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/Fo; 91 years, the Federal Government, through the medium of the Minerals

Yearbook or its predecessor volumes, has reported annually on mineral indus-
try activities. This edition of the Minerals Yearbook presents the record on
worldwide mineral industry performance during 1972. In addition to. statis-
tical data, the volumes provide sufficient background information to inter-
pret the year’s developments. The content of the individual volumes is as
follows:

Volume I, Metals, Minerals, and Fuels, contains chapters on virtually all
metallic, nonmetallic, and mineral fuel commodities important to the domes-
tic economy. In addition, it includes a general review chapter on the mineral
industries, a statistical summary, and a chapter on technologic trends.

Volume II, Area Reports: Domestic, contains chapters on the mineral
industry of each of the 50 States, the U.S. island possessions in the Pacific
Ocean and the Caribbean Sea, the Commonwealth of Puerto Rico, and the
Canal Zone. This volume also has a statistical summary, identical to that
in Volume I.

Volume III, Area Reports: International, contains the latest available
mineral data on more than 130 foreign countries and discusses the impor-
tance of minerals to the economies of these nations. A separate chapter
reviews minerals in general and their relationships to the world economy.

The Bureau of Mines continually strives to improve the value of the
Yearbook for its users, and toward that end, the constructive comments and
suggestions of readers will be welcomed.

TroMAs V. FALKIE, Director.
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Review of the Mineral Industries

By Daniel E. Sullivan,' Jeannette I. Baker,? and Nicholas G. Theofilos 3

The US. economy was expansive in
1972. Output, income, and employment all
increased substantially. The unemployment
rate declined only slightly. Inflation mod-
erated but not for food commodities. Mon-
etary policy was loose at the beginning of
the year but tightened somewhat in the
closing months. Fiscal policy was also ex-
pansive. During 1972, Phase II controls on
prices and wages were in effect. This al-
lowed fiscal and monetary policy to be
more flexible.

Output' as measured by the gross na-
tional product (GNP) increased 9.75%, in
1972. Real GNP grew at a rate of 6.5%,
the largest full-year advance since 1966;
and the implicit price deflator rose 3.8%,
the smallest full-year advance since 1966.
All major sectors except for net exports
contributed to the overall increase. Signifi-
cant increases occurred in gross private do-
mestic investment, Federal purchases in the
first half of the year, and consumer spend-
ing. The Federal Reserve Board (FRB)
Index of Industrial Production increased
more than 79,.

Employment in 1972 continued the
strong growth trend that characterized the
second half of 1971. However, the labor
force also increased substantially so unem-
ployment declined only slightly from 5.9%,
in 1971 to 5.6%, in 1972. Unemployment
was close to the 1971 level in the first 5
months of the year, but by the fourth
quarter it had declined to an average of
about 5.3%,. The increase in employment
was strongest in the durable goods manu-
facturing industries. The increase in the
labor force was greatest for adult women.

The rate of inflation in 1972 was less
than that of 1971 for most commodities.
Agricultural prices not covered by price
controls increased at an accelerated rate
during 1972. The overall consumer price
index was up 3.3%, for the year, compared
with 4.3%, for 1971. With food prices ex-

cluded, the index increased 3.09,. Prices
for nonfood commodities were up 2.3%, for
the year 1972, compared with 3.89 for
1971. Service prices rose 3.8, for 1972,
which was less than for recent years.
Wholesale prices increased at a greater
rate during 1972 than during 1971 wholly
because of increases in the prices of agri-
cultural products. The industrial whole-
sale price index rose about the same dur-
ing 1972 as for the previous year, 3.4%,.

Monetary policy during the year favored
economic expansion. Its purpose was to
contribute to the goals of economic
growth, increased employment, less infla-
tion, and fewer balance of payments prob-
lems. The money supply grew at a rate of
8.29, during 1972, the second highest rate
since World War IL In 1971 the increase
was 6.2%, and in 1970, it was 549, Inter-
est rates were stable in 1972 after declining
in late 1971. Mortgage interest rates in
1972 were below those of 1971, and well
below those of 1970.

An expansionary Federal fiscal policy re-
sulted -from rising expenditures and from
the effect of tax reductions instituted in
1971 and 1972. In 1971 there was a small
full employment surplus, but in 1972 there
was a stimulating full employment deficit.

United States gold reserves declined
slightly early in 1972 and then remained
constant until May when their value was
increased by a change in the price of gold
from $32 to $38 per troy ounce. The rest
of the year they remained almost un-
changed with a slight decline at the end
of the year. -

Significant Federal activity in 1972 in-
cluded the continuation of Phase II of the
New Economic Policy (NEP). Phase II

1 Economist, Office of Economic Amnalysis—
Mineral Supply.

2 Commodity research specialist, Office of Tech-
nical Data Services—Mineral Supply. . N

3 Statistical assistant, Office of Economic Analysis
—Mineral Supply.

1
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was designed to be a transition between
the freeze of Phase I and less stringent
controls. Legislation approved by Congress
during 1972 covered many subjects of con-
cern to the minerals industries. These in-
cluded the environment, water, public
land, black-lung disease benefits, consumer
safety, the price of gold, and the strategic
stockpile.

Bureau of Mines research programs con-
tinued to be directed toward developing
more effective, efficient and less costly ex-
traction, processing, and utilization tech-
niques; improving mine safety; increasing
the recovery of secondary resources; and
eliminating pollution problems.

The demand for energy continued to be
strong, especially for clean-burning fuels.
Domestic fuels production expanded at a
slower rate than consumption, more fuels
were imported, and there were some fuel
shortages. Underground mining of coal de-
clined for the third consecutive year pri-
marily because of health and safety regula-
tions. Surface mining increased, and, for

SOURCES

ALL MINERALS

Production.—In 1972, domestic produc-
tion of primary minerals and mineral fuels
was valued at $32.2 billion. In 1967 con-
stant dollars, the value of mineral produc-
tion was $27.0 billion. The value of metals
and nonmetals each increased about 79,
and mineral fuels advanced 49, over 1971.

The Bureau of Mines total index of
physical volume of mineral production

the first time in the history of the indus-
try, output from strip mines exceeded that
of deep mines. In petroleum, major con-
cerns were import quotas and the construc-
tion of the trans-Alaska pipeline. The
pipeline would bring Alaskan oil to the
contiguous 48 States, but unsettled envi-
ronmental decisions have delayed its con-
struction.

The metals industry reflected the econ-
omy as a whole in 1972. Prices increased as
did the demand for metals. There were
no major strikes, but concern over envi-
ronmental problems was widely felt. Out-
put in the nonmetallic mineral industries
was high during 1972, despite the fact that
environmental problems were significant
throughout the industry.

The long-run growth in world trade was
maintained in 1972 in spite of turmoil in
the international monetary system. The
outlook for future modifications in the sys-
tem appeared good. U.S. balance of pay-
ments improved in 1972, although a large
deficit still remained.

AND USES

(1967=100) increased 2.5%, to 112.6 points
in 1972. The average for metals increased
4.39, to 127.5 points. Within this group
ferrous metals increased 1.5%, and nonfer-
rous metals increased 5.7%,. In the nonfer-
rous index, base metals increased 7.8%,
monetary metals declined 5.49%, and other
nonferrous 2.7%. The average for nonme-
tals increased 5.8%,. Construction, chemical,
and other nonmetals increased at rates

INDEX, 1967= 100

1962 1963 P64 1965 1966

1967 1968 1969 1970 197 1972

Figure 1.—Indexes of physical volume of mineral production in the United States, by group.
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close to the average with the former in-
creasing at a less than average rate and the
latter two increasing more than the average.
The index for fuels increased 1.2%. The
coal index increased 6.2%,, and crude oil
and natural gas increased from 111.3° to
111.4 points.

The FRB Index of Industrial Production
(1967=100) increased more than 7%, dur-
ing 1972, from 106.8 to 114.4 index points.
The average for all mining increased from
107.0 to 108.2 index points because of in-
creases in coal mining and stone and earth
minerals mining. The former increased
over 3%, the latter increased almost 19%.
The index for crude oil declined 0.9%, gas
and gas liquids declined more than 1%,
and metal mining declined only 0.5%,.

Industrial production of metals and non-
metals increased significantly in 1972. Pri-
mary metals, iron and steel, and nonfer-
rous metals and products increased 129%,
119, and 149,, respectively, after declining
last year. Clay, glass, and stone products,
which increased 3%, in 1971, increased 79%,
in 1972.

The FRB monthly indexes of mining
production (1967=100) stayed near 108
index points during most of the year ex-
cept for September, October, and Novem-
ber when it was near 110 index points.
The index for coal was mixed during
1972; in July it reached a high of 1144
points, and in August it came within 0.1
point of the December low of 97.1 points.
Crude oil and natural gas increased early
in the year and remained fairly level
through the rest of the year. Metal, stone,
and earth minerals increased for the year
after an early decline.

The net supply of principal minerals in-
creased for most commodities during 1972.
Ferrous metals followed this trend with
pig iron increasing 9.9% to 89,670,000 tons,
and steel ingot increasing 9.0% to
147,853,000 long tons. Iron ore, not follow-
ing the trend, declined 2.3%, to 111,545,000
long tons. Of the other ferrous metals,
chromite and manganese declined 13%, or
more while the rest increased. The total net
supply of tungsten doubled. Nonferrous
metals also followed the trend, with anti-
mony and the platinum-group metals in-
creasing by the greatest margin. The only
significant declines in this group were in
mercury, rutile, and zinc. Almost all non-
metal group commodities showed increases

in net supply, with the exception of sand
and gravel, which declined 0.8%,. Gypsum
and crude barite showed the greatest in-
creases, 23.1%, and 16.9%, respectively. The
smallest increases were posted by potash,
salt, and sulfur.

Stocks ‘and Government Stockpile—The
Bureau of Mines index of stocks of crude
minerals (1967=100) for metals and non-
metals declined 4.09% to 142 points in
1972. Metal stocks declined 2.7%, to 143
points. Iron ore declined 16.9%,. Other fer-
rous ores increased 156%, in 1972, com-
pared with a 1969, increase in 1971; both
increases were caused by a large increase
in molybdenum stocks. Nonferrous metal
stocks declined 22.89%, to 78 points. Nonme-
tallic stocks declined 5.49%, to 141 points.
The index of stocks held by mineral man-
ufacturing consumers and dealers declined
8 points to 95 points in 1972. Metal stocks
declined 11 points as all metal subgroups
declined at least 8 points with the excep-
tion of other ferrous metals stocks, which
remained constant. Iron declined 14 points.
The index for nonmetals increased 33
points to 121.

Producer stocks of bituminous coal and
lignite increased 28%, in 1972; coke stocks
decreased 17.09%,. Stocks of petroleum and
related products, with the exception of pe-
troleum asphalt, all declined. Petroleum
asphalt increased 2.0%. Crude petroleum
decreased 5.1%, and gasoline stocks de-
creased 3.0%. Natural gas stocks remained
unchanged in 1972.

The seasonally adjusted book value of
product inventories for selected mineral
processing industries increased as a whole in
1972 although some industries showed de-
clines. Energy showed a decrease in inven-
tories, and nonmetals and primary metals
showed increases in inventories. Petroleum
and coal products decreased 9.6%, to $2,200
million as of December 1972. Stone, clay,
and glass products increased 52% 10
$2,381 million in 1972. The seasonally ad-
justed book value of primary metals inven-
tories increased 4.6%, to $9,619 million.
Blast furnace and steel mills inventories,
which make up almost 559, of primary
metals inventories, increased 9.3%,. Other
primary metals inventories declined less
than 059, to $4,375 million. The total sea-
sonally adjusted book value of inventories
for selected mineral processing industries
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increased 2.29%, to $14,200 million during
the year 1972.

The national stockpile of strategic mate-
rials continued to contain an important
component of the Nation’s mineral supply
during 1972. Stockpile commodities of sig-
nificant market value included aluminum,
metallurgical chromite, copper, lead, metal-
lurgical manganese, silver, tin, tungsten,
and zinc.

Exports.—The total value of selected
minerals and mineral products exported in
1972 was $4,691 million, a 2.39%, increase
over the comparable 1971 figure. Exports
in 1971 had declined more than 219, from
those of 1970. The increase was felt in
most sectors except for chemicals, which
declined 9.39,. Minerals, nonmetallic
(crude), exports increased 9.89%,. Exports
of metals (crude and scrap), mineral en-
ergy and related products, and metals
(manufactured), all increased at rates
close to 4%,. Minerals, nonmetallic (manu-
factured) , exports increased 2.69%,.

Significant changes in the geographical
distribution of selected mineral exports
took place in 1972. Last year the Soviet
bloc received less than 0.5%, of U.S. crude
fertilizer exports; in 1972, they received
3%. In 1971 other North American coun-
tries received 479, of U.S. exports of petro-
leum, crude and partially refined; in 1972
they received only 299, with most of the
difference accounted for in exports to Asia.
In 1971, 859, of tin and tin alloys was ex-
ported-to Asia; in 1972 Asia received only
10% of U.S. tin and tin alloys exports. In
1971, 88%, of the uranium and thorium
and their alloys exports was shipped to
North America, but in 1972 only 269, of
these exports went to other North Ameri-
can countries and 629%, was shipped to Eu-
rope.

Imports.—The value of selected mineral
imports increased 18.5%, to $11,646 million
in 1972. All major categories except metals
(crude and scrap) increased. Crude non-
metallic minerals increased 7.7%, in value
to $298 million. Crude and scrap metals
declined 2.6%, to $991 million. The most
important increase was a 30.4%, change, to
$4,814 million, in the imports of mineral
energy resources and related products.
Within this group, crude and partly re-
fined petroleum increased 39.3%, to $2,593
million. Imports of chemicals increased
25.0% to $541 million. The largest per-

centage change was a 44.79, increase in
the imports of minerals, nonmetallic
(manufactured), to $221 million. Imports
of metals (manufactured) increased 12.29%,
to $4,781 million.

The geographical distribution of the
source of imports into the U.S. in 1972
changed significantly for certain mineral
commodities. In 1971 other North Ameri-
can countries were the source of 669, of
copper ores and concentrates imported into
the US. In 1972 North America was the
source of only 14%,; Asia, which had sup-
plied none in 1971, supplied 56%, of these
imports. Other North American countries
supplied 349, of the imports into the U.S.
of tin waste and scrap in 1971, and Africa
supplied 36%,; but in 1972 Africa supplied
none, and North American countries sup-
plied 71%,. In 1971 North American coun-
tries supplied 579, of the aluminum waste
and scrap imported, and Europe supplied
the remainder; but in 1972 North Ameri-
can countries supplied 889, of these im-
ports. Sixty-two percent of imports of
tungsten ores and concentrates in 1971
were from North American countries; in
1972 only 309, came from North America,
while imports from Asia increased from
none to 259%, of the total. Imports of mer-
cury, including waste and scrap, decreased
from 819, from North American sources in
1971 to 599, in 1972; imports from Africa
increased from none to 179%,.

Consumption.—Consumption of major
mineral products generally increased dur-
ing 1972. Iron ore consumption increased
9.2%, after declining 11.69%, in 1971. Raw
steel increased 10.6%,. All other ferrous
metals showed strong increases in con-
sumption. All nonferrous metals increased
except uranium, which declined 9.49%.
Platinum-group metals consumption in-
creased 23.2%,. Antimony and silver both
increased 179, or more. Copper and zinc
each increased almost 119, and ilmenite
and titanium slag increased more than
10%. Lead increased 3.79, but mercury in-
creased only 1.29%,.

Consumption of nonmetals increased for
all major commodities except sand and
gravel, which declined 0.8%,. Phosphate
rock increased 9.6%, followed by cement,
which increased 9.0%,. Sulfur increased
7.2%; asbestos, 6.6%; crushed stone, 5.6%;
clays, 4.9%,; and lime, 3.6%,. Salt and pot-
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ash increased only 0.8%, and 0.4%,, respec-
tively.

Total energy resource inputs in terms of
British thermal units (Btu) increased
529, to 72,242 billion Btu. Consumption
of all mineral energy resources increased
with one exception—anthracite coal de-
clined over 14%,. Petroleum consumption
increased 7.9%, bituminous coal increased
5.19%, and dry natural gas increased 1.3%.

All categories of electricity generation in-
creased in 1972. The total increased 7.9%
to 1,858 billion kilowatt hours. Utilities in-
creased 8.3%, made up by a 3.9% gain in
hydropower, a 426% gain in nuclear
power, and an 85%, increase in conven-
tional fuel-burning plants. Industrial gen-
eration of electricity increased 2.4%.

ENERGY

Demand for energy in 1972 was at the
highest level ever. Domestic production
did not supply as great a percentage of
the U.S. supply as it has in the past. The
demand for clean energy has increased
faster than the demand for energy as a
whole or the ability to produce clean-
burning fuels. As a result there was in
1972, as in the previous few years, an “en-
ergy crisis.” This energy crisis was gener-
ally manifested in the form of “brown
outs” and shortages of heating fuel in the
cold months. As a result, more of the do-
mestic energy needs in 1972 were supplied
by imported fuels, and the search for al-
ternative sources of domestic energy was
intensified.

Production.—Total production of min-
eral energy resources and electricity from
hydropower and nuclear power in 1972 in-
creased 2.1% to 62,222 trillion Btu. Fossil
fuels increased, except for anthracite coal,
which declined 18.5%, to 181 trillion Btu.
Bituminous coal and lignite increased 7.2%
to 14,350 trillion Btu. Wet natural gas and
crude petroleum both increased less than
059%, to 24,878 and 19,344 trillion Btu, re-
spectively. Hydropower increased 249, to
2,893 trillion Btu, and nuclear power in-
creased 42.6%, to 576 trillion Btu.

Consumption.—U.S. energy consumption
in 1972 increased 529, to 72,242 trillion
Btu. Consumption of anthracite coal de-
clined over 14.3%. Bituminous coal and
lignite increased 5%, second only to petro-
leum, which increased over 8% in 1972.
Natural gas consumption increased over

1%, and natural gas liquids increased over
29,. Consumption of electricity from hy-
dropower increased almost 4%. Electricity
consumption from nuclear power, which
was the same as production, increased
42.6%,.

Household and - commercial received
4199, of its total energy inputs from natu-
ral gas, 36.9% from petroleum, and 19.1%
from electric utilities; for industrial users
the percentages were 459, 24.3, and 10.8,
respectively. The transportation sector re-
ceived 95569, of its energy from petroleum.
Energy inputs to electric utilities were
from bituminous coal and lignite, 41.9%;
dry natural gas, 22.1%; petroleum, 16.9%;
hydropower, 15.8% and nuclear power,
3.1%,.

Coal.—The domestic supply of anthra-
cite coal declined 19.4%, in 1972; that for
bituminous coal and lignite increased
5.09,. Exports of anthracite declined 14.39,
and those of bituminous declined 1.2%.
Imports of bituminous coal declined 64,000
tons to 47,000 tons in 1972, after increasing
75,000 tons in 1971. The total domestic
supply of bituminous coal in 1972 was
519.8 million tons; for anthracite the figure
was 5.9 million tons. Electric utilities used
679 of bituminous coal. The household
and commercial sector was the largest user
of anthracite.

Natural gas.—The  domestic supply of
natural gas increased 1.3% to 22,429 bil-
lion cubic feet in 1972. Domestic produc-
tion increased 0.2%, to 22,532 billion cubic
feet. Exports declined 2.7% to 78 billion
cubic feet; imports increased 9.1% to 1,019
billion cubic feet. Demand for natural gas
increased in all consuming sectors except
electric power generation, which declined
0.49,. The largest increase was 3.8% in the
household and commercial sector. The
largest consuming sector, industrial, con-
sumed 4297, of the natural gas supply in
1972.

Petroleum.—The domestic supply of pe-
trolenm increased 7.99, to 5,990.2 million
barrels. Production increased only negligi-
bly to 3,455.4 million barrels; exports de- -
clined from 0.5 to 0.2 million barrels; and
imports increased 32.2% to 81l.1 million
barrels. The total supply of crude oil in-
creased 4.79, to 4,280.9 million barrels. De-
mand for petroleum increased 7.7% to
5,320.7 million barrels. Transportation con-
tinued to be the largest consuming sector,
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accounting for over 60%, of petroleum de-
mand,

Geothermal Energy—The search for
new sources of energy has led to the devel-
opment of geothermal power generation.
At the present time it is in use at only a
few locations where ideal conditions exist.
Other areas considered potential sources of
geothermal power were being investigated
in 1972.

Nuclear Energy.—Nuclear energy in 1972
contributed less than 19, to total energy
consumption in terms of Btu’s. Although
this is not an impressive number, during
1972 much research was devoted to increas-

ing the energy output from nuclear
sources.

Hydroelectric Power.—Hydroelectric
power supplied less than 59 of U.S. con-
sumption in 1972. During the year, the in-
crease in the output of hydroelectric plants
did not keep up with the rate of increase
in the US. demand for energy.

Other Energy.—Solar, wind, tidal and
biological energies were only minor, or
potential sources during 1972. All were
being considered as potential sources of en-
ergy for the future. Solar and wind energy
have been used on only a minor scale.
Biological (from organic wastes) and tidal
energies were still only in the theoretical
stages in 1972,

EMPLOYMENT AND PRODUCTIVITY

Employment.—Employment in selected
mineral industries increased for mining,
but the manufacturing sector continued to
show a decrease for the third consecutive
year. Total mining employment increased
almost 1%, in contrast to last year’s decline
of 3%. This was mostly accounted for by a
12%, increase in copper ore mining and an
8% gain in bituminous coal. Employment
in crude petroleum and natural gasfields
posted a 2.3%, decrease, while oil and gas-
field services registered a 329, gain. Iron
ore mining and nonmetal mining and
quarrying employment continued to de-
cline to 20,100 and 112,100, respectively.

