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I SUMMARY AND CONCLUSIONS

This report discusses the use of materials for national defensc
purposes from the perspective of the availability of the mineral
resources. The report covers 71 different materials. Excluded from
consideration are energy materials (fuels) and gases (helium, aud
others). The work reported here constitutes one of the initial phases

in a program sponsored by Defense Advanced Research Projects Agency

(ARPA) for the purpose of identifying potential shortages of raw mate-

rials and actions that could alleviate such problems, The major role

of the report in the ARPA program is to provide a data base. The report
also presents the first stage of analysis based on the data collected
by specifying which of the materials studied appear to be most critical

from the perspective of resource availability and national securitv,

Nearly all the data collected and used in this report ere the
product of one of four U.S. government agencies. These agencies and

the data obtained from them are as follows:

U.S Burecau of Mines (Department of the Interior) for data
on production, consumption, prices, imports, stockpile
releases, reserves, and uses of materials,

U.S. Geological Survey (Department of the Interior) for
data on mineral reserves and resources both within the
Unitecd States and abroad.

Bureau of Economic Analysis (Department of Commerce) for
the input-output matrix of the U.S. economy, 367 sectors
(frequently called a 363 scctor description), based on 1963
data

Office of Preparedness (General Services Administration)
for tables giving Department of Defense expenditures cate-
gorized by sectors of the economy.




Data developed by U.S., Bureau of Mines and used by Lawrence Berkeley
Laboratory to set up a 399 scctor input-output matrix provided an

important element of the analysis,.

Tile results presented here were obtained by compiling data on

reserves, resources, supply, and demand for each of the materials into a

common framework for display and analysis, and by calculating the defense

use of materials from the available economic and mineral data. The
results obtained for each material are displayed on data summary sheets
presented in Section V. These summary sheets contain (1) line graphs
of the trends over the past 5 to 20 years in U.S. consumption, production,
prices, net imports, stockpile releases, and defense use; (2) bar graphs

showing reserves and resources of the United States and the world; and

(3) tables giving the economic sectors for the defense use and the coun-

tries of origin of the U.S. imports,

defense use of materials the 399 sector

To determine the levels of

convert the direct defense procurement

input-output matrix was used to

from the various sectors of the economy into the total output, direct

plus indirect, from each sector for defense. For purposes of this report,
"defense-use' means use by the Department of Defense (DOD), because the
defense spending data used in the calculations are for DOD procurcments.

This differs from other analyses that include the Atomic Energy Commission

(AEC) procurements as part of national defense, The role of the matrix
calculation is to derive from the procurement data--which gives the
dollars spent by DOD directly in each sector--the extent to which DOD is

also purchasing goods and services from other sectors because of their

roles in supporting the sector of the direct DOD purchase. Details of

the method are presented in Section IV and Appendix B.

The data summarized in this report can be made the basis for various

analyses designed to identify the most critical materials problems and



possible approaches to their solution. The sponso:r and the authors intend
that those interested in strategic resources and national seccurity will
find here a useful base for their own analyses of the problem. One
possible analysis of the data is presented in Section VI of the report,

This section concludes with a sumnary of the results of that analysis,

The conclusions of this report are summarized in Table 4 in Section
VI, where the 74 materials studied are ranked in order from the most
critical to the least critical in terms of the likelihood of a shortage
having a serious effect on national security. The vanking was obtained
by taking the geometric mean of five numerical indicators of criticality,
each indicator having a potential runge from 1 (not critical) to 10 (very
critical)., While the precise ordering of the materials should not be
considered significant, the materials appearing toward the top of the 1list
can be taken as prime candidates for potential supply problems anc, hence,
as having the highest priority for further study of strategic resources
and national security. The 15 materials of highest priority in this

ranking scheme are:

18 Mica--sheet Dy Fluorine
2. Manganesec 10, Graphite
o Platinum group il , Cobalt
4, Mercury 1828 Aluminum
S. Tungsten 13. Tin

6. Chromium 14, Silver
4 Antimony 15. Nickel

8. Tantalum




The criteria included in the particular ranking scheme used to

produce this list of materials and priorities are:

® Fraction of U.S. consumption used for defense

® Adequacy of U.S. reserves

® Fraction of U,S. consumption supplied by imports
¢ Vulnerability of sources of supply

® Difficulty of substitution.

Also presented in Section VI is an alternative ranking (Table 5)

that includes two additional criteria., The additional criteria concern

the economic and industrial importance of the materials.




> (1) Improvement

The ARPA program on strategic resources and national sccurity should
continue rescarch along three or four lines suggested by this and other
preliminary investigations., The possibility of the Department of befense
taking a more active role in the formulation and implementation of
policies designed to assure national security in the face of potential
shortages of materials should be seriously considered, but not until the

options for such a role have been more clearly identified and evaluated.

The major lines for further investigation by ARPA arc the following:

of the present data base, The estimates of

I  RECOMMENDATI1ONS
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defense usce
on the best
£ dependence,

of materials obtained for this report are based
available method for determining the total

direct plus indirect, of DOD on the numerous

sectors of the econouy. In the process of gathering the

data and carrying out the calculations, SRI has become

aware of assumptions and choices that must be made as to

sources of information and computational procedures. The

adequacy and usefulness of the present results can be 0
improved by some odditional sensitivity analysis and com-

parisons with other results. Gaps in the data summary
pages of Section V can be filled by further work.

(2) Projections of future supply and demand situations [or

o various materials. While this report is useful as an

materials.

indicator of future supply problems and, in fact, expresses
the quantities of cuach material's production, consumption,
: reserves, and resources in terms of a unit thought to be
representative of U.S. annual demand about 1985, both the
analysis and the fact-gathering aspects of studies of
strategic resources would bhenefit from a greater emphasis
on circumstances likely to occur in the future. Changes
in technology and cconomics could be considered cxplicitly
and made the basis for a revised ranking of the critical




(3

1)

Identification and evaluation of poiicies and actions to
alleviate potential shortages of materials., The present
study has served to identiiy materials most likely to be
involved in critical shortages. The data presented here
on secondary production (recycling) and stockpiling of

materials provide the starting point for an assessment }
of options available for dealing with problems of supply.
These and other options should be systematically iden-

tified and evaluated, Thec most productive evaluation is

likely to result from a study of what could be done to ’
alleviate supply problems for the specific materials

given a high priority on the basis of the data or analy-

sis in this report.

