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PREFACE

Mineral developments in the People's Republic of China (PRC), especially
in petroleum, have been increasingly in the news. Oil and gas may have great
potential, but a very large coal industry is already in existence. The steel
industry ranks fifth or sixth in the world. The PRC is also prominent in
fertilizers, cement, and salt, and the "export metals" are well known. Also,
the country is buying heavily in nonferrous base metals. The need to know and
the intense interest in Chinese mineral developments have prompted this study.

With no firsthand information and little in the way of literature reviews,
it is difficult to specifically determine activity levels. However, because
many PRC minerals are significant by world standards, considerable fragmentary
data and evaluations are available through commercial circles, technical
journals, international trade publications, Japanese sources, visitors, ana-
lysts, general literature, and the press of the PRC itself. Most of the
photographs in this report come from PRC newspapers and periodicals like
"China Reconstructs" and "China Pictorial." The situation becomes more
apparent when appraised by longtime observers of Chinese mineral developments
who happen also to have a strong earth science background. An attempt has
been made here to tell the mineral story of China in the best way possible.
Accuracy of estimates vary with the individual industry, depending upon how
much the subject has been officially reported, surveyed, or studied. Nonethe-
less, the magnitude of production levels seems clear. The author would wel-
come all constructive suggestions on this report; in particular, any comments
PRC officials in the natural resource field would care to make would be most
welcome.

Unless specifically mentioned otherwise, all tonnages in this report are

in metric tons. Chinese place names can be spelled either with or without
hyphens between syllables, and both systems have been used interchangeably.
The appearance of apostrophes in the names denotes a soft sound, but this
system has not been employed consistently since most of the time, pronuncia-
tions seem clear without making any differentiation.
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THE PEOPLE'S REPUBLIC OF CHINA

A New Industrial Power With a Strong Mineral Base

by

K. P. Wang 1

ABSTRACT

Mining and metallurgy have had a long history in China, and resources
there have always been considered promising. Under the People's Republic of

China (PRC), a remarkable industrial renaissance is underway that should fur-

ther gain momentum in the years ahead. Rapid development of minerals have not
only brought the PRC prominence in industrialization, but also in world

affairs.

Chinese mineral developments, especially petroleum, have been increas-

ingly in the news. Oil and gas may have great potential, but a very large

coal industry is already in existence. The steel industry ranks fifth or
sixth in the world. The PRC is also prominent in fertilizer, cement, and salt

production. The export metals are well known. Also, the country is buying
heavily in nonferrous base metals. The need to know and the intense interest

in the subject have prompted this study.

The world significance of Chinese minerals is pointed out. The history

of growth and PRC's mineral supply position are reviewed. Evaluations are
made of policy considerations and regional and technical factors affecting
mineral development. PRC's mineral trade and efforts to obtain equipment,

supplies, and know-how are assessed. Specific reviews are made of major min-
eral sectors, including coal and power, oil and gas, iron and steel, nonfer-

rous metals, industrial minerals, and fertilizers and chemicals. The overall

outlook is summarized.

'Supervisory physical scientist, International Data and Analysis, Bureau of
Mines, U.S. Department of the Interior. The views presented in this report
are those of the author and not necessarily those of the Bureau of Mines.
Data are derived primarily from unconfirmed Chinese reports. Some esti-

mates differ from those already published by the Bureau because of subse-
quent appraisals. These estimates are subject to further revision as new
information becomes available.
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INTRODUCTION

A remarkable industrial renaissance is underway in the People's Republic
of China (PRC). All indications are that this industrial progress will con-
tinue and possibly accelerate. The long history of mining and metallurgy in
China and the extensive resources have been significant factors in bringing
the PRC prominence not only in industrialization but also in world affairs as
well.

Mining, smelting, and casting of copper, tin, and bronze can be traced
back to more than a thousand years before Christ, and production of gold,
silver, zinc, and brass followed somewhat thereafter. The making of iron and
steel for implements and weapons probably started in China about 800 B.C.
Historically, the Chinese learned something about lead smelting from the
extraction of silver and about mercury metallurgy from the making of vermil-
lion. "T'ien-k'ung K'ai-Wu," a Chinese technical book written in 1637 and

published in English by the Pennsylvania State University Press in 1966, shows
that mineral resources were widespread and mineral extraction technology in

China was at respectable levels in the 17th century. Everything was small
scale, however, even though the country had good mineral technologic founda-

tions. Modern mining and smelting began at the turn of the 20th century, but
progress was minimal until the 1950's.

Development of the rich mineral resources, a matter of top priority since
the establishment of the People's Republic of China, has been basic toward
achieving the twin and interrelated objectives of furthering agriculture and
advancing industry. An industrious and disciplined population has been suc-
cessfully mobilized to work the land efficiently, harness the waters, uncover
and extract the resources, and produce the necessary goods and services. Much

more can be accomplished, but there is already no question that the Chinese
are enjoying a higher standard of living.

Per capita gross national product (GNP) in the PRC is not precisely com-
parable with the GNP in Western nations. The total GNP has reached the
respectable level of possibly $220 billion dollars in 1974, placing the PRC
solidly within the first 10 by world standards. Because the Chinese yuan
(Ren Min Bi, or RMB, valued at about $0.45) goes farther in China than Western

currencies elsewhere owing to lower food, lodging, and transportation expenses,
the country's economic strength is really greater than indicated. PRC's GNP
has been growing at an average annual rate of about 10 percent in recent years
(but much less in 1974), which is also the estimated rate for the first half
of 1975.

