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MINERAL SHORTAGES

THURSDAY, MARCH 21, 1968

U.S. Senars,
SuBcoMMITTEE ON MiNerarLs, MaTer1aLs, anp Furws
OF THE CoMMITTEE ON INTERIOR AND INsuLar AFrargs,
Washington, D.0.
The subcommittee met, pursuant to notice, at 10:05 a.m., in room
3110, New Senate Office Building, Senator Ernest Gruening (chair-
man of the subcommittee) presiding.
Present : Senators Gruening, Allott, Fannin, and Hangen, _
Also present : Jerry T, Ver ler, staff director; Stewart French,

This is an open, public hearing by the Subcommittee on Minerals,

aterials, and FuelIs) of the Senate Tnterior and Insular Affairs Com.
mittee on the increasingly critical problems facing our country with
respect to shortages of minerals and our consequent growing depend.-
ence on foreign, ocean-borne sources of these minerals,

At this time the subcommittee plans to hear only Federal officials,
led by Dr. Walter R, Hibbard, Jr., the very distinguished director of
the U.S. Bureau of Mines.

There is also present in the committee room Anthony A, Bertsch,
Assistant, Administrator of the Business and Defense ‘Services Ad.
ministration and Harry Callaway, Office of Metals and Minerals,
from the Department of Commerce, who will be prepared to answer
questions.

Also present is William I, Lawrence, Chief of the Stockpile Re.
quirements Division of the Office of Emergency Planning, who is

ére as an observer but ig brepared to answer questions.

However, if the interest and need shown by thege hearings warrant
it, the subcommittee will schedule additiona] hearings to receive the
views of the minera] industry and the public.

Dr. Hibbard is an extremely articulate scientist and will develop
the case best in his own way. However, by way of background, T woulg
observe that the physical foundation of our society is based on
minerals and the materials derived from them. Among ‘all the world’s
beoples we enjoy the highest standard of living in no small part be-
cause we have been able to develop and utilize the abundant minera]
resources of the United States, Minerals have Played a basic part in
our history, our economy. Minerals are woven inextricab]y into the
very fabric of our history, our economy, and our civilization, and they
are indispensable to oyy continued security. Structures, roads, and
machines are built largely of minerals; the energy to heat homes and
buildings and to drive the machines is mostly minera] ; agriculture
fertility is maintained by mineral fertilizers; and the national security
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is provided by military equipment and machines largely of mineral
origin. ) i

We are the world’s largest consumer of minerals. During the past
30 years we have consumed more minerals than the entire world

for all time prior to that. It is a fact that must be faced that we

consume more than we produce. And our own national demands are
growing in what seemsto be g'eo'metrlca;l:pro'gresm.on.

The value of mineral imports in 1966 was $2.9 billion ar}d exceeded
the value of exports by & ratio of more than 3 to 1. In addition, quan-
tities of semiprocessed and manufactured: minerals, fuels, and other
mineral-related products are imported. Department of Commerce
statistics indicate that the total dollar value of these imports was $6.7
billion, with exports of $3.3 billion in the same categories. Actually,
today, imports‘*sixpplymore than 75 percent of our needs for 20 dif-
ferent mineral commodities. Unless this particular trend is somehow
reversed, there appears no alternative to a steady growth in our reli-
ance on imports. R ' ‘ '

Yet, at the very time our reliance on foreign, ocean-borne supplies
of minerals 1s inereasing, we know we have vast reserves of many of
the same minerals within the borders of our own'country, or within
the North ‘American Continent. Much of these vastreserves are, un-
fortunately, of low grade, compared to some foreign sources. This

fact, plus high production costs in the United States, plus_the at-

tractiveness of the growing foreign market, have resulted in what
is perhaps a disproportionate emphasis by Americans on the de-
velopment, of foreign mineral resources. . : ;

My long interest in the development of the mineral resources of
my own State: of Alaska, and my service as chairman of the: Sub-
committee on ‘Mineral, Materials, and Fuels, have impressed me
with the great otentials for further discovery of new mineral re-
sources and the further development of these resources now known.

Mineralogically speaking, the United States—and especially my
own State of Alaska—may still be an underdeveloped or emerging
country. g nils { R :

Over the years, from time to time, various units of the Congress,
as well as various commissions appointed by the executive branch,
have held hearings and conducted investigations as to the validity
of the controversial theory or concept that the United States now 18
a “have not” nation.

T hope that these hearings will throw additional light on this vital
subject and point to what if anything we should and can do about it.

And now, if no member of the subcommittee wishes to make a
statement, I will call as our first witness, Dr. Hibbard.

Dr. Hibbard, we are very happy to have you here.

1 want to express my regret at the news that you are leaving the
Government and going into private industry. Private industry will
be the gainer, the Government will be the loser. But we know that your
corvice wherever it is will be of great value to our Nation.




OF MINES, DEPARTMENT oF THE INTERIOR ;- ACCOMPANIED BY
'CHARLES 1, MOTTLEY, OPERATIONS RESEARCH SCIENTIST; AND
PAUL ZINNER, ASSISTANT DIRECTOR FOR PLANNING S

_Dr. Hiegarp, Mr;'Chairrhan, may I.pfesent my two colleagues, Paui

Zinner, Assistant Director for Planning, and Cha‘rles“Motﬂey‘

Senator Grurning, We are very happy to have them here,

Dr. Hisparo. T have here a biographical sketch if you would like
to have it for the record. R : AL o
- Senator GRUENING. Tt will be included in the Trecord at this point.

(The material referred to follows:) ; , ;

BIoGrAPHIOAT, SKETCH OF DR, WALTER R, Hispazp, Jg., DirEcTOR, BUREAT oF
' Mings, U.S.‘DEPARTMENT OF THE INTERIOR = . . " Ly

Dr. Walter R, Hibbard, Jr., hag been Director of the Bureau of Mineg since
December 1, 1965, following' hig appointment by President Lyndon B, Johngon
in October of that year. ny

Born in Bridgeport, Conn., on January 20, 1918, Dr, Hibbard wag graduated
from Wesleyan Univer‘aity, Middletown, Conn., in 1939, and received a Doctor
of Engineering degree from Yale Univevrsity in 1942, o .

Following hig military service in World War II as a naval officer attached fo
the Bureay of Ships, he Jjoined the faculty at Yale as an Assistant Professor and
later become Associate Professor. -~ : RETSEST :

In 1951 he wag recruited by the Genera] ‘Electric Company for its Researeh
and Development Center in Schenectady, N.Y. There he brogressed to the posi-
tion of Manager of Metallurgy ang Ceramics Researeh, directing a’'broad range
of fundamenta] and applied research projects, a Dbosition he helq when selected
to become Director of the Bureau of Mines,

Dr. Hibbard’s achievements in such fields as the plastic deformation of metals
and the metallurgy of copper and ity alloys have won him wide recognition from
many professiona] societies, In 1950 he received the Raymond Awarg of the

merican Institute of Mining, Metallurgical, and Petroleum Engineers, From
1957 to 1961 he served as Director of the Institute, and in 1967 he served ag its
President. He was named by AIME to receive the Institute’s J; ames Douglas Gold
Medal, awarded for his notable career, For many years g registered Professional
engineer, Dr, Hibbard hag served as President of the Metallurgica) Society of the
AIME, and is g Dast chairman of the Society’s committees on the metallurgical

Soviet Union, .

He has been elected: to many honorary anqd professional fraternities including
Phi Beta Kappa, Sigma Xi, Alpha Chi Sigma, and Gamma Alpha. He also holds
an honorary Doctor of Laws degree from the Michigan Technological University,
Houghton, Michigan,

both the executive and legislative branches of the Federal Gover.
ment advised as to the adequacy and dependability of the supply of
mineral materials required by our economy. I appear before you today
48 your minerals adviger, My purpose is to invite your attention to 3
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situation that s, emerging which ap oars to threaten both theadequacy
and depen ability of our supply © minerals and mineral fuels. This
conclusion has resulted from a long-range study which I initiated a
year ago- . 3 i G

Three events motivated this study. In his message to the Congress
on June 30, 1967, President Johnson stated : ‘

Sharply rising world demands threaten to exhaust the best and most accessible
deposits: of 'minerals.‘R‘api‘dly changing demands for materials are bringing

changes in our mineral needs. We must understand the technological and eco-
nomic changes taking place. The last comprehensive study of these problems was
completed by the President’s Materials Policy Commission in 1952. Much has hap-
pened in the past decade and a half. A new examination is needed.

Second, the governmen.twide concern. for improving the process by
which Federal programs are planned needs, in the case of the Bureau
of Mines, 'an ef?ectlve system to foresee future threats to the mineral
supply-demand relationships. Moreover, such a system ghould suggest
where efforts might be most effectively applied to minimize the impact
of such threats.

. Third, an important element of the Bureau of Mines ongoing mis-
sion 1s: : ‘

To conduct the necessary inquiries to provide, in the national in-
terest, the scientifie, technical, statistical, and economic information
required by the Government and im rtant to the industry in order to
assure an ‘adequate, dependable, an timely flow of mineral materials
within the economy to support national goals and to meet industrial
and social needs ata reasonable cost.

The present study uses some NewW analytical techniques and, I believe,
focuses attention upon some significant developments and 1mportant
s’teKs that we must take which 1 would like to discuss with you.

ny appraisal of mineral supply-dem’and relationship requires a
judicious balancing of appropriate Tacts against a variety of assump-
tions. One fact we know with certainty is that continued extraction of
ore leads to increasing costs as the material being mined gets lower in
grade and 18 drawn from greater and greater depths. Improved tech-
nology can make possible the continuation or renewal of work in de-
posits that would otherwise have been shut down because of competi-
tion from ores that are richer and more easily extracted and processed.
Just how rapidly improved technology can be developed and applied
in searching for new deposits and in bringing them into production is
a oritical factor that will require close attention and intensive effort
for as far into the future as we can see. :

Fven the most conservative projections of mineral supply and de-
mand emerging from these studies promise significant _changes in
worldwide consumption patterns, both in quantity and variety O
minerals, as well as in sources of mineral supply. These changes will

have a comparatively greater impact upon the United States than upon

other nations, for many reasons. Not the least of these is that on a per
capita basis we consume a disproportionate share of the total world
supply, and will doubtless continue to do so.

Of course, our Jomestic mineral industries now fulfill a substantial
portion of our needs and also supply a great variety of minerals to
world markets. How long this important domestic capability can be
maintained is open to considerable conjecture.



able critical Issues—issues to which we not only should, but abso-
}utely must, give immediate attention. How effectively this attention

some 80 metals, minerals, and minera] fuels. T think you will find these
particularly usefy] in gaining a broad overview of the components
of U.S. mineral supply and consuming sectors, The Initial charts dis.
play material flows in 1966.

© Propose to revise these anually. World production is displayed
in each instance and, where Xports to the United States are recorded,
the form and amounts are apparent. All the important components of

U.S. supply are indicated, exports and stocks are explained, and the

priced, traded, and in some Instances, consumed, in current marketing
Patterns. In other words, the aluminum chart is in terms of the element
aluminum, whether or not it involves bauxite, aluminum oxide, or
metallic aluminum,

Senator Grunnixg, Dr. Hibbard, Senator Allott would like You to
explain this chart,

Senator Arrorr, Tt is very small on our copy. I think you can explain
it in 30 seconds, '

r. Hiearp. Here is the aluminum chart. AJ) of the units shown are
thousands of shopt tons of aluminum,

Senator Hansex. That is 2,000 pounds?

Dr. Hrmparp, 2,000 pounds. The primary source is bauxite, but the
figures shown are in terms of the aluminum content of the bauxite
which was mined. The sum at the lower left is the total world supply
as mined in 1966, Anq as you can see, there are exchanges among the
foreign countries,

For example, we imported aluminum from Canada. While Canada
itself produced no aluminum ores, they get their oreg from J. amaica,

uyana and Surinam,. ’

Senator Arrorr. So the dotted lines on your chart in your statement
indicate the source lines ? ,

r. HiBeARD. Yes sip. This is part of the interaction between these
commodities in foreign countries;

The top figure is the U.S. mine production, in terms of aluminum
units. The open white lines represent the movement, of bauxite. And we

supply. All of the dotted lines are tmports of alumina, the oxide, again
expressed in terms of the element. And all of the cross-hatched lines are

92-413—68—_»
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. Now; our oWl bauxite production, our imports of bauxite, alumina
and metal, our secondary metal,our stocks, and our stockpile releases,
constitute the total U.S. supply- Sy g o
- This, minus year-end stocks and exports, is the figure shown as the
U.S. demand. That figure, in turn, is distributed among the consuming
sectors shown on the chart including construction, transportation,
durables, electrical, machinery, containers, abrasives—— o

Senator GRUENING. Chemical, ceramics, factories, and others.
. Dr. Hiesarp. The form in which the aluminum -2 held in stocks or 18
axported is also shown below the totals. v 4

enator GRUENING. Thank you very much. .

Dr. Hisarp. Now, We have done this for 80 commodities. And you
might be interested in just taking: & quick look at seyeral of these
charts. Here is one for copper, which is a critical element today. And
here again the same format is used starting with world production.
One of our problems, sir, is that we don’t know enough about the inter-
hational exchanges of these materials. But the total world production
figure is fairly reliable. The chart shows what part of the total comes
into ‘the United States. 1t shows that of the 1,700,000 tons of copper
derived from domestic refinery production, 1,400,000 came from the
United States, and the rest realized from {reating imported concen-
trates. wo 5

The chart also shows the other major components of U.S. supply
like imports of metal, refined secondary metal, low-grade scrap, in-
dustry stocks, and stockpile releases. Jome of the supply was exported.
‘We bring in ore, refine it, and export it again. Some of it went back to
stocks. Again, the chart also shows the consumer pattern.

Senator Faxxin. Do you feel that this is a very accurate figure?

Dr. Hisparo. It is a8 accurate as we could get. We used the best fig-
ures that were available. And part of our job is to improve upon this
kind of information.

Senator GRUENING. Dr. Hibbard, for the purpose of the record it
is desirable that we include these charts. And it 1s a little difficult for
the stenotypist to follow when you Sy, “gyer here.” So 1 would like
to suggest that when you are through that you take these charts and
accompany them with'a description that wili be clear on the record.

Dr. HIsBARD. Y €S, SiT.

(The data referred to follows:) -

SuPPLY-DEMAND CHARTS

The su;pply-demand charts are a series of diagrammatic digests deseribing the
important components of the U.8. supply of metals, minerals, and mineral fuels
in a given year—in this instance, 1966.

On each chart the major sources of world production are identified. The
portions of this production which flowed from all sources and in various forms
to the United States during the year are shown. The quantity of each component
of U.S. supply i explained. The part of the available supply that was exported
or retained. in stock at the end of the year is also shown on each chart.

Finally, the uses to which gupplies were committed, OF the quantity and
forms in which substances were destined for consumption ‘during the year, are
jdentified. o ‘
~'A- common gen’era'l‘format is used in ‘each of the 80 charts that are being
maintained as part of the study of supvply~demand relationships. Those shown
here are typical of the series. ' .
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Dr. Hisparn. 1 would like to call attention, if T may, to-the gold
chart. Using the same format, it shows the world production in 1966.
Tt also shows what was imported into the United States in ores and
concentrates an derived as part of the U.S. refinery production. It
shows that the balance of the supply comes from secondary SOUTCeS,
industry stocks and Treasury release. The amounts going to major
consuming sectors are also shown.

Now, one of the things which is extremely important 18 the very
substantial increase in the use of gold for electronics and electrical
purposes. This is a key ared as far as the United States is concerned.
And T will speak to that later.

Senator HANSEN. Just one question, Dr. Hibbard. Are all of these
figures related to 2 million troy ounces*?

‘Dr. HIBBARD. Y €5, sir.

Senator HANSEN. Tn other words, the electrical industry is using
9.1 million troy ounces of gold?

Dr. HisBaRD. Yes. The electrical industry alone is using More gold
than we produce from domestic SOUICes.

Senator FANNIN. Doctor, one of the things that was brought out
during our debates on the gold issue was that approximately $1.5
billion of gold is produced each year in the world, and that about
$750 million of that is used for industry and the arts, Do your figures
bear that out?

Dr. HisparD. J ewelry and arts, electrical, those are the two big uses.
And this has doubled 1n the last 5 years.

Senator HANSEN. Of course, this1s just the U.S. supply here. Senator
Fannin’s question Was——2

Senator FANNIN. Whether or not your figures would bear out the
relationship of 2 to 15 in other words, that we produce two times as
much gold each year worldwide as 18 utilized for other than monetary
purposes, or hoarding.

Dr. Hissarp. May T supply the answer to that?

Senator FANNIN. Yes.

Dr. Hisgarp, The world production was 47 million troy ounces
in 1966, of which 31 came from South Africa. These figures are as
accurate as We could get them. They are not as complete as We would
like. We know that there are exchanges in the world market, but we
don’t have the figures. '

Qenator FANNIN. But these are the figures that we wonder about.

Senator GRUBNING. Dr. Hibbard, while we are on the subject of
gold, which seems to be in the news somewhat, I notice that your chart

shows & substantial increase the demand for this mineral in the
field of jewelry, in the field of dentistry, and in other fields.

‘Would you say that present prices, which have resulted from the
‘Jedication of the Treasury Department to the mythology that we had
to keep the price ab $35 an ounce, would be beneficial to our gold mining
industry ?

Dr. Hisparp. That is a difficult question to answer, sir. Certainly as
o result of many things, including price, the production of gold has
Jecreased over the years. Tt went through a minimum about 2 or
3 years, and now it 1s on its way back up again, except for this last
year. Any material which is sold today at a price which existed many
years ago becomes & bargain as & material. And therefore gold was

e
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in fact a bargain, But the Surprising thing to me is that within the
Dast few days the price of»nonmonetaly'gold has gone up to a high
of approximately #45, and now it Soems to be settling back down at—
the last, figure I saw i Europe was $37. N i

T

. HIBBaRD, Yogq. However, as I am going to say in my testimony,

y
one of the bagic problems with the gold industry has beer; the lack of
research. The gold Processing techniques whicl are used todawy,’ with

and the Bureay of Mines, wil] bear this out, Speaking as an individual,
I can say that I believe that this program is going to multiply the
r.

Senator GrUENING, N, ow, Dr, Hibbard, you are leaving Govern-

ment—‘regrettably, I must Say—t0 g0 into the field of mmdustria] re-
search, Wouldn’t'it pe very helpful if we could get the Government

to hel

P us 1n some research on how gold conlq be mined moye profitably ¢

.

. Ur. Hippagp, In fact, this ig the subject of 5 substantia] brogram
n the Bureay, And T belieye that as the fruits of this program emerge

- Industry wi]] dig right in and do the research that is needed.

.

Senator GRUENING. W have here, as members of the committee,
Senators who are representing gold-mining States. Anq because of the
arbitrary restrictions which the Government has seen fit to impogse
to hold the price down to $35 an ounce, gold mining hag }ilract,icaﬂy

disappeared as a domestip enterprise, T hope, now that we

h ave gone
topped thig discrimination

f
against one Unique segment of the mining industry, that we may get g
better deal for %)Id mining, And T am Noping “that the Bureay of

mes and the
effort ‘

epartment of the Interior win COoperate in that

Senator Arropr, Mr. Chairman, woylq it be possible to indulge me
Tor a couple of remarks and maybe a question op two? T have ap ap-
Propriationg hearing also going on at this same time, and T g, afraid

am going to have to, leave, : '

enator GrurNng, T think it is g privilege to hear you, Senator

Hott

- Senator Arrorr. Fipst of all, Doctor, T want to ioin with the chair.

man in his remg kg, T think it ig Very regrettable ¢

at you are leavin
pvernment. We were 4]] very happy that yoy were with us, An
, 4

‘Weonly regret that it wasn’t for 5 longer time. T now that you wil] find
great stiymu]ationkin Private Industry. Apq must commen you for

very fine report on the Coloradg School of Mines, which was very




A ———

12

Back in 1959, Doctor, 1 introduced a bill, and a similar bill is now
pending in the Congress, which is simply to establish 2 minerals
policy the United States. T don’t think anybody can sy today that
‘we have a minerals policy. 1f we have it has more facets than any
diasmond that has ever been cut. Tt is almost im ssible to tell what
it is. I don’t know whether we are trying to tollow the old Paley theory
or not. 1 don’t Know whether our ational policy 18 to promote the
production of minerals in this country upon an economically viable
basis, or whether it is our intention to tap the world’s resources as far
as we call. o ‘ ‘, : L
The present pill is . 522. Tt was introduced in January of 1967. We
requested department reports on February 2, 1967. These 1 uests were. -
- renewed on August 25, 1967, and on February 3, 1968. To date, no re- -
ports whatever have been received on thatbill. : :
Now, 1 happen to believe that this bill, if enacted; would be the
broad base from which we could tart legistating to develop 2 sounder !
minerals industry in this country, pa»rticularly ih the production field,
and that unless we say what our nineral policy is goiig to be, we are
going to keep on flubbing around—and that is as good & word asany-
thing, just flubbing around—fora long, long time. L

Now, can you exp ain to me why there has been no report on this
bill from the Department of Interior? Tven though they sy “We
don’t like it,” wh%/;kmven’vt we had something from them ¢

Dr. HisarD. MY 1 comment on that, sir? ,,

Senator AL . Yes;lam asking the question. T
" Dr. Hisparp. 1 am not prepared to comment, on the status of the
comments on the bill. But it is with the thought in mind that strategic
planning requires ‘that information be brought in in 2 concise way to
those who make policy as @ basis for establishing whatever policy is
needed to cover the issues which emerge from these studies. This is one
of the reasons why Tam here today, because 1 believe that the informa-
tion which we are oing to present this morning will show a clear nee
for some firm tatements of policy- '

1 happen to believe personally that while no 'a,ddjiﬁonal/a,utharicby
is required by the Secretary or the Bureau to carry out some of the
things that need to be done, that it is highly Jesivable to focus the
atitention of the coun!trﬂ on the need for new minerals technology. As
in the past where you ave focused this need by the passage of legis-
lation, such as the Synthetic Fuels Act of not too long ago, you might
find it appropriate to consider the ossibility of having & National
Minerals Technology Adt which would foeus the needs of the country
for a new technology, and might associate with it some upper Jimits o
funding. ' L ‘

‘And it is for this reason that T am here today, to try to point this out.

Senator ALLOTT. T understand that, Doctor. And 1 am going to read
every word of your statement—— S
~ Dr. HIBBARD. What I have just said is not in my statement. This
is my personal opinion. ‘ R

Senator ALLOTT k(contimx«i‘ng). Even if T have to leave before you
fnish it. : :

Were you ever asked, for example, to comment on S. 5221

Dr. HIBBARD. Yes, sir. :

Senator Arporr. And did you comment on it?

PDr. HisBARD. Yes, sir.

L |
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.

r. Hiepagp, Yes, sir,
Senator Avrorr, T want to ask My, French at this time, we have never
as yet receiveq any comments frop, the Department of the Interiop
on that bill, have we?
. FreNc, No, sir; we have not,
Senator Avrorr, T think yoy haye answered my question,
r. HiBpagp, There is one more question yoy might agl,
i 1 it.

Senator Arrorr, Ang itleft your hands?

open market for the arts and industrieg, And this wag opposed unan-
imously by the Bureau of the Budget, the Department of the

Dr. Hippagp, Yes. In other words, thigs ig 5 two-price System,
Senator Arrorr, The arts and industrieg are going to have to g0 out
on the open market an purchase gold.

The bills which T Previously introdyce regarding thig subject were
S. 1539 in the 86th Congress, S, 3385 in the 87th and S, 158 in the 88tk

hat is all T have to say, Mr, Chairman,
But, Dr, Hibbard, I do appreciate your help, and T am dreadfully

Sorry that yoyu are leaving the overnment,

enator Gruentyg, Senator Allott, T think it would be useful if the
chairman of the subcommittee would address 5 letter to the Secreta
of the Interioy to find out what happened to this report after it left the
Bureau of Mines ang Was somehow Jogt ip the Interiop Department
labyrinth, A search party might help to locate it anq bring it to light.

think so

Ido have 5 copy of that letter from the chairman of the full commit-
tee to the Secretary on Fe’bruary 2 of this year. And as far a9 I know,
this hasn’t been answereq yet, either,
enator Gruentyg, There seems t0 be a strange impediment Some-
think it would be worthwhile exploring how these things
Sometimes seem to get lost,
Senator Avrrorr, T would say this, that T would hate to gee this com-
Mmittee or any other committeg &et to the place where we were Iegislating
Wwithout getting reports from the appropriate agencies of the Govern.

