer~ made by Spain, 

Mexico and the Republic of Texas. It is the settled law of Texas that in dete r ~ 

mining the rights of holders of title from prior sovereigns, the controlling l aws 

are those in effect when the grants were made. Subsequent changes in the law 

after title has passed out of the sove reign do not affect rights which have already 

vested . 

From 1840 until 1889 the Com:non Law of England was the measure of 

rights pertaining to land granted by the Republic of Texas and the State of 

Texas. In 1889 , the 21st Legislature e::acted Texas' first water laws. estab­

lishing" the prior appropriation doctrine. It was entitled "An Act to encourage 

irrigations , and to provide for the acq·.:: sition of the right to the use of water, 

and for the construction and maintenar.~'·::> of canals , ditches, flumes , reservoirs , 

and wells for irrigation; and for minin g-_. milling and stockraising in the arid 

districts of Texas . " 



<- .• 

(2) 

Section 2 of the Act declared, "the unappropriated waters of every 

river or natural stream within the arid portions of the State, to be the property 

of the public, and may be acquired by appropriation for the uses and purposes 

provided. " This initial act was only applicable to the surface waters of the 

arid portions of the State. with the humid area of the State remaining subject 

to either the Spanish, Mexican or English Common Law, depending on the source 

of land title. 

The Legislature in 1893 and 1895 amended the original Act and among 

the additional provisions. declared to be the property of the public , "the under­

flow of every running or flowing river or natural stream." Ground water, at the 

time, apparently had little or no significance and did not merit the attention of 

the Legislature. 

Around the turn of the century Mr. W. A. East resided on his home ­

stead in Denison, Texas. He had constructed a well on his land which was 

approximately 5 feet in diame ter and 33 feet deep. It was classed or termed 

as a "good well n and provided adequate water for domestic and household pur ­

poses. In 1901 the Houston & Texas Central Railroad Co. constructed a we .Ll 

on its land adjacent to Mr. E a st. Its well was larger in diameter than Mr. 

East's well , and 66 feet in d e pth. The Railroad Company pumped its well at 

the rate of 117 g. p . rn. or abL) ut 25,000 gallons per day. This amount was 

necessary to satisfy the wate r requirements of its engineers and shops. Neither 

of the wells produced from th~ underflow or a subterranean stream, but rather 

so-called percolating water. 

The heavy pumping by H. & T. C. Railroad Company ultimately dried 

up Mr. East's well. In 1902. East brought suit against the railroad for damages 

.• 
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in the amount of $206. 25 growing out of the alleged destruction of the well. 

Little did Mr. East apprehend that the final dec i sion in hi s caus e of action would 

become a guiding light and set the rule for the Courts to follow in the years ahead 

relating to the ownership and use of ground water in Texas. 

The case was tried before the court without a jury, and resulted in a 

judgment for defendant, and Mr. East appealed his suit for damages to the Court 

of Civil Appeals . * The Court of Ci vil Appeals held, in accordance with the law 

applicable to defined streams, that the railroad's rights to use its well was 

limited to a reasonable use . The Court found that : (1) the railroad's use of 

its well was not a reasonable use of its property as land but an artificial use ; 

and (2) if the doctrine of reasonable use, as applied to defined streams is ap­

plied, an unreasonable use . The Court of Civil Appeals reversed the trial 

court's findings and held that East was entitled to damages . The Court cited 

and relied upon cases holding that the r ight of a landowne r to produce percolating 

water is not absolute, but is qualified and limited to the amount necessary for 

the reasonable use of the land , as land; and that the r ight s of adjo ini ng l and -

owners are correlative. 

Houston & Texas Central Railroad Co . appe aled to the Supreme Court 

. ** 
and writ of error was granted . The Court , in what is now conside r ed a l and-

mark decisi on rejected the doctri ne of correl ative rights , or r e asonable use . 

It held that since ~he railroad was making a legitimate use of t he water, it 

could pump all the water it desired from its own land , and Mr . East's damages 

* East v. H. & T. C. Ry. Co . , 77 S . W. 646 (Tex. Civ. App., 1903) 

** Houston & T. C. Ry. Co. v. East, 98 Tex. 146, 81 S. W. 279 (1 904) 
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were damnum absque i njuria (injury without wrong}. There were no allegations 

nor proof of ei ther m alice o r waste. The Court said : 

"The mere quantity of water taken by the owner from his land 
has nowhere been held to affect the question. Exhaustion 
resulting from excavation and pumping ..... .. . has been 
considered in several cases to give rise to no liability." 

The opinion quotes with approval the English rule announced in 

Acton V. Blundell, 12 Mees. & W. 324, saying: 

"So the owner of the land is the absolute owner of the soil and 
of percolating water, which is a part of , and not different from, 
the soil. No action lies again st the owner for interferring with 
or destroying percolating or circulating water under the earth 
surface." 

The Supreme Court reversed the judgment of the Court of Civil Appeals 

and affirmed that of the Distr i ct Court. The Court reasoned that : 

"In the absence of e x press contract and a positive authorized 
legislation, as between propr: etors of adjoining land, the l aw 
recognizes no correlative rights in respect to underground 
waters percolahng, oozing, or filtrating through the earth; 
and this mainly from considerations of public policy: (1) Because 
the existen.ce, origin, movement, and course of such wate rs, 
and the causes which govern 2.nd direct their movements, are 
so secret, occ ult, and concealed that an attempt to administer 
any set of Legal rules in respe ct to them would be involve d in 
hopeless uncertainty, and would, therefore, be practi cally 
impossible. (:2) Be cause any such recognition of correlative 
rights would interfer e, to the materi al detr iment of the common­
wealth, with d rainage and ·agr: culture, mining, the construction 
of highways and r ailroads, with sanitary r e gulations, building, 
and the general progress of improvement in works of embellishment 
and utility► rr T he mere quantity of water taken by the owne r from 
his land has nowhere been held to affect the question. Exhaustion 
resulting from. excav ating and pumping for m ining purpose s has 
been considered in several cases to give rise to no liability . So 
the authorities gener ally state that the use of the water for manu­
facturing, brewing, and like purposes is within the right of the 
owner of the s oil, whatever may be its effect upon his neighbor ' s 
wells and springs . 
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In the intervening years since 1904 the Supreme Court has relied upon 

the East decision in several cases relating to ground water, and there is no 

doubt that the East decision has influenced the Texas law with respect to owner­

of oil and gas. 

As might be expected, with t~e increased use of grdund water. the 

correctness of the East decision has been brought sharply into focus during the 

past few years. In 1955 the rule of the East case was squarely before the 

Supreme Court in two cases. The first of these is the Comanche Springs Case** 

from Pecos County. Here, it was seriously and ably contended that the rule of 

the East case had become obsolete and should either be modified or completely 

overruled. The El Paso Court of Civil Appeals refused to do so, following the 

East decision. The question was directly presented to the Supreme Court on 

application for writ of error, which was refused with the Notation, "no rever­

sible error". 

** 
The second case is the City of Pleasanton decision.** In this case, 

the Supreme Court granted the application for writ of error on a point involving 

waste of ground water, and in the majority opinion spelled out its reasons for 

adhering to the English rule of ownership adopted in Texas by the East case. 

Since the Texas Supreme Court has followed the absolute ownership 

theory of the East case and has held that the courts cannot enjoin anything but 

wanton and willful waste. it is clearly up to the Legislature to provide for the 

conservation of ground water and the prevention of waste. Once it is recognized 

that our ground water supply is confined in separate, relatively well defined 

1* Pecos County Water Control & mprovement District v Williams, 
271 S. W. 2d 503 (Tex.Civ.App .• 1955, err. ref., n.r.e.). 

!! City of Corpus Christi v. City of Pleasanton, 154 Tex. 289, 
276 S. W. 2d 798 (Sup.Ct., 1955). 
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reservoirs and that some reservoirs are artesian and some are not, and that 

each represents a separate problem, it becomes clear that regulation by reser­

voir or by sub-divisions thereof is the most practical method of conservation. 

In 1949, prior to the decisions in both the Comanche Springs and the 

City ,of Pleasanton cases, the Legislature authorized the creation of districts 

for the conservation of underground water. In so doing, the Legislature made 

the following declaration: 

"The ownership and rights of the owner of the land ..... . 
in underground water are hereby recognized, · and nothing 
(herein) shall be construed as depriving or divesting such 
owner ........ of such ownership or rights, subject, how-
ever, to the rules and regulations promulgated pursuant to 
this section ......... " 

The Legislature also declared that the words "underground water" 

mean water "percolating below the earth's surface, and do not include defined 

subterranean streams or the underflow of rivers". 

Since conditions in various parts of Texas are dissimilar--the average 

rainfall varying from 10 inches near El Paso to 56 inches on the Louisiana 

border--and since the ground water reservoirs, the land use, and the water 

use vary so widely, a large measure of relatively local autonomy is indicated 

rather than authority vested in one statewide central agency to regulate all 

reservoirs by blanket rule. This local regulation approach is the one presently 

adopted by the Texas Legislature, though its statutes on the subject invite 

strengthening and improvement. 
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Art. 16,/ Sec. 59. 

CONSTITUTION OF THE ST ATE OF TEXAS 

Conservation and development of natural resources ; 
conservation and reclamation districts 

(a) The conserv ation and development of all of the natural resources 
of this State, including the control, storing, preservation and distribution 
of its storm and flood waters, the waters of its rivers and streams, for ir­
rigation, power and all other useful purposes, the reclamation and irrigation 
of its arid, semi-arid and other lands needing irrigation, the reclamation 
and drainage of its overflowed lands , and other lands needing drainage, the 
conservation and development of its forests, water and hydro-electric power, 
the navigation of its inland and coastal waters, and the preservation and 
conservation of all such natural resources of the State are each and all 
hereby declared public rights and duties; and the Legislature shall pass all 
such laws as may be appropriate thereto. 

(b) There may be created within the State of Texas, 01 ~he State may 
be divided into, such number of conservation and reclamation d. 3tricts as 
may be determined to be essential to the accomplishment of the purposes of 
this amendment to the constitution, which districts shall be governmental 
agencies and bodies politic and corporate with such powers of government 
and with the authority to exercise such rights, privileges and functions con­
cerning the subject matter of this amendment as may be conferred by law. 

(c) The Legislature shall authorize all such indebtedne ss as may 
be necessary to provide all improvements and the maintenance thereof 
requisite to the achievement of the purposes of this amendment, and all 
such indebtedne ss may be evidenced by bonds of such conservation and 
reclamation districts , to be issue d under such regulations as amy (may) 
be prescribed by law and shal l also , authorize the levy and collection within 
such districts of all such taxes , equitably distributed, as may be necessary 
for the payment of the interest an the creation of a sinking fund for the 
payment of such bonds; and also fo r the maintenance of such di stricts and 
improvements, and such indebtedness shall be a lien upon the property 
assessed for the p ayment thereof; provided the Legisl ature shall not auth­
orize the issuance of any bonds or provide for any indebtedness against 
any reclamation distri ct unless such proposition shall first be submitted 
to the qualified property tax-paying voters of such district and the proposition 
adopted. Added Aug. 21 , 1917, proclamation Oct. 2, 1917. 
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I CIVIL STATUTES OF THE STATE OF TEXAS 

I 
Art. 7880

7
3c Underground water conservation districts 

Definitions 

A. Unless the context of this Section 3c indicates a different meaning, 
the words hereinafter defined when used in this Section 3c shall have the 
following meaning: 

(1) "Board" is the State Board of Water Engineers. 

(2) "District" is an Underground Water Conservation District which 
includes within its purposes and plans those functions authorized by the pro­
visions of this Section 3c. 

(3) "Underground water" is water suitable for agricultural, gar­
dening, domestic or stock raising purposes, percolating below the earth's 
surface, and does not include defined subterranean streams or the under­
flow of rivers. 

(4) "Underground water reservoir" is a specific subsurface water­
bearing reservoir having ascertainable boundaries, and containing under­
ground water capable of being produced from a well at the rate of not less 
than one hundred and fifty thousand (150. 000 ) gallons a day. 

(5) "Subdivision of an underground water reservoir" is that reason­
ably definable part of an underground water reservoir within which the 
underground water suppl y will not be unreasonably affected by withdrawals 
of water from any o ther part of such reservoir, based upon known geological 
and hydrological conditions and relationships and upon foreseeable economic 
development at the time of the designation or al teration of such subdivision. 
When the Board of Water Engi neers has ascertained the boundaries of a sub­
division, pursuant to thi s Act, its findings on the location of such boundaries, 
the questions of "Reasonabl ene ss 11 and "Affect " in the foregoing definition, 
and all other questions e s s ential to the existence of a subdivision, shall be 
conclusive and final unless a suit is instituted, pursuant to paragraph F 
hereof, within thirty (30) days from the date on which the order of such 
Board is entered. As amended Acts 1955, 54th Leg. , P. 1239, ch. 496, 
Sec. 1. 

(6) "Waste" shall mean: 

(a) the withdrawal of underground wate r from an underground 
water reservoir at such a rate and in such amount so as to cause the intrusion 
therein of wate r not suitable for agricultural, gardening, domesti c or stock 
raising purposes; 



; 
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(b) the flowing or producing of wells from an underground water 
reservoir when the water produced therefrom i s not used for a beneficial 
purpose; 

(2) 

(c) the esc ape of underground water from one underground water 
reservoir to any other reservoir not containing underground water, as defined 
in this Section 3'c ; and 

(d) the pollution or harmful alteration of the character of the under­
ground water within the underground water reservoir of the Distri ct by means 
of salt water or o tber deleterious matter admitted from some other stratum 
or strata or from. the surface of the ground. 

(e) Wil1fuUy causing, suffering, or permitting underground water 
produced for irrigation or agricultural purposes to escape into any river, 
creek, or other naltur al watercourse, depression, or lake, reservoir, drain, 
or into any sewer,. s treet, highway, road, road ditch, or upon the land of 
any other person than the owner of such well, or upon public land. Added 
Acts 1955, 54th Leg., p. 1239, ch. 496, Sec . 2. 

(7} "Beneficial purpose" means the use of underground water for 
agricultural, gardeming,. domestic, stock raising, municipal or mining pur­
poses, for explo ri:nrg fo,r,. producing, handling and treating of oil, gas, 
sulphur or other mineral, for manufacturing, industrial, commercial, re­
creation or pleasure purposes or any other purpose that is useful and 
beneficial to the user thereof. 

(8) "Segregated irrigated area" shall mean an irrigated area separated 
from other irrig,ated areas by at least five (5) miles of unirrigated lands. 

(9) Unconsti,tution:al 
Paragraph {9} was amended by Acts 1955, 54th Leg .• p. 1239, 

ch. 496, Sec. 3. 

Creation of districts; powers and functions 

B. Districts m ay hereafter be created for the conservation, preser­
vation, protection,. and recharging and the prevention of waste of the under­
ground water of an u nderground water reservoir or subdivision thereof, 
defined and designated in accordance with the provisions of Subsection C 
of this Section 3c~ 'To accomplish these purposes pursuant to Section 59a, 
b, and c, of Article XVI o f the Constitution of Texas, the administrative and 
procedural provisions as n ow or hereafter contained in Chapter 25, Acts 
of the Regular Session of the Thirty-ninth Legislature of the State of Texas, · 
1925, as amended,, 1 shall apply i n so far as applicable to such Districts, but 
such Districts shall :not be organized for any purposes except those set forth · 
in this Section 3c. 

1 
Article 7 880- -· 1 et seq. 
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Such Districts shall and are hereby authorized to exercise any one or 
more of the 'following powers and functions : 

I 
I 

(1) to formulate, promulgate and enforce rules and regulations for 
the purpose of conserving, preserving, protecting and recharging the under­
ground water of the underground water reservoir or subdivision thereof; 

(2) to formulate, promulgate and enforce rules and regulations to 
prevent the waste, as herein defined, of the underground water of the under­
ground water reservoir or subdivision thereof; 

(3) To require permits for the drilling, equipping or completion of 
water wells or the substantial alteration of the size of the wells or the pumps 
used therein, or all or any of such acts, and to issue such permits subject 
to the rules and regulations promulgated by the District pursuant to sub­
paragraph {4) next below, and subject to such terms and provisions with 
reference to the drilling, equipping, completion or alteration thereof as may 
be necessary to preserve and conserve the underground water, to prevent 
waste, to minimize as far as practicable the drawdown of the water table 
or the reduction of artesian pressure, ·or to lessen interference between 
wells. No person, firm, or corporation shall hereafter begin to drill or 
dr!ll a well or substantially alter the size of a well or pump used therein, 
within the boundaries of a District organized hereunder which well could 
reasonably be expected to produce in excess of one hundred thousand 
(100,000) gallons per day from the underground water reservoir or sub­
division thereof without first having applied to the Underground Water Con­
servation District for and had issued a permit to do so, unless the drilling 
and operation of the well is otherwise exempt herein. 

The District shall promptly consider and pass upon applicationp for 
permits required in the preceding Section 3. If an application shall not have 
been passed upon within twenty (20) days from the receipt thereof by the 
District, or has not been set down, within that time, for a hearing upon a 
day certain, the applicant may go into the District Court where the land lies 
and obtain a mandamus to compel the District to act upon the application or 
set it down for a hearing. 