A quarter of a century ago, the PRC inherited only the beginnings of a
strong coal industry, a relatively small steel industry ravaged of key equip-
ment, a handful of basic industries left by the Japanese, some Chinese-built
industries of old vintage, and a Western myth that the large land masses of
China had little oil. As early as the start of the First 5-Year Plan in 1953,
resources, exploration, and basic construction were heavily stressed, and the
Ministries of Coal, Petroleum, Geology, and Metallurgical Industry were estab-
lished along with design institutes and operating combines. Except for
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interruptions created by the Great Leap Forward in the late fifties, the sud-
den withdrawal of Soviet technicians in the early sixties, and the Cultural
Revolution in the mid-sixties, development of basic resouces and heavy indus-

tries moved ahead steadily.

"Walking on two legs" has been a fundamental policy to simultaneously

develop both large and small industries, which creates localized economic

strength, cuts down on transportation requirements, and enables industry to
better serve agriculture. The Chinese know that small-scale operations can
also be worked efficiently. Since 1971, a new factor has entered Chinese

industrial planning, which is the concept of dispersing industry for strategic
reasons.

During the Fourth National People's Congress held in the second half of
January 1975, PRC's twin long-term development goals were stated as follows:

(1) Before 1980 (the last year of the Fifth 5-Year Plan), China would have
established a relatively independent and integrated industrial system, and
(2) before the end of this century, China should become a totally up-to-date

modern power.

WORLD SIGNIFICANCE

China is one of the world's rich mineral areas fully capable of support-
ing a modern first-rank industrial economy. During 1974, PRC strengthened its
position as a leading mineral producer. Its relative importance should grow
significantly in the decade ahead, judging from the resource potential and the

many developments already underway. As befitting a large country with a huge
population, China produced a great variety of minerals and metals--many out-
standing by world standards, as indicated by three separate charts on basic

industrial materials (fig. 1), export metals (fig. 2), and nonmetallic miner-
als (fig. 3). For the 23 major commodities shown, PRC ranked within the first

three world producers in 8 commodities, and within the first world pro-
ducers in an additional 10 commodities. If all minerals were added
together in terms of output value, PRC would rank with the world's first five
for crude minerals and only a little behind in terms of total value added for

minerals and metals.

The coal industry of PRC is nearly on a par with those of the United

States and the U.S.S.R., and China has extensive coal reserves capable of sup-

porting a much expanded output. China has some of the world's largest coal
bases; in fact, about eight produce more than 10 million tons annually includ-
ing at least one--Kailan--turning out more than 20 million metric tons and

three others--Tatung, Fuhsin, and Fushun--in the range of 15 to 20 million
tons. Chinese oil has suddenly come into prominence, and its potential could
be very great, particularly near the shore and offshore in Pohai Bay. The

three largest producing oilfields--Taching, Shengli, and Takang--probably can
all be stabilized at 20 million tons yearly or more, and most likely two other
oilfields already being developed will turn out to be of the same magnitude.

PRC's steel and cement industries, although still much behind the big
three of U.S.S.R., United States, and Japan, are comparable with those of



COAL
USA 537

USSR 524

CHINA 450
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CEMENT
USSR 115.0

JAPAN 72.7

USA 67.7

ITALY 36.6

W. GERM. 35.9

FRANCE 33.6

CHINA 25.0 i
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WORLD 700
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PIG IRON
USSR 100

JAPAN 91

USA 86

W. GERM. 41

CHINA 30

UK 14

BELGIUM 13
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WORLD 500

COKE
USSR 81

USA 60

JAPAN 51
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POLAND 18

UK 15
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IRON ORE
USSR 225

AUSTRALIA 92

USA 84
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CHINA 55J
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IF CALCULATED AT 50% Fe-GRADE
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STEEL INGOT
USSR 136.3

USA 132.0

JAPAN 117.1

W.GERM. 53.2
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CHINA 27.0

ITALY 23.9

UK 22.5

WORLD 550

NOTE: CHINA DENOTES PEOPLE'S REPUBLIC OF CHINA (PRC); W. GERM., FEDERAL REPUBLIC OF GERMANY; S. KOREA, REPUBLIC OF KOREA; SAUDI A., SAUDI ARABIA;
VENEZ., VENEZUELA; INDON., INDONESIA; AB. DH., ABU DHABI.

FIGURE 1. - World mineral significance of People's Republic of China basic industrial
materials, 1974 (million metric tons).

West Germany, France, Italy, and the United Kingdom. However, the steel indus-

try may not move too fast during the remaining part of the 1970's, and it only
has 1 large steel base--Anshan--barely within the world's first 20. On the
other hand, the cement industry is gaining ground fast on the leaders. China
has only three cement plants of 1 million tons annual capacity, but it has a
sharply growing small-scale sector that already produces as much cement as the

large plants. Overall demand for construction materials is spiraling.

Most of China's export metals have been famous for decades, and they are
appearing more in the world markets of late. China is again the "king of
tungsten," and Hsihuashan and Kiangsi are household words in wolframite trade
circles. The U.S.S.R. has been the foremost buyer of Chinese tungsten in
recent years. Antimony from Hsikuangshan, Hunan, dominated the world market
in World War I, but uses have since changed and China now finds itself in the
company of South Africa and Bolivia, with not too much money to be earned. No
country can compete with Malaysia in tin, but China does well compared to the
rest. Kuchiu in Yunnan is one of the tin centers of the world, and high-
quality tin from Kuchiu is increasingly imported into the United States.
Mercury originating in Tungjen, Kweichow, has become difficult to sell in the
world market, although still much in demand within China. Bismuth and manga-
nese can be sold to whomever wants it. Molybdenum production is medium rank
by world standards but could be developed.
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TUNGSTEN (metal content)
CHINA 8,500

