


farmers irrigating back after planting to be sure their seedbeds do not
dry out. They have been told that irrigating back after planting will
add salt to the beds, and cooler soils will make seedling disease worse,
but they forget.

There is no way to estimate the annual income losses due to the subtle
and often unrecognized effects of salinity in this area, but they
probably are considerable. Many farmers in West Texas and New Mexico
are casually applying waters considered by salinity experts to be so
high in salt as to be unusable except supplementally or under special
conditions. In other words, we have lived with the salinity devil so
long that many have grown careless, and often fail to recognize salt
injury until the situation becomes serious.

With this introduction I will try to devote my remarks more closely to
the assigned title of my paper. Based on its contents, the title
should more properly be '"Limitations in Determining Water Requirements
for Crop Production with Saline Waters and Saline Soils". As you will
see, there is a lot more about this subject that we don't know than
what we do know. The phrase "Water Requirements'" is easy to say and
extensively spoken but far more difficult to determine with any degree
of accuracy. Presumably, '"Water Requirement" takes in all of the water
necessary for normal crop growth, together with provision for adequate
leaching plus a suitable allowance for evaporation losses. Let us
examine each of these separately.

First, how much water is necessary for '"normal' crop growth, and how
does salinity affect this situation? Before this can be answered, we
need to define '"normal" in terms of crop production, and this, too,
defies precise definition. Is "normal" the average yield of a partular
crop in a given area over a period of years, or does it refer to the
production capability of that crop within the climatic limitations of
the area? Since average yields are often far below what could be
expected to be "normal', I prefer the latter definitiom. If we choose
this, we assume that growth and yields are not being limited by a large
number of other factors such as soil, physical and chemical conditions,
fertility, insects and diseases, to name a few. To show how just one
of these can affect normal growth and therefore water requirement, let
us look at upland cotton with and without seedling disease damage on a deep,
medium-textured soil.

Without seedling disease, cotton is a tap-rooted crop whose roots can
penetrate to depths of 6 to 7 feet if root development is not limited.
With deep root systems, research has shown that the crop will be (1)
more drouth resistant, (2) will make more total vegetative growth,

and (3) will use up to 30 per cent more water during the season than
the same crop would use if its root system were restricted to the top
3 feet of soil. This restriction does occur where seedling disease
destroys the taproots during the early seedling period, or where
nematode damage is serious. With shallow roots, the crop suffers more
quickly from water stress, and therefore must be irrigated more often,
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with consequent higher evaporation losses. The same situation can occur
if rooting depth is restricted by other factors such as adverse soil
physical conditions, excess salinity at deeper depths, or inadequate
preplant irrigation, '

Now let us examine the effect of two different varieties of the same
crop species upon this thing called "Water Requirement'.

Let us take a short~growing grain sorghum as compared to a tall-growing
forage sorghum. Transpiration here is largely proportional to total
leaf area. The tall forage sorghum has 10 to 20 times as much total
leaf area as the small grain sorghum, and will therefore transpire much
more total water over the season. Its overall water requirement would
be much higher because of this, and because it must be kept in a
succulent condition almost until harvest, whereas the grain sorghum
would benefit from some moisture stress during the head maturity stage.

Crops which have different lengths of growing season would also have
different water requirements, for obvious reasons. Alfalfa requires
hugh amounts of water for maximum production because it is growing
vegetatively from early spring until late fall. Cotton also falls into
the category of a long season crop, but its water requirements could

be reduced 1/4 to 1/3 if evaporation from the soil can be retarded.

A two-bale crop of cotton actually requires only about 20 inches of
water--for growth alone--twice this much usually has to be applied.

Water requirements for plant growth are therefore difficult to define,
even in the absence of so0il and water salinity. With salinity the
situation becomes even more complex. Individual salt ions, absorbed by
plants in excess quantities, each have some specific physiological
effects. Some effects may be bad, but we also believe some effects

may be good, depending upon the particular crop and the particular iom.
Plant scientists are only now beginning to realize that these specific
effects do exist. As yet not enough is known about this subject to
draw any definite conclusions.

In addition to specific ion effects, soluble salts act upon all crops to
render soil moisture less available to the plants. In a saline situation,
the osmotic pressure of the soil solution is higher than in a non-saline
situation. In order for roots to extract moisture from the soil, the
osmotic potential of the plant must be higher than that of the soil
solution. If it is pnot higher, moisture can actually move from the plant
back into the soil. All plant species have the capability to adjust the
osmotic pressures of their tissue fluids within a limited range. Near
the upper limit of this range, so much of the plant energy is devoted to
moisture extraction from the soil that vegetative growth is greatly
reduced. Thus, within this range of osmotic variability, there is no
sharp point above which plant growth ceases entirely. Vegetative growth
of all species is gradually more restricted as salt concentrations in

the soil solution increase. At restrictively high salt levels, growth
will be short, and leaves will be thicker, more brittle, and of a darker
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green or blue-green color. Transpiration will be greatly reduced because
leaf stomata will not be fully open and because high salt levels of

leaf tissue fluids will physically retard evaporation. Plants in this
condition often show little tendency to wilt, and farmers can be deceived
into thinking the crop does not need water, when in reality it does.

Different crop species vary greatly in their ability to tolerate salinity.
This is related partly to their varying ability to alter the osmotic
pressure of their tissue fluids, but partly to other reasons not yet
precisely determined. Some salt tolerant species apparently have a

more or less selective root permeability, whereby they are able to

largely exclude certain salt ions while at the same time absorbing other
ions and water with little or no restriction. All of this is lumped
together and called "salt tolerance', which term presently hides a great
deal of ignorance on the part of plant scientists.

Salt concentrations in the soil can only be controlled by leaching. This
is the process of removal of salts by carrying them below the bottom of
the root zone in the drainage water. The more saline a water or soil,
the more water must be applied to do an adequate job of leaching. This,
of course, is water over and above the needs of the crop.

The U.S. Salinity Laboratory has developed a formula for determining
leaching requirement based upon salt tolerance of the crop. At best,
however, this formula is only a rough approximation because it involves
assumptions that may or may not be valid. One of these assumptions '
that the farmer has to make concerns rooting depth of the crop to be
grown. We have already discussed how root depth can be highly variable
depending upon many factors.

Soil salinity, under conditions of good internal drainage, usually in-
creases with depth. Highest salt levels therefore are usually found at
the bottom of the root zone. Salt levels at this depth are synonymous,
by definition, with salt levels in the drainage water. The leaching
requirement formula is based upon permissible levels of salt at the
bottom of the root zone. But if root depth varies greatly due to other
factors, it becomes very difficult to apply this formula. An example
will help to show what I mean.

For fair yields of cotton, the permissible level of soil salinity at

the bottom of the root zone has been established at approximately 12
millimhos per centimeter conductivity in the soil extract. Keep in

mind that this too is only an approximation, at best. Now let us suppose
that, under a bed-and-furrow type irrigation, the salt levels at the
one-to-five foot depths are 5, 6, 7, 9 and 12 millimhos under the furrow,
and 7, 9, 11, 13 and 15 millimhos under the bed. If we choose the salt
levels under the furrow, and if the cotton root is 5 feet deep, then

the requirements of the leaching formula have been met. If we choose

the salt levels under the bed, or if the cotton is 3 feet deep or 7 feet
deep, then more or less leaching is required, but how much is difficult
to determine.
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Another shortcoming of the leaching requirement formula is its assump-
tion of uniform water application across a field. With surface irriga-
tion, uniform application is impossible.

New and better methods need to be devised to predict leaching require-
ment for salinity control. These should, in some way, be related
directly to physiological conditions within the plant itself. The soil
and water portions of the plant-soil-water integral unit are primarily
physical-chemical systems which can vary considerably both vertically
and laterally throughout the root zone. The combined effects of the
soil-water system are reflected in physiological responses within the
plant itself. The plant, therefore, will be the only reliable indicator
of its water needs and its salinity status as well. Up until now, such
methods have not been developed.

The best measurements we have of water needs other than for leaching
requirement are found in consumptive use data. These data have been
compiled for various crops in various parts of the country, and include
the combined needs of the plant plus evaporation losses from the soil.
They have also been called evapo-transpiration data.

Presumably, water requirements of any crop in a saline situation would
therefore consist of consumptive use needs plus whatever is needed for
leaching requirement to control salts. But consumptive use data also
are approximations at best, and may involve many errors. Here again, a
specific root depth must arbitrarily be selected for each particular
crop. Moisture leaching below this depth is assumed to be unavailable
to the plant. In river valley areas with shallow ground water tables,
this error may be considerable. Many deep rooted species such as
cotton, alfalfa, grapes, and most trees can obtain a good part of their
water from upward movement of moisture from shallow water tables.
Difficulty of determining root depth, however, is probably the biggest
source of error.

Consumptive use measurements also assume the existence of upper and
lower available soil moisture limits called "field capacity" and
"wilting plant", which actually may or may not exist depending upon
internal drainage characteristics of the soil. At best, these soil
moisture values are ranges rather than specific points on the soil
moisture curve. Calculations of available water for consumptive use
data are based upon the amount of moisture held by the soil between
field capacity and wilting point, and can involve considerable error,
particularly on texturally stratified soils such as we have in most
valley areas.

Consumptive use also is in no way directly related to yields. It is
related, rather, to moisture uptake by the plant and therefore only to
vegetative growth. Most of you know there is no good relation between
seed cotton yields, for example, and total vegetative growth of the
cotton plant. Quite often there is an inverse relationship--too much
vegetative growth and too little fruit set.
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Consumptive use values are useful therefore only as general guides to
moisture use by crops. Researchers in the Salt River Valley of Arizona
have reported that the mean annual consumptive use of water by cotton
over a 9-year period averaged 41.2 inches per year. However, this
value varied between years from 27 to over 50 inches. With such great
variability between years, how is it possible to come to any valid
conclusions concerning water requirements of crops?

Evaporation, too, can vary widely, even from field to field depending
upon soil texture, crop management, and climatic variability. Evap-
oration from soil depends to a great extent upon the amount of total
plant cover, air movement near the soil surface, and relative humidity.
A low-growing or slow-growing row crop will lose much more water by
evaporation because of less shading of the soil. Also, a soil which
shrinks and swells badly will lose more water than one which does not,
or one that is mulched properly by cultivation.

In conclusiop I can only say that it is easy to find fault with
existing methods of doing things, but sometimes this becomes necessary
in order to show how little we know. Regarding water requirements of
crops, we hate to admit it but we must still deal with approximations
and generalizations. 1In order that I might leave you with at least
something constructive, I will close with a few of the generalizations.
Most of these are simply common sense.

1. A summer-grown crop will require much more water for both transpi-
ration and evaporation than a crop grown in cooler parts of the
year.

2. A fast-growing or highly vegetative crop will require more water
for transpiration and require more frequent irrigation than a
slow-growing crop or one with less total leaf area.

3. The greater the total leaf cover, and the denser the shade, the
lower will be losses by evaporation.

4. Evaporation is in proportion to the total wetted and unshaded
soil area. Therefore, using double beds or irrigating alternate
furrows would result in less evaporation loss because some of
the unshaded area would not be wetted.

5. A long-season crop will require more water than a short-season
crop of the same type.

6. Deep-rooted crops will consumptively use more water than shallow-
rooted crops, but shallow-rooted crops will need irrigation more
often. Sprinkler irrigation of shallow-rooted crops could save
a lot of water over a season. Surface irrigation of these crops,
such as lettuce or onions, is very wasteful of water because too
much is usually applied at each irrigation.
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7. Crops on coarse-textured sandy soils will usually require water
more often than the same crops on finer-textured soils because
sandy soils do not hold as much available water.

8. With water of any given salinity, salt-tolerant crops will require
less water for leaching purposes than crops with lower tolerance
to salt.

9. The saltier the water, the greater the amounts which must be used
to control salinity in addition to crop needs.

10. The pre-plant irrigation is by far the best time to apply the
extra water needed for salinity control.

And finally, crops grown for seed or seed products, such as cotton,

can be considerably stressed for moisture during the seed maturation
period without appreciable losses in yield.
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A COMPARISON OF MINOR TRACE CONTAMINANTS IN ATMOSPHERIC
PRECIPITATION AND IN WATER SUPPLIES

A. L. Lazrusl/

In recent years there has been increasing concern over the allowable con-
centrations of minor trace contaminants in drinking water. One source of
these elements is the atmosphere, from which aerosols may be deposited

in surface waters either by dry fallout or by entrapment in atmospheric
precipitation. A survey of the concentrations of some minor contaminants
in precipitation should indicate the possible importance of this second
mechanism,

The National Precipitation Sampling Network is maintained by the National
Center for Atmospheric Research, in cooperation with several other agencies.
The network consists of approximately thirty stations fairly evenly dis-
tributed throughout the mainland United States, plus one station at Mauna
Loa Observatory, Hawaii. At each station an automatic precipitation
collector remains open during periods of precipitation only, thereby exclud-
ing dry fallout from the sample. The collected precipitation is mailed

from each station to NCAR, where pooled monthly samples are analyzed.

Chemical analyses for the trace elements discussed are performed by atomic
absorption preceded by an extractive concentration procedure (4).

Figures 1 through 4 show nationwide distributions of the elements from
September 1966 to January 1967. The symbol representing a station indicates
the grams of contaminant, as the metal ion, deposited on one hectare by one
centimeter of precipitation. This figure, having the dimensions of con-
centration, is.relatively independent of the total amount of precipitation
and is representative of the contaminant concentration in the air. It is,
however, not completely independent of the amount of rainfall since frequent
showers keep the air cleaner and since contaminant concentration decreases
with duration of a rainfall. The numeral under the symbol represents grams
of contaminant deposited per hectare per month averaged over the five month
sampling period. This figure is directly proportional to both concentration
and quantity of rainfall.

Certain generalizations are evidently applicable to those metals. The
northwest portion of the U. S. is conspicuously low in contamination. The
northeast is relatively quite high. The southeast and southwest vary from
low to moderate in contamination, depending upon the particular metal. The
maps suggest that the concentration patterns of these minor trace contam-
inants could be engendered primarily by human activity. Concentrations
tend to increase in areas of mining and manufacturing.

1/ A. L. Lazrus, E. Lorange, and J. P. Lodge, Jr. - Laboratory of Atmos-
B pheric Sciences, National Center for Atmospheric Research, Boulder,

Colorado.
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Table 1 compares the average concentrations found in precipitation with
those in surface water supplies before treatment (1). There is, on the
average, twice as much lead in atmospheric precipitation as in the water
supplies. This ratio implies the existence of a process whereby lead is
depleted after precipitation reaches the surface. In the case of copper,
the quantity found in precipitation could account for the average value
found in surface water. Nickel and manganese, however, must have other
sources in addition to atmospheric precipitation.

Only the lead average in precipitation comprises a significant percentage

of the limits established by the U. S. Public Health Drinking Water
Standards of 1962 (5). A plot of average lead values for the five month
period against the quantity of leaded gasoline consumed in the county in
which the sampling station is located, though showing considerable scatter,
indicates a definite correlation, as might be expected, samples from areas
where much gasoline is consumed tend to exert a large influence on the

total lead average in precipitation. If median values, rather than aver-
ages, are compared the result is somewhat less startling. Both precipitation
and the untreated water supplies have median lead concentrations of approxi-
mately 0.01 ppm.

Table 1

Trace contaminants in precipitation and in untreated water supplies

A B C
Average conc.
Average comnc. in untreated U.S.P.H. conc. _A y 100
Element in precipitation water supplies limits (1962) C

ppm ppm ppm %
Pb 0.034 0.017 0.05 68
cd 0.0011 - 0.01 11
Mn 0.012 0.070 0.05 24
Cu 0.021 0.021 1.0 2
Zn 0.107 -—- 5.0 2
Ni 0.0043 0.0065

A - Average of samples collected from Sept. 1966 through Jan. 1967

B - Average computed from data presented (1)

The appreciable lead contamination in precipitation is plausible in view
of earlier investigations. Environmental lead contamination is widespread.
Tatsumoto and Patterson (7) found lead concentratioms in snow 10% greater
than the amount attributable to naturally formed dust, in a remote area
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500 miles east of the Los Angeles complex, at an altitude of 7,000 ft,
The same authors estimate that the concentration of lead in the surface
layer of the Pacific Ocean off the coast of southern California has
increased tenfold during the past three or four decades. Their calcu-
lations indicate that the input of lead into the atmosphere by combustion
0f leaded gasoline could account for this observation (6).

Ettinger has previously discussed likely sources of lead contamination in
water supplies (3). Large industrial complexes, with associated high con-
sumptions of coal and leaded gasoline, do not necessarily cause appreci-
able dissolved lead enrichment of nearby water supplies. Samples showing
high lead concentration had been exposed to contamination by metal-<working
and chemical industries. Apparently, natural processes control the con-
centration of dissolved lead in surface water. Ettinger concluded that
only a fraction of lead in surface water remains dissolved, and that low
turbidity of drinking water reduces the likelihood of the consumer's
exposure to lead.

The median value for lead in drinking water, according to Durfor, is only
3.7 ppb (2). Our observations indicate that lead content of rainfall in

urban areas may exceed the limit for drinking water by several hundred
percent. ’
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CAREER OPPORTUNITTIES

A joint panel on Research Needs and Career Opportunities in the Water
Resources Area was conducted to call the attention of students to these
fields.

The following men presented papers in this panel discussion:

Career Opportunities in the Water Resources Field:

Lloyd Calhoun
New Mexico Electric Service, Hobbs

Frank 0. Elliott
New Mexico 0il and Gas Association, Roswell

Francis C. Koopman
- Water Resources Division, U. S. Geological Survey, Albuquerque

Conrad G. Keyes
Civil Engineering, NMSU

Career Opportunities in the Water Research Field:

E. D. Eaton
Office of Water Resources Research, Department of Interior,
Washington, D. C.

P. J. Leyendecker
Director, Agricultural Experiment Station, NMSU

C. E. Jacob
Coordinator of Research, NMIMT, Socorro

Frank B. Titus
Graduate Student, University of New Mexico
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CAREER OPPORTUNITIES IN THE WATER RESOURCES AREA
(With Emphasis on the Area of Petroleum)

Lloyd A. Calhounl/

Third in size, outranked only by agriculture and the investor-owned
utilities, the petroleum industry now has investments in the U.S. in
excess of $71 billion. With an investment per employee at nearly
$78,000 petroleum ranks number one in the nation which is far ahead of
the country's average of $17,000 for all industry.