But I am glad that Dr., Hibbard hag an opportunity to clear his own
skirts on thig barticulay example. This ig Just one of dozens where we
ask the Department for Teports, and then legislation ig stymied and

92-413—63__ g
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stopped and dragged to 2 standstill for & period of months and some-
times years Jegislation that is needed-—snmply because reports are not
forthcoming. And if this continues; we are going to have to adopt &
policy of legislating on our own, regardless of what the departments
in the Executive Branch of the Government say-

Dr. HIBBARD. ir, may 1 20 off the record for just a few seconds?

Senator GRUENING.. ell, if it must be off the record. But I think it
would be much more useful to have it onthe record.

Dr. HIBBARD. Then I would prefer to have it on the record.

The problem isnot with the Qecretary of the Interior.

Senator GRUENING: You think it might be lost in the Bureat of the
Budget?

. Dr. HIBBARD. YeS.
-* Senator GroBNING. I think you might beright.

Senator ALLOTT. Task unanimous consent that the statement T made
the other day with relation to the two-price system be placed in the
record inm remarks.

"~ Qenator GRUENING. Tt may be 0 placed.
“(The statement referred to follows?)

[From the Congressional Record,‘Mar. 18, 19681

TuE GOLD SITUATION

Mr. ALLOTT. Mr. Ppresident, last Thursday afternoon, March 14, the Senate,

téy a vote of 39 to 37, removed the gold cover from the currency of the United
tates. - i

This morning I note a peadline in the newspaper, «@old Pool Dropped To

End Speculation.” This is from the newspaper of Mareh 18, 1968. Under that, in

headlines, «wo Prices Adopted by Seven Nations.” It reads:

«he United States and SIX cooperating nations yesterday abandoned the gold
pool they had been operating for the past six and one-half years and said they
would no longer ‘puy gold from the market.” ”

«In essence the plan, announced at the conclusion of a historic two-day ses-
gion at the Federal Reserve Board here, is designed to end the speculative drain
on official gold reserves.

“1t means that there will be & two-price gold sy-stem——$35 an ounce for official
intemational transactions, and whatever price develops in an outside ‘unofficial’
market.”

Turther on in the same article:

«In a word, the cooperating central banks are going out of the gold buying
and selling busineSS——except among themselves. .

“That means :. .

“Central banks will no longer buy pewlymined gold from South Africa or any
other producer.

«he U.S. Treasury will no longer license, effective today, the sale of gold
from its stock to industrial users in this country, who last year tapped Treasury
monetary gold for|$158 million.” :

At another point in the same article:

“The cooperating nations are basing their actions on the belief that the future
needs of the inte: national monetary gystem will come from the growth of ‘paper
gold’ rather than the real metal.”’

Mr. President, 1 ask unanimous consent that this article pe printed in its
entirety at the cO clusionof my remarks.

The PRESIDING OFFICER. without objection, it is so ordered.

(See exhibit 1)) - :

Mr. ArrorT. NI President, the most interesting and most gratifying aspect
of the gituation to me is that in 1959, 1960, 1961, 1962, and 1963 1 proposed legise
lation, and introduced it in the Senate, to do exactly what these seven “pril-
jiant” nations Have finally done in this year of our Lord 1968, 9 years after the
pill was first introduced in the Senate.

RSB S



“On August 9, 1965, a eeting wag arranged by Senator Gruening, and it
was attendeq by Under Secretarieg Barr ang Deming, During that meeting bhoth
gentlemen expressed disapprova] of either g subsidized op 2. two-priced system,
stating that in their Opiniong either broposal woulgq cause 8reater conversion to
gold by foreign holders of dollars in the belief that the price of gold wag about
to increage, However, this doeg not explain the massive conversion that has been
80ing on gince 1961, Apparently, quite a few Drefer 80ld to’ dollarg now. It is my
hope that these hearings will sheq Some light on why gold is Dbreferred tq dol-
lars, ang by whom, -

“Also, at that eeting, Secretarieg Barr ang Deming €Xpressed the belief
that only -two-legu'slative avenues to i i ;
Was to increage the depletion allowance and liberalize depreciation for income
tax burposes. The other wag to launch a massive effort to improve methods of
discovery and refining,” et .

might. gay at thig boint, parenthetically, that the first of these, the attack

upon this by the increasing of the depletion allowance and the Iiberalizing of
depreeiation for income tax burposes, wag very quickly abandoneg by the Treas-
ury Department -
[13

Parenthetically, again, that Was never done, i

‘ owever, to my knowledge nothing hag been Submitted; With regard to the
launchingof 2 massive effort to improve methods of discovery and refining,
there are two basic defects with this suggestion : First, it would take years to
complete such research, ang assuming that the research wag Successful, it would
take severa] more years before ijtg results woulq Pproduce any appreciable in-
crease in broduction. We do not have years to wait,

“ i arge investment and generally Speaking, the
to finance it.

“So, we find ourselves in this bosition : the Droposals that have been made
that might have an early effect in increasing gold broduction are Violently opposed
by the Treasury Department; and the broposals that are ostensibly accep‘ta}ble to

our currency”—__

This wag said over 2 years ago—
“in the istaken belief that it woulq have little effect upon our economy ang the
‘stability of the dollar’, T disagree with that thesig completely, But, Jjudging by
what hag happened in the past year, namely, the debasing of our coinage ang

effect upon foreign dollar holders, what woulq happen to the ‘stability’ of the
dollar if we removed the gold cover? T can assure you ‘that I will never vote

cover from the currency,
r. President, I agk unanimoyg consent to have printed in the Rrgorp at thig
boint a lettep addressed to the Honorable A. Willig Ro‘bertson, Who wag formerly
€ chairman of the Committee on Banking and Currency, which ig dated Ay-
8ust 2, 1963. )
There. being no objection, the letter wag ordered to he printed in the REOORD,
as follows :
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“(FENERAL COUNSEL OF THE
DEPARTMENT oF COMMERCE,
Washington, D.C.

“Hon. A. WILLIS Bomﬁrsom
C hairmamn, Committee O Banking and Ourrency, U.S. Senate,
Washington, D.C. :
«DEAR MR. CHAIRMAN & This is in further reply to your request for the views
of this Department on S. 158, 2 pill “To prohibit sales of gold by the Government
for commercial use or for the arts, O for the purpose of lessening the price and
value of gold.
«g, 168 would mon 1ze all gold holdings and purchases by the U.S. Govern-
ment by prohibiting the Federal Govermnent from selling gold for non-monetary
uses. The sale, the price, and the granting of a license to import gold for non-mone-
tary uses are pow within the Executive discretion of the president. Purchases and
sales of gold in the Unjted States, including jmports and exports, are subject to the
‘Gold Regulations,’ administered by the U.S. Treasury Department and authorized
by the Gold Reserve £
stands ready not only
gell for $35 to license
“The Department of Commerce recommends that the bill not be enacte
“The apparent pu i

ose of the pill is to raise the price of gold for non-monetary
uges within the country, Withont‘d‘iscarding the $35 per ounce monetary price.
Since the demand fo} sndustrial gold is greater than the amount produced from
mines in the United States, the elimination o U.s. Government sales of gold for
this purpose might oar to lead to a rise 10 the price. This, however, would
depend on two other| conditions, peither of which appears to be parred by S, 1583
(1) that the United States would discontinue the purchase and sale of gold to
maintain the interntional price of gold at $35 an ounce ; or (2) that the‘United
States would no longer exercise its discretionary power of authorizing jmports
of gold for industrial uses. So long a8 poth of these practices continue to be
honored, the United States in reality, though jndirectly, would still be main-
taining the $35 price for sndustrial gold in the United States. The effect of S. 158
would then be academic.

«“The passage of a bill obviously intended to raise the price of industrial gold
in the United States, whether or not the bill would accomplish this purpose, may
be construed by other countries as.a step toward devaluation by the United States.

“Tt is only pecessary for such yspeculzation to occur in order fora flight from the
Jollar to start ; and once started, the flight may feed on itself. Confidence in-the
gold value of the jollar among foreign govemments and central panks has been
tied to the stability and fixity of the price at $35. Today this relationship js con-
sidered to be 2 foundation stone of Free World economics. §. 158, however, intro-
duces uncertainti by Tegarding this relationship which can affect injuriously the
United States andc Free World monetary position.

«he use of golf in industry and in the arts in the United States has doubled in
recent years. Thepe sales do not draw down the United States monetary gold stock
unduly. The importance of gold as 2 strategic material continues to grow,
pa«rticuvla‘ﬂy jn the space area. For example, gold foil is used in the electronic
assembly for the apelstar’, the first privately owned satellite, and steering jets
for space vehicles are plated with gold to reflect 95% of all radiation to which an
orbiting vehicle’s i . i osi
small jet controllers used in instrumentation and circuitry as pmtection against
fric‘cion and corrosion. New industrial applications for gold are being developed,
jncluding greater use of gold in electronic devices, and in other electronic
applications.

“(_}old continues to pe used in dental alloys, in scientific, chemical, and other
equipment, ang in the arts (jewelry, watches, and decorative articles). The
precious—met&l jewelry industry in the United States, employing over 25,000
workers ?nd pr‘ducing goods valued at nearly a half billion dollars annually, uses
substantial quantities of gold in the production of what i8 classified as solid gold
jewelry, gold filled and rolled jewelry, and costume jewelry. Recent data on the
production,. use, jmport, and export of gold is attached to this report.

‘Domestic P roduction of gold, at present, supplies 'only about a half of the com-
mercial requir| ements, the other half being obtained from the Government. 1f the
Goveminent were 'to be prohibited from making such sales, manufacturers would
be deprived of| this supply for their material requirements, and the cost to them of

____-_
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their remaining Supply may he sharply increased, with serioug injury to the
indwstry, as well ag unemployment in centain areas,
‘Th i

e beneficiaries of a rise in the px:ice of gold would be: (1) Qhe relatively

monetary systemg and economic wel] being that may result,

“We have been adviseq by ithe Bureau of the Budget that t.
objeetion to the Submission of this report from the standpoint
tion’s program.

“Sineerely,

here woulq be no
of the Adminitstra,-

“LAWRENOR JAMES,

(for Robert B, Giles).”
[In thousands of fine troy ounces]

1957 1958 1959 1960 1961 1962
ok S e ORI
Gold issued for yse in industry and the arts in the United States:

Govemment-sta‘mped bars issued by the U.S Mint

: s X 604 771 2,354 2,172 2,204 [O)
ullion in varioys forms issued by private refiners and dealers._ 1,638 1,831 821 1,528 1,708 @
g R RC N NN 222 2,60 S175 3,700 3912 @y
Secondary materials returneg to monetary use and to private re-

e anddoses.... 11O Vs and o Bty i 792 769 653 7000 1,137 )

Net quantity issued.__ L450 17833 5 57 3,000 2775 @

U.S. mine B O T e 1,794 1’739 1,603 1667 1 548 1’527
U.S. imports

imports_. . 771" Rt TR o 7,701 8120 - § 485 9,822 1615 11’84
Udvmmpons 0 06 886 50 47 22,145 29, 596

! Not available,
2 January—November 1962,

Source: U.S, Treasury Department; U.S. Burea

u of Mines; U.S. Bureau of the Census.

Mr. Arvorr. Mr, President, I shall quote from one
which shows exactly how nearsighted our Government
: : ; 1,

ere being no objection, the bill (8. 158 was ordered to
REcorp, ag follows :

“Be it enacted by the Senate ang House of Representatives of the Uniteq States
of America in Congress assembled, That all. gold helq or bought by the United
Stateg Treasury, or mints, or assay offices, or by the Federal Reserve banks, shall
be construed to be onetary gold. Such 8old shall not hereafter pe sold for
mercial use or for the arts, anq o gold shall hereafter pe sold by the Trea
or by the Federal Reserve banks, or for the aceount of the Treasu-ry or of such
banks, directly or indirectly, in the Uniteq States, its territories or bossessions, for
the purpoge of depressing the market in gold or les‘s\eninvg the price and value of
gold.” ;

Mr. Arvorr, Mr. President, it will pe noted that the wordin
Same as the wording in S, 3385, which introduced in 1962,

sury,
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‘the seven nations setting up a two-price system has proved I was right. If we had
taken steps 9 years ago, ] years ago, 7 years ago, oT 5 years ago to adopt the legis-
lation which I offered, it is well possible we would not have been faced with the
shameful .situation‘--and it is a shameful situation—in he international arena
of being forced to withdraw the gold from pehind our currency. We did the same
thing in 1965 by with awing the gold from our Federal Reserve deposits.

Mr. President, 1 say [they were wrong then and they are wrong now. The time
to have established the two-price gystem was when the dollar was not under
attack. It could have been carried out then with a minimum of dislocation. Now
we can only hope.

This is another exa ple of why:Congress should not be SO quick to relinquish
all constitutional pow ry over our money. Congress should review our monetary
posture and commenc writing guidelines and limitations on our money, in my
judgment.

1f anything was PIr ed by the last few years, it has been proved that this Gov-
ernment, the Treasury, the TFederal Reserve Board, the economic advisers and col-
lege economists who told us what to do were wrong. What they told us did not
stop the gold drain in this country. Today we are facing even a more serious
situation because in

0 percent greater than it was 5 years ago.

1t is very easy to gpeak in retrospect, put when I consider the short shrift that
the bills that 1 have| introduced in the past few years on gold received——and not
only bills that I int duced but those of other Senators vitally interested in this
great industry who know we have a wealth of gold in this country at our com-
mand if we only open our minds and imagination and get our heads out of ruts.
1t is obvious that we have enough gold to take care of this country. It cannot be
processed now, in a month or two, put with a farsighted program we can do it an
we will. Those of us who are interested in the gold industry are willing to prove
that it can be done.

«mxEIBIT 1

«GoLp PooL DrorpED TO END SPECULATION——TWO PRICES ADOPTED BY SEVEN
NATIONS

“(By Hobart Rowen)

«phe United States and six cooperating nations yesterday abandoned the gold
pool they had been operating for the past six and one-half years and said they
would no longer ‘buy gold from the market.’
«In essence the plan, announced at the conclusion of @ historic two-day session
at the Federal Reserve Board here, is designed to end the speculative drain on
official gold reserves. ‘

«Jt means that there will be a two-price gold *sy-stem—-$35 an ounce for official
international transactions, and whatever price develops in an outside «unofficial’
market.

“pREVENTING RESALES

«And to prevent any governvmembs or central banks from buying gold at $35 an
ounce to resell in the private marketat a profit, the cooperating nations said that
‘henceforth they will not sell gold to monetary authorities to replace gold sold in
private markets.’

«prance, for example, will not be allowed to turn in dollars for gold at $35 an
ounce if she turns around and sells that gold privately.

«Initial reaction from businessmen and bankers here and abroad was generally
favorable. Most observed that it should provide time in which the United States
could bring its balance of \payments under better control.

«phe dramatic moves, announced by Federal Reserve Chairman william McC.
Martin, were the answer of the seven nations to last week’s crisis puying of gold
through the pool in London.

“posT $1.5 BILLION

“Since devaluation of the British pound 1ast November, the seven nations lost
about $1.5 billion in gold to gpeculators, & drain that they decided could not go on.
‘“When originally established in November, 1961, the gold pool was intended to

i it



market in gold in London during that period.

“The assigned reagson Wwas to provide g cooling off period. But other ‘free’ or
unofficial markets, such as the one in Paris, are unaffected,

“At the same time, the governors of the central bankg attending the Washing-
ton meeting announced that they would Provide new lines of credit to the British,
bringing the total availaple up to $4 billion, Included wilj be $500 million in g
new ‘swap’ arrangement by the Federal Reserve, part of an over-all $2.275 billion
boost in thoge standby credit arrangements, ’ -

“If the seven governments can make the new gold ‘arrangementg work, the

asset, the Special Drawing Rights,

“The essence of the plan was devised by Italian central banker Guido Carli,
who attendeq the W-ws:hington meeting,

“In a word, the Cooperating centra] banks are going out of the &0ld buying anq
selling business-aext'ept among themselvesg,

other producer,

“The U.S. Treasury wiy no longer license, effective today, the gale of gold from
its stock to industria] Users in thig country, who last year tapped Treasury mone-
tary gold for $158 million, They will be able to buy from U 8. mining sources, or
on: foreign free markets. Ang- the Treasury saiq it would allow American gold
broducers to gel] as well to foreign buyers, ¢

“The Cooperating nations are basing theipr actions on the belief that the
future needs of the internamionaa monetary system Wwill come from the growth of
‘paper golq’ rather than the real metal, :

“Officialg indicateq their belief that the decision to keep the official price at $35
an ounce, and to insulate the existing monetary stock, woulg deflate the Specu-
lative rush.

“It is obvioug however, that a two-priced gold system itself does not solve the
U.S. balance of paymentsg broblem, nor guarantee that U, gold stockg won’t be

apped by some central banks, :

“For €xample, some Smaller centra] banks, if ervous may accelerate the rate
at which they have been excha-nging dollars for gold. The United States wil] sell
gold at $85 an ounce—provided they don’t resell any to private marketsg,

“Yesterway’s decision amountsito g bartial d’emonetization of gold, in thig way :
Supplies of newly-mined gold and holdingg of Sbeculators’ ang hoarders’ gold will
1o longer have a value ag g form of money. They wijy continue to have g value,
berhaps even higher than $35 an ounce, ag g commodity, like copper or jute.

“Officialy ingisted that the new two-priced System for golgq would have ng effect
on the value of the dollar, barticularly in the Uniteq States, where gold is not
bart of everyday currency, - :

“Another bigi! question mark concerns the French, No one expects France to buy

S ;

“The other question relating to France win be its willingnegs to Speed along the
activation of the Special Drawﬁng Rights System. The French have been trying to
bersuade theip European Common Market bartners to surround the SDRs with

“One reason for the new aid pa'ekage to Britain relates directly to the gold
Speculation .of recent weeks, Ag anxietieg mounted, many who held deposits in
Sterling changed them into dollars, with which they bought ggiq through the

h A Ak

“The communique noteq ‘the determineq Dolicy’ of the U.S. Government ‘to
defend the value of the dollar through appropriate fisea] and monetary measures
and that Substantia] improvement of the V.8, balance of bayments ig g high
briority objective,’




A —

20

«No ‘specific deals were made or offered by the United States in support of
this commitment, but President Johnson’s Saturday statement offering to cut
expenditures more deeply in exchange for a tax increase was noted by the par-
_tieipants of the meeting.

“And the guggestion from a top Administration source that any jncrease in
Vietnam troop strength would be ‘moderate’ was the kind of thing the foreign
central bankers had been hoping to hear.

«Note was also taken of the fact, the communique said, that Congress had freed
all of the $11.5 billion 1.8, gold reserves «or defending the value of the dollar.’

«One key point of the communique, though it sounded technical, is of major
importance : the governors agreed to scooperate even more closely than in the
past to minimize’ the flow of funds contributing to instability in the exchange
markets.’

“This was directed to this circumstance : As worries about the dollar mounted
in the past several weeks, there was a sharp increase in money moving into Ger-
many, because the Deutschemark is considered a strong currency.

«Much of this came from the “Ruro-dollar’ market. uro-dollars’ are dollars
owned by foreigners, and held on deposit 1n panks. The {ntent of the closer
cooperation mentioned is to facilitate the swapping of currencies, a8 confidence
in the dollar is restored. : ;

«phe final line of the communique said that cooperation of other central
panks is invited. This direct bid to the French was underscored in a comment
by Bank of TEngland Governor Sir Leslie O’Brien who said that the seven na-
tions ‘are not anxious to widen the gap petween France and the rest of us’
- «pierre-Paul Schweitzer, managing director of the International Monetary
Fund, saidina statement last night
AT is most important that the monetary authorities of all member countries
ghould continue to conduct gold transactions\consistently with this undertaking
and they should cooperate fully to conserve the stock of monetary gold.

«¢In the longer run it will not be sufficient simply to conserve global reserves.
In this connection, it is to be noted that work on the establishment of the Special
Drawing Rights facility in the fund is proceeding on schedule. It is to be hoped

,ry

that this facility will enter into force with the least possible delay . - -

Qenator GRUENING. Please proceed.

Dr. H1BBARD (referring back to the charts). Whenever feasible, sub-
gtances are described in terms of elemental content, in preference to
mineral forms in which they are commonly priced, treated, and in some
instances, consumed, 11 current marketing patterns.

While the resulting units are not familiar in some discussions, of
current supply-demand‘ relationship, they are essential in speculating
upon future Sources and end-use patterns.

In addition to the charts and certain explanatory material essential
to them, background profiles prepared on each commodity summarize
gignificant information on:

Apparent reserves.—In which apparent domestic reserves are com-
pared to reserves known to be developed elsewhere in the world.

Industry pattems.—ln which the structures of the industries at
home and abroad are defined. R

C onsumption. pattm"m’.———ln which the way materials are marketed
and the forms in which they are consumed 1n the United States and
the rest of the world are summarized.

Byproducts and, ooproduots.——ln which a feeling is gained for the
complex relationships in imineral supply. s

“Parenthetically, there are some minerals which are supplied only as
byproducts. And if the major metal in the ore is no longer mined, the
entire source of this material disappears. :
" Eoonomic factors—In which the essential aspects of cost-price rela-
tionships are explained. . : : ; )

Technology—In which the prevailing state of engineering practice
is described.

e
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In the presence of these backgrounq profiles the nature of Probable
future supply-demand rela,tionships has been given a great deal of
‘attention, A range of projections hag been prepared for each commod-
ity through 1985 and 2000, Projections are based upon econometric

FPuture demand.—In which high, median, and oy Projections of
demand in 1985 and 2000, in the United States and in the Test, of the
world, are estimated,

I would Iike to emphasize that you can’t look at the United States
alone, you haye to look at mineral Supply and demand problems in
the context of the entire world picture,

Future Supply—In which the resources likely to be Important
sources of raw materials in the future, even thougg noncommercia] at
Present, are assesseq and related to projected demands,

And again to deviate for g minute in oyr petroleum Predictions, we
believe that, production from o] shale is absolutely essentia] by the
year 1985. And in oy documents here we have estimateq this need at
400 million barpels per year.

Senator Hansen. M, Chairman, if T may, I would like to ask a

uestion.
4 I am delighted with the awareness that is so evident on these prob-
lems of great concern to oyp country and to oyp national security ag
evidenced by Dr. Hibbard’s statement. And now he hag mentioned o]
shale,

InJ anuary of 1967, Secretary Udall stated as point 1 of his 5-point
Program for oi] shale development that “Pending sodium preference
right lease app]ications”«which would offer one means for develor-
ing Dawsonite~“w1]l be properly considered_ on their merit,’

I wonder if you can give the committee a statyg report on thig
question and, hopefully, indicate to the committee that the Department

92413—68\4
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{snow in a position to offer some resolution to the applications which
are before it. '

Dr. Hissaro. 1 would be very happy to comment, Sir. 1 cannot speak
for the Department in this matter, because it is well beyond the scope
of the Bureau of ‘Mines. But significant progress is being made, I can
assure you. And attention is being directed to the resolution of this
problem. Tt is just not simple one. And I am not 2 lawyer. But it
appears to me that the greatest complexities by far are in the legal
end and not in the technical ond. And it is my personal opinion that
if the oil shale industry is not in place by the year 1980 or 1985, it will
be because of legal problems, not because of {echnical problems. An
T really can’t comment authoritatively on the status of the applica-
tions. It is just beyond the scope of my knowledge.

Senator HHANSEN. I would like to underscore and reemphasize the
importance of the development of the oil shale industry, as has been
pointed out so positively here by Dr. Hibbard this morning. If I may,
Mr. Chairman, 1 wish to have ‘htroduced into the record at this time
an article from the Oil Daily of Friday, February 23, 1968, which
Jescribes the increasé in daily production limits for the year, recently
announced by the Alberta government for the Athabaska tar stands.