USSR 7,400

USA 3,447

S.KOREA 2,700

BOLIVIA 2,500

THAILAND 2,384

N.KOREA 2,200

CANADA 1,608

PORTUGAL 1,478

AUSTRALIA 1,046

WORLD 39,000

MANGANESE ORE (million tons)

USSR 8.0

S. AFRICA 4.1

BRAZIL 2.2

GABON 1.8
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AUSTRALIA 1.5

CHINA 1.0

WORLD 22.2

TIN (mine)
MALAY. 68,100

BOLIVIA 29,600

INDON. 25,000

THAILAND 20,400

CHINA 20,000

USSR 12,000

AUSTRALIA 10,300

WORLD 215,000

ANTIMONY (mine)
S. AFRICA [16,900

BOLIVIA 14,400

CHINA 13,000

USSR 8,000

THAILAND 4,670

WORLD 70,000

BISMUTH MERCURY

JAPAN 820 SPAIN 2,075

PERU 660 USSR 1,860

BOLIVIA 650 CHINA 900

AUSTRALIA 430 ITALY 860

CHINA 270 MEXICO 730

WORLD 3,850 YUGOSLV. 546
CANADA 482

ALGERIA 459

WORLD 9,050

NOTE: CHINA DENOTES PEOPLE'S REPUBLIC OF CHINA (PRC); S. KOREA, REPUBLIC OF KOREA; MALAY., MALAYSIA; INDON., INDONESIA; YUGOSLV., YUGOSLAVIA.

FIGURE 2. - World mineral significance of People's Republic of China export metals,
1974 (metric tons unless otherwise noted).

USA

CHINA

USSR

UK

W. GERM.

INDIA

FRANCE

CANADA

MEXICO

AUSTRALIA

SALT (million tons)
42.2

25.0

12.0

9.0

8.0

6.9

5.5

5.0

5.0

4.5 WORLD 165

ASBESTOS
CANADA 1,650

USSR 1,350

CHINA 160

ITALY 150

USA 100 WORLD 4,200

GRAPHITE
USSR 80

N. KOREA 75

MEXICO 68

S. KOREA 45

CHINA 30

AUSTRALIA 24 WORLD 387

PHOSPHATE ROCK (million tons)
USA 41.4

USSR 26.0

MOROCCO 19.7

TUNISIA 3.8

CHINA 3.0 WORLD 114.0

BARITE
USA 1,106

USSR 360

W. GERM. 330

IRELAND 275

MEXICO 275

PERU 240

THAILAND 221

CHINA 200

ITALY 200 WORLD 4,790

MAGNESITE
N. KOREA 1,700

USSR 1,550

AUSTRIA 1,450

CHINA 1,000

GREECE 1,000

CZECH. 600

WORLD 9,200

PYRITE (million tons)
USSR 8.5

SPAIN 2.6

CHINA 2.0

JAPAN 1.3

ITALY 1.2 WORLD 23.6

MEXICO

USSR

THAILAND

SPAIN

FRANCE

CHINA

ITALY

MONGOLIA

S. AFRICA

USA

FLUORSPAR
1,091

450

390

370

270

270

240

240

190

130 WORLD 4,600

TALC, SOAPSTONE, PYROPHYLLITE
JAPAN 1,574

USA 1,045

S. KOREA 450

USSR 410

CHINA 400

FRANCE 304

INDIA 210 WORLD 5,366

NOTE: CHINA DENOTES PEOPLE'S REPUBLIC OF CHINA (PRC); W. GERM., FEDERAL REPUBLIC OF GERMANY; S. KOREA, REPUBLIC OF KOREA; CZECH., CZECHOSLOVAKIA

FIGURE 3. - World mineral significance of People's Republic of China nonmetallics excluding

cement, 1974 (thousand. metric tons unless otherwise noted).
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China has been a major world factor in fertilizer output, consumption,
and international trade for more than 5 years. It produces about 3 million
tons of nitrogen (N) annually and consumes over 4 million tons; it is Japan's
largest customer for fertilizer by far. The phosphate potential is good, but

output is less than one-tenth that of the United States, the world leader.

The Chinese salt industry based mainly upon coastal salt flats is rapidly

expanding; China already produces at more than half the U.S. level. PRC is
prominent in pyrite. Manchuria is one of the world's best known areas for

magnesite, both in terms of potential and production. China is a medium-sized

producer of asbestos, graphite, barite, and fluorspar. Chinese steatite-grade
talc is well known in world markets.

HISTORY OF GROWTH

During the quarter century as the People's Republic of China, China's

mineral production has expanded from a rather small beginning to fairly sig-
nificant tonnages across the board by world standards. The country never had
a chance to develop its mineral resources in a systematic manner until the

early 1950's. Before the Chinese could learn about resources and modern

industry, the Japanese, Russians, and Western countries were in control of
many parts of China. The showdown between the Japanese and the Russians at
the turn of the century gave protective custody of Manchuria (Northeast China)
to the Japanese, who in 1931 annexed it outright and did not relinquish it

until 1945. Meanwhile, there was the Sino-Japanese War and World War II. The
Japanese built up a sizable mineral and industrial base in Manchuria, particu-

larly in southern Liaoning Province. This was a very important part of the
industrial capacity which PRC inherited, and it was hardly intact because the
Soviets who occupied Manchuria briefly near the end of the war stripped con-
siderable key equipment from the facilities when they hurriedly departed.
Another lesser part of the mineral industry with which PRC started out was the

coal mines and a few other basic industries in North China. China's biggest

coal combine, Kailan, in North China was originally developed with the help of
Herbert Hoover, who was a mining engineer at that time and later became U.S.
President. Up until 1950, Shanghai had nothing but light industry,. commerce,
and shipping, and the rest of the country had little more in minerals and

metals than a few "war-torn" mines producing tungsten, antimony, and tin.
This was the mineral situation when the PRC took over. Growth since then is
shown in table 1.