No other single industry offers such a wide range of career opportunities
for today's college graduates. O0il companies employ some 1,500,000
people or nearly one out of every 50 employed in the United States.

The President of Humble 0Oil and Refining Company, Dr. Charles F. Jones,
recently was quoted by 0il and Gas Journal on this very point when he
said, "I know of no other industry, whose manpower needs cut across so
many educational backgrounds of people emerging from the nation's
colleges and universities.”

Gulf 0il Company, one of the industry's majors, in a recent ad directed
to college employables listed that firm's needs for graduates in agri-
culture and agronomy, engineering, chemistry, physics and geophysics,
petroleum technology, geology, accounting, business administration,
marketing, mathematics, data processing, and liberal arts. This broad
field of professional offerings is matched by virtually every one of
the fifteen or more major oil companies listed in the 1967 College
Placement Annual. Altogether, there are more than 40,000 companies
operating in some phase of activity in the petroleum industry.

The scope of activity within the industry is far too varied to do more
than list the major phases in the time alloted. Most of the large,
integrated companies are engaged in exploration, drilling, production,
refining, transportation, petrochemicals, research and development and
marketing. Allied activities, also offering countless career opportu-
nities, are supply, service, and consulting firms which depend ex-
clusively upon the oil industry for their existence.

By no means a complete listing of talents sought after by the petroleum
industry--for there are some 2,000 occupations altogether--the following
are given as examples of opportunities to be found in the industry:
Accounting, Biology, Business Administration, Chemistry, Chemical
Engineering, Civil Engineering, Economics, Electrical Engineering, Finance,
Geology, Geophysics, Industrial Engineering, Industrial Relatiomns,

Liberal Arts, Law, Marketing, Mechanical Engineering, Metalurgical
Engineering, Physics, Statistics, and Tax Specialist.

1/ Vice President, New Mexico Electric Service Company
Hobbs, New Mexico
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In years past, the list of professional talents needed by the industry
would not have been nearly so extensive for the technology had not yet
developed to its present sophisticated status.

The great bulk of duties arising in the petroleum industry's water re-
sources fields has fallen upon the shoulders of the omniscient petroleum
‘engineer to perform in most instances. Water uses in the oil industry
encompass a multitude of problems and applications most of which are not
to be found in other technologies. Off-shore drilling and production '
practices, secondary oil recovery by waterflooding, waste water disposal
and pollution control requirements are only a few of the recent industry
developments which result in the urgent need for professionals in other
than the strictly geological and petroleum engineering disciplines.

0il companies and their affiliated chemical, transportation, research
and development and service activities have developed a myriad of career
opportunities for chemical, civil, electrical, mechanical engineers and
hydrologists. There are even naval architects and marine engineers
working in the industry in the specific practice of their professions.

Demands for petroleum engineers, per se, were never so great as they are
today. The supply cannot satisfy demand nor is it apt to in the foresee-
able future. There is no competition from the petroleum engineering
profession to any of you here today who seek career opportunities in the
0il industry in the practice of your chosen professions. Your talents
are being sought as well as those of the petroleum engineer.

The evolution of the applied science of petroleum engineering saw its
Genesis at the University of Pittsburgh in 1910, according to Arthur E.
Uhl of the Institute of Gas Technology, and consisted of seven courses
in oil and gas geology, technology and law. Uhl reports in the April
1965 issue of the Journal of Petroleum Technology that the first petro-
leum engineering degrees were granted in 1915.

During the half-century from that time to this, the state-of-the-art has
seen great technological changes. Uhl, in his manuscript on petroleum
engineering education, has cataloged the ten year period from 1910 to
1920 as "The Emergence of a Discipline," the next decade, "The Develop~
ment of a Curriculum,' the thirties as "The Shift to Engineering'" era,
from 1940 to 1950, "The Rise of Reservoir Engineerimg'and the latest ten-
year epoch as ""The Change to Fundamentalism.'" By 1940, almost 3000
students were enrolled in petroleum engineering disciplines in a dozen
American universities.

Enrollments continued to grow through the years and by 1956 numbered

nearly 5000 petroleum engineering undergraduates. Then followed, beginning
in 1958, a precipitous decline to fewer than 1000 enrollees in 1963 from
which point a slight increase has developed to the present count of 1335

in 27 U.S. colleges.

The past 10 years' general downward trend of graduating petroleum engineers
has brought forth such industry alarm signals as the news headline in the
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January 23, 1967 0il and Gas Journal issue "PE-Grad Shortage Growing
Acute", followed by the warning that '"the shortage of petroleum-engineering
graduates is fast moving from the serious into the critical stage' and

"0il companies desperately need PE graduates, and the 1967 supply will

be at an all-time low".

Only 176 PE graduates will come out of U. S. colleges this year. So
great is the demand for their services that the average salary offering
is reported to be at least $750/month.

What makes this picture all the more somber is the dim prospect of meeting
engineering needs to supply the nation's future petroleum products re-
quirements. Industry estimates tell us that per capita consumption of
petroleum products will have increased from an average of 21 barrels
annually to 26 barrels by 1975.

The growth rate of individual petroleum products promises to be even more
dramatic. For instance, gasoline consumption will increase over the next
10 years by 44%, kerosene by 55%, distillate oil by 16.8%, residual oil
by 32.7% and other products including lubricants by nearly 51%. The 0il
and Gas Journal also forecasts petrochemical markets to double during the
next decade.

Whether the supply requirements of these greatly increased demands can
be met depends in large measure on the availability of engineering and
other professional manpower.

There should be no question in the minds of educators, graduates or under-
graduates concerning the promise of career opportunities in oil.

Now, let us turn again to the conference theme, "Water Quality - How Does
It Affect You?" and to the specific assignment of "Career Opportunities
in the Water Resources Area' as they may apply to the oil industry.

Secondary recovery of oil by waterflooding is on an accelerated course
throughout large segments of the industry. 1In Lea County, New Mexico,

the number one U. S. county in the production of oil and gas annually, a
number of systems are now in operation and many more are planned. As
primary production of o0il wells decline it becomes necessary to turn to
secondary methods to maintain economic production of oil properties.
Primary methods normally recover no more than 20 to 30 percent of the
reservoir oil in place. Recoverable volumes vary with different reservoir
types and conditions.

In Southeastern New Mexico, where approximately 90 percent of the State's
0il is produced, production is declining at an average annual rate of 15
percent. Unless supplemental recovery operations are put into effect,
approximately 80 percent of the oil in place will not be recovered.

0il operating companies in this area estimate that 604 million barrels of
additional o0il can be recovered by waterflooding, 103 such projects
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already being in operation. The first such system was begun in April
1952. Total oil recovered through 1965 by waterflood is reported by
the New Mexico 0il Conservation Commission to be 104,076,000 barrels.

The Economic Subcommittee, appointed by the New Mexico 0il and Gas
Committee, reported in June 1966 that total water requirements extend-
ing over the next 20 years for secondary recovery of oil in the area
described abov? would be 45,600 acre-feet per year. Only 22 percent

of this volume is expected to be potable water, 53 percent would be
re-cycled produced water and the remaining 25 percent would be non-
potable water. The possible sources for such large volumes of water

of the character contemplated will not be speculated upon in this paper.
However, it is clearly evident that water treatment methods plus trans-
portation, storage and pumpage problems altogether will require the
talents of several engineering classifications. This is just one such
development in the oil industry. It is not a particularly unique de-
velopment nor is it the largest.

With the passage of the Water Quality Act of 1965, the Congress, as a
consequential by-product, created many new career opportunities in the
water resources field. However, the petroleum industry finds itself
in perhaps a more favorable position than other industries when the
subject of pollution is brought up. The American Petroleum Institute
has had, for the past 36 years, a committee collecting, developing and
publishing information on pollution problems of the industry. The
petroleum industry has been deeply concerned with the nation's water
resources, being one of its major users. Petroleum refineries have an
intake of about 3.6 billion gallons of water per day, used primarily
for cooling, 92.8 percent of which is returned to the source.

Dayton H. Clewell, Senior Vice President of Socony-Mobil Company re-
cently told the National Water Conference of the U. 8. Chamber of
Commerce, that the petroleum industry is spending more than $30 million
each year for water treatment of all types. As disposal of oil field
brines, waterflooding, petrochemical manufacturing and refining oper-
ations and thermal secondary recovery of oil by steam flood, requiring
large volumes of water of high quality continue to grow at the present
rapid rate, water treatment costs within the industry will increase
proportionately.

Career opportunities for graduates in many fields of endeavor will

likewise grow in the water resources field within the petroleum industry
in the years ahead.
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CAREER OPPORTUNITIES IN THE WATER RESOURCES AREA
AS RELATED TO THE OIL INDUSTRY

Frank O. Elliottl/

I am appearing on this Water Resource Panel representing an industry
that has spent billions of dollars in research on "How Not to Find
Water"” yet experience, technology and research has now proven that we,
too, must have water to obtain maximum recovery of our State's most
valuable natural resource. We have found that a large percentage of
the oil reservoirs will recover only 20% of the available oil in place
by natural gas expansion and pumping, but if additiomal energy is
supplied in the form of waterflooding, up to 80% of the oil can be
recovered. There are many problems involved in waterflooding.

Problem No. 1, and certainly not the least of the problems is the avail-
ability of water of the proper quality delivered to the oftentimes
remote oil field at a cost that will make the flood economically
feasible. You will note, I stated - water of proper quality.

This brings up Problem No. 2. Obviously we do not require this water
for drinking or irrigation purposes so in a large percentage of our
floods a non-potable water is satisfactory; however, we have found that
water containing a particular chemical make~up is not always compatible
with a particular reservoir formation or the oil in the formation, ’
regulting in an emulsion that blocks the permeability, eventually
causing the failure of the project unless a successful treatment is
found to eliminate the emulsion problem.

Problem No. 3 concerns the injection technique to prevent a breakthrough
of the water to the oil producing wells, bypassing the oil and leaving
it unrecovered in the reservoir.

Waterflooding for secondary recovery of oil is comparatively in its
infancy, with much to be learned in the coming years. Although it is
rather difficult to create in the laboratory, conditioms that exist
three to twenty thousand feet below the surface, it certainly presents
a challenge to men of research in this field.

Up to this point, I have not specifically mentioned career opportunities.
Certainly, it is obvious to see that hundreds of jobs are and will be
available with the established companies in the field of secondary

1/ President, New Mexico 0il and Gas Association
Roswell, New Mexico
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recovery of oil but I am sure there are those present who have the
vision and ambition to seek more than a job, the opportunity is here
for this person with the proper technical training, vision and ambition
to earn his first million within ten years as there are hundreds of
minor oil fields throughout the United States that will, within the
next ten years, reach their economic limit of primary production, many
of which are suitable for secondary recovery by waterflooding but due
to the diverse ownership and other factors, may well be abandoned
unless the man with the necessary ability and ambition furnishes the
catalyst to assemble the field into a workable secondary recovery
project.

In recent years, the nerve center of research for both ipdustry and
government has evolved at a very rapid pace to our universities and
colleges. A recent article in Readers Digest stated that in 1951, the
Federal Government spent 295 million dollars in the colleges and uni-
versities for research and development, by 1965 that figure had grown
to 1.7 billion dollars, if this trend continues, certainly the research
departments of our colleges and universities are going to face a very
awesome responsibility as it has been and will continue to be through
research in all fields, and this is particularly true in the oil and
gas industry, that our free enterprise system and our Govermment receive
the tools to keep our country in its enviable economic position that

it holds today.

GOVERNMENT CAREER OPPORTUNITIES IN WATER RESOURCES

F. C. Koopmanl/

Billions of dollars are spent yearly toward solutions to the problems
and projects pertaining to water. It has been estimated (1) that by

the year 2000, less than 35 years from now, water needs will have reached
crisis proportions. It is the intent to plan so that such a crisis
could be lessened, averted, or at least forestalled by planning and
initiating programs to conserve or develop our water reserves. The
importance of the research and development activity in water resources
cannot be underestimated. A considerable number of government agencies
are engaged in projects involved with the optimum use of water resources
in the future and the conservation of the present supplies. A recent
review (2) of the functions of federal agencies found that only the

Post Office Department, of the eleven cabinet-level departments, lacked
responsibilities in the field of water resources. Within the Federal

1/ Hydrologist, Water Resources Division, U.S. Geological Survey
Albuquerque, New Mexico
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complex there are 38 agencies and 25 commissions or committees, that
have functions pertaining to water resources. Add to this the number
of State agencies and that portion of private enterprise that deal with
water and it becomes evident that water is an important part in our
present national economy.

Water studies by colleges, industry, and government demand a steady
increase in scientific manpower. The manpower working with water is
not composed only of hydrologists, but includes other professionals
such as geologists, geochemists, oceanographers, physicists, mathe-
maticians, lawyers and others. The actual number of professionals
assigned as hydrologists account for less than 5 percent of those
active in Earth Science.

Hydrology is a young science and it uses the talents and abilities of
engineers, and geologists, as well as those trained in basic and life
sciences. Because of its significance, the search continues for those
with education or experience in hydrology. The demand has caused a
shortage of '"water based" scientists and engineers. Those with suffi-
cient academic background in related subjects, and who can qualify as
hydrologists, are considered to be within a shortage category for
Federal employment. An on-the-job special training program for those
meeting entrance requirements as hydrologists has been initiated so
that these individuals can accelerate their professional participation
in water resources programs. The professional advancement depends upon
the individual's ability and initiative.

Because hydrology is one of the young sciences, it offers many chal-
lenges in research and investigation. Because of the diversified nature,
solutions to most of the problems in water resources can be obtained
only by physicists, chemists, mathematicians and statisticians working
together with engineers and earth and life scientists.

Engineers and scientists who choose Federal service in the Water
Resources Division of the U.S. Geological Survey have the opportunity
to work in their field of interest in research or development within

an atmosphere of intellectual freedom. Employment benefits including
annual and sick leave, insurance and retirement, compare favorably to
those offered by industry. Because of the world wide shortage of ex-
perienced hydrologists, there are opportunities to work in foreign
countries after a relatively few years of experience in water resources.

There is a great deal of satisfaction in working with water resources
and water problems because of the urgent need for this work. Solutions
to problems and development of new water resources projects that are

so vital to the future will be a stimulating challenge.
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CAREER OPPORTUNITIES IN THE WATER RESOURCES FIELD
AS THEY APPEAR TO STUDENTS
AND SPECIFICALLY IN THE EDUCATIONAL FIELD

Conrad G. Keyes, Jr.i/ ScD

Career opportunities in the Water Resources field as they appear to
students is a function of the year, the time of the year, and the
degree which the student has obtained. During the past five years,
most students have had sufficient opportunities for job employment.
Some of New Mexico State Universities' students have had anywhere

from five to ten offers during one year. Since most students graduate
during May or June, job opportunities at this time seem to be in
greater number than during the fall semester.

The degree which the student has obtained is the most important variable
as far as the educational field career opportunities are concerned.

A student with a bachelor's degree in Water Resources has only a few
opportunities in the educational field. The largest number in the
educational field will go on for a master's degree in Water Resources.
He can either obtain a fellowship (full-time graduate courses) or he

can work half-time on a teaching assistantship or on a research assis-
tantship. The following is a comparison of the salaries earned and

the time required for completion of the degree.

Type Salary Time
Fellowship $3000-$3500 one year
per year
Teaching $3400-$3800 %5 years
Assistantship per year
Research $3800-84200 1% years
Assistantship per year

1/ Assistant Professor, Civil Engineering Department,
New Mexico State University, Las Cruces, New Mexico.
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The only other opportunity in the educational field would be in a two-
year college or a small technical institute. The salary for one of
these positions would be approximately $50-$150 per month less than
the average in industry and government.

A student with a master's degree in Water Resources has at least half a
dozen different opportunities in the educational field, they are as
follows:

Position Approximate Salary
Instructor-Assistant $600-$1000 per (depends on
Professor month experience)

(Normally has opportunity to go on for a doctoral degree)

Time for Doctoral

Fellowship $3000-$4500 per two years
(no experience) year

Teaching Assistant or $3600-$4400 per three years
Part-time Instructor year

Research Assistant or $3800-84600 per three years
Research Associate year

Fellowship $600-$1000 per two years
(with experience) month (tax free)

Research Associate $700-$900 per (depends on
(Full-time) month experience)

Career opportunities in the Educational Water Resources field for people
with doctor's degrees are the most in number and are the best rewarding.
Tor the last six months in ASEE Magazine, there has been at least 4
different openings for teaching and/or research people in universities
across the country. The salary for these individuals (on a monthly
basis) is approximately the same as it would be for a doctorate going
into industry or government.
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The only other opportunity in the educational field would be in a two-
year college or a small technical institute. The salary for one of
these positions would be approximately $50-$150 per month less than
the average in industry and government.

A student with a master's degree in Water Resources has at least half a
dozen different opportunities in the educational field, they are as
follows:

Position Approximate Salary
Instructor-Assistant $600-$1000 per (depends on
Professor month experience)

(Normally has opportunity to go on for a doctoral degree)

Time for Doctoral

Fellowship $3000-$4500 per two years
(no experience) year

Teaching Assistant or $3600-$4400 per three years
Part-time Instructor year

Research Assistant or $3800-84600 per three years
Research Associate year

Fellowship $600-$1000 per two years
(with experience) month (tax free)

Research Associate $700-$900 per (depends on
(Full-time) month experience)

Career opportunities in the Educational Water Resources field for people
with doctor's degrees are the most in number and are the best rewarding.
Tor the last six months in ASEE Magazine, there has been at least 4
different openings for teaching and/or research people in universities
across the country. The salary for these individuals (on a monthly
basis) is approximately the same as it would be for a doctorate going
into industry or government.
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CAREER OPPORTUNITIES IN WATER RESOURCES RESEARCH

E. D. Eatonl/

Water resources research, and the opportunities it offers for a profes-
sional career are such stimulating subjects that they often tempt me to
talk for longer than my allotted share of the program. To avoid that
temptation, this afternoon I will touch only briefly on '"why, what kind,
and how much water resources research?;" and use a few illustrative
examples to indicate the scope of opportunity.