Implications for foreign policy and international rclations.
The listing of foreign sources of raw matecrials given on
the data summary pages of this report (Section V) provides
a starting point for an evaluation of the vulnerability of
the U.S. supply of various materials., A preliminary

evaluation along this line is among the ranking criteria
used in the analysis of Section VI. Considerably more
effort should be expended on identifying the explicit
nature and implications of U.S, imports of strategic
materials. Comparisons should be made with regard to trade
and resource constraints of other countries, Possible

responses to international cartels of raw material suppliers
should be identified and evaluated.
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IIT INTRODUCTION

AR Historical Aspects and General Remarks

The growth and diversity of demands for mineral raw materials in
this century has been phenomenal, particularly in the United States.
In the first 35 years of the century, more minerals werec used than in
all prior history, and that quantity was doubled in the next 35 yvears.
Although some minerals--such as gold, platinum, diamond, and mercury~-~
have always been relatively scarce, within established price ranges none
have been scarce enough to discourage their use. Thus, served by such
great abundance of minerals, industry has been free to grow and diversify
with little constraint. In genecral, minerals have been cheap to the
point of cencouraging considerable waste, They have nmoved freely in world
trade, and the United States, with a sixteenth of the world population,
has become accustomed to using a third of the world's mineral suppliecs,
(Historical trents in U,S, consumption and production of some mineral

materials are shown in the graphs in Appendix A.)

The mineral self-sufficiency of the United States has been gradually
declining for many years, Nevertheless, domestic sources still account

for about 85 percent of our total requirements in dollar values,

Although the United States has the world's greatest mineral indus-
trv==being the lecader in such important commoditics as oil, natural gas,
copper, cement, sand and gravel, stone, lead and molybdenum, and among
the top three in coal and iron ore--=the value of its mineral production
is about threce percent of the gross national product, and fuels account
for two-thirds of this amount. These arce astonishing figures, consider-

ing the importance of minerals in the national cconomy and the fact that




civilized living as we know it, or even a populous world under any kind

of living, is absolutely dependent on a mineral supply base.

If one scrutinizes the rates of increase of mineral consumption
and population growth in this century, it is difficult to believe that
trends can continue in the same fashion for more than a decade or two
longer. It seems certain that either population growth must be halted
ov per capita consumption of many minerals must decline because of the

inroads of depletion,

Although histiorically prices of minerals in constant dollars have
remained level or declined somewhat in spite of depletion, it seems likely
ihat the immense demands and wastefulness of our times are finally having
their effect and that minerals will gradually account for a greater frac-

3 tion of the gross national product., Moreover, mineral-exporting nations
are rapidly becoming more possessive about their mineral reserves and,
recognizing that minerals sell cheaply but are essenticl, they are begin-
ning to charge what the traffic will bear tor their mineral exports and
forming coalitions to force prices higher. Ewmbargoes or quotas to con-
serve these depletable assets for their awn future use may not be far
behind, Thus, the United States and other indusirial nations apparently
will not only be paying more for their mineral imports, but also will
probably be faced with limitations on volume. In addition to fuel short-
ages, there will probably be raw material shortages in several commodities.
Oour stzndard of living will be affected; we shall be moved toward unac-
customed measures of conservation, reclamation, and substitution; and
probably there will be constraints on the freedom of equipment designers
1o choosc whatever materials they may wish., Such constraints are likely
to have a retardant effect on performance unless the handicaps can be

overtaken by improved designs and workmanship.

L N .
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The current trend toward greater reliance on imports of raw materials
is caused in part by the substantial depletion of our domestic mineral
resource base. This country began with a fine mineral cendowment, and this
was still true in the 1920s, Since that time, we have conducted an
unparalleled depletion ol our resource bhase; we arc in a somewhat better
position today than the Europcan countries with regard to mineral resources

simply because we started with a larger inheritance.

1 Past Mineral Emergencies

Mineral cmergencies or ncar-emergencies are not new in our
national expericnce., In the First World War, the United States suffered
shortages of several minerals, particularly in the ferro-alloy category,
which came close to cramping the war cffort, Some rationing was donc of
these short materials to favor military needs. This experience made a
sufficient impression on a small group of informed mineral specialists to
cause a dedicated cffort to forestall subsequent shortages under similar

circumstances, The result was the Stockpile Act of 1938.

llowever, the Second World War followed so closcly behind the

cnactment of this legislation that therc was no time Lo acquire an impor-

tunt minecral inventory; thus, the United Statcs became cmbroiled in that

conflict without such protection. As a result, we were forced to under-

take a complicated, troublesome rationing program that, after scveral

u

collapses and agency shakeups, became part of the Controlled Materials

Plan of the War Production Board. Becausc price controls threatened to

impair productivity of lead, zinc, and copper mines, they were subsidized

under a program called the Premium Price Plan. The mines, cxcept for gold

mines, were f[avored under the military draft, and soldiers were sent to

work in the copper mines. 1In the foreign field, a large mineral purchase

program was conducted by the Board of Economic Warfare. Domestic and

forcign purchascs were made by Metals Rescrve Company. New mineral

9
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development was cnhcouraged by floor-price contracts and loans provided

by Reconstruction Finance Corporation. Becausc of all these activities,

serious mineral shortages were prevented.

The German submarines developed a means of identifying bauxite
ships in convoys comning up from South America, and came very close to
cramping our aluminum production, sinking some 96 bhauxitc vessels. llow-
ever, the Navy countered the submarine menace before the problem hocame

too serious.

Thus, in regard to mineral supplies, we survived two world wars
by only a small margin, with the benefit of much good luck and in spite of °
b a lack of advance preparation., Congress was sufficiently impressed by the
experience to strengthen the Stockpile Act and to give strong moral and
financial support to the stockpiling program, which proceeded apace during
the fifties in spite of high prices. For exumple, Congress wrote into the
. Marshall Plan, administered by Economic Cooperation Administration, pro-
visions that a portion of the foreign=aid funds should be used to acquire
surplus materials from the participating countries, ond to generate new
sources of production, taking repayment in kind. Under this program,
large inventories of rubber, diamonds, sisal, and strategic mica were
acquired, and production of Jamaican bauxite, Algerian lead-zinc, Mada=-

gascar graphite, Congolese manganese, and Ubangi diamonds was stimulated.