Mineral activities in 1949-52 dealt primarily with rehabilitation and
reconstruction, and output of most mineral products was brought up to former
peak levels. The First 5-Year Plan (1953-57) was then launched, with empha-
sis upon building new mine plants and planning for others in the future. Min-
eral output doubled between 1952 and 1957. The Second 5-Year Plan ran from
1958 to 1962, but many of its targets were not met, partly because small-scale
production by a large number of units did not result in a "leap forward" con-
dition in industrial development. However, in that period, much mineral infor-
mation was collected, and many people were exposed to mineral extraction.
This set the stage for building small to medium semimodern industries in
addition to expanding the larger enterprises. The Tach'ing oilfield was dis-
covered in 1959.
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TABLE 1. - Rise in the mineral output of the People's Republic of China

(Thousand metric tons)

Selected items 1952 1957 1962 1965 1970 1974
Coal..........................66,000 128,000 250,000 300,000 360,000 450,000
Crude petroleum............... 500 1,400 6,800 10,000 22,000 65,000
Refined petroleum........... 300 1,300 6,500 9,000 21,000 60,000
Iron ore................... .4,300 15,000 30,000 35,000 44,000 60,000
Pig iron......................2,000 6,000 15,000 18,000 22,000 30,000
Steel ingot...................1,350 5,350 10,000 15,000 18,000 27,000
Rolled steel..................1,100 4,250 9,000 12,000 14,000 21,000
Aluminum........................0 20 100 100 130 200
Copper, refined.................10 50 100 100 100 150
Lead, refined............... ...5 45 80 100 100 100
Zinc, refined...................10 40 90 90 100 100
Manganese ore...................200 700 800 1,000 1,000 1,000
Tungsten, contents..................8 7 8 7 7 8.5
Antimony........................8 15 15 15 12 12
Tin............................ . 10 24 28 25 20 20
Cement.......................3,000 7,000 8,000 11,000 15,000 325,000
Salt......................... 5,000 8,000 10,000 13,000 15,000 25,000
1Equivalent 50 percent iron grade. Tonnage in 19

million when compared with other countries.
2 Tungsten content of concentrate.
3 Can be anywhere from 20 to over 30 million tons.

74 would be closer to 55

NOTE. -- Mostly estimated by author. 1952 is first normal year since liberation.
1957 and 1962 are end years for the First and Second 5-Year Plans.
1965 immediately precedes the Cultural Revolution. There has been
steady growth since 1970.

There was no Third 5-Year Plan until 1966, but the Shengli and Takang
oilfields were found during 1963-65. Then came the Cultural Revolution, which
again slowed down industrial activities. The Fourth 5-Year Plan covered
1971-75, and the Chinese mineral economy has steadily progressed since the
beginning of this plan, with the simultaneous expansion of both large and
small industries. Almost all major goals for the Fourth 5-Year Plan should be
achieved, except possibly steel. There was a serious earthquake on Febru-
ary 4, 1975, centered in southern Liaoning in the northeast, which might well
affect 1975 industrial output somewhat. Oil already had made a breakthrough
and should surpass the targeted goals.

MINERAL SUPPLY

China has made serious efforts to prospect, drill, and develop its rich,
widespread, and diversified mineral resources (figs. 4-5) in accordance with
national priorities. Stress has been given first to basic materials essential
for industrialization, which in turn will promote agriculture. Thus, export-
oriented mineral industries have not received the same degree of emphasis,
except for oil, which is of fundamental importance to the economy while
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turning out to be also very significant in trade. Some vital but difficult-
to-develop mineral industries may not have received the attention deserved,
such as nonferrous base metals. Exploitation and development of Chinese min-
erals have been uneven.

Nonetheless, China is now self-sufficient in most minerals, has large
surpluses of many, and is deficient in only a few. No country can be totally
independent of raw materials from abroad, nor is it necessarily desirable for
this to happen, and China is no exception. Table 2 gives a commodity by com-
modity review of PRC's mineral supply position, which is clearly demonstrated

when compared with that of the major industrialized countries.

The Chinese have done well in the area of fuel supply. Coal production
has been expanded to very high levels under the PRC on the basis of a poten-
tial known to be promising. However, little coal surplus has been available
for export; this situation is not expected to change unless projects can be
developed for specific markets. The coking coal supply situation can be
improved through further careful industrial appraisals and delineation of
resources. The oil industry has been built up from scratch to one with great
surpluses for export after satisfying domestic demand. High level oil pro-
duction did not come about until the resource potential was drilled and proven
to be substantial. China now has much natural gas to consume, and distribu-
tion has become the key. Even exports are forthcoming, in view of the
liquefied natural gas (LNG) development projects agreed upon with the Japanese.
Substantial shale oil resources can back up oil and gas. China is one of the
two world producers of shale oil.

Steelmaking raw materials are extensive enough for supporting a large
steel industry, but there are many problems that can only be resolved with
sound technical policy. Iron ore suffers particularly from regional shortages
and the need to upgrade low-quality ores. Overall supply and demand are in
balance, although some high-grade foreign iron ores can be conveniently uti-
lized to facilitate smelting. The supply of scrap iron will be deficient
until the industrial economy builds up. Among the ferroalloy materials, there
are surpluses in manganese, tungsten, and molybdenum and shortages in chrome
and nickel. Fluxing and refractory materials like magnesite, limestone, and

fluorspar are more than adequate. China is currently very short of sophisti-

cated steel products, and imports correspond to about one-fifth of production.