The hearings above provided for shall be held within thirty (30) 
cfays from the date the hearing is called, and the District shall act on such 
application within ten (10) days after such hearing. As amended Acts 1955, 
54th Leg., p. 1239, ch. 496, Sec. 4. 

(4) Either (a) to provide for the spacing of wells to be drilled for 
. the production of water from the underground water reservoir or subdivision 
thereof; or, {b) to regulate the production of wells producing underground 
water from such source, unless such wells are otherwise exempt herein, or 
both {a) and (b}, so as to minimize as far as practicable the drawdown of the 
water table or the reduc-tion of artesian pressure; or to prevent waste. 
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) (4) 

Provided further, however, that the owner of any tract of land, his heirs, 
assigns and lessees who have no well capable of producing in excess of one 
hundred thousand (100, 000) gallons per day on said tract, shall not be denied , 
either a permit to drill a well on his land or the privilege to produce under-
ground waler from his land subject to the rules and regulations of the District. 
As amended Acts 1955, 54th Leg., p. 1239, ch. 496, Sec. 5. 

(5) to require records to be kept and reports to be made of the 
drilling, equipping and completion of wells into the underground water 
reservoir or subdivision thereof and the taking and use of underground water 
therefrom; to require accurate drillers' logs to be kept of such wells an.d a 
copy thereof and of any electric logs which may be made of such wells to be 
filed with. the District and the Board; 

(6) to acquire lands for the erection of dams and for the purpose of 
draining lakes, draws, and depressions, and to construct dams, drain lakes, 
depressions, draws and creeks and to install pumps and other equipment 
necessary to recharge the underground water reservoir or subdivision there ­
of but no such District having the powers granted in this Section 3c shall 
engage in the sale or distribution of ~urface or underground water for any 
purpose; 

(7} to cause to be made by registered professional engineers surveys 
of the underground water of the underground water reservoir or subdivision 
thereof and of the facilities for the development, production and use of such 
underground water, to determine the quantity thereof available for production 
and use and the improvements, developments and recharges needed for such 
underground water reservoir or subdivision thereof; 

(8} to devel op comprehensive plans for the most efficient use of the 
underground water of the underground water reservoir or subdivision thereof 
and for the control and prevention of waste of such underground water, which 
plans shall specify in such detail as may be practicable the acts, procedure, 
performance and avoidance which are or may be necessary to effect such 
plans, including specifications therefor; to carry out research projects, develop 
information and determine limitations, if any, which should be made on the 
withdrawal of underground water from the underground water reservoir or 
subdivision thereof; to collect and preserve information regarding the use of 
such underground water and the practicability of recharge of the underground 
water subdivision thereof ; to publish such plans and information, bring them 
to the notice and attention of the users of such underground water within the 
District, and to encourage their adoption and execution; 

(9) to enforce, by injunction, mandatory injunction or other appro­
priate remedy, in courts of competent jurisdiction, rules and regulations 
duly adopted and promulgated by such District ; provided, that no rule or 
re·gulation shall be effective until a brief resume thereof has been published 
once a week for two consecutive weeks in one or more newspapers to give 
circulation within the District, and such rule or regulation is to be effective 
not less than fourteen (14} days after the date of the first publication. 
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- _ _ (10) The drilling of any well for which a permit from the District 
is required and for which no permit has been obtained, or the operation of 
any well at a higher rate of production than the rate approved for such well, 
is hereby declared to be illegal , wasteful per se, and nuisance. Any per­
son having an estate in land adjacent to or any part of which lies within one­
half mile of such well may, with or without the joinder of the District, 
bring suit in court o f competent juri sdiction to restrain or enjoin such 
illegal drilling or operation or bo th. He may also sue for and recover a.I1Y 
dam.ages which he m ay have suffered by reascn of such illegal operation and 
such further relief a s he may be entitled to in law or in equity. In any suit 
for damages, the existence of such well in violation of the rules of the 
District, o.r the operation thereof in violation of the rules of the District, 
or both, shall be taken by the courts, to constitute prirna-facie evidence of 
illegal or illegitimate drainage. Such suit may be brought in any county 
where (a) the illegal well is located, or (b) the affected land of the plaintiff, 
or any part thereof., is located. The cause of action and rights here created 
or recognized shall constitute a cumulative or additional remedy and shall 
not be considered to exclude~ impair, or abridge any other rights, remedies, 
or causes of action which are or may be available to any individual or to 
the District . Such suits shall be advanced for trial and be determined as 
expeditiously as po s s ible, and no postponement thereof or continuance, 
including a first motion therefor, shall be granted except for reasons deemed 
imperati ve by the court. Added Acts 1955, 54th Leg., p. 1239, ch. 496, 
Sec. 6. 

Area included; designati on of underground water reservoirs 
and subdivisions 

C. No petition for the creation of a District to exercise the powers 
and functions set for th in Subsection B of this Section 3c shall be considered 
by a Commissioners Court or the Board, as the case may be unless the 
area to be included therein is coterminus with an underground water res­
ervoir or subdivision thereof which theretofore has been defined and desig­
nated by the Board a s an underground water reservoir or subdivi sion thereof. 
Such dist rict, in conforming to a defined reservoir or subdivision, may 
include all or parts of a county or counties, municipal corporations or other 
political subdivisions, including but not limited to Water Control and Improve­
ment Districts. 

It shall be the duty of the Board from time to time an.d in any event upon 
application by petition in the manner provided in Section 101 of the Acts 
of 1925, Thirty-ninth Legislature, Chapter 25, page 88, after notice and 
hearing as provid~d for in Section 15 and Section 212 {as amended), Acts of 
1925, Thirty-ninth L egislature, Chapter 25, to designate underground water 
reservoirs and subdivisions thereof and thereafter as future conditions may 
require and factual data justify to alter the boundaries thereof; provided, 
however, such alte ration shall not invalidate the creation of any District 
theretofore created with the powers provided for in this Section 3c. 

1 Article 7880--10 
2 Articles 7880--15, 7880--21 
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I Ownership of underground waters; application of laws 

D. The ownership and rights of the owner of the land, his lessees and 
I 

assigns~ in underground water are hereby recognized, and nothing in this 
Section 3c shall be construed as depriving or divesting such owner, his 
assigns or lessees, of such ownership or rights, subject, however to the 
rules and regulations promulgated pursuant to this Section 3c. 

It is specifically provided in this connection that: 

(1) the priorities, regulations and provisions of the law relating to 
the use of -surface waters shall in no manner apply to underground water; 

(6) 

(2) the provisions of Section 4a of Chapter 25, Acts of the Regular 
Session of the Thirty-ninth Legislature of the State of Texas , 1925, as 
amended by Chapter 107, Acts of the First Called Session of the Fortieth 
Legislature of the State of Texas, 19 27 1• shall no t apply in the exercise of 
the powers and functions conferred by this Section 3c; 

(3) nothing in this Section 3~ shall be construed as applying to wells 
drilled, under permits granted by the Railroad Commission, of Texas, for 
oil, gas, sulphur, brine, or any of them, for core tests, for injection of 
gas, salt water or other fluid, or for any other purpose; 

(4) nothing in this Section 3c shall authorize or permit: 

(a) The requirement of a permit for the drilling or producing of 
a well drilled to supply water for the drilling of any one or more wells 
mentioned in (3) next preceding, so long as such well and the production 
therefrom is being used for such purpose or purposes and not thereafter. 
When the well has ceased to be so used, it may thereafter be used as 
an ordinary water well if it meets the spacing and other rules of the 
District; and if used, such well shall thereafter be subject to the rules 
and regulations of the District. As amended Acts 1955, 54th Leg., p. 1239, 
ch. 496, Sec. 7. 

(b) the requiring of a permit for the drilling or producing of a 
well drilled, completed and equipped so that it will not produce in excess 
of one hundred thousand (100,000) gallons of underground water per day; or 

(c) the restriction of the production from any well producing 
underground water to an amount less than one hundred thousand (100, 000) 
gallons of underground water per day; provided, however, the wells men­
tioned in (a), (b) and (c) above shall be equipped and maintained so as to 
conform with the rules and regulations, promulgated by any District pur­
suant to this Section 3c and applicable to the underground water reservoir 
in which such wells are completed, requiring the installation of casing. 

1 
Article 7 880- - 4a 
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-
pipe and fittings in wells so as to prevent the escape of underground water 
from one underground water reservoir to any other reservoir not containing 
underground water and so as to prevent the pollution or harmful alteration 
of the character of the underground water within any underground water 
reservoir, ;;is herein defined. 

(5) The provisions of this Act and the rules and regulations promul­
gated hereunder shall apply only within the area designated by the Board of 
Water Enginee rs as a reservoir or a subdivision thereof over which a 
District shall have been organized. They shall not apply outside of such 
areas. Added Acts 1955, 54th Leg., p. 1239, ch. 496, Sec. 8. 

Elections 

E. (1) Districts exercising the powers and functions provided for in 
this Section 3c shall include no segregated irrigated area unless a majority 
of the property taxpaying voters residing in such segregated irrigated area 
and voting at the election favor the inclusion of such area within the District. 

_ - (_2) Districts proposing to issue bonds for carrying out one or more 
of t!_i~ _po_wers and functions conferred by this Section 3c shall not be re­
quired to subm it their plans to and secure approval of the Board as required 
by Section 139 o f Chapter 25, Acts of the Regular Session of the Thirty­
ninth Legislature of the State of Texas, 1925. ~ 

(3) The directors of all Districts created to exercise the powers 
and perform the functions in this Section 3c provided shall be selected 
according to the 'precinct method, ' as such method is defined and provided 
for in Senate B ill 247 enacted by the Forty-sixth Legislature, Regular 
Session, 1939 2 , and all provisions of said Senate Bill 247 relating to the 
election of directors by the precinct method shall be applicable to Districts 
created under ithis Section 3c; provided, however, in the creation of pre­
cincts for the election of directors of such a Dist rict, if any portion of a 
municipal corporation is a part of one precinct, then no portion of such 
municipal corporation shall b~ included in any other precinct; provided 
further however, that a municipal corporation having a population of more 
than -two hundred thousand (200,000) persons according to the last preceding 
Federal Census may be included in not more than two (2) precincts. 

_ (4) At any election for the creation of such Districts or for issuing 
bonds or otherwise lending the credit of the District, only the property 
taxpaying residents of the District who have duly and personally rendered 
thei r property for taxation and which property appears on the rendered 
roll and who are otherwise qualified shall be entitled to vote. 

1 
Article 7880--139 

2 Article 7880--38a 
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Contest of validity of act or rules. regulations or orders 

F. Any interested person, firm, corporation or association of persons 
~ected by the provisions of this Section 3c or by any rules. regulations or 
orders made or promulgated by a District hereunder or by any act of the 
Board pursuant hereto and who may be dissatisfied therewith shall have the 
right to file a suit in a court of competent jurisdiction in any county in the 
State of Texas in which such District or any part thereof is located if the 
suit is against a District or its directors and in a court of competent juris­
diction in Travis County. Texas. if the suit is against the Board, to test 
the validity of this Section 3c, and such rules. regulations or orders or any 
of them or any act of the Board. Such suit shall be advanced for trial and 
be determined as expeditiously as possible. and no postponement thereof 
or continuance shall be granted except for reasons deemed imperative by 
the court. In all such trials the burden of proof shall be upon the party 
complaining of such law, rules, regulations or orders or act of the Board, 
and such law, rules. regulations or orders or act of the Board so complained 
of shall be deemed prima-facie valid but the trial shall be de novo. and the 
court shall determine independently all issues of fact and of law with res­
pect to the validity and reasonableness of the law. rules. regulations or 
orders or acts of the Board complained of. The provisions of this Subsection 
shall be cumulative of all rights of court action by the affected parties and 
shall not impair or restrict their right to equitable relief. 

Taxes 

G._ No District created under this Section 3c shall have the power to 
levy or collect a tax for any purpose to exceed fifty cents (50<;) on the One 
Hundred Dollars ($100) assessed valuation on property in the District 
subject to taxation. 

Dissolution of districts 

H. Any such District may be dissolved in the manner provided by 
Section 10 of Chapter 280, Acts of 1929, Forty-first Legislature, Regular 
Session. 1 regardless of whether or not such District may have outstanding 
indebtedness at the time of dissolution. In the event such District shall 
have outstanding bonds or other indebtedness maturing beyond the current 
year in which such dissolution occurs. the Commissioners Court of the 
County in which the District is situated shall levy and cause to be collected 
as county taxes are assessed and collected, sufficient taxes on all taxable 
property within such District to pay the principal and interest on such 
indebtedness when due. This paragraph shall not apply to Districts com­
posed of territory in more than one (1) county. Acts 1925, 39th Leg .• P. 25, 
Sec. 3c, added Acts 1949, 51st Leg .• p. 559, ch. 306, Sec. 1. 

1 Article 7880--10 
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IMPROMPTU REMARKS OF WILLIAM L. BROADHURST, CHIEF 
HYDROLOGIST, HIGH PLAINS WATER DISTRICT, TEXAS 

Thank you, Mr. Colburn. Ladies and Gentlemen. Everyone 
else has had a prepared paper, and although Judge Dent said he 
would talk off the cuff, he did have some important text. But 
I didn't bring any notes and there are several reasons for that. 
First, had I prepared a paper in advance, I wouldn't have had 
the opportunity to criticise some of the statements that have 
been made by those who had prepared papers. Second, some of the 
information that I propose to present to you does not lend itself 
too well to a prepared report and I wanted to make a persuasive 
talk rather than present factual data. And third, perhaps it's 
because Itm just lazy and didn't like to write. 

I represent the High Plains Underground Water Conservation 
District which was created under the laws of Texas by a vote of 
the people within a part of the ground-water reservoir south of 
the Canadian River which was discussed by Mr. McMillion. One 
reason for changing the program yesterday was to permit Mr. 
McMillion to explain the various aquifers through-out Texas-­
and I'm sure that you have as great a number and just as great 
a variation of aquifers in Colorado as we have in Texas. Another 
reason was to permit a discussion by Judge Dent as to the ground­
water law under which we operate, and third to permit me to give 
you a brief discussion of the operations of one ground-water 
district under that law. 

The Texas ground water law was passed by the legislature in 
1949, and, as Judge Dent pointed out, it provides that the State 
Board of Water Engineers shall designate ground-water reservoirs 
or subdiv-isions of reservoirs. The Board may do that on its own 
motion, or it shall do so upon petition. The Board was petitioned 
in 1950, soon after the law was enacted, to designate a reservoir 
in the South Plains area. Meetings were held within the area, and 
in turn the Board designated all or part of 21 counties south of 
the Canadian River as a ground water subdivision of the Ogallala 
Reservoir. The la* provides that the Board shall appoint the 
initial temporary directors consisting of five men who reside 
within that area. Those men then are charged with the responsibility 
of calling an election at which time the local qualified taxpaying 
voters vote for or against the confirmation of the district. 



Personally. I think the local option provision is the major 
shortcoming of the ground-water law in Texas. The law provides 
that the State Board of Water Engineers shall designate an area, 
but then it also provides for local option vote within the area. 
When the vote was held in the southern High Plains, thirteen 
counties voted to create the district and eight counties voted 
not to create the district . So the district consists of thirteen 
counties. The other e igh t are part of the same reservoir and 
part of the same subdivi sion, yet they are not a part of the 
conservation d~stri ct. I think that is a major deficiency in our 
law. However, in a water-table aquifer such as we have in the 
High Plains. this fact d oes not seem to be a great stumbling 
block in the operation of a conservation district. I think it 
would be a major fa,ctor in an artesian reservoir because certainly 
the developme~t in one part of an artesian reservoir will have 
significiant effects in the surrounding area. 

The Hi.gb Plains Un erground Water Conservation District was 
created by a v ote of the people in 1951. The law provides that 
the directors also elected by the people, may pass rules and 
regulations foz the conservation, preservation, protection, and 
recharging of t he ground water. And there again, as Judge Dent 
mentioned a w'hli le ago, our concept of conservation is perhaps a 
bit different from the d iscussion given by Mr. Harris, in which 
he said that you couldn't use water and conserve it at the same 
time. What des soil conservation mean? Can't you practice soil 
conservation d use that s oil at the same time? Conservation of 
our forests. Does that mean don't use them at all? I don't 
think so. I ~hink it means use them, but use them wisely. Then 
to us, conserva tion of ground water means orderly development and 
provident use based on the knowledge and the economic conditions 
of the time. 

You see nnw I can disagree with the statement that Mr. Conover 
made regarding conservation. Again, conservation is philosophical. 
He used the eXlJ!>-ression tlh.at it meant the greatest use for the greatest 
length of time. I don' t think time necessarily is an important factor. 
Let me give y ·u an illustration. We think that it is pretty uni­
versally accepted throughout the world that there is a genuine need 
for the conservation of pe troleum today, don't we? But just one 
hundred years ago. in 1860, t here was no need for the conservation 
of petroleum. ~ as there? The economics and use of the resource at 
that time did ot require t he conservation of petroleum. It is quite 
possible, r: not saying probable but quite possible, that one 
hundred years from today there may be no need for the conservation of 
petroleum. Wiitih the development of synthetic lubricants, with the 
development of atomic energy , and the discovery of other forms of 
energy that we don't even dream of today, there may be no necessity 
for the consen,ation of p€troleum one hundred years from now. There­
fore, I think t hat conservation of water means the economic use based 
on knowledge t day. Because what we consider conservation today in 
one area may not be conservation tomorrow in the same area. 