During the Korean War, no serious shortages of minerals were
encountered, as special steps were taken to prevent them. The Defense
Minerals Frocurcment Agency made purchases, extended floor-price contracts,
and arranged government loans to new operations., A program of five-year
guaranteed prices was set up to cncourage domestic production of sirategic
minerals, and the Defense Mincrals Exploration Agency--still functioning
as the Office of Minerals Exploration--was organized to subsidizce domestic

exploration and development of strategic and critical minerals,

10
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2, The Outlook

Despite the assaults that population growth and continued
increases of per capita demands are making on national and world mineral
resources, and the resultant implications of growing scarcities, it
appears that for the rest of this century foresighted measures can
prevent mineral shortages from Jjeopardizing national security. Techno-
logical progress has greatly facilitated mineral exploration and extended
mineral reserves by making lower and lower grade resources usahle, Further
progress in these areas may be anticipated, Also, there is a large
potential for better reclamation (secondary production), Higher prices
can effect a profound influence in furthering discoveries, increasing
utilization of lower grade resources, and promoting reclamation. Con-
sidering the small fraction of thc national effort that mineral supplies
now require, our ability to pay much higher prices can hardly he ques-
tioned, Moreover, for defense requirements, the continued maintenance

of an adequate stockpile is a practicable and ecven profitable safeguard,

B. Background of This Report

Planning for a study of strategic resources and national security
began at ARPA and at SRI during the first half of 1973, As originally
conceived, the study was to focus on materials that are ohtained largely
through imports and to examine the facts and possible solutions relating
te potential shortages of these materials. As the plans for an ARPA
program in this area were made more specific, the need for a broad data
base consistent with the special concerns of national defensce hecame
apparent. Therefore, the initial contrihbution by SRI to the ARPA program
took the form of the present study. This study can be characterized uas
a survey of supply-demand relationships for a wide spectrum of materials

combined with a determination of the level of defense use of the materials.

11
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The method of approach and the sources of data for this report arec
described in Section IV, which follows immediately. In summary, this
report combines data on materials and resources from the Department of
the Interior with cconomic analysis based in part con information from
the Department of Commerce and the General Services Administration to
reveal the defense use of materials in the context of availability of

the raw materials.

The exclusion of the cnergy minerals--e.g., coal, natural gas, oil,
and uranium--from this study is explained by the fact that ARPA has
previously sponsored similar research focused on such resources and their

use for national dcfcnsc.l*

P

zumerical superscripts refer to the references listed at the end of the

report.
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IV METHOD OF APPROACH

The objectives of this study are the formulation of a data base for
the ARPA program on strategic resources and the use of that data base in
a preliminary analysis of potential resource problems. The data base is
presented in the form of the data symmary pages i1or 76 materials that
constitute the bulk of the following section (Section V), This section
describes tlie procedures and sources used in the production of those data
summary pages. The last sectinon of the report (Section VI) describes the
procedure used in the preliminary analysis of the data and presents the

results of that analysis,

The organization of this section is keyed to the presentation used
for the data summary pages. Thus, the following subsections describe the

derivation of the data presented in each part of the data summaries.

AR Specification of a Unit for Each Material

To reconcile the vast range in the quantities of different materials
used in the United States with the desire to display the trends in U,S,
consumption and production in a linear graph common to all the materials,
a unit of quantity was adopted indiviilually for each material, The in=-
tended use of the data base in the ARPA strategic resources program
suggested the choice of a unit that reflects the level of use of each
material in the future period for which planning is intended. Therefore,
a procedure was adopted to systematically derive a unit for each material

that is characteristic of U.S. annual demand for that material anticipated

within a few years before or after 1985,




The basis for the quantity used as the unit is a projection of cumu=
lative consumption of each material in the United States made by the
Bureau of Mines, These projections are presented in a set ol summary
tables prepared by BuMines in 1974 and based on 1972 data.® The values
given in this source are the cumulative primary demand for the period
1972 to 2000, expressed as the quantity of the elemental material (e.g.,
as quantity of aluminum rather than bauxite or any other form in which
aluminum may be traded or used), These cumulative demand values were
divided by 28 to obtain an average annual consumption characteristic of :
the period of projection. Because the BuMines projected only primary
demand (that derived from mines) while the report includes secondary
(reclaimed, recycled, scrap, and the like) material as a factor in both
consumption and production, the unit had to be adjusted to account for
secondary material in about a dozen cases where such sources are an im-
portant part of annual supply. The adjustment was made using a factor
that would approximately scale 1968 and 1972 primary demand up to total
demand for those years. The factors were calculated from data given in

the flow diagrams from the Commodity Statements for the years 1968 and

1972,"3 copies of which were provided to SRI by the Bureau of Mines. The
unit sizes so calculated were expressed to two-figure accuracy and rounded

to the nearest 5 to obtain the units adopted for the individual materials., 1

B. Consumption and Production

The data on U.S., consumption and production of the materials are
taken almost exclusively from Bureau of Mines publications. The Minevals
Yearbooks® for 1971, 1966, 1961, 1956, and 1951 were used for much of
this information. (Five year trends are usually given in each yearbook:
hence, the particular volumes indicated.) Late in the project flow dia-
grams3 vere obtained for 1968 to 1972, and these were used to correct i
production and consumption trends for some materials. The flow diagrans
were especially useful because the quantities shown in them ave expressed

14
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in terms of the elemental material and, therefore, made it possible to

avoid the frequently complicated conversions of Minerals Yearbook data

to the elemental form, The flow diagrams were taken as the standard, and

whenever possible, the figures chosen from Minerals Yearbook were those

that were consistent with the flow diagrams. (The only flow diagrams

generally published are those used throughout Minerals Facts and Problems

19705 to show the supply-demand relationships for materials in 1968,)

The flow diagrams were also used to obtain the 1972 worl:d production

of each material.