At the moment, China is also deficient in supplies of all the major non-

ferrous base metals and light metals. Discoveries of porphyry copper have
been claimed. Generally, copper and aluminum resources are moderate to siz-
able, but there has not been any substantial effort to develop them on a large

scale. The potential for lead-zinc is uncertain. In all cases, much more
exploration, drilling, and mine appraisal needs to be done to ascertain the
resource potential. Meanwhile, imports of copper and aluminum are substantial,
and imports of lead and zinc are considerably less than production and sur-
prisingly small in 1974.



TABLE 2. - Mineral supply position of the People's Republic of China, 1974

Commodity Share world Adequacy in production Reserve potential
output, percent

Ferrous materials:

Chromite.........
Iron ore.........
Iron, pig........
Iron, scrap......
Iron, steel ingot
Manganese ore....
Molybdenum.......
Nickel...........
Tungsten, mine...

Nonferrous metals:
Aluminum.........

Antimony.........

Copper...........
Gold.............
Lead.............
Mercury..........
Silver...........
Tin..............
Zinc.............

Chemical fertilizer
materials:
Phosphate rock...
Potassium ore....
Pyrite...........
Salt.............
Sulfur...........

Nonmetallics:
Asbestos.........
Barite...........

Borates..........
Cement...........
Diamond..........
Fluorspar........
Graphite.........
Gypsum...........
Limestone........

Magnesite........
Mica.............
Quartz (piezo

electric).
Silica (glass
quality).

Talc.............
Mineral fuels:

Anthracite.......
Bituminous coal..
Coke.............
Petroleum, crude.
Petroleum,
refined.

Natural gas.

(1 )
6
6
3
5
5
1

(1 )
22

1-2
19

1-2
(2)

3-4
10

1
9
2

3
(1 )

8
12

1

4
4
1
4
1
7
8

1-2
5

11
1-2

(3)

(3)

3

11
19

7
2
2

1

Little produced.........
High grade ore short....
Adequate................
Can use more............
Imports special products
Slight surplus..........
Adequate................
Greatly deficient.......
Large surplus...........

Considerably short......
Large surplus...........
Greatly deficient.......
Can use more............

Growing shortage........
Large surplus...........
Adequate................
Large surplus...........
Growing shortage........

Some imports............
Substantially short.....
Generally adequate......
Slight surplus.......
Adequate................

Surplus, demand growing.
............o..............do.................
Adequate................
Meets demand............
Adequate................
Large surplus...........
Adequate................
............o..............do.................
Meets demand............
Surplus.................
Adequate................
................... do.................

................... do.................

Slight surplus.......... Moderate, top grade.

More than adequate......
Adequate................
...................do.................
Growing surplus.........
Building up quickly.....

Potential surplus.......
1 Insignificant.
2 Small.
NeUnknown.
NOTE.--Percentages represent order of magnitude.

First rank.
Do.

Coking coal moderate.
Could prove first rank.
Not applicable.

Could prove first rank.

Nothing of consequence.
First rank, low grade.
Not applicable.
Building up.
Not applicable.
Considerable.
Promising.
Very poor at present.
World's largest.

Sizable, off-grade.
Probably world's largest.
Moderate.

Do.
So far not plentiful.
First rank, low grade.
Poor, but some stocks.
First rank.
So far not plentiful.

Sizable, low grade.
Unknown, moderate at best.
Moderate.
First rank.
Moderate.

Considerable.
Do.

Could prove moderate.
Extensive raw materials.
Moderate.
First rank.
Moderate.
Considerable.
First rank.

Do.
Moderate.

Do.

Do.

9
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In nonmetallic minerals, China's cement position is strong both in terms
of raw materials and finished products. Much more cement can be produced as
needed, and there could be some exports to nearby areas. The fertilizer situ-
ation is spotty. China is slightly deficient in nitrogen fertilizers and
phosphate rock but is increasing production in both. China has adequate
pyrite but is rather short of potash. Much salt is produced, but there is
little foreign demand for the surplus. The asbestos and barite surpluses are
shrinking because of growing domestic demand in industry and oil drilling.
The industrial diamond shortage has been resolved through synthetic diamonds.
Although domestic consumption is growing, China still has large supplies of

fluorspar for export.

REGIONAL FACTORS

Because of the country's large territory, varied geological and geo-
graphical conditions, inadequate transportation, and uneven population dis-
tribution (four-fifths in eastern third of the country), there are many
regional factors affecting mineral supply and development. Liaotung Peninsula
in Manchuria (Northeast China) has often been referred to as the Ruhr of
China, and it has about one-fourth of the country's industrial capacity. Five
of China's most famous industrial complexes are located in Manchuria (fig. 6);
namely, Shenyang (industry), Harbin (industry), Tach'ing (oil), Anshan (steel),
and Fushun (coal and aluminum).

However, the relative importance of Northeast China has been declining as
a result of efforts to build up the rest of the country. Neighboring North
China, with its vast coal, oil, and iron resources, has been steadily gaining
in stature, and an industrial belt stretching from Chinwangtao in the north
and Shantung Peninsula in the southwest through Tangshan, Tientsin, Peking,
Tatung, and Paot'ou is taking shape. To all these well-known industrial

centers in North China should be added the fabulous Takang and Shengli oil-
fields and the Kailan coalfields. There is a lesser industrial belt embracing
the Kaifeng and Loyang areas.