Senator GRUENING. Tt may be placed in the record.

(The material referred to follows:)

[From the 0il Daily, Feb. 23, 19681

ALBERTA OIL ganps OUTPUT 1xmrrs UPPED TO 150,000 BARRELS DAILY

i EDMONTON.——Alberta oil sands production was raised to 150,000 parrels per
day, more than three times what it is now to encourage development of the
sands.
Ppremier B. C¢. Manning, announced this week in the legislature the new oil
sands policy, raising production limits and redefining oil sands to include other
heavy oil.

The new policy is designed to encourage growth in total crude oil markets.
. The old production limit was calculated at 5% of the total market for Alberta

rude.

Applicants assuring their marketing proposals will open a new market would
pe allowed to produce sufficient volumes to supply 509 of it. The government
believes that applications under this modification of policy would provide the
conventional industry with an jmmediate share of markets.

At present, the province has only one oil sands producer, Great Canadian Oil
Sands at Fort McMurray in northeastern ‘Alberta, which is restricted to 45,000
b/d of gynthetic crude from the sands.

It is expected the new policy will dwarf the GCOS project through greater
production from Athabasca as well as Cold Lake, also in portheastern Alberta.

A. R. Patrick, minister of mines and minerals and industry and development,
said this could mean one new large plant or two plants gimilar in size to the
one now in operation.

The minister said he believes there will be a start on some Jevelopment this
year but added that there is a lot of work to be done involving study of the lease
to be worked on and that he is not at liberty to reveal details at this stage. pPilot
plant work must also be carried out before construction of a commercial plant.

The minister predicted large development within a few years, larger in cost
than St. Lawrence Seaway.

" The Japanese pave plans that stagger the imag‘inatiqn. But details could not be
thained. Japan Exploration Co. in which the government pas an interest, has
been reported as being interested in developing the oil sands in conjunction with
a Canadian firm. At present, Japan is heavily dependent on Middle Bast sources
for itsimports of crude oil, to the tune of almost 90%, and is seeking more reliable

supplies.
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minister of bower, leading industrialists, bankers ang civil servantsg, The insti-
tute Sponsored a bresentation of the GCOS project,

Manning expressed his conviction that markets for Alberta: crude will grow.,
He noteq that government Dbolicy must blan ahead in view of the four to five year
minimum beriod required to start up an oil sands operation.

Both Manning ang R. H. Winters, federal minister of trade and commerce,
Suggested that future British investment in Alberta’s oil sands would pe welcomed
to develop further the area’s enormouys synthetic oil Potential,

Recoverable reserves, 90% of which are a¢ Athabasca, are estimated at between
300 billion and 350 billion barrels of oil as compared with total broved world
! e.

Both Shell Carfgga and the Synecrude Consortium ( Imperial Oil, Citieg Service
and Atlantic Richﬁe1d~30% each—angqd Royalite/Britigh Ameriean~10%) Whose
1962-63 applications for Separate 100,000 b/ of] sands projects were not approved
by the Alberta 041 & Gas Conservation Board, have been given Permission to
reapply by the end of this year.

Senator Haxsex. In brief, the Alberta government increagsed pro-
duction ¢apacity from 45,000 barrels a day of synthetic crude from the
sands to 150,000 barrels g day.

Aast year Fred Hartley, chief executive for the Unjon 0il Co. ot
California, indicated to thig committee that hig company was building
a new refinery in Chicago. The thrust of: his testimony was that this
refinery wags being constructed in such a4 way as to make it capable of
handl;ng crude oil from either the Canadian tar sands or Rocky Moun-
tain oil shale, . '

Mr., Hartley said to the committee ;

If anybody hag asked me 10 years ago, that synthetic crude oil from tar sands

would have 8gone on the market commercially ahead of o] shale—took that
bet and I logt, ST aNE T : :
*

production in this country ¢ el P ;
r. Higarp, Yes, this'is covered in the outlook. section of our study.
e have projections for production in 1980 and the year 2000 at
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the level of 400 million barrels and 1 billion barrels per year, respec-
tively. We believe these amounts to be very essential to our energy
mix. And again I believe that technically we are almost ready to go.
The big difference in my opinion between the Jevelopments at Atha-
basca and the developments 11 Craig or Rifle or in that area are clear-
ly differences of legal complexities and mining laws. 1 think this will
come clearly out of the studies that the Public Land Law Review Com-
mission is making. Tt is my opinion that significant production ca-
pacity won’t be in place until there is action taken to clear these Jegal
questions without having to, g0 through all the long ‘and meticulous

rocedures which now prevail.

Senator HANSEN. So the problems, as 1 understand you, Mr. Hib-
bard, are legal problems, legal roadblocks rather than roadblocks inso-
far as the technic'alaspects of mining are concerned.

Dr. Heparp. All the technical problems are not solved, let me em-
phasize that. But they are in 2 position where we could go ahead learn-
Ing as we go. ~ :

enator Hangey. But you can’t start on that until the legal prob-
Jems are resolved isthat your point?

Dr. HippARD. Yes.

Senator HANSEN. Thank you.

'And thank you, Mr. Chalrman.

Senator GRUENING. Please procee , Mr. Hibbard.

Senator ALLOTT. So that you won't have another interruption, may
1 ask, the study that you are referring to here, in what form will they
be published, Doetor ¢ Or will it be published? s

Dr. Hissarp. We will leave with the committee & two-volume version
of the study which, at the moment, 18 & cheaf of working papers
feet high. These yolumes are the digested appraisals of each commod-
ity. We will also leave with you a summary of the 80 commodity state-
ments contained in o reasonable number of pages. Because we propose
to continue the study we do not plan to publish these volumes. I would
propose, siry if you see fit, that the summaries be put in the record.

Senator ALLOTT. T certainly think it should, Mr. Chairman.

I know that the Bureau of Mines has put out each year a com-
pendium of minerals resources reflecting where our minerals come
from, their use, and so forth. And T was wondering if this would be
published in that form. If not, we might consider having it published
as 2 Senate document or something like that at a later time. I think it is
the sort of thing the country needs.

Senator GRUENING. Could these reports be made available to the
committee?

Dr. HisBARD. Yes. We will present you with both the summaries and
the commodity statements.

Senator ALLOTT. Thank you.

(The summary referred to is printed as an appendix to the hearing
record.) :

Dr. Hesaro. May 1 continue, sir-

The other factors addressed in the outlook section of the study are
“domestic supply,” in which potential resources are related to price;
«Time-Price Re ationships,” 10 which probable price levels are esti-
mated through the remainder of the century; «Possible Advances in

Technology,” 1N which the possibility of significant technological ad-

e )



vances is assessed and related to the projections sand then a summary or
set of “Conclusiong,” : :

Lxcept in g
from private sources under agreementg to respect the confidentiality of
such information, all of the information 1 have described js available
for your uge, ‘

I do not bropose to burden you with a detailed description of the
several matrix systems through whicl, the hundreds of foreseeable
issues are being reduced to essential categories, T would be very pleased

owever, T would like to summarize the findings.

Today the Uniteq States is the largest consumey- of metals and fuels
in the free world. It maintains this position by being the largest pro-
ducer of minerals and fuels in the free world. Over the Years, it has
maintained thig Production leadership, even in the face of the neces-
sity for using lower and lower grade resources anq rising labor costs,
by an aggressive program of exploration and new discoveries and i
advancing technology which has reduced the overall costs of extract.
~ingan processing these lowey grade ores, ~

Recent and projected trends indicate that .S, mining interests are
turning to for g resources, The United States ig now the largest im-
porter of minerals and fuels. Over 75 bercent of oyr requirements for
a number of important commodities are imported today. This is not
hew. For many of these commoditieg we have never had substantial
Production, However, major tonnages of our key basic materials are
coming from foreign Operations: 85 percent of our bauxite for alu-
minum; almost 90 percent of our copper (and probably much more in

- Our projections based on Population growth indicate that by 1985
our mineral and fue] réquirements will increage by about 50 percent
on the avers, e, and in some cageg by as much ag 100 percent,

acilities for thig increased Supply require on the average about 5 to

0 years leadtime and $100 million ber venture to bring them
onstream. ' : :

There is no evidence that these facilities are being put in place today

- to provide for this long-range need. And this is what Worries me,

. Currently a substantial amount of U.S. exploration and investment
for facilities in the future ig being made in foreign countries,sCanada,

.

Australia, South America, and C’entyal Africa. We have some specifia
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eign investments by American firms will likewise be subdivided as
a part of our foreign-aid program?

Dr. Hisparp. No, SIT- These are investments by American compa-
nies, I do know that.

Qenator GRUENING. They are doing that on their own, and are not
being subsidized by Americans? ’

Dr. Hisarp. No, gir. I think they are simply responsive to the
investment climate overseas.

Senator FANNIN. Dr. Hibbard, does your chart show 2 breakdown
in the different metals industry

Dr. Hissarp. No, sir. '

Senator FANNIN. Has 2 considerable part of that been in the
copper :

Dr. Hisparp. Part of it is mining and smelting, and part of it is
petroleum. But it doesn’t break it down into individual commodities.

Senator ALLOTT. Could T ask that this chart that Dr. Hibbard
referred to be inserted in the record ?

Qenator GRUENING. ‘Without objection, it will be inserted.

(The material referred to follows :)

us. BUSINESS EXPENDITURES FOR NEW PLANT AND EQUIPMENT
{in billions of doltars]

v Mining and smelting Petroleum and coal products Other manufacturing?
e e
ear e T

Domestic! Foreign? Domestic? Foreign? Domestict Foreign?

0.43 2.64 1.4 11.84 1.40

.44 2.88 1.63 11.80 2.04

.40 2.92 1.89 12.77 2.25

.46 3.36 2.07 15.22 3,01

.65 3.82 2.21 18.63 3.90

.81 4,42 2.56 22.51 4,63

.95 4,64 3.38 22.20 5.07

1 Statistical Abstract of the United States, 1967, table 707, p. 497. Department of Commerce, Bureau of Census. (Excludes

Alaska and Hawaii.)
2 Survey of Current Business, Department -of Commerce.
3 Excludes mining/smelting and petroleum/coal products.

Senator HANSEN. Mzr. Chairman, I would like to ask Dr. Hibbard
this question :

Are the reports that you referred to and the information that you are
presenting now gimilar or 2 substitute for the Minerals Yearbook

Pr. HIBBARD. Oh, 1o, this is not a substitute for the Minerals Year-
book. The Minerals Yearbook 18 historical. It tells you what happened
last year. This report 10oks ahead. We are trying to foresee the prob-
lems before they arise. The Minerals Yearbook will continue.

Senator FANNIN. Dr. Hibbard, I am wondering whether or not the
increased investment in foreign countries has resulted to some extent
because of the Jack of new findings that have resulted from your re-
gearch development assistance programs.

Dr. HIBBARD. Ma%I answer that in my testimony. I think there are
four reasons why b is investment climate is attractive overseas. One
of them is, the ores are richer. They are finding ores overseas which
are about as rich as our ores 15 or 20 years ago- As a vesult of this, you
can use today’s technology to process them. You don’t have to do any
research, you just 20 out and find the ore. Tt is just like you had out

in Arizona 15 years 220, you just put in the same technology.
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Senator Gruening, Dr. Hibbard, do these minerals that are de-
veloped through foreign investment by America,nfﬁmns compete with
our own production? Do they tend to limit our own production ?

‘Dr. Higsarp. T think they supplement it, . ' )

Senator GrurnINg, They supplement it ¢

Dr. Hiepagp. Yes,

Senator GrurnTNG, They are excess, in other words ?

Dr. Hisraro. But let me see if I can explain what I think the prob-
lem is, o }

If T were the chief executive of g company producing a mineral,
and I have so much capital to invest—because there is a limit to avail.
able capital—and I say, where shall T put my plant? And T look at
the properties in the United States, and I find that the ore is low grade,
and that the labor costs are high, and there is g severance tax, and so
forth. Then I look in Canada, or Australia, or Peru, or some place,
and I see the ores are twice as high in grade, and there is a 3-
Year forgiveness for income tax, and the labor costs are lower. And I
just make a straight businesg analysis of the relative return of the two
possible inyestments, and if I am a good chief executive officer I will
choose the investment which gives me the greatest profit. -

And that is what happened. T am not blaming the mining companies
for doing this, this is what I would do if I were the president of the
company and had a limited amount of capital to invest. T would look
at these two ventures ang choose the one that is the most profitable,

Senator FANNIN. From the standpoint of what happened in this
last strike in the copper industry, isn’t it g good example of what
may be forced upon—I wouldn’t say forced upon the companies, but

.

don’t they have g, greater advantage now for thejr foreign production ?

.

; en displace what, would normally be
produced in Montana and Arizona and some of the other States?

Dr. Hieparp. T think there is only a limited amount of capital to
invest, and if they are going to invest it overseas they are not going
to invest it in the United States. :

Senator FannTN. We have heard some copper officials say that they
will not be in g position to reopen some of the mines here, because it
would not be financially feasible, Oonsequently they will import. Anq
that will, of course, affect the price of copper. They can produce it
must less expensively in the foreign country and market it at prices
based on what happened during the copper’ strike, And we did have

ventory. So if we look to the future, our price could be vitally affected
because of what is happening; is that not correct ? S

Dr. Hisparp. Certainly if the world price goes up—and T believe it
will—this would make our existing mines here attractive profitwise,

ut again I go back to the other point. If T am 1 chief executive of-

ficer and I look at the two ventures, it isn’t whether this one ig profitable
or not, it is where I make the most profit that I 80. And this is the
problem. And my job as a chief executive officer would be to maxi-
mize the profits for the investment which T can make, ‘
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Senator Fanyin. Doctor, you say «if the prices g0 UP,’ and you an-
ticipate that they will. Is that based upon the standpoint of increased
cost of production ? Will not the competitive factor from the foreign
sources affect that considerably? SN Ly
~ Dr. Hmsaro. It will just be the normal economics of 2 seller’s mar-
ket, because copper is in short supply, and on a seller’s market the price
normally tends to rise. , » o
" "Senator Fannin. But how can you say that when we have a shut-
down for 8 months? During that time 85 or 90 percent of the industry
was not producing. Doesn’t that point to the projection that the
future there will bean u ndersupply ? S
~ Dr. Hisearo. At least in the beginning. gl :
Senator FANNIN. ‘And if we can proj ect farther into ‘the future, there
will be an oversupply, will therenot? = i
" Dr. Hisparo, It all depends on the supply and demand relationship,
as you know. Prior to the strike on 2 worldwide basis there was a
fairly good balance between supply ‘and demand. And much of the
copper that has come into this country during the strike has been
drawn from the world supplies which would have gone otherwise to
other countries. So I believe in the beginning there will be a shortage.
But if thenormal new starts which we foresee in the copper area take
place, I think it will come into a balance sooner or later, and at some
price level which T believe will be higher than the 38 cents which
_existed before the strike. Lt T , .
~ Senator FANNIN. Thank you. Sl g ’
Dr. Hmsarp. The other point, Mr. Zinner observes, is that the world
requirements are going up faster than the U.S. requirements. And this
is one of the complexities of the situation. They are not as large as the
U.S. requirements, but they are accelerating faster. =
Now, if I may go on, sir. , el :
The reasons for this trend toward foreign investment are: i
(1) Foreign ores and richer and new tec nology to mine and process
them is not required. , S
9) Foreign labor is cheaper. e , ; . ~
(3) Many countries are making tax and other financial concessions.

4) Foreign markets are growing faster than U.S. markets.

_If these trends continue, our capability to produce minerals from
domestic sources may not only remain static but in some cases dis-
appear because they cannot be maintained in competition costwise with
foreign production. , , : i

If these trends continue, we may be importing more and more of
our requirements in many major tonnage items—tor example, alumi-
num, copper, iron, and zinc, for which we have abundant resources
which we should not permit to remain idle; as well as silver and gold
where our resources are depleting ; and chromium, tungsten, tin, mica,
and asbestos where we have been traditionally deficient in economic
ores.. ‘ ‘
. If I may deviate a minute, our current studies are looking at this
very question. We are looking at two extremes. One of them 1s, if we
sun’plﬁ extrapolate the current trends or imports, what will our im-
~ ports be by the year2000¢ . B ,
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~ And the second limit is what would happen if we retain the present
ratio between ~donmstic~productionaand Imports, what would happen
~ by the year 2000, T i
'Sena.tOI”GRUENING;' Dr. Hibbard,. yow say. “We. have abundant re-
sources which we should not permit to remain idle,” Why do these
resources remain idle? UG ,
Dr. Hisparp, If we 0 to importing, then our own resources are
goingbq-sitthereunused% S e S T
_ Senator GrRueNINg., If new and efficient methods of exploration and
development are devised, wouldn’t some of these domestic resources
be developed? . . P v bl S

competitive costwige with the foreign resources, then we wil] Tevive
our own industry. Bug if these aren’t competitive, the industry is going
those locations where they can make the most money, ;
Again, if T may devia,te,the' tash situation in New Mexico is
exactly this, The .S, Tesources for potash are relatively low rade.
They have been depleting, ‘Suddenly there is a discovery o new
potash deposits in Sa,skatc%n , T is
better than t e grade of ore in New Mexico, Canada, has a 5-year tax

these two resources, The thi :
Carlsbad is that, if we had anticipated this, I believe there is tech-
vnolggy'th'a,t ‘we_could have brought to

has moved from one kind of .ore to another, Diyva] is shipping right
out kosf production. The rest of ¢, 16 companies are building up their
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Dr HIBBARD: It you compare the tWo pohmea, our tax structure is
favorable towatd mature: operatlons The Canadian zpohcy is favorable
toward new starts.
‘Qenator GRUENING. ‘In other wofds, ‘hhey encourege exp]m»a,tlon and‘
developmeﬁt more than we- dot
Dr. HiBBARD. Yes, our pohcy encoumges the omtmuaﬁlan of exlste
ino operations.
%enator FANNIN. Dr. Hlbbard at one of the pnevmus%heermgs did
‘ybu ot ‘give us in nformbation T egamdmg the research that is bemg ‘dene
1 the gearch for gold ore! 9 Weren't we talking about: subsidies, an
3éou explamed the research and development progra,m of the Geologmal
urvey
Dr. HmBARD ’Yes
‘Genator FANNIN. What has resulted from that pregram today‘l
Have we had any. real Success ;
Dr. HIBBARD. T think that I can report gvea,t pregreSs Our: search'
for new gold and new,fbec%ﬁdlegy tos support: addltlenel gold produc-

tion is right on schedule. In my opinion we are goim; to achieve the

%;ials of this program, 1 think b the ear we suggeste -—11; was b.years
om 1966— ha,t we wﬂ fact have possﬂoly .increa
roduction fourfol

Inc1den’ea1 ¥, 1 bmug‘h't a.leng ‘a Sample fmm one of the px;o]eets
Thals is @ cireuit board for-a’ computer. This is now an ‘out-of-date
computer. ‘And 'the cireuit board has been thrown away. Most people
don’t realize it, but that circuitry is all £g1 old. If you can see it from
there, there is'a 1ot t of gold in it. We are f nding, as I mentioned, that
in recent years the electronic uses of goldhave nereased from some-
thing around 12 percent of our consum umption to 97 peteent. There are
large amounts ‘of gold imto ’elfeetmmcs W believe that we can
recycle all’ this gold—we can It At Bub up- antil mw people

, thought 5t ‘was coppers smd th h‘aven?t been collecting it
‘Qecondly, there are a number: of new gold ores which Thiave been
developed and brought enst*rea*m ‘One of the most interesting ones is
the “invisible” oxide ‘ore in the Nevada distriet. Another. Jinteresting
one is 'the carbon:bearing' rgold ore in the . Idaho~Neva&arCallfomla
belt. Both of these show great promise of ‘substantial increases 1, pro-
duction. The new producmon at Cortez has just been ' annour . And

“ve have ‘great prospectsy T think, of pringing the domestic gold pro- |

“duction from. something like 1.8 mﬂhon ﬁ)unces, as it was’ in 1966;, up
to something liked. 5 million ounces ot soby 1971 to: 1973,
“But that is not gomgito solve your: pro 1em, T am afrald '
“SQenator ALLOTT. I think you said before that our g gold | roductlon is
3ust one-fourth of our arts and industrial use now. So if we increase
our gold or gold productlon fourfold between now and 1971, we will

_3ust have caught up w1th i)he pzresent dema,nd. f T t,he arts a,nd in-

~~Dr ’HIBBARﬁ The problem is not only that, “but the growth in de-
mand. We will have caught up with our arts uses today, ] but meanwhile
‘our demands will be gomg up and wﬂl be mucl 1arger inb years than

theg are tod a:y ;
enator LLOTT That is; the pomt I was ma,kmg the mdustmal and
_gits uses are “increasing very rapl . But the: fourfold increase tha

you anticipate by 1971 Wﬂl only: cabch up with present da.y demand
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Senator Fansin. T am Wwondering if this will be true worldwide,

other countrieg be able to take advanﬁaégfe of the technology you
ing about o 28 b tion's o :

ANNIN. So what you have done to date wil] not completely

affect other woplq production? '

IBBARD. No, sir, they Won’t, as of thig time at Jeast,

to what it ig today. Anq this s because these are deep ang difficult
Mines, They are the kind of mipeg that will have difficulty competin
for investmept capital, let’s Put it that way, in today’s business worl

And

nd I think it ig going to be very diiﬁcult. In fact, by the year 2000 it
migh ;

frican, .
May 1 continue, sip,
Senator GrUENTING, Yes; please do.

T,

t'even be that the U.S, Production wil] pe larger than the South

Hispagrp, We may then loge oyp market leadership with respect

to this mineps] Production anq 0ssibly be obliged to 2y world priceg

which are often controlled by ¢ © country of origin Uring periods of
tight Supply. i ' : ‘

tion facilities, i :
_ . Copper, before this strike, is g case in point, The World price wag
higher than the U.S. Price by signiﬁéa,ntly more thay, trar;spprtation

costs
the '

Chile fixed the Price of jtg COPPer exports gt 4 cents higher than
-S. price. Pery placed 10-percent tax on all its exports, :

Many of thegse Supplier countyjeg are trying to deVelop their econ-
Omies by wquiring that the refining b done before export at a higher
Value added anq hliher costto the Unitegq States, e s
t blas 3]

enezuela, way

ast furnaces gnq steelmakingf fddil'fties.“

Jamaica wantg to export aluminum~not bauxite,

Peru wantg to export ‘¢opper Wwire, sheet, and tube—not copper
concentrate, Thig jq not bad, Tt 1 were'in g, country Jike Venezuels, T
would want, to build My economy op my resources, Nev,ertheless, it

s very significant implications, "
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All of these trends will lead to higher U.S. cos’csr.and greater un-
‘certainties of supply because WO will no longer dominate production
and will be competing with other nations in a sellers market. -
Senator GRUENING. Dr. Hibbard, isn’t it true thab during the past
earl the United States has subsidized'industmesm foreign countries
which compete: With, ours? We have subsidized steel mills, .and we
have subsidized all kinds, of manufacturing plants. Do you think that
is a, wise policy ¢ o ey
. Dr. HIiBBARD. T am not knowledgeable in this ared, Senator. The de-
velopments that 1 am aware of have been privately finanoced. ,
Possibly people from the: Department of Commerce could comment

on that question. Ttk PR NG
Senator GRUENING. We would be yery glad tohave comment.

