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The mineral industries use a relatively
small amount of Arizona’s surface land
area compared to other economic activi-
ties. In 1966, the state’s mineral indust-
ries occupied approximately 93,000
acres, only 0.13 percent of the entire area
of the state. Despite the relatively small
amount of land used, the industry
produced mineral coinmodities worth
almost $622.1 million.] This was equi-
valent to a gross annual output of
approximately $6,700 worth of minerals
from each acre of ground used by the
industry. By the end of the 1960’s the
amount of land occupied by Arizona
mineral producers had increased to about
117,000 acres, and the value of the state’s
mineral output had risen to almost $860
million per year, thereby increasing the
yield per acre to over $7,300.2 These
per-acre yield figures are averages and as
such are not applicable to all types of
mineral industry land use. Some types of
industry activity undoubtedly produce
more per acre while others produce less.

Gross output value is, of course, not
the only economically significant aspect
of mineral industry land use in Arizona.
The land used to produce mineral
commodities is also involved in the
generation of jobs and personal income.
In 1969 the 0.16 percent of the state’s
land area used for mineral production
provided $176 million in wages and
salaries, 4.5 percent of the state total.3
This indicates an average personal income
yield from the state’s mining lands of
$1,500 per acre per year. This is a
minimum, however, since it does not
include personal income realized as rent
on mining land, profits, or interest on
investments in mineral industry enter-
prises within the state.

Despite mining’s major significance in
the economy of Arizona, it is far from
being one of the larger users of the state’s
land. In recent years, grazing has been the
largest user of Arizona land, with such
activity occupying over 40 million acres,
more than 55 percent of the state’s total
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BUREAU WELCOMES NEW DIRECTOR

new director of
Arizona Bureau of Mines and dean of College of
Mines.

Dr. William H. Dresher,

Dr. William H. Dresher, former project
manager for fibrous ceramic materials,
Union Carbide Corp., assumed his duties
Sept. 1, as the new dean of the College of
Mines, University of Arizona. He is also
serving as director of the Arizona Bureau
of Mines and as professor of metallurgical
engineering.

His appointment was announced
jointly by UA President Emeritus Richard
A. Harvill and Dr. John P. Schaefer, who
assumed the UA presidency July 1.

The 41-year-old process metallurgical

. engineer joined Union Carbide in 1956

after earning a Ph.D. degree in metallurgy
at the University of Utah. He earned the
B.S. degree in chemical engineering in
1953 at Drexel Institute of Technology.

Dresher’s major accomplishments in-
clude the development of the first cloth
to be made out of ceramic material. He
was responsible for the zirconia cloth
from the research discovery in the
laboratory to product development and
production.

Dr. Richard M. Edwards, associate
dean of the college, said Dresher is
nationally known for his work. In 1966
the industry honored the new dean for
being the creative force behind two of the

100 most significant technological
achievements of the year.

In the middle 1960s, Dresher served as
a consultant on the management and
organization of U.S. Treasury Dept.
laboratories.

The metallurgist, who has four of his
discoveries patented and another applica-
tion pending, developed a process for
producing an improved asbestos product
for use in vinyl-asbestos tile.

He is also credited with developing a
new process for the separation of tung-
sten from molybdenum for manufac-
turing a high-purity molybdenum chemi-
cal.

He was attached to Union Carbide’s
Sterling Forest Research Center, Tuxedo,
N.Y. He had served in the firm’s Nuclear,
Mining and Metals and Corporate Re-
search Divisions.

Dresher is the 1972 vice chairman of
the American Institute of Mining, Metal-
lurgical and Petroleum Engineers’ Ex-
tractive Metallurgy Division.

Dr. Richard M. Edwards, associate dean of
Callege of Mines.

Dr. Richard M. Edwards is now serving
as associate dean of the College of Mines.
He was assistant dean when named acting
dean and acting director of the Arizona
Bureau of Mines for the past academic
year.
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area. The large amount of land attributed
to this single economic use is somewhat
deceptive, however, for many areas of the
state are suitable for little other than
grazing. As a result, estimates for
Arizona’s grazing acreage are often
derived as residuals, with such activity
occupying all the land remaining after all
other uses have been accomodated.
Furthermore, grazing is not necessarily an
exclusive use, but land devoted primarily
to grazing is also used for certain
recreational activities and other uses.