In+ 1972, minerals manufacturing employ-
ment decreased almost 29, to 834,800. All
categories declined except for cement and
petroleum and coal products.

Hours and Earnings.—Hourly earnings
for the total mining sector increased 7.8%,
to $4.17. This increase is slightly better
than the trend of recent years. Weekly
earnings increased at almost the same rate,
since weekly hours declined only 0.1 hour
to 434. Average hourly earnings for metal
mining increased 8.5% to $4.47. Average
hourly earnings for iron ore mining in-
creased 7.4%, to $4.50, and for copper ore
mining they increased 11.1%, to $4.62. Av-
erage weekly hours for metal mining de-
clined 0.1 hour to 41.5. Average weekly
hours for copper ore mining declined 39,
to 416, and an increase of 1.7% to 41.2
was reported for iron ore mining. Average
hourly earnings for nonmetal mining and
quarrying increased 7.3%, to $3.95; weekly

hours remained nearly the same; and
weekly earnings increased almost the same
percent as hourly earnings. In the mineral
fuels industries, average hourly €arnings in-
creased 7.3% to $4.53, weekly hours re-
mained constant, and weekly earnings in-
creased 10.2% to $191.27. The highest
average hourly and weekly earnings oc-
curred in the bituminous coal mining in-
dustry. Weekly hours, weekly earnings, and
hourly earnings all increased for crude pe-
troleum and natural gas. Hourly earnings,
which declined 2.1%, last year, increased
5.99%, this year.

Average hourly earnings for manufactur-
ing industries increased 11.8%, in 1972.
Hourly earnings in the fertilizer industry
increased 7.39, to $3.36; weekly earnings
increased at a slightly higher rate; and
weekly hours increased slightly. In the ce-
ment industry hourly earnings increased at
about the same rate as last year (10%), to
$5.12. Hourly earnings increased 12.7%, to
$5.15 for the blast furnaces, steel and roll-
ing mills industry; weekly earnings in-
creased 15.8% as weekly hours increased
slightly over 1 hour. Hourly earnings in
nonferrous smelting and refining increased
10.4%; weekly earnings increased 11.29,;
and weekly hours increased only slightly.

Hourly earnings for the petroleum and
related products industries increased 8.19,
to $4.95. Weekly earnings increased 7.69,
as weekly hours declined slightly.

Labor Turnover Rates—The accession
rate (hires and rehires) for selected min-
eral industries varied in 1972. Two catego-
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ries remained stable, but three others de-
clined. Of those showing a decline, blast
furnaces, steel and rolling mills, and hy-
draulic cement, decreased by four per
thousand employees; and coal mining went
from 19 to 18 per thousand employees.
Manufacturing, nonferrous smelting and
refining, metal mining, iron ores, and cop-
per ores registered moderate increases. The
separation rate remained stable in manu-
facturing, petroleum refining and related
industries, and petroleum refining. Separa-
tion rates in the metal mining, iron ore,
and coal mining industries increased two
per thousand over that of 1971. Hydraulic
cement, copper ores, and blast furnaces,
steel and rolling mills declined, with the
latter showing the sharpest decrease. The
layoff rate for 1972 was down or stable in
most categories with the exception of coal
mining, metal mining, and iron ores.

Wages and Salaries—During 1972 the
total wages and salaries for all industries
continued to trend upward. The increase
was 9.39%, significantly higher than last
year’s 59%. In the mining sector, total
wages and salaries reached $6.7 billion.
Wages and salaries in manufacturing rose
9.49%, to $175.8 billion, a large increase
over last year’s 159, gain. Average yearly
earnings per full-time employee for all in-
dustries was $8,604, a 6.79, increase. The
mining sector employees received an an-

nual average of $10,320 in 1972, a 4%, gain
over 1971. Average earnings in manufactur-
ing increased 6.9%, to $9,232.

Productivity.—Labor  productivity in-
dexes for selected minerals in 1971 (latest
data available) showed mixed results. The
petroleum refining indexes showed gains in
productivity, and the bituminous coal and
lignite mining indexes showed losses in
productivity. The index of copper ore out-
put per production worker increased in
1971 from 1319 points in 1970 to 1335
points (1967=100) . The indexes of output
per production worker man-hour for cop-
per ore mined and recoverable metal
mined increased 5.4%, and 1.9%,, respec-
tively to 133.8 and 114.9 index points. The
index of output per production worker
man-hour for iron, ore mined increased
2.0%, to 119.6 points and the same index
for usable ore increased 0.8%, to 108.9
points. Productivity of petroleum refined
as reflected in the indexes of output per
employee, per production worker, and per
production worker man-hour all reversed
the down-trend of 1970 and increased in
1971; output per production worker man-
hour increased 4.3% to 114.9 index points.
Productivity of bituminous coal and lignite
mining as reflected in these same indexes
declined; output per production worker
man-hour declined 1.3% to 1025 index
points.

PRICES AND COSTS

Index of Average Unit Mine Value—
The total index - of average unit mine
value (1967=100) increased 2.3%, in 1972,
to 120.3. The fuel index increased by
1.79,, metals increased by 3.3%, and non-
metals increased by 3.6%. Ferrous metals
increased by 3.7%. Nonferrous base metals
and other nonferrous metals increased by
0.6% and 0.8%, respectively. Nonferrous
monetary metals increased by 26.9%, rais-
ing the average for all nonferrous metals
by 2.9%. The increase in the nonmetals
index was caused by a 4.7%, increase in
construction and a 4.9, increase in other
metals; the chemical index declined 1.0%,.
The coal index increased 6.3%, and crude
oil and natural gas increased 0.5%,.

Index of Implicit Unit Value—The
index of -implicit unit value (1967=100)
increased 2.2% to 120.2 in 1972. This is
less than one-half the increase of the pre-

vious year. The index for ferrous metals
increased 3.3%,. The average for nonferrous
metals increased 2.1%,, compared with the
7.9, decline in 1971. Base metals increased
slightly, monetary metals increased almost
249, and other nonferrous metals increased
3.39%,. Nonmetals increased 3.3% to 110.3.
Construction increased 4.4%,, chemicals de-
clined 2.4%, and other nonmetals increased
529%. The fuels section increased 2.1%
from 119.8 to 122.3. The coal index in-
creased 649 and that for crude oil and
natural gas increased less than 1%,.
Prices—The wholesale price index for
all commodities increased 4.6%, during
1972. However, the index for all commodi-
ties other than farm and food increased
only 3.49%,. Wholesale prices for metals and
metal products increased 3.8%. Within this
group, price changes ranged from a 16.6%
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decline in aluminum ingot to a 10.7%, in-
crease in common pig lead. Prime western
slab zinc increased 10.0%,. Most other met-
als prices increased moderately. Prices of
most nonmetallics also increased during
the year as reflected in the 3.0%, increase
in the overall nonmetallic index. Gypsum
products showed the largest gain in this
group with a 749, increase. Only three
nonmetallic commodity price indexes de-
clined, and two remained unchanged. Fer-
tilizer materials declined 2.0%, phosphates
declined 4.7%,, and domestic muriate of
potash declined 0.19%,. Phosphate and total
potash remained unchanged. Prices for
fuels, related products and power increased
8.99% in 1972. Price indexes for anthracite
and bituminous coal increased 4.2%, and
6.8%, respectively. Coke increased 4.6%,
gas fuel prices increased 5.6%, -electric
power increased 7.0%, and crude petro-
leum, and petroleum products increased
0.5%, and 2.0%,, respectively.

During 1972, mineral energy resource
Pprices were generally up for coal and natu-
ral gas and, down for petroleum and pe-
troleum products. Bituminous coal in-
creased more than 15%; anthracite prices
increased at rates of almost 39, to more
than 5%, Prices of petroleum and petro-
leum products declined with the exception
of crude petroleum which was unchanged
at $3.39 per barrel and the price of No. 2
distillate fuel oil for all Gulf ports. Gaso-
line prices declined over 29%,. The average
price of natural gas at the wellhead in-
creased over 2%, from 182 cents to 18.6
cents per thousand cubic feet.

The average cost of electrical energy in
the United States in 1971 (latest data
available) rose 0.1 cent above that of 1970,
to 1.7 cents per kilowatt hour. The aver-
age cost of electrical energy in both the
residential market and the commercial and
industrial markets showed a 0.l-cent in-
crease to 2.2 and 14 cents per kilowatt
hour, respectively. Costs in all geographic
areas with two exceptions either remained
unchanged or increased only 0.1 cent per
kilowatt hour. The two ‘exceptions were
the East South-Central region and the
Middle Atlantic region in which the price

INCOME AND

National Income Generated.—In 1972
national income originating in all indus-

increased 0.2 and 0.3 cents per kilowatt
hour, respectively. Alaska and Hawaii re-
mained the highest cost areas, and the
East South-Central region remained the
lowest cost area.

Principal Metal Mining Expenses.—The
index of principal metal mining expenses
(1967=100) continued to climb in 1972,
although not so fast as in 1971. Elec-
trical energy reflected the largest increase,
7.0%. The labor component was next, ris-
ing 5.9%. Fuels increased 3.99,, compared
with 7.8% for the previous year. Of the
principal metal mining expenses, the index
for supplies again increased at the slowest
rate, 3.8%. Overall, the index climbed
5.1%,.

Costs—The 1972 index of relative labor
costs and productivity for iron ore showed
an increase in productivity; that for cop-
per ore showed a decrease in productivity.
The index of labor costs per unit of out-
put for iron ore mining decreased 2.2%;
the figure for copper ore mining increased
15.0%. The index of value of product per
man-period was up 11.6% for iron ore
mining; the figure for copper ore mining
declined 5.0%. The index of labor costs
per dollar of product for mining iron ore
and copper ore declined 3.7% and in-
creased 16.99,, respectively. The index of
relative labor costs and productivity for bi-
tuminous coal in 1971 (latest data avail-

- able) showed a 15.19, increase in labor

costs per unit of output, an 8.0%, increase
in the value of product per man-period,
and an 8.0%, increase in labor costs per
dollar of product. The index for petro-
leum for 1970 (latest data available)
showed a 159, increase in labor costs per
unit of output, an 8.8%, increase in the
value of product per man-period, and a
0.7%, decrease in labor costs per dollar of
product.

The range of changes in all but two of
the price indexes for mining construction
and material handling machinery and
equipment during 1972 was between plus
2.8% and plus 4.19,. The exceptions were
portable air compressors which decreased
1.9%, and power cranes, drag lines, shov-
els, etc., which increased 45%,

INVESTMENT

tries was $942 billion, a 9.6%, increase over
1971. The mining industries advanced
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17.6%, a sharp contrast to last year’s 8.6%
decline. Crude petroleum and natural gas
again increased in 1972, by 27.5%, which
was by far the largest increase in any sec-
tor. Coal mining increased to $2.4 billion,
a 15.79, gain. The mining and quarrying
of nonmetallic minerals and metal mining
advanced 9.79, and 6.7%,, respectively, over
1971. Mineral manufacturing also increased
in 1972, to $252 billion, an 11.6%, increase.
The primary metal industries and the
manufacturing of stone, clay, and glass
products increased about 13%,. Petroleum
refining and related industries showed a
gain of 9.19, which was slightly higher
than that of 1971.

Profits and Dividends.—In 1972 the av-
erage annual profit rate on shareholders’
equity in manufacturing industries in-
creased for the second consecutive year.
The increase was 9.3%, more than twice
the 4.3%, increase in 1971. Profit rates for
almost all the selected mineral manufac-
turing corporations posted increases with
the exception of the petroleum refining in-
dustries. The greatest percentage increase
was a 35.6% increase to a rate of 6.1 for
primary iron and steel. Primary nonferrous
metals increased 15.79, to a rate of 59,
which was still the lowest annual profit
rate among the selected mineral manufac-
turing corporations. Chemicals and allied
products increased 9.3%, to a rate of 129,
which was the highest among the selected
corporations. Petroleum refining declined
16.5%, although it paid out the highest
level of dividends, $3.3 billion, an increase
of 1.89% over that of 1971. The sharpest
decline in total dividends was reflected by
primary nonferrous metals, a 27.2% de-
crease from the previous year, followed by
primary metals with 13.9%. Stone, clay
and glass products reached $415 million in
1972, a 1599 increase. Primary iron and
steel registered a 0.2%, increase, a sharp
contrast to last year'’s 21.3%, decrease. The
total dividends for all manufacturing in
1972 reached $16.1 billion, a 5.8%, increase
over that of 1971.

The total number of industrial and
commercial failures in 1972 declined to
9,566, the lowest figure reported since 1969.
This represented a 7.4% decrease, while
the current liabilities increased 4.3%, sur-
passing the $2 billion mark. There were 44
mining failures reported in 1972, compared

with 38 in the previous year, but the cur-
rent liabilities declined by more than $3.5
million. In the manufacturing sector the
number of failures declined over 19%, and
the current liabilities increased 8.3%, over
that of 1971.

New Plant and Equipment—In 1972
new plant and equipment expenditures by
mining firms continued to rise, reaching
$2.42 billion, a 129, increase over that of
1971. The manufacturing sector, which ex-
perienced a decrease last year, came back
up to over $31 billion. Among selected
mineral manufacturing industries, the ex-
penditures were mixed. The most signifi-
cant change occurred in stone, clay, and
glass products, which increased over 41%.
Primary nonferrous metals also increased,
from $1.08 billion in 1971 to $1.18 billion
in 1972, a 99, gain. Primary iron and
steel, and petroleum and coal products
registered 109, decreases for 1972.

Plant and equipment expenditures of
foreign affiliates of U.S. companies in min-
ing and smelting decreased in 1972 to
$1,657 million, a 49, decrease from 1971.
The only increase in expenditures was
posted by Europe, which gained $2 million
over the previous year. Canadian expendi-
tures declined 79%, a sharp contrast to last
year’s large increase. Latin American ex-
penditures declined 6% to $230 million.
The petroleum outlay in 1972 went up

again, this year by 10% in comparison®

with last year’s figure of 25%. All report-
ing areas showed gains in petroleum ex-
penditures except for Latin America. The
manufacturing sector rose 13% to 7.6 bil-
lion, with Canada the only area to show a
decrease.

Issues of Mining Securities.—In 1972, es-
timated gross proceeds of new securities of-
fered by extractive industries totaled $2,010
million, compared with $1,283 million in
1971. Common stock accounted for 64.7%
of the proceeds, substantially less than
1971. The remainder was absorbed by
bonds, 35.1%, and preferred stock, 0.2%.

Foreign Investment.—The value of u.s.
direct investments abroad for all industries
increased 109, to $86.0 billion in 1971
(latest data available). Investments in de-
veloped countries, which accounted for
689, of the total, also increased about 109,
during the year to $58 billion. Investments
in petroleum affiliates accounted for 28%
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of the 1971 total. Petroleum investments
increased 11.79, in 1971, the rate of in:
crease being about the same in both devel-
oped and developing countries. Developed
countries accounted for 539, of the invest-
ments in petroleum affiliates. In 1971 the
book value of Canadian petroleum affiliates
gained $327 million. The value of petro-
leum investments in European affiliates in-
creased $736 million. Investments increased
for all developing countries. The other
Asia and Pacific section increased almost
36%, the Latin American section increased
6.59,, the other Africa section increased
9.5%, and the Middle East increased only

1.6%,
U.S. direct investments in foreign mining

increased $583 million to $6.72 billion dur-
ing 1971 (latest data available). Net capi-
tal outflows increased to $519 million, and
reinvested earnings declined. The devel-
oped countries accounted for more than
60%, of the U.S. direct investments.

The total value of foreign direct invest-
ments in the U.S. was $13.7 billion in 1971
(latest data available) . Almost 23% of this
or $3.1 billion was invested in petroleum.
Petroleum gained 4%, for the year, much
less than the 209, gain the previous year.
European firms provided 929, of the pe-
troleum investments; firms in the United
Kingdom and the Netherlands alone ac-
counted for 849,.

TRANSPORTATION

The total quantity of selected minerals
and mineral energy products transported
by railroad and water in the United States
declined in 1971 (latest data available) ,
with transportation of mineral products
declining at a greater rate than the total
for all commodities. Rail transportation of
total mineral products declined 8.8%, but
water transportation remained steady. Al-
most 639, of selected metals and minerals,
except fuels, was transported by rail, and
more than 59%, of selected mineral energy
resources and related products was trans-
ported by water. Total selected minerals
and mineral energy products accounted for
57.3% of all commodities transported by
rail and 84.3%, of all commodities trans-
ported by water.

In the metals and minerals except fuels
category, the quantity transported by rail
decreased 7.3%, to 400.9 million short tons.
Iron ore and concentrates, crushed and
broken stone, sand and gravel, and phos-
phate rock were the largest users of rail
transport in volume terms. Rail transport
for most minerals declined in 1971, with
the notable exception of slag, which in-
creased 48%; gypsum and plaster rock
which increased more than 179; and
phosphate rock, which increased more than
4%. Leading the decline were pig iron,
which declined over 239,; other nonferrous
ores and concentrates, almost 19%; and
iron and steel primary products, over 139,.

In the same category transportation by

water decreased in quantity by 0.29 to
239.7 million short tons. Iron ore and con-
centrates and crushed and broken stone
combined with sand and gravel continued
to be the largest commodities by volume.

Mineral energy resources transported by
rail in 1971 amounted to 396 million short
tons, a decline of 10.2%, from that of last
year. Shipments of bituminous coal and
lignite accounted for more than 899, of se-
lected mineral energy resources and related
products transported by rail.

‘Coal and crude petroleum accounted for
more than 459, of the tonnage of mineral
energy resources transported by water.
Large amounts of gasoline and distillate
and residual fuel oil were transported by
water in 1971. The total volume of se-
lected mineral energy resources and related
products transported by water was 558 mil-
lion short tons, which was very similar to
that of 1970.

A total of 935,000 miles of gas pipeline
existed in 1971 (latest data available), a
2.2% increase above that of 1970. Total
petroleum pipeline mileage in 1971 in-
creased to 219,000 miles. The total petro-
leum pipeline mileage reported was dis-
tributed among the following: crude
gathering systems in field operations, 339%;
larger size crude trunklines, 34%; and pe-
troleum product pipelines that extend
from refineries to extraction terminals,

389,
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RESEARCH ACTIVITIES

National expenditures for research and
development activities for all industries in
1971 (latest data available) totaled $18.4
billion, almost a 3%, gain over the 1970
expenditure of $17.9 billion. In 1971 com-
pany expenditures accounted for $10.7 bil-
lion, and the Government funded $7.7 bil-
lion; the figures for 1970 were $10.1 billion
and $7.8 billion, respectively. Research and
development expenditures in petroleum
refining and extractive totaled $505 million
in 1971, a 16.9%, decline from the 1970
figure of $608 million. Almost 979, of the
1971 figure and 939, of the 1970 figure
were financed by private expenditures;
Government funds supplied the remainder.
Research and development expenditures in
the chemical and allied products industries
were $1.8 billion, very close to the 1970
figure, which was almost 5%, greater than
the 1969 figure. Company expenditures
made up nearly 909, of the total in both
1970 and 1971.

Bureau of Mines—Bureau research ac-
tivities continued to be directed toward ef-
ficient use of our natural mineral and fuel
resources to insure adequate mineral sup-
plies without objectionable environmental,
social, and occupational effects. Bureau re-
search programs were divided into the fol-
lowing groups in 1972: mining research,
metallurgy research, resource recovery and
pollution abatement, coal research, petro-
leum research, oil shale research, health
and safety research, and explosives and ex-
plosions research. Economic research was
directed toward the same ends as other
Bureau of Mines research; it included en-
vironmental problems and studies of sup-
ply and demand problems.

Bureau of Mines funding of obligations
for mining and mineral research and de-
velopment was $70.9 million during fiscal
year 1972, a 17.6%, increase above fiscal
year 1971. Funds for applied research in-
creased to $32.8 million, 469, of the total.
Funds for basic research rose to $7.8 mil-
lion, 119, of the total, and funds for de-
velopment increased 409, to $30.2 million,
which is 439, of the total. Obligations for
fiscal year 1973 are estimated to increase
by more than 109, to $78.4 million. Most
of this increase is estimated to be funds
for development; funds for basic research
are estimated to decline. Bureau of Mines

funding obligations for total research were
$40.6 million in 1972, a 4.7, increase.
Funds for engineering sciences were $28.7
million; for physical sciences, $10.5 mil-
lion; for mathematical sciences, $0.5 mil-
lion; and for environmental sciences, $0.9
million. The estimated figures for 1973 are
very close to the 1972 figures. Highlights
of the accomplishments of Bureau research
programs, including work in progress, are
as follows:

Mining.—Ore recovery ratio is a primary
indication of the efficient extraction of our
natural resources. As the size of pillars left
by mining is decreased, the ore recovery
ratio increases. In situ stress measurements
and triaxial strength tests on model pillars
containing planes of weakness showed con-
clusively that the in situ strength of full-
size mine pillars containing planes of
weakness can be predicted with good accu-
racy. With this information, stable pillars
can be designed using safety factors as low
as 1.5, a significant improvement over the
value of four that is generally used in the
design of rock structures. Use of these
techniques to predict pillar strength will
permit use of the lower safety factor in de-
sign and could increase productivity with-
out sacrificing safety.