.. Dr. HIBBARD. There has'been o foreign aid program, but it has not
concentrated: in minerals, hasit?. i ;

..Senator GRUENING. We have here repreSehtatiVes of the Department

of COmmerce,,We.‘ would like to Jmow—this is one of the great con-
cerns to us who are interested in the development of domestic mining
—whether itjs,pmsidered a wise policy for 2 foreigk‘)n aid program to
subsidize and build up-and aid foreign sountries to bui :
ing plants which process and refine their minerals in competition with
ours?.Our industries  do not get any subsidies, they: have to do it with
their own priva.t'e;capital,And %et we are going throu%hout the world
and building oteol mills and other processing nineral plants to com-
P tewith ours. Ts this a wise poliey? B
" Dr. HIBBARD. My whole point. in this presentation is that we have
got to keep our dgmestick sources qompet'mye, and anything that we do

should, in 10, opinion, be aimed 1 that, direction and not any others.
Senator  GRUENING. T think the questlon’sho 1d be raised from

‘time to time. ‘And we shall raise it again when the foreign aid program
comes before the Congress. Syt i '
Dr. HIiBBARD. To continue, our: studies also indicate two other im-
ortant factors relative to this trend of the future.
" Since th  United States is the. largest producer in the free world—
a deterioration of U.S. Frqduct‘ion will affect world production. Min-
ing is an economic base 10T total regional aconomies, such.as the South-
west, the northern Rockies, and s0 forth. Our mineral production is 2.9
roent of the U.S. GNP but it has & divect impact on 40 percent of the
S. GNP and an indirect impact on nearly 75 ercent, of the U.S.
GNP. I would like to cite an example which thinli{ i

interesting- 1f you take a $3,000 car, the value of the material in this

an indirect impact on $50,000. And this again illustrates Senator
Gruening’s initial point, that it has a big effect on the economy.
Tt makes a dollar invested turn around several times. Tt makes re--
sources rist for the economic mill. It contributes and must continue
to contribute to the world supply-

The best answer to these trends—the ways and means of maintain-

ing 1'ea.der'ship in world mineral productlon——is clear from history;
that is, the retention of world leadership in technology, the technology

e
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of exploration and discovery, extraction, processing, and use. That is,
we can match technology against richer ores, lower labor costs, and
tax concessions, and maybe balance these two things out. iRl

The question arises: Why must the U.S. Government provide this
technology ? Let industry do it. .
-~ Well, industry is not doin it. ; ;

Andustry is stimulated primarily by the profit motive, If investment
climate and profit potential are more attractive - for foreign ores—
then they will understandably follow tha attraction. Particularly if
they cannot compete by meansof domestic production, £

That is one of the characteristics of the free enterprise system, of
course. . . ,
~Iron ore is a good example. We have Plenty, yet 40 percent is im-
ported because of its lower cost, - i : :

And the potash situation is the best example, _

We also feel that the -S. zine production may disappear except -
for byproduct zine by 2000, in spite of our reserves and potential re.
sources, because U.S. costs are becoming higher and higher relative
to foreign operations, L

us, the: U ,
and thus trending to foreign ores. With g few exceptions, such ag
offshore oil and gas, its major expenses are increasingly directed

tial issues developed to date in the study. Nine such categories of
common issues have in fact been clearly’ defined and I shall sum-

In notable i
modities that are produced and consumed. jn large quantities, the
United States will find it increasingly difficult during the next several
decades to compete with higher grade, lower cost, ang relatively abun-
dant foreign sources, ;o < ;
Our estimates” indicate that if you simply extrapolate today’s

Now, simple extrapolation is & dangerous. thing. But:nevertheless,
these are the trends, bl e Doy, ,

It is obviousl important, that we fing ways to minimize this diffi-
culty, because ofy the inherent‘advanta,ge In strategy, securit , bargain-
ing strength, economic gains and other benefits that go with an assur-
ance thatr'g,ome'appropriate. proportion of the domestic need for
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1t the latter are achievable, they are much preferable to the former
over the long term. In view of the outlook for increased competition for
available world supplies of mineral raw materials the ultimate result
of seeking to preserve a domestic productive capacity, that is not
economically competitive with other sources, promises 0 be unfavor-
able to the United States. Aside from the retaliation engendered
through such devices the ultimate outcome is certain to include further
reductions in access to the lowest cost world sources of the materials we

will need in growmgquant,mes. In other words, with this approach

the cost of raw materials to the United States will be higher than it 18
{0 other countries who don’t follow this type of approach.
‘Protectionism measures promise only higher costs to the domestic
rocessinig industries, much higher prices to the consumer and a further
eterioration in the capability of U.S. manufacturers to comp te for
foreign markets.

Technology, L am convinced, has the inherent power toimprove the
competitive position of domestic mineral sources. Fnergetically em-
ployed it will be the most powerful force we can exort. But we must not
lose sight of the fact that technology is universally applicable. Conse-
quently, if significant advantages are to be gained, they must be sought
in areas where the technology will be immediately and particularly
applicable to our domestic situation. :

TFor example, the type of low-grade gold ores discussed a moment
ago. ~ ;

An unusual mineral aggregation would be another example. Or per-
haps large concentrations of minor minerals, unusually favorable co-
product or byproduct relationships, ready accessibility, and source-to-
market relationships that gain through transportation differentials or
unusual use or marketing patterns.

- Special emphasis will be needed on advancing the development of
underground mining systems that will permit achieving costs at least
comparable with those incurred in surface mining.

We have in our country very excellent underground mining equip-
ment, the continuous mining equipment in the coal industry, in the
potash industry, the tunnel borer.

But do you realize that continuous mining, if it is operating in 2 big
coal mine, will operate only one-third of the time, because we don’t
have the capability in this system' to take the material from the mine
and bring it above ground on 2 continuous basis. So what we really
need is & total mining system which will permit that continuous min-
ing to operate around the clock. And this means 2 special system of
removing the material, of providing roof support, of providing venti-
lation. And this is the controlling step in underground mining.

We can cut coal and we can cut potash and we can break rock an
awiul lot faster than we can handle it beyond that. And for some rea-
son or other the equipment, industry has concentrated on the speed. of
cutting and let the rest of the system go.

When I was up in Coeur d’Alene they were using one of these
tremendous raise borers, and they could move through that hard rock
tremendously fast. But they had to leave all the cuttings in the hole,
because they couldn’t remove them fast enough. And so all the economic

advantages of this tremendous rock cutting device were lost..
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So we need a total’ mining system. And this. can be extremely
effective, ‘

abroad. I have in mind those operations that roduce zing, iron, copper,
and the like; al] of these commodities have arge, deep resources, and
can’t be competitively handleq today. . : :
new approach to underground rock breaking, Initially tested on
Decembervl(), 1967, near Farmington, N. Mex., is the use of nuclear
explosives to aid i the recovery and utilization of low-grade minera]
resources heretofore unéconomic or impossible to exploit. Potential
ications i in si of copper ore, natural gas stimu-
%e recovery of oil from oi] shales.
Slmllarly, attention should he directed to thoge commodities where
lower extraction costs would tend to im rove the commereia] signifi-
cance of certain domestie sources or effect; important savings when
measured against, Projected demands,
 Here, dgain, are uranium ang goldhpa/rentheti’cally, the gold chem-
istry is 50 years old. In the lagt 50 ears: there must have been some
advances in chemistry which can ge ‘usefully applied to the gold
industry. We have a study program on this at Reno, N, ev., under Tom
Henrie’s direction, and we have found some of the most exciting new
gold chemistry that you can imagine. If we can apply this to produyc.-
tion it IS going to have a tremendous effect, =
Also included here are oil shale, most of the industrial minerals

in the competitive position of domestic sources, Examplqs include zine

achieved the necessary efficiency. '
Senator Arropr, When you say efficiency in recover s are you referr-
ing back to your remarks aboyt mining 'a feyw moments ago, or the
reduction Processes? ‘ ; '
-~ "Dr Hipearp, N. 0, T am referring to tlie treatment of the ore.
8 ~Senator Aryopy, You are talking about the treatment of the ore,
P NP Hipearp, Yes, T,
~ Senator Arrorr. Thank you: S R
Dr. Hispagp. Just how many of- thegg situations thiat yield com-
get.itive superiority wil] develop during the remainder of tijg century
(depends on our willingness to make the tesearch and development
commitments necessary for the creation of new techholdgy and alse on
‘0}1311* aggressiveness in applying that technology once it becomes avajl.
able. Pt

| |
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*And, again, the must be done by industry, it-is industry: that pro-
duces the minerals, 1t isn’t the Federal Government. nd we must
recognize that solutions to our problem requireamore‘time, money, and
offort as the grade of domestic ore diminishes, mineralogy changes, an
different types of mineral deposits are exploited. Also, we must devel-
op the required technology on & timely basis to.provide for an orderly
adjustment of the economy to our changing needs:
enator FANNIN. Before this we talked about processing. Do we
really have 2 1ar%;e‘-soale proven process for converting oil shale to
otroleum ¢ In other words, have we really realized any amount of
product with any process we are using today ? ‘
Dr. Hsparp. It is my opinion that the experiments which are done
today would justify & sealing up to the point where this would be com-
mercially feasible. :

. Qenator FANNIN. Of course thisalways reminds me of what we have
done on the desalting of water. We have shown how we accomplish
it by slide rule but we don’t have any water. Does that also apply to
oil shale? v _ :

" Dr. Hisparp.. We have gone through 2 Jemonstration stage, and it
would be practical now to procede in an orderly manner to develop
the processes to full-scale operation. But to answer your question, We
do not have commercial—size‘oil shale retorting equipment.

SQenator FANNIN. Qo today it ig still theoretical to 2 certain extent?

Dr. Hmsparp. To & cortain extent. But I believe the risk is low.

Senator FANNIN. Of course 1 know they are Very competent in
water desalination, also. But at the same time potable water is being
produced at three to four times what they were predicting would take
place, and T undersand that recently they have changed the figures and
that the cost has gone up-

Dr. HFissagD. YOu are entirely correct, We don’t have the key to
scaling yet ~which will make or break the process. : ‘

Senator FANNIN. Thank you very muct, Doctor.

II. INSU*RI‘NG ESSENTIAL OVERSEAS SUPPLIES

Dr. Hisparp: In common with other‘nations we are not presently,
nor likely to become, celf-sufficient. in regard to the supply ‘of minera
raw materials that are essential to our needs. Also, in some instances
the outlook for obtaining. even & small part of our need from do-
mestic sources 18 remote. e i ,

“Clearly, in the future even larger quantities of certain items will
have to come from foreign sOUrces if demand 1is to be satisfied with-
out marked increases in cost. Included are tin, chromium, Nanganese,
tantalum, columbium, cobalt, platinum, and others in various degrees.

There is no known Inineral deposits in the United States which have
any immediate hope of satisfying much of our needs for these types O
materials. So we will continue to get these from overseas. It 1s very
essential that the overseas trade with those countries producing these
materials be maintained open and free. :

Conversely, In important instances wWe produce surpluses that com-
pete successtully for ‘markets _abroad. We should seek to retain an

expand such markets and maintain trade balances favorable to the
United States. :

e
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Coal is an example here, :

Recognizing that resources, usable at any given time jp terms of the
DPrevailing economic ang technologic constraints, are pot now, nor
likely to be in the future, present in nature ip a system that conforms
to any ethnica], political op continenta] battern, access to world sup.-
Ply must continue to be sought through mutually zidvantageous agree-
ments with friendly hations,

We are in the future going to be dependent to , large extent upon
world esources, there i o Way we can avoid it, 4

hese foreign sources should he secured when significant savings,

offsetting international_relatlonships, or domestic Investments ip for-

18N ventures, favorp reliance on foreign supplies for some appropriate

quantity with Jqatg, on domestje mineral resoyrceg, Further, undep cer-
tain circumstances, we should pe brepared to brovide technology t,
establish and insure foreign supplies which gre essential to our pe.
source bagse,

I emphasize here, I am not Suggesting that We provide technology

g to provide the technology which will minimjiyze the total cost to us.
enator Grurnryg, Dr. 1bbard, the State Department has various

types of attachdg and ambassadops, Couldn’t the economic attachés pa
asked to Supply this information concerning foreign mineral pro-

Dr. Higpagp, Yes, sir: that 18 possible. But it js my  persona]
opinlbnf—and this may not be the quartment’s View—that what ig

If we have eight or nine of these key people situated around the
se it with

relation to the United States, we wil] get the kind of Information we
really need. At the moment Wwe only have g few mineralg attachégs any-
~ Wway. They are 'becoming extinct, ,
ising ‘economjp development throughout the world wil] inevitably
stimulate demand fop Minerals in other countries, tending to Iimit
the quantitieg available on worlq markets and tq increase cogts, More.
over, for some commodities mogt of the known reserves lie in Clom.
munist countries, ' e
~ We know from Past experience that, in timeg of‘national’emergency
When access to world sources g restricted, it is possible to ‘work do-
mestic deposits that otherwise are noncommerecia] We also know that
to do thig requires vast standby or multipurpose investment ang pro-
- duction capacity, which is expensive to acquire and difficult to encour-
9241363 g
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age. The only alternative is to hope that such situations afford us
sufficient leadtime, and that capital will materialize to support devel-
opments that have uncertain long term economic aspects.
1£ you look back at World War 11 we decided to groduce aluminum
from clay. We have plenty of clay. But if T recall t

produced about 50 tons of aluminum, and none of it was satisfactory.

Tn other words, the 4 years of World War 1T was too short & time
to gear up for aluminum from clay production. And this is the prob-
lem. We can’t suddenly switch from domestic production on an
economic basis if our supplies are cut off; we have to have leadtime,
5 to 10 years. And if we don’t have it, we aTe likely to face 2 crisis.

Senator ALLOTT. ‘Along the lines of what you have been saying, DT
Hibbard, this may not be true 100 percent of the time, bub it would
be true that in every instance that we have been caught in 2 national
emergency, and have had to increase the supply of minerals from
foreign countries, we have been caught in the box of higher prices,
haven’t we, almost entirely ¢ There may e one or two exceptions, bub
this has been generally true. '

Dr. HIBBARD. Yes; that is true. Shall T continue [/

Senator GRUENING- Please continue.

Dr. HIBBARD. We understand the need for stockpiling as & security
measure but we must not let our present favorable position in this
regard obstruct our understanding of the significance of assured over-
seas sqpplied in meeting the growing domestic needs for many critical

materials.

JIL. ACCOMMODATING TO CHANGING END-USE PATTERNS

The third important ared is the accommodation t0 changing end-
use patterns. )
Those of us associated with the mineral industries must remain

alert to the supply roblems inherent in a continuous changing pattern
of mineral demand. We must provide ourselves with techniques that
can be applied to detect the “mminence of change, to estimate its
magnitude, and to reduce the potential hazards it represents to the
nation’s economy and security.

The demand for mineral raw materials 18 constantly shifting in

terms of quantities, form, and substance, and the supply 18 subject
to similar changes in quality, abundance, and source.

Reflect for a ‘moment upon the dramatic examples of changes in the
attern of demand for mineral substances over the past few decades.
‘At the beginning of this century We relied almost wholly upon coal to
satisfy our energy needs. The significance of petroleum and natural
gas as predominant energy SOUrcCes has materialized subsequently
Syer a very short time frame and the appearance of nuclear energy
is so recent that its future in the total energy picture continues as 2
favorite subject for speculation. Similarly, & %ost of new minerals
and metals have become important items of commerce only during
very recent years, and even more dramatically, the way materials
are used and synthesized has changed and progressed repeatedly. A
fow metals like iron, ‘copper, lead, zinc, mercury, gold, and silver
made up the basic items of commerce for centuries. Bub since 1900,
the growth in significance of metals like aluminum and magnesium

EESETRERSEET



foretell significant chan es 1 demand dpatzterns.
his is the other Wevaﬁness -disclose:.

Demand forecastg still flounder in an atmosphere of vague genera]-
ities and seldom, inspire the needed support for positive an, timely
action, This Support 1n ps rticularly difficult to generate during periods
of prosperity. As humans, we teng to respond only when the house is
on fire, :

It is imperative that we work continuously to Improve our capacity
for isolating, appraising, analyzing, anq correctly forecasting events
that could si‘gniﬁeanvtly alter supply-demand batterns, Only in tthis
way will we be in g position to initiate actions that can minimize the
imgact of change,

ur most critical analysis must be directed to situations where im-
mediate changes in marketing specifications threaten to upset tradi-
tional sup ly-demand relationships, By way of current, illus’tmtion,
the impenging changes in end-use batterns of fossil fyels dictated by
4 general concern with air-pollufion problems promise significant
changes in marketing Patterns. The ful] impact of marketing con-

nd this cannot be accomplished without invcreasqd and continuing
efforts to improve for‘eca‘s‘ting techniques and to provide basic planning
data. - ‘

submarginal materials which have to be developed in the future,
Item 5 pertains to creating technology o minimize reliance on con-
ventional resources, :

I could put this in the record too, I could Summarize it by saying,
the subject Includes, for example, the possibility of recovering the
minerals from, ithe sea. There is a wide diversity of minerals there, And
they are not, proprietary to any country. So if we conld develop the
technology to do this, then our minera] s:up]loly problem would be co.-
siderably reduced. Or if by the use of nuclear fission, we could find
inexpensive ways of treating minerals which are low in value, indi-
vidual val ues, but cover a wide range, These, too, are the great hopes
for this area,
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T am not too optimistic about this. But this is one of these new pos:
sibilities, and, therefore, we can’t ignore it. w ' :

Ttem 6 is stretching material supplies. : F

Actually this directs emphasis to the subject. of recycling. If we
could recyele all of the metals and minerals and commodities which
we use only. temporarily and then discard With?obsoleteequipmenﬁ like
old automobiles—or like this circuit board with its gold, for exam-
ple—these items would constitute a substantial source of new supply.
We don’t really know much about the quantities sinvolved. We are
making studies right now tofind out. : i

- Senator ALLOTT. Could I ask you a question on that? You indi-
cated, when you showed this serap cireuit board tous a few moments
ago, that there were great; numbers of these that are just having to be
abandoned. ; et

Dr. Hisparp. You see, what happens, this cirenit board 18 full of
components, transistors and- resistors, and so forth. This ends up in
a surplus store. There is one in Washington, by the way. You can go
down there and buy this plate for a quarter. The hams buy the plate
and remove all the transistors and resistors, becgause there may be $20
worth of them on there. And this is what they want for their cireuits.
But they don’t realize that there 1s more than a quarter’s worth of
gold in the board. i

Qenator Arvorr. That is what T was going to agk.

Dr. Hipearp. And so they normally abandon it, they throw it away.
We are making a survey in the major cities right now, as part of our
next step to find out just how much of this gold electronic scrap 1s
available. It must be very large. ‘

Then we will have to find out if there are ways and means of col-
lecting it. :

You know, some of this has shown up in the incinerator fly-ash.
We had a study of fly-ash from seven incinerators in this area, and
we found gold in that product. Somebody probably bought some of
these plates and took off all the transistors and threw the rest in the
wastebasket. , i

The other part of this subject has to do with' the design of more
durable goods. If we could double the lifespan of refrigerators or
automobiles or the things that are made of minerals, this, of course,
would measurably reduce our annual requirements for these com-
modities.

Or if we knew how to synthesize certain materials, we could reduce
our concern for certain shortages. All of these approaches would
stretch what we have, and make it last longer and go further.

Ttem 7—and, again, I would like to put the text in the record, but
just summarize it by saying, this looks at certain resources that we
have a lot of, but don’t use extensively. Boron is an example. We have
oot lots of boron in the United States. Tf we could find some Way of
using boron more extensively, this would be an example of employing
a good potential. : »

Oil shale is another one.

We have a superabundance of magnesium, silicon, and many of the
common elements in the earth’s crust. 1f we could learn how to use
them, that would relieve the gituation and provide a basis for vast new
industries. pEi
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e Goingon:toritem 8—and, again; if T may put the text in the record,
and summarize it—this pertaing to resolving resoyrce conflicts and the
Place of minerals in true multiple land yse, € are more and more
concerned about air pollution, water pollution, and mined land restora-
tion. We have got to learn how to retrieve our minerals from nature,
and at the same time restore the land so that it can be used for other
burposes. r
And thig is goirig to add a cost to the mining operation, And, hope-
tully, that cos‘t,ﬁrﬂ%be recovered by the subsequent, valyeg of the land.
And then itém 9, which is extremely iinportankagain, if I may put
the ful] text in the record and Summarize—item 9 iq conserving man-
bower. There ig 5 great shortage of mining engineers and minera]
engineers and ap uncertain supply of skilled labor and operators,
you will look at an increase of 50 percent in oyr requirements for
minerals, thig could mean at Jeast an increase of 50 percent of oyp
requirements fop mining engineers, Oup preliminary appraisals indj-
cate that these people are not forthcoming. And, in addition, thepe
are impending shortages of workers at the mine face and in the millg
and smelters, i
Somehow op other we are going to have to find ways ang means for
producing and attracting thege beople, or find ways and means of pro-
i i i gich, but it is a tre-

These, then, are the emerging issues which merit the mogt serious
attention, While some of these subjects are beyond the Immediate re.
sponsibility of the Bureau of Mines, none are outside the interest of
this committee, and T gy, certain these vitg] matters will receive your
serious consideration, - ;

LCquiring the skills that will be essentia] to accomplish the techno.
logical advances brescribed here bresents a major cha,llenge. Profes-
sional capabilities in thege areas are limited noyy and are likely to he
wholly inadequate in the future if an effective meang of developing
the necessary talent and attracting it to these problems is not fopt}.
coming. The outlook sugpests g critical need to increase the number
of engineers, economists and executives knowledgeable in the minera]
field and a way to attract theip skills to these issues, -

In my opinion, the Suceesstul application oft‘e‘ohno]ogy to meet the
mineral demangg of the future iy the most recurring theme ip the
appraisals of the brojected supply-demand relationships. Unti] now,
the industry’s ability to keep pace with growing demand through the
application of ney and improvyed technology ig Impressive, indeed,

However, we oW see two trends emerging which il have far-
reaching implicationg for the future of Our mineralg Policy. Ag shown
in tthe chart, the mineralg industry added, in 1966, another $1.3 billion
of capital to the amount  already invested in overseas ventires, Lately
we have also heen Witnessing semieg of “marriages” within the minerals
field. Severql companies are d‘ive‘vsifying and others are ‘in\’tegm‘ting
their activities, hot], horizontally and vertically, The petroleum com -
panies in particylay are expanding into ithe ‘tomLen'ergy-supp]y busi-
ness as well as acquiring interests In nonfyel minerals, It is he.a‘rtening
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to know that the potential for capital investment represented by the

healthy fnancial condition and the earnings of the petroleum com-
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anies is to become available for the advancement of other sectors of
the mineral industries. However, two questions face us:
1. Will this potential be invested in advancing the urgently
needed mineral technology *
9. What share of it will be invested in other countries

1 believe that these questions should be thoroughly examined if we
areto chart a rational course for the future.