The great extent of Arizona land
devoted to grazing is only partly reflected
in the value of the state’s livestock
output. In the late 1960’s, cash receipts
obtained by Arizona ranchers and feeders
for the sale of livestock and animal
products averaged a little more than $300
million per year.4 This amounts to an
average annual gross output from grazing
land of about $7.50 per acre. The
per-acre figure is deceptively high, how-
ever, since a substantial portion of the
value of Arizona’s livestock output is
realized from sales from feed lots and not
from open range or pasture. Thus, the
actual gross yield from grazing land in
Arizona is probably much less than
one-tenth of one percent of the gross
annual yield from mining land.

Other agricultural activities are also
significant users of Arizona land, but the
amount that they involve is far less than
the amount used for grazing. In 1970,
crop raising occupied about 1.22 million
acres in the state. From this land a total
output valued at approximately $284.7
million was produced.S This represents an
average annual yield of a little more than
$233 per acre. This also is an average and
is therefore not uniformly applicable to
all agricultural lands. -

Farm and ranch land, like mineral land,
is also used to produce jobs and personal
income. In 1969 the more than 41
million acres used for the raising of
livestock and crops provided wages,
salaries, and profits amounting to $237
million.6 This was a little more than four
percent of the state’s total personal
income. Although the total personal
income contributed by agricultural use of
Arizona land has been somewhat greater
than the contribution of the mineral
industry, it has required 350 times as
much land. Personal income provided by
agricultural land use in Arizona in 1969
averaged less than $6 per acre per year as
against approximately $1,500 per acre
per year obtained from mineral industry
use,

The second largest use (or non-use) of
Arizona land involves recreation. This

category actually involves a multitude of
activities, however, and therefore should
probably be separated into several dis-

tinct classifications. As estimated by the
Arizona Outdoor Recreation Coordi-
nating Commission, the largest class of
recreational land use in the state involves
some 15 million acres that are termed
“national environmental areas.” Another
four million acres, in the state are
included in wilderness areas, and an
additional one million acres are in what
the Commission has called “scenic splen-
dor areas.” This relatively low density
recreation use thus occupies a total of
approximately 20 million acres of Ari-
zona land.”

The economic return from low density
recreational use is difficult to measure,
and such measurement may not even be
appropriate. Nonetheless, in 1965, a
study of the economic impact of hunting
and fishing in Arizona estimated that
those using the state’s land for hunting
made related expenditures in the state of
about $21.4 million.8 Considering that
the 15 million acres categorized as
“natural environment” were used pri-
marily for hunting, then the gross yield
from this recreational land use was less
than $1.50 per acre. Measurement or even
reasonable estimation of the average gross
annual output of Arizona land for other
recreational purposes is virtually im-
possible. Even if the highest available
estimates of the gross revenue of the
tourism and recreation industry in the
state were used, and even if all of that
revenue ($450 million in 1966)9 were
attributable to the 23.1 million acres of
Arizona land used for both low and high
density recreation, the average yield from
such use would be only about $20 per
acre per year.

Commercial forestry is also a sub-
stantial user of the land in Arizona, but
the total area devoted to such use ranks
far behind grazing and recreation. In the
late 1960°s the state had an estimated 3.9
million acres in commercial forest use
including large areas under the jurisdic-
tion of the United States Forest Service
and the White Mountain and San Carlos
Apache Indian Tribes. From this acreage,
a total output of forest products valued
at more than $37.5 million per year was
obtained during the last three years of the
past decade.l0 This represents an average
annual gross yield of less than $10 per
acre. The yield in wages and salaries has
been far less. Over the period from 1967
through 1969, the payrolls of Arizona’s
forest industries averaged $21.1 million
annually, reflecting a personal income
yield from commercial forestry land use
of less than $5.50 per acre per year.11