Taiyuan in Shansi and Sian in Shensi, both areas rich in mineral
resources, are being groomed as springboards to development of both the north-
west and the southwest. Central China has the Wuhan heavy industry base and
the Shanghai light industry base, which of late has also moved strongly into
basic industries. Southeast China is the heart of the tungsten and antimony
industries, with new industrial areas being developed in Hunan and Kwangtung
Provinces. Southwest China has the best potential for nonferrous metals and
light industries. In the last 5 years, the sharp growth of the natural gas
industry has basically transformed Szechuan's economy. The vast northwest is
yielding important quantities of petroleum and salts and contains the Karamai
and Lanchow-Yumen centers. But the far west is for the future. In recent

years, as a result of promoting local industries, many small to medium indus-
trial complexes have been established in scattered areas of south China and
around the large industrial complexes. Although the Chinese will continue to
try to disperse industries, about 20 established centers, mostly in the north
and almost all in the eastern third of the country, will still be dominant.
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TECHNICAL LEVEL

Technologic achievements for Chinese mineral industries have been uneven.

Generally for larger and newer facilities, basic engineering is good, but
there is room for increased mechanization. Medium and small facilities tend

to be not too efficient, but these serve local needs. The best of the lesser

plants are expanded into more conventional operations, and others are even-

tually shut down. Some older mines and plants have been enlarged somewhat

haphazardly because of the uncertainty of development plans. The Chinese work

through design institutes, and workers play an important role in efforts to

improve technology. Practical experience is stressed for technicians and

students.

China has some of the world's largest and well-designed coal mines
(including a few hydraulic mines), although excavators for open pits are
usually on the small side (and powered by electricity) and continuous miners
and loaders are seldom used underground. However, there is recent interest in
large shovels (fig. 7) for coal and iron mines. Much work has been done in
coal preparation with considerable success. Tach'ing employs the best in
Chinese oil technology. Exploration, drilling, and production control are
good, but equipment is not the most advanced. PRC is learning about offshore
technology and has reasonably good knowledge about pipelines. Chinese petro-
leum refineries are efficient but deficient in petrochemical production. The
larger fertilizer and cement plants are well designed, whereas many smaller
ones are just not the type used in other countries.

t- *I
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FIGURE 7. - One type of large U.S. shovel sold to the People's Republic of China.
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FIGURE 8. - Chinese women working in all phases of the oil industry.
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Large iron mines are reasonably efficient, whereas small ones are crude.

Beneficiation practices have been vastly improved, and high-grade concentrates
are now often produced. Considering its age, the Anshan steel complex is per-

forming well; however, open hearths are prevalent, and fabrication facilities

are somewhat obsolete. The new blast furnace built shows significant gains in

technical know-how in this area. Various newer steel plants have better equip-

ment but are not as large as Anshan. There is great interest in oxygen-
generating equipment and small basic oxygen furnaces (BOFs). A large BOF has
been built in Shanghai recently. Nonferrous mines are generally small and
wasteful, often working on low-grade ores. China does not seem to have devel-
oped porphyry copper supposedly found a few years back. Two of the larger
smelters and refineries--Shenyang and Shanghai--are of older design. The
Chinese are interested in Japanese copper technology. An Imperial Smelting

Process lead-zinc plant has been erected in Shaokuan, Kwangtung. The Chinese

know tin, tungsten, and antimony technology fairly well because of the long
history of extraction and knowledge of small-scale operations.

Chinese workers are by tradition diligent, conscientious, hard working,
and now disciplined, and therefore, are a great asset to PRC's program of

industrial and mineral development. A whole new working force has been
trained in the last two decades around the many mines and factories that have

been developed. Students and other future technical managers are getting prac-
tical experience, and the workers also have an opportunity to learn about tech-

nology and management. Another interesting aspect of the Chinese industrial
work force is that so many women are employed. For example, one out of three
workers in the oilfields is a woman (fig. 8). In developing the Szechuan

natural gasfields, a woman's drilling team has often been cited for excellence

in performance.

DEVELOPMENT POLICY

PRC's basic resource and industrial development policy has not changed
greatly in recent years; the central theme is the development of industry in
support of agriculture with due consideration to national security. The
latest "three-in-one" drive is but a new tactic to get the Cadre more involved

in operations so as to spur production. Much more important are the basic
policies of 'building from within" to develop self-reliance, "walking on two

legs" to stress small as well as large industries, dispersing industries or
decentralizing for national security reasons, and an economizing, waste not
policy, which is basic in Chinese thinking. The Chinese are also funda-

mentally systematic and pragmatic. That is why they start with resources as

the first step in economic development, and start with geology and exploration
as the first step in determining available resources. The Chinese have also
done good work in making basic and simple types of industrial equipment.

Pragmatism brings forth "humility towards knowledge," "learning from experi-
ence," breakthroughs in technological know-how, and changing tactics to
accommodate new needs. Having had only short-lived Soviet technical assist-
ance, the Chinese would like to do things themselves, and of course, this
conflicts with getting outside aid. Again, pragmatism may help find workable

formulas to get such aid without intricate financial involvement. Because of
the balance-of-payments difficulties, the Chinese have been comprising
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somewhat on payment methods in acquiring essential imports and industrial

plants and equipment.

PRC utilizes the design institutes to plan and construct, the mines and
combines to help execute the industrial programs, the technical conferences to
exchange and disseminate information countrywide, the schools to test and pro-
duce things as well as teach and learn, the concept of competition among work-
ing groups to spur the worker, the ideas of the workers in technical manage-
ment, and established industrial complexes to help develop new centers. These
are all parts of a practical approach toward industrial development. Yet the
Chinese hardly ignore more theoretical undertakings, as evidenced by the
achievements in nuclear science, missiles, and computers.