Incidentally, in the past couple of months the tendency toward
merger has begun to disappear. There was an article in the Wall Street

Journal this morning which noted that some of these proposed mar-
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riages just didn’t ocenp, And this, they say, is an indication of times
and caution, :

More-over, assured access to developed sources of some of these minera]g
is at times questionab]e, s

Also of Significance to the solution of critical mineral-supply prob-
lems fig leadtime, Tt ofiten takes 5 t 10 years to bring a new Ininera]
deposit inte Production. Thig is a factor that is we]] understooq by
those who work in the minera] 'indu/s‘triesz but too seldom appreciated

millions of dollars pey venture is required. o

e know also thai Wwe often lack the kind of information that ig
needed as the bhagig for mineraladevelopmen*t decisionsg, Knowing thege
things, we mysgt move forward Purposefully to deyigg new and more
sophisticated brocedures for acquiring and evaluating the information

for upgrading them before smelting anq refining can make the ygse
of leaner substances technically ang economically feasihle, We must
learn how ¢ explore for minerals at depths, and to develop methods
for finding and extracting minepgJg in the deeper layers of the earth’s
crust, and from under the seg,

Still another tremendous ¢ Portunity fop easing our minera,]-supply
Problems i off red through tﬁ)e Improved recycling of Serap and wagte,

© must learn how t¢ mine oyr Serap heaps and iy, ards for the

valuable metals that they contain, Substitution of g undant materialg
for those in short Supply also can be Practiced far more effectively gg

pared statement follows :) St

v, DIVERSIFYING PRIMARY SUPPLY PATTERNS

Parallelling the need tq forecast and understand the implication of changing
demang Datterns ig 4 necessity fop convtinuougly redeﬁning commercial ope re-

Although past improvemen'ts in extrac:tiou and Dbrocessing wohnobogy ‘have
made it Possible to recover ang employ mineralg from loWer—gr:ade and less aceeg-
sible ‘sourceg without significant inerease in unit costs, the exterit to which the
traditional domestic Sources cap continue to ‘satisfy increasi'ng or changing de-
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in favof of higher—gmde, more accessible, Or more ’pvoﬁbable:«attémabives.There is
little uncertainty with regard to the existence of substantial quantities of almost
any given substance. But the uncertainty. of jncreases substantial‘ly when one con-

siders he mineral forms, or the associated products, ‘and such factors as location, '
accessibitity, and the costs of extraction and processing: : o :

v. CREATING TECHNOLOGY TO MINIMIZE _BELIA,NCE ON CONVENTIONAL BESOURCES 3

Instances are. seen where advances in technology-vvould‘ gignificantly contri
pute to mininizing reliance on convemmn:al raw material sources to which, be-
cause of polibical', geographic or physical factors, access in the.future may- be
restricted, uncertain, unreliable or otherwise potentially inadequate. C
Some observers have stated opt,imistieally ‘that with the advent of cheaD
puclear energy, even common rocks, such as ‘granite, would become wore? and
supply unlimited quantities of all metals needed by jndustry-. And there are
those: who conclude that, because ‘sea water contains virtually allvthe:ehemieal
elements, the oceans will at some future time become 2 cornucopia of metals.
.1. cannot embrace such optimism, even though T will admit that the solution
-+ of future minera apply ‘problems lies in devising a‘practwal universal gystem
for directly reducing any substance into its usefutkeomp(ments- at a very low
cost. If this can be acc@mplished, our current‘deﬁnﬁtions of «pegources”’ will
disappear. 1 am not greatly concerned, however, that we need to meddle with
these definitions, at least for the yemainder of this century. 1 saythls.be«cause,
as in the case of common rock as “ore,’ the appreciable differences m‘phySi;eal
and chemical form of the compounds containing the 1ow‘eqncentrat' on of metals
in these 'Tocks would require 2 vastly new and: compleX technology to extract
them. Consider also ‘the huge quan'tities of unus’aple,waste : that would _be-

tal. S :
Neverthqmss,.ﬁhse existence of these obstacles should not stand.“in'the way

“of
an aggressive quest for at least partial tee}mological achievement in areas that
are .pmmising, Many. copamon substances, low in mineral content but abundant
in‘nature and bm&dlydisatﬂbuted, and envmonments not. fully. explored or hostile
can be commerciany exploited with only modest advances in es ablished tech-
nology or with.more ingenious ap Jication of known principles. o o

LWL STRETCBING MATERIAL« SUPPLIES

We can expect, during the emainder of ‘this century, to continue to meet our

material needs in several ways: hrough primary production ‘of mineral TaW
materials; by recapturing gecondary materials in reusable forms, and by extend-
ing the useful life spans of \miner‘ayl based products, reducing ‘dissip tive uses
and waste, using materials ever more officiently throughout ‘the px‘odiwtioﬁ’-
cotisumption cycle. e A R [N
To make weaningful progress in gtretehing our faterial sul plies e must find
new and better ways to minimize the need for primary materials through recycl
nt osis, substitution, 0% ‘conversion, cant reduce 2 drain on

Many of the ever-m'creasing variety of alloys that end up as serap continue to
accumulate in junk piles for lack of extractive: methods to geparate and reclaim
the metals they contain. This problem is cOmpounded by the fact that many of
‘these alloys—some containing ‘metals in critical supply-—-were developed  t0
resist just such conditions a8 are used by the extractive mxeballurgi%st/in'making
‘separations. That is, they are extremely refractory’ and‘eorrosiionrresigmnt to
most chemicals. Gt S T :
We will be able tostretch our resources: much ‘further when ‘we can properly
design systems. that: willzextend the lifeiof pro’drlmts;ﬂmake' easier their me inte-
nance and repair; and/or gimplify the salvage of ‘metals. We must cortinue 1o im- -
prove our tochniques of solid waste ‘management. BY this, 1 ‘mean that thirough
teehm-ology. we must strive to achieve optimum recovery of all‘meftal“and' mineral
values-during ore extraction and process;ing. The emphasis here ig on-saving’ the
mineral valuesy .thereby‘redue'ixig the need for future retreammnt.of wastes: ‘Ma-
terial su lies can also be stretehed by finding ways 40 use ‘relatively apundant
minerals, rather than relatively searce ones, to-meet our needs for a particular
commodity. - : G Ce S R L GO Tl P

t
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The manufacture of usable minerals by artificially: duplicating the conditiong
t’h_at result. in their oceurrence in nature is sti‘llyanother means of extending

and metal Products, Additional approaches to material supplies include using
several different minerals to supply ‘a partieul.ar'commodi-ty need, and improving
materialg engineering so gg to provide new Substances with unusual properties
thereby reducing overall material requirements, - o

VIL. EMPLOYING THE LATENT 'POTENTIAL,

Many mineral-formirng elements and aggregations oceur in sueh abundance and
are so readily accessible and widely distributeq that regardless of demand ‘they
arg essentially inexhaustible, Neventheless, there ‘are technologic DProblems or pre-

: The research emphasig should be on new applications for these Dlentiful ma-
terials rather than on their utilization ag substitutes in competition with tradj-
tional materials in established marketg, : s S

VIIL: RESOLVING RESOURCE CONFLICTS

that has been damaged by surface mining, Finally, we must improve mine-fire
control technology, to Dreyvent the needless. waste of coal resources, the destruc-
tion of ‘Droperty,. and the formation of noxious ‘8ases that menace humans, anij-
maly, 'and plant 1if X o R ) : k
Attainingr these objeet,ives will not, of course, provide direct economic gaing

to itidustry. On thefeﬂn:trary,"they will‘frequently’ aqq costs/that swill probably
haveg, té’-be;pas:,sedfqalsta ‘consymers- in oneé:forim 0L - anothier, ;INeverthexles's,.f’ the
i i Dation’s. demands for minerals anq metals

ot be tre 1 environmental threats that stém from the mining,
treatment, o use'of ‘any mineral substancé and Wwe must seek to minimize the

We must’ apply tééhnology wisely and. eﬂ‘lcientl'yfso‘tha,t the inineral n_,eédfs‘ of our
jndustrial, economy can, be Supplied while maintaining the quality of our environ-
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1X. CONSERVING MANBOWER.

Aside from the universal problem of acqui‘ring;the scientific and technologic
capabilities that are esgential to all of the foregoing subjects, on of the key fdc-
tors in providing the growing mineral needs of our nation in the years. to come
is the availability of manpower. The industry can meet. these mineral needs only
as rapidly and effectively as the men in it can produce the necessary raw mate-
rials. So,in a very real sense; adequate resources of skilled manpower are as es-
sential as proved mineral reserves and the techniques to extend these reserves.

These Manpower regources are limited today and all jndications point to con-
tinued shortages, despite industry’s recruiting efforts. It is evident, therefore, that
we must conserve these human Tesources. And we can do this by strengthening our
ability and jntensifying our efforts to assure safe and healthfulvwarking condi-
tions. In doing 8o, we will encourage those already employed. to continue Work-
ing, and at the same time we will provide incentive for promising young men. to
join the production team. ;

Through the combined efforts: of industry, and the Federal and State Govern-
ments, notable achievements have been made in promoting safety and. protection
of workers. But we must never forget that this effective cooperation is only part
of what is needed. Safe performance of a job, like efficient performance of a. job,
requires the energy, the conviction, and the wholehearted commitment of the in-
dividual worker. Moreover, safety demands continuous attention; constant co-
operation by all concerned is essential to assure the: protection of the man on the
job. His well-being is: the goal. He must share the responsibility, and the pride,

“in attaining it. We must work energetically and um:emittingly to promote this
responsibility and pride if we are to conserve the yaluable human resource SO
necessary to the fulfillment of our mineral and metal needs. i

- Senator GRUENING. Dr. Hibbard, thank you fora very m gnificent
and comprehensive and important statement. , ‘

I have one or two questions T would like to ask you.

What is the role of Government vis-a-vis private industry in fore-
casting future needs? = : - :

Dr. Hmsagp. I think the Government has a major role, because in-
dustry forecasts generally are doneon an individual commodity basis:
And ‘generally, they look at & specific, narrow area of the mineral
economy. 1 tKin’k only the Government has the capability and the
broad interest to do these broad types of forecasts. . ;

Now, I think these forecasts should be made available to industry,
and then they can use them as a basis for their more focused fore-
casts, which are concerned with the particular business which 2 iven
corporation is in. But I think the Government must provide the asic
information. : : :

-Senator GRUENING. What more i8 needed than what is being done
now to enable the Government to fulfill that role? It seems to me that
if it is essentially the role of Government to open the doors of in-
formation and to explore the possibilities so that industrycan take
over, how much more should the Government be doing? Should there
be a separate branch of the Bureau of Mines to do this, or should it
be:done by——

Dr. Hisaarp. We actually do have 2 separate branch in the Bureau
of Mines to do this. But, sir, the problem is in two areas, First of
all, we do not have the inte;rnational‘capabilities. T think that the
Bureau should be authorized to expand 1ts data-gathering resources
to overseas, at least to the key overseas mineral areas, SO that we can
have the same degree of accuracy, the same degree of detail, the same
degree of sophistication with respect to our knowledge of world re-
sources that we have with respect to our knowledge of U.S. resources.

The Bureau does not now have this kind of authority, in m opin-

jon. And I believe this is very important. These people should be on

ORISR
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the Bureay Payroll, much g5 the agricultura] ‘People are around . the
world, and they should be stationed at key embassies, . ‘) Sy
enator GRrUENING, T wonder whethep you would be willin to sup-
Ply us with 5 little outline Dbrospectus for sych an agency. hen, we
will see if e °an get action on jt, e : ’
Dr. Hrgpagp, I'would be very happy to Supplyit. w
Senator GrUENTNG, We would like to have 1t 50 that we can get gc-
tion in thig Congress, P, , :
. Or. HiBpagp, Thg other areq in data, gathering where We are weak ig
In regard to end-use materig] Patterns, We know in general that g
given substance’goes into, say, the transportation industry, But we
must know mepe Specifically how it is used. so that we. can. Project
changes in end-use patterns, T ey
oL example to go int, an.area in which I gy , ‘a,rtioula,vr:y acquainted,
there ig NOW a tendency ¢, use fiberglas or reinf i

So we also need morecapébﬂityin thisend-"use area. . i
oW, again we are talking g out world eng USes, not just Uniteq

ng: We have , program
Wwhere we are getting Samples of a]] the large waste dumps and tailings
 piles in the United §tat®s. And we are analyzing thege Materials to sen
whether or not, they might pe reworked and disposed of that way, We
are also analyzing them for other uses, like making brick And then
astly, if we find that neither of these two will work, we are trying to
find ways ang means of growing Vvegetation on thep, So that the pro-

Incidentally, I always hapk back to gold. We foung in the Grass
Valley areq of Californig Some tailings pileg which haye enough gold
in them to make it worthwhile to réwork them, ,

But this Program in my o inion, is yet, being carried on tyith the
urgency it deservas, This is fgr Mmore urgent jn My opinion than the
modest resources we have been able to bring to, bear on it would infer,

enator Fannry, Thank you, Doctor. I do Want to say that, as you
110w, the committee members werp very elated when, Jou came to the
Depa,rwneut and when You took over the 'director»ship of the Bureay of




—

48

Mines. And we gre very sorry 0 5€e you‘lea,ve'.‘Wei hope youwwill con-
tinue to contribute t0 the work that tsinvolved. o
-~ Pr. HiBBARD. T am really not leaving n spirit, and T will be glad to
helpin any W&y Tcan inthe future.’ i £ N
enatior FANNIN. Thank you very much.
Senator GRUENING, S‘enatoruﬂansenz e ~

- Genator HANSEN. Thank you; Mr. Chairmant’ 70 L :

_First of all, let me join with My colleagues, Dr. Hibbard, 11 congrat-
ulating you on an extremely important ‘_1a,ndmark statement. L just,
think 1t 18 oxtremely easy in this day’ of ‘gevere ;compétitmn for head-
Yines from the pressand other néws%mgdi@ to overlook really tremen:

dously important statements. Andl think you'have made such a state-
ment here this morning. We are going to have to take this statement-—
T am, certainly, going to take it back to my office and read it and Te-
read 1t in order to get the ¢ull import of your many reflections on the

sensitive and interrelated jssues that concern our ‘domestic minera’s
and: fuel policies. They ai'e»’r:elated-a-—yod brought that .out.’And T can
say that my great regret in your Jeaving the Bureat at this very crits
ical time 18 certainly heightened by the fact that those of us who
would like to help with the formulation of «a policy, 2 Federal policy
{hat will come to grips with these problems, are going to feel some”
what lonely by reasor of your departure. And I hope that we can con=
tinue to have the great penefit of your observationsas time moves along-
1 don’t mean to put any words into your mouth; But it seems to Mme
that while you have given a very low-key and thoughtful presentation,

there 18 throughout 1t the expression of a sense of considerable ur-

gency about the future health of our domestic minerals: and fuels
industries. And this urgent need for better .Govemment }ilanning and
understanding is, if T Tead your Vviews correctly, certain
by our present balance—of-payments ovisis: Would 1 be correct 1 as-
guming that you are telling us that we have not done very well in the
past in creating an intelligent minerals policy for this country, and
that our Government nust act, and-act quickly as well as intelligently,
if weareto make up for this deficit with a meaningful policy that wil
ive us the security, that will give us the economic viability, and that
will give us the independencé that T think we all cherish s0 much?
 Pr.'HIBBARD. T think, first of all, that I order to make intelligent
polic' you have to have a sound knowledge of the situation. And this
i what this study has attempted to provide: T believe the kind of in-
formation needed to make policy has not been available. I think it 18
now available. And I think the gituation is urgent. And I think we
now have'a basis of doing some things that need tobe done and done
promptly. And 1 would certainly recomgnend that'a very high prior-
1ty be given to Jooking at these problems i depth, ‘and to' Jetermining
what the policy ghouldbe. =~ ' e R
With respect: to the Bureau of Mines, I want to say ‘that this is
not a single man’s effort. We have a;tremendous team of people.
These are two of my colleagues here. And here behind me are some
more: This top 'management*group is'a ma‘nagemerit group n the
same ‘sense that industry has 2 inanagement team. And these people
are ‘eapable, they are knowled'geabl‘e, they are c‘anpétent;,;and they
have the desire to keep on following this apptroach to the Bureau’s
: problems. ‘And I think you are going to see & continuing emergence of

- m—m s
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the kind of information, the kind of presentation, the king of advice
that Yyou will need to formulate sound legislative Ppolicies with respect
to this ares,

Dr, Hibbard"is go vitally interested. He has certaj Y glven us g
great valediction here this morning, and I compliment him very
h

They are Anthony Bertsch, Assistant Administrator, Business anq

ices Administmtion, and Henry C‘allaway, of the Office ‘

- of Metals and Minerals, Would either of you like to make any con,.
mentsg ¢ : '

Mr. Brroson, Mr, Chairman, we don’t have any comments, except
that T would like to join the committee in commending Dy, Hibbard
for the excellence of hig statement, anq also, incidentally., to com-
mend him and hig staff for the kind of Cooperation they give to the
Department of Commerece, ’ ;

enator GRueNTNG. Thank You very much,

We will now stand adjourned. ; ’

- (Whereupon, at 12 15 pm,, the subcommitteg adjourned, subject
to the call of the Chair.) ,







, 1y of the Bureau of Mmes studies to which Dirzector :
Hibbard ref rred in hig ora,l"pl‘e;sientation “_foll_ows:) e

i ;

" (The sumin,

ALoMiNoM

lumiy ty, including bauxite, alumina,
cing‘faeilﬂties,“is high, anq the investment requirements‘make
‘ »'pany to enter the industry, Since most ' companies: gye.

t of an alum“iﬁ,um;prdauqing facili

t,heeconomic ,disadvantages of bresently knowy techno’lo’gy (about
alarge measure of attention. - P B o s
The Bayer“pmeess or nmdiﬁeagtio,ns of it ig the stand,arq ‘means’
United States for reducing, bauxite: to alumina.’,‘Mapy; small, im
been made oyer the years unti ‘today there appear to be. very
for improying. the process, except. by .modification, of materials !
-ment. and improved heat, recovery, Similyarly{,in the produétion}of Vmetal_fmm
alumina, the fey Promising areas fop , qrthe)r»,,tecbnolq”givcal improvement are’
lowereq Power: consumption. by additions- ¢ ,substancesjto;f the ele
direct reduction teehnologies,' use of new pa;thodeleads, new ce
and finding g Substitute for, Detroleum coke ‘that is comm
‘in. the reduction Drocess, Carhon consumption varies, but, i

als

nly used for anodes
I general it iy an ip).

bortanticost element in the pro uction, of metal,
b

7 Most: secondary aluminym, 18 recovered ag mill SCrap where the composition is
known ang very -li rt«}qu,ired,;,@th@rzalummum secondary mate-
rial such ag scrap f d equipment 1s melted down and
made into aluminum > LOT use in casting, ‘Considerable quantitiés of
aluminum’ gre DPresent i are scrapped, wasted, or discardeq, only

a portion ‘ot Whieh“m’:e?gﬂgetively‘,recyelediszn comnion with 4 varjety of other
Suog iy g ey o IR A h g (51,), EERES. ’u::«,r Bk ¥ h fand ‘“\
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metals, secondary recovery practices and techniques need improvement poth from
the conservation and waste disposal viewpoints.

Land-use conflicts would accompany any jarge-scale employment‘ of domestic
clays as a primary source of aluminum. Similarly, Jisposal of wastes that ac-
cumulate in quantity sjncidental to the production of alumina (red muds) pose 2
present problem that will pecome mMore critical with time.

ANTHBAGI'EE o

Anthracite is an energy soureewwhtich-vhad been used in great amounts. The
high cost of mining due to unfavorable geologic conditions along with the avail-
ability  and eonven‘ienee‘of altemat{ﬁe‘ifuels..havq substa. tially ge,duced the de-
mand for anthracite. As,,pn;oduction drops, mines cloge and become inundated,

clean-burning fuel which may be in greater .yd'eman‘d as air pollution restrictions
pecome 1ore widespread. ' )
in;

Ess’e'tia.ny the emergl g jssues of the)anbt‘ifa{dte jpdustry and region are

poltuted with acid mine'vyatef must be purified spoil

now and will remain until ;:emedial action is taken. The urgency is ‘that of
nearly two million people Uying in a region with a sub-standard economy, yet
a region which has ‘much to offer the nation. L . i
The production of anthracite is centered in"a\l(}county region of eastern
Pennsylv\anim'fhe economy of this region haql\;beed‘heavﬂy dependent on the
of -an S mand for anthracite faltered, the

-regional economy stagnated. Along with the drop in production, there was 2
reduction in the labor force. A stagnant weconomy‘ coupled with fewer employ-

area has great economic potential——it is close to large markets, has 2 gurplus
1abor force, and possesses an ample supply of water. But before the full potential
of %z;rea can be realized. the residual effects oflpast,mﬁning practices must be
o ‘ PO Ing QrETH s

ANTIMONY

~ Major periodic variations in demand, uncertain foreign supply,'the nature
of erqsiti_oil that limits the extent Of reserves at single sites, and economics
untavorable to domestic production produce an uncertain primary supply pic-
ture, Defense pequirements contribute to the fluctuating demand but are modified
by management of the national stockpile. Also, ‘secondary metal is jmportant in
meeting requirements with about 50 percent of the current demand being met

as a bypro’duet in the refining of base metal and silver ores and adds a recogniz-
able jnerement to the ‘economics of the refining O erations. Little opportunity
ig seen for jmproving upon: current practices. - SR )
Secondary metal, already the source of much of the cur ent requirement, is
so important to the projected supply paut;cfm that any improvement in the re-
other metals gubstitute satisfacﬁoﬁly
cost er with minor ‘inconveniences peing the
factors normally favoring employmecn’c‘ of antimony. The technology and eppor-
he.

1 ng metals will strongly jnfluence the anti
mony requiremet}t and use pattern. This applies partiéularly to copper, mercury,
titaniom, 1ead, zinc, chromium, zirconium, calcium, pismuth, and various organic

ARSENIC

The mineralogical association with copper, lead, cobalt, nickel, iron, gold, and
gilver relates the production potential for arsenic to the refining capacity for those

Ll e
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mpounds ig complicated anq’ relatively ineflicient. Processing Improvementg
brobably coulq be made, put the low price. and 'ﬂuctuatmg market, coupled to
i | ‘ Tages investment in plant improvement ang
'~pro'cessdeVel‘op£ti1ent. O PR 0 i
oecause of dty toxje bropertieg, arsenic dispoga] ‘Dracticey deserve continuing
attention. Ag one of the contaminanty in smelter staek gages, improveq control

is a factor in the,over;all DProblem of minimizing air pollution and effecting better
waste disposai Systems; } T EEE - e
R - AsBEgsTOg : ‘
- The Uniteq States ig the ‘world’g largest consumer byt Supplies only approxi-
mately 15 bercent of jtg requirementg from domestic sources, The term “asbestos”
applies to g variety of natural oceurring minera] fibers, some tyves of which
“have important defense ang Specialty eharacteristics. ﬂomplete‘dependence upon
foreign Supply for some types ig minimized by adequate:stoekpiles but poses
long-term concern, In view of past unsuceessful ‘incentiye programs designed to
encoux:age domestic development‘ of the more Strategic grades of asbestos, the
T, i

The Uniteq States ig the worlq’y largest consumer, and while it Produces aboyt
a fourth of the world output, it iy spig a large importer, Barite ( Bag0,) is the
mineral form most important in commerce, Consumsption is a direct factor of the
need for weighteq muds in oil and gas wel) drilling, with over 70 percent of the
demand stemming from thoge activities, Resourceg are a'bvundiant'anid widely
distributed. Loy COSt of barite brecludes the employment of substances that
might ‘otherwise be used ags Substitutes in the drilling muq market., The uses for
which there are no bractical Substitutes are minor gt pbresent in terms of the
abundance of the commuodity, However, inquiry into the production of various
barium compounds with properbie«sf that promise theporssi'bility of future large-
Scale markets hag Some attraction because of the relative low cost and avail-
ability of barite, Tn barticular, g potentinl’éxi"sr’t@ foran apprecifafbleuse of barium
- chloride ‘for water treéatment and watep Dbollution abatement ¢ a lower cogst
- method is developed for it manufacture, .

Although 0re reserves ang Drocessing technologies are adequate to Insure ampie
supplies of barite, barium compounds, anq chemicals fop many years,
process efliciency anqg better beneficiation methods could improve recoveries and

Because of cost and technologie limitatfons, the only present commereia] source
of beryllium ig beryl, hfand-eaﬂhed iti ion in
Only a fraction of the domestic demang 18 derived from United States Sources,
Worla reserves of beryl are not thought to be very large, but othe'r‘beryllium
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improve the domestic supply position. Some pra’ctic&ble,mea;ns ghould be found
for winning peryllium from such low-grade gubstances. i
Beryllium and its ‘compounds have certain unique properties which, jrregard-
less of relatively high cost, promise & growing and diversified applimtion in
special and critical end uses. Presently, bery‘llium-coup!er alloys ‘and peryllium
metal are the princi forms. A emall quantity js employed in the ceramic
and ch cal industry. periodically, real or jmaginary promises of new volume
uses spur unusual industry activity both in the quest for better sources and for
' processing low-grade ores and ways of jntroducing 2 concentrated
product to 2 trade geared traditionally to hand-cobbed peryl. These periods of
jnterest have usually been of short duration and not very productive in advanc-
ing the gtatus of the nontrwdirtion!al gources of potential supply. A modest sus-
tained interest wiould be more effective than the hot and cold approach of the past.
The high cost and some processing Jifficulties have limited the emtployi_nen_t of

ties of peryllium are jdeal to many new product and use concepts.
The toxicity of beryllium complicates processing techniques and end use ap-
plications and adds gubstantially to costs. .

. BISMUTH

Bismuth minerals rarely occur vnaturally in sufficient concentrations to permit

commercial exploitation as a primary objective. They occur frequently in minor

.~ amounts in lead, copper, tungsten, and gold ores. Most ‘domestic produci:ion

results from the treatment of lead smelter products, and the rate of produc-
tion is a tactor of the smelting capacity. In recent years new uses have sub-
stantially increased "demand for the metal and shortages bave peen avoided
only by & drawdown on producer’s’ stocks and through allocations. The byproduct
pismuth is a measurable benefit in the economics of some smelter operations, an
it is presumed that this provides sufficient incentive to promote effective recovery
and efficient extraction. As 2 relatively high cost commodity with expanding
applications and a supply not § ibject to much independent expansion, it would
seem appropriate to seek instances where other commodities might satisfactorily
substitute for bismuth. !