The '"why" of water resources research, it seems to me, has been well
demonstrated by the three previous papers by Dr. Agee, Professor Hernandez,
and Professor Clark. Their papers have made evident the importance and
urgency of developing improved answers for many problems of water quality
management. Although certainly it is true that action to protect water
quality need not, and should not, be deferred awaiting completion of
research, it also is clear that effective economically practicable water
quality management for many of the streams in the Southwest, as well as
elsewhere in the United States, requires greatly increased knowledge and
understanding of the processes involved. This also is true of virtually
all other aspects of water resources management from urban hydrology to
waterfowl protection. Research, in a sense, is among the most needed and
the most promising activities in water resources conservation and utili-
zation,

It is always difficult to estimate quantitatively the justifiable magni-
tude of research effort, but ome or two business-type computations may be
indicative. For example, a recent paper by Hands and Kube in the Harvard
Business Review for October 1966 estimates that in the next 30 years
investment by industries and municipalities in water quality protection
facilities will be not less than $110 billion. Comparable estimates of
investment in major engineering facilities for streamflow regulation and
water storage exceed $200 billion during about the same period of years.
Research to increase the effectiveness of investment in water facilities
by no more than 3 percent, therefore, justifies research expenditures
averaging over $200 million a year. This alone is substantially greater
than current expenditures for all water research. Without pursuing further
such calculations (which all too easily might degenerate into a mere
numbers game), there is evident need and justification for substantial
increase of the current level of water resources research effort.

The excellent paper just presented by Dean Leyendecker has clearly stated
the importance both of research that seeks to provide fundamental

1/ Associate Director, Office of Water Resources Research, United States
Department of the Interior, Washington, D. C.

-53~



understanding of physical processes, and of research that is readily
transferable to practice--something confusingly termed "applied research."
As Dr. Leyendecker has indicated, both kinds of research are needed in

the fields of physical sciences such as hydrogeology and hydraulics, and
also in many of the life sciences that deal with biological processes.
‘Professor Hernandez' discussion this morning exemplified the involvement
of civil and sanitary engineering, and also the involvement of social
sciences in seeking definition of "feasible means of treatment.'" Usable
concepts of such criteria call for employment of operations research and
systems engineering as well as of the conventional technical disciplines.

The "systems" may be macro-systems such as river basins or major metro-
politan areas; they may be micro-systems such as individual industrial or
agricultural enterprises; and, in fact, they may be systems of public
administration, laws, and regulations. There now is wide consensus that
as we engage increasingly in problems of water resource management in a
complex physical and social environment, operations research and systems
engineering are increasingly productive approaches.

Against that background, what are current estimates of water resources
scientific personnel requirements? At the present time, water resources
planning, facilities construction and operation, research and university
teaching are the principal activity of approximately 10,000 professional-
level people in the United States. Of these, the largest number are
engaged in facility planning, design, and comstruction; while about one-
fourth of that number are engaged in water resources research, These
numbers may be expected to double within the next 5 to 10 years, depend-
ing to considerable degree on the capability of universities to produce
professionally qualified people.

Research activities are of major significance in this connection because
they have twofold effect. 1In addition to producing the scientific knowl-
edge and understanding needed for the effective and practical solution of
water resources problems, research also is a principal means for production
of high quality technical practitioners. The association with senior
faculty members that is afforded to advanced students engaged as research
assistants is an important element in trained manpower development.

Broadened technical participation is becoming increasingly evident in
water resources activities, especially so in water resources research.

In addition to physical scientists and engineers, water resources plan-
ning, operations, and research now involve significant numbers of the
life scientists and social scientists. Furthermore, although water
resources activities may continue in the future, as they have in the past,
to be preponderantly the responsibility of Federal and state agencies,
there is already evident an increasing industry concern that enlarges
participation of consulting engineers, private research institutions, and
in the case of certain industries, significant numbers of professional
corporate employees.
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By and large, professional water resource career opportunities in public
agencies, private industry, and universities are likely to remain pre-
ponderantly in the traditional professional categories of engineering,
physical, life, and social sciences, and law. There is, however, in-
creasing recognition of the need for professional personnel to have under-
standing of and capability in multi-disciplinary approaches to resource
problems, and also of the relationships of natural resources to urban
environments.

I hope that these brief comments convey to you my conviction that there

are promising opportunities for careers in water resources research which
will be professionally rewarding and personally stimulating.
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AGRICULTURAL CAREER OPPORTUNITIES
IN THE WATER RESOURCES AREA

Philip J. Leyendeckerl/

I should like to share with you a quotation which I shall always remember.
It appeared below a photo of Elephant Butte Reservoir in the office of
the late Agricultural Experiment Station Director Fabian Garcia. Below
the picture were the words, "EL Agua es Rey en las Regiones Aridas,"
(water is king in arid regioms). Director Garcia, who was responsible
for directing much of the early irrigated agricultural research in.

New Mexico, knew full well the true and deep meaning of this statement.

Tn the arid Southwest, omnly about 10 per cent of our precipitation
finds its way into streams and underground water storage. The other

90 per cent is tramspired by vegetatiom, which means that it is lost

to human, industrial, or agricultural uses. Much of this vegetation is
of little economic value, and much of it interferes with, and seriously
reduces, grass and timber production.

Competition for the 10 per cent of available water is by far the most
serious problem which faces Southwestern agriculture. To reduce this
competition, we must find ways and means to decrease drastically the
critical loss of 90 per cent of the water which falls on our watershed
areas. Exotic plants must be found to replace those with high water
requirements and low economic value.

Research teams which cut across the engineering and biological disciplines
will be required to combine all possible vegetation combinations, special
site preparation and management manipulations to increase watershed

water production. To be fully effective, this figure must be increased
from at least 15 to 25 per cent. As an example, it has been estimated
that watershed yields can be increased from 10 to 20 per cent, by simply
replacing brush and trees with grass vegetation, which will at the same
time increase the economic grazing potential of the watershed.

Unless the amount of available water can be increased soon, water now
used by agriculture will be transferred to urban, industrial and recre-
ational uses, where the financial returns are far greater.

0f the 10 per cent which finds its way into streams and underground
storage, agriculture presently utilizes about 92 per cent. Research
projects must be developed that will assure the most effective and
efficient use of available water. Since agriculture uses the most water,
it is our responsibility to discover ways and means of conserving it.

1/ Dean of Agriculture and Home Economics
Director of the Agricultural Experiment Station and Extension Service
New Mexico State University, Las Cruces, New Mexico
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A considerable amount of the water reaching underground reservoirs is
very high in alkaline salts and is not suitable for industrial or
agricultural use. In addition, many acres of potential agricultural
land contain high amounts of similar salts which preclude the production
of agricultural crops. Research is needed to develop new crops and
grasses which are tolerant to alkaline water and soils. Concurrently,
soil and water management irrigation regimes must be developed to fully
exploit the use of highly alkaline water which cannot be put to a
higher use without expensive treatment. We also must know more about
the irrigation of high alkaline soils and its effect upon the quality
of underground water supplies which are used for urban and industrial
uses.

Once a water supply is contaminated, the cost of purification usually
far exceeds its highest economical use. As agricultural technology
moves into the concentrated use of chemicals to maintain and produce
higher quality food stuffs and yields, the danger of altering the
quality of secondary water sources becomes greater. Teams of soil
scientists, sanitary engineers, biologists and bio-chemists must direct
their attention to the half life and bio-degradation of agricultural
chemicals which are used to increase yields and control weeds, insects,
and diseases. To guard against contamination of underground water
supplies, detailed studies must be made by the soil scientists to
determine the utilization and movement of fertilizers in the soil.

The maintenance of water quality for multiple uses is the prime respon-
sibility of all consumers of this precious commodity.

Further attention must be given to the consumptive use of water for
row crops and forage grasses. Much of our native grassland could be
reseeded to grasses and forbs of high nutritive value and low water
requirements, which in turn would increase watershed water production.
New water requirement levels for most irrigated crops must be reestab-
lished in light of modern technology. Recent work in the Pecos Valley
of New Mexico indicates that we can grow crops successfully with less
water than which is now customarily being used.

It may also be necessary in the future to abandon the growing of certain
crops that have high water requirements and replace them with more
efficient water users. Crop breeders must also be searching for, or
breeding new varieties that require less water per pound of salable
product. The development of dwarf feed grains which produce the same
amount of grain with a much smaller percentage of leaf and stalk could
well be the answer. Plant physiologists and bio-chemists also may
assist in reducing water consumption by developing chemicals that can
be absorbed by the plant which increase surface tension, thereby
reducing transpiration and in turn, reducing the amount of water
required for normal yields. This phenomenon should hold a great
fascination for the basic scientist.

Coupled with consumptive use and breeding for lower water consumption
is the discipline of micro-climatology. Research in this area is yet
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to be exploited. We know little about the micro-climate which exists
in a cotton, grain or alfalfa field, yet we apply moisture as if we
were fully aware of those inter-actions which control water loss and
consumption. Precise instrumentation must be developed, both for above
and below ground readings, accompanied by accurate interpretations and
-applications to irrigation ecology and regimes.

Detailed micro-climate studies might well require a complete reevaluation
of irrigated agriculture. Despite the fact that the irrigation art is
as old as man's first attempt to control the environment about him, we
know little about the basic principles underlying the application of
water to cultivated crops. More efficient means must be found for.
applying water to soils which supply moisture to the delicate absorbing
root surfaces of food and fiber producing crops. Flooding and furrow
irrigation, which have been used for centuries, are probably the most
inefficient means of supplying moisture to growing crops. We must look
into underground and sprinkler irrigation where minimum amounts of
moisture can be applied for maximum crop production.

Recent research work by the Agricultural Experiment Station at New
Mexico State University has shown that it is practicable to apply irri-
gation water from underground piping systems. Preliminary results
indicate efficiency of a very high order can be obtained without
sacrificing yields. Greater fertilizer efficiency also accrues with
an underground system, because leaching is cut to a minimum.

As we look down the road, it is apparent that scientists from allied
fields, especially the physical sciences, must be attracted to water
research to assist in generating new and fresh ideas that can be used
in increasing the efficiency of water use and maintenance of quality,
if agriculture is to compete successfully with the many users of water.
For in the final analysis, the allocation of available water will be
determined by those activities which produce the highest financial
returns. It follows then that the water which is available to agricul-
ture at a price we can pay will have to be utilized in the most efficient,
effective manner if agriculture is to compete successfully as a major
water user.

In closing, may I say again, "EL AGUA ES REY EN LAS REGIONES ARIDAS."
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GEOLOGIC AND HYDROLOGIC RESEARCH RELATING TO
WATER RESOURCE RESEARCH IN NEW MEXICO

C. E. Jacobl/

As a basis for understanding and describing the surface and subsurface
hydrology of major basins in New Mexico and neighboring states, refine-
ments must be made in the geologic knowledge of those basins. An inves-
tigation, now underway jointly by the University of New Mexico, New
Mexico State University, and New Mexico Tech, concerns the water supply
of the Pecos Basin. Certain sub-basins of the Pecos have been studied
for many years; there is need now for an integrated approach to hydro-
logic problems in the basin.

The Roswell Basin is being modeled by electrical analog techniques. The
Roswell and Carlsbad subsurface geology is being restudied. 'Feedback!
between the laboratory model studies and field geology should lead to a
sharpening of the model and increased reliability of predictions based
thereon.

Interrelationships between surface water and ground water involve return
flows from irrigation, seepage losses from streams and canals, and
natural influent seepage. The hydrometeorology of the Pecos Basin is
also important, not only in the upper reaches where seasonal snow melt
feeds the Pecos headwaters, but also in the lower reaches where runoff
from high intensity storms is particularly great. Modeling of the
surface-water basin in mathematical terms, and ultimately by electronic
analog, should enable more accurate prediction of water yield under op-
erational conditions differing from those of the present.

The integrated treatment of the Pecos Basin by the methods of systems
analysis and dynamic programming would include interrelationships between
hydrology, economics, and agriculture. The techniques developed in the
study should find application later to other major basins of the state,
including the Rio Grande.

1/ Professor, Hydrology Department
New Mexico Institute of Mining and Technology
Socorro, New Mexico
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EDUCATION AND RESEARCH NEEDS IN HYDROLOGY

Frank B. Titusl/

. The recently developed awareness by governmental and other authorities

of impending need to increase useable water supplies in the United States
and throughout the rest of the world has brought a surge of interest in
the general field of hydrology. Whereas few departments of hydrology
have existed before in institutes of higher learning, within the span of
a few years, as a result of this surge, many universities and colleges
have added educational programs that cover all aspects of natural water
occurrence and availability. Right now there is a search for qualified
teachers to staff new or expanding departments, particularly in the area
of ground-water hydrology.

The institutes of higher education in New Mexico, in line with the na-
tional trend, are developing and expanding their efforts in this area.
Using three of our major schools as examples, the University of New Mex-
ico has made major strides in the study of economic and legal aspects of
water supply, New Mexico State University has expanded rapidly in the
study of water use in agriculture, and the well established Department
of Ground-Water Hydrology at New Mexico Tech has significantly enlarged
its activities in the study of scientific aspects of hydrology. (This
is not to suggest that these institutes are restricting themselves to
development only in these areas of special interest.) Thus, a student
in New Mexico who is interested in preparing for a profession in any
area of water supply can find a school which will provide him with
excellent training.

The several individual and inter-university cooperative research projects
in hydrology that are being pursued in New Mexico colleges and universities
provide important information to State action agencies, such as the

State Engineer Office and the Department of Development. Cultural de-
velopment in New Mexico, as elsewhere, has shown the general state geo-
graphic areas where potable and non-potable water is found, and the

areas where great or small quantities of water are available for de-
velopment. It is now the task of both the research agencies and the
action agencies to refine this general knowledge, to encourage optimum
use of available water, and to discourage practices that will be detri-
mental to the state's '"hydrologic health."

Thus, we wish to apportion water in the most benefical manner, to administer
water supplies most equitably, and to use water most efficiently. We
wish to find and develop new water supplies where they exist, to improve

1/ Research Associate, Department of Ground-Water Hydrology
New Mexico Institute of Mining and Technology
Socorro, New Mexico
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the quality of water where economically feasible, and to find new and
beneficial applications for water while at the same time protecting
existing water rights. Finally, we wish to better understand the
occurrences of water; that is, the relation between water and the environ-
ments in which it exists.

I want to emphasize the need for continuing fundamental research that

is implicit in the last statement above, not because it is any more
important than any of the others, but because this need can sometimes be
overlooked in the press for rapid economic development of water supplies.
A project which today may seem to provide merely for the satisfaction of
intellectual curiosity, can tomorrow provide the required knowledge or
insight for a new type of water development.

An example of fundamental research in one area of hydrology is a project
in Estancia Valley, New Mexico being carried on by New Mexico Tech in
cooperation with the New Mexico Water Resources Research Institute.

Part of this study is concerned with the hydrologic and geologic history
of the basin as a means of explaining the presence of highly mineralized
shallow ground water. In this basin changing meteorological conditions
in the geologic past have strongly influenced the evolution of the basin
to its present hydrologic and geologic condition. To obtain information
in this "hydrologic'" study, we are collecting data on meteorology, geo-
logy, paleontology, limnology, and archeology.

What the study will produce immediately in the way of "useful" informa-
tion, T can only speculate on at this point; except, I hasten to add,
that the graduate students involved in the study will, I hope, develop
a "feel" for basin hydrology, a mental picture of a water basin as a
dynamic system, and a recognition of the manifold interrelationships
that exist between water and its environments. And these after all are
the things that we as students must hope to learn. This is the essence
of the science of hydrology that must be comprehended before we can
speculate on what effects man's beneficial use of water will be.
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WATER QUALITY RELATIONSHIPS
IN TRRIGATION DEVELOPMENT

Harris McDonal¢£/

INTRODUCTION

Irrigation has been practiced since prehistoric time. Early civilizations
were ceuntered in irrigated areas and some have fallen because certain
basic principles of irrigation science were either unknown or were not
followed. Today, we know some of the principles and practices essential
to permanent and profitable agriculture under irrigatiom.

Since plants function much like miniature distillation cells, an amount
of water in excess of the net consumptive use must be applied and allowed
to percolate through the root zone in order to leach the salts left by
the evapotranspiration process. This saline water must have an outlet,
either natural or artificial, in order to maintain optimum plant growth.
This deep percolation usually contains in solution as much salt as was
contained in the water applied, although profound chemical changes may
have taken place.

Water quality is an important factor in irrigation development, and in
this paper we briefly describe the basic principles involved and some of
the problems encountered in projects planned, designed, and operated by
the Bureau of Reclamation.

WATER QUALITY AS RELATED TO SOURCE OF SUPPLY

Typically, the water from the high mountain areas is principally from
snowmelt and is very low in total dissolved solids. Farther down in the
basin where the rivers emerge from the mountains we find the best poten-
tial reservoir sites. The natural streamflow at this point usually
exhibits an inverse relatiounshlp between discharge and concentration of
total dissolved solids, the low flows being the more mineralized because
these are supplied principally by ground water,

EFFECT OF RESERVOIR OPERATION

With streams which exhibit wide variations in rate of runoff, irrigation
water quality can be greatly improved by reservoir storage, inasmuch as
the low salinity floodflows are mixed with the more saline low flows. A
typical example is the quantity and quality of inflow to and releases

1/ Chief, Water Utilization Branch, Division of Project Investigation,
U.S. Bureau of Reclamation, Denver, Colorado
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from Lake Mead ou the Colorado River, as shown in Figure 1, for the period
1941-58. The average monthly concentration of total dissolved solids at
the Grand Canyon gaging station upstream from the reservoir varied from
about 0.5 to 1.5 tons per acre-foot during this period. The average
mouthly discharge varied from 0.5 to almost 5 million acre-feet. The water
released from Lake Mead varied from 0.5 to 2.0 million acre-feet, and the
concentration of total dissolved sclids varied from 0.8 to 1.2 touns per
acre-feet. As a result of the regulation provided by the reservoir, the
irrigation projects downstream received water of better quality than would
have been received without the reservoir.