Geology bridges science and technology, and the Chinese seem to do rather
well in the basic aspects, such as prospecting and drilling. They show great
thoroughness in drilling out oilfields, gasfields, and coalfields before
development and extraction. The Chinese completed a national magnetic survey

in 1973. The New China News Agency on December 23, 1974, described geological
exploration:

"Hundreds of geological teams composed of tens of thousands of
geologists and hundreds of thousands of workers and staff members
are now engaged in regional geological surveys, searches and pros-
pecting of mineral ores, petrogeology and hydrogeology, engineering
geology and geophysical prospecting....New China has set up a dozen
or more geological institutes and schools and geological departments
as a dozen universities. The number of worker-peasant-soldier stu-
dents enrolled in geology this year is the biggest since the begin-

ning of the cultural revolution.... China attaches great importance
to mobilizing the masses, the peasants in particular, to report ore
deposits and outcroppings....Many big deposits were found by the

masses and verified by geologists....Many counties, people's com-
munes and brigades have set up groups to collect leads on under-
ground minerals. Many production teams have people in charge of
this work. People look for mineral deposits while they build water-

control projects, railways, roads and farmland improvement projects
and plant trees. During slack farming seasons, people are organized
to search for minerals in the mountains. The geologists often go to

the villages to spread knowledge of how to identify various ores....
New China has set up a dozen large factories manufacturing such
equipment and instruments. Many medium-sized and small ones have
also been set up. The Chinese geological force is being equipped
with modern means for prospecting from the air, the sea, the land
surface and underground. The geological departments have over 400
times as many drilling machines as in the early post-liberation
years."

In coal, the policy will continue to be (1) to develop more production in
widespread areas where coal has not been produced or used too much in the
past, such as in the south and in the northwest; (2) to produce more coal in

tributory districts around existing mining combines; (3) to maintain and
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streamline production in most of the existing major coalfields, and (4) to

expand production greatly in other major coalfields with particularly good

potential, such as Tatung in Shansi and Kailan in Hopeh. The thrust in coal

preparation has now been successfully concluded. A policy decision must soon

be made regarding the development of special projects for export of coal to

Japan. With strong oil and gas industries to complement coal, many regional

and local energy production and utilization decisions must soon be made.

In oil and gas, the policy is evolving according to the dynamics of sharp
output growth. In addition to Tach'ing, Shengli, and Takang, two more large
fields may soon come into being. Urgent decisions must be made regarding

priorities in drilling and development, refineries, petrochemicals, pipelines,
ports, manufacture and importation of oil equipment, offshore matters, quality

controls, and export terms, not to speak of utilization and sale of large
quantities of natural gas. An exciting prospect is how to best make use of
increasing quantities of oil and gas in the domestic economy. Overall, the

policy may be to continue to search for and develop new fields, explore more
around established fields, keep refining and consumption close to the output

minus crude export level (but products would be sold too), and expand exports
as much as possible to earn the foreign exchange essential for
industrialization.

In steel, the policy seems to be to increase the size of existing large

steelworks, with special emphasis on Wuhan, where the newly purchased foreign

rolling mills will be installed. Construction of additional large steelworks

may start in the late 1970's. Meanwhile, more oxygen converters and larger
ones will be used, along with electric furnaces, while operations on the
existing open hearths are improved. The iron ore and coking coal supply prob-
lem seems to have been solved, with good-quality materials now charged to the

blast furnaces. Medium-sized and local steelworks are being expanded, but the
extremely small furnaces are really not being included in the plans for
expansion.

Development policy in nonferrous metals seems rather blurred. A big push

for developing large base metal mines and plants to meet the mounting demand
for copper and aluminum especially is needed, but few signs of significant
action are known. This may, however, start in the next 5-year plan. 'Export

metals" presumably will be further streamlined and expanded somewhat so as to
earn foreign exchange.

Activities in the cement and fertilizer industries point up the policies
of supporting agriculture, "walking on two legs," and decentralization. The
principal effort in these two industries during recent years has been to con-
struct thousands of small plants around the country in areas of difficult
access and where large plants cannot serve, as components of small industrial

complexes along with other facilities like coal, foundries, machine shops, and
electric power units. Production from small plants has now become a substan-
tial part of national production. Nor have large plants been ignored, as evi-
denced by the 13 large ammonia-urea complexes purchased from abroad in recent
years and Chinese negotiations with France in 1974 to buy a large cement
plant.
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INTERNATIONAL ASPECTS

Despite eagerness to deal more with foreigners, China reportedly wants no

part of industrial joint ventures with advanced countries at this point in

time. Joint activity with the U.S.S.R. in constructing industrial plants that
ended abruptly over a decade ago when the Soviets withdrew aid has made China

most cautious. Since that time,' capability for industrial development has
been strengthened through 'building from within." However, China now has the
need to acquire international technical know-how and sophisticated foreign
equipment and plants in order to accelerate industrial growth. Accordingly,
many exchange visits and purchase missions have been dispatched abroad.

China has been particularly interested in packaged industrial plants
(plus extra spare parts) in order to cut down on foreign dependence. PRC's
record of purchases of foreign industrial plants and major components during

1973 to September 1974 are shown in detail on pages 712 to 729 of a U.S. 94th
Congress Joint Economic Committee report entitled 'China: A Reassessment of
the Economy" published July 10, 1975. Major categories listed are iron and

steel plants; powerplants; petroleum exploration and extraction plants; petro-
leum refining, petrochemical, and synthetic fiber plants; chemical fertilizer
plants; and other plants. The 13 fertilizer plants purchased during 1972-73
and the 2 latest steel plants purchased in 1974 have been mentioned later in
this report. Interested parties should refer to the aforementioned source.