Other - advances in understanding pillar
behavior were made as a vesult of stiff
loading tests on model pillars. In the case
of a partially fajled pillar, it was shown
that the decrease of load results mainly
from a decrease in the effective cross sec-
tional area of the pillar and that the max-
imum stress on the undisturbed section re-
mains a constant. This maximum stress
can be estimated from the prefailure load-
deformation curve. Also confirmed was
that the addition of as little as 1 to 4
pounds per square inch radial confining
pressure can increase the post-failure
strength of pillars by as much as 10%,.

Several major improvements were made
in in situ stress determination techmiques.
Accurate stress measurements can now be
made in high stress areas where discing oc-
curs by means of a special type of bore-
hole deformation gage that requires only
one-half of an inch of overcoring. The
necessary corrections have been determined
by finite element analysis and proven cor-
rect by field tests. An improved type of
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borehole gage also has been developed
which eliminates the drift problem. This
gage is sufficiently stable so that it can be
used to measure change in stress with
time.

A field technique was developed and
tested for locating hidden faults that cause
serious ground support and hydrologic
problems in certain uranium deposits in
Wyoming. In another study theoretical
analysis has shown that a 2-foot thick
layer of sand around an 8-foot diameter
corrugated aluminum culvert can reduce
the maximum stress by a factor of 10.

Tests on small reinforced polymer-im-
pregnated concrete beams for use as mine
supports showed that conventional design
concepts might create a condition where
reinforced polymer-impregnated beams fail
violently. This problem can be solved by
the addition of small quantities of steel
fibers.

‘As the first step toward developing a
new mining method for the native copper
ores of the upper Michigan peninsula, a
514-month test demonstrated that elec-
tronic sorting of coarse ores is feasible. In
another research effort on native copper
ores, it was found that high-frequency in-
duction heating does not produce the ther-
mal shock necessary for the fragmentation
of these ores. However, a combined ther-
mal-hydraulic rock fragmentation tech-
nique was successfully tested on other rock
types.

Hydraulic pipeline transportation tests
to study the effect of particle size on head
loss produced surprising results. At high
velocities, six sizes of glass heads showed
no discernable djfferences in head loss and
all head losses approached clear water be-
havior as velocity increased. At lower
speeds, below 7.5 feet per second, head loss
becomes an inverse function of particle
size; that is, an increase in particle size re-
sulted in a decrease in head loss, indicat-
ing that less energy was dissipated in par-
ticle interaction as particle size increased.
This is in contradiction to the widely ac-
cepted Durand equation, which states that
head loss is directly proportional to parti-
cle size.

Digging and loading tests on bulk mate-
rial developed quantitative evidence that
approximately four times as much energy
is required for the loading process. Thus,
any improvement in the initial penetration

process could result in considerable saving
in both design and operating horsepower.

Metallurgy—The general objective of
the metallurgy program of the Bureau of
Mines is to provide, through research and
development, the scientific and technical
information necessary to encourage and
stimulate the nonfuel minerals industry to
make advancements in technology. Indus-
try’s response and acceptance of Bureau
technology was indicated by the construc-
tion of a new plant in Mississippi, mod-
eled on the Bureau-developed method for
producing electrolytic chromium. It is the
only commercial process in use in the
United States for producing the metal.
The Bureau-developed ion exchange proc-
ess for recovering uranium values from
mine waters, when tested on a semiin-
dustrial scale, was accepted by several com-
mercial uranium producers. In another de-
velopment, the Bureau’s modern version of
the carbon-in-pulp gold recovery process
was pilot tested in a cooperative effort and
then adopted by the Homestake Mining
Co. at Lead, S. Dak., where it was shown
that gold could be recovered effectively
from slimes. As a result of the successful
pilot plant investigations, the company has
built a new 2,350-ton-per-day carbon-in-
pulp plant to replace its old slime plant.
Another gold process developed by the Bu-
reau has achieved acceptance for the recov-
ery of gold from domestic deposits at Car-
lin and Cortez, Nev., where leaching
techniques have been successfully applied
to submarginal gold ores.

The development of a process to benefi-
ciate nonmagnetic taconites into a com-
mercially acceptable iron ore was also ac-
complished by  Bureau  researchers.
Although magnetic taconites have been
used increasingly as a source of domestic
iron ore, large reserves of nonmagnetic ta-
conites have been bypassed for lack of an
acceptable beneficiation process. The Bu-
reau conducted a vigorous program on lab-
oratory and pilot plant scale for flotation
of nonmagnetic taconites. The results led
to a patented method to improve the
grade of the ore from 309, iron to over
659, iron in concentrates meeting commer-
cial acceptance. In 1972, after several years
of cooperative effort with the Bureau, the
Cleveland Cliffs Iron Co. announced plans
to allocate $190 million for its Tilden
project, which would have an initial an-
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nual output of 4 million tons of pellets
using the Bureau-developed selective floccu-
lation flotation process on Marquette
Range nonmagnetic taconites. This plant
will be the first of its kind to process low-
grade, fine-grained, nonmagnetic taconite.

Research is underway on the develop-
ment of a new process to recover phos-
phate while eliminating the slime storage
ponds—the major problem in the current
extraction technique. Slimes are stored in
huge ponds, covering thousands of acres,
which precludes the use of this valuable
land for other purposes. Another problem
is that waste slimes contaih more than
209, of the phosphate mined. The Bureau
has recently found that direct acidulation
of land pebble phosphate ore with sulfuric
acid in a continuous miniplant recovered
approximately 95%, of the phosphate while
forming a sandy solid residue which
should cause no waste disposal problem.
The new process appeared to be technolog-
ically feasible, but additional research is
necessary to establish the economic and en-
vironmental feasibility.

Bureau of Mines research on copper is
concerned with extracting the metal from
low-grade ore and the - development of
roast-leach methods for processing concen-
trates. In one study, a process has been de-
veloped to recover copper more effectively
from the run-of-mine material deposited in
dump piles or heaps. In another study.
laboratory research has shown that roast-
ing copper sulfide concentrates (chalcopyr-
ite) with lime followed by acid leaching is
effective for obtaining high copper recov-
ery and at the same time eliminating the
generation of sulfur dioxide, a serious air
pollution problem in conventional roasting
and smelting operations. Because the roast
is autogenous, considerable gangue can be
tolerated in the concentrate. This feature
would reduce flotation costs and also save
valuable byproduct minerals, such as molyb-
denite, that are only partially recovered
in the present techniques for producing
clean concentrate for smelter feed.

In other copper rTesearch, a simple and
inexpensive sulfatizing roast-leach proce-
dure has been developed for treating cop-
per concentrate from sulfide ores. Roasting
the copper concentrate with iron oxide
converts essentially all of the contained
copper to a water soluble copper sulfate.
Gold and silver present in the leach resi-

due are amenable to subsequent recovery.
It may be possible for the copper to be re-
covered by electrowinning or, alternatively,
copper can be concentrated readily by sol-
vent extraction, This procedure is environ-
mentally attractive since it concentrates the
SO, which facilitates the conversion to
acid.

The Bureau’s materials research effort
included studies on ceramics, catalysis, and
the rolling and forging of ductile iron.
The hot working of *ductile iron promises
major advantages. First, ductile iron, made
primarily from scrap in relatively simple
equipment, does not require the degree of
refining necessary in steel production. The
second advantage is that forgings could be
produced from simple shapes cast to near
final dimensions. The Bureau’s experimen-
tal rolling and forging tests have shown
that certain ductile iron alloys can be suc-
cessfully hot worked to obtain final shapes,
with properties adequate for many applica-
tions where steel is now used. Research is
continuing to determine the best condi-
tions under which ductile iron can be
worked, including the effects of starting
materials and compositions.

Ceramic and nonmetallic minerals re-
search in the Bureau was directed toward
increasing the availability of such products
as replacements for metals and as a means
of improving the efficiency of minerals and
metals processing. The Bureau began a
new research program on more effective
methods to process, fabricate, and utilize
nonmetallic minerals and materials. Re-
search under this program included testing
clays and a variety of ceramic materials in
applications that will expand the use of
these resources, developing drilling fluids
and modified portland cements for use in
high-temperature and high-pressure drill
hole applications such as are encountered
in very deep oil wells, and creating new
uses for low-cost sulfur and waste sulfate
products. The work on testing and evalua-
tion of ceramic raw materials was designed
to provide technical assistance to State ge-
ologists.

Resource Recovery and Pollution Abate-
ment—The metallurgy research program
also included a wide variety of projects on
secondary materials recovery and pollution
abatement studies on mineral processing
wastes, which are described in the Bureau’s
Information Circular 8595.
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Bureau of Mines research has resulted in
the development of an effective and techno-
logically feasible process for the desulfuri-
zation of stack gases. The relatively
straight-forward method, known as the “ci-
trate process,” was originally designed to
remove sulfur dioxide from the stack gases
of smelters treating sulfide ores. The proc-
ess is now being evaluated for controlling
emissions from fossil fuel fired power-
plants, chemical processing plants, and oil
refining operations.

The Bureau is currently constructing a
pilot plant at Kellogg, Idaho, which will
treat stack gas from the lead smelter oper-
ated by the Bunker Hill Company. The
plant will process about 1,000 cubic feet
per minute of gas containing 0.5%, sulfur
dioxide. Sulfur dioxide removal is expected
to be over 98%,.

An independent pilot plant test of the
citrate process also is underway as a joint
effort of Pfizer Inc., Arthur G. McKee and
Co., and Peabody Engineering.

‘Control regulations for sulfur dioxide air
pollution are expected to create an abun-
dant supply of low-cost sulfur and sulfuric
acid. The Bureau has initiated a program
to develop new uses for sulfur and has ex-
panded its research efforts to utilize sul-
furic acid in mineral and metal processing
schemes. The current research included
studies on sulfur-asphalt mixtures for pav-
ing materials; sulfur formulations for sta-
bilizing minerals tailings piles; construction
materials modified with sulfur; a new ap-
proach to phosphate production where the
total ore is acidulated, thus avoiding the
slimes disposal problem; and sulfuric acid
leaching of limey copper ores, which can-
not be beneficiated by conventional meth-
ods.

The Bureau’s process for recovery of the
metal and mineral content of municipal
incinerator residues has received national
attention which culminated in the Envi-
ronmental Protection Agency awarding a
$2.4 million grant to the Gity of Lowell,
Mass., to build a 250-ton-per-day demon-
stration plant. The semicommercial instal-
lation will be the first of its kind in the
world and will recover the ferrous, nonfer-
rous, and glass components from several
municipal incinerators in the Lowell area.

In another related approach to the
urban refuse problem, a raw refuse re-
source recovery pilot plant was placed on-

stream. The new pilot plant, which has a
capacity of 5 tons per hour, accepts refuse
directly from municipal collection vehicles.
The refuse is broken down into its metal,
mineral, and energy fractions by a series of
shredding, air classification, magnetic sepa-
ration, and screening operations. In addi-
tion to the metal and mineral values,
there is recovered a combined paper and
plastic fraction which has a fuel value of
over 8,000 Btu per pound.

Research is nearing completion on the
combined railroad car-junk auto incinera-
tor, which is being conducted in coopera-
tion with a scrap processor. The incinera-
tor allows smokeless burning of 20 scrap
cars or one railroad car per hour.

Three additional smokeless scrap auto-
mobile incinerators patterned after the Bu-
reau’s prototype have been constructed,
bringing to 20 the number of commercial
installations. Commercial air and water
elutriators, based on the Bureau’s research
on recovery of nonferrous metals from
junk car shredder rejects, have been or are
being constructed at a number of scrap
yards. A cryogenic process for recovery of
copper from scrap wire is also being
adopted by private companies as a result
of Bureau research. In cooperation with
the Ford Motor Co., a process for recovery
and recycle of waste polyurethane foam
from scrapped automobiles has been devel-
oped

Bureau-developed methods for stabiliza-
tion of mine and mill wastes continued to
be adopted by industry. A large copper
company has utilized one of the Bureau’s
techniques to stabilize 120 acres of copper
mill tailings in Nevada. During the past
year the Bureau has cooperated with the
Forest Service, a number of State agencies,
and the private sector in developing meth-
ods for overcoming air and water pollution
resulting from mineral tailings disposal in
Arizona, Colorado, Michigan, Idaho, Mis-
souri, and Washington. In a cooperative
cost-sharing effort with the Florida phos-
phate industry, a substantial research pro-
gram has been initiated to develop a prac-
tical method to dewater phosphate slimes.
The study involved both basic laboratory
studies and large scale field tests on the
more promising dewatering schemes. Meth-
ods to dewater and dispose of a number of
other mineral processing wastes such as red
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muds and taconite tailings were also being
investigated.

Other projects related to secondary ma-
terials recovery included a variety of stud-
ies on techniques to recover and recycle
values from sludges, drosses, dusts, and
waste mineral processing waters. A major
effort was also being made to decontami-
nate waste processing waters for recycle
and reuse.

Coal.—Major emphasis in coal research
again was placed on the production of
clean-burning fuels from coal to help meet
the Nation’s rapidly increasing need for
energy, while at the same time maintain-
ing or improving the quality of the envi-
ronment.

On the basis of a 2-year detailed study,
the National Academy of Engineering’s
Committee on Air Quality Management
Ad Hoc Panel on Evaluation of Coal Gasi-
fication Technology concluded that pilot
plant work on the Bureau’s SYNTHANE
Process should be expedited as one of the
four most important American processes
for converting coal to substitute natural gas
(SNG). In addition, the Academy’s ad hoc
panel found that the Bureau’s HYDRANE
hydrogasification process for SNG showed
great promise and recommended further
development.

During the year bituminous coal was
successfully processed in the Bureau's 10-
pound-per-hour HYDRANE unit. In these
tests it was confirmed that strongly caking
coal could be processed without first treat-
ing the coal to destroy its -caking charac-
teristics. Because up to 959, of the meth-
ane produced comes .from the direct
reaction of hydrogen with coal, this process
offers further economic advantage over
other coal gasification schemes in that a
minimum amount of methanation is re-
quired to convert the gases from the gasi-
fier to pipeline quality gas.

In other coal gasification research,
strongly caking coal from the Upper Free-
port seam in Preston County, W. Va., was
gasified in a stirred-bed pressurized pro-
ducer at 125 pounds per square inch, gage,
and a side stream of the gas was processed
to remove up to 98%, of the HpS. This lat-
ter step was accomplished by means of a
solid absorbent consisting of 259, iron
oxide and 759%, fly ash.

- During the year, the Bureau initiated a
pilot field experiment to establish the fea-

sibility of gasifying Western subbituminous
coals in situ. Underground coal gasification
could provide a major source of clean en-
ergy that would significantly reduce or
eliminate many of the problems associated
with conventional underground mining.

Experiments were successfully concluded
in a small laboratory process development
unit after showing that coal containing
nearly 59, sulfur and 169, ash could be
liquefied with hydrogen to yield a pre-
mium fuel oil essentially ash free and con-
taining only 0.2%, sulfur. A larger diameter
reactor was constructed to study flow prob-
lems that may be encountered in a
scale-up of the process.

In related research, conditions (4,000
pounds per square inch, gage, at 400°C
and 2 hours residence time) were estab-
lished for optimum yield of oil produced
by reaction of CO and HyO with North
Dakota lignite in the absence of catalyst.
Yield was found to be high at 3.2 barrels
of oil per ton moisture- and ash-free lig-
nite, or 63 weight percent, with 73 weight
percent conversion of the feed.

During the year construction was under-
taken on a three-stage high-temperature
coal combustion pilot plant designed to
produce a low-ash, high-temperature gas
suitable for open-cycle MHD power gener-
ation. Research on mine waste land recla-
mation emphasized work on bituminous
spoil and anthracite refuse banks. Bureau
personnel cooperated in a pilot plant SO
removal study -conducted -at a midwestern
power and light company.

Petroleum.—Laboratory-induced hydrau-
lic fracture tests were conducted on ori-
ented sandstone specimens whose tensile
strength and permeability had been meas-
ured. Breakdown pressure and fracture ori-
entation were determined as a function of
several levels of stress, load saturation, and
rate. The objective was to determine if
horizontal compressive stress is always the
primary factor controlling fracture orienta-
tion or if the directional properties of the
rock matrix influence the induced fracture
direction at low stress levels andfor low
load rates. .

A triaxial load cell and a closed-loop,
automatic pressurization system were devel-
oped to test the specimens. Preliminary
analysis has indicated that fracture orienta-
tion cannot be reliably predicted when-
ever the stress difference in horizontal
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components is less than 200 pounds per
square inch. In this situation, the induced
fracture direction is usually governed by
permeability.

Oil and gas reservoir properties must be
known to develop more efficient and eco-
nomical oil and gas extraction methods.
Mobility, a measure of the capacity of a
reservoir rock to conduct a fluid, varies
with pressure, fluid volume, liquid-gas
ratio, and gas velocity. The Darcy equation
is inadequate for calculating the pressure
gradient needed to recover gas-condensate
fluid from a reservoir at an economic
rate. Suitable equations have been devel-
oped so that mobility can be computed
more reliably.

The application of radiotracer pulses to
the evaluation of the fracture systems of
underground formations was tested in the
field and in an oil shale retort having a
known void matrix. Best results were
achieved when the tracer was added to the
flowing' gas stream and sampled as near to
the formation face as possible. When the
pulse emerges at the production well, it
has been modified by dispersion through
the fracture system. The degree and rate
of dispersion are used to evaluate the re-
servoir fracture and void systems. Nonra-
dioactive gas tracers can be used where the
presence of radioactivity might be objec-
tionable.

Research continued on the correlation of
crude oil properties. The purpose of the
study is to identify the source of marine
oil spills when the source is otherwsie not
known. A study of the potential use of
knowledge of the orientation of natural
fractures in a gas storage reservoir in East-
ern Ohio was completed as part of a coop-
erative tesearch effort with the American
Gas Association.

Numerical model studies indicated that
fracture placement is important in gas-
storage operations and that the compesite
mode! simultaneously determines reservoir
and fracture pressure distribution. A basic
two-dimensional dry-gas reservoir simulator
was developed using the alternating-direc-
tion-implicit procedure. Using a relation-
ship developed from Darcy’s law to calcu-
late the withdrawal rate of gas from any
reservoir node penetrated by a fracture,
the 2-D model was modified to provide
the capability of simulating ideal fractures
of any length and with orientation parallel

to either of the finite-difference grid lines.
This modified 2-D model was used to in-
vestigate the withdrawal capacity of var-
ious fracture patterns in a square reservoir.
The results indicate that well and fracture
placement are important in the develop-
ment of a gas-storage field in which the
withdrawal capacity over short periods of
time is to be optimized.

An updated analysis of production tests
from Project Gasbuggy over a 3-year pe-
riod indicated that the flow-rate capacity
of a gas well after stimulation by a nu-
clear explosion will be four to six times
greater than if the same well were stimu-
lated by conventional fracturing. Previous
testing over a l-year period indicated a
six- to seven-fold increase in production. It
is essential that the thickness-permeability
product for the unaltered formation be
substantial for a  nuclear-stimulated
method to be successful. Formation frac-
turing resulting from detonation of a nu-
clear device extends out into the formation
only about 300 feet, depending on the size
of the charge. Production tests and analy-
ses for Project Rulison are being
continued.

Fuels combustion research was oriented
principally toward more explicitly defining
the influences that fuel composition, en-
gine adjustments, and engine-accessory de-
vices have on pollutant emissions and on
fuel economy.

Confirming evidence obtained in prior
years, gasoline composition was again
shown to have a significant bearing upon
the photochemical reactivity of its combus-
tion products. The light aromatics, ben-
zene and toluene, produced relatively non-
reactive products; xylenes and heavier
aromatics produced moderate to highly re-
active products. Highly branched alkylates
were also identified as a prominent source
of photochemically reactive exhaust. The
principal significance of the findings was to
show that there is a complex relationship
between fuel composition and pollution ef-
fects, and that detailed knowledge of fuel
composition is required and must be used
for reliable prediction of the pollution ef-
fect.

Automobiles and truck engines equipped
with emission-control devices designed
toward meeting stringent pollution-control
requirements were tested. Results show
that emissions are markedly reduced but
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the requirements now projected for the
mid-1970’s can be met only with heavy
penalties to performance and fuel econ-
omy. Because trends appear to impact ad-
versely on energy consumption, the work
in this area was redirected to emphasize
improvement of fuel economy in the low-
emission systems.

Gas mixtures simulating gas made from
coal were found to have combustion char-
acteristics favorable for the use of such
fuel in high-efficiency engines.

Research on the toxicity hazard from
diesel engines operated in underground
mines was continued. Carbon monoxide
and oxides of nitrogen, which present the
principal toxicity problem, were found
controllable at levels easily compatible
with the ventilation requirements for car-
bon dioxide. This represents the minimum
ventilation requirement possible if fuel is
burned underground and combustion
products are discharged into the under-
ground environment. Significant progress
was made toward the development of an
adequate monitoring warning system
against excessive accumulation of toxic ex-
haust products.

A demonstration of plugging and safe
mining through an oil well penetrating
the Pittsburgh coalbed in northern West
Virginia was successfully accomplished. Ex-
pandable cement and a fly ash-gel-water
slurry were utilized to seal the well, above
and below the coalbed.