©f8 Prices

Price trends for the period 1950 to 1971 have been compiled for over
a third of the materials studied. The prices have been converted to a
price index reflecting the price in constant (i.e., deflated) dollars on
a basis defined to set the 1971 price at index value 100, The formula

used to compute the price index for each year is

Price for year Wholesale Price Index for 1971
Price for 1971 Wholesale Price Index for year

Price Index = 100 X

In the charts, the Price Index is called "Price Relative to Constant

Dollars".

The annual values of the Wholesale Price Index (WPI) are taken from

Statistical Abstract of the United States. 1974.° The overall WPI is

used rather than the WPI for the mineral industries because the intent
is to display mineral prices relative to the rest of the economy.

The prices used are those whose trends are indicated in the Minerals
Yearbooks.* In some cases, trends of prices were taken from data com-

piled by SRI and published for private circulation, such as the Chemical

15



Economics Handbook.?” 1In thesc cases, the priccs chosen .o indiecate the

trend are those that appear consistcent with thc Mincrals Yearbooks.

D, Imports

The data summary pages of Seetion V display information concerning

imports in two forms. One is a graph showing the trends of net imports,
defined as imports minus exports, expressed as a percent of the annual

consumption. The other is a tabie concerning import sources that shows
the countries from which U,S, imports of each material were obtained in

1972,

Because the form and detail of information on imports and exportis

varies considerably from one material to another in the Minerals Yearbook,

it has not been possible to show consistent trends of net imports from
1950 to 1972 for all materials. The flow diagrams"3 have been most useful

in interpreting the Minerals Yearbook4 data for nearly all materials,

For a number of materials only the 1968- to 1972 net import trends could
be included in the data summaries. In these cases the net imports were

derived from the {low (liagx‘ams"3 for those years.

The tables displaying 1972 import sources werc derived from the U.S.
Bureau of Mines' flow diagrams.3 The diagrams represent the most recent
year for whieh data are available and are based on preliminary calcula-

tions by the Bureau.

The list under Import Sources omits countries that are significant
producers if they did not supply any of the U.S. demand for that particular
material in 1972. It includes countries that supplied a portion of\their
primary production to the United States either directly or through other
countries. It also includes some countries that had no primary production
of their own but supplied a portion of their production from imported ores
to the United States. In some cases, such an intermediate producer may be

supplied by only one primary producer; thereforc, the amount sent to the
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United States by the country that processes the ore is credited to the
primary producer, with the intermediate omitted from the table. 1In

other cases, an intermediate producer may have its own primary production,
or may reeeive material f{rom several primary produeers. An exact, quanti-
tative account of materials flow from primary precducers through inter-
mediates an thene. to the United States cannot always be determined from
available data. The quantity of material derived from such poorly defined
sources 1is included in the table but without reference to specific pri-

mary sources.

These tables of import sources prcvide, insofar as is possible, an
indication of the ultimate commeree from import countries to the United
States, for the year 1972, For cach matecrial, they show now much was pro-
duced by cach import source relative to the world total, what proportion
of this production was sent to the United States, and howmuch of the total
U.S. demand this import segment represents. As demonstrated by the tables,
countries with no primary production may nonethecless supply a substantial
portion of U.S. demand. Countries with a large proportion of the world's
production may send little to the United States, uand there are a number
of variations in between. Some materials may be considered domestically
suffieient for 1972, as noted on the data summary pages, when U.S. produc-
tion exceeds or equals demand, Some of these domestically sufficient
materials may also be imported, primarily for the purposc of recxport, but
this is not shown in the tables. A few materiols were supplied entirely
from industry stoeks aecumulated from earlier imports or domestie produc-
tion, and a few materials were imported in excess of demand, [or reexport

or industry stocks.

E. Government Stoekpiles

It was originally intended to display data on stockpile aequisitions

and releases over the last two deeades, but the limitations on obtaining

17
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such data make this task unfcasible within the deadline of this report.

The General Scervices Administration, through the Office of Preparcdness,
administers the stockpiling programs of the U.S. government. GSA supplied
information on stockpile acquisition and releases: semi-annual reports
listing inventory levels from 1967 to 1973? and a discontinuous listing

of inventory levels at irregular intervals over the past 25 years.lo

This information did not meet the immediate nceds of this study, which
would have required a continuous annual mpnitoring of inventory levels

over the past quarter century and a convenient conversion to the elemental
forms of the materials. GSA indicated that such information is on

tape, but is accessible only through an effort beyond the limits of this
report. Whether alternate sources can be found remains to be seen, With-
out a continuous record of stockpile acquisitions and releases, the inter- !
relationships between stockpiling activities and other avenues of materials
supply and demand cannot be clarified for most of the period between 1950

and 1972,

However, for the five years from 1968 to 1972, the flow diagrams3
give the quantities of material released from or acquired by the govern-
ment stockpiles. These figures are presented on the data summary paper
as annual stockpile relcases cxpressed as percent of the annual U.S.

consumption,

F. Resources and Reserves

Resources and reserves arc distinguished, respectively, by geologic
criteria and cconomic considerations applied to such geologic criteria,
A resource is the ulimately available quantity that is concentrated in
accessible places. A reserve is the portion therecof that is currently
known and obtainable at current prices and costs and technology. Acces-
sible places are usually confined to the minable depth of the continental
crust, although for specific materials, such as wmangancsce or magnesium,

the seca floor or cven the sca itself may be included. A concentration is
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a condition where the material is found in greater proportion than its
average crustal abundance. Thus, implicit in the concept of resources
arc broad cconomic and technological assumptions. Spccific cconomic and

technological parameters are used to delincate the extent of reserves,

Reserves are more reliably estimated than resources, since they are
the basis of the current minerals industry. Nevertheless, discoveries from
increased exploration, variations in cost of extraction, fluctuatipns iy
demand, or improvements in technology can all radically affect the reserve
quantity. Resource figures are presumed to be more stable, but increased
knowledge of geology can affect these estimates as well. For both resources
and reserves, amounts in other countries are usually harder to judge than
amounts in the United States., Consequently, these figures are an indica-
tion of how much the experts know and are willing to guess, and aire not
statements of absolute fact. The margin for error is at least 50 percent.