Domestic supply cou. a be adversely affected by the depletion of certain base
metal deposits particularly rich in pismuth. Because of the minemlogical dis-
tribution, pismuth production is not necessarily fixed ratio to the scale -of
smelter production. Presumably, the same conclusion applies to other world
sources. In light of this eventuality, the bismuth content of ores likely to be
commercially attractive in the future should be studied to gain better advanced
knowledge of pobential supply problems. @

Better \technological data are needed on the behavior of bismuth during lead
and copper processing, on the pismuth content of various smelter fractions, an

on the overall recoveries attendant with pismuth extraction.

BITUMINOUS COAL AND LIGNITE

Changing demand for pituminous coal had prought instability and economic
phardship to the coal jndustry. Recently demand has exhibited moderate but con-
ssistent jncreases bringing 2 measure of stability and gelf-confidence to the in-
dustry. During the next decade coal consumption should continue to grow. But
strong political and social forces working to reduce air pollution threaten this
growth, thereby tending to discourage capital investment and to undermine con-
fidence in the industry. Pending the successful introduction of economic methods

coals used for powersgeneration. As a minimuin, the drive to reduce pollution will
disrupt some of the conventional supply-demand patterns by encouraging the
production of 1ow-sulfur coal. This is likely to increase the tendency towards
larger mines and the consolidation of companies into relatively large groupings
of mines. “Further, there has been a trend in the. affiliation of large coal com-
panies with other energy-producing corporations. The increasing capital. re-
quirements of coal operations is likely to continue and even accelerate this trend.
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Communitieg which rely on Small mines for their livelihood wil] be faced with
Possible dislocation of ‘Job Obportunities,

Other environmenta] factors, of less immediate concern but of long-range
importance, include more stringent lang reclamation laws, ang laws restricting
the discharge of acid-mine water, Research in the latter area may forestall or
eliminate future problems,

The nuclear challenge to cogl for the electrie utility market should encourage
4 search for greater diversification in marketg for coal. Possibly the natural
8ravitation to more flexible forms—liquid and gaseous—ig the best way to achieve
thig diversification. :

The changing nature of the bituminoug coal industry wilg make it increasingly
more challenging during the next decade to maintain safe and healthful working
conditions. Mineg will be getting larger, equipment wig be more bowerful, coal
will be mineq faster, anqg a greater number of new employees will enter the
labor force.

Increasing demand for bituminousg coal will not create any long-range supply
Droblems, although at times the industry wilj have difficulty adjusting to chang-
ing conditions, For example, premium grade coking coa] may be in short sup-
ply ; production of low-sulfur coal may not keep up with demand ; delays may
oceur in meeting contract commitments for €xXport coal ; miners, especially equip-
ment operators, and skilled craftsmen mmay have to pe recruited and trained ;

general these are not very large and the coal is often blended with higher-rank
coals. There ig g need to develop methods for wider use of such lower rank coals
for coke Production,

Supply- come from bedded deposits ang lake brines in California, Reserves are
abundant ang Seen as adequate to meet foreseeable demands, However, g sig-
nificant factor- in boron economiecs is the virtual world-wide monopoly helq
- by a single foreign-based company.

Future worlg trade Dbatterns may change Somewhat ang favor increased
imports to the United Stateg of certain mineral forms for special applications,
Over the long-term, such competition will tend to stabilize or reduce prices
rather than 8reatly affect Production ang consumption growth rates.
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- The possibility of employing poron and boron compounds a8 substitutes
for other substances that are less abundant, more costly, or promise better
performance has inspired much: research poth in. the producing and potential
consuming sectors. This interest is _expected to be sustained without added
incentives. :

Turkey produces the bonon—containing mineral eolemani-te which can be
used by the glass industry without additional processinlg. As a result it is in
a very favorable position to compete with domestic borax produotion. It is
pelieved that domestic pnoduction from pedded deposits and from Searless Lake
prines when coproducts are recovered will be able to compete successfully.

BROMINE

. ‘World supply is, and will remain, a fuhetion of plant capacity and production
economics. Brines and sea water promise’ 2 virtually inexhauistible supply.
Desal-iniz‘ation plants promise 2 new commercial pyproduct source of bromine
incidemtal to the manufacture of potablej'water. In common with other sub-
stances, rejected in desalinization processes, potential markets for such by-
products materially affect the practiéabil-ity of desalinization. Probably the
processes for recovering commercial produots from such rejects and, most
signiﬁcantly, finding ways to market them in presently satisfied trade patterns,
merit increased attention—Imore from the standpoint of reducing-desalinization
costs than from the 10ng-term mineral supply problem. :
New or expanded volume uses of bromine would tend to facilitate the above
relationship and -the overall economics of operations where coproduct sub-
stances are affected (soda ash, salt cake, potash, porax, and lithiuvm minerals).
The toxic properties of the element tend to restrain some potential volume
applications and add to pro,duction,’ transportation and use costs. Among these
the toxic aspects of emission traced to antiknock compounds in gasoline are
not well understood.
Process wastes re uire extensive treatment prior to disposal, if pollution
issues are to be avoided. Disposal practices have been‘improved put growing
eneral concern with Waste'disposal and pollution practices may demand ad-
ditional impno'vements and costs—unless new techniques are provided.

CADMIUM

The mineralogical agsociation with zinc makes cadmium resources & function
of zine resources and the rate of cadmium production a function of zinc produc-
tion. Output would not respond to cadmium price changes but would vary
with the output. of zine. Accordingly, cadmium supplies are a direct function of
the price of zinc. Demand tends to exceed supply and in such jnstances in-
creased cadmium prices tend to reduce some applications and restore 2 palance.
The result is 2 cyclic pattern of rapid reversals in trends of consumption, in-
dustrial stocks, and foreign trade. In this relationship there is little logic in seek-
ing new applications for the commodity.

Cadmium sales are 2 measurable ‘increment in the economics of slab zinc
production (4 to 10 percent of the value). Current technology removes 70 to 80
percent of the cadmium as recoverable fume during roasting and sintering: Most
of the remaining cadmium reportswith the zinc when reduction is affected by
retorting, electrot-hermic furnaces or plast furnaces. Exploratory research indi-
cates almost complete elimination of lead, cadmium and germanium if zinc
concentrates are roasted in an oxygen deficient atmosphere.

As in the case of some other commodities (see gection on pismuth) the cadmium
content of zinc ores is not a constant ratio and future supply could vary as o0 da
zine sources are depleted and new sources developed. In this light, the cadmium
content of ores likely to be commercially attractive in the future ghould be
periodicaily appraised to gain lead-time to accommoda-te potential supply
problems. : :

Considering the average price of cadmium and the inflexibility in supply, im-
provement in secondary recovery techniques would have future significance.

Considering the uncertainty of future supply, it would seem that other more
abundant 0T less costly commodities might find some application in the use
areas traditionally or potentially occupied by cadmium. The whole jssue of
corrosion retardation, for example, demands attention poth from the stand-
point of materials and techniques. Similarly, speeulative research directed to
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impnoving cadmium (nickel) batteries for large Volume yge could more profit-
ably be orienteq towards other Substances, Sl : L

~ Caroroy

Sourceg are €ssentially unlimitegq and Production capacity, ~demand, and
costs alone wil] determine the volume of futypa Dbroduction, ‘Various Compounds:
are employed, in bulk quantities but the metal is prog; ced only in Small quanti-
ties. Futyre demangsg are uncertain byt likely ‘to expand in light of the metal’y
Special Droperties ang Dbotentia] abundance, No barticular issueg attach to the

CARrBoON

The element, in 4 large variety of forms, is derived}oommercially from both
mineral hydrocarbong and organic materials. Source and. Bse-patterng Aare com-
Dlicated anq interrelateq with energy aspects of coavl»,_pe‘tmleum, 8as, and the
other naturally accurring,substances. No basic raw material SUDDly. problem ig

technology have, in the Past, and will have, ip the future, profounq effects upon
the nation’s materials anqg industrial capabilities,. The intricate use-pattern
Telationshipg that include -carbon ‘are not wel] understood and,desery,e more

by many specialized applicationg would strengthen industrial capabilitieg in
many sectors, o ;

b. In other essentally pure forms largely derived from natural gas or betroleum,
like carbon black and coke, supply is essentially g direct function of production
capacity, Production teohniques, costs, angd Substitution among the basic carbon
sources (ineluding broducts deriveq from coal ang organie Substances) suggest
future use-pattern changes, Recovery of carbon black by the furnacing of oil

market held by coal. Perhaps the role of tﬂanbon, in the ‘8rowing employment of
blasties and, in turn, the Dbotential interrelationship between ‘plasties and metalg
in the-materials Dbicture, ig one of the major uncertaintieg iy Predicting materigl.
requirements, : & ; : .
- Digesteq, interchangeavbility among varioyg Drimary carbon sourceg and in
end- 'Se-applicationg pres‘entsunlimited opportunities fop im:proving Dractices anq -
Streng»thening the industria] economy, Tt also Dresents some broblems, notably
In instances where changing fye] demands on brimary- carhon sources might
require nonfue] carbonreq‘uiremenbs to shift to'other Sources. - b -
While Somewhat remote, carbon ‘ag's barticulate mattep 1n-air pollution and as
an element of certain gageg (COang CO.) ‘ang compounds, ang: in certain: solid
Wwastes, hag g significant role in the emerging environmentai issue, :
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. CEsIUM

Current supply is derived wholly from imports (contained in .the mineral
pollueite) although some small domestic resources are known. It 18 commonly
agsociated with peryllivm and lithivm minerals, in pegmatites and is extracted by
expense hand-cobbing’ and - sorting procedures. Tt also covers in gmall quan-
tities in certain prines and saline deposits. While cesium has a number of
unique and po.tenti:ally highly useful pmpenties, ,presenfc costs encourage the
substitution of ;other materials for it whereverrpractieable. The element is not
rare in nature and technologic i\mpmvements that would tend to reduce produc:
tion costs would, in turn, promote further inquiry into new uses and some sma 1

One specifie property is significant in the development of ion vpmpul‘sion rocket
engines and -certain thermic ionic devices. mnt research and development;
fapplieat,ions such as in advanced power and -p‘ropulfsion systems for space ¢rd

under study by NASA may develop sufficient new demand to provide industry with

an incentive for developing large"sa*ale,efﬁcient proces-simg techniques and plants
and for intensifying the search for and -d'eiielopmenft'of‘ domestic sources of cesium:

CHROMIUM

In common with most other major consuming countries, the United States
relies, and will continue to. rely, upon jmports to meet its essential needs. The
certainty of such supply in 2 number of jnstances is lSpecullaftive. Supply and
industry relationships and other aspects of the commodity are complicated and
variable. The most urgent problem here attaches to establishing appropriate inter-
national relationships, with the situation in regard to this commodity ‘speciﬁcally
in mind. Southern Rhodesia, Republic of South Afriea, USSR,

While the pature and extent of known domestic occurrences do not encourage
much hope for the ultimate impmvement of our resource position; the geuologlc
probability of the presence of de‘ep—,seated deposits is not understood. Improve-
ments in-ore finding, jncluding geophy»sieal, techniques might eventually improve
the Jdomestic productive capacity. e

. In common with the other alloylng-element-s, the evolvement of techiniques
permit;ting more flexibility in substitution would mi nimize supply erises in periods
of emergency, tend to lower requiremenbs, and possibly improve produobs. The
proad subject of .substitubability (leservesat‘tenti‘en'now., o b

- Bvolving practices in the metallurgical industry infer radical changes in the
chromium ferroalloy industry, the total demand for chromium, and an increased
market for Jower-grade chmmlte. The directpﬂoductiwon of stainless steel from
chromite and iron ore could radieally change the entire’ chromium ferroalloy
industry and result in a ghift in demand from high cost metallurg»ical grade to
Jower cost chemical grade chromite. If this development does niot take place, then
changes can be anticipated for the chrome alloy processing jndustry as countries
with chromite deposits become more indwstr‘nal-ized and export chromium alloys
and/or sﬁainless‘ -steelpv‘odu‘cbs in place of chromite. Most chromite refractories
are used in open hearth’ steel fyrnaces, but are not used in the growing basic
oxygen furnace process. Consequently, a8 open nearth furnaces are phased out,
the consumption of ¢hromite refractories will decline.

Zinc‘oxide associated with some types of chromite is not recovered. Some ship-
ments of Southern Rhodesia chmm&tecontain 0.5 percent zinc.

In the preduction of chromium alloys the disposal of waste slag and air pollu-
tion from smelting operations pose environmental problems.

Technology for recovery of,ehromium from laterites could extend world re-
sources by up to 50 million tons and spread the geographical supply base. This
work would also expand cobalt and nickel Tesources. The problem 1s difficult,
however, and Will require long jead time (10-15 years) to resolve ; delay until
supply shortage 18 evident would negate effectiveness of this approach.

CLAY

The term' embraces 4 variety of substances with substantially different use-
patterns and supply-demand relationships. Bssentially they are bulk commodities
that suport from local gources & variety of substantial industries that are vital in
regional economies and jmportant to the national economy. Anything that demon-
strates the commercial feasibility of new industry based upon jnnovations that
jmprove the quality of the raw material or permits the development of latent

| |
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resources will have‘important economic and social benefits ang should be pursyeq

energetically. In a geographic Sense, areas of low employment or\bel‘ow-average
ntion, '

immediate and concerted attention, :

~ Price (cost) changes haye Substantial relationships to use of several of the clay
types and, ineidentally, to employment. levels in the industry, Inquiries anq ip-
hovations that would tend to reduce extraction (mining)’ costs ‘would pe par-
ticularly effective in this regard,

Occurring e'ssen'tially a8 ‘4 coproduct in ores Processed mainly  for other
metals—1like copper, nicke] and iron—the rate of ‘cobalt DProduction is g fune-
tion of other commodity Dbroduction, Only a smaly Dercentage of domestic
needs are met from domestic Sources, and thig 18 likely to be the future Dattern;

commercig] exploitation, Among a1 metallic commodities (not in solu-
tion) identified in the marine environm‘e‘nt, cobalt ‘woylq Seem to deserve a
briority of attention, ) : i i i
© association of nickel ang cobalt continyeg to bresent' either technologic
or economie broblems in: effecting Séparation, ang Tecovery of the latter ig rela-
tively poor. Moreover, the effective Separation of cobalt’ from secondary
Sources, either for the purpose of Winning the cobalt 'or‘eliminating it from othey
associated metals, ig difficult gnq costly, Problems]in this ‘area  win increase
as cobalt ugse ig diversifieq and as it finds itg way into ‘more eng broducts. The
bProblem of effectively Separating closely associated Inetals, at costg that are com-
ercially attra‘ctive, is genera] to the problem: of recyeling metalg and minimizg-
ing waste, It deservey barticular attention ip this instance,
Technology for recovery of cobalt from lateriteg could extend and diversify
world resourceg (see section on chromium). ‘ ) ot o i )

. L O =

- The recent evolvement of Dyrochlore g g mMajor source ofrvcolubium has sup-
Stantially expanded the ‘World reserve concepty and ultimate Production patterng
but the Uniteq States will continue ‘to rely almost entirely upon imports for jtg
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primary supply.~_001ncidenta11y, the United States is the major world consumer
of the metal. While the domestic po’oential resource P sition is not large in com-
parison to estimated world total, some means of employing these WO
minimize . future spot sup,ply,prablems. Speciﬁcally,"an ‘appraisal of domestic
pyrochlore resources and the practicab“lity of extracting col qmbium from such
substances deserve attention. . : 2 :
. The close natural asgociation of columbium and tantalum continues to present
technologic and economic problems. Im.provement in separation techniques would
tend to reduce costs. : : .

The broad field of int.erchangeabili-ty i, as in the case of other alloying ele-
ments, a factor in this instance. Costs influence, for example, the relations&Jip

betweenvferrovanadmm and ferrocolumbium and, in turn, the design of struc-
tural members that employ either. Accordinglys in,nwations that effect cost reduc- -
tion in either the manufacture of ferrocolt mbitm or high purity metal would tend
to extend supplies or several commodities and broaden the uses qf‘col\mnbiuvm in
speoialized applications. e R e :

Recovery from secondary sources includes technologic :problems that will be-
come: magnified as the diversified application of columbium- ismcreased and new

alloys and applications,affe»et the character of scrap and salvaged end products.
_ COPPER -

Installed productive capaci-tyfand e level of teehnologie development governs
supply and, assuming the jatter will be as energeticaly pm‘sued and as effective
as in the past, world supplies should be adequate to meet requirementsprojected

over the next three ot four decades. ‘While the United States leadt&; the world

be insured even recognizing that imports will have to supply an increased per-
centage of future United States demand. Cost reductions at every stage from €X-
ploration through tabrication will have to not only accomodate the continuously
decreasing tenor of raw .materials put permit ‘effective competition of foreign
operations. Any technologic advance thatccontributesm cost reduction ig» in this
jinstance, a subject for concerted attention. - S Senp

The supply of a host of byproducts and coproducts depends upon the rate

of copper production, proees_sing and lgeﬁniug. The current annual value of these,

' covery or use of the coproducts improvesthe overall economics of copper produc-
tion, coincidental to the direct benefits to the coproduct, and thus merits atten-

tion. : :
Major opportunities for cost reduction are present jn the initial extraction
(mining) process. Attention to imprOvements in conventional gystems as well as
new approaches (in—situ—nuclear-leaching) is demanded. Large quantitlesof low-
- grade eopper-containing waste are bypassed or moved in the mining operations.
Further, large 4 antities of low tenor copper-comaining waste are discharged
from the concentrator. Such material represents a large copper loss which should
be recovered, possibly by teaching. : . T
Improved recovery of copper from the waste products of milling and refining
would effect jmportant additions to the domestic copper supply. BY the same
token, the ultimate disposal'-oﬂ the waste products from: these operations is, as
in the case of mining, & growing problem that promises increased prOcessing

Except for few dissipative uses much of the copper nsed adds to a'f‘reserve” :
that is ultimately recoverable. At present this reserve supplies about a fifth of
the domestic demand. From any standpoint———conservation,- supply, economics, O
other-—improvements inthe salvaging and processing gystems for recovering an
recycling the secondary metal (and its coproducts) ‘merits immediate and inten-
sive investigation. o G -

The domestic extraction industry faces potentiallycritical land-use conflicts.

Unless opposing views on surface restoration standards, waste disposal, and
pollution jgsues are reconciled without excessive jnereases in operating costs the
competitive position of United States supplies will deteriorate sharply. Current
smelting practices generate sulfur—containing ‘fumes, some of which exhaust into
the atmosphere through high stacks. Such discharges represent poth a serious

air pollution problem & d alossof a valuable'pdtential prodwct’———sulfur. This i

- ———————EY



Some emery (corundum and Magnetite) ig Produceq domestic&lly and is em-
ployed in varioug abrasiveg, It, too, hag 3 Variety of Substitutes anq Dresents no
Dressing issye. : '

Draromirs

Teehnologie advanceg have Drovided for a healthy 8rowth in the industry, First,

8 @ ent of beneficj 1tion p; ng the extraction of arketable
broducts from feldspar~bearing rocks anqg sands hag reduced the dependence
1pon hand-coppeq crystals from begmatite depositg, Then the large-scale Introduc-
tion of feldspar into the glassmaking industry vastly Increaséd the' market anq
helped evolve the disposaple bottle. Tha latter commodity hag become a villain in
the émerging concern for the role of wagte and litter jn the environment., Thus the

.
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pottle could g0, and much of the feldspar market, too. Scrap glass, along with
other collected wastes or incinerator residues, could con(:eivably be a secondary
source of,pre-processed feldspathic material. Both as 2 waste disposal and con-
gervation measure, and as the possible pase for a new industry, some attention to
the subject is warranted.

Current peneficiation processes require thorough desliming of the ore prior to
processing and prior to each flotation stage. This action, in addition to 10ssS of
feldspar values in tailings, results in losses a8 high -as 50 percent. Additional
losses are encountered when the concentrate is treated to remove iron minerals.

Decreasing availability of high quality potash feldspar and increasing demands
for this product (used for high tension porcekain insulators and TV picture tubes)
may make necessary developmenlt of a method for separating the potash and
sodium minerals. -

In common with other commodities derived mainly from surface workings, con-
flicts in land-use are potentially present and will tend to reduce the economic
feasibility of production in many areas nnless means of reconciling the interests
without excessive costs are devised.

FLUORINE

The mineral fluorite is the common natural source of this commodity and the
United States produces 2 quarter of its domestic demand for the mineral and
consumes 35 percent of the world’s supply. The Jomestic producing industry
has exhibited considerable skill in gurviving in a traditionaily marginal eco-
nomic atmosphere and the outlook for much growth in domestic fluorite produc-
tion is not optimistic. While known world resources of fluorite. are substantial,
they are not sufficient to meet projected world demand. Thus,. unless new  dis-
coveries are made 0T fluorine from materials other than the traditionai fluorite
ores (ﬁuorspar) becomes competitive, world prices could rise. Therefore, some
attention should be Jirected to \opportunities for technologic 1mprovement in the
extraction and preparation of developed domestic fluorite sourees and latent sub-
marginal reserves.

Increased requirements for fluorspar flux in. the pasic oxygen steel furnaces,
and rapidly expanded uses of fluorine in the uranium process‘ing industry and
the chemical industries will multiply the demand for fluorine by fourfold by the
year 2000.

Large potential reserves of fluorine are present in phosphate rock. Approxi-
mately half of this is released in the manufacture of fertilizer and phosphoric
acid. This has been considered 2 waste product and collected only for disposal

commodities, and the pollution issue in general, ‘dictate that 2 priority should
attach to more effective wWays of extracting commercial fluorine products from
ores likely to be mined primarily for another purpose.

GALLIUM

Compared to foreseeable needs both world and domestic resources are very
large. Domestic production capability far exceeds demand. It is derived entirely
in the processing of certain pauxites and zinc ores put trace quantities are also
associated with coal. Quantities are SO small that any conceivable increase in
demand would have Do effect on the extraction Or processing cost of the pri-

properties and research will broaden the areas of use for the metal and its
compounds. The relative abundance of the element suggests that it might bene-
ficially substitute for other substances of less abundance OF higher cost in future
use-patterns.

GARNET

Apparently the United States produces and consumes more than 90 percent
of the world’s supply- Domestic resources are very large. Hxcept for minor prob-
lems stemming from the potential substitutability of and for other substances
in abrasive applications, no aspect of the commodity demands particuiar
attention.

The broad subject of aprasion, and the natural and synthetic gubstances that
are employed in commercial applications of the property of abrasion, deserve
attention from several aspects. For one thing, 1O good method for determining
the effectiveness, acceptability, or relative performance of an abrasive exists and
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application developg only through Service testg, For another, the devices, techni-
ques ang tools that apply abrasion have g low eﬂiciency. ore information on
the theory ang nature-of abrasion might substantially alter traditiong] Inateria]
conceptg and, more signiﬁcantly, improve the tools and techniqueg of applying
abrasion, The benefitg Would acerye to the manufacturing sector through savings
at time, labor, materials, and costg;

ee 0 Occasion considerable
industry inquiry into Potentig] new uses anq little additiona] €mphagis op this

GoLp

The nationa] interest would be adwanoed through events that Would permit
increaseq domestije DPrimary Production of 80ld at the brevailing sta;butory Price
for the Ietal, Among other factors short-term foreign liabilitieg are reducing
Uniteq States Treasufi-y stocks at a4 rate that threateng Statuory reserve

Other factorg which: increase the ‘uncertainty of gold Supplies include the faet
that golq Production abroad wag dominateq by the Union of South Africa Wwhere
65 bercent of world output wag mined jp 1966, but Wwhere Some uncertainty
attaches tq future Production rates, Although demang abroad for the artg and
industry appears to have peen Telatively Small Compared with Der capita cop.
Sumption in the Uniteq Srtates, there g an enormouyg but unmeasureq disappear.
ance of golq into foreign Private hoargs,

In the United States, Copper ang other hage metal opeg Provide Substantia]
amounts hy byproduct gold, Byproduct silver ig obtaineq from mogt gold oreg and
! v

The marine environment Dromises g neyw dimension to source concepts if cep.
tain Capabilities cap be developeq (see section on nickel)

.
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GRAPHITE

. The bulk of the domestic needs: are met, through imports. Because of the
jimited resource outlook for some grades of graphite and economic factors in
other jnstances it seems apparent that reliance on jmports will continue in the
foreseeable future. Dependence upon uncertain sources for certain high-quality
types of graphite could be minimized by perfecting capabilities to substitute
among the various types of graphite and among graphites of the same type from

Improvements in the technology of synthesizing acceptable graphite-type sub-
stances from other carbon forms would minimize the uncertain supply outlook.
the present state of the art manufactured graphite does not compete well with
natural graphite in most end uses.