COLORADO RIVER BASIN

In recent years emphasis has been placed on integrated river basin plan-

ning rather than the planning of individual projects. The authorizing
legislation for the Colorado River Storage Project and participating projects
required a report on the effect of the projects om quality of water in the
Colorado River Basin.

The third report was furnished to the Congress by the Secretary of the
Interior on December 17, 1966. This report gives the historical, the
present modified and the anticipated quality of water of the Colorado
River down to Imperial Dam. The past is represented by a tabulation of
the determined or estimated historic condition at 17 quality-of-water ‘
stations for the period 1941-64. These stations are shown in Figure 2.
The present modified coudition includes adjustments of the historic con~
dition based on the assumption that new developments begun during the
1941-64 period were in operation for the full period. The anticipated
quality condition is an estimate of the quality situation after the pre-
sently authorized developments and some projects proposed for authorization
are placed in operation. The effects of these developments are presented
in 5 different increments, as shown in Figure 3.

Studies of chemical trends indicate that under historic counditions the
average concentration of dissolved solids of the Colorado River at Lees
Ferry was about 0.74 ton per acre-foot, below Hoover Dam about 0.93 ton
per acre-foot, and at Imperial Dam about 1.0l tons per acre-feet for the
1941-61 period.

Under the present modified conditioms, that is, assuming that the recently
constructed projects were in operation for the entire period, the con-
centrations would have been about 0.79, 0.98 and 1.10 toms per acre-foot,
respectively, at the three stations.

Since only a limited amount of data are available on the effect of irri-
gation on water quality, it has been assumed for the purposes of this
study that the return flow quality will reflect a salt balance and an
additional pickup from O to 2 tons per acre. Limited data on several
areas indicate these additional pickup rates would embrace most of the
irrigation projects in the Upper Colorado River Basin.
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Under the expected condition, with all authorized projects and projects
proposed for authorization in operation and with an assumed pickup of

2 tons per acre on the new irrigated lands, the concentrations are esti-
mated to be 1.02 tons per acre-foot at Lees Ferry, 1.30 tons per acre-
foot below Hooever Dam, and 1.56 tons per acre-foot at Imperial Dam,

Estimates are that these depletions would occur by the year 2030. How-
ever other developments, as yet not identifiable, are expected to occur
and will reduce the quantities of water shown for the various stations.
The further reductions in quantities of water will cause slightly greater
concentrations and these are estimated to be reflective of conditions in
the year 1990,

These studies indicate an overall increase in the concentration of total
dissolved solids under the conditions of development outlined, but the
new depletions described leave the remaining water acceptable for further
use. The concentration of total dissolved solids at Imperial Dam will
increase 34 percent under conditions of no pickup of salts from new
irrigated lands and about 45 percent if the 2-ton per acre pickup is
assumed for new land.

GARRISON DIVERSION UNIT

The Garrison Diversion Unit of the Missouri River Basin Project originally
authorized by the Flood Control Act of 1944, was approved for comstruction
on August 5, 1965. The initial stage provides for irrigation of 250,000
acres in North Dakota, a municipal and industrial water supply for 14
towns and cities, fish and wildlife enhancement of 36 major areas, and
recreation developments at 9 major water impoundments. Other project
functions include flood contreol and incidental drainage.

One of the most interesting features of this project is the plan to restore
Devils Lake. At one time, this lake was an attractive summer resort,
having a water surface area of 142 square miles. The lake has no surface
outlet. During a series of dry years evaporation reduced the area of
Devils Lake itself to only 4-1/2 square miles and greatly increased the
concentration of salts in the remaining water. Several other shallow
lakes were formed and these collect the runoff and the upper lakes must
£ill and overflow before the water reaches Devils Lake as shown in Figure
4, The Garrison Diversion Unit will supply water from Garrison Reservoir
on the Missiour River. Deliveries will be made at the rate of 400 cfs
through the New Rockford Canal, Warwick Canal, and Devils Lake Feeder
Canal. The Bureau of Sport Fisheries and Wildlife proposes four impound-
ments in the west arm of Devils Lake, with water surface elevations
ranging from 1430 at the upper pool to 1427 in the lower pool. Water
will be pumped from Six Mile Bay and conveyed through a canal to the west
arm of Devils Lake in order to maintain the water surface elevations in
the upper lakes.

A significant item in restoration of Devils Lake is the disposition of
saline water presently in the lakes and that required to flush the lakes.
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The 160,000 acre-feet of water stored in the lakes contain an estimated &4
million tons of dissolved solids. The lakebeds also contain up to 3 mil-
lion tons of additional salts which could be dissolved during the flush-
ing and restoration of the lakes. Diluting the brackish waters and wasting
them via the Sheyenne River (North Dakota) would take about 11 million
acre-feet of imported water and nearly a half century to empty, flush, and
refill the lakes. These estimates are based on imported water of 500 ppm
and discharge to the Sheyenne River of water at 1,000 ppm. Another scheme
of rehabilitation that was studied and is the preferred solution would be
to store the 160,000 acre-feet of brackish water and the required flushing
water in East Stump Lake. Imports would then be continued at the rate re-
quired to fill and maintain the proposed lake level. An outlet would be
provided to discharge excess inflow into the Sheyenne River and to permit
circulation in the lakes. Recreation and fish and wildlife benefits from
the Garrison Diversion Unit amount to more than $1,700,000 annually.

CENTRAL VALLEY PROJECT

Complex water quality problems also have been encountered in the Central
Valley Project of California. More than 70 percent of the total stream-
flow in California occurs north of an east-west line drawn through
Sacramento (1), and 77 percent of the present demand for water is found
south of this line. The geographic disparity in supply and demand is
expected to be greater under ultimate development than at present. The
California State Water Plan involves the transfer of surplus waters of the
Sacramento and other rivers in the northern part of the state to the
south, including the San Joaquin River Basin and the South Coastal Basins.
The water so transferred must be conveyed around or across the Sacramento-
San Joaquin Delta. The Delta area in California is roughly triangular,
lying just to the east of Suisan Bay. Under natural conditions it was a
marsh with a network of channels extending 50 miles north and south and
with a maximum width of about 25 miles. It was the terminus for the entire
Central Valley Basin drainage system where an average of about 30,000,000
acre-feet of water was discharged to the ocean annually. Soon after the
gold rush of 1849, a settlement was begun in the Delta by the construction
of low levees to hold back the Delta waters. Today, 584,000 acres of Delta
lands are irrigated. This unique area has now become one of the richest
agricultural areas in the Nation. The lands are located on about 50 sepa-
rate islands or tracts interlaced with 700 miles of meandering waterways.

Historically, the Delta was flushed during winter and spring periods of
high runoff from upstream basins. Water of good quality was usually
available to Delta water users, except during periods of low streamflow.
During such periods, intrusions of sea water, local return drainage,

and drainage from outside the Delta area contributed to a degradation
of local water supplies. The maximum recorded extend of salinity
intrusion occurred in 1931 when ocean salts reached Stockton and
Sacramento on the eastern edge of the Delta. With the beginning of
operation of Shasta Reservoir by the Bureau of Reclamation in 1944,
controlled releases to the Sacramento River have been sufficient to
maintain a hydraulic barrier for the repulsion of saline water and permit
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the stabilization of the agricultural development.

Initial development for export of Delta water began in 1940 with Bureau
of Reclamation operation of the Contra Costa Canal. This canal presently
diverts about 76,000 acre-feet of water annually.

Tracy Pumping Plant began operations im 1951 to deliver up to.4,600 cfs
to the Bureau's Delta-Mendota Canal. Present normal exports through this
facility are about 1,390,000 acre-feet per year.

Recent, authorized, and planned development for the use of water in the
tributary basins and export from the Delta will further drastically alter
natural Delta conditions. These developments will reduce the Delta out-
flow to only some 1,000,000 to 2,000,000 acre-feet annually., The situ-
ation has been studied extensively and several plans have been presented
for maintaining the riparian rights of the Delta users, and for providing
suitable water quality for the large Delta export. These are (1) hy-
draulic barriers, (2) physical barriers, (3) Delta waterway control, and
(4) a peripheral canal. All of the plans have received extensive study
and are reported upon in numerous reports. The complexity of the inter-
locking problems and possible solutions indicated the need for a high
degree of coordination among Federal, state and local Govermment agencies.
For this reason, an Interagency Delta Committee was formed to formulate

a concept for the integration of the various Delta programs and arrive at
a mutually acceptable coordinated plan., The objective of the plan is a
comprehensive optimum development, recognizing the economics of agri-
culture, industry, recreation, navigation, fish and wildlife, and water
development.

The recommendation from this coordinated study was the Peripheral Canal
plan, shown in Figure 5. The canal, with an initial capacity of 21,800
cfs, will provide for conveying 16,800 cfs to the south side of the

Delta for export and for releasing 5,000 cfs to the various Delta channels.

WATER QUALITY RELATIONSHIPS AT POINTS OF AGRICULTURAL USE

Water quality and its relationship to crop productiom is of primary
importance to the irrigators and the irrigation planmers. In appraising
the suitability of the available water in a particular situation, many
variables must be considered. For this reason, we do not believe that

a numerical rating system can be established for irrigation water which
would be valid for the many conditiomns found throughout the Wast. Be-
cause of this, the suitability of the available water must be determined
for each individual area.

Dregne ( ) has summarized the factors that are important in determining
the suitability of water to a particular land area. These include the
concentration and chemical nature of the water, and the influence of
soils, crops, climate, irrigation practices, and drainage. The first
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consideration is the concentration and chemical composition of the dis-
solved solids in the water and the presence of ions such as boron which
is toxic to plants even in low concentrations. Although high total dis-
solved solids are detrimental to plant growth, the cation distribution
may also have a very significant long-term effect on land productivity.

Suitability of water for irrigation is closely related to soil character-
istics. Soil with a moderate to high hydraulic conductivity can be
successfully irrigated with waters of lower quality than soil with a low
hydraulic conductivity. Water containing a high proportion of sodium to
calcium and magnesium ions can reduce the rate of movement of water
through soil. An exchange of sodium ions in the water with calcium and
magnesium ions of the soil clay may destroy soil structure and cause
swelling of the soil upon addition of water. This dispersion of colloids
usually reduces the rate of water infiltration into or percolation
through the soil and in some instances may result in a completely imper-
meable condition. The opposite effect results from use of water with
high concentrations of dissolved solids. Henderson showed that soil
permeability increased in direct relation to the concentration of the
water. This principle was forcefully demonstrated by the results of an
exchange of water in the San Joaquin Valley of California under the
operation of the Central Valley Project. Waters containing 175-350 ppm
dissolved solids were exchanged for water containing 40-60 ppm. The
exchange water greatly increased the permeability of the soils which
resulted in a shorter time being required to irrigate the crops, better
internal drainage, reduction of tendency to develop salinization and

an overall increase in production. Enlargement of ditch structures, and
drains are necessary.

Climatic factors further influence the suitability of water for irriga-
tion which can be used successfully on a particular area. Using saline
water of the same quality affects crops less in cool regions than in hot,
dry areas. Water of poorer quality can be used in a subhumid climate
than in arid regions. Rainfall which adds little or nothing to the salt
load, dilutes salt added to the soil by irrigation water and is often
sufficient to leach the salts out of the root zome.

Selection of the method of irrigation and degree of land development

may be influenced by the need to use water of poor quality. Although
certain irrigation practices are likely to increase the salts less than
other methods, the proper use and handling of water is probably more
important than the method used to distribute it, Inadequate or improper
leveling may result in soil salinization from use of saline water regard-
less of the irrigation method used.

WATER QUALITY RELATIONSHIP AT POINT OF RETURN
Some of the most important processes which influence quality of water

in its journey from the farm turnout to the drain are precipitation or
dissolution within the soil, concentration due to evapotranspiration,
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ion exchange between the water and soil, accumulation of sediments due to
soil erosion, pollution from other sources, and heat exchange with the soil.

Concentrations of dissolved solids may increase from 2 to 10 times in the
return flows from irrigated lands compared to the irrigation water. This
may be due primarily to evapotranspiration, although the dissolution of
residual salts in the soil may also be an important factor. The pickup of
salt from the soil occurs primarily during the early years of irrigation,
and if the substrata materials are saline may be an important factor af-
fecting return flow quality. The salt balance concept described by Wilcox
(*) is the relation between the quantity of dissolved salts carried to an
area in irrigation water and the quantity of dissolved salts removed by
the drainage water. To maintain a favorable salt balance in the soil, as
much or more salt must normally be removed in the return flows as is intro-
duced in the irrigation water.

As water percolates through the soil, the chemical composition of dis-
solved salts may change. Exchange of cations in the water and those of
the soil result in the gain of some and loss of others.

Nitrates are often picked up by percolating waters, chiefly from commercial
fertilizers and manure applied to crops. Phosphates and potassium applied
as fertilizers usually do not leach readily from the soil. Other sources
of nitrates which are picked up by return flows are those from barnyard

and silo effluents, a small amount from precipitation, nitrogen fixation in
the soil, and surface drainage waters.

Other factors are involved when water percolates through the soil. The
soil acts as a filter and removes suspended solids, as well as coliform
bacteria, thereby reducing or eliminating turbidity and improving the pot-
ability of the water.

Pesticides or other agricultural chemicals may be a source of water pollu-

tion, and are frequently found in the surface runoff from treated irrigated
fields. Current knowledge about the extent of pesticide residues in water

resources is meager and knowledge about the significance of these residues

and their effect on water supplies is even less.

There are several practices which could be carried out to maintain or im-
prove the quality of irrigation return flows. Lining of canals and lat-
erals and increasing irrigation efficiency, reducing percolation losses,
may be beneficial under certain circumstances. The percolating water
often displaces the more saline ground water which comprises return flow
thereby increasing the salt load returning to the stream.

Some promising techniques to reduce leaching of nitrate fertilizers
involve the use of slow-release nitrogen compounds, coating of fertilzer
to slow the rate of release, and incorporation of nitrifying inhibitor
in fertilizers. Reduction of the quantity of nitrate lost by leaching
may be achieved by use of anhydrous ammonia fertilizers, since these are
mostly in the ammonium form and will be fixed to clay particles after
reacting with the soil moisture.
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Other means of improving water quality in streams is control of nonbene-
ficial consumptive uses of water. Control of phreatophytes along irri-
gation distribution systems, drains, reservoirs, and flood plains may
increase the quantity of water without an increase in the total salt load.

The ability to predict water quality changes resulting from irrigation is
desirable if not essential. Prediction of return flows is complex and
involves a number of factors. A computer program is being developed to
meet Bureau of Reclamation needs in predicting the chemical composition
including ion exchange and concentration of the solution phase of the soil.
Another program is being developed to predict the quality of water leaving
the bottom of soil column. If successful, this will provide one of the
critical parameters needed to obtain an estimate of the quality of the
return flow. Other research is being undertaken on the value of desalted
water for irrigation use.

The effect of irrigation depletions on the quality of stream discharge

may be small depending on the proportion of available supply which is
diverted for irrigation and other factors. Sylvester and Seabloom
calculated the water quality for lower Yakima River if irrigation had

not been developed. Their findings showed an increase from 40 to 210 ppm
dissolved solids during the irrigation season and an increase from 80 to
160 ppm during the nonirrigation season as a result of irrigating 375,000
acres. The increase in dissolved solids and the increase in comncentration
of individual ions was not enough to make the water less desirable for
most downstream uses.

In summary, the increased emphasis being placed on water quality control
and the requirement for the development of standards for interstate
streams presents a real challenge to those engaged in irrigation planning
to develop procedures for predicting the influence of irrigation on water
quality. Such predictions will become the focal point for development of
the structural and nonstructural measures needed for maintaining and
improving water quality.

REFERENCES

1. The California Water Plan, Bulletin No. 3, Department of Water
Resources, May 1957.
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SEDIMENT AND ITS EFFECT ON WATER QUALITY

Elliott M. Flaxmani/

INTRODUCTION

This paper describes the water uses that are affected by sediment, how
these uses are affected, the impact of sediment on water quality in
New Mexico and the factors which contribute to its presence.

The word "sediment" has several meanings, depending upon its use. - To
the geologist it is usually considered to be finely divided rock frag-
ments; however, the common visual test for the degree of pollution in
terms of turbidity does not distinguish one source of the material from
another when it is in suspension. Turbidity is defined as the degree
of opaqueness of water due to the amount of fine matter in suspension.
Sediment is defined in this paper as inorganic or organic particles
origipating from weathering, chemical precipitation, or biological
activity, and transported, suspended, or deposited by water, air, ice,
gravity, or combinations of these agents.

Turbidity tests measure the amount of light penetration in water,
usually in terms of Jackson turbidity units. The standard unit of
turbidity is that produced by one part per million of silica diatoma-
ceous earth or fullers earth) in distilled water (1). The depth at
which a light image from a candle or other artificial source disappears
is the calibrated level of turbidity. The turbidity test does not
correlate with determination of sediment concentrations. In this
determination, the sediment in a representative sample of a water-
sedimeni mixture is dried and weighed. The percentage of this weight
to the total sample is reported in parts per million. Reasons for a
lack of correspondence include the fact that color can affect the
amount of light penetration without the presence of suspended particles
and that finer particles intercept light more effectively than coarser
particles even though the weight of sediment in two samples is the same.

WATER QUALITY PARAMETERS AFFECTED BY SEDIMENT
The following is a brief description of standards for good quality water

pertaining to sediment content. These standards are based on experi-
ence in the use of water affected by sediment,

1/ Sedimentation Specialist, Engineering & Watershed Planning Unit,
Regional Technical Service Center, Soil Comservation Service,
Portland, Oregon.
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1. Water Supply, Drinking, Culinary and Food Processing.