Reserves and resources are charted on a logarithmic scale in the data
summary pages and measured in the same units used to express production and
consumption data on those pages. All figures were converted to conform with
the standard units of measure. When data sources gave amounts in terms of
oxides, the conversion to metal was computed by proportion of atomic weight.
When amounts were given in terms of ore, an average or prevailing grade of
ore was determined and applied, When estimates were made as probable multi-
ples of quantitative figures given elsewhere, such computations were fol-
lowed. In some cases, data were not available, but a description estimation
was given by a reference. Accordingly, the term "insignificant" generally
indicates a quantity less than ten units, and the term "large" generally

indicates a quantity greater than 1000 units.

The primary source for U.S. and world reserve figures was Table 14A from

the Bureau of Mines Commodity Statement Summary Tables.” Most modifications

of these figures were based on the Bureau of Mines Commodiily Data Summaries,

e
1974, which gives a more detailed treatment of ecach material. A few reserve

estimates came from U,S. Geological Survey Professional Paper 820, 1973,11
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when Bureau of Mines estimates scemed too modest by comparison, or were lack-

ing. The primary source for resource figures was USGS Professional Paper

820, United States Mineral Resom‘ces.11 Some figures were taken from the

Commodity Data Summuries,8 which themselves rely upon PP820. A feyw numbers

were uscd from the Bureau of Mines Mineral Facts and Problems, 1970,

G. Defense Use of Materials

This report addresses the problem of estimating DOD usc of materials
to provide bascline information for DOD planning and to better assess
potential problems in supply that may result from a large dependence on
specific materials. The most straightforward solution to the problem
of estimating DOD materials' consumption is the evaluation of detailed
records of DOD procurement for the years of interest. Such a direct es-
timation of DOD consumption would not provide adequate results for sev-
eral rcasons. The data sources for this information, known as bills of
materials, arc not available in a unified or consistent form, nor do they
adequately describe the material content of items that the DOD purchases,
Even if it were possible to cstimate direct materials' consumption by
DOD, the failure to include indirect usage of materials (i.e,, the mate-
rial used in the production or delivery of the item purchased by DOD) 3

would introduce a significant error into the estimates.

Because of limitations in the data and the inadequacies of estimat-
ing DOD consumption ty direct methods, we have chosen an indirecct pro-

cedure, which employs input/output analysis, to address the problem,

This method entails:

Use of a 399 sector I/0 table and defense procurements for
399 scctors (for the years 1963 to 1972) to estimate both

direct and indircct DOD purchases in dollars from the in-

dustrial sectors,

* Conversion of the direct and indirect DOD dollar purchases

from the sectors of the cconomy into quantities of materials
used by DOD,
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This approach allows us to take the amount of material provided as input
to various producing sectors and to determine the amount of that material
that is delivered, or otherwisc used, directly or indirectly, by the DOD,
The first part of the approach represents a straightforward application
of I/0 techniques. The second part requires a blending of minerals data,
namely, the Bureau of Mines descriptions of end-use of materials,® with

economic data,

The value of output used by the military directly or indirectly was
generated by the usc of standardized I/0 techniques that will be detailed
below and in Appendix B, In effect, these techniques rclate the sales
made to final demand (e.g., households, or in the present case, the DOD)
to the intermediate output from various economic sectors. The technique
takes into account the fact that the product delivered to final demand
by a given producing sector includes inputs from other sectors, and that
part of the output from the given secctor will be utilized as an input by
other sectors. The computational procedure includes the multiplication
of a matrix that contains information about dollar flows among industrial
sectors in the economy (termed intermediate demands) by a vector of mil-
itary final demands. The resulting product is a vector of total outputs
that DOD derives directly and indirectly from the various producing scc-

tors to meet the military final demand.

The I/0 matrix used in this work is a variant of the standard
"Input-Output Structure of the U.S, Economy for 1963," published by the
Department of Commerce.® The variant was developed by the Bureau of
Mines; it was tested and used for applications by the Sanitary Engincer-
ing Research Laboratory (SERL) of the University of California. The
metrix differs from those in standard I/0 tables in that the 1/0 sectors
responsible for the introduction of material inputs into the U,S, economy
(e.g., ferrous minerals or coal) are expanded to a greater level of de-

tail. This has the effecet of expanding the number of sectors from 363
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to 399. The resulting matrix treats the minerals-producing secctors in
greater detail than any other I/0 matrix that has been developed, and this
feature is expeccted to be useful in further analysis of materials use.
The data and system of programs is dcseribed in a SERL report entitled

"Computational Aspects of Input-Output Analysis Applicd to Resources

1
Management, P

The military final demand vectors, to which the SERL matrix was
applied, are based on data from work by Mr. Albert Schulman,14 Office of
Preparedness, General Scrvice Administration. The data contain Mr,
Schulman's determinations of DOD final demand for the years 1963 through
1972, Each vector consists of 170 components, Some of the components
represent an aggregation of secctors in the 363 component (final demand
vector developed for the ycars 1963 and 1967 by the Burcau of Labor
Statistics) others, notably in the construction areca, represent expunsions.
Schulman's methods and some of his results arce described in References

15 and 16.

To apply the SERL matrix, it was necessary to perform data aggrega-
tions and disaggregations that would convert the 170 component vectors
into a form coisistent with the 399 componcent vectors, This was achieved
by first converting the 170 component vectors into the standard, i.c.,
363, component vectors. The aggregations were straightforward, since
the component descriptors provided by Mr, Schulman made clear the com-
ponents that had to be summed to convert the veetor into the standard
industrial code format consistent with the I1/0 matrix. The disaggrega-
tion of the 170 ccmponent vector was cqually straightforward. It was
accomplished by using the standard 363 coamponent vector for 1963, compiled
by the Burcau of Labor Statistics, as a model for the disaggregation:

The DOD final demands in any given ycar were made consistent with the
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distribution of DOD final demands among scctors in 1963, * Values for the

components of 1963 military final demand are given in the stundard tables
for that year.* Expansion from the 363 componcent vector to the 399 com=-
poncnt vector was achieved by essentially the same procedure., Tn this

Y/
casc, the basis for the disaggregation was a 399 compenent vectorl

expanded from the 1963 standard vector on the basis of the principles

uscd to expand the 399 scctor SERL matrix.