Oil Shale—The Bureau continued its
core assay program in connection with the
Department’s proposed oil shale leasing
program. Also, samples from two cores an-
alyzed for dawsonite content, using X-ray
diffraction, expanded the knowledge of ex-
tent of deposition of this mineral. Dawson-
ite, of potential significance as a source of
both sodium and aluminum compounds,
occurs in intimate association with oil
shales in the deeper deposits of the Pice-
ance Creek Basin in Colorado. However,
the extent of the mineral deposit is poorly
defined. Although one core was from what
is believed to be near the outer edge of
the deposit, it contained a continuous daw-
sonite-bearing section 169 feet long. The
second core, taken 6 miles west of the first,
had a 680-foot continuous dawsonite sec-
tion plus several shorter sections. Improved
definition of these mineral deposits could
have an important bearing on oil shale de-

velopment and mining plans because of
the potential byproduct credits.

A hydrogenated naphtha with sulfur
content of less than 0.001%, and nitrogen
content of only seven parts per million
was produced by a combination of once-
through hydrocracking of crude shale oil
and once-through hydrofining of the hy-
dro-cracked naphtha. A series of catalytic
reforming runs was made to evaluate this
clean naphtha as a feedstock. In one such
test, an 89-octane number reformate was
produced from 40-octane feed with a yield
of 80%, by volume. This octane number of
89 is sufficiently high that the unleaded
gasoline could presumably be used in a re-
finery pool.

Mild oxidation was shown to have po-
tential as an economic method of prepar-
ing low-pollution shale oil fuels. In one
experiment, such treatment removed
about one-half of the nitrogen from naph-
tha.

Two new research scale oil shale retorts
were placed in operation. In one, gallon-
size samples of crude shale oil were pre-
pared under closely controlled conditions
to provide retort engineers with required
kinetic and mechanistic data. The second
was a one-half-ton retort. In the first run
of this retort, a 500-pound block of shale
retorted satisfactorily, reaching a maximum
internal temperature of 1,090°F after 18
hours, while a bed of smaller-sized shale
surrounding the block reached 1,650°F.
This retort, which permits both visual and
instrumental observation of the retorting
shale, will provide better understanding of
the environmentally-attractive in situ
method of processing that is being devel-
oped.

Bureau researchers successfully used
electrical resistivity surveys in the Wyo-
ming field test area to detect two shale
rubble areas that had been created under-
ground by chemical explosives. The data
were used to make estimates of the shape,
height, and diameter of the two rubble
zones.

Economic Analysis—The economic re-
search program within the Bureau of
Mines continued the study of economic
factors within the mineral industries as
well as how the mineral industries are af-
fected by the national economy. The pur-
pose of this research was to provide deci-
sionmakers with accurate information and
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up-to-date analyses of current conditions,
to aid in making their decisions. The eco-
nomic analysis program attempted to pro-
duce general methodology needed for such
analysis as well as information relevant to
problem solving in the field of mineral
economics. Major long-term research proj-
ects undertaken included the study and
forecasting of demand, supply, and produc-
tivity; financial analysis; the economics of
waste recycling; input-output analysis; and
the study and report of weekly price
changes. Many short term economic proj-
ects were also undertaken to answer imme-
diate questions.

Health and Safety—A major advance in
the ground control program occurred with
the successful underground installation of
a pumpable roof bolt, which was found to
have anchorage capability exceeding that
of conventional expansion-shell roof bolts.
Estimated costs of installed liquid bolts
compared favorably with those for conven-
tional bolting.

A self-advancing roof shield, developed
under contract and designed to protect
miners in the working face area, has been
delivered to the Bureau and demonstrated
at the Bureau’s Bruceton mine.

Water infusion tests in the Pittsburgh
coalbed have shown that the techniques
developed by the Bureau are effective in
reducing methane emission in the face
area by 509, to 80%,. A semirigid, hose-
type infusion packer with appropriate fit-
tings was designed, developed, produced,
and tested under a research contract.

In another contract effort, commercially
available borehole packers for sealing hori-
zontal holes in coalbeds were evaluated,
and a high-pressure packer was developed
that is less costly to produce and can be
easily and economically repaired in the
field. This is an improved tool for research
on and application of techniques for meth-
ane control. An analysis of data on meth-
ane emissions from underground bitumi-
nous coal mines was undertaken. The
correlations obtained to date can be used
to predict the methane emission rate and
assist in planning methane control proce-
dures in bituminous coal mines.

A new generation of emergency mine
communications was developed offering
greater range, coverage and reliability. The
system permits voice communication from
the mine surface through the rail haulage

carrier current trolley system and up to
500 lateral feet from the carrier system to
a roving miner with a wireless personal
pager. Alternate systems provide two-way
voice communication between the mine
surface and mining machine operators
through the mine telephone system and
mining equipment trailing cables and al-
ternative communication paths through
borehole power-line cables and through-
the-air transmission to mine surface
communications equipment. These devel-
opments will provide voice communication
with all underground operating crews im-
mediately after a disaster, permitting in-
structions about escape routes to be given
to the miners and increasing the probabil-
ity of survival and rescue.

An unmanned vehicle and three bore-
hole devices were developed for probing
mine openings during post disaster and
rescue operations. A probe drill guidance
system has been developed to reduce probe
hole drilling time. The system will enable
a drill operator to survey the bottom of
the hole, calculate hole coordinates with
an onsite computer, and alter the course
of the drill bit, if necessary, without re-
moving or disconnecting the drill string.
The system consists of magnetic and grav-
ity sensors, wireless data telemetry, and a
remote-controlled directional drill.

A portable area lighting system and a
machine-mounted lighting system utilizing
circularly polarized high-pressure sodium
lamps were designed and delivered under a
contract to explore and develop new con-
cepts for illumination of underground coal
mines.

An underground demonstration of res-
pirable dust suppression showed that sig-
nificantly lower respirable dust levels can
be maintained using a foam system as op-
posed to water sprays or ventilation alone.
A research and development contract has
resulted in the delivery of two prototype
mine dust meters that provide real-time
instant indication of respirable and float
dust concentrations in the mine environ-
ment.

A prototype noise control system devel-
oped for a percussive drill was free from
muffler icing problems and reduced the
sound level from 115 to 101 decibels, per-
mitting longer working time in the area.
Prototypes of the discriminating ear pro-
tective device, which permits the wearer to
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hear low-level warning signals but still
provides protection from sounds in excess
of 90 decibels, were fabricated, tested, and
found generally satisfactory.

Research and development on engine
emission control of diesel-powered equip-
ment underground had indicated that nei-
ther a water scrubber nor an oxidation ca-
talyst has any significant effect on oxides
of nitrogen emissions. The use of exhaust
gas recirculation reduced NOy, while oxida-
tion catalysts reduced carbon monoxide
levels. Continuing efforts on developing a
satisfactory monitor for COz, CO, and NO,
have uncovered some problems in vibra-
tion stability during prolonged engine op-
eration.

A prototype infrared methane detector
was developed that can be packaged into
a machine-mounted methane monitor
with greater reliability than is possible
with existing devices. Continued work on a
nuclear technique coal dust incombustibles
content analyzer has developed advanced
prototype designs of both cup and in situ
types of devices.

A portable device was developed for use
in the field to determine whether permissi-
ble blasting machines are in operating con-
dition. The Bureau developed a new, rela-
tively inexpensive, and easily installed
device called the horizontal roof strain in-
dicator. Preliminary test results have indi-
cated that 1/1000 inch per inch horizontal
strain occurring within 2 days after bolt
installation indicates an unstable roof con-
dition. In other research directed at the
identification of potential roof falls, it has
been shown that the first major parting in
a mine roof can be detected, the distance
to the parting measured, and the inclina-
tion of the parting plane determined by
means of sonic testing the roof with pulsed
shear waves. Efforts were continuing to
adapt the miscroseismic techniques, devel-
oped for detecting rock bursts in deep
metal mines, for use in coal mines to pre-
vent mining machinery noises from inter-
fering with the detection of rock noises so
that microseismic techniques can now be
employed during normal mining opera-
tions. Under contract, a simple borehole
device to determine the modulus of rigid-
ity of coal-measure rocks has been devel-
oped and delivered to the Bureau. The
physical properties determined by use of
this device are essential to the develop-

ment of rational methods of designing
mine pillars and other underground struc-
tures. An evaluation into the feasibility of
using isolated electrical supply systems in
underground coal mines confirms that it is
possible in principal to reduce faunlt trip
currents to a level to assure personnel pro-
tection, provided that problems involving
circuit breakers can be handled. A contract
studying the feasibility of remote control
systems and the development of remote
control sensors and devices has successfully
developed a laser guidance system for use
in alignment of continuous miner opera-
tions as well as a shuttle car guidance sys-
tem with obstruction detection capabilities.
In a contract on inherently safe mining
systems, nonfatal accident data were ob-
tained and correlated with fatality data to
precisely define the hazards that exist in
the working sections of continuous and
conventional mines. All major mining
equipment manufacturers were contacted
and details on the characteristics and num-
ber of units in the field were obtained.
Conceptual design modifications for all
equipment used in the working sections
were prepared, evaluated and agreed upon.

A mineral slurry data bank, the most
comprehensive compilation of hydraulic
transportation data available, has been de-
veloped. An experimental pneumatic pipe-
line system for horizontal transport under
either vacuum or pressure has been in-
stalled to determine air requirements and
haulage capabilities as influenced by pipe
and coal variables.

A coal mine systems simulator, which is
needed for improved mine design and op-
erational planning, and an underground
coal production submodel have been devel-
oped. These provide a means for obtaining
quicker and more accurate data to evalu-
ate the effect of potential system changes
on the health and safety and economics of
underground coal mining operations. In
metal and nonmetal mine research, a tech-
nique for nondestructively analyzing per-
cent alpha quartz collected on field filter
samples of respirable dust was developed.
The ongoing contract to develop a passive
personal dosimeter for nuclear radiation
continued to progress with the assembly of
a unit to effectively deal with radon
daughter plate-out problems. Studies to de-
termine with models the optimum configu-
rations of different rectangular shaft tim-
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ber supports, linings, and fixtures
demonstrated that airway resistance could
be reduced up to 259 by modifications
which are relatively minor and can be
readily applied in mines with severe venti-
lation problems.

Rock noise source location techniques
for use in deep metal mines have been im-
proved and simplified, and the necessary
equipment for field application has become
available at reasonable cost so that the mi-
croseismic technique is now a practical en-
gineering tool. Closely related research on
rock bursts in the Coeur d’Alene district
shows that stope pillar distressing reduces
the frequency and intensity of damaging
bursts in the working area.

Explosives and Explosions—A program
has been initiated to develop methods of
identifying the type and source of explo-
sives from the products left after detona-
tion. Such methods will provide improved
control of explosives from two aspects—il-
legal explosives used in subversive activi-
ties and the use of nonpermissible explo-
sives in gassy mines. The technique under
study involves mixing phosphor-impreg-
nated ceramic beads into the explosive for-
mulation. These phosphor grains can be
identified after detonation using ultraviolet
light. Work to date on the postdetonation
identification of explosives showed that
suitable coated phosphors can be detected
in concentrations as low as 0.029 by

weight following detonation. Considerable
interest has been shown by the explosives
industry in the Bureau work in this area.

Two new high-density, water-gel explo-
sives were formulated, offering an explosive
strength of 1209, TNT, relatively low sensi-
tivity, and good toxic fume characteris-
tics. These high-strength gels should gain
widespread acceptance in both open pit
blasting and underground noncoal mines
in view of the improved fume characteris-
tics.

An investigation was completed for the
U.S. Coast Guard evaluating the causes of
explosions observed during unconfined lig-
uefied natural gas spills on water. Results
indicate that the explosion hazard is real,
although the amount of released energy is
small. Explosions have been observed only
with “weathered” liquefied natural gas
(LNG) in which the methane content has
been reduced significantly. Layering and
downwind spread of flammable vapors are
significant hazards.

A definitive test for the incendivity of
detonators was developed and a number of
detonators checked to ascertain the risk of
methane-air ignition. A detonator design is
not considered acceptable if two detonators
fired simultaneously will ignite a meth-
ane-air mixture. Certain types of detona-
tors in current use have been identified as
especially hazardous because a single deto-
nator will cause ignition.

LEGISLATION AND GOVERNMENT PROGRAMS

During 1972 the President continued the
Phase II controls, which were begun at the
end of the 90-day freeze of Phase I. Phase
II was based on voluntary support; it was
geared to encourage the expansion of out-
put and employment; and it was a tempo-
rary program.

Phase II relaxed the Phase I controls.
Some pay increases greater than 5.59, were
allowed, and price increases were handled
on a firm-by-firm basis. Within the con-
trolled area, firms and bargaining units
were divided into three groups. Large
firms were required to give advance notice
of price or wage increases; those in the
middle group were not required to give
advance notice unless they requested an
exception, but they were required to file
reports of increases; the third group,
which consisted of the smallest units, was

not required to file reports, but their ac-
tions were open to spot checks. Phase II
with modifications continued through 1972.

Legislation affecting the mineral sector
and approved during the second session of
the 92d Congress covered such areas as the
environment, water, public land, black-
lung disease benefits, pipeline safety, con-
sumer safety, the price of gold, the stra-
tegic stockpile and a few other areas.

The environment was the concern of
several laws. Public Law 92-500, Water
Pollution Control, was passed over a Presi-
dential veto. To be administered by the
Environmental Protection Agency (EPA),
it provided money for acid mine water
pollution control projects; required the use
of the best practicable control technology
for waste discharges by July 1, 1977; and
the use of the best available control tech-
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nology by July 1, 1983. It also transferred
the discharge permit program under the
Refuse Act from the Corps of Engineers to
EPA. Public Law 92-574, Proposed Envi-
ronmental Noise Control Act of 1972, was
passed by Congress on October 18, and
signed into law by the President on Octo-
ber 27. It required the EPA administrator
to develop and publish criteria for noise;
he was also given the responsibility for es-
tablishing noise emission standards. Public
Law 92-307, Interim Operating Licenses
for Nuclear Power Plants, amended the
Atomic Energy Act of 1954 to authorize
the Atomic Energy Commission (AEC) to
issue temporary operating licenses for nu-
clear power reactors to avoid severe power
shortages, provided adequate protection for
the environment is assured.

Other "measures approved which may be
of interest to the mineral industries in-
cluded Public Law 92-287, which estab-
lished a Bureau of Mines metallurgy re-
search center on the Fort Douglas Military
Reservation in Utah to replace the one on
the University of Utah Campus; and
Public Law 92-285, Public Law 92-355,
and Public Law 92-356, which authorized
disposal from the national stockpile of
zinc, nickel and lead. A listing of mineral
related Federal legislation signed into law
_during 1972 follows:

Public Law (P.L.) and description Signed
into law
Environmental quality:
P.L. 92-307. —Authonzmg AEC to June 2

issue temporary oper-
ating licenses for nu-
clear power reactors.
P.L. 92-500.—Proposed Federal QOct. 18
‘Water Pollution Con-
trol Act Amendments
of 1972.
P.L. 92-532.—To ban the unregu- Oct. 23
lated dumping of ma-
terials into the oceans,
estuaries, and Great

Lakes.
P.L. 92-574. —Proposed Environ- Oct. 27
mental Noise Control
Act of 1972.
P.L. 92-583.—Authorizing funds for Oct. 27
fiscal year 1973 to
assist States in estab-
lishing and admin-
istering coastal zone
and estuarine man-
agement programs.

‘Water resources:
P.L. 92-273.—Authorizing $26.8 April 17
million for the saline
water conversion pro-
gmm73 for fiscal year
P.L. 92-396.—To increase author- Aug. 20

izations for activities
of the Water Re-
sources Council.

Public Law (P.L.) and desecription Signed

into law
Oct. 27

P.L. 92-577.—Authorizing the Sec-
retary of the Interior
to engage in feasi-
bility investigations
of certain potential
water resource de-
velopments.

Public lands:

P.L. 92-230.—To designate Pine
Mountain Wilderness
within and as a part
of Prescott and Tonto
National Forests,
Arizona.

P.L. 92-241.—To designate Syca-
more Canyon Wild-
erness, the Coconino,
Kalibab, and Prescott
Natlonal Forests,

rizona.

P.L. 92-395. —To designate as wild-
erness national forest
lands known as the
Lincoln Back Country
and parts of the Lewis
and Clark and Lole
National Forests in
Montana.

P.L. 92-400.—To establish the Saw-
tooth National Recre-
ation Area in Idaho.

Feb. 15

Mar. 6

Aug. 20

Aug. 22

Indian lands:

P.L. 92-4381.—To authorize longer
term leases of Indian
lands located outside
the boundaries of
Indian reservations in
New Mexico.

National stockpile:

P.L. 92-283.—Authorizing the dis-
posal of 515,200 short
tons of zine ‘from the
national stockpile.

P.L. 92-355.—Authorizing the dis-
posal of nickel from
the national stockpile.

P.L. 92-356.—Authorizing the dis-
posal of lead from
the national stock-
pile and supplemental
stockpile.

Health and safety:

P.L. 92-303.—To amend the Federal
Coal Mine Health
and Safety Act so as
to extend black-lung
benefits to orphans
whose fathers died of

Sept. 26

April 26

July 26

July 26

M=y 19

pneumoconiosis.

P.L. 92401.. —Extendmg time in
which States may
certify that their laws
conform to the
Natural Gas Pipe-
lines Safety Act.

P.L. 92-578.—To protect consumers Oct. 27
against unreasonable
risk of injury from
hazardous products.

Go!d and medalhons
P.L. 92-228.—To provide for the Feb. 15
striking of medals in
commemoration of
the bicentennial of
American indepen-
dence.

P.L. 92—268.—Increasing from $35

338 per ounce the
price of gold, thus
modifying the par
value of the dollar.

Aug. 22
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Public Law (P.L.) and description Signed

into law

Miscellaneous:

P.L. 92-287.—To establish a metal-
lurgy research center
on the Fort Douglas
Military Reservation,
Utah, and convey
certain lands to the
University of Utah.

P.L. 92-322.—Granting con-
gressional consent to
a 3-year extension of
interstate compact to
conserve oil and gas.

P.L. 92-325.—Extending the Defense
Production Act for
two additional years
through fiscal year
1974.

May 1

June 30

June 30
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The acquisition cost of strategic mate-
rials in government inventories totaled $5.9
billion with a market value of $6.7 billion
as of December 31, 1972. Materials in these
government inventories with a market
value of $2.7 billion were considered in ex-
cess- of stockpile needs. In calendar year
1972, the Government disposed of $289
million worth of mineral commodities, a
23%, increase from the 1971 figure. Major
mineral stockpile items sold during the
year with a sales value of at least $10 mil-
lion each included cobalt, industrial dia-
monds, lead, and metallurgical manganese.
Sales of nickel had a value greater than
$100 million, and zinc sales were greater
than $60 million.

WORLD REVIEW

World Economy.—The long-run growth
in world trade continued through 1972, de-
spite conditions that necessitated govern-
mental actions concerning exchange rates
and  capital movements. Exchange rates
during the year were governed by the
Smithsonian agreement, which was a set of
“central” rates set up just before the be-
ginning of the year to replace the pattern
of floating exchange rates that came into
being after the United States suspended
the convertibility of the dollar in August
1971. The central rates provided an effec-
tive revaluation of major currencies. The
foreign exchange markets were calmer dur-
ing the later part of the year.

Inflation continued to be a major world
economic problem during 1972. The coun-
tries of the European Economic Commu-
nity (EEC), concerned about inflation,
agreed to a program of coordinated anti-
inflationary efforts.

Moderate economic growth continued to
be the pattern for most developed coun-
tries. Canada had an increase in industrial
production of 6.7%; the increase for Japan
was 6.8%. Spain had a notably large in-
crease in industrial production of 17.69%,.

World Production.—The United Nations
(UN) indexes of world mineral industry
production (1$63=100) for the extractive
industries increased 4 index points to 155
in 1972. In the metals category world pro-
duction remained constant. There were in-
creases in the metal production of Com-
munist Europe and decreases in the
non-Communist world. The total output of

coal declined two points to 103 during
1972. The non-Communist world declined
in coal production, although the United
States-Canada and the Australia-New Zea-
land coal production indexes increased sig-
nificantly. Coal production in Communist
Europe increased slightly. World produc-
tion of crude petroleum and natural gas
increased 7 index points to 184. All areas
increased their output with the exception
of Latin America, which declined 6 index
points to 112. Overall industrial produc-
tion as measured by the UN index rose 11
points to 176 during 1972. It should be
noted that, this year, more countries are
included in the EEC and fewer in the Eu-
ropean Free Trade Association than in
previous years. Denmark, Ireland and the
United Kingdom recently joined the EEC
and are now included in these indexes.
Denmark and the United Kingdom are no
longer included under the European Free
Trade Association.