- 2 -



I 

\ 

l 

'· . 
The Texas ground-water law is unique and perhaps it is 

impossible for Colorado to form districts similar to ours. I 
think though you can practice conservation by districts or areas 
even though you have a different concept of ownership of ground 
water; because, as Judge Dent said again, water doesn't know 
whether it's owned by an individual, by the state, by the 
community, or by a district. It doesn't pay any attention to 
ownership. It obeys the laws of physics. The laws of man should 
be in accord with the laws of physics, and, as Mr. Miller pointed 
out in his letter, the purpose of this meeting should be to help 
provide a man-made law for economic use of a resource. Again, I 
think that this is the point----economic use regardless of who 
owns the water. 

Many people have severely criticised the farmer of the High 
Plains because they are using up the ground water. Maybe we are 
subject to criticism, but we know that we are using up the ground 
water. Yet, if you build a home and start living in it, it starts 
deteriorating. If you buy an automobile and start driving it, you 
start wearing it out • . If you are a farmer, you buy a tractor and 
when you start using it you start to use it up. But if you get 
value received from the product, and that's what you bought it 
for--to use--we think again, if you get value received for the 
water, whether you use it up or not is insignificant. 

I went down to Guatamala three or four years ago to work 
~ith the people down there and made a brief analysis of their 
water situation and how they could develop some rules for the 
use of the ~ater before they get into controversy. And that 
country had a pretty highly developed civilization before the 
wheel was invented--quite a long time ago. The ruins down there, 
the pyramids, and other records indicate the Mayan Indians had 
a pretty highly developed civilization more than 2000 years ago. 
Yet, today they are thinking about developing and using their 
water resources. So again, the element time doesn't mean too 
much. I couldn't help but wonder, though, as I flew back over 
the dense jungle of Peten--no population there now, just a few 
Indians, many snakes, and wild animals--what the historians 
would be writing about the High ~lains of Texas in the year 4000. 

People have been asking what is the solution to our water 
problem in West Texas. I have said in my opinion there is no 
solution. T~e only thing is to learn to live with the problem, 
because even if we can desalt sea water at a nominal cost there 
are still problems involved. If we can bring pipe lines from the 
Gulf of Mexico, from the Great Lakes, or from Alaska, there are 
still problems involved--probably greater problems th&n the ones 
we have today. There may be solutions in certain sections of 

. the United States--but I can't see any solution in our country. 
It is going to be an increased problem as time goes on. Well, 
the statement has been made that every time we solve one problem, 
two pop up to take its place. But the answer to that is if we 
didn't solve the one we would have three to contend with. 
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As Judge said, I think we have even more than just two 
philosophi es. I think that we have as many philosophies on 
ground water in Texas as we have people. I talked to a group 
one time about the source of the water in the High Plains, and 
I said that I didn't know for sure where the water came from. 
Logically the source of water is precipitation on the plains. 
One fello said, I don't agree with you--the source of water 
is not rainfall at all. And I said, what's your idea? He 
said it comes from the Gulf of Mexico. And I said, well, how 
do you account for the fact that the water up here is fresh 
water, and the water in the Gulf of Mexico is salty? He said 
the water is sloshing back and forth through the sand, and 
the salt is filtered out of it. And I said well, O.K. I can't 
believe t hat, but assume that that is right, how do you account 
for t he fact that the water level here on the plains is 3,ooo 
feet above the level of the Gulf of Mexico? He said well the 
earth is spinning on its axis and the water is thrown out here 
by centrifugal force. And I said, if it's thrown out here why 
does it stop at this particular level? He said, haven't you ever 
heard of gravity, that keeps it from going any further. I said 
maybe you have something there. If you want to believe that 
theory, y~u are just welcome to it. 

Now againt I said I don't have a prepared paper. I do 
have severa,l things here that I w·ant to show you on the black 
board. As Judge pointed ~ut, we are not involved in a lot of 
litiga t ion. The High Plains Water District has been in operation 
now about nine years, and we have been in the Court House one time. 
One of the first things the district did was to prepare a set of 
rules and regulations and one of the first rules was to require 
permits for the drilling of wells. And down there if a well 
doesn't produce 100,000 gallons a day, it isn't a well. The legis­
lature of Texas said so. It's got to produce more than 100,000 
gallons a c ay to be a well. But any well that is designed to pro­
duce more t han that is defined by the legislature as a well and a 
distri ct may require permits for the drill i ng of t hose wells. Well, 
as I said, our district covers parts of 13 counties, and those five 
directors f elt in order to mak e this a local l y controlled district, 
they didn' t want to assume the responsibil i ty of all regulations. 
They wanted the people to help. So they provided for the election 
of five comm itteemen from each of the thirteen counties. The 
commit t ees would not be governing bodies, but they would be sounding 
boards from the local areas. The directors said, to start with, we 
will require that people ge t permits to drill wells. But the county 
committees may determine the spacing of t hose wells. Some counties 
required wells to be 200 yards apart, others 300 yards, others 400 
yards, and another half a mile. And it came to pass that a county 
line, an i maginary line, passed through a farm. One county required 
a well spacing of 880 yards and the other required a spacing of 300 
yards. The land owner said there is something wrong . If I drill 
a well here, it may be only 300 yards from another well, but if I 
drill right over there it must be 880 yards. Something is wrong 
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with the rule and t he directors agreed. They said we must 
establish a standard set of rules, spacing rules, throughout 
the district. 

When we started talking about well spacing based upon 
economics, one attorney said don't pay any attention to 
economics--you stay underground. You're dealing with the 
underground water; after it gets to the top you have no more 
to do with it. I said if we're not looking at this thing 
from the point of e-conomics, what is the purpose of the district? 

But there is something more than economics involved and I 
jotted do~n one point that the gentleman from Kansas made yesterday 
which hits t he nail right on the head. He was talking about south­
western Kansas, where ground water occurs in the Ogallala formation, 
the same formation as in Texas. Kansas has not established a rule 
for development yet, but he said that a rule must be understood by 
and acceptable to the people of the area. And that is the crux of 
our spacing law. I said this spacing proposition is similar to the 
speed limits on t he highways. I think Colorado has recently taken 
steps that explains what I am going to say. If the people of 
Colorado would pass a law that no one shall exceed a speed of 30 
miles an hour on an y road in the state, and if they could enforce 
it, they would probably save a lot of lives and a lot of property. 
But how could they enforce it? It would take a traffic cop for 
almost every fellow traveling down the road. It is just impractical. 
On the other hand. if they should pass a law saying that the speed 
limit shall be 160 miles an hour, then less people would violate 
the law--but there would be a heck of a lot more wrecks. So what 
they tried to do was reach ·a happy medium--a compromise. They 
have recently increased the speed, as I understand it, on four-
lane highways fro m 60 to 70 miles an hour as a practical matter. 
Our well spacing pr,ogram in the High Plains of Texas is based 
upon this ~ame philosophy. The rule is if you plan to drill a 
well and install an 8-inch pump that will produce a thousand 
gallons a minute, it must be 400 yards from any other existing 
well. Smaller capacity wells may be drilled at closer spacing. 
Our people knew, and I believe they still know, that if you 
install a thousand gallon-a-minute well every 400 yards, they 
are too close for economic development of the area. On the other 
hand, if you are in a prolific water area, and you are the man who 
owns 80 acres of land and there is a public road along here, the 
distance from the center of that road to the center of this 80 
acres over here is 440 yards. Now suppose this man has a well 
here, and this man has a well there, but there is no well on this 
80 acres. The law says that no man shall be denied the right to 
drill a well and produce water. Consequently, the rule permits 
an 8-inch well 400 yards from any other well. 
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But here again , there is a difference in philosophy. As 
was pointed out yest erday , when the State Engin eer of New Mexico 
determines tha t enough we lls have been drilled in a given area 
to deplete the suppl y in forty years he may stop the drilling of 
additional wel l s. Yet our philosophy is--that just because one 
land owner dril l ed his well first is no reason that his neighbor 
should be for.eve r den ied t he right to drill a well. Again, some 
of the reasoning for limiting the number of wells is based on the 
theory that wel l owners need to produce f or a number of years in 
order to justify the investment. That may be true in some areas, 
but it is not true i n our area. Several years ago a friend of 
mine inherited a fa:rm•--220 acres. It was a dry land farm, and 
he was renting it for cash rent at $4.00 per acre per year. His 
gross income was $880 .00 from a 220-acre farm. He came to me 
one day and said that his tenan t had made him a proposition that 
if the owner would drill a well, the tenant would install the 
pump, furnish t he motor, and the fuel, and they would share the 
crop. What do you th ink about it? I said I think that it is a 
good proposition. Th,e well, casing, and pump base cost the 
owner $1050.00. The tenant bought a pump and automobile engine 
and started irri gating. The landlord got one fourth of the cotton 
and one third of the grain sorghum. I don't remember the exact 
figures--they are i nsignificant--but the point is that the first 
year the landlord, af ter having paid for the well and casing, 
made eight and one half times as much profit as he had under the 
cash-lease system on a dry-land farm. The tenant, after he had 
deducted the pri ce of the pump, the price of the motor, and the 
price of the fuel, made six times more profit than he had been 
making under dry land . The point is this----after the first 
year, had the well caved in and the pump and motor gone to the 
bottom, the landlord made money, the tenant made money, the man 
who sold the pump made money, the man who sold the casing, the 
man ~ho sold the motor, t he fuel, there was created wealth in 
one year's time to more t han offset all the costs of the well. 
Now that again has a lot t o do with the pbilosophy of the deve­
lopment of ground wat er. I know that in many areas irrigation 
development cannot pay out in one year. That is true especially 
in the development of surf ace waters where you have dams, canals, 
and the like--it takes many years to pay off. But our people 
don't hold to the phi losophy that it takes forty years for a man 
to pay for h.is irrigation improvements where wells are concerned. 

Mr. McMillion pointed out that ground water in the High 
Plains is a mat t er of stor age, and I think we will agree that 
when irrigation developme nt itarted back in 1910, we had 100 
percent of this supply. A fe~ irrigation wells had been deve­
loped prior to World War I, but during that war the farmers could 
make more money dry-l and farming than they could irrigating, so 
they quit irrigating. In fact they quit altogether during World 
War I and the early '20s. The drought of the '30s came along, 
the right-angle gear drive became perfected, turbine pumps became 
more efficient, and cheap automobile engines were used for power. 
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The pumping units became much cheaper and more practical and 
irrigation farming inc r ea~ed in popula r ity. During the '30s 
we pumped a little bit of water anc used it, but in 1941, the 
wettest year on record throughout the High Plains, the area 
received heavy recharge and the water levels all over the plains 
came up. For all practical purposed in-----1942 we still had 100 
percent of the water supply in the High Plains of west Texas. 
By 1960. the water table had declined as a result of heavy 
withdrawals, and, throughout the High Plains irrigation area 
as a whole, we had used up about 25 percent of the supply. 

We still irrigate some alfalfa in Texas. It will take 
roughly, I think, 48 inches of water a year to grow a field 
of alfalfa. And then you may make as much as 4 tons per acre. 
That means about 3 acre feet of pumped water, or a million 
gallons or roughly 8 million pounds of water to produce 8,000 
pounds of hay--one pound of hay--1,000 pounds of water. The 
purpose of the research in our area should be to develop plants 
that are efficient users of water. 

Half of the five million acre-feet of water pumped is used 
in the production of grain sorghum. We had some studies made 
by an economist at Texas Tech a few years ago on economic use 
of water, and we found at that time--1957--that if a man bought 
a piece of land and bought some water, the main price that he 
paid for the farm was for the water. When he bought a farm, 
he was paying about $10.00 per acre foot for the water in the 
ground. Based upon 1957 yields and 1957 prices for gr2in sorghum 
as a cash crop, he was selling his water at $10.13 per acre foot. 
Through cotton, at 1957 prices, he was selling water at $66 per 
acre foot. 

The economist at Texas Tech. also told us that of the 
dollar paid by the consumer for grain sorghum products, the man 
who produces it receives eleven cents--of the dollar paid by the 
consumer, the producer receives eleven cents. I suspect it takes 
more water to produce a pound of grain sorghum than it does to 
process and market a pound of grain sorghum. Some say that we 
shouldn't invite industry to an area l i ke this. I think that 
is wrong--we should invite industry. Lets process the products 
grown in this area and in turn receive greater economic returns 
for each gallon of water. So again, much of our work is not 
legislation, not taking people to the Court House, but it is 
providing a tool to assist the people of the area in orderly 
development and better economic use of their natural resources. 

l left some copies of information here that we have prepared 
as educational material. We tried to point out in very simple 
terms a leaky faucet and what it means over a period of time to 
permit that leaky faucet to go on. Then in turn, users of large 
quantities of water are discussed. The material was prepared for 
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fifth and sixth grade kids. We hoped they would look at the 
pictures and th,en take the book home and get their fathers and 
mothers to read it. We think it has been pretty successful. 
We have prepared these brochures for insurance companies and 
others who have invested millions in properties in that area. 

I'm not even going to get into this very much, but I do want 
to touch on it briefl y--what we are doing as a district. This 
is a brief prepa red back in 1954. It is called cost depletion 
deduction for income tax purposes in the case of underground 
water. You know the laws of this land are that oil and gas, 

, mines and other natural deposits that are used up in production 
of income are en titled to depletion allowances. We contend the 
underground wa t er i n our area is a natural deposit, it has a 
cost, and it is being used up in the production of crops which 
we sell for inc ome. We say, if the oth er natural deposits are 
entitled to depletion allowance, then- ground water is entitled 
to depletion all owance. The purpose is not to deprive the federal 
government of ta x dol lars, but if the federal government will 
recognize deplet ion, recognize the valµe of water, then the 
individual land owner will be able to evaluate the net returns 
from using up part of his capital investment. In the long run, 
depletion a llo1r1ance should encourage better water ma nag emen t, 
and, in turn, pe rmit the land owner to make mor~ - ~~ ~gme and pay 
more taxes over a long period of _time. __ . 
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A Plan for the Practical Management of the Water Resources 

in an Alluvial Valley lf 

By Edward A. Moulder.!/ 

The most effic~ent use of water in an alluvial valley often involves 
coordinated management of both the ground- and surface-water resources. 
Often, however, certain legal considerations prevent close coordination 
or make it difficult . In Colorado, where water rights are administered 
under the "'appropriation doctrine," ground-water rights generally are 
Junior to surface-water rights because the surf ace-water rights were 
acquired earlier. A1though there may be enough water to satisfy both, 
of'tentimes the occasion arises when surface wat er is in short supply. 
Because the courts r ecognize that use of one of the two sources may 
affect the other, the ground-water rights can be revoked temporarily 
even though by so doing the surface-water user may not benef it 
proportionally. Ideally, optimum development and management of ground 
and surface waters :1s best accomplished through a s i ngle organization 
having full. control. over the waters. However, the situation presently 
existing in some va.ll!eys in Colorado is such that, as a practical 
measure, two groups might effectively carry out integrated water 
management. The two-group organization is proposed herein as a plan 
whereby the surface-water user will get his fai r share of the water 
and the ground•water user will obtain the maximum benefits from his 
right. 

The pl.an calls for the organization of two groups--one repre­
senting the surface-water users, the other representing the ground­
water users. F.ach should be led by men who are dedicated to making 
the plan work and who are villing to act imparti ally. The groups 
need not represent an entire drainage basin, although that too would 
be possibl.e. The subdivision of the basin should be based on the 
hydrology of the basin, however, rather than on political boundaries. 

An example may be the best way of present ing the plan. Let us 
assume that the eff ect i ve hydrologic boundaries of an area adjacent 
to a particul.a.r stret ch of stream have been established, and that 
the ground-water users are organized and have designated a board of 
directors. Streamf'l.ow records for this stretch of the river show 
that, between the upper and lower ends, the return flow (effluent 
seepage) ranged between certain amounts during the period of record. 
The two groups could establish by compromise a minimum figure or set 
of figures for retur.n flow across the area that the ground-water 
group would be responsible for maintaining. Periodic meetings could 
be called to adjust t he figures if additional facts made such an 
adjustment appear adv isable. The members of the ground-water group 
vould then decide among themselves whether deficiencies would be made 
up by restricting use of ground water or by supplementing t ~e surface 

1/ United States Geological Survey, Denver, Colorado 

l/ Approved by t he Director, U. S. Geological Survey for Presentation 
At The Western Resources Conference, Boulder, Colorado 
August 24 and 25 , 1960 
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fl.ow with ground water pumped from wells owned or controlled by the 
ground-wa.~er group. '.'Ilhe latter poss i bility seems the most likely 
because it would be asier to manage, probably would be the most 
effective~ and probably would be most equitable to the ground-water 
users. In s ome cases., however, it might be necessary also to restrict 
ground-wa:~r withd.ralwals if the total water supply were inadequate. 