Application of the SERL matrix to the 399 componcnt vector of mili-
tary final demand results in a vector of total military purchases (dircct
and indirect) required to meet the final DOD demand. Each component of
the vector produced by this process represents the total sales, from a
producing scctor, that are required to support the military requircments

for the corresponding year.

Data from the Burecau of Mines were used to relate the quantity of
a given material consumed by the military to the vectors of total mili-
tary purchases. The data from the Burcau of Mines spccified the quantity
of a given material used as inputs by various producing scctors, or,
more frequently, by various groups of sectors. The amount of a given
matcrial consumed per dollar of total sales is derived by dividing the
amount of material in a spccificd input scctor(s) by the total sales to

the entire U.S. cconomy from the specified sector or by ¢ summed total

sales from the specified group of scctors. Multiplication of tnis quantity

by the total military sales for the sector(s) results in an estim-.c of
the amount of the material required from the sector of the military. By

repeating this process to obtain the flow of materials to DOD from cach

*
The most recent final demand vector compiled by the Burcau of Labor

Statistics is that for 1967, This vector was not used as the basis for
the disaggregation because it has not yet becen fully authenticated.

Sec column 97,10, Volume I of Reference 12,

i el Pl e

T R o ST

i
:
i
;
%
j
i




scctor and then summing the results, an estimate of the total amount of
the various materials required for the satisfaction of wmilitary demands

is generated.

This estimate of military demand for a material is divided by the
total amount of a material supplied to the U.S, economy to obtain an
cstimate of the fraction of the total material input consumed by the

military.

The data on minerals use required for conversion of the dollar demands

into material demands were taken from the 1970 edition of Minerals Faets

and Problems.® The information is given there in the flow diagrams
showing the supply-demand relationships for the individual materials for
the ycar 1968. These give the U.,S. consumption (called "demand'' on the
diagrams) of material in that year. The consumption or demand data for
other years were taken from other Burcau of Mines sources: The information
for the years 1969 through 1972 was obtained from uipublished flow diagrams
for supply—demang rclatiom—:hips,8 courtesy of J, W. Pennington, Commodity

A 8 . . . %
Data Summaries'® were used for the U,S. consumption in the years 1963 to

1967. Since these latter consumption data do not always include consumption
of secondary (recycled) material, they can be different from the true U.S,
demand for materials, To avoid gross discrepancies, comparisvilts between
the independent estimates of consumption and demand were made, and, if
differences greater than 10 percent were observed, no attempt was made to

calculate defense use for the years prior to 1968. '

The data on the (sector) total sales to the entire cconomy were
obtained by expanding recently available 1967 1/0 data from a 363 sector
format to a 399 scctor format, again according to the principles used to
create the SERL matrix.!” These total sales data were converted o 1968
dollars by applying a factor of 1,08, the ratio of 1968 GNP and 1967 GNP

1s
in current dollars, All entries in the 1/0 matrix and ihe DobD tinal

demand vectors for all years were expressecd in 1963 dollars, The output
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vector produced by the matrix multiplication was converted from 1963
dollars to 1968 dollars. The conversion factor was 1.08, as determined

from the Wholesale Price Index for all commoditios.”

Scveral points should be made concerning the concepts that formed
the foundation of the input/output approach used here. The basic
assumption implicit in the approach is that intermediate flows through
the cconomy to final military demand have the same relative composition
as intermediate flows that contribute to the final demand of the entire
cconomy. Obviously, this approach is morce appropriate to some producing
scctors than it is to others, but no altcrnative assumption appcarecd
possible at this time. Future work may be needed to cvaluate and improve

upon this assumption.

A sceond assumption was that the quantity of a matcrial derived from
a given sector is proportional to the demand frea the scctor in dollars,
For 1NOD, this is cquivalent to assuming that DOD final dcmand from a given
scetor corrcsponds to the average output of the sector. Thus, a customer
that generates twice the sales volume of a scctor is expected to usc,
dircctly or indireectly, twice the amount of material from the .icctor,
regardless of his spccific purchases from the scctor. As in the casec of
the first concept, this assumption is obviously more appropriate to somc
sceotors than it is to others--but no alternative assuwption appears

possible at this time.
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V PRESENTATION OF THE DATA

The data compiled in the course of this study are displayed on the
data summary pages that constitute most of this section. The information
concerning each material has been put into a standard format of graphs
and tables on a data summary page. An additional page of notes about cach
material accompanies the appropriate data summary page. This complete
section of the report consists of an explanation of the standard format
for data summary, the data and notcs on cach material, and details con-

cerning the important case of iron,

A, Description of the Data Summary Pages

Section IV described the meinodology and sources used to compile
cach of the categories of information displayed in the data summaries,
Therefore, the presentation here is limited to a listing of the headings
found on the data summary pages and a description of the kind of informa-

tion displayed under each heading.

e Data Summary: The materials are ordered alphabetically and
named according tc the elemental content (e.g., 'aluminum’
rather than "bauxite,'" "fluorine" rather than "fluorspar "
and so forth)., The unit used to express absolute quantities
of the material is specified under the name, The 1972 world
primary production of the material is given next in terms of
the unit just defined.

e U,S. Consumption and Production: This graph shows total
consumption (C) of material in the United States in the form
specified by the name (e.g., chromium not chromite or Cr203),
with the quantity expressed in the unit defined at the top
of the page. Both total consumption (C) and production (D)
include primary and secondary material (i.e.,, material dec-

rived from mine production and reclaimed from scrap, respec-
tiv~ly). 1In those cases where secondary production (SP) is

27,
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a substantial contributor to total production (P) in the
United States, it is shown as a separate curve, Production
(both P and SP) is that from domestic ores and scrap, and
excludes material that may be refined in the United States
from imported raw materials,

The curve or line projecting consumption (C) to the end of
the century has been composed by SRI specifically for this
report, but is based on a Bureau of Mines projection of
cumulative U,S, demand to the end of the c¢entury.2 The
projection has been drawn to make the cumulative demand {rom
1972 to 2000 equal about 28 units, as is consistent with the
derivation of the unit size described in Section IV-A, The
projections so drawn tend to fall in the middle of the range
of proiections shown in Minerals Facts and Problems, 1970.%

Price Relative to Constant Dollars: The derivation of the
price index shown in this graph on a logarithmic scale has

been described in Section IV-C, The annual average Whole-
sale Pricc. Index has been used to convert the annual average
price for some form of the material into constant dollars.
The notes on e¢ach material specify the form to which the
price applies.