World Trade—The value of world trade
in all commodities increased almost 129,
to $348.1 billion in 1971. Exports of min-
eral commodities increased more than 89,
to $73.9 billion. During 1971 metal exports
declined over 49, to $35.6 billion. This is
only 48%, of the mineral commodity trade.
In the past, metals have usually accounted
for more than 509, of this trade. Within
the metals group, all ores, concentrates,
and scrap exports declined 89, iron and
steel exports increased almost 5%, and
nonferrous metals exports declined almost
1569,. Nonmetal exports increased almost
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5%, to $2.5 billion. World trade in mineral The price index for metals increased 8
:fuels increased 259, to $35.8 billion. This  index points to 134. The index for fuels
is larger by $0.2 billion than metal ex- jncreased 16 index points to 143 and that
ports, which in the past accounted for the .. all crude minerals increased 14 index
largest share of this trade. points to 141. Total minerals prices in-

World Prices.—The mineral commodity e e L
creased significantly in both developed and

export price indexes (1963=100) for fuels )
and all crude minerals increased 12.6¢, developing areas. Nonferrous base metal

and 11.0%, respectively, while that for prices remained nearly constant, declining
metal ores increased only 6.3%, during 1 index point in developed areas and in-
1972. creasing 1 index point in developing areas.

Table 1.—Value of mineral production,! exports, and imports, by group
(Million dollars)

1968 1969 1970
Produc- Exports? Imports? Produc- Exports? Imports? Produc- Exports? Imports?
tion tion tion
Metals and non-
metals except
fuels:
Nonmetals . 5,449 246 490 5,624 222 491 5,712 225 551
Metals_____ r2,698 241 1,161 3,333 246 1,094 r3,928 322 1,249
Total 3___ r 8,147 487 1,651 r8,957 467 1,586 r9,640 547 1,799
Mineral fuels____ 16,820 539 1,309 17,965 632 1,428 20,152 1,120 1,567
Grand
total 3._ 24,966 1,026 2,960 26,921 1,099 3,014 r29,792 1,667 3,366
1971 1972
_ Production r Exports 2 Imports 2 Production Exports 2 Imports?
Metals and non-
metals except
fuels:
Nonmetals . 6,058 226 573 6,492 152 646
Metals.____ 3,403 192 1,047 3,641 152 988
Total ____ 9,461 418 1,620 10,133 304 1,634
Mineral fuels____ 21,247 r1,020 2,076 22,084 1,106 2.856
Grand
total 3__ 30,708 r1,438 3,696 32,217 1,411 4,490
r Revised.

1 For details, see the ‘““Statistical Summary” chapter of this volume.
2 Essentlally unprocessed mineral raw material.
3 Data may not add to totals shown because of independent rounding.

Table 2.—Value of mineral production by group, 1967 constant dollars 1
(Million dollars)

Mineral group 1968 1969 1970 1971 1972 »

Metals and nonmetals except fuels:
Nonmetals_ ___ ________ . ________. 5,374 5,498 r 5,535 5,646 5,859
Metals. . ______ ... r2,570 r 2,965 r 8,052 2,742 3,104
Total - - e r 7,944 r 8,463 r 8,587 8,388 8,963
Mineral fuels_ __ ___________________________ 16,753 16,948 18,074 17,785 18,057
Grand total _.___________________________ r24,697 r25,411 r26,661 26,123 27,020

p Preliminary.

r Revised.
1 Value deflated by the index of implicit unit value,
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Table 3.—Indexes of the physical volume of mineral production, by group and subgroup 1

(1967 = 100)

1968 1969 1970 1971 1972 p
102.4 110.9 109.3 96.9 98.4
120.4 149.6 167.3 151.0 162.8

97.1 115.5 123.9 108.6 102.7
113.9 111.0 119.5 115.5 112.4
117.6 141.7 157.4 143.0 151.1
110.8 127.9 135.8 122.3 127.5
104.6 106.6 103.1 106.2 112.1

98.9 101.4 103.1 101.9 108.5
106.5 107.3 109.1 105.5 112.5
108.4 105.5 103.4 105.2 111.8

98.5° 100.9 108.3 98.9 105.0
104.2 110.5 112.0 111.3 111.4
103.4 109.1 111.7 109.7 111.0
104.1 110.1 112.1 109.9 112.6

P Prelimi
1 Hxstoneal table of this series in Bureau of Mines Minerals Yearbook of 1971.

Table 4.—Federal Reserve Board indexes of industrial production, mining,
and selected minerals and mineral fuels related energies

(1967 = 100)
1968 1969 1970 1971 1972 ¢
Mining:

Coal - oo 98.2 101.1 105.7 99.8 103.2

Crude oil and natural gas:
Crudeoil . _______ . _________.__ 103.2 104.8 109.4 108.8 107.3
Gas and gas liquids: Average!___________ 104.0 106.9 109.7 111.8 110.0
Average coal, oil, and gas____ ._________.____ 1038.2 106.1 109.2 107.6 109.1
Metal o ioioioo 111.4 124.8 131.3 121.4 120.8
Stone, and earth minerals_______.____________ 103.7 102.8 98.8 93.2 94.0
Average_______________ I, 106.8 111.7 112.0 104.6 104.9
Averagemining . ... __ ... __ 103.9 107.2 109.7 107.0 108.2

Industrial production:
Primary metals______ ... . .. 103.2 114.1 106.9 100.9 113.1
Iron and steel_._________.___. 103.6 118.0 105.3 96.6 107.1
Nonferrous metals and pmducts_ 102.6 116.0 109.7 108.7 128.9
Clay, glass, and stone produets_______________ 106.0 112.5 106.8 110.0 117.7
Average industrial produetion_.______.__.__ 105.8 110.7  106.7 106.8 114.4
P Preliminary.
1 Includes oil and gas drilling.-

Source: Federal Reserve System, Board of Governors. Federal Reserve Bulletin. V. 59, No. 3, March 1973,
pp. A AGO—GI Detalled Industrial Production Series, January 1954—March 1971, 1971 Revision. Federal Reserve
1 Rel 'y y 15 and April 16, 1978.
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Table 6.—Production of mineral energy resources and electricity
from hydropower and nuclear power

(Trillion Btu)
Electricity 3
Bituminous  Natural Crude
Year Anthracite coal and gas, wet petroleum 2 Hydropower Nuclear Total
lignite!  (unprocessed) power
291 18,664 21,548 18,593 2,349 130 56,575
266 18,957 22,838 18,886 2,648 146 58,741
247 14,820 24,154 19,772 r 2,630 229 r 61,852
222 13,385 24,805 19,322 2,825 404 60,963
181 14,350 24,878 19,344 2,893 576 62,222

P Preliminary. r Revised.

1 Heat values employed for bituminous coal and lignite are: 1968, 12,5630 Btu per pound; 1969, 12,450 Btu;
1970, 12,290 Btu; 1971, 12,120 Btu; and 1972, 12,120 Btu.

2 Heat values employed for crude petroleum are: 1968, 5,585,016 Btu per barrel; 1969, 5,601,070 Btu; 1970,
5,620,900 Btu; 1971, 5,594,100; and 1972, 5,598,100 Btu.

3 Hydropower and nuclear power include installations owned by manufacturing plants and mines as well as
government and privately owned public utilities. The fuel equivalent of hydropower and nuclear power is cal-
culated from the kilowatt-hours produced, converted to theoretical energy resources inputs calculated from
national average heat rates for fossil-fueled steam electric plants provided by the Federal Power Commission
using 10,398 Btu per net kilowatt-hour in 1968; 10,447 Btu in 1969, and 10,494 Btu in 1970. Energy inputs for
hydropower in 1971 and 1972 are converted at an average heat rate of 10,478 Btu per net kilowatt-hour gener-
ated. Energy inputs for nuclear power in 1971 and 1972 are converted at an average heat rate of 10,660 Btu per
net kilowatt-hour based on information from the Atomic Energy Commission.

Table 7.—Calculated gross consumption of mineral energy resources, and electricity
from hydropower and nuclear power in British thermal units (Btu)
and percent contributed by each 1

Bituminous Petroleum Natural Electricity
Year Anthracite coal and Natural (excluding gas ————————————— Total
lignite gas, dry  natural liquids Hydro-  Nuclear
gas liquids) power power

TRILLION BTU

258 12,401 19,580 24,607 2,445 2,342 130 r 61,763
224 12,509 21,020 26,029 2,392 2,659 146 64,979
210 12,488 22,029 r27,049 2,488 2,650 229 r 67,143
186 11,857 22,819 28,045 2,525 2,862 404 68,698
150 12,454 23,125 30,381 2,584 2,972 576 72,242
PERCENT
0.4 .1 31.7 39.8 4.0 3.8 0.2 100.0
.3 19.3 32.2 40.1 3.7 4.1 2 100.0
3 18.6 32.8 r40.3 3.7 r4.0 .8 100.0
3 17.3 33.2 40.8 3.7 4.1 .6 100.0
2 .2 32.0 42.1 3.6 4.1 .8 100.0
r Revised. p Preliminary.

! Heat_values employed are: anthracite, 12,700 Btu per pound and bituminous coal and lignite, weighted
average Btu provided by the Division of Fossil Fuels, Branch of Coal, 12,430 Btu per pound in 1968; 12,330
Btu per pound in 1969; 12,110 Btu per pound in 1970; and 11,980 Btu per pound in 1971 and 1972. Weighted
average Btu for petroleum products obtained by using 5,248,000 Btu per barrel for gasoline and naphtha-type
jet fuel, 5,670,000 for kerosine and kerosine-type jet fuel; 5,825,000 for distillate; 6,287,000 residual; 6,064,300
for lubricants; 5,637,280 for wax; 6,686,000 for asphalt; and 5,796,000 for miscellaneous. Natural gas dry,
1,032 Btu in 1968 and 1,081 Btu per cubic foot thereafter; natural gas liquids weighted average Btu; natural
gasoline and cycle products, 110,000 Btu per gallon; LP-gases 95,000 per gallon; and ethane 73,390 Btu per
gallon. Hydropower (adjusted for net imports or net exports) and nuclear power are derived from net electricity
generated, converted to theoretical energy resources inputs calculated from national average heat rates for
fossil-fueled steam-electric plants provided by the Federal Power Commission using 10,398 Btu per net kilo-
watt-hour in 1968; 10,447 Btu in 1969, and 10,494 Btu in 1970. Energy inputs for hydropower in 1971 and 1972
are converted at an average heat rate of 10,478 Btu per net kilowatt-hour generated. Energy inputs for nuclear
power in 1971 and 1972 are converted at an average heat rate of 10,660 Btu per net kilowatt-hour based on
information from the Atomic Energy Commission.
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REVIEW OF THE MINERAL INDUSTRIES

Table 9.—Domestic supply and demand for coal

1971 1972 »
Thousand Trillion Thousand Trillion
short tons Btu short tons
ANTHRACITE
Supply: .
Produection ' ____________________________.__ 8,727 221.7 7,106 180.5
-1,389 —-85.8 -1,191 —30.3
NA NA NA NA
7,338 186.4 5,915 150.2
Demand by major consuming sectors: 3
Household and commereial 4. _______________.___ 3,850 97.8 2,960 T5.2
Industrial & 1,842 46.8 1,871 34.8
Transportation ¢ m (0] (0] (V]
Electricity generation, utilities 1,646 41.8 1,584 40.2
Total . - e e eoe 7,338 186.4 5,915 150.2
BITUMINOUS COAL AND LIGNITE
Supply:
Production ' _ .. __ 552,192 13,385.1 592,000 14,350.1
Exports —56,633 —1,538.5 —55,960 —1,515.3
Imports - 111 2.7 47 1.1
Stock change: withdrawals (4), additions (—).__ 2,558 57.0 —24,123 —538.8
Losses, gains unaccounted for__________________ -3,361 —b4.4 7,812 156.7
Total. . 494,862 11,856.9 519,776 12,453.8
Demand by major consuming sectors:
Fuel and power:
Household and commereial 4. _______.___.__ 11,8561 807.7 11,748 320.4
Industrial 5. _ . ___________ 152,747 4,139.9 154,613 4,215.9
Coal carbonized for coke 8__ (82,809) (2,244.4) (87,272) (2,379.6)
Transportation 6______________ - 207 5.6 163 4.4
Electricity generation, utilities_ ____________ 826,280 7,287.8 848,612 7,786.6
Total . - e 490,585 11,741.0 515,136 12,327.3
Raw material: Industrial: ¢ )
Crude light oil . 1,008 27.8 1,071 29.2
Crude coal tar. 3,269 88.6 8,569 97.3
Total. - o 4,277 115.9 4,640 126.5
Total . .. 494,862 11,856.9 519,716 12,453.8
p Preliminary. NA Not available.
1 Includes use by prod for power and heat.

2 Includes shipments to U.S. Armed Forces in West Germany.
3 Except for small quantities used as raw material for coal chemicals, all anthracite is used for fuel and power.
4 Data represent “retail deliveries to other consumers.” These are mainly household and commercial users,

with some unknown portion of use by small industries.

5 Includes consumption by coke plants, steel and rolling mills, and other industrial uses.

8 Includes bunkers and military transportation.

7 Data not available. Believed to be small and of minor significance.

8 Figures in parentheses are not added into totals.

9 Coal equivalent based on Btu value of raw materials used for coal chemicals.
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Table 10.—Domestic supply and demand for natural gas

Y

1971 1972 ¢
Million Trillion Million Trillion
cubic feet Btu cubic feet tu
Supply:
Production . ________________________________ 22,493,012 24,805.0 22,531,698 24, 878 3
Exports - —80,212 —82.7 —78,013
Imports 934 548 963.5 1,019,496 1 051 1
Stock change: Withdrawals (+), additions (—)._. -331, 1168 —342.1 —185,734 -~139.9
Transfers out, extraction loss 2_ _ .. ___________ —883,127 —2,525.1 —907 993 —2,584.8
Losses, gains, unaccounted for_ __ __ - _._.___. - - - -
Total . _ e 22,132,453 22,818.6 22,429,454 23,124.8
Demand by major consuming sectors:
Fuel and power:
Household and commereial ... _.__________. 7,144,389 7,865.9 7,412,543 7,642.4
9,901.5 9,618,148 9,916.3
765.6 766,156 789.9
4,116.8 3,978,673 4,102.0
Total. - - 21,483,754 22,149.8 21,775,515 22,450.6
Raw material: Industrial: ¢
Carbon black._ _ . ______ 63,699 65.7 53,939 55.6
Other chemieals 5. ______.________________ 585,000 603.1 600,000 618.6
Total - - . 648,699 668.8 653,939 674.2
Grand total___ o oo_____ 22,182,453  22,818.6 22,429,454 23,124.8

p Preliminary.

1 Marketed production includes wet gas sold or consumed by producers, losses in tra ission, prod s’
additions to storage, and increases in gas pipeline fill; excludes repressuring and quantities vented and flared.
Btu value of production is for wet gas prior to extraction of natural gas liquids. Higher Btu values assigned to
extraction loss are reflected in value of natural gas liquids production for each year.

2 Extraction loss from cyeling plants represents offtake of natural gas for natural gas liquids as reported to
the Bureau of Mines. Energy equivalent of extraction loss is based on annual ovtputs of natural gasoline and
associated products at 110,000 Btu per gallon, annual outputs of LPG at 95,500 Btu per gallon, and annual
outputs of ethane at 78,390 ‘Btu per gallon.’ (Prior to 1967, ethane production was included with LPG in convert-
ing to Btu values.)

3 Includes transmission losses of 338,999 million cubic feet in 1971 and 328,002 million cubic feet in 1972.

4 Includes some fuel and power used by raw material industries.

5 Estimated from partial data.

Note: Conversion factor for dry gas is 1,031 Btu per cubic foot.
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Table 11.—Domestic supply and demand for petroleum 1

1971 1972 »
Million Trillion Million - Trillion
barrels Btu barrels Btu
Supply:
v Crude oil: 2
3,453.9 19,321.6 3,455.4 19.343.8
—.5 —2.8 —.2 —1.1
613.4 3,431.4 811.1 4,540.6
Stock change: wi
additions (—)__ - ___ .. 16.7 93.4 13.3 74.5
Losses, transfers for use as crude, and unac-
counted for________________________..__ 4.3 24.0 1.3 7.2
Total - ______ 4,087.8 22,867.6 4,280.9 23,965.0
Petroleum input runs to stills:
® Crude ol oo oo 4,087.8 22,867.6 4,280.9 23.965.0
Transfers in, natural gas liquids 4. __ - 4.9 1,267.9 302.4 1,345.4
Other hydrocarbons__.____________________ 6.1 34.1 10.1 56.0
Total . . 4,378.8 24,169.6 4,593.4 25,366.4
Output:
Refined produets_____ . ________ 4,378.8 24,169.6 4,593.4 25,366.4
Unfinished oils, net__ 43.6 274.1 51.5 323.
Overage or loss 139.4 769.4 142.2 785.8
Total e 4,561.8 25,218.1 4,787.1 26,475.5
Exports._ s —81.3 —466.1 —81.3 —463.3
Imports_ e 819.5 4,974.2 924.1 5,571.0
Stock change, including natural gas liquids. —42.8 —201.9 1.7 403.1
Transfers in, natural gas liquids45_________ 332.9 1.257.2 335.8 1.238.9
Losses, gains unaccounted for__________________ -87.5 —206.5 —47.2 —259.8
Total - e 5,552.6 30,570.0 5,990.2 32,965.4
Demand by major consuming sectors:
Fuel and power:
Household and commercial . . _____________ 959.5 5,331.8 1,014.6 5,598.1
Industrial . ____________ 537.7 3,196.3 587.7 3,489.0
Transportation 6__ _____ 3,011.2 16,159.5 3,198.9 17,182.6
Electricity generation, utilities- 407.1 2,543.1 503.7 3,141.2
Other, not specified._ - ___________________ 22.9 124.7 15.8 80.6
Total e 4,938.4 27,854.9 5,820.7 29,491.5
Raw Material: 7
Petrochemical feedstock offtake._ . ________.__ 320.2 1,373.2 360.6 1,541.6
Other nonfuel use.. . _ _____________________ 279.1 1,759.9 293.5 1,847.6
Total . _ oo 599.3 3,133.1 654.1 3,889.2
Miscell »us and ted for. - ____________.__ 14.9 82.0 15.4 84.7
Grand total .- _ . _ ... 5,552.6 30,570.0 5,990.2 32,965.4

P Preliminary.

1 Supply and demand for crude oil and petroleum products. Petroleum products include products refined and
processed from crude oil, including still gas and LRG; also natural gas liquids transferred from natural gas.

2 Btu value for crude oil for each year shown is based on average Btu value of total output of petroleum
products (including refinery fuel and losses) adjusted to exclude natural gas liquids inputs and their implicitly
derived values. Value for net imports or crude is based on the average value of crude runs to stills.

3 Includes some Athabasca hydrocarbons.

4 Btu values for natural gas liquids for each year shown are implicitly derived from weighted averages of
production of major natural gas liquids, derived by converting natural gasoline and cycle products at 110,000
Btu per gallon, LPG at 95,000 Btu per gallon, and ethane at 73,390 Btu per gallon.

5 Includes natural gas liquids other than those channeled into refinery input as follows: petrochemical
feedstocks, direct uses for fuel and power, and other uses.

¢ Includes bunkers and military transportation.

7 Includes some fuel and power used by raw materials industries.
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Table 15.—I.ndex of stocks of crude min- Table 16.—Index of stocks of mineral
erals at mines or in hands of primary manufacturers, consumers, and dealers
producers at yearend at yearend
(1967 =100) (1967 =100)
Metals Metals N Met- Metals Non-
on-
Yearend non- Total Iron Other Non- met- Yearend :::}_ Total Iron Oft;l:r E’::f (;)lgl;e_r ?hetl-
met- ore fer- fer- als? met- rous fer- fer-
als? rous rous als 1 rous rous

121 120 123 119 100 123 96 96 95 109 105 78 102
118 104 106 83 107 136 93 93 85 103 110 74 91
131 113 118 93 99 154 _.- 106 106 93 113 126 93 101
148 147 1836 275 101 149 .- 103 104 99 135 109 96 88
142 143 113 428 8 141 95 93 85 135 101 87 121

» Preliminary. P Preliminary.
1 Excludes fuels. 1 Excludes fuels.

‘Table 17.—Physical stocks of mineral energy resources and related products at yearend
(Producers’ stocks, unless otherwise indicated)
Fuels 1968 1969 1970 1971 1972 ¢

Coal and related produets:?
Bituminous coal and lignite 2
short tons__ 85,525,000 80,482,000 92,275,000 89,985,000 115,313,000

Coke__ ol do___._ 5,985,025 3,120,000 4,113,000 3,510,000 2,914,000
Petroleum and related products:
Carbon black___thousand pounds._ 224,170 208,020 296,087 296,028 = 237,695
Crude petroleum and petroleum ¢
products______ thousand barrels__ 997,572 980,123 1,017,861 1,043,947 958,979
Crude petroleum___________ do____ 272,193 265,227 276,367 259,648 246,395
Natural gas liquids_________ do____ ® ® @®) ® ®
Natural gasoline, plant condensates,
and lsopentane d 5,466 5,704 7,046 6,176 6,075
Gasoline__________ 211,526 217,892 214,348 223,771 217,149
Specm.l naphthas - 5, 6,292 6,193 5,384 5,232
Liquefied gases 76,160 59,602 67,043 94,713 85,717
Distillate fuel 011 178,158 171,714 195,271 190,622 154,819
Residual fuel oil_.__ . 58,395 53,994 59,681 55,216
Petroleum asphalt__ 20,055 16,753 15,779 21,202 21,636
Other products_____________ ~do_ 165,826 179,044 181,820 182,750 167,240
Natural gass________ 2,746 2,852 3,207 3,523 8,523

P Preliminary.