Water for these purposes should have a clarity equivalent to less than
5 Jackson turbidity units (2) or no greater than 10 parts per million
by weight (3). The small amount of sediment that could be present to
keep within this standard would not usually be visible to the eye.
Reasons for high standards include the aesthetic value of clear water,
greater palatability, and greater ease of ridding water of bacteria
when it is nearly free of suspended solids.

2, Industrial Water Supply.
The American Water Works Association (4) has recommended desirable upper

limits of turbidity in parts per million (silica scale) for the following
industrial processes:

Brewing 10 ppm Soda and sulphite 15 ppm
Carbonated beverages 2 " Light paper 5 "
Paper and pulp Tanning 20 "
Groundwood 50 " Textiles 5 "
Kraft pulp 25 "

3. Bathing, Swimming and Recreation

The two factors which determine limits on the presence of sediment for
these purposes are safety and aesthetics. Inability to see the bottom
of swimming pools and lakes when diving or wading can result in serious
injury, while muddy water reduces the enjoyment for both swimming and
boating. A desirable objective is that Jackson turbidity units be less
than 25 under conditions where quality control can be exercised. In
swimming pools, the water should have sufficient clarity for a black
disk, 6 inches in diameter, to be readily visible when placed on a
white field at the deepest place in the pool. (5)

4. Growth and Propagation of Fish and Other Aquatic Life.

The problems of identifying and describing the influence of sediment

on aquatic life is indicated by the variety of data on this subject.
Certain degrading effects on spawning and habitat have been clearly
established, without necessarily providing qualitative values. The
effect of sediment on the aquatic environment includes inhibition of
photosynthesis, destruction of benthonic organisms and damage to fish,
as described by Hoak (6). Sunlight is essential for the synthesis of
organic matter by plants and chlorophyll-bearing organisms. Data by
Ellis (7) shows that turbid water reduces light penetration about 50
percent and muddy water, about 75 percent. Deposition of sediment on a
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stream bed can have several damaging effects. It tends to smdther both
organisms which contribute toward purification of the stream and those
which provide food for fish. Fine sediment tends to clog the pores in
gravel bed streams. This reduces the circulation of oxygen-rich water
which sustains the viability of eggs deposited for spawning by fish.

In addition to these effects, Bartsch (8) has pointed out that inert
particles in settling to the bottom carry organic flocs and absorb finely
dispersed organic matter. This may create anaerobic conditions of an
objectional nature, such as the boiling up of gases. Turbid water may
provide for slightly cooler bottom temperatures, an advantage to habitat
if temperature approaches a critiecal wvalue.

Many reports have indicated that sediment can clog or cut the gills of
fish and mollusks, resulting in serious injury or death. After an inten-
sive study of the literature, Cordone and Kelly (9) have concluded that
there is no universal answer as to whether sediment is directly harmful
to fish, but that there is no question that it is damaging to feeding

and spawning grounds. There is also strong evidence to indicate that

the catch in trout fishing streams is small at fairly low suspended
sediment load concentratioms. Apparently the fish cannot see a lure at
moderate or high concentrations.

5. Agricultural Water Supply.

Sediment affects use for irrigation by sprinkler systems or surface ap-
plication, for injection or spreading of water for underground recharge,
and for consumption by livestock.

In sprinkler irrigation, excessive wear of nozzle heads and fittings
occurs when sediment of very fine sand (0.074 mm.) or coarser size is
present in the distribution system. The extent of wear by concentrations
of silt size particles is not known, but a minimal concentration of fine
sediment is deemed desirable. 1In spreading of water for recharge, Schiff
(10) has reported that a sediment concentration up to 575 ppm. has been
handled when a grass cover maintained an open, friable surface soil,

but that water with the same sediment concentration reduced infiltration
rates drastically on nearly bare ground with the same soil. Other ex-
perience has indicated that extended application of water with concen~
trations exceeding 200 ppm. tends to clog pore spaces and lowers the
efficiency of application. 1In the use of injection wells for ground
water recharge, even a small amount of sediment may reduce the intake
rate substantially.

In diversion of irrigation water, the water-sediment mixture is frequently
in the same concentration as in the stream flow. The coarser sediment
sizes then deposit in canals and diversions and the fine materials in
laterals, farm ditches and fields. A minimum cost of wmaintenance for
these installations would require relatively clear water, particularly
exclusive of all sand sizes and gravel.
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THE EFFECT OF SEDIMENT ON WATER QUALITY IN NEW MEXICO

According to an inventory by the U. S, Public Health Service (11),
there are about 6 communities in the State where a major or exclusive
supply of water is from surface diversion or storage. The population
served by these facilities is about 53,850, of which 25,000 are in the
City of Farmington. The other approximately 250 communities and indus-
trial users obtain their water from wells or springs. The subsurface
supplies being used as the principal source in New Mexico are free of
sediment, Each of the communities using surface supplies, with the
exception of Las Vegas, have sedimentation treatment installations to
eliminate both inert particles and flocs of dissolved solids. Sediment
concentrations are relatively low where surface runoff is used, except
in the northwest part of the State.

Sediment is one of several causes of limited recreational use, including
swimming and fishing, of many New Mexico streams. The intense storms
that occur during the summer when enjoyment of the streams is possible
produce by far the heaviest sediment yields of the year. In addition
to high concentrations of suspended sediment which move through the
system, stream beds are covered by an undesirable layer of soft sand
which has been brought in over geologic and modern times. According

to the Proposed Water Quality Standards for the Rio Grande River in

New Mexico (12), the river above the mouth of the Chama and the Chama
above El Vado Reservoir are good to excellent fishing streams; Elephant
Butte Reservoir and downstream to Percha Dam are excellent for warm
water fishing. The stream reaches that make for good fishing and other
recreational pursuits also coincide with contributing watersheds that
have the lowest erosion in the State. The major reservoirs provide
sufficient capacity for stored water to become clear through deposition
of incoming sediment.

Sediment probably has its greatest impact in New Mexico on the quality

of water used for irrigation. Accumulation in canals, laterals, and

farm ditches requires cleanout, and deposition on fields reduces perme-
ability or requires releveling for efficient water application. A
sampling of the cost of cleaning sediment from farm ditches in the Rio
Chama-Espanola watershed indicated that the cost per cubic yeard averages
about 76¢ for earth lining and $2.00 for concrete lined ditches. A
cubic yard is equivalent to about one ton of sediment.

Figure 1 shows the location of principal areas irrigated by surface water
or a combination of surface and ground water as related to major sediment
source areas. The data were obtained from maps prepared at New Mexico
State University (13) and by Thorp (14).

An analysis is being made to determine the principal factors which con-
tribute to reservoir sedimentation in the western part of the country.
Preliminary results that have been published (15) point up the reasons
why much of New Mexico is highly wulnerable to erosion. These include
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a limited amount of moisture for plant growth, moderate to steep ter-
rain with a relatively high drainage density, and very unstable soils.
The studies indicate that salts in the soils contribute to their erod-
ibility. It is suggested that the marked increased in dissolved solids
in water of the Rio CGrande during the summer storm season is linked to
the high erosion that occurs over most of the basin. This cause of
increase would be in addition to removal of the salt crust which de-
velops on the soil surface from capillary action. Erosion exposes new
layers of underlying salty subsoil and parent material. Dortignac (16)
has pointed out the attendant relationship between increased salt con-
tent and increased sediment concentration in streams. The climate,
topography and soils which are the major elements contributing to the
high sediment load of New Mexico's streams create a watershed condition
highly sensitive to relatively minor disturbances.

The proposed Water Quality Standards for the Rio Grande excludes from
pollution subject to regulation, turbidity which is naturally caused

by silt and suspended sediment or from the operation of irxrigation ox
flood control facilities. The proposed standards for the Pecos River
(17) exclude silt and suspended sediment but not other "significant
sources of turbidity" as subject to abatement. These recommendations
understandably recognize the problem of abating sediment concentrations
by attempting control of natural phenomenon with regulation. The Soil
Conservation Service in December 1966 suggested changes be considered
for the proposed Water Quality Standards for the Rio Grande. These
changes include a recommendation that 'Naturally occurring turbidity
caused by silt and suspended sediment or from operation of irrigation,
flood control facilities, or land treatment measures are not subject to
regulations unless more efficient and economical measures could be
instituted to alleviate the turbidity conditions. Then the turbidity
would be subject to these regulations.”

The above proposal recognized that there is.a potential for reduced sed-
imentation in New Mexico streams. In evaluating the effects of land
treatment, it is generally assumed that the best one can do in reducing
erosion is to return it to the so-called normal geological rate. As

one facet of the effort to make such an interpretation, much has been
written and discussed about the origin of valley trenches which have
contributed so substantially to high sediment yields of watersheds such
as the Rio Puerco. Speculation on such topics does not rule out the
fact that the potential for sediment control can be classified by sites
in such categories as those subject to agronomic or management measures
or subject to structural measures, or combinatious of these, and finally
those sites not subject to control.

It is possible to estimate quantitatively the reduction in sediment yield
by installation of measures for stabilizatiom or control of sources.
Evaluation of benefits in terms of improved water quality may be simple

or complex, depending upon the physical conditions and the standards which
must be met for specific water uses. Benefits of treating an identifiable

-80-



source of water-born sediment depositing in a canal or entering a do-

mestic water supply system may be easily determined. As the types and
sources for degrading sediment become more numerous it is necessary to
determine the proportionate contribution of each source to the problem.

Benefits would be reduced costs of removal or of water treatment. How-~’
‘ever, certain uses require that water quality be of a specific standard

on arrival at the place of use. Stream recreation and fish habitat are
of this type. The option of treatment immediately before or sediment
removal after the use may not be available. 1In these instances it will
be necessary to first determine whether watershed treatment can reduce
sediment concentrations to acceptable standards for the specific use,
The economic feasibility of physically effective measures must be
judged on the basis of their downstream impact, of which water quality
is one, and on their ou-site benefits.

SUMMARY

Water quality standards pertaining to sediment indicate that turbidi-
ties or concentrations must be very low for municipal and industrial
use and only slightly higher for recreational use, including sport
fishing and swimming. For supplies of municipal and industrial water
New Mexico is fortumate in that the major source, ground water, is
generally free of sediment. However, irrigation water, drawn chiefly
from surface supplies, is usually high in sediment concentrations and
in damage to distribution systems. Opportunities exist for reduction
in sediment yield. Certain programs in this field, not otherwise
justified, may be feasible with the added benefits of water quality
improvement.
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WATER QUALITY RELATIONSHIPS FOR
URBAN AND INDUSTRIAL USES

Haskell R. Stree(i/
Quality water has not been defined in simple terms in spite of all that
has been said and written about it. There are many classes of water
users, each with specific requirements and quite often the characteris-
tics that make a particular water objectionable to one group are unim-
portant or even desirable to other groups. Perhaps there is no simple
definition for the term because it means a different thing to different
people. To the sanitary engineer it has one connotation, to the indus-
trial engineer it means something else and to the agriculturist it has
still another meaning.

Water quality specifications for cooling the condensers in an electric
generating plant or in the manufacture of steel differ greatly from
those required for bottling soft drinks, brewing beer or air condition-
ing. Water that is satisfactory for agriculture is far from adequate
for domestic use or for the production of steam. Fortunately, most
water users have some flexibility in the specifications which determine
the suitability of a water for their particular requirement. For such
users, the average domestic quality water will suffice with a minimum
amount of treatment. For those uses that have restrictive specifica-
tions, it is necessary that extensive treatment be given to the water
and close control be maintained over the quality. Boiler feed water for
the production of steam to be used in high pressure boilers is an ex-
ample of a water requiring special treatment. Water required in the
manufacture of pharmaceuticals is another example.

The home owner considers water to be of good quality when it is clear,
free of odors, tastes or colors, non-staining, cool, safe to drink and
reasonably soft. 1In recent years, with the advent of so many water
operated home appliances the domestic user is beginning to demand a few
additional qualities. There are inquiries from many sources about the
fluoride content, the hardness, the total mineral content, and the
sodium content.

One thing is quite certain--water users of all classes are becoming more
conscious of water quality if one can judge by the number of inquiries

that are received in our offices. These inquiries are from engineers, con-
sultants, business people, motel owners, and most of all, from school
children. The ringing telephone quite often heralds some slight change

in the quality of water being delivered to the customers. Raymond J.
Faust, Executive Secretary of the American Water Works Association, says

1/ Manager, Production and Treatment
El Paso Water Utilities
El Paso, Texas
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"the people want water that meets the needs of the home much more closely
than do our present supplies.

Processing water in a public water utility to meet the needs of the many
classes of users is quite impractical. As a result each public utility
.adopts a set of quality specifications, influenced in some degree by the
quality of raw water available for treatment, and attempts to maintain
the same quality at all times through constant control methods. The
water produced under these conditions should meet the needs of all do-
mestic users, should be safe, sparkling clear and free of taste and odor.
It should conform to the U.S. P.H.S. Drinking Water Standards in every
respect and far exceed them in most respects. Users that require a water
of different characteristics must then supply any additiomal treatment
needed.

Perhaps most of you are not aware that the earliest water system in this
country was for the purpose of providing water for fire fighting. No
quality controls were necessary for this type of water. As the community
grew and the system expanded beyond the one street it originally served,
the demand for a water suitable for human use caused the upgrading of

the quality of water in the system. This has been the pattern followed
through the years. The demands of the customers have resulted in the
improvements in quality and in close quality controls. This must con-
tinue to be the pattern and when the customers require a higher quality
of water and demand that it be furnished, the demand will be met.

Water has a number of characteristics that are quite interesting, some
of which are quite beneficial to man and some of which are not so advan-
tageous. As we all know, water travels in a cycle. Nature is constantly
freeing water of all its impurities and transporting it from low places
to higher elevations and releasing it to flow again toward the low
places. It is fortunate for mankind that water is released, free of

all impurities, at higher levels. This makes water available to man all
over the earth. Unfortunately, water is an excellent solvent and picks
up various minerals as it moves through and over the earth's crust.
Because water is moving toward the low places, man takes advantage of
this fact and puts his unwanted wastes in the stream to be carried along.
These minerals and wastes constitute the problems we have in using water.

Fortunately, the water is not permanently affected by any of these
minerals it has dissolved or the man made wastes that have been discharged
into it. They can all be separated from the water by appropriate methods.
Some of the materials can be separated easily and at very little cost.
Others can be separated only by use of more expensive methods. From this
over-simplified version of the water cycle, it is obvious that the cost

of water treatment must be balanced against the desire for higher quality
in the water we use.

In the early days there was no knowledge of the germ theory of disease

and the quality of the water was judged solely by the physical qualities.
With the explanation of the germ theory and the introduction of such
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devices as the slow sand filter, and later, the rapid sand filter, the
sanitary quality of water was improved. Use of coagulating chemicals,
and later, the introduction of chlorine as a disinfectant made possible
the production of drinking water that was practically free of turbidity
and free of harmful bacteria. The health authorities and the water

-supply agencies have been diligent in their efforts to protect the

health of the public. The extent to which they have succeeded is dem~
onstrated by the drastic reduction in water borne diseases over the
past 50 years.

In a large measure, the establishment of the U.S. P.H.S. Drinking Water
Standards has had a great deal to do with the steady improvement in the
quality and safety of the public water supplies. 1In the U,S. one can
drink from a public water fountain anywhere in the country with no fear
for the safety of the water. There are very few other countries in the
world where this is true.

The drinking water standards were first promulgated in 1914 to protect
the health of the traveling public. These standards were not obligatory
for use by municipally or privately owned water systems unless they
served as watering points for railroads, ships or passenger carriers of
some type. The standards have been revised from time to time as changes
in the environment have brought about the need for change. Major re-
visions were made in 1927, in 1942 and again in 1961-62.

The revision of the drinking water standards in 1961-62 was accomplished
through the combined efforts of representatives of fifteen major organi-
zations interested in the health and welfare of the public, the quality

of water in the streams and the quality of water served to the public.
Included in the group were such organizations as the U. §. Public Health
Service, the American Water Works Association, and Water Pollution Control
Association and the National Committee on Radiation.

The drinking water standards are generally accepted as the minimum stan-
dards throughout the U.S. A water supply will, in most cases, far exceed
the quality required by these limiting criteria. Water supplies that
exceed the limits in more than two or three of the categories are con-
sidered unsatisfactory. It has been stated that as many as 1,000 to
1,500 water supplies in the U.S. could be classed as unsatisfactory on
this basis.

The criteria are listed in two groupings. Those substances considered
toxic and known to have harmful effects upon humans are listed in one
group. If a water supply contains one of these minerals in excess of
the limiting value, the supply should be rejected as unsatisfactory.

Another group includes substances that are undesirable above the limits

shown. Supplies containing one or more of these substances in amounts
greater than listed are rated as undesirable.
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The substances that are objectionable in drinking water and their
limiting value are listed below in the two groups mentioned.

HARMFUL SUBSTANCES

Substance Concentration-ppm

Arsenic (As) 0.05

Barium (Ba) 1.0

Cadmium (Cd) 0.01

Chromium (Cr+6) 0.05

Cyanide (Cn) 0.2

Fluoride (F) Varies with temp

Lead (Pb) 0.05

Selenium (Se) 0.01

Silver (Ag) 0.05
UNDESTRABLE SUBSTANCES

Substance Concentration-ppm

Alkyl benzine sulfonate (ABS) 0.5

Arsenic (AS) 0.01

Chloride (Cl) 250.

Carbon Chloroform Extract (CCE) 0.2

Cyanide (Cn) 0.01

Fluoride (F) 0.4-1.2 Varies w/ temp

Iron (Fe) 0.3

Manganese (Mn) 0.05

Nitrate (NO3) 45.

Phenols 0.001

Sulfate (S504) 250.

Total Dissolved Solids 500.