Net Imports and Stockpile Releases: The net import (NI)
graph expresses the excess of imports over exports as a per-
cent of total U,S, consumptinn (C) for each year., The ele-
mental content of imports and exports of the material in any

form (ore, concentrate, ingot, or other) other than finished
or mill products is taken into account,

As explained in Section IV-E, the lack of data in a conven-
ient form has prevented the presentation of a complete trend
graph for stockpile releases (SR) on an annual basis, Suit-
able data were available for the period 1968 to 1972 and are
shown here as a percent of U,S, consumption (C) for each of
these years. Note that the term "stockpile" means U.S. gov-
ernment stockpiles and not industry stocks.

Negative values of net imports (NI) indicate a net export,
Similarly, negative values of stockpile releases (SR) indi-
cate an acquisition by the government for the stockpile,

Reserves and Resources: These bar graphs express reserves
and resources on a logarithmic scale in terms of the unit
defined at the top of the page, Because this unit approxi-

mates the U,S. consumption expected in some future year
(circa 1985), the numerical values for U,S, reserves and
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resources approximate the years of supply at some possible
future consumption level, To interpret the world figures

in a similar way, the fact that thc unit is tied to U,S,
consumption, which is but a fraction (often about one-third)
o1 world consumption, must be taken into account, The defi-
nitions of reserves and recsources given in Section IV-F make
clear the cconomic considerations that dominate reserve esti-
mates and the uncertainties in both reserve and resource
estimates, These factors should serve as precautions against
taking the bars shown too literally as years of supply.

Defense Use: This graph shows the trend of defensec use of

the material, expressed as the percent of total U,S, consump-
tion of the material in each of the years 19C3 through 1972,
The derivation of the values shown is described in detail in
Section IV-G and Appendix B, As described in those sections,
the basis for these defense use estimates is expenditures by
the Department of Defense (DOD) and does not include expendi-
tures by the Atomic Energy Commission (AEC). A comparison of
DOD and AEC expenditures relative to each other and to the
United States GNP for the years 1963 to 1972 is given in
Table 6 in Section VI,

Defense Use by Sector: This graph shows the fractions of the

total defense use accounted for by procurements, directly und
indirectly, from various sectors of the economy, The numbers
labeling the curves refer to the sectors named in the table
immediately below the graph. The fractions shown on the charts
are on a cumulative basis and total to 100 percent.

Identification of Sectors: This table presents the legend
explaining the numerical labels in the graph above it and
also gives the percentage in 1972 of total defense use of
the material accounted for by procurements, directly and
indirectly, from the economic sectors associated with the
major defense uses.

Sources of Imports 1972: This table lists the countries from
which the United States obtained significant fractions of

the material in 1972, It also shows what fraction of the
world primary production was accounted for by each country

in 1972 and the fraction of each country's production sent

to the United States, The final column shows the fraction

of U,S., consumption in 1972 accounted for by imports from
each country, The total of the last column may not agree
with the percent net imports shown for 1972 in the graph

New Imports and Stockpile Relecases because the graph includes
the effect of exports. Further comments on this table are
contained in Section IV-D,
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B. Data Summary Pages

The following pages present the data on each of the materials included
in this study. Facing each data summary page is a page of notes on the

particular material, The materials included are:

Aluminum Mica, Sheet
Ant imony Molybdenum

- Arsenic Nickel
Asbestos Niobium (see Columbium)
Barium Nitrogen

. Beryllium Palladium
Bismuth Perlite
Boron Phosphorus
Bromine Platinum
Cadmium Platinum Group
Calcium Potassium
Cesium Pumice
Chlorine Rare Earths
Chromium Rhenium
Clays Rhodium
Cobalt Rubidium
Columbium Sand and Gravel
Copper Selenium
Corundum Silicon
Diatomite Silver
Feldspar Sodium
Fluorine Stone (crushed)
Gallium Stone (dimension)
Garnet Strontium
Germanium Sulfur
Gold Talc
Graphite Tantalum
Gypsum Tellurium
Hafnium Thallium

% Indium Thorium
Iodine Tin
Iron Titanium
Kyanite Tungsten
Lead Vanadium
Lithium Vermiculite
Magnesium Yttrium
Manganese Zinc
Mercury Zirconium
Mica, Scrap and flake

31
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NOTES ON ALUMINUM

Uses: Auto pistons, blocks, transmissions, trim, body, brakes,
steering, paint, accessories, trucks, buses, trailers, semis.
Aircraft, marine, rail applicatious. Cargo containers, Residential
siding, doors, windows, roofing, awnings, heating and ventilation,
curtain walls, screen frames and screening, railing, prefabrications,
Bridge, street and highway applications, Cable for high voltage
transmission lines, towers, conduit, telephone cable, machinery,
lighting fixtures, capacitors. Large and small appliances, furniture,
utensils, Foil, caps, cans, other containers. Machinery, handling
equipment, irrigation pipe, Superpurity for octane catalyst, jewelry.

Consumption and Production: Both primary and secondary production

and consumption are included. The drop in secondary production and
total production indicated for 1972 can be attributed to a change
in the presentation of statistics by Bureau of Mines, namely, the
dropping of "new scrap' as a source of secondary production,.

Price: The price given is the average for aluminum ingot.