The F'Qbl.ems or ~utting into effect such a plan are many, but 
they proba.oly are not as formidable as the apparent alternatives. 
At present., the fo ing situation is a likelihood!! A surface-water 
user f inds ~bat dur~ a drought period there is i nsuf ficient water 
to meet h:is rightful s hare. He is aware that the pumping by a nearby 
ground-wa r user may be affecting the availability of surface water. 
He asks the court t o a cknowledge his prior rights; the court may order 
the ground-water userr t o cease pumping until the surf ace-water supply 
is restored. Such ruii action may or may not materially benefi t the 
surface-water user, ~pending upon the hydrologic factors involved. 
In most oases, the ount of surface water gained during the critical 
period wom:l..d be only a small pa.rt of t he ground water that would 
otherwise be used beneficially. The cost involved in court actions 
and delays would i mpoBe a penalty on both parties and might prove not 
to be wortlh the effarrft . In contrast to this sit uat i on, the proposed 
plan woul.d offer the urface-water user immediate relief , while the 
damage t o the ground~ater user might be slight. 

·.·:'C-A brief review some of the hydrologic functions of the water 
system ~ lead to a b etter understanding of the plan and associated 
problems. Figure IA shows that intermittent streams generally are ~./J. 
influent-that ·is, the stream recharges the underlying ground-water 
reservoir. The peremnial stream (fig. lB), on the other hand, 
generally is effluen:t, receiving water from t he aquifer. The dis­
cussions herein perta.11..n only to the latter situation. Before ground­
water wi · lii.ra;wal.s were started, the streamward movement of water 
through al.Iuvial ac~i~ers resembled closely that shown in f igure 2. 
Figure 3 s'.'mows that veter moving toward the stream can be intercepted 
by .pumping from a well; if, as shown in the sketch, the pumping level 
is below stream level., a part of the well discharge may come from the 
stream. 

Figure 4 shows diagrammatically the principal routes that water 
travels in the type amea under discussion. As can be seen, ground 
and ·surface waters are closely related. A part of the precipitation 
falling in the basin i s evaporated before it ca.~ reach the stream or 
ground-water reservoir~ A part of the water reaching the stream 
evaporates and a part is diverted to supply certain needs. Not all 
the diverted water is c onsumed; a part returns to the stream directly 
or after iltd'iltrati.ng t o and percolating through the ground-water 
reservoir. The pa.rt f the precipitation that infiltrates to the 
ground-water reservoir may be partly consumed by evapotranspiration. 
A part ma.y ·be pumped o.r discharged iD the stream. Like the water 
diverted from the st.ream, the pumped water is consumed only in part; 
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the remainder r eturns ~ither to the stream or to the ground-water 
reservoir. ,at the stream and ground-water reservoir are hydraulically 
connected means that the stream may be either effluent (fig . 2) or 
influent (fig 3), aceording to the slope and position of the water 
table. 

The location of the wells with respect to the stream is important 
to efficient operation of the plan. Although it may be impract i cal to 
have the supply wel.ls located strategically, the wells proposed for 
supplementing t he surface-water supply might be so located. If the 
time of pumping can be estimated, the wells might be l ocated so that 
their effects on the stream are not significant during the period of 
critical need f or surface wat er. Proper location also might allow 
pa.rtial replenishment of the depleted ground-water storage by 
influent seepage from the stream during noncr i tical periods . The 
selection of the bes locations would requ i re a detailed study of the 
water-bearing properties of the ground-water re ~ervoir. Referring 
to figure 4, the pl.an for supplementing the surface supply is as follows: 
During the critical period, water is pumped f rom the ground-water 
reservoir directly to the stream (see flow path indicated by dashed 
lines). The vithdra'Wals come principally f rom ground-water storage 
and are partly repleni shed during the noncrit ical period by influent 
seepage. 

A more di-rect method of replenishing depleted ground-water storage 
may be worked out jointly by the two groups. Streamflow in excess of 
the immediate needs of surface-water users could be di verted to the 
wells, recharging them artificially, or to areas where permeable 
surficial materials would permit water to seep from basins or furrows. 

The author suggest s that this plan be considered as a possible 
means toward better water management. If the plan should prove 
successful, ~t may encourage exploration of other water-management plans, 
and may preserve good personal relationships a mong water users. Shoul d 
the plan be considered seriously, certain legal and hydrologic studies 
should be undertaken to determine the feasibility of the plan and the 
best methods for putting it into practice. Among these would be a study 
of existing laws (or the need for additional legislation) that would 
permit the organizing and proper function ing of the proposed groups of 
water users. Also, hydrologic studies pert aining especially to return­
flow patterns and the designation of practical hydrologic boundaries of 
ground-water reservoirs would be needed. 

3 
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REMARKS OF WILLIAM R. KELLY, ATTORNEY AT LAW, GREELEY, COLCEADO 

Ladies and gentlemen. I appreciate this opportunity to express 
my views. I am interested in ground water--that's why I am here. 
I have been on the ground water committee and on the council of 
the Water Section of the Colorado Bar Association for many years, 
and I am very glad to see that a study and report on the ground 
water situation in Colorado is to be made by Sam Chutkow and Dave 
Miller. They are men of exceptional experience and standing in 
their profession and in ability to deal with our situation. 

Now, I only want to talk about the situation in Colorado. I 
- have studied ground water acts of other states, and it seems to 

me that in the end, in spite of what they say, they come to the 
a:>nclusion, even where they said ground water rights were based 
upon the appropriation doctrine, when they come to decide the cases, 
they have held that there was a landown1r•s right to reasonable use. 
Nebraska's Supreme Court has held that. • And in the latest Utah 
case, I be~ieve decided within the past year, they held that a man 
had a right to reasonable use of water in his own land even thou~ 
delinquent under a statute they had adopted about ten years ago, • 
which had reversed their whole hundred years of history and ruling 
on ground water, that, even though the court, in Utah, held that 
they had been wrong for a hundred years. 

Now of course our situation is not the same, in Colorado, at 
least in the South Platte Valley, as it is in Texas, where the 
ground or soil conditions may be different. It is not the same 
as it is in New Mexico, where the;i:r constitution makes ill water 
property of the public and subject to appropriation. There they 
had that critical situation that grows out of the Roswell Basin, 
where they had to adopt some regulation. And yet, even there, I 
think their system is not strictly on the appropriation basis. 

Our settlement in Colorado was made largely by men who came 
here for the "Gold Rush" - the "'59ers". Many of them had been to 
California and tried the gold rush there and came back. They didn't 
find the gold there, but they thought they would try for it in 
Colorado. They brought with them the appropriation doctrine, frcm 
mining custom, that the person who diverted it first was the first 
in the right. But they know that they applied that to the water 
of natural streams. The gold miners weren't interested in digging 
wells for irrigation. Wnat they were interested in was the use of 
water power for operating stamp mills, the reduction of the ore, 
or flushing gravel, or sluicing for placer mining. Those folks dug 
their ditches, moved on, and those old ditches passed out of 
existence. They were rather transitory. In our early lawmakers 
draft of a constitutional provision in 1876, the water which they 

1. Luchsinger v. Loup River Power Dist., 140 Neb. 179, 299 NW 549. 
2 • Carbon Canal Co. v. San Pete Water Assn., 353 P2d 916. 
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said was the "property of the public" was not all the water. They 
said only, "water of all natyral streams" is the property of the 
pub11c, and subject to appropriation. 

Later came the agricultural development, and gradually, the 
need of more water, from the water in the streams, came the putting 
down of wells by farmers. 

This situation began away back in 1889. Never until now, 
recently, sixty years later, was it questioned that a man had the 
right to the water in his land, except in cases where that water 
was being taken from natyral streams. Of Course, where a well 
was so near a natural stream that it is depleting the flow of the 
stream, why a man 1s in the same position as if he were pumping 
out of the stream. He would have to be governed and take his turn 
according to his priorities under the appropriation doctrine. 

Many wells are ten or fifteen miles from the stream, and they 
have no evidence of substantial contribution to the stream. The 
water coming from rainfall, let's say 15 inches a year, and added 
to application of water for the irrigation is about that much, 
say a foot and a hal~ a year, accumulated and formed an underground 
reservoir. Farmers .found that by putting down wells they could 
bring this water up and use it, over and over again, on their crops. 
They had been doing it for 60 years in Weld County. There is a 
well ,c;_ase in the Colorado Supreme Court that goes back to June, 
1889.~· Now, in that case, it was held that if that well was 
depleting the natural stream, it was subject to priorities. It 
never was decided whether it was diminishing the flow of the natural 
stream or not. That well, or its replacement, is still in opera­
tion. It is close to the bank of Lone Tree Creek. It was claimed 
it was depleting the stream. 

When water was brought out of these bench lands from the 
rivers, it went down into the soil and kept building up. This 
ground water which had existed began to come to the surface and to 
cause marshes. Land went bad, in places began to deteriorate 
from alkali and seepage. Water began to be drawn off. In many 
cases it was just spreading out into the ponds and lakes, being 
exhausted by evaporation, largely. 

The~ in this recent era, beginning more rapidly with the 
drought era that began about 1919, there began to be quite acceler­
ated development or wells, irrigation by wells. That water that 
was taken up out of the ground reservoir by wells, out of the land, 
is put right back into the land. It goes down again into the same 
land, makes use of storage in the soil to bring it to the greater 
use--not greater consumptive use, than is brought by using the 
water in reservoirs where there is great evaporation as well as a 
seepage. 

3. McClellan v. Hurdle, 3CA 430. 



Well water use on crops is an economic use. In these reser­
voirs in Northern Colorado, evaporation in the hot summer, like 
this one we have just been through, is often as much as one foot 
in depth per month. I think on Lake Mead, the engineers have said, 
that seven feet in depth evaporates in a year there. Now carriage 
in canals also consumes more water than does well use, at least on 
the average in these canals we have in Northern Colorado. Here 
about 30 per cent of the water taken into canals, is lost in 
carriage,Canals only deliver about two-thirds to the farmer's head­
gate, of what was taken on at the stream headgate. That water 
seeps down into the land. By pumping it, the marsh lands are being 
reclaimed. That wet land, that was formerly alkali and unproduc­
tive to the farmers, now has become very productive in crops. Some 
of the seep streams are so being dried up. 

This water has added, this water from wells, pumping, has added 
to the economy of the country. At least a third total additional 
acre f 'eet of water is so made available to agricultural crops. 

That ground water that goes onto this land, here in the South 
Platte Valley at least, is not all water that came of the South 
Platte River or South Platte River tributaries. As much as the 
Cache la Poudre River, which is our principal tributary to the 
South Platte, is introduced into this valley from extraneous sources, 
from the North Platte transmountain diversions at Cameron Pass, 
from the Laramie Poudre tunnel, from the Colorado River by the 
Grand River Ditch which we see as we go over Trail Ridge Road, 
which canal brings about 25,000 acre feet annually into South Platte 
Valley. And Denver introduces water into the Platte through the 
Moffal Tunnel from the Frazier and the Roberts Tunnel from the 
Blue River tributaries of Colorado. But greatest of all comes from 
the Colorado-Big Thompson Project out of the Colorado River, which 
originally was estimated at 310,000 acre feet, but in reality is 
going to he experienced probably as only about 80 per cent of that. 
That's new water. It is going into the soil and wells are pumping 
it up, stopping seep~ge and drainage, and adding greatly to the 
production of crops in this area. 

It has resulted that, for the benefit of the whole country 
by recognition of it, as was the appropriation of streams accepted 
by custom, we have been allowing it to go on, now for over 50 years. 
The doctrine which by custom has been applied in Colorado for 
greatest public benefit as to water which is not tributary of a 
natural stream, is the doctrine of reasonable use, just as it is 
in California. 

This is the doctrine of rationing which we apply to oil to 
which ground water by its fugacious nature is analogous. 

We need regulation, to assure this reasonable use, as we do 
to shut one man out from draining the oil out of his neighbor's 
land, of course. Where the water is being diverted by pumps out 
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of some area so near the stream that it is depleting the stream, 
that water is governed by the constitution anyway. Where it is 
tributary to the stream, the water is subject to appropriation and 
to the doctrine of relative priorities. Such a doctrine for non 
tributary water would be against public interest in Colorado. By 
custom we have acquiesced in and accepted t he reasonable use doctrine 
as to non tributary ground water • 
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GROUND WATER DEVELOPMENT IN NEBRASKA 

BY Vincen t H. Dreeszen, Assistant Director 
Conservation and Survey Division, University of Nebraska 

Nebraska is located geographically near the center of the United 
States midway between the more humid ar eas to the east and the more arid 
lands to the west. The average annua l precipitation grades progressively 
greater eastward from less than 16 inches in western Nebras ka to slightly 
more than 34 inches in th e southeast corner of the state. Because of the 
variability of precipitation and the recurrence of dry periods Nebraskans 
have always been interes t ed in developing supplementa l water supplies for 
agricultural use. 

Nebraska has slightly mor e than 5,800 ~iles of permanently flowing 
streams which are largely suppor t ed by ground water discharge. It was 
natural for the early drought-pressed settlers to use some of t his water 
to irrigate their crops. History relates that one of the firs t diversions 
for irrigation in Nebraska was in 1887 by a group of immigrants from Colorado 
who brought the practice from their former state. In accordance with the 
custom prevailing in the western states they posted a notice of appropriation 
and so filed a notice with the county clerk. At that time it was generally 
recognized in Nebraska that riparian owners could ma ke a reasonable use of 
the waters of a stream for beneficial purposes. In 1889, in spite of a 
considerable clamor from residents in the central arid eastern parts of th e 
state who feared that legislative action to protect the rights of western 
water users wou l d ruin the agricultural reputa t ion of the sta te , legislation 
was enacted. The legislation recognized and protected the rights which had 
been initiat ed and provided for the appropriat ion of running water. It 
provided for no state administra t ion or irriga t ion districts. The severe 
drought of the early 1890 1 s resulted in increas ed diversion of river 
wate r and enough sta te inte rest in irrigation that a water-rights law 
was pass ed by the legislatur e in 1895. Th e law created a s t ate depart-
ment with power to adminis t er th e waters of the state on an appropriative 
basis and to au t horize irrigation districts; i t created prefer ence in use 
of wa ter in the orde r of domestic, agricultura l and manu f acturing use, and 
it fixed a maxi mum diversion ra t e. This law of appropriative r ights was 
given constitutional sanc t ion in 1920 and r ema ins substan t iall y t he same 
today. 

Visions of an uni imited wa t er supply proved unfounded in t he North 
Platte Va lley as early as t he late 1890 1 s. The problem of a sufficient flow 
of water to meet established irrigation requirements was increas ed by upstream 
diversion of Platte River water in Wyoming. The obvious answe r was to 
construct reservoi·rs to impound waters otherwis e running t o was te in the 
non-irrigation season, in other words, a plan of management to more 
effective ly u i: i I ize available wa t er. Even so, the requiremen t s of all 
irrigators in the Platte Valley could not be fully met and the users have 
had to adjust their irrigation practices accordingly. 
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The terrible dro:ught of the 1930's aroused enough action and interest 

to begin the impoun i ng of waters in our other rivers for irrigation use 
and flood control. Approximately 800,000 acres of land are now irrigated 
with surface water. and an additional 200,000 are furnished supplemental water. 

The previous remarks may help to better understand the development 
of ground water suppJ ies in Nebraska. We proud l y boast that the amount of 
ground water in store ge a t readily available depths is greate r than in any 
other state in this section of the country and we consider ground water to 
be one of our greates t resources. The later geologic events occurring in 
the state were signif icant l y different than in the surrounding areas resulting 
in the deposition of grea ter thicknesses or permeable materials over broader 
areas than in the ne ighboring states. The amount of water stored in these 
relatively shallow re.servoirs has been estimated to be at least 990,000,000 
acre feet. Recharge conditions are ideally unique in much of Nebraska 
because of a general ly flat terrain and t he mos t extensive deposits of 
wind-blown silt ( J'oess) and the largest area of sand hills in th e country. 
This combination of tremendous ground water storage plus the excel l ent 
recharge conditions qed many Nebraskans to believe the supply in exhaustible, 
the belief held by p ionee r surface water users i n their supply. 

The ground wate ,r resources of about one-ha 1 f of the s ta te have been 
quite thoroughly investiga ted on a regional basis by test dril I ing as a 
part of the cooperati ve program of the Conservation and Survey Division, 
University of Nebras,a and the Ground Wdt e r Branch, U.S. Geological Survey, 
The cooperative program was initiated in 1930 and since that time about 
3,000 test holes, totaling about one-half mil 1 ion feet, have been drilled. 
A state-wide cooperat ive observation well program has been conducted since 
1934. ~esults of both of these programs have been publish ed separately 
and in more comprehera sive reports by both state and federal agencies, 

The expenditures by the State-Federal coop erative program have 
averaged slightly mo:r1e than $11,000 per year for each party during the 30 
year period. The coopera t ive agreement for this year cal Is for $33,500 
to be contributed by each party for ground water study. 