Zinc (Zn) 5.0

Both industrial and community wastes have gone into our streams in the
past with little or, at best only partial treatment. No one seemed to
feel that this was wrong and full advantage was taken of the diluting
effect and assimilative capacity of the stream to hold down capital
investments as well as operating costs. In most instances this caused
no particular problem until the volume of wastes grew to such propor-
tions that the streams could not assimilate the load. Now, the load of
wastes being discharged into our waterways has become so great that many
of the streams are virtually open sewers and have no value for any
other use.

An alarmed Congress passed the Water Quality Act in 1965 establishing
a Water Pollution Control Agency and charged the Agency with the
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responsiblity for control and abatement of stream pollution. The
federal agency has requested each state to prepare suitable stream
standards that will prevent further deterioration of the quality in
the streams., It will be very interesting to observe the manner in
which the Water Pollution Control Agency, the State Pollution Control

-agencies and local authorities cooperate to bring about the abatement

of pollution,

Not only are the streams being overlo&ded but many new types of wastes
are being introduced into the streams. Most of them are of industrial
origin but some originate in the domestic wastes. Some are known to
be dangerous to human beings, while others are still on the doubtful
list. Not enough research work has been done to determine the effect
of long time consumption of water comtaining the substance in question.

Organic compounds constitute the greater portion of these new contam-
inants. They come from chemicals used as insecticides, fertilizers,
detergents, paints, lubricants, automotive fuels, and many others. The
identification and detection of these compounds is extremely difficult
and in many instances no method is known at this time for positive
identification. It is possible for the well equipped and well staffed
research laboratories to identify most of them but the average water
utility laboratory makes no attempt to detect or measure these compounds.
Fortunately, it is possible to get assistance in this work from federal
and state agency laboratories for analyses of quarterly or semi-annual
samples.

The concentrations involved are very small, being in the order of a
few parts per million down to a part per billion. While this may seem
like an insignificant quantity to those of us accustomed to thinking
in terms of tomns per acre foot or grains per gallon, some of these
contaminants have caused sizeable fish kills in concentrations of less
than one ppb.

The literature does not report any direct or physiological damage to
human beings as a result of the consumption of water containing present
day low concentrations of these organic pollutants. It is known that
they cause objectionable odors and tastes, foaming, high clorine demands,
and fouling of ion~exchange media. We have no knowledge yet of the long
term effect of consuming water with one or more of these contaminants.
Research projects are in progress on this subject as well as many other
aspects of the effect of the organic compounds upon human beings.

The method used to extract the organic compounds from the water is based
upon the tremendous adsorptive power of activated carbon. Large quan-
tities of water are filtered through carbon and the carbon is then
subjected to chloroform to extract those substances soluble in chloro-
form. Evaporation of the chloroform leaves the extracted materials for
possible identification. The method was developed by U,S. P.H.S. research
technicians in connection with their water quality network project. More
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than 150 sampling points covering all the major rivers in the U.S. are
taking part in the project and send monthly samples to the Taft Memorial
Center at Cincimnati. Quarterly reports of the results of the program
are distributed to all participants. Interested persons or agencies

can get the reports by requesting to be placed on the mailing lists.

Some of the compounds that have been detected and identified include
DDT, Aldrin, orthonitrochlorobenzene, tetralin, napthalene, chlorocethyl
ether, acetophenone, dephenyl ether, pyridine, nitriles, aldehydes,
ketones and alcohols. To date no safe limit for any of these substances
has been established.

After chloroform extraction the carbon is then treated with ethyl alcohol
and additional organic compounds may be extracted. Frequently there re-
mains a portion of the extracted material from one or both extractions
that cannot be identified by known methods. Obviously there must be some
concern about the presence of unidentified substances. Much work needs
to be done in the development of methods to identify and test these un-
known portions of material.

The increased use of insecticides, herbicides and pesticides is another
cause for concern. There are over 9,000 compounds of this type manu-
factured and more than one and one-half billion pounds are produced
annually. Some 50,000,000 acres are sprayed each year by airplanes.

- Wind and air drift causes some of the compounds to enter streams and
lakes. Runoff carries more into the waterways. Some of these compounds,
such as DDT, are known to accumulate in the body. DDT has been isolated
from the bodies of animals in very remote parts of the earth.

The water plant operator and the health authorities need to know more
about the effect on the quality of the water when it receives these and
other agricultural chemicals. Investigations have shown little to cause
concern to date. What we need to know is the effect of increasing con-
centrations.

Infectious hepatitis is the only virus that is definitely known to be
transmitted by means of drinking water. ‘In a few epidemic outbreaks

of poliomyelitis, water has been suspected, but not proven, of being

the carrier. In outbreaks of other enteric virus diseases where the

exact cause was not determined it was stated that water could have

been the carrier, along with several other common vectors. Epidemiologists
have failed to implicate water as the carrier in these virus disease
outbreaks but there are those who continue to point to the possibility.

Investigation has shown that in every case where water was suspected of
being the carrier, the public water supply did not conform to the U.S.
P.H.S. Drinking Water Bacteriologic Standards. These studies also show
that where filter effluent turbidities are kept below 0.2 units con-
sistently and a chlorine residual of one ppm is maintained in the clear
water, the incidence of virus disease is very low. On the basis of
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experience and the evidence obtained in these studies, it seems reason-
ably safe to say that outbreaks of water borne infectious hepatitis are
unlikely where the water conforms with the drinking water standards.
The principal concern of the health authorities is that the level of
virus pollution may increase to the point that present-~day methods are
not adequate to prevent the viruses from passing through the plant.
Primary sewage treatment does not significantly reduce the virus con-
centration and the activated sludge process removes only about 909 of
the viruses placed in the raw sewage in field experiments.

A few years back there was much written about the effect of fallout of
radioactive particles. Research since that time indicates that radio-
active material in drinking water can be harmful. Strontium 90 and
Radium 226 are both deposited in the bone structure, interfere with the
production of blood cells and cause leukemia. The three radio nucleides
known to exist in water include the two mentioned and gross beta parti-
cles which include the other radioactive substances.

Samples have been collected from the Rio Grande at El Paso for about
eight years for the water quality network program. You may be interested
to know that the reports on radioactive substances, the organic chemicals
and other harmful substances in the water are shown to be quite low in
concentration and much below the recommended levels.

Having discussed briefly the nature of the many new contaminants, let

us turn to the water treatment plant and see how well it functions in

the removal of these impurities. Water plants are being built today

on much the same principles as 30 years ago. Coagulation and floccula-
tion, sedimentation, filtration and chlorination provide the basic stages
of treatment and even the chemicals and the basin sizes are about the
same. The organic compounds are not removed by these processes. Chlor-
ination has little effect upon them. They cannot be flocculated and
settled out. The only method that has been found to be effective is

that of adsorbing the compounds on activated charcoal particles. Research
indicates that an effective method of producing a water relatively free
of the insecticides, the chlorinated hydrocarbon and the organo-phosphate
materials as well as the viruses is to pass the filtered water through

a deep bed of activated charcoal. Such a procedure would require a
change in the design of plants. An alternate proposal is to replace the
top portion of the filter media with granulated activated charcoal.

There is a great need for improvement in the design and in the operation
of water treatment plants to meet the challenge imposed by the presence
of new pollutants in the raw water.

Why has the philosophy regarding the treatment of water remained essen-
tially unchanged so long? There are at least three groups involved in
the building of a water plant. The municipality engages a design engi-
neer to build a plant. The engineer prepares plans which the health

department officials must approve prior to construction. All three of
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these groups must share the blame for the delay in accepting new ideas.
The municipality does not want to risk large capital outlays on untried
procedures and methods. The health department official, feeling all
the responsibility for a mistake in judgment will fall back on his
shoulders, takes a very conservative attitude and approves only what he
knows will work. The design engineer, the only one of the three with
enough background and experience to properly evaluate new methods of
treatment, is reluctant to take the time and incur the expense to re-
search the new proposals. Of the three, the design engineer is most
fitted by training, experience and knowledge, to be in a position to
advance the art of water treatment.

Ironically, the responsibility of the health department officials for

the health of the public may eventually be the very thing that will force
these officials out of their comservative position. To maintain their
present attitude is certainly not entirely in the interests of public
health.

The A.W.W.A. endorses the U. S. P.H.S. Drinking Water Standards and has
participated in the revisions of these standards. Nevertheless, there

is a considerable number of A.W.W.A. members who feel that minimum stan-~
dards are not sufficient to provide a stimulus that will cause the water
utility operators to strive for a higher quality product. They feel
there should be a set of criteria for drinking water of sufficient excel-
lence that few, if any, waters could qualify as this '"ideal" water.

Theye should be a goal to attain.

There are over 20,000 water systems in the U.S., 90% of which serve com-
munities of less than 10,000 population, and 80% of them serve less than
5,000 people each. It is not likely that all these systems have the
facilities and the personnel to properly safeguard the water being served.
It is the plan of the A,W.W.A., Task Group 2225M to devise a plan of
rating each water system. The basis for rating would be the quality of
the water, the facilities available and the qualifications and abilities
of the personnel. The rating plan is designed to euncourage the updating
of facilities, the training of personnel and the improvement cf quality
of water.

The criteria are set up as guides or goals and are not intended as stan-
dards. Some of the criteria are limited at present by the sensitivity
of the methods used in testing. Some will change as more information
becomes available relating to the physiological effects of trace elements
after loug-time consumption.

The criteria for the "ideal' water are listed below and the limit for
each is given in ppm except where otherwise indicated.
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IDEAL WATER QUALITY - CHARACTERISTICS AND

CONCENTRATIONS

Physical Characteristics

Turbidity
Non-filterable residue

Maximum in Ideal Water

Less than 0.1 unit
0.1

Microscopic & Nuisance Organisms None
Color (true) 3 units
Taste Nomne
Odor None
Chemical Characteristics (Toxic)

Lead (Pb) 0.03
Barium (Ba) 0.5
Arsenic (As) 0.01
Cyanide (Cn) 0.01
Silver (Ag) 0.02
Selenium (Se) 0.01
Cadmium (Cd) 0.01
Chromium (Crt6) 0.01
Insecticides, Total None
Chemical Characteristics (Non-toxic)

Aluminum (Al) 0.05
Iron (Fe) 0.05
Manganese (Mn) 0.01
Copper (Cu) 0.2
Zinc (Zn) 1.0
Nitrate - Inorganic (N) 5.0
Filterable Residue 200.0
Phenolic Compounds (as phenol) 0.0005
Chloroform soluble - Carbon Absorption 0.04
Alcohol soluble - Carbon Absorption 0.10
ABS - 0.20
Hardness (as CaCOB) 80.0

Coliform Organisms
Radioactive materials

Not more than one/1l

Grosbeta activity 100 pc/l
Radium 3 pc/l
Strontium 5 pe/l

In order to supplement existing supplies some communities may find it
advantageous to remove excess salt from brackish waters rather than
transport a better quality water long distances. There are several
processes available to remove this excess mineral.

The Office of Saline Water is a government agency that is directing
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research and operating pilot plants to test several methods of converting
saline waters to usable drinking water. The methods being tested include
various versions of evaporating the water to separate it from the salts;
freezing water and evaporation under partial vacuum. To date they have
been quite successful in producing a good quality water but the cost of
operations have been quite high. The costs have been dropping as expe-
rience has helped solve some of the problems but they still are quite
high when compared with present-day prices for treated water from other
methods. The lowest cost figures obtainable have ranged from $0.80 to
$1.00 per 1,000 gallons as compared to the cost of about $0.10 per 1,000
gallons for a treated surface water and about one-third that for pumping
well water

The use of electrically charged membranes to separate mineral salts from
water is a patented process. Several smaller installations are in success-
ful use, one being the plant at Buckeye, Arizona. Water is passed between
layers of thin membrane material which bear a DC charge. The metallic
ions in the water are attracted to the membrane that possesses an elec~
trical charge opposite its own. Many of these ilons pass through the
membrane causing the water in alternate channels to be supercharged with
salt particles and the remaining channels to have water with reduced
mineral salts. The water costs about $0.40 to $0.60 per 1,000 gallons,
depending upon electrical costs and membrane maintenance figures, and

upon the amount of salt reduction required.

In the Industrial Engineering Journal an ion exchange process was re-
ported which uses lime and sulphuric acid as regenerants to reduce 2,300
ppm solids to 500 ppm. Operating costs were stated to be in the order

of $0.11 to $0.22 per 1,000 gallons with the cost of a one million gallon
per day plant estimated at $300,000.

One of the more promising processes uses the ion exchange method. In-
stead of a fixed bed of resin, a closed loop with quick operating valves
has been devised that permits continuous operation. Part of the loop
contains a portion of the resin that is treating water to remove salts.
Another portion of the loop contains resin that is being regenerated
with an appropriate regenerant. A third portion of the loop is used to
wash the regenerated resin. On a pre-arranged time schedule, the valves
open, the resin is hydraulically shifted from one portion of the loop to
the next and in less than a minute the flow of water is being treated
with freshly regenerated resin. A one million gallon per day plant

can be erected in a day or two after delivery and occupies a space of
about 10' by 10'. Everything is automatically timed and chemical costs
are greatly reduced over other ion exchange units. The cost of treating
a 2,000 ppm brackish water to produce a 500 ppm quality water is esti-
mated to be in the order of $0.10 per 1,000 gallons.

One of the newest processes proposed for reducing salt solids in water
is called reverse osmosis. 1In the process of osmosis, if two solutionms
are separated by a semipermeable membrane, the liquid from the more
dilute solution moves through the membrane into the more concentrated
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solution. The differential in pressure developed between the two solu-
tions is called osmotic pressure. The reverse osmosis process consists
in the application of sufficient pressure on a saline liquid to force it
through a membrane. The liquid which passes through the membrane con-
tains considerably less dissolved salt. Inasmuch as no change in form

is required as in the standard saline comversion technique, it has
promise of being much less expensive. Its success depends primarily upon
the development of a suitable membrane.

In summary, it would appear that two opposing trends are involved in the
problem of maintaining and improving the level of quality in our drinking
water. The demand for a water which must steadily improve in quality is
being made more difficult by the increase in population, the increase in
pollution and rapid change in the kinds of contaminants. The problem of
supplying a potable, safe and desirable water for domestic and industrial
users has become a problem for both the waste treatment agencies and the
water treatment operators. The responsibilities of the waste treatment
plant operators must be extended and correlated with those of the water
utility operator in order that the whole job of water treatment can be
effectively accomplished.
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WATER QUALITY REQUIREMENTIS AND RELATIONSHIPS
FOR RECREATIONAIL USE

Maurice D. Arnoldi/

Mr. Chairman and conferees, the Bureau of Qutdoor Recreation is pleased

to make its interests known concerning water quality requirements and out-
door recreation. When I started this study of water pollution and its
relationship to outdoor recreation, I hastily concluded that the title of
this paper drew forth an obvious comment, "Of course we need clean water
for all forms of water-oriented recreation activities." This statement is
generally true. However, after reading numerous recent papers on the broad
subject of water pollution and the specific aspects of quality standards
for recreation waters, I learned that pat answers are not necessarily the
best ones and that much remains to be done to obtain adequate solutions.

It is also obvious that there are few experts in this relatively new field.

The Bureau of Outdoor Recreation is currently building a Nationwide Out-
door Recreation Plan as a general guide for future planning and action in
the field of outdoor recreation. The Plan is intended to serve as an
instrument for assuring that a variety of recreation opportunities desired
by our people of present and future generations will be available in suf-
ficient quantity and quality to serve them adequately within the range of
available resources. An important phase of the Plan involves a compre-
hensive inventory of the supply of outdoor recreation resources in the
United States. Federal, State, county, municipal and private recreational
lands, waters and facilities will be recorded. The study will disclose
the amounts, types and location of all present recreation lands, waters
and facilities, what additional recreation development is now planned,

and what potential areas can be identified for recreation development in
the future.

This inventory of supply will be matched with a Nationwide demand survey
in order to determine the types and location of resources and opportunities
which will be required by present and future generations. Determination
of the need for available water for outdoor recreation will be an impor-
tant aspect of this analysis.

One of the most pressing needs in outdoor recreation planning is an ex-
panded research program. Research is one of the important responsibilities
of the Department of Interior as well as the Bureau of Outdoor Recreation. -
When expanded research becomes a reality, one of the priority study items

should be the determination of standards for recreation waters. Presently,
some of our potentially finest recreation waters are polluted to the point
where recreation is restricted or dangerously close to this point. We all

1/ Regional Director, Mid-Continent Region
Bureau of Outdoor Recreation
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know that an increasing population will place increasing demands on our
fresh water resources. However, we need not go to a future-demand situ-
ation. Our current needs are not being met in some areas because of
pollution of outstanding rivers and lakes.

Among our Great Lakes, Lake Erie is rapidly losing its value as far as
recreation is concerned. Commercial and sport fishermen know this is true.
So do swimmers, boaters, lakefront property owners and many naturalists.
Walleye pike and cisco have been virtually replaced by less desirable
fishes. The commercial fish catch from Lake Erie has dropped from over
half the Great Lakes total to less than the catch from Lake Michigan alone.
As a result, many commercial fishermen are destitute. Huge algae growths
die and wash ashore to form enormous odorous masses around boat docks,
lakefront property, and bathing beaches. To make a bad situation worse,
debris, logs, lumber and numerous other floating materials litter the
shoreline.

All major Lake Erie tributaries are heavily polluted at their mouths and
many throughout large reaches of their lengths. Winding through the center
of Cleveland, Ohio, the Cuyahoga River flows north to Lake Erie. It is a
torpid ribbon of gray sludge marked with large irridescent splotches of
0il. Much of the American shoreline of Lake Erie out one to two miles is
polluted. The most serious damage in this zome is to recreational uses,
particularly swimming and water skiing. It has been estimated by some

that even with total pollution control, it would take 25 years to clean up
Lake Erie.

No fish can live in the mighty Hudson for ten miles downstream from Albany
~--just sludge worms, fly larvae, leaches, and maggots. The beautiful
Hudson is a fetid dumping ground for 217 major sources of waste.

The Merrimack River in New England is perhaps the most polluted river in
the history of man. Through its entire length it averages less oxygen

than fish need to live, and below Lowell, Massachusetts, its oxygen content
is zero.