Close behind commercial forestry as a
user of land in Arizona is national
defense. Military installations and other
Department of Defense facilities control-
led more than 3.1 million acres of
Arizona land in the late 1960’s. The

economic yield from such use of the land
is difficult to ascertain, however. Cer-
tainly such activities provide personal and
business income to residents of the state,
but the yield is not consistently related to
the amount of land occupied, and the
value of the gross output of such activity
is virtually indeterminate. As an example,
however, of the economic impact of
Defense Department land use in Arizona,
the 113,000 acres occupied by Fort
Huachuca in 1970 provided a combined
military and civilian employee payroll of
approximately $67.4 million.12 This
indicates a personal income yield of
about $600 per acre per year. Much of
Fort Huachuca, however, is part of an
urban complex that includes the Fort
itself and nearby towns. Its personal
income yield is thus more comparable to
the yield obtained from urban residential,
commercial, and industrial uses than that
obtained from the large acreages occupied
by other defense installations in Arizona
and in particular from the large desert
tracts used for bombing and gunnery
ranges in the southwestern corner of the
state.

A variety of other uses occupy more
land than the mineral industries in
Arizona. Even though the state has a
semi-arid climate and much of it is
classified as desert, the surface area of
lakes and running streams amounts to
approximately four times the area in-
volved in mineral resource utilization. A
similar amount of land (more than
370,000 acres) is covered by rural roads
and highways. An additional 49,000 acres
are covered by roads in the state’s many
national parks, monuments, and forests.
Urban uses, mostly residential sites,
occupy another 320,000 acres of Arizona
land.13

The only major economic activities
that occupy less space in Arizona than
the mineral industries are the railroads
and the gas and electric utilities. Railways
in the state cover about 54,000 acres;
while public utility lines, including both
high tension transmission lines and gas
pipe lines, use about 60,000 acres of
Arizona land. If electrical transmission
lines of 'less than 22,000 volts are
included, then the rights of way for
electric power lines alone occupy more
land than the state’s mineral industries. !
The economic yield from interurban
public utility lines, railways, and high-
ways is almost impossible to evaluate, and
in any event is not usually related simply
to the size of the area that is occupied. =

Although the economic return from
land utilization is not measureable for a
number of activities, an analysis of
comparative land use in Arizona indicates
that in economic terms mineral resource
utilization is the highest use of land
outside of the intensive commercial and
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SOME OBSERVATIONS AND
REFLECTIONS ON THE CO-OP PROGRAM
IN THE COLLEGE OF MINES

By Jay C. Dotson
Professor of Mining & Geological Engineering

Nine years ago the first student in the
present college-wide cooperative educa-
tion program was employed by the San
Manuel Division of the Magma Copper
Company. Since then, 25 employers have
made it possible for 73 students to
participate in the program.

The College of Mines program was
conceived and initiated by the late John
B. Cunningham, professor of metallurgi-
cal engineering and retired head of the
department of mining and metallurgical
engineering. From his own personal
experience, ‘“Prof” Cunningham recog-
nized the value of work experience both
in the development of character and in
the enhancement of an academic pro-
gram. He first became aware of the
benefits of cooperative education while
observing the successful program offered
by the General Motors Institute located
in his home state of Michigan. In
addition, he worked his way through
college as a chemist and found that the
experience enhanced his academic
studies. With this background and his
abiding interest in students, it was only
natural that Prof. Cunningham should be
the first to advocate and to administer
the program in the College of Mines. In
1967, Prof. Jay Dotson, a long-time
member of the co-op committee became
the second director of the program, a
position he presently holds.

The basic idea behind Cooperative
Education is that by having the student
engage in a real life exposure to his field of
study while he is obtaining the academic
knowledge of the field, he not only
reinforces the knowledge but also be-
comes more discerning and is able to gain
more depth and greater insight into his
life’s work. The so-called practical or real
life experience is integrated into the
academic program by alternating periods
(semester or summer session) of full-time
employment with like periods of full-time
study. Anincidental although not insignifi-
cant advantage of the program is the
opportunity for the student to become
more independent, and perhaps for the
first time in his life, to pay his own way.