All Nebraska murn icipal ities but two--Omaha and Chadron (and they 
have plans to change)---have developed their water supplies from we lls. 
Most of the water use d by industry in the s t ate is pumped from ground 
water and approxima tely 1,750,000 acres of land are irrigated from a 
registered total of 23,360 wells. The principal use, by far, for ground 
water in the state is for irrigation. Interest in, and the development of, 
ground water for irr igation since the advent of modern pumping and wel I 
drilling equipment ha ve been influenced primarily by the weather. 

Approximately 750 irrigation wells were installed from the early 
1900 1 s to 1930. Most of these wells were drilled in the river va l leys. 
The rate of installat~ on increased greatly during the drought years of 
the 1930 1 s and by 1,9fi.2 an inventory showed 3,526 wells with activity 
spreading into the u l ands. The installation rate remained about the same 
during the period from 1942 to 1948 partially due to the hot dry summers 
and continued expansion in the uplands. At the end of 1948 the total 
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number of we l l s jn the state was 7,150. Only 2,000 wells were install ed 
between 1948 and 1953 during a period of more abundant precipita t ion. The 
number of irrigat :ion we lls were more than doubled in the nex t 4 years with 
between 3 and 4 t housan d wells being installed each year. The expansion 
was activated by prec ip itation deficienci es and i t spread into the eas te rn 
part of the sta t e. Since 1957 we have enjoyed above normal precipita t ion 
in most areas of t he st<1 t e and the irrigation we ll installation rate has 
been less than 500 we1·1s per year. 

The devel opment of ground water in the state has ta ken p 1 ace with 
essentially no l egal restrictions. The only state statute rela t ing to 
ground water prior t a 1957 was one prohibiting the waste of artesian water 
and providing a pena lty for offenses. The State Supreme Court, in 1932, 
ruled ; An owner of l and is entitled to appropriate subterranean water found 
under his land , but he c annot extricate and apply it unless there exists 
a reasonable and benef~c ial use to the land which he owns, especially i f 
such use is inj urious to others who have substantial rights in the water, 
and if the na tural underground supply is subject to all owners, each is 
entitled to a r easonable proportion of the whole. '' The decision in effect 
upholds the so-called American rule of reasonable use prevalent in many of 
the western s ta t ,es. 

The legis lature, in 1957, created the Department of Water Resources 
and transferred the powe,rs and duties of the State Engineer relating to 
water rights to that department and to the Director of Wa ter Resources. In 
the same year the leg is1 ature established preference in the use of under­
ground water. Domest ic use was given first preference, and the use of water 
for agriculture was pref e rred over its use for manufacturing or industrial 
purposes. In 1957, the legislature also pass ed two additiona l laws and 
declared " the conservati on of ground wate r an d the beneficial use :the r eof 
are essentiaT to t he future we l 1 be ing of this state. " These laws require, 
among other things, the ,r egistration of all i r r i gation we lls with the 
Director of Wa ter f'.esour ces, identify an irrigation wel 1 as one used to 
irrigate more th an t'v'IO acres, requir e the filing of well logs, and specify 
that no irrigation well shall be drilled within six hundred f eet of an 
existing irriga t ion well on neighboring land. 

fn 1959 the legis lature enacted a law to provide for the establishment 
of ground wate r conservation districts by peti t ion. It provides for 
approval of the boundari ,e s of such a district by the Director of Water 
Resou rces and t he Director of the Conserva t ion and Survey Div i sion, 
University of Neb.raska . and empowered the dis t ricts to tax and to take 
corrective measures 11t o ensure the proper conservation of ground water 
within, the distr i ct" afte r a public hearing. Provision was made for the 
board of directors to compel comp! lance of adopted measures by action 
brought in district cour t. No petition for the formation of a ground 
water conservation distr ict has been made as yet. 
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The present state law relating to ground water with the exception 
of regist ral ion and spacing of irrigation wells, preference in use of 
water, and waste of artesian water leaves the decision of rights to use 
of ground water and its control to the courts and to local ground water 
districts, if and when they form. The present legislation came into being 
after two s,erious droughts in recent years and after concern was felt in 
parts of til e state that some over-development of ground water r esources 
was ta king place. The interest in ground water con serva ti on has appar ently 
lessened daring the pas t three years of above~norma l precipita t ion. 

Hydro}ogic conditions differ considerably th roughout the state: 
the west i s semi-arid, the east sub-humid; the average annual recharge 
varies from less than one incn in some regions to as much as seve ral 
inch es _in otners; water levels are rising due to surface water storage and 
spreading ~n some areas, wnile in other areas the threat of a dee! ining 
water tab le exists; and, ground water reservoir conditions diff e r great ly. 
The variaoil ity of these nydrologic conditions has made it dif fic ult to 
estaol ish a state pol icy on ground wa ter wnich is acceptable to a majority 
of the water users. 

No critical ground water snortage nas developed in tne state as yet. 
Local areas nave oeen over-developed by cities and villages but they nave 
generally been aole to alleviate tneir proolems oy well spacing. Over­
developmen t of ground water nas taKen· place in parts of tne Plat t e V;;lley 
wnere a concentrati on of 200 to 300 irrigation wells per townsn ip (3b square 

--- m--il-es} - is common. Altnougn tne water taole nas declined on ya few feet 
tne competition for water diminisnes tne discnarge of wells during tne 
irrigation season. Some irrigators nave adjusted irrigation practices 
according ly wnile otners nave deepened tneir wells or drilled additional 
ones. A similar situation exiscs in tne soucn central plains area w11ere 
w~ll concentrations vary from 20 to more than 100 wells per township. 
Competition for water during the season is not a serious problem in this 
area but water levels ·h·aJ~- ,- lowered two to five feet below their median level. 
Much of the dev~·iopment has been in the past ten years; a prolonged dry 
period would result in a consides.abt~_lowering of the water table. At 
least one small area in western Nebraska with a high concen t ra tion of 
wells is apparently mining water . Limited recharge, low permeabilities 
of water-bearing formations, and no surface water surplus may offer 1 ike 
are~s no alternative. 

- Much concern has been expressed in the state for the problem of 
over-irrigation. Some irrigators allow water to run to waste and som e 
obtain onl y a fraction of the yield per unit of water that oth ers do, 
A form- of waste is the questionable practice of irrigating certain crops 
and _some marginal lands. Other irrigation practices subject to question 
because of waste or poor distribution are losses of water through 
evapo-transpiration in open ditches and in sprin kler systems while another 
is the practice of fall irrigation. .. 

The conflicts in ground water use in Nebraska are · simil ~r to those 
of other regions. Shallow domestic wells have gone dry and artesian supply 
has been diminished in some pump irrigation areas. Threats to municipa l 
and industrial supplies exist from well irrigation but have not yet develop ed • 
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lrriga t ton we l ls pump water which otherwis e migh t move to a s t ream where 
water dghts exist. The consumptive use of both ;urface and ground water 
tend td reduce stream flow conflicting with its use for industry, sewage 
dilution, recreation and wild 1 ife. Consumpt ive use of water confl lets 
sharply with non-consumptive use when the supply is limited. Similarly, 
conflicts may develop between users of ground water where certain uses 
employ more people and return more dollars per unit-amount of water used. 
Future demand may require the state to re-evaluate the pol icy of the 
preference of agricultural use over manufacturing and industrial use. 

PUl'l'lp irrigation has been of great benefit to the state. It also 
means a lot to the owners of the 23,360 irrigation wells who, if we assume 
have each made an average investment of $7,500 in irrigation, have invested 
a total of $175,000,000. The overall economy of the state has been given 
a big boost and has become more stable through the use of our ground 
water resources. A great resource is of no benefit to anyone unless it 
is used. We have taken the first steps in conservation of ground water: 
it is being put to beneficial use; much basic data has been collected 
through 30 years of -study; the state has recognized the need for its wise 
use and conservation; and we have a generally well informed public who 
has demonstrated its interest in conservat ion of resources by its actions 
in soil conservation wor k and watershed development programs. 

Many of our problems in the conservation and wise use of ground 
water can be answer ed by research, the coll ection and evaluation of basic 
data, and education. A number of county or district organiza t ions compos ed 
of pump irrigators hav e formed. These groups organized for t he purpose 
of improving pumping and irr iga ti on effici ency and are carrying on 
observation well measuring programs in much greater detai 1 than we can do 
in the State-Federal program. 

We are making real progress toward coordinating use of ground and 
surface water. The more stable surface irrigation projects are those 
where wells are pumped for supplemental water and in turn the same a r eas 
are the ones in which we have the healthiest ground water conditions. 
Storage from the Sutherland project supplies water to 100,000 acres below 
North Platte; the Tri-County project which stores water in Kingsley Reservoir 
near Ogallala serves about 116,000 acres in Gosper, Phelps and Kearney 
counties. Considerable amounts of ground water are pumped in both areas 
but the water levels have risen, in the case of the Tri-County area, from 
a few feet to as much as TOO feet. The artificial recharge has been by 
accident rather than design. The Mid-State Reclamation Discrict has 
developed a multi-purpose plan in the Plat te River Valley east of Grand 
Island which proposes to irrigate 146,000 acres of land and does plan to 
provide recharge water to approximately 200,000 acres which are now 
irrigated from wells. The extensive ground water reservoirs offer excellent 
possibilities for the storage of surplus surface water in an evaporation-free 
env i ronm.en t. 

Surface water will provide water to irrigate an additional 
1,528,000 acres if present Missouri Basin plans for Nebraska are carried 
to fulfillment. We need to utilize all our water resources, whether surface 
or ground water, in a plan of water management. Much basic. data needs to 
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be collected and evaluated and problems of pol icy established before such 
a plan of water management wil 1 materialize. 

The state policy on ground water and legislative control may follow 
that already established for surface water. Present legislation and the 
views expressed by water users to legislative study committees suggest, 
however, that the variability of climate and other hydrologic conditions 
in the state may initially call for somewhat differing policies and controls 
in various parts of the state. 



REPORT TO GROUNDWATER SECTION OF WESTERN RESOURCES CONFERENCE 
BOULDER, COLORADO 
August zl~-25, 1960 

BY I VICTOR E. ZIEGLER, INVESTIGATION ENGINEER 
NORTH DM(OTA STATE 'v/ATER CONSERVATIO f~ COMMISSIOI~ 

BISMARCl<., NORTH DAKOTA 

No~th Dakota's groundwater program is a cooperative venture being carried 
on jointly by the Groundwater Branch of the U.S. Geological Survey and the State 
Water Commission. This program was initiateci in 1945 and the v✓or k is being done 
with the financial cooperation of these two agencies on a S'·-50 basis. The State 
Geologist acts as a technical advisor and assists the Commission in the general 
supervision of the program. 

The ultimate aim of the program is to obtain an over-al l knowledge of 
the groundwater resources in the entire state which would be adequate for effectively 
directing the optimum development of this resource for domestic, municipa l, industrial 
and irrigation purposes and also for effectively programming conservation and administra­
tive measures which may be necessary or desirable in connection with its develorment 
and practical use. 

The general plan has been to conduct these groundwater studi es on a large 
scale and the county has been selected as the logical basis since it is a fair-sized 
political subdivision which can participate financially to the costs of this program. 
In such cases the co unt y al locates and contributes funds to the state and it in 
turn is used t ~ match funds available through the U.S. Geological Survey; however, 
there has been, and currently is, a great need for adequa te and perennial groundwater 
supplies for numerous comm un.ities throughout the state which are attempting to construct 
pub! ic water supply and sewage facilities for the first time or which are experiencing 
shortages under present facilities and are forced to find added supplies. Therefore, 
about 50% of our investigational wor k has been directed toward securing data on the 
groundwater sources that would be within the reach of these communities. 

During the past fifteen years, investigations have been completed or are 
under study in 47 areas of our state. Reports have been completed on 27 of these 
areas. This comprises a total area of approximately 12,400 squar e miles or nearly 
one-sixth of the area of our state. 

To date, drilling has been comp leted on two county-wide studies and field 
work is in progre ss in two additional counties. The rest of the areas studied vary 
from one to four townships in size near municipalities in need of water suppl~d. 

Up to July 1, 1960, more than 1760 test holes had been drilled and these 
holes represent a total of approximately 233,000 feet of drilling. The reports of 
these studies are available free of charge to anyone interested in obtaining this data 
from any of the coo~erating agencies. 

The administration of our program is a joint rcsponsibil ity. The U.S. 
Geological Survey provides the technical personnel to complete the well inventories, 
interpretation of dril 1 log da t a, basic r esearch on the surface geology and ca . piles 
this data into repo rt form . The State \-/uter Comm ission provides the drilling e(!uip­
ment and assumes the costs involved in th e tzs t drilling required in the field to 
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locate the subsurface geology and potential aquifers. The State Engin eer, State 
Geologist and the District Geologist of the U.S. Geolog i cal Survey meet periodically 
to map out the areas in which we plan a test dril 1 ing program. This cooperative 
enterprise has worked very successfully and we feel t ha t this type of program best 
serves our needs. 

In addition tto this cooperative program, the investigation division of the 
State Water fommission is currently starting a research project into developing some 
of the potential groundwater areas for irrigation. This is accompl ished by dril 1 ing a 
production test well in a potential area to determine the optimum yield of an aquifer 
in an area. The resulting well also serves as a visible demonstra t ion of the capabil i­
ties of a well as a water source making promotion of a project a more simplified task . 
The work is accomp,lished with a state own ed rig capable of drilling a large diameter 
hole. Our current research program also presented a problem of wa t er qua! ity which is 
suitable for irr igation. As a result, research in cooperation with the North Dakota 
Agricultural Col lege Experiment Station in an effort to find out the effects that various 
water qualities ave on the different soils is being conducted. Some exper\ 2nces in 
our state have prnven that the present standards which delineate the suitabi'lity of 
water for irriga ion are extremely conservative and we feel that if more is known about 
this condition mamy projects which now are considered unsuitable can be developed and 
would have no damaging effect on the soil to which the questionable water is applied. 

During the Ple istocene Age , when the Master Engineer decided to make adjust-
ments in His orlginal construction pattern, He put in to us e a gigantic buldozer known 
as the glacial ice cap. Hith this dozer, a great dam known as the Max moraine was 
constructed. The dam shut off the Missouri River escape route into Hudson Bay and 
forced it to excavate a new channel to the south as we know it exists today. It is 
possible that the Master Engineer may have purposely left a leak in His dam and if so 
the potential for adequate groundwater resources for irrigation, municipal and indus 
t riaiuses will be great. To date, no definite data on the qua! ity and quantity of this 
potential is knO\<ll'il·. We believe that this giant bulldoze r may hav_g filled the anc.ient 
channel of the Missouri, the Yellowstone and th e Little Missouri with sand, gravel and 
rock. If seepage occurs f rom these streams, it is poss ible that water is f eeding down 
th e original chanme l to the Hudson Bay. Artesian wells which are difficult to control 
~ave been encoun te red at shallow depths by seismograph crews worki ng in what we believe 
i s the original cmannel area. This old channel has been known for many years, but no 
~etailed study has been made to define the sriape, dep th and exact ocat ion. The St ate 
'J.:Jter Commission nas recently Deen autnorized to study this area and determine tn e pot­
ent ial of this source of supply. I am happy to report that this s t ud y is now underway 
~nd will cover tnree counties in the nor t hwestern corner of our state . The results 
~f tnis study wi lt not De Known for several years since tne original channel has Deen 
completely ool iterated oy tne ice cap and mucn detailed dril I ing wi 11 oe required to 
~etermine tne confines of tne ori~inal river oed . 

Seccion 61-oI0l, 19S7 Suppiemen c 1.0 ·the North Dako ta Revised Code of 1943 
•~ the law which define~ the waters which belong under the jurisdiction of our state. 
~I I groundwater users, except wel Is that are used for domestic purpos es, are required 
~0 obtain a water right in order to protect th e use of this water. North Dakota 
r,cognizes the Riparian Doctrine of water use for stock \'latering and garden purposes. 
~~hc rwise our water laws follow the Doctrine of Prior Appropriation si mil ar to the 
', thc r seventeen western states. ' 
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Groundwater was place d under the jurisdiction of our water laws by legislative 
enactment in 1955 for the purpose of control 1 ing the amount of water pumped from our 
aquifers. This affords th e State Water Commission with a means of protecting the 
riparian owners• rights and can also be used as a control to prevent the mining of 
groundwater. An example o-f this is in the southwestern area of North Dakota where the 
Fox Hil Is aquifer is dep let ing as the water table is constantly lowering. If there were 
no control, it is conce£ vab 1e that uraniferous 1 ignite developments could employ well 
fields for their use and tlil us endanger the water supply for the cities of Bowman and 
Hettinger, whose wells tap this aquifer. A most recent example is the case of a large 
oil company requesting the right to use groundwater from surface aquifers in the north­
west corner of our state fo r injection underground to approximately 10,000 feet in the 
unitization of an oil fie d in an effort to force more oil out of a pay zone. Excessive 
pumping by the oil indus try could ruin the supplies of several small towns and leave 
them without any water. Th is law has given the state an opportunity to protect thes e 
riparian owners. The wa ter right was granted with the stipulation that pumping would 
be stopped if it were found that the water table was being lo,.,ered indicating that the 
aquifer tapped was being mJ ned. 