To further illustrate, Chicago, with modern treatment facilities, pours
wastes into the Illinois Waterway which have a pollution effect equivalent
to the discharge of sewage from about 1 million persons and contain solids
--natural and synthetic, organic and mineral--amounting to about 1,800
tons per day.

As though to emphasize the seriousness of water pollution in our country,
the Potomac River in our Nation's Capital and in its tidal estuary is
grossly polluted. The river and estuary are unsafe for water-contact
sports. All of the State health and water pollution control agencies, as
well as the Federal agencies involved, are deeply concerned for the con-
tinued safety of the metropolitan water supply. On October 2, 1965
President Johnson at the signing of the Water Quality Act of 1965, pointed
specifically to the Potomac River, recalling that President Theodore
Roosevelt used to swim there earlier in the century. "Today, he said,
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"the Potomac is a river of decaying sewage and rotten algae. Today all
swimmers are gone. They have been driven from its banks.™

Getting closer to home in Colorado our cwn South Platte River is seriously
polluted. It will require much time, effort and money before this river
is sufficiently cleaned up to support a warm-water fishery and fishing and
other outdoor activity along its banks.

I have cited only a few examples, but water pollution is a National problem.
Across the land, rivers once sweet and unsullied are now so polluted they
are good for little more than carrying away the human and industrial wastes
that made them that way. Except for the headwaters, almost all of America's
rivers are seriously polluted.

Equally destructive is the silent killing of estuaries and their associated
fish, plants and animals by pollution. Just as fresh water life, marine
life lives precariously close to death. The slightest environmental change
can spell doom. And the hand of man has been applied heavily to our estu-
aries, Factories on or near our shores, cities at the mouths of rivers,
and thousands of resort hotels, motels, and summer homes find coastal
marshes and tidewater flats convenient places to dispose of garbage,
industrial wastes, litter and other debris.

We read and hear much about pollution of recreation waters by industry,
municipalities and agriculture. This is understandable, for these are

the most common and obvious sources of pollution of recreation waters,
However, little has been said about the pollution caused by recreationists
and Federal installations. Recreationists themselves often overlook the
effect they and their activities have on the quality of recreational waters
and associated land areas. Summer homes and cottages in the vicinity of
lakes, reservoirs, and streams often present a vexing problem. Many are
located in areas remote from adequate sewage treatment facilities. Pollu-
tion occurs by seepage from septic tanks, overflow of drainage fields and
in some instances, direct discharge of sewage into recreational waters.
Pleasure boating has also caused water quality problems, principally
through the discharge of sewage in anchorage areas. Deposition of trash,
garbage and other materials from pleasure craft is also a source of pollu-
tion. Winter sports activities, particularly ice fishing, have proved
detrimental to water quality through the deposition of debris on the ice
and snow. This problem will become more acute as winter sports activities
increase.

Another little recognized source of pollution of recreational waters are
Federal installations. Compared to the total of untreated discharges of
municipalities and industry, pollution by Federal agencies is very small,
less than three percent. However, it is disturbing that there is any,
especially when this pollution by govennment facilities is serious in some
locations. Fortunately, Federal installations are making substantial

and accelerating progress to end water pollution but the problem still
remains in some locations.
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What are the effects of water pollution on outdoor recreation? The
extreme effects, of course, are prohibition of water-contact activities.
This can be caused by a high count of coliform bacteria, indicating the
presence of organisms from the digestive tract of warm-blood animals.
Or plant nutrients jntroduced through pollution can cause excessive
.growth of aquatic plants, which by their presence prevent swimming,
water skiing, and boating. When these plants die and decay, they cause
secondary oxygen-demanding pollution accompanied by disagreeable tastes
and odors. The possibility of the development of toxins from the high
density growth, death, and decay of certain types of algae is also very
real.

When organic pollution reduces the dissolved oxygen in a stream below
four or five parts per million, only rough fish can exist, thereby
eliminating any sport-fishing value that might have been present. When
the oxygen count reaches zero, anaerobic bacteria take over the job of
reducing organic pollutants to inert materials. We then have a septic
condition with the familiar dark, evil-appearing, foul-smelling condition
characteristic of grossly polluted water in which no fish can live.

Siltation is another common source of pollution. Pollution in the form
of silt can change the water environment and in turn, the type of recre-
ation activities engaged in. Silt caused by logging, overgrazing, or
farming can change a cold-water fishery to a warm-water fishery.

Pollution can and has caused a considerable loss in recreation activity
days and associated economic benefits. In many areas, some of our prime
recreational waters have been lost to pollution. With their loss has
gone swimming, water skiing, boating, fishing and yes, picnicking,
camping, and sightseeing opportunities. Camping, picnicking and sight-.
seeing, while not directly water-oriented activities, are considerably
enhanced as an experience by aesthetically pleasing water. Pollution
robs the water of its aesthetic value for such activities.

Economic losses associated with the loss of recreation areas are signif-
jcant. Concessions for boating, swimming, food, drink, and lodging are
seriously affected. Service and supply businesses developed to support
those water-centered recreation activities are also severely affected.
Probably the most damaging effect of polluted recreation waters has been
the loss of prime areas near large metropolitan areas where the need is
greatest.

At this point, then, I think there is general agreement that water pol-
lution poses a serious threat to the future of water-based recreatiom.

At present the supply of usable recreation water meets the needs of
American citizens in many areas. However, there are already sections of
the Nation where the supply is severely limited. For example, in the
crowded eastern seaboard, opportunity is rapidly being restricted in
variety and reduced in quality. There are not enough recreation waters
in the right places to meet the demands. This is also true of several
large metropolitan pockets elsewhere in the Nation. When water needs for
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outdoor recreation are projected in the Nationwide Plan, it will refer

to water of a quality suitable for outdoor recreation. This is the

crux of the problem. Will sufficient recreational water be available

to meet the needs in 1980, 2000, and 20207 These are the years for

which the Plan will attempt to ascertain the needs. At the present rate
.of pollution control and abatement, we may not be able to meet our future
requirements. I suspect that most of our presently polluted waters will
have to be cleaned up if we are to have adequate acreages in the future.
It will require increased and closely coordinated planning of Federal,
State, and local governments and the private sector if the task is to be
accomplished. The Bureau of Outdoor Recreation is committed to play an
important role in this planning. By the year 2010 our national population
will double and the overall need for outdoor recreation facilities will
triple. Not only will there be more people, but they will have more free
time, more money and be more mobile than ever before. Already the increase
in need for outdoor recreation developments is surging ahead of population
growth. The types of outdoor recreation most people participate in today
are rather simple -- walking and driving for pleasure lead the list.
However, swimming, picnicking, fishing and boating are among the most
popular. What people do now is not necessarily what they want to do in
the future. The ORRRC report indicates that more than 20 percent of

those surveyed said that while they do not participate in fishing, they
would like to. Other activities for which there is a large unsatisfied
desire include swimming, boating, and '"just going to the beach."

In recognition of the importance of conserving some of our purest of
recreation waters, legislation has been introduced in Congress calling
for establishment of a National System of Scenic Rivers. This legis-
lation has been introduced in Congress calling for establishment of a
National System of Scenic Rivers. This legislation is designed to pre-
serve, reclaim, and make available for the benefit of all the American
people, specifically chosen segments of the Nation's diminishing free-
flowing rivers. This program would guarantee for America a remnant of
her heritage of unspoiled, unpolluted, free-flowing rivers. In this area
a portion of the Rio Grande is one such river being considered.

It is thus apparent that water is a focal point for outdoor recreation.
Most people seek water in which to swim or fish; or which to boat; along
which they can walk, picnic, or camp, or just look at. People also want
to recreate close to home. Two out of three Americans now live in metro-
politan areas and by the year 2000, three out of four will. It is here
that the need for most types of outdoor recreation is centered. It is
here where the greatest need for recreation waters is and will be. It

is here where most of the pollution occurs. It becomes obvious then,
that we cannot afford polluted recreation waters if we are to meet our
recreation needs.

Ridding our recreation waters of pollution is one of our primary tasks.
But an equally important task which should be undertaken as soon as
possible is the establishment of uniform standards for quality of recrea-
tion waters. Currently we are faced with a maze of conflicting
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regulations and standards. It is an understatement to say that there is
a lack of agreement among research and management people about what con-
stitutes clean recreation water. Refinement of water quality standards
for the various water-oriented recreation activities and their adoption
by all agencies concerned is necessary before a workable solution can be
found to pollution control in recreation waters. Water quality standards
" for recreation vary considerably among agencies responsible for deter-
mining whether certain types of water-oriented recreation is permissible.
Some beaches are allowed to remain open through the water quality may be
lower than that at other beaches which have been closed by another agency.
Why do public officials permit water-skiing in waters polluted to the
extent that swimming is prohibited? The answer lies in increased re-
search by Federal, State and local governments and private industry.

Our universities could also do much to help in this problem. Once ade-
quate criteria are developed, then they must be applied effectively and
uniformly. One of our principal problems concerning the use of standards
is the reluctance by regulatory agencies, particularly at the local level
to apply them effectively, if at all. The best standards will accomplish
nothing without effective application!

Pollution of recreation waters is serious and its future effect could be
even more damaging. What then is needed? First of all, one level of
government or one agency cannot solve the problem. It will require an
untiring effort on many fronts. Federal, State and local government,
private industry, the educational community and an overwhelming grass
roots support of the people are needed to effectively clean up our recre-
ation waters and to prevent further pollutiocn.

It is not enough to maintain the status quo. Right now the clean water
advocates are running neck and neck with the polluters. We must greatly
increase our efforts and plan on cleaning up those potentially fine recre-
ation waters that have been allowed to deteriorate for far too many years,
This must be done to meet our future needs. Continued degradation of
water resources in urbanized areas will place greater recreational use
pressure on the fewer remaining acceptable water areas. People will have
to travel even greater distances in quest of suitable water oriented
recreation activities. These trends must be reversed if suitable recre-
ation waters are to be found in the future.

Much closer coordinated planning of Federal, State, and local governmental
agencies, and private enterprise is necessary if the program is to succeed.
You, the states, the Federal Water Pollution Control Administration and
the Bureau of Outdoor Recreation should play a major leadership role in
this planning. Real coordinated planning is necessary to avoid confusion
and expensive duplication of effort. However, if this program is to be
fully effective it must have the support of a large segment of the popula-
tion. This support can only be gained through an accelerated program of
information and education by all levels of government, schools, industry,
agriculture, and conservation groups. The public must be shown the
wisdom of clean recreation water in the clearest of terms. The people
should be encouraged to learn how municipal and industrial wastes are
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handled in their community. They should be urged to let elected offi-
cials at local, State and Federal levels know they want strong anti-
pollution laws, and want them enforced. Lastly, they should be encouraged
to join action groups to foster pollution controls.

. Control of pollution of recreation water is not impossible. Many fine

examples of what can be done are available.

For a century, Pennsylvania's 130-mile Schuylkill River, which empties
into the Delaware River at Philadelphia was described as "too thick to
navigate and too thin to cultivate.' Some ship captains refused to dock
at Philadelphia because of corrosion from this contaminated stream.

A dozen years ago, Pennsylvania started to rehabilitate the Schylkill.

In two years the 47 coal mines which poured two million tons of coal
washings into the headwaters of the river each year had installed de-
silting systems. From Reading downstream, every city along the Schuylkill
put up a new sewage plant or enlarged existing ones. Philadelphia in-
vested 80 million dollars, and local industries spent an additional 40
million to complete the job.

Now, they are swimming and boating on the Schuylkill once more. Munic-
ipalities using the river for their water supply report more economical
operation of their purifying plants; industries which formerly were forced
to develop their water supplies from wells are using Schuylkill water
again.

Water pollution abatement on the North Platte River in Wyoming is probably
one of the most outstanding examples in the Nation. Wyoming cleaned up
this river in a decade. 1In this experience, we have proof that the cities
and industries of any State can achieve clean water if they have the will
to do so, and if the State's leaders show the way.

The effort began in 1955 under Governor Simpson, now a United States
Senator. Governor Simpson appointed Arthur E. Williamson as the State's
pollution abatement chief, and strongly supported his persuasive efforts
to clean up the North Platte. ’ '

In 1948, the Public Health Service stated that the North Platte was so
grossly polluted that it was doubtful that recovery ever could be made.

By 1954, the river had deteriorated further. However, through Mr.
Williamson's persistent efforts, Wyoming improved the quality of the

North Platte without intervention by Federal authorities, and without legal
abatement enforcement proceedings.

The cost to industry has been high but residents and businessmen have found
that the investment was sound. Land values along the river have increased
from $240 an acre 10 years ago to $1,500 an acre. Residents now are proud
of their river and recreation activities have returned.

Other important examples can be shown. Dramatic progress has been made
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along the Missouri River, where 10 years ago not one major city treated
its sewage. Today, Sioux City, Omaha, Kansas City and St. Joseph all
have treatment plants operating or under construction, and meat packing
plants have done a significant clean up. St. Louis a few years ago

voted a $95 million bond issue for waste treatment. The Shell 0il Company
plant at Anacortes, Washington has installed a complete treatment system
"to avoid polluting waters in the area and to protect local commercial and
sport fisheries. Kaiser Steel at Fontano, California, reclaims mill
wastes in a settling and recycling system which keeps its water needs to
a minimum. The beautiful Willamette River in Oregon is being cleaned up;
even the grimy Ohio is getting a bath.

The Water Quality Act of 1965 has been an important factor in accelerating
the program by (1) establishing the Water Pollution Control Administration,
(2) requiring each State to signify its intent within a year, to establish
water quality standards by June 30, 1967, and to submit a plan for enforcing
those standards, and (3) permitting the Federal Government to step in

with its own rules if the State fails to set standards or sets standards
deemed unsuitable by the Water Pollution Control Administration. The Act
also authorized $150 million a year in Federal grants to help States and
communities to build sewage treatment plants--an increase of $50 million
over the presently authorized ceiling.

Still, with all these efforts, much more is needed if we are to truly
control water pollution in the United States.

If, as predicted, outdoor recreation activities triple in the next 50

years and if future recreationists are to fully enjoy their outdoor expe-
riences, we must have clean water. Yes, there is and will be an increasing
need for truly clean recreation waters.

The Nation must work harder if we are to succeed. Much more money must

be invested in city and industrial waste treatment plants. We need inten-
sive research to develop more efficient techniques of water treatment.

And equally important, we need better enforcement of strong pollution

laws at the Federal, State and local level.

President Johnson, in his speech at the signing of the Water Quality Act
of 1965, said, "I believe that with your help and your continued cooper-
ation, water pollution is doomed in this century." He also said with the
signing of the Act, "I pledge you that we are going to reopen the Potomac
for swimming by 1975. And within the next 25 years, we are going to
repeat this effort in the lakes and streams and other rivers across this
country."

I am certain all of us share in the President's views. His remarks must
offer a real challenge to all of you who work so closely with the problem
of water pollution. Your accomplishments in developing new waste treat-
ment systems and control methods have been clearly proved. The challenge
that faces you is the same as that facing the Nation. America has the
capability; it must redouble its efforts.
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RECENT WATER LEGISLATION - 1967

A special session on Recent Water Legislation was
arranged since the New Mexico State Legislature had
recently adjourned after having considered many water
proposals and passing several of them.

Mr. Harlan Flint, Special Assistant Attorney General,
assigned to the State Engineer Office, and Mr. Hoyt
Pattison, State Representative from Curry County,
presented many of the high points in connection with
this legislation. The two papers were followed by
discussion periods on the various aspects of water
law and the application of the law to the management
of the water of New Mexico.

The papers presented on the following pages are:

1967 Water Legislation

by F. Harlan Flint
General Counsel, State Engineer and
Interstate Stream Commission
Santa Fe, New Mexico

Water Legislation - 1967
by Hoyt Pattison
Representative from Curry County -- New
Mexico State House of Representatives,
Farm Operator, Farm Manager, and Registered
Professional Engineer
Clovis, New Mexico
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1967 WATER LEGISLATION 1/

F. Harlan Flint2/

This will be a brief resume of the 1967 Water Legislation considered by

the First Session of the Twenty-eighth Legislature presented on the evening
of March 30, 1967 at the New Mexico Water Conference in a panel chaired

by Dr. Ralph Stucky, and also participated in by Representative Hoyt
Pattison.

We have had quite a few rather formal debates on the subject of legisla-
tion during recent weeks in the course of the legislative session. In
most instances Representative Hoyt Pattison, who is also at the head

table here this evening, participated in these discussions with enthusiasm
and effectiveness. As our moderator has indicated, Mr. Pattison was the
sponsor of a large share of the water legislation considered.

It has been one of my greatest pleasures to be involved in a field of
activity where things are happening. And things of importance are happen-
ing in the many disciplines that are devoting their efforts to water
problems. It is fascinating to participate in and watch the functioning
of the machinery of water politics, particularly in the context of the
First Session of the Twenty-eighth Legislature.

There are an increasingly large number of groups and interested individuals
who are participating in the most important field of legislative effort.

We see irrigation farmers, dry land farmers, ranchers, representatives

of the oil and gas industry, recreationists, sportsmen, conservationists,
members of federal, state, municipal government and other political sub-
divisions, domestic water users, public health representatives and a
multitude of industrial interests too numerous to list. It is a fascinat-
ing process and I would like to discuss it sometime but we are not here
tonight to discuss the process but rather to review the product of this
process.

Tn the interest of briefly reviewing this product and particularly the
successful legislation produced by the recent legislature, I have taken
the liberty of dividing up the water bills that our offices were most
concerned with into six categories. These categories are necessarily
somewhat arbitrary and it has been necessary to leave out some legisla-
tion which I feel to be of less general interest.

1/ Considered by the First Session of the Twenty-eighth New Mexico
Legislature.