1 Series on anthracite stocks in ground storage has been discontinued.

2 Stocks at industrial, consumer, and retail yards and on upper lake docks.
3 Now distributed among petroleum products shown below.

4 Includes ethane.

§ American Gas Association.

Table 18.—Seasonally adjusted book value of product inventories
for selected mineral processing industries
(Million dollars)

Primary metals

Petroleum Stone, clay,

End of year or month and coal and glass Blast fur- Other
products products nace and primary Total
steel mills metals 1
1968: December______________________ 2,118 2,219 4,039 8,513 7,552
1969: December. _ 2,274 2,483 4,312 3,740 8,052
2,539 2,648 4,717 4,145 8,862
2,433 2,263 4,800 4,395 9,195
2,200 2,381 5,244 4,875 9,619
2,235 2,257 5,062 4,266 9,328
2,215 2,253 5,123 4,273 9,396
2,185 2,234 5,194 4,312 9,506
2,199 2,272 5,247 4,306 9,553
2,208 2,260 5,284 4,316 9,600
2,213 2,282 5,370 4,826 9,696
2,228 2,285 5,392 4,817 9,709
2,254 2,337 5,385 4,374 9,759
2,272 2,867 5,411 4,350 9,761
2,261 2,885 5,347 4,817 9,664
2,264 2,878 5,321 4,296 9,617

1 “Other primary metals” obtained by subtracting blast furnace from primary metals figures,
Source: U.S. Department of Commerce, Office of Business Economiecs. Survey of Current Busmes V. 49-53,
No. 3, March 1969-73, pp. S5-6.
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Table 19.—Value of selected minerals and mineral products imported and exported
by the United States in 1972, by commodity group, and commodity 1
(Thousand dollars)

SITC Exports Imports
code 2
Minerals, nonmetallic (crude):
271 Fertilizers, crude_ . ________________________ . ______.___. 108,637 7,082
278 Stone, sand and gravel ___________ 18,646 27,899
274 Sulfur and unroasted iron pyrites____ 82,499 16,760
275 Natural abrasives (including industrial 39,624 54,540
276 Other ecrude minerals_._____________________________________________ 144,973 191,365
Total e 344,379 297,646
Metals (crude and scrap):
281 Iron ore and concentrates__ ________________________________________ 26,775 415,934
282 Iron and steel serap._ - __ o 243,608 17,666
283 Ores and trates of nonferrous basemetals_______________________ 105,268 471,915
284 Nonferrous metal serap_ . _ _________________________________________ 120,466 58,916
285 Platinum and platinum-group metal ores and concentrates______________ 11,180 26,618
286 Uranium and thorium ores and concentrates. ... _____________________ 627 89
Total 3. e 507,920 991,138
Mineral energy resources and related products:
321 Coal, coke, and briquets (including peat) _____________________________ 1,019,116 22,609
331 Petroleum, crude and partly refined —— 2,651 2,592,607
332 Petrol products, pt chemicals_ _ .- 442,361 1,722,159
841 Gas, natural and manufactared . . _ __________________________________ 89,720 476,700
Total 3 e 1,553,847 4,814,075
Chemicals:
Inorganic chemicals:
513 Elements, oxides, and halogen salts______________________________ 262,087 348,696
514 Other inorganie chemicals_ _______________________________ --- 152,054 74,082
5156 Radioactive and associated materials except uranium and thorium_______ 181,332 110,104
521 Mineral tar, crude chemicals from coal, petroleum, and natural gas______ 30,855 7,959
Total . e 626,328 540,841
Minerals, nonmetallic (manufactured): .
661 Lime, cement, and fabricated building material, except glass and clays._._. 17,814 112,692
662 Clays and refractory construction materials___________________________ 66,121 60,688
663 Mineral manufactures, not elsewhere specified _ _ ______________________ 89,644 47,846
Total . e 178,579 221,226
Metals (manufactured):
671 Pig iron, spiegeleisen, sponge iron, iron and steel powder and shot, and
ferroalloys. _ o 26,213 184,684
672 Iron or steel ingots and other primary forms________ 52,098 38,351
673 Iron or steel bars, rods, angles, shapes, and sections._ - 88,799 705,515
674 Iron or steel universals, plates, or sheets____________ .. 183,780 1,897,474
675 Iron or steel hoops and strips_ _ . ___________________.____ - 76,146 ,223
676 Iron or steel rails and railway track construction materials_ 20,447 6,406
677 Iron or steel wire (excluding wirerod). .. _______________ 16,409 142,206
678 Iron or steel tubes, pipes, and fittings_______ - 247,409 379,874
679 Iron or steel castings or forgings, unworked 114,565 14,396
681 Silver, platinum, and platinum-group metal 92,828 178,661
682 Copper and copper alloys_ 247,832 427,425
683 Nickel and nickel alloys. _ 47,919 349,810
684 Alumi and alumi 196,201 374,093
685 Lead and lead alloys. . 64,751
686 Zinc and zinc alloys ,928 181,227
687 Tin and tinalloys_____________________ 3,868 199,685
688 Uranium and thorium metals and alloys._. ——- 291 “
689 Miscellaneous nonferrous basemetals_ . _____ . _______________________ 60,562 73,568
Total . e 1,485,791 4,780,839
Grand Total_____ e e oo 4,691,844 11,645,765

1 Data in this table are for the indicated SITC numbers only, and therefore may not correspond to the figures
classified by commodity in the “Statistical Summary” chapter of this volume.

2 Standard Industrial Trade Classification.

3 Data may not add to totals shown because of independent rounding.

4 Less than 34 unit.

Source: U.S. Department of Commerce, Bureau of the Census. U.S. Imports General and Consumption.
FT 135, December 1972, table 1. U.S. Exports, Commodity and Country. FT 410, December 1972, table 1.
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Table 22.—Consumption of major mineral products, mineral fuels,
and electricity 1971, 1972, and projections

Commodity 1971 1972 2000

MINERAL PRODUCTS

Ferrous metals:

Ironore_ .. thousand long tons__ 116,196 126,943 NA
Iron content_______ ~--million short tons__ 5 NA 153
Raw steel (production)___________________ thousand short tons__ 120,443 133,241 NA

Chromite ores (gross weight):
Metallurgical grade. 720 727 NA
Refractory grade______ 193 224 NA
Chemical grade_ _ ____________ 180 189 NA
Manganese ore (359, or more Mn) _ do____ 2,155 2,331 3,900
Molybdenum (Mo content) ________ - -thousand pounds.__ 40,950 45,558 188,000
Tungsten (W content) _ ________________________________ do___. 11,622 14,107 76,400

Nonferrous metals:
Aluminum (apparent consumption)_________ thousand short tons__ 5,099 5,588 28,400
Antimony, primary ___ ____________________________ short tons__ 13,707 16,124 48,000
Copper, refined _____________ _thousand short tons__ 2,020 2,239 7,100
Lead, primary and secondary . __________________________ do_... 1,432 1,485 2,730
Zinc, allclasses_ __ ____________________________________ do___. 1,651 1,829 3,090
Mercury, primary____________________________ 76-pound flasks._ _ 52,257 52,907 102,000
Platinum-group metals__________ -thousand troy ounces. _ 1,266 1,560 3,157
Silver (industrial consumption)__________________________ do.... 129,146 151,063 420,000
Ilmenite and titanium slag (estimated TiO: content) _.short tons__. 588,072 649,025 1,840,000
Uranium (U303, estimated purchases by private industry)__do____ 12,800 11,600 73,113
Nonmetals:

Asbestos (apparent consumption) . _________ thousand short tons__ 759 809 2,430
Cement (production)._________ - _do_ 78 85 NA
do- 156,666 59,456 174,§0A0

Clays (apparent consumption)
Lime (sold orused)_________________
Phosphate rock (P20s content, apparent consump

19,591 20,290
12,563

Potash (K20 content, apparent consumption)__ 4,794 4,814 14,455
Salt (apparent consumption).____________________________ do___. 47,262 47,618 158,900
Sand and gravel . _ ________ _million short tons__ 920 913 ,200
Stone, crushed (sold orused).__._________________________ do____ 874 923 3,400
Sulfur, all forms (apparent consumption) _ _ _ _thousand long tons__ 9,173 9,833 30,000

MINERAL ENERGY RESOURCES AND ELECTRICITY

Bituminous coal _ - _____________________________ 495 520 1,000
Coal carbonized for coke2____ (83) 87 (115)

Anthracite_______________________________ 7 6 2

Petroleum production and natural gas liquids. 5,558 5,990 14,500

Naturalgas, dry3______________________________ million cubic feet. _ 22,132 22,429 49,000
Electricity generation, net_ _million kilowatt hours__ 1,717,520 1,853,390 NA
do._.__ 1,613,936 1,747,823 49,010,000

Utilities_ .. __________
Hydropower 5____ __--do____ 269,851 280,285 4700,000
Nuclear power . _______________ ee--do____ 37,899 54,031 45,470,000
Conventional fuel-burning plants_ _.do____ 1,309,716 1,420,558 42,840,000
Industrial . _______ _________________ ——--do____ 103,585 106,067 NA
Total energy resources inputs_ ________________________ trillion Btu._ 68,698 72,242 4191,900

» Preliminary. NA Not available.

1 Erroneously omitted in 1971 table.

2 Figures in parentheses are not added to totals.

3 Residue gas excludes extraction loss but includes transmission loss.

4 Dupree, Walter G. Jr., and James A. West. U.S. Energy Through Year 2000. U.S. Department of the In-
terior. December 1972. Tables 1 and 8.

5 Net generation adjusted for net imports or exports. The bulk of net trade is hydropower with an undeter-
mined amount of steam plant power.
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Table 23.—Electrical energy sales to ultimate consumers
(Million kilowatt hours)

1968 1969
Region Total Industrial Total Industrial
consumption Residential and consumption Residential and
commercial commercial
New England____________ 47,386 16,970 28,946 51,873 18,789 81,040
Middle Atlantic____ - 176,158 49,8564 115,301 190,582 54,405 124,633
238,138 67,080 161,679 256,212 73,409 172,953
77,624 29, 644 45,375 84,125 32,436 48,909
180,463 63,790 109,589 199,257 72,253 118,360
122,608 36,033 84,77 129,601 39,331 88,308
126,160 87,070 83,202 141,610 43,068 92,087
53,157 14,164 36,513 59,067 15,700 40,638
176,682 51,640 116,230 190,979 56,940 124,373
8,945 1,47 2,880 4,372 1,591 2,655
Total United States. 1,202,321 867,692 783,985 1,307,178 407,922 843,906
1970 1971
New England____________ 55,255 20,900 32,804 59,072 22,870 34,645
Middle Atlantic____ - 201,230 59,709 129,328 208,567 62,878 133,086
East North-Central - 267,228 79,687 177,806 281,393 84,629 186,011
‘West North-Central . _____ 90,414 35,339 52,109 94,872 87,872 54,395
South Atlantie___________ 218,715 81,493 128,261 234,920 87,559 137,798
East South-Central_______ 136,728 43,788 90,760 142,057 45,905 93,823
West South-Central. 154,136 47,997 99,380 164,047 51,497 105,361
Mountain______ - 62,592 16,977 42,654 66,168 18,641 44,427
Pacifie_________ - 200,260 60,171 129,739 209,980 65,814 133,615
Alaska and Hawaii_______ 4,801 1,734 2,931 5,365 1,915 3,291
Total United States. 1,391,359 447,795 885,272 1,466,441 479,080 926,452

Source: Edison Electric Institute. Statistical Yearbook of the Electric Utility Industry, 1968-1971.

Table 24.—Total employment in selected mineral industries

(Thousands)
1968 1969 1970 1971 1972
MINING
Metals:
Ironores_____________ .. ____ 25.8 25.6 26.2 24.5 20.1
Copperores_______________________________ 28.1 33.7 87.0 34.7 38.9
Total 1 _____ 82.0 89.4 94.8 89.0 86.1
Nonmetal mining and quarrying.__________________ 116.2 115.6 116.0 118.0 112.1
Fuels:
Bituminous______.____________________ 126.4 129.5 138.8 132.8 143.2
ercoal _______________________ 5.8 5.7 5.6 5.4 3.7
Crude petroleum and natural gasfields 148.1 145.0 141.7 141.0 137.8
Oil and gasfield services_____._______ 127.5 133.9 125.2 120.8 124.1
Total. ... ____________ 407.8 414.1 411.8 399.0 408.8
Total mining_____________________________ 606.0 r619.0 622.1 601.0 607.0
MANUFACTURING
Minerals:
Fertilizers, complete and mixing only__ _______ 39.7 39.6 40.5 88.2 85.8
Cement, hydraulic__._______________________ 34.7 34.9 34.1 32.0 33.6
Blast furnaces, steel works, and rolling mills_ __ 555.5 561.1 549.6 506.3 492.2
Nonferrous smelting and refining _____________ 78.1 86.2 86.3 83.9 83.6
Total . _ .. 708.0 721.8 710.5 660.4 645.2
Fuels:
Petroleum refining__________________________ 150.1 144.7 153.4 158.1 150.8
Other petroleum and coal produets_ __________ 36.7 38.2 38.5 86.7 38.8
Total 2. _____ ... 186.8 182.9 191.9 189.8 189.6
Total manufacturing____._________________ 894.8 904.7 902.4 850.2 834.8

r i .
! Includes other metal mining not shown separately.
* Standard Industrial Classification 295, paving and roofing materials, included in total.

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings, United States,
1909-1970, Bull. 13127, 602 pages. Employment and Earnings, v. 17, No. 9, March 1971, v. 18, No. 9, March
1972, and v. 19, No. 9, March 1978, table B-2.
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Table 25.—Average hours and gross earnings of production and related workers
in the mineral and mineral fuels industries

1972

1968 1969 1970 1971
MINING
Metal:
Iron ores:
Weekly earnings_ _ _ _______________.____ $153.18 $162.99 $169.70 $185.40
‘Weekly hours.____ - 41.4 41.9 40.5 41.2
Hourly earnings________________________ $3.70 $3.89 $4.19 $4.50
Copper ores:
Weekly earnings_ __ ____________________ $169.00 $175.67 $178.67 $192.19
‘Weekly hours____ - 46.3 44.7 42.9 41.6
Hourly earnings________________________ $3.65 $3.93 $4.16 $4.62
All metal mining: !
Weekly earnings__ _ ____________________ .09 $157.32- $165.68 $171.39 $185.51
Weekly hours__________________________ 43.3 43.1 42.7 41.6 41.5
Hourly earnings__ . _____________________ $3.42 $3.65 $3.88 $4.12 $4.47
Nonmetallic mining and quarrying
Weekly earnings____________ $149.11 $155.56 $165.23 $176.96
Weekly hours____ 45.6 44.7 44.9 44.8
Hourly earnings____________________________ $3.27 $3.48 $3.68 $3.95
Fuels:
All coal mining:
‘Weekly earnings_ _ _ ____________________ $166.74 $183.96 $194.00 $215.83
‘Weekly hours____ - 39.7 40.7 40.6 241.0
Hourly earnings._______________________ $4.20 $4.52 284.79 2$5.30
Bituminous coal:
‘Weekly earnings__ _ . ___________________ $155.17 $169.18 $186.46  $196.02 $217.46
Weekly hours____ 40.2 39.9 40.8 240.6 241.0
Hourly earnings________________________ $3.86 $4.24 $4.57 2$4.85 2$5.34
Crude petroleum and natural gas:
Weekly earnings__ _ ____________________ $137.97 $147.19 $155.88  $159.75 $169.92
‘Weekly hours____ 0.7 41.0 40.7 42.6 42.8
Hourly earnings________________________ .39 $3.59 $3.83 $3.75 $3.97
All fuels: 3
‘Weekly earnings_ _ _ ____________________ .59  $156.55 $166.35 $173.59 $191.27
‘Weekly hours____ 1.7 42.2 42.1 41.8 41.8
Hourly earnings________________________ .46 $3.78 $3.97 $4.22 $4.53
All mining: 3
Weekly earnings_ __ ________________________ .20 $152.67 $160.07 ¢ $167.89 $180.61
Weekly hours____ 44.3 44.6 43.8 448.5 43.4
Hourly earnings____________________________ $3.20 $3.43 $3.66 4$3.87 $4.17
MANUFACTURING
Fertilizers, complete and mixing only:
Weekly earnings_ - ________________________ .54 $116.14 $123.68 $132.71 $143.14
Weekly hours____ 42.4 42.7 42.5 42.4 42.6
Hourly earnings____________________________ .56 $2.72 $2.91 $3.13 $3.36
Cement, hydraulic:
Weekly earnings_ . _ _______________________ .35 $155.87 $176.81  $194.37 $215.04
Weekly hours____ 1.6 41.9 41.8 41.8 42.0
Hourly earnings___ . _____________________ AT $3.72 $4.23 $4.65 $5.12
Blast furnaces, steel and rolling mills:
Weekly earnings_ . _ - _______________________ .86 , $168.51 $168.38 $181.43 $210.12
Weekly hours____ 0.8 41.2 39.9 89.7 40.8
Hourly earnings___________________________._ .82 $4.09 $4.22 $4.57 $5.15
Nonferrous smelting and refining:
Weekly earnings $152.64 $157.63  $166.83 $185.59
‘Weekly hours____ 42.4 41.7 41.5 41.8
Hourly earnings____________________________ $3.60 $3.78 $4.02 $4.44
Petroleum refining and related industries: X
Weekly earnings_ _ __ _______________________ $159.38 $170.40 $182.33 $194.19 $208.89
Weekly hours____ 42.5 42.6 42.7 42.4 42.2
Hourly earnings__ $3.75 $4.00 $4.27 $4.58 $4.95
Petroleum refini
Weekly earnings $166.27 $178.08 $189.93  $202.44 $219.45
‘Weekly hours_ 42.2 42.1 42.3 42.0 41.8
Hourly earnings____________ $3.94 $4.23 $4.49 $4.82 $5.25
Other petroleum and coal products:
Weekly earnings_ __________________ $135.91  $147.52 $157.52 $166.44 $175.34
‘Weekly hours_ ____ 43.7 44.3 44.0 43.8 43.4
Hourly earnings $3.11 $3.33 $3.58 $3.80 $4.04
All manufacturing: 3
Weekly earnings_ _ _ _ _______________________ $153.68 $165.47 $168.76 4 $181.46 $206.52
Weekly hours______ 41.3 41.7 40.5 4140.4 41.1
Hourly earnings $3.73 $3.99 $4.16 $4.49 $5.02

1 Includes other metal mining not shown.
2 11-month average.

3 Weighted average of data computed using figures for production workers as weights.

4 Corrected figure; erroneously reported in 1971.

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings, United States,
1909-70, Bull. 1312-7, September 1971, 602 pp. Employment and Earnings. V. 17, No. 9, March 1971; v. 18,

No. 9, March 1972; and v. 19, No. 9, March 1973, table C-2.
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Table 26.—Average labor-turnover rates in selected mineral industries 1
(Per thousand employees)

Blast Non- Petro-
furnaces, ferrous leum
Manu- Cement, steel smelt- Metal Iron Copper refining Petro- Coal
Rates and year  factur- hy- and ing mining  ores ores and leum mining
ing draulic rolling and related refining

mills  refining indus-

tries 2
40 21 27 26 38 31 37 23 16 21
39 20 35 23 29 23 28 18 13 19
44 16 31 25 34 29 32 18 13 18
48 32 33 30 37 36 29 26 18 16
42 19 46 31 33 31 28 20 16 17
42 16 22 25 35 33 27 T 20 16 19
18 16 12 5 6 15 1 7 5 2
16 7 30 11 7 14 4 6 5 3
11 5 8 5 8 18 2 6 5 6

! Monthly rates are available in Employment and Earnings as indicated in source.
2 Standard Industrial Classification 295, paving and roofing materials, included in total.

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 17, No. 9,
March 1971; v. 18, No. 9, March 1972; and v. 19, No. 9, March 1978, table D-2.

Table 27.—Wages, salaries, and average annual earnings in the United States

% change
1970 = 1971 1972 »
1970-71  1971-72

Wages and salaries:

All industries, total millions_. $541,976 $573,832 $627,334 +5.9 +9.8

Mining_____________ 5,824 6,049 6,706 +3.9 +10.9

Manufacturing do.... 158,294 160,640 175,776 +1.5 +9.4
Average earnings per full-time employee:

All industries, total 7,571 8,065 8,604 +6.5 +6.7

Mining____________ 9,294 9,924 10,320 +6.8 +4.0

Manufacturing 8,158 8,640 9,232 +6.0 +6.9

p Preliminary. r Revised.

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 52,
No. 7, July 1978, tables 6.2 and 6.5.
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Table 28.—Labor productivity indexes for selected minerals

(1967 =100)
‘Copper, crude ore mined per— Iron, crude ore mined per—
Year Production Production
Employee Production worker Employee Production worker
worker man-hour worker man-hour
100.0 100.0 100.0 100.0 100.0
119.8 109.6 108.2 109.2 110.0
125.2 116.2 r118.4 r116.2 r117.8
181.9 126.9 114.3 117.1 117.3
183.5 133.8 112.6 115.3 119.6
Copper, recoverable metal mined per— Iron, usable ore mined per—
) Production Production
Employee Production worker Employee Production worker
worker man-hour worker man-hour
100.0 100.0 100.0 100.0 100.0
118.1 108.4 103.4 104.4 105.1
115.1 106.9 r105.4 r 108.0 r109.6
117.2 112.8 105.2 107.8 108.0
114.7 114.9 102.5 105.0 108.9
Petroleum, refined per !— Bituminous coal and lignite
mined per —
Production Production
Employee Production worker Employee Production worker
worker man-hour worker man-hour
100.0 100.0 100.0 100.0 100.0
104.5 108.7 108.1 108.9 105.1
r113.1 r110.6 r103.8 r103.9 r105.4
109.0 110.2 108.7 104.0 103.8
118.0 114.9 99.0 102.2 102.5

p Preliminary. r Revised.
1 Figures for petroleum and ‘bituminous coal were reversed in 1971 Yearbook.