© GYPSUM

Resources are for all practical purposes, anlimited. Tmports depend upon local
transportation and economic advantages and have 1o pearing on availability.
Demand relates directly to puilding and construction needs even though the
commodity is employed in a variety of end-uses. The rate of growth in the gypsum
jndustry would seem to rest upon the development of new gypsum-based products
and the acceptance of such products by the puilding trades. )

Byproduct ‘gypsum discarded from the manufacture of phosphoric acid, pres-
ently a Jisposal problem, should find some utilization in gypsu‘m-based products.

Gypsum is seen as a potential commercial source of gulfur (sulfuric acid).

HAFNIUM

MThe primary supply of hafnium is wholly 2 function of zirconium with which
it is geochemically related in pature in 2 ratio of about 1 to 50 (see gection on

mercially for only 2 few years. Consequently, its ultimate employment ig specu-
lative. The only significant current use is in control rods in nuclear reactors where
it has a number of acceptable competitors. Only its appearance as a necessary
reject in the production of hafnium-free zirconium permits its commercial re-
covery and employment. Possibly, the significance of hafnium a8 an alloying
element has not been fully explored. :

HELIUM

While traces of helium exist in the atmosphere and ‘might pe derived from
other sources, these occurrences are academic and the only realistic resource is
certain natural gases in which pelium is present as a minor constituent. Much
of the known helium—bearing gas 18 being marketed and, except for the helium
extracted enroute, the contained pelium is being depleted as an incident to the

pificant volume is not considered promising. Accordingly, attention is directed

to the quantity of helium, that it would be practicable to recover with present

ed.

The Federal Government Jominates the helium industry, although the private
sector of the industry is growing and it is expected that private producers will
aggressively seek to expand the uses for helinm. The Federal Government agen-
cies are also the dominant consumers in the United States and are required by
law to obtain their major requirements from Government sources. The Govern-
ment price is establisbed to recover the costs of conserving gome of the helium
that would otherwise be wasted and, therefore, ig higher than the price of helium
from private gources. Some means of equalizing the cost of helium conservation
programs between Federal and private gources deserves attention.

‘The technology of helium extraction is well advanced except that 1mprovements
in transportation methods promise a means of reducing costs at jnitial points
of delivery. Also, ultimate supply can be extended Y more efficient employment,
recovery, and reuse practiees in end-use applications. :

Bxpanding and diversified uses for helium are probable. While the properties
of helium preclude substitution by other gases in certain specialized applica-
tions, some large volume uses can be accommodated by other gases with minor
inconveniences or cost differentials. However, pecause helium has been generally
more expensive than the substitute materials, its use tends to be concentrated
where technical or safety considerations dictate a preference. Lower helium

____
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Driceg would €ncourage less essential Consumption a’rid the neeq to conserve
h_elium for essentia] applicationsfwill- be g matter. of inereasing, concern with
time ag the depletiqn of natural heliumy sources bec0mes more apparent, ‘

INDIUNM

TIobing

World ang domestic resources are large, Certain brines are the present source
of domestic iodine (see Section op bromine). Elsewhere it is broduced ag g
pyproduct in the broduction of hitrates, natural gas, and Seaweed, Some new
industrial employment of iodine Showsg Promise of increasing the demang some-

what byt no supply broblem ig foreseen.

Dolicies. by G i
The recycling of Scrap is a major increment in the iron (steel). Supply pattern
and, in addition, substantia] quantities of scrap are exported. Yet unreclaimed

end products, largely Composed of steel, are wasted in such quantities that visible
accumulationg are seen as g bresent anq 8rowing environmenta] problem. Means
of commercially returning such wastes more eft‘ectively to the reuge cycle await
development, The rapiq trend to basic 0Xygen convertep in steelmaking will
continue ang oven hearths wil) have virtually disappeared;by 2000. This process
lowers the serap to ore ratio, Ag a consequence, the problem of utilizing obsolete
Scrap will pe multiplied. :
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KYANITE

~ The m \dfacture of mulli ’“type‘pef:actg yries aecounts for most of the kyanite
consumed, but ‘nonrefractory uses ‘are”eXp‘anding.’The production of ‘synthetic
mullite from aluminous and siliceous materials has substaninany jncreased in

recent years. Technologic changes 11 métallurglcal practices have tended to in-
crease demands for the more efficient and high-performance advantages that mul-
lite has over lower cost refractory materials. End vse: ap_plications favor the
employment of kyanite-based refractories for gpecial uses. The sources of domes-
tic supply are remote from the .gxfowmg marke,t‘cent‘ers which occasions high
transportation costs and.the ‘search for more /iverysi’ﬁed sources of appropriate
uality. . . BT s . L ,

q Rzécscr)v ry of kyanite from its ores, at grades that are. commercially acceptable,
g relatively inefficient. . : e :

" More diversified uses for kyanite that would tend to diverce demand from com-
plete dependence on the refractory market would, in turn, encourage the develop-
ment of more diversified gources of supply.

LEAD

. Spot shortages and long-term surpluses characterize the past and. foreseeable
future supply-demand relationship for lead. New world productive capacity and
gecondary output infer an atmosphere of surpluses and downward pressure on
prices. Moreover, technological advancement has tended to curtail the growth
in lead demand. The industry would welcome new Jarge-volume applicati(ms for
lead. ‘ '

Lead pmduction affects, and ig'in turn affected by, the Jdemand  for and the
econiomic aspects.of & variety of coproducts and pyproducts. The relationship be-
tween zinc and lead is partieularly significant. i ’ :

Major changes 11 the demand pattern‘are possible, particu\arly in the largest
end-use applications, storage batteries, and gasoline antiknock compounds. The
latter is seen as a possible envimnmental problem. : e !

Because of the local employment ‘and tax revenuesyigniﬁeance of lead extrac-
tion, ﬂproduction and use, Gowvernmental' action has ﬁrequently sought to protect
the domestic elements of the industry through quotas and other Jevices. The fac-
tors that infer downward pressures on price, and dictate the capacity of the
domestic jndustry to compete on the world market, will continue to attract legis-
lative attention. poid DT e ) :

Lead (and zine) is 1argely pmduced from deep gources. echnological advances
in subsurface excavation, ground control and recovery, work to the advantage
of the domestic competitive position. Qimilarly, more sophistication in explora-
tion techniques will insure maintenance of a favorable Jomestic reserve position.

Transportation costs of bulk ore and concentrates to established mills or smel-
ters are a limiting factor in exploitation of small lead deposits. To be commer-
cially sk fficant, such deposits would require development of a guccessful “mini-
technology” for processing at the mine site. ) ‘

© TATHIUM

Domestic resources are in the form of mineral jnclusions in pegmatites and as
galts in certain brines. The former are Jarge and the latter might be even larger.
But both are commercially significant only when considered in terms of the co-
product values. ‘World potential ig unknown but considered large. Processing of
prines tends to be a complex chemical prioblem and requires technologic improve-

~ Both as.a metal and in the: compound form lithium is finding increased applica-
tions in the most advanced enterprises of technology. Price alone’ restrains a
greatly increased consumption of the metal and infers a need ‘for process
impmvemeut . . :

MAGNESIUM

Magnesiuvm is the third most abundant structural element in the earth’s. crust
and is extracted commercially from. such universal gources as sed water, well
prines, and dolomite. It should find increasing commercial application as a metal
and a variety of compounds. Because of the virtually unlimited nature of the
presently commercial sources the advantages of substitution for less abundant
commodities seem only partially realized. In stnuctural iapplication; for example,

BRI
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substitution for aluminum Would increage if the price were reduced and many
more useg would materialize, ) . .

Thetise of magnesiym in refractories accounts for ghout half of the magnesium
consunied in’the United States » Huxes in the metallurgica] industries for 40 per-
cent; ang the rema'ining 10 percent ig divided about equally between the chemica]
industry ang Dbrimary magnesium metal, Magnesium compounds are the lowest
cost, high-te!mpoeratu‘re refractorieg available to the metallurgica] industry ang

eir use should increase in direct Dbroportion to the Production of iron angd steel.

A number of Opportunities for DProcess improvement heed exploration because
of the Ppotential benefits that are inferred both regionally ang nationally, Among
these ‘are ‘the possible commercig] employment of Great Salt Lake brines, the
developmeént of methiods to directly remove magnesium chloride from seg water,
anda variéty of Improvementg in current plant techniqueg,

Methods of reducing COrrosion of ithe metal in finighed forms woulq expand the
number ang volume of end-use applications, '

MANeANESE

Dresently required coulq be reduceq through new techniques, However, nothing
i3 seen that would elimingte the need or reduce jt very su’bstantiaily.

The low manganese content of nodular Substances opn the ocean floors hag
excited interest as a possible future resource (gee Section on nickel), but the
Potential jg essentially unexplored angq no capability to exploit or uge the resource
is known,

MERcUrY

With few exceptions the nature of mercury deposition is such that ultimate
resources are difficult to appraise but the world po‘t.ential is thought to be ade-

bined high Specifie 8ravity, fluidity at normal temperatures, electrical conduc-
tivity ang other DProperties finq Special application, Yet, the~disp1acement of
mercury in such applications ag the manufacture of caustic soda and chlorine
would substantially moderate future demands,

Transportation costs are g serious factor p'rincipally in Alaska, where the

tially reduce demandg for high quality sheet mica, Towards that end the im-
bProvement of techniques for synthesizing mica, reconstituting flake, and ex.
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ploring for types of plastics and ceramics that will comprise satisfactory substi-
tutes deserve attention.

The manner. in which sheet mica occurs in nature prevents the use of mass
mining methods. The necessity of recovering undamaged books of mica and
the softness of the material create special rock breaking problems. Domestic
production of sheet mica is hampered by high extractive costs due primarily to
the requirement of large amounts of costly hand labor. Imported mica can be
delivered to 2 domestic consumer for about half the cost of domestic material.
Attempts to replace natural sheet mica with synthetic flake have failed be-
cause of thelack of satisfactory bonding techniques.

The growing demand for ground mica has been accompanied by improve-
ments in processing techniques resulting in jmproved products and lower costs.
Also, processing improvements permit 2a variety of schists and other mica-
bearing substances to be now considered as resources. Further development of
these techniques promises lower costs and expanded markets.

MOLYBDENUM

In regard to the ores mined primarily for molybdenumn, as well as those con-
taining molybdenum as a byproduct, grade tends to decrease and treatment com-
plexity tends to increase with time. Thus mining and beneficiation, specifically
flotation, technology will need improvement to preserve the present favorable
commercial position O United States resources. Other countries, like Canada
are emerging as major suppliers: 1t is debatable if the United States can re-
tain its position as a net exporter after 1985 without substantial technologic ad-
vancement.

Supply presents BO problem but recovery is poor (ranging from 40 to 90 per-
cent) from the portion of total domestic production (20-30 percent) derived
as a secondary product in the processing of porphyry copper ores.

The molybdenum—rhenium relationship is significant should the supply of the
latter prove to be an issue. The only significant source of rhenium is as a co-
product of molybdenite existing, in turn, as a byproduct of selected porphry
copper ores. The generally poor recovery of molybdenum from this source plus
the fact that the rhenium is not presently recovered at 11 suggests that bene-
ficiation techniques merit improvement. (See section on rhenium.)

There are essentially no competitive substitutes for molybdenum in its critical
alloying applications, but it can substitute for other alloying elements—notably
tungsten—to some extent. The relative abundance of molybdenum suggests that
inquiries in the broad field of interchangeability among the ferroalloying ele-
ments would tend to reduce spot critical supply gituations whenever use pat-
terns change.

Reclamation of molybdenum from the increasing volume and more complex
superalloys presents a growing problem of materials reuse and. secondary metal
recovery or disposal. The magnitude of the problem is not jmmediately measur-
aple in terms of volume or urgency but in view of the technical uncertainties
deserves modest attention at an early date.

NATURAL GAS

As in the case of petroleu, exploration and development activitiy has declined
and the ratio of proved reserves to current consumption is trending downward.
Improving the incentive for exploration, including cost-cutting technologic ad-
vancements, merits attention (see section on petroleulm) .

Also, as in the case of petroleum, Government policies and actions significantly
influence the suwly-demand pattern for natural gas.

The pr'aeticability of ef@ectively employing gas from sources that have only

marginal commercial significance at present deserves attention as a means
vastly improving the reserve position. Such potential sources include gas-bearing
measures of low permeability and other formations that contain occluded gas but
little or no petroleun.

Growing concern for atmospheric pollution stemming from the employment of
high sulfur fuels, notably coal and oil, focuses attention on the relatively low
sulfur content of the natural gases now marketed. ‘While distribution limitations
restrict jmminent wholesale substitution of gas for other energy forms, it seems
probable that some substitution may result, the probability and extent resting
upon the degree of success realized in the removal or control of sulfur issuing
from the other primary energy forms.

e



The United States ig
for primary nickel from domestic sources, but there should be no particular
Problem in gaiqing requirements for the immediate;future from relatively se-

* type materialg at realistic costs, Even though the majority of such sources are
abroad, the advancement of sych technology would serve the interests of the
United . States in ‘assuring adequate future supplies, and the subject deseryes
immediate attention. . i :

- In ecommon Wwith. the other alloying elementsﬁparticu.larly tungsten, molyb- -
denum, and- vanadium—advanceg in techniques of intenchangeabjlity “would
tend to minimize instanceg where spot Supply broblems might restrict critical
Produetion or upset traditional use-patterns, . ! : :

Recl i

brocessing of ferroug Serap. The subject deserves substantial ang immediate
emphagis (see section on iron). .

The marine environment Dromises a new and universal source of nickel
~ ‘which, if exploitable, would minimize the uncertainties that are always Present
~‘'Wwhere esgsential and rapidly ‘expanding requirements are met mostly from for-

eign sources. Such development, if proven Dbracticable, woulq introduce 5 new

capability ‘rather than idigenous mineralogical occurrences, The,concept ap-
Plies to certain other commodities as well, The brobability of succeszully achiey-
ing nickel broduction from this source soon is low and oup Dbresent -capability
is unknown. byt Seen as wholly ‘undeveloped. ‘But achievement of broduction

‘Promises such large dividends that energetic - inq,l‘liry seems  fully Justified,

‘sive isan example), - o i
Ammonia is the bagic compound: from Which most nitrogenougy materialg are
manufactured, and it is derived from air ang a hydrogen Source such as natura]
8as, refinery £4as, naptha, fuel oi] or- electrolysis, Hydrbgen is the significant
économic variable in the manufacturing brocess. As long ag natural ghas ig abun-
dant and cheap, new ammonia capacity ig likely to be established in that Vicinity
and the world production Datterns may tenq to shift away from domestic sites.
While not g matter of great urgency, the use of domestic doals as a ‘source of
cheap hydrogen deserves some attention, LI e o :

independent of any importang Tesouree limitation, Reduction in production costy
has been achieveq by effective research and ithe competitive nature of the indus-
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may warrant some attention in the nterest of maintaining the domestic share
of -the world’s production capacity, but the: eriti peiiod is some years hence
and the subject desewes!-‘obsermtidn na;therr‘ﬁhan'diwct attention during the
next b or 10 years. The rapid@rx‘ojec’oedx world demand may result in over-capacity

of production plants in the early 1970°s. In spiteof ‘this, shipping and distribution
problems may cause deﬁcits in certain geogmphic areas. : C

O1n SHALE

It has been repeatedly demonstmted;that liquid and gase,ous,fuel, products
may be derived from oil shale. But there pemains uncertainty as to whether the
present technology and concepts are basically those that will ultimately be em-
. ployed copmercially, and a wide diversity of opinion as to 'when ‘a combination
of circumstances will encourage and demand Jarge-scale domestic comﬂ!lerdal
exploitation of oil shale. (Present concern attaches almost entirely to the shales
‘of the Green River formation and the production of liquid fuels substi -utable for
‘those commonly derived from petroleum). . e
Despite the technologic and economic uncertainties, the issues that immediately
beset the embryonic ghale-oil industry center jnitially ow legal, gocial, and en-
vironmental jssues. The fact that much of the oil shale is in public ownership
complicated by unsettled disputes over the validity oof private claims: (to sodium
and aluminum minerals in addition to the shale) and the absence of & perfected
Jeasing system that would insure protection of the public’s ini rest, tends to
depress ‘aetive development but not exhaustive, and largely anproductive, ‘debate.
Aside from the legalistic issues; the emergence of a significant commercial
shale-oil industry would be more apparent in the presence of further advance-
ments in extraction and processing technology-. Specially, the prantical employ-
ment of in-situ extraction processes has been only partially explored, the extent
to which conventional mining costs might be reduced is speculative, the present
retorting concepts have certain ghortcomings, the real gignificance of the mineral
substance associated in the oil shale is wholly unknown, and, the disposal
waste' products that might issue in the exploitation of oil shale ander presently
conceived processes 0T those that might be discovered in the future jg'seen as 'an
impending environmental problem. paradoxically, much of the uncertainty that
complicates the legalistic and economie aspects of oil shale stems. from these
technologic gaps. i ! R 7 i
The commercial development of oil shale depends not ‘only on developing an
economic process to compete with petroleum»but also is vulnerable to the devel-
opment of a technology to liquefy coal or to the increased availability of oil pro-
duced from the Athabasca tar sand deposit in Alberta, Canada: - o L
~ The environmental problem resulting from the large scale processing of oil
shale and the generation' of 1to 2 million tons of solid waste per day will have
to be solved pefore oil shale operations pegin on any seale. Associated with the
golid waste generabion are also alr and water pollution, damage to vegetation
and other ecological factors. The problem of adequate water supply a8 well as its
uynpolluted disposal is involved. This subject requires intensive study and has a
high priority for attention. ' - :

PEAT

While peat is significant as 2 fuel in certain areas of the world, it cannot, in
the'foreseeable future, compete as 2 significant source of energy in the United
States. Virtually all peat consumed in the United States 18 used for agrieulvtural
and horticultural purposes, and the demand for these purposes ¢ expected to
STOw. Domestic resources are large and widely distributed, but about 90 percent
of the total reserve occurs in four states. Locally, the prospect of increasing
employment and introducing new businesses periodically encourages efforts. to
employ peat for generating electric power, peneficiating (iron) ores, producing
chemical raw materials, or expanding the agrficultural output. Fxcept in the
latter instance, such attempts have not, and are not likely to be, successful.

PERLITE

The term identifies a form of amorphous aluminum,silicaate of igneous origin
that, upont expansion, finds a variety of industrial and construction applications.
‘No immediate raw material source problem js seen and growth in consumption
ig likely to be propor'tional to. the rate of building construction. Except for cer-

- —————
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Recovery is poor in the Florida area and involves waste disposal as well as
conservation problems. A better means should be ‘developed for reducing the
volume of phosphate slimes, through improved dewatering systems to reduce the
volume, by decreasing drying time of im‘poundments and by recovery of the lost
phosphate. Tmprovements in recovery will extend the life of the area. The sub-
jeet deserves immediate attention. ‘ :
All areas share 2 common problem in that low-grade ores are difficult or
uneconomic to treat, and high losses are present in discarded fractions. Com-
mon solutions are not applicable to every area put the problem merits individual
attention as both a conservation and a waste disposal issue. : -
Similarly, the extraction or disposal of associated elements presents & general
problem. These in some instances detract from the commercial value of the
phosphorus product and in others would, if effectively recovered, add to the
economie feasibility ofp‘r’oduc'tion or satisty some demand for the other elements.
In the former case lowering the iron and alumina content of all peneficiated
phosphate rock would improve marketability and extend the resource base.
On the other‘hand',recover_yfof uranium, yanadium, and ratre earths dissolved
during acidulation of phosphate ore should receive attention from 2 supply
standpoint. T‘e'chnological problems such as the production of large amounts of
jmpure gypsum pyproduct (see section on sulfur) and the yelease of a large
tonnage of fluorine (see gection on fluorine) in the wet process of producing
phosphoric acid, and the recovery of 1ost mineral values, exist. .
The marine environment is an attractive potential gource of phosphorus to
" meet future, requirements at home and abroad.’ Txcept for the notion that
phos;phorus“mmer’als occur in some abundance in relatively shallow locations,
little is known.as to the actual ‘dimensions and nothing is known ‘about how
‘these might be ‘commercially extracted. Considering the presently inadequate
state of the art, the subject deserves early and concerted attention.
The electric furnace production of phosphorus depends on eastern ‘coke (mainly
coke breeze). ransportation adds considerably to the cost and a satisfactory
methiod of making the reductant from western coals would lower the cost of the

process a‘nd'beneﬁt both the western phosphate interests and the coal producers.

‘ PLATINUM ,
. The United States is not likely to ever supply much of its r‘eqwirements for
platinum or the associated metals from domestic sources. However, world re-
sources are large and  sufficiently distributed so a8 to minimize long-term
dependence upon any single source. The changing use pattern suggests that
improving recovery from gecondary sources deserves attention but because of the
high unit values involved it is expected that the trade will react appmpriately.

Advances in refining and separation techniques might serve to reduce the tra-
ditionally high cost of the latinum group of metals. P‘msent‘technolog‘y is com-
plex and elaborate and, incidentally, highly efficient. Accordingly, improvecments
in technology would not affect supply, only costs, and the gubject does not claim
a high priority for attention. : :

A continued rising demand is expected because of increasing use as petroleum
processing catalysts and as materials to withstand severe heat and corrosion .
environments. The degree to which ether more plentiful substances might replace
platinum in these growing applications is not well understood.

PoTASSIUM

The industry is, for the time being, over-expanded. The development of new
sources in Canada together with expanded capacity in other potash areas of the
world spells a world surplus at least through 1971. The result ig increased com-

ition effecting a lowering in price, expansion of normal consumption rates
because of the price situation, and a shifting ‘of supply patterns to the benefit
of the richer and lower cost areas. PDomestic sources, which have already lost
some of the domestic market, stand to have their peroenitage of the domestic
‘market further reduced. Much of the industry has foreign as well as domestic
holdings and is expected to operate where the profit margin i most favorable.
Much of the domestic production comes from New Mexico and the decrease in
domestic production will be felt in that locality. As & sociological rather than a
supply problem, some means of deferring, delaying, or minimizing the termination
of the New Mexico operations should receive immediate ‘attention.
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Fl.lr'the'r, the Commercig] grades of ore in the bedded-type deposits of New
Mexico (90 Dercent of the total dalpestie output) wilj be depleted in 20 or 25

a4 practicable way to recover Potassium salts or compoundg Wwithout having to
resort to €vaporation op other costly devices, would have an important impaect
on futyre desalinization development as well ag on the long-term Supply outlook.

Pumick

The term identifieg g rock of igneoug origin that is resistant to chemica] and
Physica] destruction, The Drincipal domestic source ig in the Western stateg, No
foreseeable Supply Dbroblem jg Present, Growth in demangq jg linked to the rate

Rarg BarrHg

The phrase usually identifies the naturally occurring compounds of the ele-
ments numbered 57 through 71 of the Deriodic table, The Uniteq Stateg became
self-sufficient in the c‘omrmercially significant elementy of the 8roup with the
development of a single source of the minera] bastnaesite in Californig, The
mineral monozite Dreviously wag the principa] Source of the rare earth minerals
and also the principal ore mineral of thorium, Rare earth broduction ig still
gained from that source incidenta] to the DProduction of titanium and zirconium
materialy anq some ig recovered ag g byproduct of molybdenum Production,
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Large,[presently non-commercial, ~resources are known ‘both within and outside
of the United'States; Because present Gommercial interest focuses upon selected
clements’ and because the elements do not occur ‘in the same fixed ratio at every
sothnrce, large surpluses-'of some elements’ develop incidental to production of
others. : ;

The rare earth elements while closely ‘associated in nature have 2 variety of
useful properties uynique to each. The technology of ‘efficiently geparating the
elements into essentially pure forms has received much attention put is not well
developed and is complicated,and costly. More effective separation techniques
would permit fuller use of the elements and help balance their use pattern.