The first recognized cooperative educa-
tion program was started in 1906 at the
University of Cincinnati by Herman
Schneider, who was then professor of
Civil Engineering and was later to become
dean of the College of Engineering.
Professor Schneider had worked his way
through college by working in the coal
mines and by assisting an architect

part-time. From a study made as an
instructor, Schneider found that nearly

all of the more successful young engineers
worked in industry while they were in
college. These graduates had apparently
bridged the gap between theory and
practice and between the cloistered life of
parental home and campus and the real
world of work and individual responsibil-
ity.
Today, 200 of

about institutions

higher learning in the United States have .

cooperative education programs, not only
in engineering, but in other professional
fields as well. An estimated 70,000

college students are studying under the

cooperative plan and almost every major
employer of college graduates is partici-
pating in the program. Al this is the
result of Dean Schneider’s basic concept,
“principles may be studied in the
abstract, but their applications should be
presented concretely.”

The co-op program in the College of
Mines and in the recently formed College
of Earth Sciences is established on
nationally* recognized principles as
follows:

1. Student employment should be
related as closely as possible to his
field of study and individual interest
within the field.
2. The employment must be con-
sidered to be a regular, continuing, and
essential element in the educational
process, and some minimum time of
employment (in our case, one year)
and minimum standard of perform-
ance must be met to be certified a
co-op graduate.
3. The work experience should increase
in difficulty and responsibility as the
student progresses in his curriculum
and in general shall parallel as closely
as possible his progress in the academic
phases.

What has transpired in nine years of
operation of the College of Mines
program? It has grown through the years
from the one initial student to 28 active
student participants in the second semes-
ter of the 1971-72 academic year. An
interesting observation is that the growth
in the number of active co-ops (students
on the program) parallels very closely the
growth in the total number of companies
which have participated in the program to
date. The number of actively partici-
pating employers, those who employ

*Cooperative Education Association and
Cooperative Education Division of the
Aruerican Society for Engineering Educa-
tion.

students within a given year, have grown
about half as fast as the student growth
rate, indicating that the number of co-op
students employed by each employer of
the actively participating ones is growing.
Table 1 lists the employers that have at
one time or another participated in the
program. Four employers, Duval,
ASARCO, Kennecott, and Magma, have
employed two-thirds of all the co-ops or
50 of the 73 students who have
participated in the program. The com-
pany which has employed the most
co-ops (15 students) is the Duval
Corporation. Duval currently (summer
1971) employes eight co-op students. The
maximum to be hired by a single
company for any work period. The total
number of co-op employers by the units
or divisions shown in Table 1 is
twenty-five, but a much larger list of
employers interested in participating in
the program numbers over sixty (list
available from author on request).

Playing the numbers game will reveal
what has happened to the co-op students
as a group. Deducting the number
currently in the program (24) from the
total number of co-op students (73), we
find that 49 students have terminated the
program. Of these 49, 18 co-ops or 37%
have fulfilled the minimum co-op require-
ments and have graduated, 22 co-ops or
45% have transferred out of the College
or withdrawn from the University. Nine
co-ops or 18% have dropped out of the
co-op program but remained in the
College of Mines and subsequently
graduated. Of the 18 co-op students
graduating, 7 co-ops or about 40% have
been retained in the employment of their
co-op employer. The retention nation-
wide of graduating co-op students in
permanent employment with their
participating co-op company is estimated
to be about 50 percent.

Some interesting and pertinent ques-
tions remain to be answered regarding the
co-op program in the College of Mines
and the new College of Earth Sciences.
Some of the above statistics would seem
to refute long standing allegations regard-
ing the co-op program, such as the
superiority of the co-op program in
comparison to the regular program; its
supposed penchant for instilling motiva-
tion, for providing deeper insights, and
for showing relevancy, all of which
should aid in keeping students in the
program and in the College. An in-depth
study would be necessary to verify or to
refute these and other contentions. Cer-
tainly, a few statistics prove very little,
but let us compare the co-op statistics
with those for university students as a
whole.

A Carnegie Foundation study indicates
that in a ten-year period, almost 50% of
university students in state-supported




