To date the problems concerning groundwater have been few. This is due to 
the fact that we have no t as yet experienced extensive development of any groundwater 
aquifers for irrigation o r industrial development. A tremendous interest is currently 
being shown by farmers in o sing well fields to develop sufficient irrigation areas to 
guarantee them a stabilized feed supply for their basic ranching operations. This is 
evidenced by the fact tha t we have investigated two smal I irrigation projects along 
the Yellowstone ~iver and i n both cases have been successful in obtaining a suitable 
water supgly for these irr Jgation districts. Construction on these projects is underway 
and more requests for ai d fr om adjacent areas are being received. I personally believe 
that we are on the brink of .seeing tremendous strides made in the development of our 
groundwater resources. We .are here today to gain valuable information from the ex­
periences of others so we can be prepared to meet any situation that may arise on the 
groundwater deveTopment program. 

Our current planning is to formulate and adopt a set of m1n1mum standards 
for irrigation wel I cons tr~ ction and legislation giving us some control over the 
drillers operating in the s tate so we can observe their operations and protect the 
farmers from the 1 1f1y-by-n ,ight 11 operators prominently found in the drilling industry. 
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GROUND WATER LEGISLATION AND ADMINISTRATION IN OREGON;', 

By Jack E. Sceva, Ground Water Geologist 

Oregon State Engineer 

Since the first settlers started moving into what is now Oregon, the 
doctrine that the firs t in time is first in right has been th e practice in the 
use of water. This doc t rine was spelled out in our statutes when our surface 
water code was enacted in 1909. This act which has been pretty thoroughly 
tes t ed in our courts, stated that "al I water within the State from all sources 
of supply belongs to the publ ic 11 and that the only way a water right could be 
established subsequen t to the effective date of this legisla t ion, was by ma king 
an application to the St ate Engineer, the approval of the application by the 
issuance of a permit and the beneficial use of water within t he time I imits 
set forth in the permi t . 

This act also provided for the adjudication of vested rights, the 
rights established by t he beneficial use of water prior to t he effective date 
of this act. In the adjudication, the State Engineer does most of the work, he 
sends the notices, fil es the claims, hears the exceptions and even t ually pre­
pares his findings and submits them to the co un. Tliese findings which are 
incorporated in a cour t decree become the final determination of the vested 
rights of the stream being adjudicated. 

· - - In 1927, Oregon passed its first ground water act. This act was 
very similar to the surface water act in the procedure for establishing ground 
water rights. This act , which was effective in only the drye r eas te rn pa rt of 
the State, failed to provide for the adjudication of the vested ground wa t er 
rights. 

With the increasing use of ground water t hroughou t the entire Stat e , 
our 1955 Legislature, a f te r a careful study by an interim comm ittee, pass ed the 
Ground 14ater Act of 195::i . This act, which is effec t ive throughout the Sta t e 
includes the pol icy declaration t hat 11 3enefici a l use without waste, within 
the capacity of t he available sources, be th e basis, meas ur e and ex tent of 
the right t o appropria t e ground water " . The appropriation an d us e of ground 
water for stock, domes t ic or group domestic us es in amounts less than 15,000 
gallons pe r day, and sma l l commercia l or industrial uses wer e exempted f rom 
the provisions of filing for wa t er rights. 

It was realized from the experience we have had with sur f ace water 
adjudicat ions that it would be many years before some of our ground water res­
ervoirs would be adjud i ca ted, so our Legisla t ure provided for t he regis te ring 
of the we l ls construc ted prior t o the effec ti ve date of the 1955 act. Th ese 
well registrations or claims will be used as evidence for es t ablishing priority 
dates and beneficial use in future adjudica t ions. 

The adjudication of the ground water rese rvoirs in Oregon wi 11 be 
considerably more than a determination of t he vested rights. Our statutes 
require that th e adjudica t ion also include a description of th e boundaries 
and depth of each ground water reservoir, the lowest permissible water leve l 
that will be allowed, t he characteristics of the ground water supply, the 
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serviceable methods of withdrawal of ground wa t er from each res ervoir, and 
rules for con-trolling the use of ground water. · Once an adjudication has been 
completed i t will be a matter of regulation of withdrawal on the basis of 
priority and the spacing of new wells to maintain the water table at or above 
the lowest permissible position. In some extensive ground water reservoirs 
however, the regulation of withdrawals on the basis of priority of all the 
water righ t s on th e ground water reservoir will not be a feasible method of 
maintaining the water table. It is probable that if this problem occurs, a 
part of the g·round water reservoir would be determined as being a 1 1critical 
ground water area 11 and ground water withdrawals within the critical area 
would be regulated on the basis of prior i ty. 

Once a ground water area has been determined as be ing "critical", 
the State Engineer has considerable authority to regulate and control with­
drawals and presc r ibe corrective control provisions. To date there have been 
two critical ground water areas determined in Oregon on the basis of declining 
water level s. The corrective contra! provisions ordered for these areas include 
the closing of the areas from further appropriation except for stock and dom­
estic purposes, the rejection of some pending applications for new developments, 
and in one case the restriction of withdrawals to wells operating on a priority 
of 1932 or earlier. The watermasters have also been ordered to stop al 1 un­
lawful approp riations and regulate withdrawals to the 1 imit of the duty of 
water that ii s set forth in the water rights. To aid in the regulation of with­
drawals an d in order to obtain the quantitative data in regard to ground water 
withdrawals, the well owners were ordered to equip their wells with control 
valves and totalizing water meters. Both of the orders determining "Critical 
Ground Water Areas" have been appealed to the courts and are before the 
courts at th is time. 

One problem that is becoming more common in Oregon is the complaint 
that an irr igation well has dried up an adjacent domestic well. Many of the 
older domes t ic wells are shailow small capacity wells that penetrated only 
a few feet below the water table. As we are operating under the pol1cy of 
maximum benef icial use within the capacity of the available supply, it is 
physically impossible to develop a ground water reservoir without causing some 
lowering of the water table. It is our belief that under Oregon's Ground Water 
Act that the development of ground water from near the top of a ground water 
reservoir is a privilege and not a right that is to be protected. The towering 
of the water table only a matter of a few feet may in some places make a 
suction type pump inoperatave and necessitate the installation of a deep well 
pump. We al so believe that the method of diversion is a privilege and not a 
right that i s to be protected. The question that is often raised is 11What is 
and what va lue is a ground water right?" We believe that under Oregon's 
Ground Water Act, the owners of water rights have the right to appropriate 
the public waters 6f the State for the purpose and to the extent .given in 
their rights to tong as appropriations are within the capacity of the available 
supply. The priority of a water right is the basis for protecting and reg­
ulating appropriations when they have exceeded the capacity of the reservoir. 
The availab l e supply of each ground water reservoir wilt be .determined in the 
adjudication by the lowest permissible water level allowed, or it may be det­
ermined in a critical ground water area determination. Until such time as 
these dete nn inations have been made, the State Engineer would have no authority 
to stop the operation of an authorized well except to prevent waste or unlawful 
use. When an ample ground water supply is available a ground wwter right may 
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appear to be of 1Jttle value; however, should the supply become short, the 
existence and pr iority of a water right will determine whether a well wil 1 be 
allowed to operat e. 

The problem of interference between ground v1ater rights and prior 
surface water rights is not clearly set forth in our statutes. The State 
Engineer may rej ect a ground water application when it appears that the 
development wfl l fmpair or substantially interfere with an existing surface 
water right. In practice, wells that are in proximity to springs or other 
bodies of surface water, and it is found that there is an almost immediate 
and substantiaT i nterference with existing rights to surface water, the wells 
are regulated in accordance with other appropriations along the stream. 

In many P'faces individuals with surface water rights have been 
making applicat ion for p,ermits to appropriate ground water to supplement their 
surface water supply. In some places, especially in the Willamette River Valley 
of Western Oregon where most of the irrigation is by sprinklers, a number of 
individuals have abandoned their surface water appropriations and have turned 
to ground water a s a sou ,rce of supply. In some instances, the farm operators 
have found that he use of ground water was much more convenien t as it eliminated 
the maintenance of pump ing plants along th e str eam and long pipe 1 incs leading 
from the streaITT t o the place of use. As time goes on we expect to see many 
more farm operator s tuen to ground water for their water supplies, especially 
along streams whe re short summer supplies have or will develop. 

Beneficia.1 use of water is an important part of a water right. The 
question as to what constitutes "beneficial use ' : and what constitutes "waste" 
is sometimes very <l,ifficul t to determine. For example, there is an area in 
Southern Oregon where "hot water " or high temperature ground water is developed 
for neating purpos e s. As the water is somewhat mineralized, heat e,(cnangers 
are used to wi-thdr:aw t ne neat from the water Which is tnen discharged to the 
storm sewer system~ In some instances, the neat exchange units are relatively 
efficient, while in othe rs a mucn larger quantity of water is required to obtain 
the same amount of heat. Tne efficiency of water use snould be a criterion for 
determining wnat i s oeneficial use and wnat is waste. To date tne efficiency 
of water use nas not oeen important in tne administration of our water laws; 
nowever, in areas wnere snort supplies develop, tne efficiency of water use 
will play a more important role in determining oeneficial u; e. 

Tne cont-i'nued oe.neficial use of water is necessary to maintaii:, a 
water rignt in Oregon. Wnenever tne owner of a water rignt fails to use tne 
water for a period of five successive years, tne rignt to tne use snall cease 
and it snall oe conclusively presumed to oe an aoandonment of tne water rignt. 
Tnis aoandonment provision nas raised some question as to the status of water 
rights on lands t ak en out of production under the U.S. Soi 1 Bank program. 
This question wi H probably ultimately be decided by our courts. 

Factors o·ther than ,quantity of the ground water supply also come 
under the contro l of t he State Engineer. Problems of ground water pollution 
can be grounds for creating a critical ground water area. A New problem that 
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is developing in the Portland metropolitan area concerns the t emperature of 
ground water. In this area, many of the newer office buildings are being 
air conditioned with ground water . Restrictions and s ewer rates f or the 
disposal of waste water into the Portland sewe r sys tem has resul t ed in t he 
construction of a number of inj ection wells for the d ispos a l of wa ste water.' 
During the summer months v1h E:.n v1ater is being us ed for cooling wa rm v,atcr is 
being injected in t o the ground . Some sys tems that ar c design ed for the use 
of \tJater of a certain ::cmperatur c may become inef f icient or inofJe rative when 
there is a mar k.ed change in the ground water temperature. Whether the temp­
erature of ground water is a natural qu a] ity of the water that should be 
protected is being studied at this time. 

To date, serious problems of water level decline or ground water 
mining have not developed in Oregon. Problems of \,;atcr level decline hav e 
been confined to small areas of concentrated pumping. The development of our 
ground water r esources is just in its beginning stages. There are less than 
6,000 irrigation wells in the entire state, and a much smaller number of 
industrial and municipal wells . It is our belief that Ore3on's Ground Water 
Act has the necessary con t rol provisions and has been enacted at an ea rly 
enough stage in th e deve lopment of our ground water resources so as t o be 
effective in the preven tion of serious ground water problems. 

* Presented at the Grocnd Water Sec tion, Western Resources Conference 
Boulder, Colorado, August 24-25, 1960 
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COMMENTS ON PAPERS PRESENTED AT THE GROUND 
WATER SECTION OF THE WESTERN RESOURCES 

CONFERENCE, AUGUST 24 and 25, 1960 
BY 

MORTON W. BITTINGER 
COLORADO STATE UNIVERSITY 

It ls impossible to adequately summarize the many excellent papers 
presented at this conference. However, a few words can be said about the 
major points of agreement and disagreement which have been presented 
during the meeting. The points of agreement are clear cut and were men­
tioned by many of the speakers. The physical aspects of ground water 
development and management in which there is general accord, include the 
following: 

1. That legislation should recognize ground water as part 
of the hydro logic cycle and part of the total water supply 
of each area. · 

2. That the optimum use of the total water resources in a 
basin will result only when operation and management of 
the ground water reservoirs are coordinated with surface 
water use. 

In other words, man-made laws must recognize and be compatible 
with the· laws of nature. Legislation which does not recognize these facts 
will be difficult to administrate or will not serve the public purpose to the 
greatest advantage. The biggest problem for Colorado seems to be in get­
ting a satisfactory marriage between the physical facts, which cannot be 
changed., and the existing legal, economic, social., and other institutional 
situations which resist change. 

Another point brought out by many speakers is the great need for a 
wiser and better use of the water we withdraw from our ground water 
reservoirs. I believe we will all agree that we have a long way to go in 
this field and that it is a very important part of the proper management of 
our overall water resources. 

Many speakers have recognized that there is no alternative but to 
deplete certain ground water reservoirs which have a very low recharge 
potenttal. However, the question of the proper length of life of the reservoir 
and the type of control needed to assure that the supply will last sufficiently 
long become points of dissension. 
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. A l asic question which Colorado must answer in the High Plains of 
the state where development is young, but depletion inevitable, is: should 
exploitation be allowed to progress with no control. or should this reser­
voir of ground water be held in reserve for future periods of greater need 
or national emergency? Colorado can still make this decision. whereas 
m _any other parts of the High Plains cannot. They are past the turning­
back stage. 

In closing., I feel that it is necessary to bring up a point which has 
been touched upon but not amplified to any extent. This is the need for the 
scientists and technical people., who must develop and set forth the plans 
for management of our ground water resources, to keep the public fully 
informed and to create confidence in their ability to do this planning wisely 
and scientifically. The use of ground water predates recorded history., and 
legends., superstitions and mysteries surround the use of ground water. 
Scientists must sweep away this mystery before the confidence of the average 
ground water user is obtained. Many of us have been guilty of not keeping 
the public informed of the capability of the ground water· scientists to 
scientifically manage our ground water reservoirs. 
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l OMMENTS ON THE GROUND WATER SECTION OF TIIE 
WESTERN RESOURCES CONFERENCE, UNIVERSITY OF 
COLORADO, AUGUST 25, 1960, BY ROBERT EMMET 
CLARK, PROFESSOR, SCHOOL OF LAW, UNIVERSITY 
OF NEW MEXICO, ALBUQUERQUE, NEW MEXICO 

Thank you, Mr. Mlller. I'm afraid that this very loyal group 
might be frightened a little. However, I am not going to summarize all 
of the laws mentioned. After the confusion you have listened to I am 
sure you don't want me to try. It ls impossible, obviously, t o try to 
summa:rlze and evaluate all of these papers given in two days and try 
to do it in a few minutes. However, I do t hink there are several important 
things that should be said by way of emphasis. In the same way as Mr. 
Bittinger emphasized what has been said, I am sure that there are some 
other things that should be said by way of dispelling confusion, particularly 
about the law. 

Now, I want to say, Mr. Miller, as a law professor and a person 
who has been involved ln these problems, that I feel that this conference 
has been most rewarding to me as a person interested in the subject. And 
I say this for two reasons--one is personal and because I am a teacher. 
But I would like to say it for the third reason, which I think might express 
the feelings of others in this room. This represents, ln my judgment, a 
very s;l!l.ccessful venture in getting persons from different areas of know­
ledge t o talk to each other somewhat intelllgently. I recognize that I may 
be mls:taken about this when we talk about the law. This conference r e pre­
sents a great advance. I think that this conference proves that economists 
don1t all sound Uke theologians, and that engineers and lawyers, who are 
more concerned with empirical facts rather than concepts, can communi­
cate w. !:th each other. It has proved very rewarding for me, and I think · 
some other lawyers in the room, to listen to these gentlemen·from the 
other discl.pllnes. I have two real regrets which I must express, Mr. 
Miller. I thlnk some of the others here feel these. One ls that some of 
these papers were not heard by the whole conference. Secondly, I am 
very sorry that I don1t see or have not been able to find, after diligent 
search, any representative of the state of Montana here. The state of 
Montana is planning to have a confere nee beginning the 13th of September 
w hi.ch i1s dedicated to the same purpose for which this conference was 
dedicated, I believe. And I am going to take all of the information that I 
can carry from this conference up there and make it available to the people 
ln Montana who have a great problem and also a great opportunity because 
theirs is the last state in wh lch there can be a "marriage of the different 
approaehes," to use Mr. Bittinger1s phrase. The sclenttfic information 
and the technological know-how can be used and the institutional lag can be 



) 
Robert Emmet Clark Page 2 

brought L to date. Montana i's the last state to have thls opportunity, 
if I can except Colorado from this momentarily. I am mindful that the 
purpose of this confere nee was to try to educate the people of Coler ado 
specifically~ and all of us generally, and I think the emphasis here was 
on three things, the last of which I will discuss. 

One emphasis was on the physical conditions and technological 
skills and opportunities. We had a number of excellent papers about 
these. 

Second is the area of existing economic conditions and economic 
goals and economic and social consequences. 