Source: U. S. Department of Labor, Bureau of Labor Statistics. Index of Output per Man-hour Selected
Industries, 1972 edition. BLS Bull. 1758 1972, tables 2, 4, 6, 8, 12, and 42.

Table 29.—Index of average unit value of minerals produced 1968-1972

(1967 = 100)
1968 1969 1970 1971 1972 »
102.0 104.1 109.4 115.9 120.2
106.5 120.0 141.9 129.9 130.7
125.2 118.0 109.1 108.8 138.1
100.8 95.4 129.1 130.0 131.1
107.3 115.8 136.4 127.8 131.5
104.5 109.4 122.1 121.5 125.5
NONMETALS
101.5 103.5 107.8 112.7 118.0
102.9 97.9 r87.2 86.2 85.3
103.8 111.2 108.5 115.7 121.4
101.9 102.6 103.2 106.9 110.8
101.3 108.0 135.4 152.9 162.5
101.4 107.9 108.5 115.6 116.2
100.4 106.1 111.8 120.6 122.7
Overall average. _ .- ________.___ 101.1 105.6 r110.7 117.6 120.3

P Preliminary. r Revised,
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Table 30.—Index of implicit unit value of minerals produced

(1967 = 100)
1968 1969 1970 1971 1972 ¢
METALS
Ferrous - o oo 101.9 104.1 109.1 115.6 119.4
Nonferrous:
Base. o iccdcceceea 106.7 120.4 148.4 130.1 180.5
125.1 118.0 109.5 109.9 136.2
100.4 95.6 129.7 132.0 136.4
107.2 117.7 189.8 128.7 131.4
105.0 112.4 128.7 124.1 127.8
101.0 108.0 107.7 112.8 117.8
102.4 97.8 87.4 86.9 84.8
97.5 111.0 108.8 115.2 121.2
AVerage. o cceeae 101.4 102.3 103.2 107.3 110.8
FUELS
Coal. e 101.2 108.0 185.4 152.9 162.7
Crude oil and naturalgas______________________. 101.4 107.9 108.5 115.5 116.2
Average. oo 100.4 106.0 111.5 119.8 122.8
Overall average_ __ __________________.____ 101.1 105.9 111.8 117.6 120.2

p Preliminary.
Table 31.—Price indexes for selected metals, minerals, and fuels

(1967 = 100)
Annual average % change
Commodity - from 1971
1971 1972
Metals and metal produets.. - .- oo 119.0 128.5 .8
Iron and steel______ 121.8 128.4 4

103.0 103.0

3 ¢°) « SR, 114.6 121.8
Semifinished steel produc 122.7 130.9
Finished steel prod 123.0 130.4
119.2 124.3

Iron ore_____
Iron and steel

++++ ++
b@@? el

pr t
Foundry and forge shop produect
Pig iron and ferroalloys_________ 126.3 125.4

+1

3

7

0

.3

T

Nonferrous metals__._._._.___ 116.0 116.9 .8
Primary metal refinery shapes_ 117.5 115.6 -1.6
Aluminum ingot______________ 1116.2 96.9 —16.6
Lead, pig, common______ 99.0 109.6 +4+10.7
Zinc, slab, prime western_ _— 112.2 123.4 +10.0
Nonferrous scrap.___..__ _— 103.6 103.8 -.3
Nonmetallic mineral products. - 122.4 126.1 +3.0
Concrete ingredients__.._____._.__ ——- 121.9 126.9 +4.1
Sand, gravel, and crushed stone._ 119.1 121.7 +2.2
Structural clay products.____._.___ 114.2 117.8 +2.7
Gypsum products_ . __________ - 106.8 114.7 +17.4
Other nonmetallic minerals____ - 124.1 127.0 +2.8
Building lime_ _______________ 118.5 121.9 +2.9
Insulation materials_ _ 131.7 186.9 +38.9
Bituminous binders__ 121.8 123.9 +1.7
Fertilizer materials_ _ 75.9 74.4 -2.0
itrogenates_______ - 1.7 72.0 +.4

- 8.7 75.0 —4.7

- 79.8 79.8 -

100.4 100.4 -

.8 99.7 -.1

103.3 104.1 +.8

114.2 118.6 +8.9

181.8 193.8 +6.6

145.0 151.1 +4.2

_____ 184.9 197.4 +6.8

_____ 148.7 155.5 +4.6

_____ 108.0 114.1 +5.6

_____ 113.6 121.5 +7.0

_____ 106.8 108.9 +2.0

..... 118.2 113.8 +.5

..... 114.0 117.9 +38.4

All commodities_ _ . _____________ oo 113.9 119.1 +4.6

1 Corrected figure; erroneously reported in 1971.

Source: U.S. Degartment of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January-
December 1972, table 6; January 1978, table 4.
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Table 32.—Comparative mineral energy resource prices

Fuel 1970 1971 1972
Bituminous coal average prices,
cost of coal at merchant coke ovens_ dollars pernet ton_______________________ 12.28 15.82 17.67
Anthracite, average sales realization per
net ton at preparation plants, exclud-
ing dredge coal:
Chestnut________________________ 17.66
Pea___ oo _____ - - . . 15.72
Buckwheat, No. 1________________ ___.do.________________________________ 13.26 14.83 15.388
Petroleum and petroleum products:
Crude petroleum, average price per
barrelat well__________________ ____ do. . 3.18 3.39 3.39
Gasoline, average dealers’ net price
(excluding taxes) of gasoline in
55 U.S.cities!_ ________________ centspergallon_________________________ 17.68 18.11 17.72
Residual fuel oil:
No. 6 fuel, maximum 1%, sul- .
fur, at Philadelphia ! _______ dollars per barrel (refinery) _._._.__________ 3.16 4.21 4.05
Bunker C, average price for all
Gulf ports ' _________ . d0o . 2.44 2.81 2.05
Distillate fuel oil:
No. 2 distillate, average of high
and low prices at Philadel-
phial._________________.__ centspergallon (refinery)_ ________________ 11.08 11.78 11.75
No. 2 distillate, average pric
forall Gulf ports1__________ ____ do_ e 9.41 9.80 10.10
Natural gas:
Average U.S. value at well_____ cents per thousand cubic feet_ ____________ 17.1 18.2 18.6
Average U.S. value at point of
consumption_______________ ____ doo e 53.6 57.7 62.1
1 Platt’s Oil Price Handbook.
Table 33.—Cost of fuel in steam-electrical power generation
(Cents per million Btu)
1969 1970 1971
Area
Coal 0Oil Gas Coal Oil Gas Coal 0Oil Gas
New England____________ 36.9 28.8 33.7 41.9 32.8 35.3 48.8 47.6 45.5
Middle Atlantic._________ 30.0 33.6 35.6 36.1 40.2 38.3 40.9 57.1 44.9
East North-Central_______ 26.4 62.0 31.6 30.4 56.7 37.1 35.5 63.2 42.9
‘West North-Central _ . 26.2 51.8 24.9 28.2 59.0 25.6 31.6 70.3 28.3
South Atlantie. .. ___ - 28.4 30.4 31.6 36.1 31.9 34.7 41.8 43.3 39.7
East South-Central __ 21.1 51.1 24.3 23.6 54.1 25.3 29.2 49.6 27.9
West South-Central__ 31.1 36.9 20.5 40.1 44.6 21.1 17.8 59.8 22.2
Mountain________ 20.6 27.3 27.3 19.8 28.2 29.3 20.9 40.4 32.4
Pacifie__________________ -- 34.5 31.2 - 36.8 32.4 - 55.4 34.6
United States______ 26.6 31.9 25.4 31.1 36.6 27.0 36.0 51.5 28.8
Source: National Coal Association. Steam-Electric Plant Factors. 1970 through 1972, table 2.
Table 34.—Cost of electrical energy
(Cents per kilowatt hour)
1969 1970 1971
Com- Com- Com-
Area Resi- mercial Resi- mercial Resi- mercial
Total dential and Total dential and Total dential and
indus- indus- indus-
trial trial trial
New England____________ 2.2 2.6 1.8 2.2 2.6 1.9 2.8 2.7 2.0
Middle Atlantic___ - 1.8 2.5 1.5 1.9 2.6 1.6 2.2 2.9 1.9
East North-Central__ 1.6 2.3 1.4 1.7 2.8 1.4 1.8 2.4 1.5
‘West North-Central _ 1.9 2.4 1.6 2.0 2.4 1.7 2.0 2.5 1.7
South Atlantic______ 1.5 1.9 1.3 1.6 1.9 1.3 1.6 2.0 1.4
East South-Central __ 1.0 1.3 .8 1.0 1.4 .9 1.2 1.5 1.0
West South-Central.__ 1.5 2.2 1.2 1.5 2.1 1.2 1.5 2.1 1.2
Mountain_ ______ 1.5 2.1 1.2 1.5 2.1 1.2 1.5 2.1 1.3
Pacific. _______ 1.2 1.6 1.0 1.2 1.7 1.1 1.3 1.7 1.1
Alaska and Haw. 2.4 2.8 2.1 2.4 2.8 2.1 2.5 2.9 2.2
United States________ 1.5 2.1 1.3 1.6 2.1 1.3 1.7 2.2 1.4

Source: Edison Electric Institute. Statistical Yearbook of the Electric Utilities Industry. 1969 through 1971.

Based on tables 22-S and 86-S.
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Table 35.—Price index of principal metal mining expenses 1
(1967 = 100)
Total Labor Supplies Fuel Electrical
energy

101.4 101.0 102.4 98.8 100.38

104.2 103.5 106.1 101.0 102.0

r108.5 r107.7 110.5 105.9 104.8

114.1 113.0 115.7 114.2 113.6

119.9 119.7 120.1 118.6 121.5

? Preliminary.

1 Indexes constructed

evised.
using the following weights derived from the 1967 Census of Mineral Industries: labor,

50.04; explosives, 8.18; steel mill shapes and forms, 7.82; all other supplies, 26.89; fuels, 5.88; electric energy,
6.69; and data from U.S. Department of Labor, Bureau of Labor Statistics, Wholesale Prices and Price Indexes.
The index is computed for iron and copper ores only because sutficient data are not available for other mining

sectors.

Table 36.—Index of major input expenses
for bituminous coal and crude petroleum

and natural gas mining 1

(1967 =100)
Crude
Year Bituminous petroleum
coal and natural
gas
102 101
108 105
123 108
138 NA
NA NA

NA Not available.

1 Indexes constructed by using data from the U.S.
Department of Labor, Bureau of Labor Statistics,
‘Wholesale Prices and Price Indexes, annual and
monthly, and weights derived from data shown in
the 1967 Census of Mineral Industries, U.S. Depart-
ment of Commerce, Bureau of the Census. Weights
used are as follows: Bituminous coal—labor, 61.55;
explosives, 2.70; steel mill shapes and forms, 5.08;
all other supplies, 24.58; fuels, 1.74; electric energy,
4.35; crude petroleum and natural gas—Ilabor, 44.65;
supplies, 48.79; fuel, 2.07; and electric energy, 4.49.
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Table 37.—Indexes of relative costs and productivity for iron ore, copper,
bituminous coal, and petroleum mining 1

(1967 =100)
Year Iron ore 2 Copper 2 Bituminous Petroleum
coal
INDEX OF LABOR COSTS PER UNIT OF OUTPUT

1968, e 100.1 102.0 101.9 100.5
. 108.9 105.2
131.6 106.8
151.5 NA
NA NA
102. 105.3
112.1 113.9
133.2 123.9
143.8 NA
NA NA
93.4 100.8 99.2
82.8 100.9 99.2
70.9 91.7 98.5
82.4 99.0 NA
96.3 NA NA

P Preliminary. r Revised NA Not available.

1 Index of labor costs per unit of output: Iron ore and copper indexes are computed from data found in U.S.
Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based
upon net tons per man per day (see chapter on Bituminous Coal) and index of average earnings derived from
Bureau of Labor Statistics data on hourly earnings; petroleum index based on barrels per year (see chapter on
Petroleum) and Bureau of Employment Security data on total wages in petroleum production.

Index of value of product per man-period: Iron ore and copper indexes are computed from data found in
U.S. Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index
based on net tons per man per day and mine value of production; petroleum index based on average employ-
ment and total value of production.

Index of labor costs %er dollar of product: Iron ore and copper indexes are computed from data found in
U.S. Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index

on index of value per man per day and index of average earnings; petroleum index based on total value
of production and total wages.

2 Indexes are for recoverable metal.

Table 38.—Price indexes for selected cost items in mineral fuels production

(1967 =100)

Change Change

1972 from Annual average from

Commodity January 1971

January December (%) 1971 1972 (%)
192.7 205.5 +6.6 181.8 193.8 +6.6
150.5 159.9 +6.2 148.7 155.5 +4.6
110.0 119.2 +8.4 108.0 114.1 +5.6
Petroleum products, refined . _ _ 106.1 112.0 +5.6 106.8 108.9 +2.0
Industrial chemicals_ ________ 101.4 101.0 —.4 102.0 101.2 —.8
Lumber____________ 146.9 167.9 +14.3 135.5 159.4 +17.6
Explosives 113.3 132.1 +16.6 r113.8 115.2 +1.7
Construction machinery and equipment. 124.8 126.3 +1.6 121.4 125.7 +3.5

r Revised.

Source: U.S. Department of Labor Statistics. Wholesale Prices and Price Indexes, January 1973. Supplement
1972, February 1973, table 5; Supplement 1973, June 1973, table 5.
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Table 39.—Price indexes for mining construction and material handling machinery
and equipment

(1967 =100)
Con- Mining Power Special-
struction machin- Oilfield cranes, ized Portable Scrapers Mizxers, Tractors
Year machin- ery and machin- drag- con- air com- and pavers, other
ery and equip- eryand lines, struction pressors graders spreaders, than
equip- ment tools shovels, machin- ete. farm
ment ete. ery

105.7 103.4 106.4 104.9 105.2 97.0 105.3 104.4 106.8
110.4 106.6 112.7 109.0 110.2 91.8 110.1 109.1 112.5
115.5 110.5 118.4 114.0 117.4 93.7 115.2 116.0 116.7
121.4 113.8 122.6 120.6 125.1 93.8 120.6 122.9 122.3
125.7 117.2 127.3 126.0 129.0 92.0 124.4 126.3 127.3

Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, January
1969-71, table 2-A; January-December, 1972, table 6.

Table 40.—National income originated in the mineral industries

Income (million dollars) Change
Industry from 1971
1970~ 1971 1972 » (%)

Mining . _ e 7,672 7,010 8,246 +17.6
etal mining_ ___ - 1,177 970 1,085 +6.7

Coal mining_ _ _ ______________ - 2,157 2,052 2,875 +15.7
Crude petroleum and natural gas_____________ - 3,048 2,671 3,279 +27.5
Mining and quarrying of nonmetallic minerals__ _________ 1,300 1,419 1,557 +9.7
Manufacturing._ . _ . _ . _____._. 217,505 226,363 252,589 +11.6
Chemicals and allied produets. . __ _____________________ 16,342 16,827 18,236 +8.4
Petroleum refining and related industries._ - 7,842 7,917 8,634 +9.1
Stone, clay, and glass produets.____._________ - 6,894 7,517 8,533 +13.5
Primary metal industries_._____ -- 15,961 15,325 17,404 +13.6

All industries_ - _ . ______ 800,462 859,449 941,792 +9.6

P Preliminary. r Revised.

Source: U. S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 53,
No. 7, July 1978, table 1, 12.

Table 41.—Annual average profit rates on shareholders’ equity, after taxes, and total
dividends, selected mineral manufacturing corporations

Annual profit rate (%) Total dividends (millior dollars)

Industry
1971 1972 Change 1971 1972 Change
from 1971 from 1971
(%)

All manufacturing ! ___________________ 9.7 10.6 +0.9 r15,252 16,133 +5.8
Primary metals. __________ —— 4.8 6.0 +1.2 976 840 -13.9
Primary iron and steel . ____ - 4.5 6.1 +1.6 469 470 +.2
Primary nonferrous metals_ - 5.1 5.9 +.8 508 370 —27.2
Stone, clay, and glass products____. - 9.1 10.1 +1.0 358 415 +15.9
Chemicals and allied produets_ ____________ 11.8 12.9 +1.1 2,003 2,126 +6.1
Petroleum refining and related industries.__.  10.3 8.7 —1.6 3,267 3,325 +1.8
Petroleum refining__ . ________________ 10.3 8.6 -1.7 3,258 3,318 +1.8

r Revised.
1 Except newspapers.

Source: Federal Trade Commission, Securities and Exchange Commission. Quarterly Financial Report for
Manufacturing Corporations, 1st Quarter and 4th Quarter, 1972, tables 4 and 8.
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Table 42.—Industrial and commercial failures and liabilities in mining and manufacturing

Industry 1970 1971 1972
Mining
Nmnber of failures. _ . ___________ - 54 38 44
Current liabilities_.____________________________ thousands._ _ $59,046 $15,463 $11,907
Manufacturing:
Number of failures_ ______________________________________ 1,981 1,894 1,532
Current liabilities______________________________ thousands__ $758,795 $697,148 $755,084

All industrial and commercial industries:
Number of failures
Current liabilities

10,748 10,326 9,566
______________________________ thousands__ $1,887,754 $1,916,929 $2,000,244

1 Including fuels.

Source: Dun and Bradstreet, Inc., Business Economics Department. Monthly Failure Report, K-13, No. 12,
Jan. 21, 1972, 4 pp.; K-15, No. 12, Jan. 30, 1973, 4 pp.

Table 43.—Expenditures for new plant and equipment by firms in mining
and selected mineral manufacturing industries
(Billion dollars)

Industry 1970 1971 1972

Mining 1 e ceceeee 1.89 2.16 2.42
Manufacturing:

Primary iron and steel - - _______________ . ____._ 1.68 1.37 1.24

Primary nonferrous metals________ 1.24 1.08 1.18

Stone, clay, and glass products .99 .85 1.20

Chemical and allied products______ 3.44 3.44 3.45

Petroleum and coal produets._._ 5.62 5.85 5.25

All manufacturing_ _________________ oo 31.95 29.99 31.35

1 Including fuels.

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 52,
No. 3., March 1972, p. 20, table 8; v. 53, No. 3, March 1973, p. 20, table 9.

Table 44.—Plant and equipment expenditures of foreign affiliates of U.S. companies
by area and industry
(Million dollars)

1970 1971 19721
Area and country
Mining Petro- Manu- Mining Petro- Manu- Mining Petro- Manu-
and leum factur- and leum factur- and leum factur-
smelting ing smelting ing smelting ing
r411 726 1,159 696 746 1,110 645 825 1,061
477 514 669 244 638 698 230 575 890
r15 974 3,614 16 1,322 3,846 18 1,484 4,427
r484 r1,582 1,081 779 2,022 1,098 764 2, 1296 1,264
Total 2__________ r1,387 r3,797 6,524 1,735 4,728 6,751 1,657 5,180 7,642
r Revised.
1 Projected.

2 Data may not add to totals shown because of independent rounding.

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 52,
No. 9, September 1972, pp. 20-21.

Table 45.—Estimated gross proceeds of new corporate securities offered for cash in 19721

Total corporate Manufacturing Extractive 2
Type of security
. Million % Million % Million %
dollars dollars dollars
Bonds__ . ______ 28,896 68.9 4,821 2.7 706 85.1
Preferred stock.- - 3,367 8.0 202 3.1 3 .2
Common stock_____ . ________________ 9,694 23.1 1,607 24.2 1,301 64.7
Total . __ ... 41,957 100.0 36,629 100.0 2,010 100.0

1 Substantially all new issues of securities offered for cash sale in the Uuited States in amounts over $100,000
and with terms of maturity of more than 1 year are covered in these data.

2 Including fuels.

3 Data may not add to total shown because of independent rounding.

24?0;;;& U.S. Securities and Exchange Commission. Statistical Bulletin. V. 82, No. 7, Mar. 28, 1973, pp.
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Table 46.—Direct private investment of U.S. companies in foreign petroleum
industries in 1971 p
(Million dollars; net inflows to the United States designated by —)

PETROLEUM ALL INDUSTRIES
Book Undis- Book Book Undis- Book
value Net tributed value value Net tributed value
beginning capital earnings end of beginning capital earnings end of
of year outflows of sub- year of year outflows of sub- year
sidiaries sidiaries
11,723 956 266 12,954 53,146 2,824 2,375 58,346
4,807 69 252 5,134 22,790 226 1,046 24,030
5,466 781 —61 6,202 24,516 2,083 1,009 27,621
p 540 8 24 637 1,483 211 125 1,818
Australia, New Zealand,
South Africa, Republic of 910 28 52 981 4,356 304 196 4,876
Developing countries__________ 8,333 718 135 9,163 21,448 1,397 546 23,337
Latin American Republics
and other Western Hemi-
3,938 200 66 4,194 14,760 668 373 15,763
1,914 115 72 2,095 2,614 174 98 2,869
1,442 48 -20 1,465 1,617 54 -9 1,657
1,039 355 16 1,410 2,457 501 85 3,048
1,658 265 216 2,140 3,586 543 195 4,318
Total 1o ________________ 21,714 1,940 616 24,258 78,178 4,765 3,116 86,001

» Preliminary.
! Data may not add to totals shown because of independent rounding.