Imports: The percentages given are based on the combined elemental

content of bauxite, alumina, and metal,

Stockpile: Aluminum is included on the list of Basic Stockpile
Materials, 1972, in the following forms: Metal: abrasive grain oxide;
crude fused oxide, Jamaican metal grade bauxite; Surinam metal grade
bauxite; refractory bauxite. Any releases for 1968-1972 are shown
on the graph of Imports and Stockpiles. Government stockpile

balance 1972 = 5,319,000 short tons of aluminum,

Reserves and Resources: The figures shown are for bauxite deposits

only., Other domestic sources are vast but require new technology

or higher prices to be brought into production.
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DATA SUMMARY: ALUMINUM
One Unit = 15,000,000 Short Tons
1972 World Production = 1.0 units
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NOTES ON ANTIMONY

Uses: Alloy with lead, other metals for battery grids, chemical pumps
and pipes, tank linings, roofing sheets, cable sheaths, antifriction
bearings, decorative castings, small arms bullets. Antimony oxides,
sulfides, in mectalware, ccramic enamels, special glass, pigments,
infrarced reflecting camouflage paints, vulcanizing agent, UV absorber
for textiles, fire-resistant military fabrics, tracer bullets, smoke
markers, percussion-type ammunition. High-purity metal for semi-

conductors, thermoclectric devices.

Price: The price given is the average in New York.

Imports: The percentages given are bhased on the combined elemental

content of metal and oxide.

Stockpile: Antimony is included on the list of Basic Stockpile Materials,

1972, in clemental form. Any rclecases for 1968-1972 are shown on the

graph of Imports and Stockpiles. The government stockpile balance for

1973 is 46,676 short tons.

Resources and Reserves: Economic estimates arc based on by-product and

co-product association with multiple element ores.




DATA SUMMARY. ANTIMONY
One Unit = 65,000 Short Tons
1972 World Production = 1.2 units

T T T T T T
DEFENSE USE

Li

U5, CONSUMPTION AND PRODUCTION

PERCENT OF U.5. CONSUMFTION

i ] 1 1 i i
1980 1964 1966 1968 1870 1972 1974

3

T T T 1 1 T
PRICE RELATIVE TO DEFENSE USE BY SECTOR
CONSTANT DOLLARS o

1971 irdox = 100
1971 Price = T1&i

PRICE iNDEX
PERCENT OF DEFENSE

i
1890 2000 1964 1966 1968 1970 1972 1974

I IDENTIFICATION OF SECTORS
NET IMPORTS AND Percent of
STOCKPILE RELEASES | . Sector of Economy Defense 1972

Storage Batteries 40
Fire Retardant Chencals 14
Communication Equipment 10
Industrial Chemicals, Pigments 6
Other (Estimated) 30

100

CONSUMPTION

PERCENT OF US.
+
8

200 1 1 1 1 SOURCES OF IMPORTS 1972

1950 1960 1970 1980 1990 Percent of
Percent Country’s  Percent
) usa, ¥7Z7) WORLD (U.S.A. INCLUDED) of World  Production of US.
Primary Exported  Demand
Country  Production of US. Supplied

South Africa 21 58 24
Bolivia 19 13 5
China 17 13 4
Thatland NA NA
Mexico 42 B
Yugoslavia 8 <1
Australia 2 ]
Morocco NA NA
Peru 3 <1
Chile NA 3
France NA 3
i s N N Other 35 4

40 100 400 1000 a8
UNITS®

T T T T T T T T
RESERVES

zZ22z
(11 N N - ]

*Unit detined at top of page.




NOTES ON ARSENIC

Uses: [Insccticides, herbicides, fungicides, algaccides, tapeworm
eradicants, livestock dips, wood preservatives, dyestuffs, cotton

leal desicants. Deccolorizer, opal glass., Enamels. Flotation
reagent. Lead huardener for auto engines. Copper alloy for radiators,

other soldered components. Skin disorder and animal therapy.

Consumption and Production: Arsenic trioxide (white arsenie) is

producecd by onc company as a by-product of base metal ores and pro-

duction figures arc not published.

Price: The price quoted is that of refined white arsenic, 99.5

percent, at New York docks, in barrels, smull lots.

Imports: Percentages arc based on the combined clemental content of

compounds and metal.

Stockpile: Arsenic is not on the list of Basic Stockpile Materials,

1972,

Resources and Reserves: Lconomic estimates are based on by=product

and co=-product association wilh complex base metal orcs.

Defense Use: U.S. demand data acceptable for the defense use estimate

was available .aly for 1968,
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DATA SUMMARY:. ARSENIC
One Unit = 30,000 Short Tons
l 1972 World Production = 1.6 units
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@ q Glass and Glassware 8 |
o L .
@~ -100 5  Other (Estimated) 1
1 100
200 1 1 I 1
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¥ 77 1
¢ CJusa, [/77] WORLD (U.S.A, INCLUDED) SOURCES OF IMPORTS 1972
£ . T v T T 1 T ! ' 1 Percent ol
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- ” of Woirld ~ Production  of US.
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z ] ) i 1 1 1 1 Sweden 28 51 NA - |
France 17 14 NA :
£ T T T T T 1 T T T Philippines 12 100 NA 1
RESOURCES Mesxtco 10 b5 NA
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z (il ‘. — Other NA NA NA
1 A 1 1 1 1 1 1 i
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'Um( detined at top of page
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NOTES ON ASBESTOS

Uses: Fireproof textiles, packings, woven brake linings, clutch
facings, clectrical insulation, high pressurc and marine insulation,
pipe for transporting water, pipe insulation and wrappings, vinyl
sheet backings, millboard, filler in vinyl and asphalt floor tile,
joint and insulation cements, roof coatings, plastics, caulking
compounds, blanket insulation for marine turbines and jet engines,

marine partition board, filters, welding rod coating.

Price: The price quoted is an average, f.o.b. mine.

Imports: Percentages are based on combined figures for chrysotile,

crocidolite, and amosite.

Stockpile: Asbestos is included on the list of Basic Stockpile
Materials, 1972, in the following forms: amosite; chrysotile;
crocidolite. Any releases for 1968-1972 arc¢ shown on the graph
of Imports and Stockpiles. Government stockpile balance in 1972

was 96,000 short tons of asbestos.

Reseryes and Resources: Includes chrysotile, crocidolite, and
oo

amosite.
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DATA SUMMARY: ASBESTOS
One Unit = 1,500,000 Short Tons
1872 World Productior = 2.B units

il
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1 1 T ] 1
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1

NET IMPORTS AND IDENTIFICATION OF SECTORS
STOCKPILE RELEASES | Percent ol

Sector ol Economy Defense 1972
Construction Cement Products 62
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