A1l of .the useful properties of each of the rare earths are not well understood.
Their potential as alloying elements and 2 variety of other applications is not
developed. An improved undergtanding/of. these prope jes would open a large
area of new application and product developmenty and might Jdemonstrate how
gingly or in some combination the elements might substitute for other materials
that arein less abundance or are more costly. g

Secondary recovery, presently receiving some attention, will become increas-
ingly significant as the employment of the rare earth expands..

RUENIUM

Production rate is wholly dependent upon the recovery of molybdenum, with
which it is associated in nature (see section on’moly‘bdenum). Recovery is rela-
tively inefficient (about 35 percent), and much of the rhenium escapes to the
atmosphere in the present sequence of operations. Increased demand would prob-
ably encourage an improvement in recovery but present technology suggests
that it would be yery costly and an immediate incentive"(market) is lacking.
Because the future‘demand is promis;ing and for the sake of conserving 2 limited
commodity, some means of limiting this loss should be developed. '

The properties ‘that rhenium jmparts  to superalloys and refractory metal
alloys are the subject of considerable ongoing research. For the moment designers
tend to design around rhenium to avoid its high'cost.

RUBIDIUM

All current domestic supplies are derived from residues remaining from a
plant that formerly process‘ed jepidolite for lithium compounds. Elsewhere
yubidium issues as a pyproduct in the processing of pollucite for cesium. Other
p_otenttial sources are thought to exist but are of little jmmediate commercial
significance. Costly extraction techniques limit uses. Moreover, in most current
applications other elements, like cesium, can be substituted with minor incon-
veniences. TFor the jmmediate future, the element would be clagsified as a subject
for laboratory rather than significant commercial concern, Its properties merit
study. .

SAND AND GRAVEL

Sand and gravel resources of the United States and the world are, in a sense,
inexhaustible. However, from 2 pracftical sttandpoint the geographic distribution
and quality often do not match well with market patterns or reqmremen.ts and
promises to match even less well in the future. These are large yolume com-
modities of low unit cost. Local demand is pr‘oportional to local construction
activity and unrelated to national patterns. T‘ransport.ation is a significant
jncremental element in costs. Land-use conflicts are pronounced in the industry
and promise to increase. Major markets are in metropolitan areas and the gources
of the products are feeling the impact from adverse zoning and regulations
againist noise, dust, unsightliness, and pollution. ’
Water supplies present a problem with the increased demand for washed
aggregate. Adequate supplies are 1o longer assured and, in addition, the accom-

panying problem of waste water disposal is raised.

SCANDIUM

The present knowledge of primary seandium sources indicates that if the
demand smereased to the pound ot level, from the present gram lot level, nO
means of meeting that demand is foreseen. While the element occurs in trace
amounts with a pumber of other substances of commercial interest, nO important

______
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single source of  iscandium ‘i;s.kngwn..Coin¢idpntally, no important demand hag
inspi‘red;muchfconcern,‘for the Door resource outlook, . "~ O )
‘Apparently research on potential uses does not always proceed in Tull apprecia-
tion: of supply limitations. A large potentia] market for scandium in the illumina-
tion field hag been sought which, in turn, has concentrated some attention on

developing low-cost Separation and purification techniq;zes.
: Wit SELENTUM o , v v
While distributeq widely in nature, the minelgalogjical,associati‘bn of selenium
with sulfide minerals of -copper, iron, lead, ahd\oth‘e'rjmetal_s' Drovides the sig-
hificant souree, At Dbresent it is derived domestically as g byproduct of electrolytic

copper refining, Demang has not been such as to epcourage‘spegia] efforts towarq -

Silicon' is consumed in large quantities in the form of silica sand for the
manufacture of flat glass, tube glass, optical glass angd glass products, foundry
sand, plaster sand, and for filter beds in municipal water blants. Produced mainly
from sand pits, quartzite and sandstone quarries, the industry ig plagued by the
same conflict of land use, water and air pollution environmental issues affecting
sand and gravel production (see section on sand ang gravel). - ‘

comimercial interest in the future shoyld be understood in terms of the impact
various silver (and other coproduct metals) price levels might have on the
feasibility of production.
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Anticipated increases in demand are not likely to be greatly moderated by
modest increases in price. Substantial price increases would gignificantly affect
use-patterns put might have only a minor influence on the overall ‘demand. ,In
many present and foreseeable uses, silver comprises a relatively small part of
the substance of the manufactured product and substitution is not likely even

at much higher prices. Even in photugraphy, the principal consumer of silver,

intensive research has failed to develop 2 practicable substitute. Should such
be discovered, 2 reduction in demand by 25 or 30 percent would result. In the
other major use categories, minor saving through substitution will be more
than offset by new and expanded applications. i :
Advances in exploration techniques and instrumentation are expected to lead
to new sources, some part of which might be commerciauy exploited with pre-

‘sent technology. Much larger: potential_gources will be established only if

jmproved extraction and processing techniques, permittmg their €x loitation
at reasonable cost, are devised. Most of the silver in the world is recovered from
vein deposits and associated with other valuable materials. The improvem'ent of
underground mining methods appears to offer an opportunity for improving
resource development and submarginal ore extraction. A i

Secondary silver has in recent years supplied much of the demand. Photog-
raphy, arts and jewelry, electronics, special alloys, and users of in-plant scrap
provided the source of this gilver. The growing use of industrial silver, particu-
larly in electronics, is likely to be a‘signiﬁcant source of secondary silver. Only
a fraction of the complex electronic scrap is presently collected and reprocessed.
In view of the quantities now involved (30 million ounces of silver annually) in
this application, the subject merits early attention. A similar observation is
applicable to gold, platinum, and copper.

Some land-use conflicts attributed mostly to the disposal of extraction and
processing wastes have been experienced ‘and promise to become more frequent.

SoDTUM

Salt is the principal natural source of sodium. Native (rock) salt is =0
abundant in the United States'tha‘t the foreseeable supply to meet any demand
may be considered unlimited. In addition, lakes, brines and the seas provide
a truly unlimited source of various compounds. The gigantic chemicals and
manufacturing complex of the United States both consumes and produces
vast quantities of sodium compounds inecidental to 2 variety of other sub-
stances and foresees no supply problems save only the inconveniences of distances
between sources and some ‘points of consumption, changing ‘use-patterns and
technology that affect manufacturing practices rather than oceasion concern
for supply. . ¢ E
Rssentially all of the chlorine in addition to most of the sodium used. in
the United States is derived from salt. The demand for chlorine (as well as
other substances) is subject to changing use-patterns and its relative avail-
ability and price have 2 bearing upon the economics (and technology) of a
variety of mineral and metal processes where it serves as a reagent, solvent, or
_other processing medium. : - o i
(Special note: The interrelationship between a given mineral or metal and

all of the materials and substance co-nsum‘ directly or indirectly in bring-

ing it to some usable form is, at best, a complex system for total analysis.
Thus, the economic margin favoring the»pmducition_ of some metal or mineral
may disappear, or be substantially imprqved, with minor changes in the
projected availability and cost of & variety of seemingly unrelated substances.
The evolvement of a realistic means of measuring such margins deserves gpecial
study.) , L ’ :

The opportunity of substitution between sodium compounds and those of
other elements is always present. Similarly the potential employment of sodium
in large volume applications tradi‘oionauy occupied by other ‘substances (like

sodium for copper in the transmission of electrieityf) has startling possibili’ties

deserving thorough investigation. : : S g

The presence of large salt sources in relatively depr‘e:sv,sed eco.nomie or low

employment regions provides 2 basis for speculation on the feasibility of es-

tablishing new industries that draw upon such local resources. . )
Some land-use conflicts and fthe effects of urbanization may necessitate

that the pattern of raw ‘material sources in the future change somewhat from

that of the present (e.g., solar evaporation is. particula’rly gusceptible).
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STOoNE

. Asin the case of Sand and 8ravel, stone resources of the Uniteq States and the
-world are, in g sense, inexhawstible. H‘owever, exacting Specificationg determine

the m&rketabivhity of stone in lmportant instanceg and sourceg adequate for such
needs at reasonaple Costs are not unlimited, Ope éxample is seen jp the produc-
tion of limestone for chemiicg] and metallurgica] Durposes, where new sources

with Suitable Sbecifications ang Teasonably locateq in regard to established op

Because of ithe variety of industria] uses the locgl availability of stone that win
eet Specificationg of local marketg influenceg the industriag and economic deve]-
opment potentig] of an areg. -

nd-use conflicts gre present and win tend to increage. Markets for major
Produects of the stone iudwsrtry are close to €Xpanding metropolitan areas and
will fee] the impact of zoning ang other regulationg, These factors, ang others,

arge tonnageg of low cogt and high quality limestone and lime broducts are
available in easily mineq and widely distributeq deposits cloge to consumers,
Limestone fines, waste residues ang sludges Present g Pollution threat to gip and
water, However, in the future these materialg might be useq 4s an aid to cop-
trolling DPollution such ag neu;tralizing toxic gageg and aeig wastes, and ag Soil
Stabilizerg and eonvdibioneps‘for the Tevegetation of other types of Waste dumps,
The subject deserveg attention,

bounds in Dyrotechhicg and tracer ‘Ammunition, Stockpvirlmg effect‘ively accommo-
dateg increaseq demandg during periods of nationa] €mergency.

SuLrur

At once the Subject of abundanee, 48 an unwelcome coproduct of other mag-
terials, anq of frequent Scarcity, in regard to Dbrimary Commercig] Supply, sulfur
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The cost of disposing of sulfur or acquiring it for processing needs affects
the real value of a variety of commodities in both the fuel and metal categories.
Anything that would tend to affect such costs when translated, to raw mate-
rials like submarginal sulfide sores or high sulfur coals or; to processes like the
~pickiing-of steely cati-have @’ profound influence on future ‘materials - gupply.

"Suchnr‘elationships‘ deserve continuous rea yraisal.
TALC

Tale, and a variety of mineral substances with essentially jdentical p’rOPerties,
oceurs: in sufficient abundance, poth: within the United States and abroad, to
eliminate-any concern for supply i the vforeseeableifuture.’A variety of exacting
speciﬁcations related to particular end-uses dictate the industry: pattern and
.the degree of rreliance upon imports. Successful research has substantially - re-
duced the latter. Improvements in beneficiation methods would permit ~p0tentia1
,domestic sources to meetxcompetition from abroad for markets demanding more
.exacting speciﬁcations.f v [T IR e Ay e ¢ ;

Minor land-use conflicts complicate the extraction and processing of tale. How-
ever, atmosph_eriocpmamination (silicate dust) attributed to: some mills has
demanded special control practices. : oo .

TANTALUM . -

A major increase in demand for tantalum is eXpeéted because of its electronic
and chemical properties that are not closely appi'o'ached by other metals. Devel-
opment of plutonium fueled atomic reactors could cause 2 significant rige in
tantalum structural and cladding material. :

The tantalum resource base is small and is probably inadequate to meet world
demand for very long. Moreover, the reliability of important foreign sources is
open to speculation.Estimates based on fragmentary Tesource data indicate that
total reserves and resources will be exhausted by 1986. Subsequent to that time
a price increase can be expected. Pparticular long-term penefits are seen in any
technologic advance that would permit extraction from submarginal gources Or

{See gection on columbium.) While there js a close mineralogical relationship
to columbium the movement toward pyrochlore as a source of that element extends
the potential reserves of columbium put does not jmprove the position of tan-
talum. Currently 2 signiﬁcant'amount of tantalum 18 jrretrievably Jost by the use

.of Taw columbite and pyrochlore inthe preparation of ferrocolumbium. The use
<of pyrochlore‘ (1 to 1.5 percent Ta;0s) i extensive in the United States and the
joss of tantalum is therefore relatively minor. The rest of the world, however,
generally uses columbite (5 1020 percent Ta.0s) and hence represents 2 major
loss of tantalum. ;

. As a coproduct of columbium which, in turn, materializes in a gubstantial
. degree a8 & byproduct of tin ‘mining, the supply pattern is related to the produc-
tion of those commniodities. Small qmounts of tantalum report in tin smelter
glags and with columbium consumed in ferroalloys. Practical methods for com-
mercially recovering these losses: would lessen the problem of primary tantalum
supplies. o

A low-cost method for geparating tantalum from columbium in Malaysian and
‘Nigerian columbitewould at least double known tantalum reserves.

currently used by processing plants might require more plant capacity and prob-
ably result in higher recovery costs but consideration should be given to such an
undertaking pefore.this material is disposed of as columbite ore. :
Recovery from secondary sources includes problems that will be multiplied
as the diversification in use evolves.

TELLURIUM

Tellurium is distributed widely in nature but its occasional mineralogical
association with copper, lead, and other metals provides the significant source.
At present it is derived as a byproduct 1n the refining of those metals. While
some search for new appiicartions has met with Jimited success, the apparent and
projected supply far exceeds any potentiai demand (see section on selenium).

______-_
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THALLIUM

su

thal]iumﬁ‘bearing resid the plant of the one thalliam producer reportedly
~have become a burdensome quantity. It ig estimated that the thallium containing
residues are generated at three times the rate of consumption.
The dominant consumption untij 1965 was ag g rodenticide, This wag sharply
curtailed becauge of Government action, which encouraged substitution of alpha-
haphythy] thiorurea or other chemieals legg toxie to humansg, However, the market
loss wag Compensated for by increased use of thallium in solder ang fusible

lost to beach development, On the other hand, some dredging operations on both
river angd beach placers have established models for mined land reclamation.

Tin

The United States is the major consumer of both Primary ang secondary tin
and uses about 40 percent of the world’y Supply. Domestic broduction angq fore-
Seeable potentia] are negligible, A unique international agreement among severg]l
broducer angd consumer nationg that seeks to stabilize Supplies and brices has
been only Dartially successful in its objectiveg, Rising priceg and uncertainty in
regard to future Supply provide incentiveg for finding Substitutes for tin in the
major end-uge applications,

In ithe concentration of tip ores from both placer and lode deposits, there is
evidence that ag much as 30 or 40 bercent of the tin mined is logt in the slimes,
In addition, the presence of impurity metals in the concentrate requires complex

tential of sulfige volatilization for Bolivian oreg, It is unlikely, even if the study
is successful, that output of tin from Bolivig will increage signiﬁcantly during
the next five or ten years, Technical assistance to Bolivia by the Uniteq States
has become traditional and additional cooperation ig likely to pe called for in
the foreseeaple future, .

TITANTUM

will depend to g large extent on successful development of an increaged capability
to use ilmenite instead of rutile. A variety of Submarginal occurrences of
titanium minerals are known both domestically and abroad. Domestic occurrences

—
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promise abundant supply if technologic improvements in extraction and proc-

essing can overcome certain economic disadvantages.

In a major end-use application, pigments, numerous substances vigorously

compete with ‘titanium for present and foreseeable expanding markets. Process
improvements that promise cost advantages or product improwement would tend
to insure & ghare of this market for titanium pigments. Adoption of a hydro-
chloric acid method for pigment production by all newly constructed titania
plants; coupled with steadily increasing demand for titanium metals, has created
unpreeedented demands for rutile (TiO:).

The unique properties of the metal foretell expanding and diversified use.
Such expansion will be magnified by technologic improvements that affect cost
reduction in metal productio'n, forming or fabrication.

Secondary recovery from nondissipative forms is, at present, accomplished
effectively. However, diversified uses and volume will present future problems
in handling and processing serap and alloys.

The known oceurrences of commercial deposits of ilmenite and rutile in beach
sands suggests that additional resources of titanium minerals may pe found
offshore and conceivably may be commercially workable. It also seems likely that
rutile in significant quantities may occur both on and offshore along beaches

©in many countries and new discoveries of workable deposits, especially in Africa,
appear probable.

Only about 2 percent of the material mined from sand deposits for titanium
minerals is recovered, the remainder being mud and slimes consisting of silica,
kaolin and organic matter. Some 1l-acre feet of this waste material are gen-
erated each month in Florida and impounded in large mud lakes. Hence, it seems
certain that the potential for expanding operations in Florida because of solid
waste and land use conflicts will soon become severely limited.

TUNGSTEN

Except for production as a coproduct of molybdenum, and an instance oT two
where tungsten is produced as a primary objective, known domestic sources do
not compete effectively with foreign sources in normal domestic or world markets.
Moreover, known domestic resources are not large in comparison to present Or
projeclted demands. With the exception of the resources of China and certain
other locations presently not considered available the extent of known world
resources available at reasonable costs in relation to pr‘oijecmed rerquire\ments is
uncomfortably small. Jmprovments in extraction and p‘roces»sing techniques that
offer cost reductions in the employment of low grade ores would permit some
expansion in domestic production. The specter of a potential flood of low cost
tungsten from China tends to discourage investment in the development of
higher cost sources.

The real domestic resources position is not fully understood. Under govern-
ment incentive programs in the mid-1950’s, app»roximaately 750 mines psrod-uced
tungsten in the United States. The exact circumstances under which any of
these or others could again become productive is subject to considerable
speculation.

The unique properties of tungsten promise increased demand in all of the three
predominant end-use forms; alloys, carbides, and metal. Substitution, even at
increased price jevels, is not likely to modify the demand to any gubstantial
degree, However, advancement in the procedures and technology for recovering
tungsten from serap, worn out end products and other secondary sources would
substantially extend supplies.

The marine environment offers some potential for diversifying sources of
supply (see gection on nickel). Similarly, minute quantities known to be present
in certain brines. would, if shown to be commercially recoverable, improve the
long-term supply outlook.

Processes that depart from traditional extraction through utilization squences
might, if shown. to be technologically feasible, minimize certain economic ad-
vantages presently attaching to low grade oceurrences. Specifically, advances
made in producing metal or carbide directly from concentrates or impure com-
pounds promise much if the metals associated with the tungsten can be
gimultaneously recovered. '

Better ways of reducing oxidation of tungsten at elevated tempera'turesx-would
extend the end-use life, and indirectly the supply, of the commodity. Similarly,
means of accommodating to the absence of ductility at normal temperatures
would improve efficiencies in consumption.

- ———
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URraNTUM

and economics of two commodities at the Source that have Do relationship in
end-use applications. The brevious surplus of one in the production of the other
has been reversed in the past. More recently vanadium has been readily market-
able; However, new (non-uranium associated) Sources of vanadium are being
developed that might affect the commercial value of the uranium ores. Sim‘ilarly,
noybdenum ag well as vanadium are present with the uranium sought in certain
domestic lignites,
: Smail quantities of uranium are known in tthe waste liquors ang Produets that
issue from the treatment of other ores, notably copper. If shown to be recoverable
Substantial amounts of the future uranium requirementg could be met from these

A long period during which vanadium supply exceeded requirements has closed
and supply and demand is in approximate balance, Domestic'ally the relation-

elements that are only remotely related to it in end-use applicationg demands con-
tinuous reappraisal of Potential resources when the need, price or supply of any
~one of the associated substances changes (see Section on phospho'mS:).
" In common with other alloying elements, improvementg in techniques that per-

mit more flexibility in substitution would minimize periods of supply inadequaees,

purity vanadium for use as fuel envelopes in fast breeder atomic reactors may
significantly increase demand,
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Like tungsten, oxidation problems at ‘elevated temperatures tend to restrict

application. Improvements in technology';would tend to broaden the scope of DO~

tential end-uses. ) . . L . : .
Most of the vanadium produced in. the Us;S. and overseas is obtained by salt

roasting vanadium ores or intermediate products. In.general, the current tech-:

nology of salt roasting of low grade vapadiferous raw materials-is a complex,
sensitive and relatively inefficient-and costly unit operation. S

VERMICULITE -

The United States dominates world production and resources are thought to
be adequate to meet any foreseeable need. However, definitive data are lacking
concerning their true extent or availability at specific price levels.

Demand growth rate is closely related to th’eydlum‘e of building and construc-

tion at -any given time. However, its use faces competition from other low cost
products (see perlite and pumice) including clay, slate, shale, and other sub-
stances from which lightweight aggregates may be manufactured. Transportation
costs from the source to exfoliation plants, near the points of end use, limit the
size of marketing areas as 'well as the competitive position with regard to other
commodities. Tmprovement in practices that would minimize the treatment losses
in'fine fractions or provide a market for fine-size vermiculite would improve the
competitive position of vermiculite.

YTTRIUM

Yttrium exists in minor amounts at many locations and is closely associated
in occurrence, properties, and end-use application with the rare earth elements.
Supply is not seén ‘as any foreseeable problem, in terms of presently conceivable
needs. It also occurs with other substances but in insignificant quantities 80 that
the commercial significance of such association would hardly be altered by un-
foreseen major demand or price changes. Yttrium and other heavy rare earth
oxides occur in phosphoric acid made from phosphate rocks. Technologic investi-
gation, and development of processes suitable for increasing production from
these sources would assure future supplies. (See sections on phosphorus and rare
earths). Present uses relate to electronics (television) and to a lesser extent
certain alloying applications. In the latter case the properties unique to yttrium
are not fully understood but the prospect for new and important uses in this
field seems promising. ‘ )

Yttrium costs may be reduced through demand for the other elements with

which it occurs and through improvements in separation techniques. A variety of

applications would develop in this eventuality.
ZINC

_Apout a third of the domestic demand is derived from domestic sources and

this ratio is likely to persist in the demand-supply relationship of the immediate
future. However, unless a means of commercially exploiting sources that are
presently classed as submarginal evolves in the interim, the apparent domestic
reserves will have been largely exhausted by 2000. Reduction of costs in each of
the incremental jndustry sectors, from exploration through refining, is seen as
the principal means of deferring depletion.

Zine production affects, and in turn is affected by, the demand for and the
economic aspects of a variety of coproducts and byproducts. The relationship be-
tween lead and zinc is particularly significant.

Much of the industry is organized jnternationally and responds to economic
advantages that one location might offer over another at any given time. Govern-
mental ‘action has frequently sought to protect the domestic zinc (and lead) in-
dustry through the imposition of quotas and other protective devices. Zinc is
mined in 20 states, milled and refined in 12, and initially consumed in 7. It is
expected that the welfare of the  industry will .continue to be the object of
increased legislative and executive attention as competition from foreign sources

increases. The potential effect of proposed actions demands 2 detailed under-

standing of world industry, economic and resource structures.
Most zinc mines are underground ‘operations so jmproved efficiency in under-
ground ‘mining methods would significantly effect cost reduction.

Horizontal retort reduction is relatively inefficient metallurgically and very

inefficient from 2a manpower standpoint. Several of the newer systems of metal

L.



ough extending the useful life of end productg before effective
means of inhibiting corrosion is geen as an effective way to extend mineral

ZIRCONTU M

Zircon ig the only zirconium mineral of commercia] significance. At present
it is imported in Substantia] quantities to accommodate U.S. demands, Domestic
Submarging] resources are very large. The coproduct relationship With titanium
is important in the current economicg of Drimary Production of zircon. Develop-
ment of techniqueg for Selectively extracting zircon Commercially without eco-
nomic dependence on coproduct values or demand would improve the supply
outlook,

of competition from acceptable Substitutes, Refraetories alst_) em;_)loy the minera]

connection the mineralogica] association of Zlrconium ang hafnium in zireon is
significant to the different Supply-demang relationships of the two Inetals, Im-

ecovery fron nondissipative end-use applicationg will demang attention in
he future, Recyclin.g of impure zirconium metal and alloy scrap Dresently ig
handleq by retreatment through the chlorination, Separation, reduction ang melt-
ing stages, Pure hang sorted materia] is simply Temelted with virgin Sponge, If
large quantities of materia]l containing nuclear impuritieg become available legg
costly recycle methods brobably wily be requireq.
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