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 52,
No. 11, November 1972, pp. 28, 29, 30.

Table 47.—Direct private investments of the United States in foreign mining
and smelting industries in 1971 »
(Million dollars)

Undis-

Book Net tributed
value at capital earnings Earnings! Income 2

yearend outflows of sub-

sidiaries
Developed countries 4,060 385 47 294 247
Canada - 3,265 271 35 206 170
Europe. . - - 78 9 -2 2 -
Japan . - - - -
Australia, New Zealand, South Africa,

Republic of __ ______ . __ 718 105 15 86 74
Australia_________________ - 602 95 13 59 53
South Africa, Republic of _ _ - 108 10 2 27 21

Developing countries_ _ . _____.______ . 2,659 136 —21 210 236
Latin American Republics, total_ - 1,356 —1 —40 73 112
Mexico - 126 —12 —27 7 28
Bram R R . R
razil____ - @ 3
Chile_ __ _- o 452 -3 ) 3 7
Peru ________________ - 415 -6 - 25 24
Other Western Hemisphere . - 760 58 - 103 108
Other Africa__.___________ - 386 19 17 32 15
Middle East___________ I 3 -- - o -
Other Asia and Pacific. .. ___________________ 155 59 O] 2 2
Total & _ o eooo_ 6,720 519 26 504 484

p Preliminary. 3

1 Earnings is the sum of the U.S. share in net earnings of subsidiaries and branch profits.
2 Income is the sum of dividends, interest, and branch profits.

3 Combined in “Other industries” in source reference.

4 Less than )4 unit.

5 Data may not add to totals shown because of independent rounding.

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 52,
No. 11, November 1972, p. 28.

Table 48.—Value of foreign direct invest-
ments in the United States
(Million dollars)
Industry 1967 1968 1969 1970 1971°r

Total_______ 9,923 10,815 11,818 13,270 13,704
Petroleum._ 1,885 2,261 2,493 2,992 3,113

P Preliminary.

Source: U.S. Department of Commerce, Bureau
of Economic Analysis. Survey of Current Business.
V. 53, No. 2, February 1978, p. 30, table 1.
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Table 49.—Railroad and water transportation of selected minerals and mineral
enexrgy products in the United States

(Thousand short tons)
Rail ! Water 2
Produets Change Change
1970 1971 from 1970 1970 1971 - from 1970
(%) (%)
Metals and minerals except fuels:
Iron ore and concentrates_.___ 104,208 91,267 —12.4 75,175 68,042 —-9.5
Iron and steel scrap.. . ______ 28,183 26,609 -5.6 1,812 1,505 —-16.9
Pigiron____________________. 4,628 3,534 —-23.6 422 895 —6.4
Iron and steel ingots, plates,
rods, bars, tubing, and other
primary produets___________ 48,907 42,356 —13.4 9,356 8,291 —11.4
Bauxite and other aluminum
ores and concentrates_..____ 4,473 4,553 +1.8 893 396 —55.7
Other nonferrous ores and con- .
centrates. _________________ 17,977 14,584 -18.9 1,604 2,181 +36.0
Nonferrous metals and alloys__ 9,857 9,619 —2.4 627 651 +3.8
Nonferrous metal serap._______ 2,426 2,305 —5.0 43 93 +116.3
glagd._-a ______ R - sé,ggg 52 ,22% +4Z.0 385 751 +95.1
and and gravel . ________ - , 0,1 —4.
Stone, crushed and broken. . ... 61,794 57,273 —7.3} 73,946 82,649 +11.8
Limestone flux and calcareous
stone_____________________ - - . 34,115 30,819 -9.7
Cement, building.__ 21,120 20,781 -1.6 10,785 10,793 +.1
ime. . __________ 6,346 6,094 —4.0 671 749 +11.6
Phosphate rock 81,926 33,267 +4.2 5,830 7,209 +23.7
Clays, ceramic and refractory
s xllf:at.el;lials __________________ 8,002 2,961 —-1.4 2,032 1.721 —igg
ulfur, dry_ _ _ —417.
Sulfur, liquid 3,147 2,883 8.4 {g,368 8,300 —.8
Gypsum and plaster rock______ 553 648 +17.2 662 864 +30.5
Other nonmetallic minerals ex-
ceptfuels__________________ 10,622 10,647 +.2 7,835 7,692 +4.9
Fertilizer and fertilizer materials 19,503 19,134 -1. 6,048 6,538 +8.1
Total_____________________ 432,485 400,902 —7.8 240,197 239,719 -.2
Mineral energy resources and related
products:
CoalfA h 792 5,601 3.3
nthracite_______ 5, ,6 -3. -
Bituminous and . 398/830 354,954 —u.o} 154,142 140,058 9.1
Coke________.____ 1,547 1,528 —-1.2 965 1,034 +7.2
(C}rudle petroleu 502 457 -9.0 1%3,?0(1) lég,'gi ;%:
asoline. _ _ __ ,70 , .
Jet fuel 2,051 1,660 —19.1 { jo'930  13.682 45.8
Kerosin 160 132 -17.5 7,222 5,963 —17.4
Distillate fuel o 1,461 1,316 -9.9 76,286 18,216 +2.5
idual fuel oil___ 4,664 4,797 +2.9 78,791 89,083 +13.1
Asphalt, tar, and pi 2,626 2,048 —22.0 8,634 8,414 —-2.5
Liquefied petroleum gases and
coal gases 7,709 7,201 —6.6 1,967 1,083 —44.9
Other ~petroleum an coal
products 3__ _ 16,051 16,523 +2.9 11,837 12,116 +2.4
Total _________________ - 441,393 396,217 —10.2 557,775 557,879 -
Total mineral products______ 873,878 797,119 —8.8 797,972 797,598 -
Grand total, all commodities. 1,484,919 1,390,960 —6.8 950,727 946,598 —.4
Mineral products, % of grand total:
Metals and minerals except
fuels_________________ R, 29.1 28.8 - —1.0 25.3 25.3 -
Mineral energy resources and
related products_..__.__ 29.7 28.5 —4.0 58.7 58.9 +.3
Total mineral produets4_____ 58.9 57.3 —2.7 83.9 84.3 +.5

! Revenue freight originated on respondent’s road and terminated on line by originating carrier or delivered to
connecting rail carrier.

2 Domestic traffic includes all commercial movements between points in the United States, Puerto Rico, and
the Virgin Islands.

3 Includes lubricants, naphtha, and other petroleum solvents, and miscellaneous petroleum and coal products.

¢ Data may not add to totals shown because of independent rounding.

Sources: Interstate Commerce Commission. Bureau of Accounts. Freight Commodity Statistics. Class I
Railroad in the United States for the Years Ended December 31, 1970 and 1971. Department of the Army,
Corps of Engineers. Waterborne Commerce of the United States, Part 5. National Summaries, calendar years
1970 and 1971, table 2.,
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Table 50.—Percentage distribution of
mine shipments of bituminous coal and
lignite by method of shipment
and mine use
Shipped Shipped
by by Trucked Total
rail water to Used pro-
Year and and final at duc-
trucked trucked desti- mines! tion
to to nation
rail water
72.7 12.3 11.8 8.7 100.0
71.0 12.7 11.8 4.5 100.0
68.1 18.5 12.0 6.4 100.0
69.2 10.7 10.9 9.2 100.0
66.2 11.7 11.0 11.1 100.0
! Includes coal used at mine for power and heat,
made into beehive coke at mine, used by mine em-
ployees, used for all other purposes at mine, and
transported from mine to point of use by conveyor,
tram, or pipeline.
Table 51.—Miles of utility gas main, by type of gas and type of main 1
Type of gas and type of main 1967 1968 1969 1970 1971
All types: .
Field and gathering_________________________ 63,710 64,440 64,914 66,566 66,500
Tra issi .- 225,360 234,450 248,071 252,621 256,900
589,200 562,750 578,639 595 ,653 611,800
Total .. 828,270 861,640 891,624 914,830 934,700
Natural 5
Field and gathering________________________ 63,710 64,440 64,914 66,556
Tr i -- 224,790 233,940 247,559 252,609 NA
_______________________________ 529,340 554,080 © 569,999 587,760
___________________________________ 817,840 852,410 882,472 906,925 NA
Manufactured gas:
Transmission___ . ______._._________________ - . - - NA
Distribution. . ._______________________ " 1,140 1,070 914 545
Total .. 1,140 1,070 914 545 NA
Mixed gas: ’
Transmission_ . ___________________________ 570 510 510 11 NA
Distribution. . ___________________Z 777" °°" 7,950 6,980 7,105 6,831
Total . 8,520 7,490 7,615 6,842 NA
Liquefied petroleum gas:
Transmission. - __________________________ o (0] 2 1 NA
Distribution. . _____________________________ 770 670 621 517
Total. ... 770 670 623 518 NA

NA Not available.

! Excludes service pipe. Data not adjusted to common diameter e

year.
2 Less than 5 miles.

quivalent. Mileage shown as of end of each

Source: American Gas Association. Gas Facts, a Statistical Record of the Gas Utility Industry in 1970, p. 53;
1971, p. 50. For earlier years, see Historical Statistics of the Gas Industry.

Table 52.—Petroleum pipelines,
selected years
(Miles)

Trunklines Gather-
Crude Products lines
44,483 75,182 189,982

Total
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Table 53.—Research and development activity
(Million dollars) :

Funds expended

Total Company Federal Government

1969+ 1970 1971  1969r 1970 1971 1969r 1970 1971

Petroleum refining and extrac-
tion._ ____ . ___________. 569 608 505 522 565 488 47 43 17
9% of all industries________ 3.1 3.4 2.7 5.3 5.6 4.5 .6 .6 .2
Chemicals and allied products_. 1,781 1,812 1,822 1,538 1,624 1,639 192 188 183
9% of all industries._______ 9.5 10.1 9.9 15.6 16.1 15.2 2.3 2.4 2.4

Al industries_ - __.___________ 18,318 17,858 18,420 9,867 10,073 10,749 8,451 7,785 7,671

Source: National Science Foundation. Research and Development in Industry. NSF 72-809, April 1972,
table 2. Data from 1971 from Science Resources Studies Highlights. NSF 72-318, Deec. 13, 1972, p. 4.

Table 54.—Federal obligated funds for metallurgy and materials research
(Thousand dollars)

Fiscal year 1972 ¢ Fiscal year 1973 ¢
Federal agency Basic Applied Total Basic Applied Total

research research research research research research

Department of Defense_ _ - - ____.__ 30,281 71,405 101,686 36,627 73,482 110,109
Atomic Energy Commission_ _ _ ________________ 11,264 20,700 31,964 10,980 21,000 31,980
National Aeronautic and Space Administration__. 8,825 19,716 28,541 6,368 25,331 31,699
Bureau of Mines_ . __________________________. 498 15,265 15,763 317 16,886 17,203
National Science Foundation._ _ - 9,672 4,800 14,472 14,691 10,080 24,771
Department of Agriculture___._ - . - - - - -
Department of Commerce__.__ __- 1,837 824 2,661 1,865 797 2,662
Federal Highway Administration_ - - 730 730 - 1,124 1,124
Other_ e 21 5,804 5,825 21 7,706 7,727
Total - . e 62,398 139,244 201,642 70,869 156,406 227,275

e Estimate.

Source: National Science Foundation. Federal Funds for Research, Development, and Other Scientific
Activities. NSF 72-817, v. 21, August 1972, tables C-24, C-25, C-43, C—44, C-62, C-63.

Table 55.—Bureau of Mines obligations Table 56.—Bureau of mines obligations
for mining and mineral research for total research, by field of science
and development ) (Thousand dollars)
(Thousand dollars) TFiscal year
Fiscal Applied Basic Devel- Total
research research opment 1971 1972 1978 e
Engineering sciences_____ 27,989 28,733 29,944
25,93¢ 4,061 5,083 35,018 Pppysgical sciences.______ 7,455 10,525 9,796
- gg'gﬁ g%%g é%gg?l’ ‘ég.ggg Mathematical sciences___ 763 529 527
- 321805 7:846 30:237 70:888 Environmental sciences_. 2,582 864 851
_-- 84,087 7,081 387,279 78,397 Total . oo 38,739 40,651 41,118
¢ Estimate. ¢ Estimate.

Table 57.—Summary of government inventories of strategic and critical materials,
December 31, 1972

Acquisition cost Market value !
Total inventories in storage:
National stockpile_ - __ .- - $3,947,856,000 $4,893,774,300
Supplemental stockpile. - 1,359,907,600 1,438,417,100
Defense Production Act_______ 649,171,400 862,112,800
Commodity Credit Corporation._ _______________._____._.___ - -
Total on hand 5,956,935,000 6,694,304,200
On order:
Inventories within objective:
Total on hand _ _ _ __ oo 3,288,522,500 4,023,742,100
Inventories excess to objective:
Total on hand _ _ _ __ . 2,668,412,500 2,670,562,100

1 Market values are computed from prices at which similar materials are being traded; or in the absence of
current trading, at an estimate of the price which would prevail in commercial markets. Prices used are un-
adjusted for normal premiums and discounts relating to contained qualities, or for inherent materials—handling
allowances. Market values do not necessarily reflect the amount that would be realized at time of sale. The
uncommitted excess excludes the unshipped sales; the inventories in storage include quantities that have been
sold but not shipped.

Source: Executive Office of the President, Office of Emergency Preparedness. Stockpile Report to the Con-
gress, July-December 1972, p. 2.
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Table 58.—U.S. Government disposal of mineral commodities, 1972

b5

Sales commitments

Commodity
Quantity  Sales value
NATIONAL AND SUPPLEMENTAL STOCKPILE INVENTORIES
Aluminum..___________________________ T short tons._ _ 3,857 $2,226,553
Aluminum oxide___________________________ "7 TTommmmmmmmm do___. 6,878 671,770
Antimony_______ _-do.___ 70 72,954
Asbestos, amosite _ --do____ 557 152,850
Asbestos, crocidol --do____ 10,357 2,129,400
Beryl_________ eeeedoo__. ,452 35,750
Bismuth___ -pounds 234,599 821,095
Cadmium.________________________________TTTTTTTTmTmmmmmmmmmmm do____ 934,400 1,746,200
______ short tons__ , 5! 1 —-197,813
_short dry tons.__ 13,620 363,670
Cobalt___________________ e pounds.. 8,681,861 18,808,705
Columbium____ —---do____ 1,751,848 3,493,774
Diamond, industrial bort._ _--carats__ 1,295,000 2,588,354
Diamond, industrial stones_ __________________________ """ mTT do.._. 1,740,000 10,359,227
Graphite, natural, Malagasy _short tons_._ 10,394 1,783,830
Lead ________________ ool do____ 49,825 13,438,805
Magnesium____________________________________TTTTTTTTTTTTTTTT do____ 8,187 5,322,965
Manganese, batte rade, synthetic dioxide_ _short dry tons.__ 2,118 362,214
Manganese, metallurgical .____________________________ T " "7 do.... 1,195,611 17,717,733
Mica, muscovite block_ --pounds__ 1,142,042 861,921
Mica, muscovite film________________________________"TTT""" —ee-do____ 42,881 46,386
Mica, muscovite splittings.____________________________"""""" --do-._. 17,107,855 741,944
Mica, phlogopite splittings. _ . _________________________""""""" —-do____ 334,783 139,663
Niekel L llTTTT --do____ 77,712,878 119,619,293
Quartz erystals________________________________ T TTTTTTmTTTmTTTT do____ 194,376 2,934
Rare earths _-short dry tons__ 29 16,785
Selenium_____________________________________ T pounds.__ 16,090 133,993
Tale, steatite bloc] _short tons. _ 3 579
Tale, steatite bloek___..____________________________ """~ do____ 21 4,095
Tale, steatite ground ——--do____ 500 ,000
Thorium nitrate 170,710 139,982
i 361 1,499,998
1,567 6,570,197
211,488 68,978,259
-- 282,075,565
_______________________________________________ 6,000 3,000,000
_____ pounds._ 487,007 1,105,294
Columbium__________________________________ T do___. 402,893 585,109
Manganese, battery grade, synthetic dioxide_ __short dry tons__ 1,528 519,767
Manganese, metallurgical - . ____________________________ " do____ 48,125 672,633
Mica, muscovite block ---pounds._. 732,961 624,018
Tungsten____ . ___ T do____ 3,457 2,200
Total . o e - 6,509,021
OTHER
Bauxite .. __ long tons._ . 110,000 500,000
Mereury . . T flasks__ 512 117,660
Total . e - 617,660

289,202,246

1 Negative sales figures represent adjustments of earlier disposal contracts.

Source: Executive Office of the President, Office of Emergency Preparedness. Stockpile Report to the Con-

gress. January-June 1972, pp. 14-15; July-December 1972, pp. 14-15.
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Table 59.—United Nations’ indexes of world 1 mineral industry production

(1963 =100)
. 1972 by quarters
Industry sector and geographic area 1970 1971 1972
1st 2nd 3d 4th
EXTRACTIVE INDUSTRIES
Metals: 3
Non-Communist world. . —eee- 147 144 141 133 142 140 150
Industralized countries 2. - 152 149 145 134 146 142 157
United States and Canada 136 132 128 122 134 122 133
BUTOPe e oo ccoemm o= 121 124 126 121 134 115 133
European Economic Community 3. 90 86 82 83 83 76 84
European Free Trade Association 4. 138 144 148 145 163 123 161
Australia and New Zealand___ .- 192 206 214 193 202 234 227
Less industralized countries 5___ 196 206 211 206 206 213 220
140 141 140 134 140 139 146
139 143 143 141 141 141 147
Communist Europe 8_ 187 201 211 215 211 211 206
c 1World 156 157 157 151 158 155 163
oal:
Non-Communist world___ . _____ .- 90 88 83 78 87 79 87
Industrialized countries 2_______ 87 85 80 74 85 76 84
United States and Canada__ 124 118 124 123 181 118 123
Europe. .- - 74 73 63 55 67 59 70
European Economic Community 3. 73 1 61 52 66 57 68
European Free Trade Association4. 64 61 61 66 59 61 61
Australia and New Zealand_._________ 151 159 181 162 189 189 186
Less industralized countries 5____ 122 125 127 128 125 125 128
Latin America._______ 139 152 151 NA NA NA NA
Asia7_______.__ 121 121 123 123 123 120 125
Communist Europe 8___ 124 128 130 133 127 127 133
World - _ - o e 104 105 103 101 104 100 106
Crude petroleum and natural gas:
Non-Communist world. 166 178 180 178 175 178 188
Industralized countries 2 137 141 149 149 144 145 156
United States and Canada_. 129 130 135 133 132 185 138
BUrOpPe. - - - o cecmcmmcmmm i m e 234 276 322 348 293 272 875
European Economic Community 3. 262 318 377 412 342 3811 443
European Free Trade Association 4. NA NA NA NA NA NA NA
Australia and New Zealand. - - - - — . -
Less industralized countries 5.__. 196 206 211 206 206 213 220
Latin America ¢ 121 118 112 108 112 114 114
Asia7_____ ... 192 218 229 221 222 230 243
Communist Europe &_ 175 187 199 205 202 195 191
World. oo oo 168 177 184 184 181 182 189
Total extractive industry:
Non-Communist world_______ ... 152 155 1656 160 165 161 175
Industralized countries 2____._._ _ 150 152 162 157 163 158 172
United States and Canada.__ - 140 141 152 146 153 152 158
BUrope oo - - o oo 148 152 160 158 161 147 172
uropean Economic Community 3_ 144 147 154 158 155 142 166
European Free Trade Association 4. 122 125 126 126 133 112 135
Australia and New Zealand___________ 165 176 187 168 185 200 195
Less industralized countries5_______ 166 178 189 181 188 191 198
Latin America ¢ 160 171 182 NA NA NA NA
7 182 204 214 205 209 217 226
155 165 174 177 175 172 170
146 151 155 152 155 154 158
PROCESSING INDUSTRIES
Base metals:
Non-Communist world____ .. ___________ 149 144 157 150 159 152 166
Industralized countries 2. __._____ 149 142 155 148 157 150 164
United States and Canada. .- 128 120 134 128 139 127 141
BUrope.. - - - - ccccmmmmmmmm e mmmmm o 147 141 149 145 152 144 157
European Economic Community 3. 142 135 140 136 143 136 146
European Free Trade Association ¢. 152 150 160 161 162 143 172
Australia and New Zealand._.._.._____ 150 139 140 181 131 144 155
Less industralized countries 5_____ - 161 172 187 181 184 192 194
Latin America . _..__.._ - 167 186 201 187 201 209 207
Asia7____ .. .- .- 157 152 171 175 161 169 178
Communist Europe 8__ .- 164 174 184 187 183 184 183
World . _ oo 154 153 164 161 166 162 171
Nonmetallic mineral products:
Non-Communist world. . _____ 140 147 157 140 160 161 164
Industrialized countries2______ .. 137 141 150 135 155 155 157
United States and Canada_ -. 118 12