2/ General Counsel, State Engineer and Interstate Stream Commission,
Santa Fe, New Mexico.
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DITCH REHABILITATION

I have denominated the first category "Ditch Rehabilitation,'" a category
in which four bills were introduced as reflected by the following table:

Comm. Sub /$100,000 appropriation, statewide, signed
HB 34 for rehabilitation of irrigation (Chapter 67)
‘ facilities_/
SB 174 /Appropriation for rehabilitation died
of irrigation facilities, Grant
County_/
SB 175 /Appropriation for rehabilitation died
of irrigation facilities, Santa
Fe County_/
SB 312 /Appropriation for rehabilitation died

of irrigation facilities, San
Miguel County_/

The several bills shown in the above table are successors to similar bills
introduced in previous sessions. The purpose of these bills has been to
appropriate moneys to the State Engineer from a trust fund created under
the Ferguson Act, the federal act under which the State of New Mexico re-
ceived grants of federal land for the purpose of improving irrigation.
The legislature has directed the State Engineer to use these moneys for
the purpose of rehabilitating community ditches and other public irriga-
tion facilities within the State. The practice has been to make these
funds available on a matching basis to the local entity, so that a grant
from these moneys in the amount of 15% of project cost will be matched by
a 15% contribution by the local entity and by as much as a 70% grant from
the federal government. The net effect has been to generate substantial
expenditures in the interest of conservation with a relatively small con-
tribution from the State.

INTERIM STUDY

The second category of legislation is "Interim Study." The legislation
in this category is shown in the following table:

Comm. Sub. /Interim study of water law died

HB 116 & and administration /

HB 179

HB 396 /Study of agricultural water signed
requirements_/ (Chapter 220)

The committee substitute for HB 116 and HB 179 received considerable atten-
tion by the legislature and represents the consolidation of features of two
bills introduced by Representatives Hoyt Pattison and Richard B. Edwards
and others. The bill passed the House but was unsuccessful in the Senate,
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where it died in the Senate Conservation Committee. It would have pro-
vided a $20,000 appropriation for the purpose of financing an interim
legislative committee to study water laws and institutions.

The second bill, HB 396, authorized an appropriation of $6,000 to the
New Mexico State University for the purpose of undertaking a two-year
study of agricultural water requirements through the year 2060.

WATER POLLUTION

A third category of bills dealing with water pollution are summarized in
the following table:

HB 201 /Water Quality Act, creating signed
water quality control (Chapter 190)
cormission_/

HB 83 /Water Pollution Act_/ died
SB 476 /Water Pollution Act_/ died

The successful bill in this category represents the first substantial New
Mexico legislation in the field of water pollution.

CAPITAN REEF PACKAGE

One of the largest categories of water legislation includes the bills that
I have chosen to call the "Capitan Reef Package.'" All of these bills died
except one, Committee Substitute for SB 396, but the category represents
one of the most important areas of legislative concern. The bills are
summarized in the following table:

Comm. Sub /Excluding certain water from under- signed
SB 396 ground water basins_/ (Chapter 86)
HB 321 /Regarding secondary recovery of oil, died

provides if water injected and with-
drawn in equal amounts there is no
appropriation_/

HB 357 /Required no fresh water be used died
when brackish water available_ /

SB 188 /Similar to HB 321_/ died

SB 189 /Similar to SB 188_/ died

SB 314 /Withdraw New Mexico from Pecos died
Compact_/

HB 292 /Same as SB 314_/ died
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SB 394 /Repeal existing State Engineer died
jurisdiction ground water_/

SB 395 /Procedures for declaring under- died
ground water basins_/

All of the bills in this group are related to the concerns of different
people with the use of brackish water from the Capitan Reef, particularly
in Lea County, New Mexico. Several of these bills including the success-
ful Committee Substitute for SB 396, constituted efforts by representatives
of the oil industry to exclude the Capitan Reef from the State Engineer's
jurisdiction. More detailed consideration will be given to SB 396 at the
conclusion of this paper.

WATER RIGHTS AND ADMINISTRATION

A fifth category of water bills entitled '"Water Rights and Administration"
are summarized in the following table:

SB 335 /Soldier's exemption_/ signed
(Chapter 182)

HB 27 /8imilar to SB 335_/ died

SB 162 /Permitting use of water rights died
on all or part of lands_/

HB 89 /Exempts mineral wells from died
metering_/

HB 315 /Procedure for adopting State signed
Engineer regulations, etc._/ {Chapter 246)

HB 148 /Create water commission, make died

State Engineer employee thereof /

SB 393 [Authorize leasing of water signed
rights_/ (Chapter 100)
HB 133 /Require permission of land owner died
prior to well application_/ (incorporated
in HB 306)
SB 381 /Same as HB 133 _/ died
Comm. Sub. /Eliminates State Engineer hearings signed
HB 306 in most ground water applications_/ (Chapter 308)
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SJR 7 /Require de novo hearings in adopted
appeals from State Engineer_/ {Constitutional
Amendment No. 5)

The bills in this category all deal in some fashion with the modification
of water rights statutes or with the method of administration, authority
and jurisdiction of the State Engineer. First there were a sub group of
two bills (SB 335 and HB 27) which had as their purpose the exemption of
persons on active military assignment from the requirement of statute that
an application must be filed for extension of time within which to use water
in order to avoid the possibility of forfeiture. SB 335 became law and
protects a person in the above category against any possibility of forfeit-
ure for non-use of water. SB 335 also incorporated elements of HB 27 and
SB 162, authorizing water right owners to use all their water right on

a portion of their land withopt filing an application with the State
Engineer.

HB 315 is a rather important piece of legislation dealing with the adminis-
trative procedures to be follpwed by the State Engineer Office. It requires
the State Engineer to hold hearings before adopting rules and regulations
and requires that a hearing be held following the declaration of a basin,

at which hearing the State Engineer shall put on evidence to justify the

act of declaration of the basin.

Another bill in this category, HB 148, would have abolished the Inter-

state Stream Commission and would have rather seriously modified the author-
ity and jurisdiction of the State Engineer. The bill proposed the creation
of a 13-man commission whose members would have been appointed by the
Governor to represent geographical areas substantially paralleling our
present judicial districts. The State Engineer would have been an employee
of the commission and the commission would have been given the same author-
ity now enjoyed by the Interstate Stream Commission plus broad supervisory
control over the State Engineer Office. The bill died in committee.

SB 393 authorized the leasing of water rights. This bill passed without
substantive objection, our only reservation being to its necessity. In
my opinion farmers already enjoyed the right of temporarily transferring
water rights.

HB 306 is one of the most important bills to pass and I will discuss its
primary purpose in a little more detail below. It had the secondary purpose
of incorporating the provisions of HB 133 to the effect that nobody may

file an application to drill a well on the land of another without securing
the prior permission of the owner of the land.

SJR 7 is among the more significant measures adopted since it had the pur-
pose of providing that any appeals from State Engineer decisions shall be
de novo. It this proposed constitutional amendment were adopted by the
people, it would have the effect of establishing a different method of
appeal in water matters than prevails in all other areas of administrative
law.
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MISCELLANEOUS

A final category of legislation is, or course, 'Miscellaneous!" and a
summary of these bills follows:

SJM 10 /Urges an interim study leading adopted
to draft of uniform administra-
tive procedures act_/

HB 227 /Appropriated $60,000 for meas- signed
uring devices within the Gila (Chapter 192)
River System and its tributaries /

Comm. Sub.  /Geothermal Resources Act_/ signed
HB 205 (Chapter 158)
SB 311 /Severance Tax Bonds, Canadian died

River Dam_/

SB 426 /Requires plugging of mine drill signed
holes_/ (Chapter 128)
HM 3 /Memorialized Congress to study passed

Pecos River Flood Control Dam /
SM 10 /Same as HM 3_/ passed

HB 263 /Las Cruces arroyo flood control / signed
(Chapter 156)

SJM 10, while not having the force of law, urges the Legislative Council

to conduct a study of administrative procedures on a statewide basis during
the interim and to report back to the legislature at a later date. I am
advised that this study will be undertaken and feel that this is the proper
way to undertake the evaluation of problems of administrative procedures
and administrative law. HB 227 appropriating $60,000 for measuring devices,
will relieve water users in the Gila-San Francisco Stream System from the
economic burden of complying with the decision of the United States Supreme
Court in Arizona v. California, 373 U.S. 546, which determined the rela-
tive rights of New Mexico and Arizona to the waters of that stream system.
I will not take the time to further describe the other miscellaneous bills.

EVALUATION

It is always dangerous to evaluate the importance of legislation in advance
but T will risk it to the extent of suggesting that Comm. Sub. SB 396, Comm.
Sub., HB 306 and SJR 7 are the three most important water measures passed

by the recent legislature. I will conclude my remarks by briefly describ-
ing and evaluating these bills.
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SB 396 was probably the most controversial water legislation introduced

in this session. Tt is the sole survivor in the category that I des-
cribed as being introduced to permit the appropriation of the waters of
the Capitan Reef for secondary recovery without the necessity of making
application to the State Engineer and without requiring the applicant to
béar the usual burden of showing that the new appropriation will not im-
pair existing rights. What the bill says is that "No present or future
order of the State Engineer declaring an underground water basin...shall
include water in an aquifer, the top of which aquifer is at a depth of
twenty-five hundred feet or more below the ground surface at any location
at which a well is drilled and which aquifer contains non-potable water."
Non-potable water is defined by this act as containing not less than 1000
parts per million of dissolved solids. While the bill was of general
application, the intent of its sponsors was to permit the oil industry to
proceed to develop water from the Capitan Reef at points where the top of
the reef is at least 2500 feet below ground surface, and to do so without
having to file an application. There is a serious possibility of fatal
ambiguity in the language of the bill. This possible ambiguity was suggested
in committee hearings but was not considered seriously enough so that amend-
ment of the language was contemplated. I want you to listen to and read
the language of the bill carefully if you will and see if you don't agree
that at least two diametrically opposed constructions can be placed upon
the language. Under one reading it seems to say that if at any place you
drill a well into this aquifer you first encounter non-potable water at
2500 feet or more, then that entire aquifer and the water therein must

be excluded from any declared underground water basins. The significance
of this interpretation can be suggested by pointing out that if so read
the legislation would prevent the State Engineer from having any jurisdie-
tion over the waters of the Roswell Artesian Basin, since the San Andres
formation is found in some locations at a depth of 2500 feet or more.

Another construction of which the language is susceptible is to the effect
that the water in an aquifer need not be excluded from a declared under-
ground water basin unless water is first encountered at more than 2500 feet
in depth at every location where a well is drilled into that aquifer. Given
that construction the bill would not apply-to the Capitan Reef since there
are some locations at which water is first encountered in the Capitan Reef
at less than 2500 feet.

T will not extend my discussion of this bill except to say that serious
concerns for the constitutionality of the bill and for its practical effects
were expressed during the hearings and debate on Comm. Sub. SB 396.

May T next refer to HB 306. This is the one that had the principal purpose
of taking the State Engineer part way out of the hearing business, at least
as to hearings arising out of applicationms involving ground waters. The
bill eliminates State Engineer hearings in certain instances where this
legislation provides that the hearing will be held in the district court
instead. Several sections of the new law provide that after an application
has been filed and the State Engineer has caused an advertisement to be
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made of the application, then, if there is no protest, the State Engineer
is directed to consider the application. TIf he decides that he would have
to deny it, he is required to so advise the applicant. If, on the other
hand, the application has been protested, the State Engineer is directed

to advise the applicant that the application has been protested. The law
then provides that "Unless the applicant files within 30 days after receipt
of notice...an action for hearing in the district court...the State Engineer
may proceed to denmy the permit." It is also stated that "The application
shall be heard and tried as cases originally docketed in the district court
and the State Engineer shall be a party thereto." TIn other words, under
the two circumstances described, no State Engineer hearing is held. It
appears that this legislation puts the district court in the position of
the State Engineer in deciding applications. Objections to the constitu-
tionality of this legislation were expressed in committee hearings on the
grounds that this legislation would require the court to perform what has
been denominated by our courts as an administrative function. The risk
exists that the legislation will therefore be held to authorize a viola-
tion of the separation of powers doctrine. It also runs the risk of fail-
ing for the same reason that de novo appeals were rejected by the New Mexico
Supreme Court in the case of Kelley v. Carlsbad Irrigation District, 71
N.M. 464.

HB 306 is also subject to some confusion regarding which applications are
covered by the new rule. As a matter of law, however, the constitutional
objection is the most serious ome. As a matter of policy, we feel that
there are inherent dangers in the patch work legislative modification of
administrative legal procedures contemplated in this law. You have heard
this afternoon and this morning considerable emphasis placed on realistic
appraisal of the relationship between the disciplines involved in water
resources development and an acceptance of the relationship between ground
and surface water. This law yields the indefensible result of applying a
different administrative procedure to ground waters than is applied to
surface water. As such, it constitutes a step backwards in administrative
law.

SJR 7. The final measure to be discussed is SJR 7 which will be voted upon

by the people of New Mexico as Constitutional Amendment No. 5. This reso-
lution provides that "in any appeal to the district court from a decision

of a state executive officer charged with administering water rights, the
proceeding appeal is by de novo as cases originally docketed in the district
court." This constitutional amendment is stimulated by what must be the
most widely known water case in recent time, Kelley v. Carlsbad Irrigation

District, supra, which held that appeals from administrative agencies must

be based upon the record made at the hearing before the administrative
agency. In considering such an appeal, the district court is limited to
determining whether, based upon the legal evidence, the administrative
officer acted fraudulently, arbitrarily or capriciously and whether his
action was substantially supported by the evidence. Two years ago the leg-
islature adopted a resolution substantially identical to the ome which will
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now be submitted to the voters. That resolution was voted upon and re-
jected by the people less than two years ago. This bill will result in
the issue being submitted to them again.

Several objections to the proposed amendment should be stated. It is
inappropriate to establish one rule for appeals from the State Engineer
hearings and another rule for all other administrative appeals. Second,

a similar constitutional amendment was rejected by the people of New Mexico
less than two years ago and it therefore seems premature to ask that the
matter be submitted for their approval or rejection again. Third, efforts
are now under way in both the executive and legislative branches of govern-
ment to secure the creation of a constitutional convention. The nature

of appeals from administrative agencies is one of the items that should be
considered in a comprehensive study of our New Mexico constitution. Also,
the Constitutional Revision Commission has had these matters under consid-
eration and is preparing to submit recommendations to the Governor and

the Legislature, probably including proposed changes in the area of
appellate review of administrative decisions.

The trend of the law is in the direction of increasing the responsibility
of administrative agencies and relieving the courts from the burden of hear-
ing the large amount of technical evidence that can be required in cases
involving areas such as water. There has been a tremendous growth and
refinement of administrative functioms and procedures during the last
several decades. No one would claim that administrative law has always
served the public interest as best it might have. However, it is here to
stay and we should attempt to improve it, not abandon it.

The First Session of the Twenty-eighth Legislature has been an important
one for water law and water rights administration. The significance of
legislation adopted and, indeed, of legislation which failed, may not be
known for many years. It 1is probably sufficient for the moment to describe
what has happened and to limit evaluation to the few interpretative remarks
contained in this report.
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WATER LEGISLATION - 1967

Hoyt Pattisonl/

“You don't miss the water until the well runs dry." And if you are wise
you don't wait until the well runs dry to do something about it. A Fort
Worth consulting engineer recently told some 60 Deaf Smith County Texas
farmers they had until 1985 to do something about their wells running dry.
He said:

"By the year 2020 the High Plains of Texas would need 15-18
million acre feet of supplementation water annually.

Suggested Mississippi River importation.

State it would not be impossible, but it must start with people

like you~-interested groups, beginning work now."

New Mexico--particularly Eastern New Mexico--must begin work now in order
to participate in this work and effort. We must do our part and take
care of our responsibilities if we are to benefit from usage of this water.

I begin this talk about Water Legislation in the 28th New Mexico Legislature
in this manner in order to point out the growing realization among many

New Mexicans that perhaps our water laws need updating in some areas. This
fact was emphasized by the introduction in this session of some 37 bills

and memorials pertaining to water primarily and indirectly effecting water
law and its administration.

I am a little familiar with the subject of water as 1 make my living as an
irrigation and dryland farmer. I know what it means to use a shovel and
irrigate from a ditch--the convenience of underground tile and gated pipe--
and the use of sprinkler irrigation systems. We use all these methods
where I farm in Curry County. I also know a little about water engineer~
ing and hydrology as I have a degree in Agricultural Engineering from New
Mexico State University. I remember taking a soils course under Dr. Harold
Dregne and being in school with Dr. George Dawson--both of whom are here
tonight. I have become acquainted with water law and water legislation as
I am now serving my third term as a State Representative of the rural area
of Curry County. So, you see, I know the essential importance of water--
what it means--its value from the text book, to the ditch bank, to the law
book.

In the New Mexico House of Representatives for the past five years, I have

had the opportunity to debate quite often with Mr. Harlan Flint, my

1/ Representative from Curry County--New Mexico State House of Representa-
tives, Farm Operator, Farm Manager, and Registered Professional Engineer,
Clovis, New Mexico.
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district court and makes the State Engineer a party on the same basis as
the other participants. I believe our District Judges are very capable of
rendering fair judgment based.on the facts presented in cases of this type.

House Bill 133 stated that if an applicant applies for a drilling permit

on private land he does not own, and the applicant does not have mineral or
0il and gas rights under the land, or is not a govermmental body, then the
applicant must submit a statement that he has the land owners permission.

House Bill 396 1is very important to the future of New Mexico. If appro-
priates $6000 for the first year of a two year study to the Agricultural
Economics Department of New Mexico State University for the purpose of
making a study of the agricultural water needs of New Mexico to the year
2060. Texas has already made such a study to the year 2020. -Other states
have done this and are doing this as a part of an overall water plan for
their areas. New Mexico needs this done as soon as possible so that we
will have available information on which to base our requirements for
participation in water importation projects. This bill states that the
Agricultural Economics Department of New Mexico State University shall co-
operate with county agricultural extension agents and county water planning
committees in making this study. You people need to help with this study
in your individual counties,

It has been a pleasure to present this information to you tonight, Only
time will tell if everything we did in Santa Fe this year was the best for
New Mexico. T believe that a lot has been accomplished in the area of
water law and I hope it will be for the good of those concerned.
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