Third is the institutional factor that makes the use of technological 
information and scientific attitudes available and useful to us. Here I 
include, of course, the field of the law. Now I think that the thing that I 
got out of this whole discussion for two days dealt with this topic, if I 
can put it all in one sentence: Some kind of integrated or correlated 
management of all water supplies under some kind of system of rational 
public control. I would say that this was the theme of this discussion for 
two days. I think that Mr. Conover1s statement at the outset emphasized 
this. It was interesting to me to observe the number of people who 
emphasized the law all the way through, until finally the gentleman from 
North Dakota thought he had prepared a paper in the wrong field, although 
he actually presented an excellent one on controls in North Dakota. The 
discussion of the legal problems is not a prerogative of lawyers. It was 
interesting to me to hear other people's concern about these institutional 
frameworks within which we must operate. I am reminded here of a 
story that is attributed to our State Engineer, whose assistant is here in 
the room. He says that it is well known among lawyers and maybe among 
engineers that water rights litigation has made poor lawyers out of some 
good engineers and some bad engineers out of excellent lawyers. 

The ernphas is on pub Uc control in this conference I think was 
stated both by Judge Dent in the area of Texas which remains unique in 
its property rights and by Mr. Broadhurst, the Chief Engineer for the 
High Plains District. They disagreed on the amount and the area of public 
control, but they were certainly both talking about the necessity for some 
kind of public control, whether self-controlled or imposed by a group in 
a small area. 

I want to try to say a little bit about "rights" because I'm afraid of 
the mis-use of the term. I worried about this yesterday. Lawyers use the 
phrase "vested rights" the way some of you may use the phrase "national 
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pride." And it is not always clear what ls being said. What has happened 
in Texas. and what has been the law in Texas, and what has happened in 
Kansas offer examples to compare. They present an opportunity to see 
very clearly. as we should, the difference in an attitude toward this 
phrase. this word "vested rights" in givi ng it an empirical reference. 
In Texas, a vested right in percolating ground water exists in a vacuum, 
so to speak. It ls not measured by the amount you use. As Judge Dent 
told you, it is limited only by waste or by some kind of pollution or 
negligent use of it. Now in Texas the recognition of a need for some 
limitation under the police power of the state is recognized under the 
good legislation under which the High Plains District was organized. 
This legislation was permitted by the Constitution of Texas v.b ich says 
that resources can be taken care of in a certain way as the legislature 
provides. The legislature has authorized three districts. In those districts 
this absolute right, v.b ich can exist only theologically speaking. if I may 
use that phrase., can be limited in terms of what the people want in that 
district. Now we'll set that definition aside for a moment, and look at 
Kansas. The Kansas legislation says. and it was upheld by the Kansas 
Supreme Court, a vested right only exists in the amount you use. That 
means actual beneficial use or water that is put to use by a specific date. 
The Kansas court said, "We don't recog nize any property r ights in unused 
water." The argument that water in the ground is like uranium in the 
ground is fallacious., and I don't hav e to tell you scientists or engineers 
how fallacious it is. It is not the same water that1s there all the time for 
many centuries. What I want to emphasize is that this co nstitutional 
problem is enlarged and embellished and distorted beyond t h e underst and­
ing of intelligent people like those attend ing this conference. The idea of 
"vested right s" does not mean some kind of a philosophical concept only. 
It has a specific kind of reference. That's been the stumbling block in much 
of this leg islation. 

One of the other problems of legislation, and I was glad that Mr . 
Kelly got to talk about it because he laid the groundwork for this criticism, 
and I wish that he were here to hear it, is the distinction between non­
tributary and tributary ground water in Colorado. This is a two-edged 
sword in Colorado. I live down stream from Colorado, and we know about 
both edges of that sword just the same as Texas knows about New Mexico's 
law. Colorado is the only we stern state that has a legal presumption that 
all water not shown to be non-tributary ls tr ibutary to a stream. The 
other side of that sword is this: It presents a great opportunity for 
Colorado to integrate rationally some kind of administration of both surface 
and ground water. Now with respect to non-tributary waters, I am told 
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that until we have more hydrological data and until we have more µ- ecise 
knowledge which we should gain by research and by legislation that compels 
data collection, it is going to be very difficult to separate all these waters 
into different kinds. One of the g.ories of the appropriation system--and 
I'm not saying t his personally--one of the utilitarian aspects of it is that 
it lends itself to a system of unified control in the western states. You 
all must know that until about twenty years ago most of the courts in the 
west were still talking about appropriation of surface flow and appropria­
tion of underground streams, but they were also talking about the English 
landowners' rule of unlimited use with respect to percolating waters. 
There are only two states left in that category. One is the state of Texas, 
and we just talked about the modification which they themselves made 
since 1949, and the other state only by way of dictum in a case is the 
state of Montana. New Mexico--and I'm not here to brag about New 
Mexico--I'm simply saying that New Mexico long since arrived at the con­
clusion that the approprlation system, at least the vocabulary of the 
system, could be used to manage some k i. nd of a unified system. Here, I 
think the people interested in legtslaHon have to look to see the two choices 
open with respect to legislative changes. You can have loose controls to 
cover the whole state that aren't very good, or you can have specific 
controls set up in a legislative framework that covers specific areas 
where data is available and where knowledge of its physical conditions 
exist. It seems to me that this is the choice for the Color ado leg islat ure. 
The doctrine of reasonable use is a wonderful phrase--it sounds reasonable 
--but what kind of real reference does "reasonab le use" have? When it 
gets down to application. sometimes it refers to the fellow who gets to 
the ditch first. Reasonable use has to be defined in terms that can be 
administered by the water masters, by engineers, by people who are going 
to deal with the physical facts. So I would say here that any kind of good 
legislation has to recognize not just those institutional factors, but must 
have available scientific and technological data and all those other sources 
of information that we acquire over a period of time through study and 
research. 

I would say that although I am not optimistic by nature, I feel that 
if this many people can get the benefit from two days of discussion in as 
many different fields of learning and understanding as have been gathered 
here, there is considerable hope for some kind of rational development in 
the field of unified control of all water resources. 

Thank you very much. 



South Dako~a Ground Water Administration 
by 

J. W. Grimes, Chief Engineer 
South Dakota Water Resources Commission 

South Dakota has _tatutory law covering the development and use 
of ground water. Ac qui~ition and regulation of water rights in ground 
water have the same basis as those for surface water, namely the approp­
riative principle s of beneficial use as the measure of the continuing 
validity of the r ight and priority in time being the better right. Ex­
cept for "domestic use '' (ordinary household use, stockwatering and not 
to exceed one-half acre of irrigation), application for a pennit to 
appropriate water, published intent to develop and use ground water, 
perfection of the permit by inspection of the constructed works and 
beneficial use of water , constitute the water right acquisition pro­
cedures. 

Court case history predates the effective date of the statute 
(July 1, 1955). This h istory is meager but decisions rest upon the 
principles of t he riparian doctrine in common law. During the past 
five years, the provisions of statutory law have been widely accepted 
in the State but, since the courts have not had a case by which the 
statutory provisions may be interpreted, acquisition of water rights 
and regulation of water use may be questionable. 

Under provisions of statutory law, administration of water rests 
with a seven-member lay Commission and an executive staff. Statutory 
provisions and regulatory policies limit total annual water withdrawals 
to the average annual r echarge. Technical control of withdrawn quanti­
ties is based upon characteristics of the aquifer and water remaining 
in place. Control data is obtained from a series of strategically lo­
cated and logged observation wells. Both water levels and changes in 
hydraulic gradients compared to historical records constitute the 
basis for technical evaluation of aquifer conditions and the availabil­
ity of unappropriated water. This is cross-checked against data collect­
ed from users as to the annual amounts of water used and against records 
furnished by well drillers under provisions of well driller licensing 
provisions of the ground water code. The latter check has been found 
to be unreliable, due primarily to negligence of the well drillers 
and inconsistancies of descriptive data furnished by the well drillers. 

These methods of technical control seem to fit South Dakota ground 
water supply conditions . Physical occurance of ground water supplies 
in the State may be divided into three major sub-divisions: (1) Deep 
artesian ground waters underlying the entire area with few exceptions 
and (2) shallow ground waters (usually 200 feet or less in depth) 
which occupy glacial me lt water channels in eastern South Dakota and 
which may or may not have artesian head and (3) alluvial ground waters 
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occupying the geologically recent sands and gravels of present 
stream valleys. 

I 
Conditions described as (2) and (3) intermingle in some cases. 

There is no practical interchange of waters occurring under conditions 
described as (1) and those under (2) and (3). 

Depending upon location, from 40 to 7 separate deep artesian 
aquifers exi s:t. The uppermost two have been widely tapped for rural 
household, stockwater, municipal and industrial water supplies. Prior 
to 1920, artesian heads had been reduced, ranging in amount from 
little to 250 feet of loss. Since 1920, new equilibrium conditions 
have been reached and additional losses of artesian heads have not 
been serious nor have they been wide-spread. During recent years, 
deeper horizons have been tapped, especially since the advent of 
the federal Great Plains Conservation p~ogram of financial assistance 
to ranchers for stock water supplies. Heads encountered may be 250 
pounds per square inch or more at ground surface with quantities of 
water ranging to 250 gallons per minute from 20 inch diameter wells. 
These higher heads require careful drilling techniques to avoid un­
controllable well holes, the contro~ of which is covered by general 
regulatory ar t esian well construction specifications issued by the 
Wate~ Resources Commissi~~-under_ authorities contained in the ground 
water statute. The larger quantities of flow from these artesian 
wells result in difficulties of administration aimed at restricting 
the ~~ount of water withdrawn to the amount needed. Development of 
the deep arte·sian water supp lies require appropriative water rights 
if the water is to be used for other than "domestic purposes." 

The chemical quality of the deep artesian ground waters varies 
widely among the separate aquifers but is universally brackish except 
in the near vicinity of the Black Hills in extreme western South 
Dakota. To.tal dissolved salts range . from 1800-1900 parts per million 
in the upper aquifers to perhaps 3000. parts per million in lower 
horizons. Generally speaking the deeper the water source the higher 
the quantity of dissolved salts. In some areas, chemical constituents 
produce adverse physical characteristics with long-time human use and 
the stranger must be careful with use considering short-te rm effects 
which may or may not be harmful depending upon his physical needs at 
the time. Irr igation use of these deep artesian waters have been 
attempted but the quality makes them unfit for such use. These deep 
supplies have been tapped for maintenance ,of recreational and wild­
life lakes. Because of questionable benefit and because of the ad­
verse effects of such large withdrawals upon surronding domestic water 
supplies from the same source, water rights to develop these supplies 
for lake level maintenance purposes are usually refused. 

2. 



The shallow glacial melt water channel ground waters (defined 
under (2) above) are usually fresh qualitatively, produce copious 
quantities per well and are now widely used for irrigation and other 
beneficial purposes. Total quantities are limited, however, and 

- some of the areas have reached or are approaching optimum develop­
ment. In these areas controls on use and development are tightly 
administered. As mentioned above, no decision of the Water Resources 
Commission under provisions of the statute have been appealed to the 
courts by a water user or by a water right applicant despite the 
statutory limitation of what may be termed a restriction of his common 
law rights. 

Except where alluvial sands and gravels intermingle with glacial 
melt water channel aquifers, water supplies defined as (3) above pro­
duce small quantities of water only. Primary use is for "domestic 
purposes" and as such are not subject to appropriative water right 
acquisitions under statutory provisions. Also, the naturally limited 
small quantity capability produces but few administrative problems 
concerning wasteful diversions or methods of diversion. 

In summary, the appropriative water right acquisition and regu­
lation of ground water development and use under provisions of 
statutory water law is working in South Dekota. The statutory limit­
ations have not been tested in the courts. Consequently, the success 
of statutory provisions and technical methods of -control must be 
qualified until such time as they meet court case tests. 

3. 
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Mr. David J. Miller 
c/o Ground Water Section 
Western Resources Conference 
Coronado Building 
Greeley, Colorado 

Dear Mr. Miller: 

August 17, 1960 

I appreciate your kind letter of July 19, 1960 regarding the program for 
the Ground Water Section of the Western Resources Conference and especially 
the invitation to participate in the conference and present a summary of 
Idaho's ground water legislation and experience with it. 

Inasmuch as there is little to add to the letter I wrote you March 30, 196o 
on this subject I fear any presentation I could make would be nothing more 
than a recitation of the Ground Water Statutes of Idaho, of which you have 
copies, and stating the fact that further than processing the many appli­
cations for permit through the statutory procedure leading to a water 
license, there have not been any new developments. 

However they are certainly coming. 

By far the greatest increase in irrigation in Idaho since 1945 has been 
with a ground water source of supply. As near as is known about 500,000 
acres of irrigated land in Idaho now obtain a water supply from wells. 
Since October 1, 1959 water right applications have been filed with this 
department for 1.l.i0,000 acres of desert lands. Not all of these will 
mature into licensed rights; what percentage will is problematical, but 
the zeal to irrigate new land from a subterranean source of water supply 
seems to know no bound~. 

So I see looming in the future, how soon I do not know, a grand scramble 
to detennine priorities when these ground water reservoirs are seriously 
over pumped. Or else Idaho will follow in the steps of California or 
Arizona and pump and pump until there is no wat er resource left for any 
body. The only reason this has not yet occurred is the fact that ground 
water supplies in Idaho are so abundant; but certainly they are not in­
exhaustible as so many operators believe. 

- r 
By Idaho law the courts have original jurisdiction in the matter of 
determining water rights and their priorities, both surface and subter­
ranean sources. The ground water statutes declare that the right to the 
use of ground water may be acquired only by appropriation. Such appropri­
ation may be perfected by means of diversion and beneficial use or by the 
permit law. Thus far a general adjudication action seeking to fix amounts 
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and relative priorities and/or the s afe annual pumpage of an underground 
supply has not been brought. Until such a suit is filed, decree entered 
and taken up to the Supreme Court for comfirmation or otherwise, the 
strength of Idaho's ground water law may be uncertain. 

Intricate questions relating to ground water claims are arising all over 
the state. They are diverse in nature. 

One angle is simple interference of one well with another. Some of these 
cases are settled by invoking the machinery of a local "ground water board" 
provided by statute. The scope of these cases is limited and settles 
nothing so far as the regimen of a ground water basin is involved. Other 
cases are settled by arbitration under the general arbitration laws of t he 
state. Likewise the scope and finding in these cases is only local. 

Then there are the large ground water basins where pumping is being done 
generally over many square miles or even townships all within one water­
shed or stream system. While well interference or basin ground wate r 
depletion may not to date have become a problem yet there is s t rong pre­
sumption, I believe, that ground water extraction in the upper reaches 
of a watershed is depleting the surface flow of the stream. Something 
maintains t he surface flow of a stream especially in the latter part of 
a water year when snow melt and spring rains have ceased to flow visibly 
to the stream. It is invisible inflow, and taking this out with pumps 
robs surface rights which heretofore had a late season irrigation supply. 

One other violation of sensible preservation of ground water s upplies is 
allowing art esian wells to run to waste6 months of the year. This happens 
in Idaho. There is one notable artesian basin in Idaho which has been 
investigated some what thoroughly by this office. Thereafter the matter 
of the state ordering capping of t he wells was put up to the Attorney 
General. His interpretation of the law was: 

"Section 42-1603 requires that every person coming under the 
provisions of Section 42-1602 shall apply to your Department for approval 
of any mechanical device for controlling the flow, and shall change, alter 
or install only such equipment as shall be approved. 

· Section 42-1605 makes it a misdemeanor for any person t o violate 
any of the provisions of that chapter, in other words, the Act of 1921. 

It is plain~y the duty of the prosecuting attorney of a county 
in which such violation occurs to proceed under Section 42-1605. Whether 
your Department is authorized to proceed by a civil action to abate any 
conman nuisance defined as above pointed out, is another question. I 
doubt very nm.ch that such authority exists, for the following reasons: 

- To begin with, why did the Legislature of that year use the 
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word "common", rather than refer such a situation t o the already long 
existing law concerning public nuisances? While many cour t s have held 
under different facts and s ta t utes that II comrrnn nuisance" and " public 
nuisance" meant t he s ame , I have found no case which dealt with factual 
conditions, .or a special law, such as exist here. Inasmuch as this is 
a criminal law, it would seem probable that it ~ust be s t r i ct ly construed. 
Since it nowhere even suggests civil action f or ab atement, I am inclined 
to think that to read that into the 1921 Act would probably violate the 
rule of cmstruction just now s tated". 

J.nd then the reluctance or dilatory action of the county attorney stymies 
us. 

You asked for a summary of Idaho's ground water legislation together with 
its actual administration and experience with it. I have described in 
the foregoing to what extent the legislation has been administered; only 
the part prescribing procedure for a ppropriating ground water. As for 
experience in enforcement there has been none . Probably we should have 
a try at it but thus far the earmarks of a warrant ed case have not been 
apparent. 

If this letter and mine of March 30, 1960 are of value in summarizing 
ground water legislation of the western s tates you are at liberty to use 
them. 

I would appreciate receiving a copy of the sumnary and proceedings and 
can pay the registration fee of $15. 00 therefor. 

Other meetings and hearings set for th2t we ek preclude any at tendance 
at the conference. My best wishes for a fruitful meeting. 

Sincerely yours, 

~JIP~ 
GEO. N. CARTER 
State Reclamation Engineer 

GNC:rnr 



l 

! 

I DEPARTMENT OF RECLAMATION 

GROUND vVATER STATUTES 

Idaho Code 42-226 to 239 Inclusive 

(Chapter 200 Session Laws of 1951 

and 

Chapter 182 Session Laws of 1953) 

57 

42-226. GROUND WATERS ARE PUBLIC WATERS. - It is 
hereby declared that the traditional policy of the state of Idaho, re­
quiring the water resources of this state to be devoted to beneficial 
use in reasonable amounts through appropriation, is affirmed with re­
spect to the ground water r esources of this state as said term is here­
inafter defined - : and, while the doctrine of "first in time is first in 
right" is recognized, a reasonable exercise of this •right shall not block 
full economic development of underground water resources, but early 
appropriations of underground water shall be protected in the main­
tenance of reasonable ground water pumping levels as may be estab­
lished by the state reclamation engineer as herein provided. All 
ground waters in this state are declil,red to be the property of the 
state, whose duty it shall be to supervise their appropriation and al­
lotment to those diverting the same for beneficial use. All rights to 
the use of ground water in this state however acquired before the ef­
fective date of this act are hereby in all respects validated and con­
firmed. 

* * * * * 
42-233a. NOTICE OF APPLICATION.-Within a period of ten 

days after the filing of any application for permit with the state recla ­
mation engineer, as herein provided, the state reclamation engineer 
in a critical ground water area, as hereinafter defined in this section, 
shall issue a notice of such application stating the name of the appli­
cant, the location of the well or wells, the amount of the flow of water 
proposed to be used, and the description of the premises upon which 
the water is proposed to be used. Such notice shall also state that 
all persons having an interest in the critical ground water area de­
siring to oppose the issuance of a permit pursuant to such application, 
must within a period of thirty days from the first publication of such 
notice file in the office of the state reclamation engineer a protest 
to such application. A copy of the notice shall be furnished to the 
applicant, who shall cause the same to be published in a newspaper 
published in the county where the well_ described in said application 
is proposed to be located; or if no n ewspaper is published in such 
county, then in a newspaper of general circulation in such county. 
Publication of said notice shall be made two times, once each week 
for two consecutive weeks, and proof of such publication shall be fur ­
nished by the applicant to t he state reclamation engineer. "Critical 
ground water area" means any ground water basin, or designated 
part thereof, not having sufficient ground water to provide a r eason­
ably safe supply for irrigat_ion of cultivated lands in the basin at the 
then current rates of withdrawal, as may be determined, from time 
to time, by the Sta te Reclamation Engineer. 

In the event the applicc1tion for permit is made with respect to 
an area that has not been designated as a critical ground water area 
the State R eclamation Engineer shall forthwith issue a permit in ac­
cordance with the provisions of Section 42-234 without requiring com­
pliance with the provisions of the preceding paragraph of this section 
or the provisions of Section 42-233b. 

,,..,.......,.,..,.....,.....,.._ 



O!<.LAHOMA I S STAT EMEN T 
GROU ND WA TE R SECTION 

WESTERN RESOU RCES CONFE REN CE 

Boulder, Colorado 
August 24, 25, 1960 

Prepared by Fran k Ra ab, Executive Directo r 
Oklahoma Wa t e r Resources Board 

The Ok l ahoma Groum d Water Law was adopted in 1949. This Sta t ute, 
we find, is a very .ood one that can be readily administered if suf­
ficient techn ical data is available. However, we wish to make some 
observations regardirn g some refinements in t he interes t of t he applican t 
or users of ground a t,er. 

In the first place , the law provides t ha t an applicant for use of 
ground wate r has two years in which to comp l ete his works and put the 
water applied for to beneficial use in the amount or volume of water 
applied for. This wocedure results in a priority date on t he amoun t 
of water put to benefi cial use within a two year period. In other words, 
if a man app l ies for 200 acre-feet of water to irrigate 100 acres of l and 
and at the end of the two year period he has only deve lop ed and irriga t ed 
10 acres of h is Tand , he forfeits a priority date on the other 90 ac , es or 
180 acre-fe.e t of wa tce·r because of the two year l imitat ion. 

We all know tha t most applicants going into irrigat ion are in experienced 
in irrigated agriculture. The proper procedure would be t o dev e lop smal 1 
tracts of land unt il t he irrigator has learned some of the t echniques tha t 
are so impor t ant to success. We quite frequentl y ·ma ke th e statement that 
"It is much better to make a 10-acre mistake than a JOO-acre mistake. " 

The law f urther pwovides that the Board shall, upon rece ipt of a petit­
ition signed by one-four t h or not less than 25 land owners above a ground 
water basin, make a hydrographic survey and the subsequent adjudication 
of water righ ts of the basin, Again, the two-year 1 imitation applied 
even after the bas in has been adjudicated by the Court. 

In addition, after t he hydrographic survey is made and water rights 
have been det ermined ., the Oklahoma Water Resources Board has the authority 
for the spacing of we lls, but no control of spacing until after the hydro­
graphic survey and the adjudication of water rights has been completed. 

We propose to offeT an amendment in the next session of the legislature 
to amend tha t sect ion of the Statute setting up the two-year limitation on 
development. We s ha1 1 propose that an appl i cant for ground water, before 
or after adjudicat iarn of rights, be allowed two years in which to begin 
construction and deve~ opment of his program and an additional three years 
in which to complete h is project. We believe our Legislature will look 
with favor on such le;-g ·islation. 
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Our greatest problem in administering our Ground Water Law is that 
we do not have the funds available for the basic research to determine 
the scope or extent of our various ground water basins throughout 
Oklahoma. Neither do we ,- ow the sa fe withdrawal of those basins, nor 
the recharge rate. 

Listed below are some comment s with reference to our estimates of 
ground water basins in Okl a~oma which are also displa yed on the a ttached 
map: 

Exten t of Oklahoma's Ground \-later Resources 

Ground \.later is Okl ahOliB'S most valuable mineral resource . The amount 
and value of t h is resource has not been determined, but , according to 
present in formation, t he various ground water reservoirs of the State are 
estimated to conta i n :more t han 300 mi 11 ion acr e-feet of fresh water. At 
a conservative figure of $a O per acre-foot, the fresh water stored beneath 
Oklahoma has a val ue exceedi ng 3 bi 11 ion au , 1ars. It supplies 70 percent 
of the irriga tion water used in Oklahoma and mi nic i pal water for more 
than 300 towns and cities. In fact, more than hal f of the people in the 
State rely on undergroun d sources for drinking water and household supplies. 

Ground water is availab le over most of Oklahoma in quantities sufficient 
for domestic supplies, huwever, in some parts of the State, the water is 
salty or 11 gyppy, 11 and is unfit for most uses, so that household wa t e r is 
collected in cisterns. In some areas ground water may be of better qua! ity 
than surface water, and industries and commercial users frequently devel op 
private supplies to satisf)' their own needs. \./here water is used for 
cooling, industries may prefer ground water becau se it is of nearly con­
stant temperature and qua lity at all times. 

Figure 1 shows the loca t ion of the principal ground water reservoirs 
of the State. The most important aquifer cons ist s of the sands and 
gravels of the High Plains (1) and contains more than 100 mil 1 ion acre­
feet of available water. I t supplies most of t he water requiremen ts of 
the High Plains, including water to irrigate 75,000 acres. Other import­
ant aquifers that supply ir rigation water in the western part of the 
State are the alluvial depos its along streams (2), the \,Jhitehorse Sand­
~tones (3), and the gyps um beds of the Dog Creek shale and Blaine 
ormations (11}. In Central Oklahoma sandstones of the Vamoosa formatio n 

1S), Garber sandstone and Wellington formation (6), and Wichita formation 
17) are important sources of water for municipal and industrial purposes. 
~ea r Ada wells in limestone of the Arbuckle group (3), produce more than 
/ ,000 gpm for municipal use. In the northeastern part of the State cities 
in d industries tap the Roubi doux formation with wells 1,000 feet deep. 
-'r)s t of the streams draini ng the Ozark Mountains are fed by springs 
, suing from limestone of the Boone formation (10). Sandstones of the 

.' ri nity group (9) in the southeastern part of the St:ite contain large 
uan ti ti es of ground water t hat is es sent i a 11 y undeve 1 oped. 

i!•. I ahoma has tremendous resources of underground water. The exact 
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quantity is unknown, but i t is estimated to be more th an 40 times the 
amoun~ stored in al 1 the reservoirs and la kes of the Sta te, and mo re 
than 8 times the average annual flow of al 1 the streams draining the 
Stat~. If spread evenl y, it would cover the State to a dep th of more 
than 7 feet. Because some of the wate r is held tightly in rocks, such 
as silt and clay, it is not al 1 available for man's use, but a large 
part may be. It is cons tantly be ing replenished from the rain and 
snow that fal 1 on the State. The rate of replenishment is rapid in 
areas underlain by 1 imes tone and other cavernous rocks, but slow in 
other places. In places where rain soa ks readily into the ground, the 
annual "ground water crop " may exceed the surface runoff. For instance, 
south of Enid ground water insoa k is abou t 300 acre-feet per square 
mile each year, whet'eas stream runoff in that area is less than half 
as much, 

Ground water reservoirs of Oklahoma suppl y about one-third of 
the water used in the State . In most places these reservoirs are 
not fully developed and additional facts are needed for proper 
developmen t . With prud ent planning and wise management , we can continue 
to use tris val ua ble resource for many years without depleting it. 

The Oklahoma \later Re sources Board greatly appreciates this oppor­
- __ t~~-i ty _of_ pa r_t i c i_p_a t_i n_g in this conference . 

Respectfully submitted, 

Fran k Raab 
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Wyoming's Ground Water Law and Administration 
By Earl Lloyd, State Engineer 

A Ground Water Law (now Sections 41-121 to 41-147, in­
clusive, Wyoming Statutes, 1957) was enacted by the 1957 Leg­
islature of the State of Wyoming and it became effective on 
March 1, L958. Previous to that ti.me, a law was in effect 
which was enacted in 1947, the principal feature of which was 
the requirement for filing a statement of claim with the 
State Engineer on all existing water wells, except those for 
domestic and stock purposes, and the filing of a Well Regis­
tration on all wells completed after April 1, 1947 - such 
registration to be filed within 30 days after completion. 

The present law requires that an application be filed 
and permit secured from the State Engineer before any well 
to divert and appropriate underground water is connnenced, 
but excepts those for stock and domestic purposes. Such 
stock and domestic wells are exempted from the provisions of 
the statute and are given a preference right . 

Other sections of the law provide for declaring an 
area a "critical area" and for the appointment of division 
and district advisory boards. Administration of the law is 
placed under the State Engineer and the State Board of Con­
trol, which in Wyoming is a quasi-judicial body that adjudi­
cates rights to water and has rather wide authority in water 
matters. 

Priority of appropriation of underground water obtain­
ed prior to Aprill, 1947 dates from completion of the well. 
Priority obtained subsequent to April 1, 1947 and prior to 
March 1, 1958 shall date from the filing of registration in 
the State Engineer 1 s Office, and the priority of rights sub­
sequent to March 1, 1958 shall date from the filing of the 
application for permit in that office. 

Reports of completion or abandornnent of the well are 
required, under the pennits, and these reports include quite 
complete data on those completed. Adjudication of rights is 
to be made by the State Board of Control. 

Provision is also made for correlation of priorities 
of rights, when different acquif ers are interconnected or 
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when underground waters and waters of surface streams are so 
interconnected as to, in fact, constitute one source of sup­
ply. 

Our chief difficulty in achninistration of the law, up 
to this time, has been because of the section which provides 
that if a well, for other purposes than stock or domestic 
use, interferes unreasonably with such an exempted well 
(which is given a preferred status) the State Engineer can 
order the interfering appropriation to cease or reduce with­
drawals unless he shall furnish at his own expense sufficient 
water at the former place of use to meet the need for domes­
tic or stock use. This problem has arisen in several areas . 

-2-
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COMMENTS ON COLO RADO I S GROU rW WATER PROBLEMS 
by Geo. \•J. Colburn l/ 

Colorado's chao t ic ground wa ter probl em s are the result of many 
different fac tors. In the f irst place no orderly program for the devel­
opment of Colo rado's ground wate r pot ential has been able to mater ialize . 
Each different probl em has been attacked as a matt er which should have 
been sv,iep t wide r the r ug of indifference or poked down the ra t ho 1 e of 
individual interes t . As a consequence the probl em that belongs to every­
one has become nobody' s problem to a great degree . Onl y a very few people, 
mostly professional water men, have att empted t o approach the problem in a 
rational, sci entif ic, objective man ne r. They are the unsung he roes, not 
yet fully apprecia ted, of the ground wat e r f i e ld and by whom an y progress, 
such as it may be, has been push ed forward. ,heir foundation laying of 
scientific da t a will be proved more and more va luabl e as th e c i tizens of 
Colorado learn, a s learn they must , of the ef ec ts of indiffe rence , ignor­
ance, and neglec t o f ground wa te r potentials . 

The present Co lo rado Ground Hater Law resulted from some compromises 
by the s evera l factions representing differ ing opinions. As a consequ ence 
no cletlr-cu t op inion o r doctrine ha s been s t ated. Wor k on it Wtl S sta rt ed 
long before any s emblence of a ground wate r law wa s placed on the statute 
books of the s tate . The first attempt that was successfully entered in t he 
statute books wa s, in reality, a well driller 1 icensing law which placed 
their supervis ion unde r the Colorado Water Conservation Board. This 1953 
statute, set out cer t ain requirements for 1 icensing drillers, obtaining 
dat~ on their dr ill ing ac t ivi t ies and providing penalties for violations. 
In many respec t s it wa s not a good law but in other respects it was better 
than the 1957 act, The 1957 act changed the administration to the Office 
of the StAte Engineer and extended the funtions by requiring registra t ions 
of existing uses, the issuance of permits for the use of ground water, t he 
1 icensing of drillers, and creating a Ground water Commiss_ion with spec­
ified duties and authority . It did not stipula te penalties , othe r than 
revocation of 1 icense, for violations of the act. It is, admittedly, 
quite a weak law, harrassed by the uncompromising viewpoints of various 
factions, and passed only as a hurried expedient. Action seems to vary 
inversely as the amount of snow in the hills. The bic kering seems to 
have been between at l east four main, differing ideas. First are those 
who want no discipline of ground water activity in any way, shape or form. 
Secondly are those who a re so inert that any change requires a particularly 
strong goad to move them out of the way of those who are asking for some 
form of discipline or control to protect these inert from the results of 
their own iner tia. 
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Then those who do desire progressive programs are again divided as to those 
who want a riparian or perhaps a slightly modified riparian doctrine as 
opposed to those who want to administer the resource on a strict time app­
ropriation doctrine, or an approximation thereof. 

Somewhere in the midst of this conflicting and disco-ordinated thinking 
is a solution. This sol u tion, it seems, must bet e result of at least three 
basic and fundamental premises: (1) A desire to reach an equitable, workable 
and logical method of op t imum use and conservation of this, our priceless re­
source. (2) The ability to sit down at a conference table to discuss calmly 
and sincerely, the differences between the philosophies of administration; 
being wil 1 ing to accept as sincere and honest any opinion as to the other point 
of view and to stand ready to compromise, for the good of the majority of the 
people of the State, any controversial point which can be honestly accepted. 
(3) And most important, the force to present the consolidated solution to the 
legislative bodies in a package which they can or will accept without regard 
to political complection or individual interest. 

Some informed authorities, still idealistic, hold no brief for any 
philosophy of administra t ion, believing that this is a decision which must 
be made in accordance with the fundamental premises 1 isted above. However, 
it should be pointed out, as in many other fields, complete detailed admin­
istration cannot be made by any inflexible dictate because of the widely 
differing problems geologically and geographically pr~sent in Colorado. These 
range from the Ogallala and deep consolidated formations thru the artesian 
ocean of the San Luis Valley, the alluvial basins of the South Platte and 
Arkansas river basins to the San Juan basin where ground water is scarce, 
and in all the variations caused by the transitions between these various 
conditions. So, the law that contains the solution, must be flexible 
enough to encourage decisions of adminstration to the best interest of the 
users of ground water in accordance with the doctrine decided upon by legis-
1 at i ve action. 

There must be legislative action, otherwise this, their prerogative, 
will be assumed by judicial action in decrees which, although equitable in 
a given situation, may be non-equitable in another area, but established 
as precedent and can be quoted and accepted as such with considerable cre­
dence. It is understood that the legislative branch of the government is 
quite as jealous of its prerogatives as the judicial branch is of theirs. 
This, then, may be the challenge they must meet. Neither have excelled in 
this phase up to the present. 

-
Those who have had the foresight to realize the changing conditions 

now becoming more and more apparent to all, have called this conference to 
request the experience of other sister states in their ground water prob­
lems. These have been brilliantly presented here by able and earnest auth­
orities. Now, it is up to Colorado thru her officials, her legal, eng­
ineering, geological and legislative technicians to labor earnestly, hon­
estly, diligently and compromisingly with one anot_her to bring forth a 
comprehensive solution to the complex problems of how to make Colorado's 
Ground Water Law a living, vital, a·ctive, and positive reality and thus 
realize the true heritage of Colorado's "Last Water Hole". 
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