PRC's 1974 complete plant purchases totaled on the order of $1.3 billion.

Examples of what China is interested in specifically in the mineral and
metal fields include continuous casting steel plants, pipe and tubing plants,
large hot and cold strip mills, the best in sheet and plating plants, ammonia-
urea fertilizer plants, complex fertilizer plants, onshore drilling equipment,

offshore drilling equipment and supply vessels, all kinds of petroleum deriva-
tive or petrochemical plants, oxygen plants, large cement plants, thermal
powerplants, excavators, blast-hole drills (fig. 9), dredging equipment, min-
ing bits, trucks, bulldozers, conveyor belts, and nonferrous metal plants.

The Chinese have exchanged technical visits with many countries with

growing frequency, particularly in the natural resources and power areas.

China's closest relationship is clearly with Japan; in the last 3 years,

either one-way or two-way visits have been arranged in the fields of oil,
steel, power, chemicals, fertilizers, and heavy industry in general. This is
why the Japanese now seem to know the Chinese basic industry, particularly oil,
better than other nationals. The most significant recent Japanese mission
trip occurred in the second half of July 1975 when 30 leading businessmen,
headed by the president of the Nippon Steel Corp., visited China, to be fol-
lowed again by visiting oil men. The Canadians have exchanged visits with PRC
in minerals, petroleum, and electric power. The Australians have visited
industrial plants in China. The Chinese have sent technical missions to
France, Iran, and Iraq in recent years. Various U.S. individuals have visited
China, but few were able to see much of Chinese natural resources industries.
Several qualified oil and chemical people have been to China. An American oil
team is hoping to go there later in 1975. A few technical groups of Chinese
have come through the United States under the National Academy of Sciences.
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FIGURE 9. -Type of U.S. blast hole drills recently sold to the People's Republic of China.

Five PRC representatives are scheduled to attend the 16th International Con-
ference of Coal Mine Safety Research in Washington, September 22-26, 1975,
sponsored by the Federal Bureau of Mines.

COAL AND POWER

Coal

Resources and Production

China is one of the richest coal countries in the world. Although spe-
cific reserves have not been published by the PRC, despite very extensive
drilling in recent years, China would compare favorably with the United States,
the U.S.S.R., and Canada in this regard. Most of the large coal basins are
located in Northeast China, North China, North-Central China, and the eastern

part of Northwest China. In fact, important portions of many provinces are
underlain with easily minable, fairly flat and thick, and reasonably good
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quality coal. In recent years, workable reserves of coal have been found in

many parts of the south and southwest also. Whatever the actual tonnages, it

can be safely said that China's coal potential can easily support an annual

output of say a billion tons for many hundreds if not a thousand years.

According to the New China News Agency of April 5, 1975, PRC coal mines

did well in the first quarter of 1975. Coal output and tunneling footage

reportedly were 6 and 4 percent higher, respectively, than the first quarter

of 1974. During this quarter, total coal output from the country's 82 major

coal mines (fig. 4) was said to be more than 2 million tons higher than the

first quarter of 1974.

According to the New China News Agency of April 5, 1975, coal production

in several areas exceeded expectations. "Since the beginning of this year,
such major mining combines (or bureaus) as Kailuan, Tatung, Yangchuan,
Pingtingshan, Fushun, Fuhsin, Penchi, Peipiao, Tzupo, Chihsi, Shuangyashan,
Ima, Tunghua, Yaochieh have overfulfilled state production plans every month.

Major coal producing provinces such as Shansi, Hopeh, Liaoning and Honan as

well as Kirin and Kansu Provinces and the Inner Mongolia Autonomous Region

have also recorded high and steady coal output." Almost all of the mines

noted in the preceding quotation were subsequently mentioned as having

achieved output goals from the first half of 1975.

Although there were no national claims for 1974 as a whole, the Chinese

coal industry apparently more than held its own, although gains may have been
less than in 1973. One might guess that growth was less than 5 percent. Coal

output in 1974 may have been about 450 million metric tons (a part of this is
mine-run coal), enabling China to firmly hold on to its position within the
"world's big three" after the United States and the U.S.S.R. There were, how-
ever, many individual claims of plan fulfillment for the larger mining bureaus
or combines and the major provinces. In fact, individual claims cover more

than two-thirds of the estimated national coal production.

Role of Small Mines

China has long since shattered the myth that South China does not have
coal because production in this part of the country has been steadily rising
and new deposits are constantly found. Coal production from similar small to

medium mines in the northwest and other relatively inaccessible areas has been

increasing too. There are also many small coal mines around the big mines
that are tributary in nature. These small mines of, say, 100 to 1,000 tons of
coal per day, operate at varying degrees of efficiency and at different cost
levels but always serve local industrial complexes and agricultural communi-
ties and help to keep industry dispersed and compensate for the lack of ade-
quate transportation. So-called small coal mines are often either expanded or
disbanded in due time because of availability of reserves and general justifi-
cation. Even small mines can have good engineering.

The New China News Agency of October 23, 1974, gave the last good general
account of the small-mine situation. In 1973, small coal mines were said to
have accounted for about 28 percent of China's total coal produced (roughly
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430 million tons), and output in that year was 3.2 times the 1965 level. Dur-

ing the first 8 months of 1974, small coal mines achieved 68 percent of their

full year production target, which was higher than the 1973 target. Coal

shipments from the large mines in the north to South China have been cut down.

Output increases from small mines in Hunan, Kwangtung, Fukien, Kwangsi, and

Szechuan were particularly striking. The same is true for some provinces in

the northwest such as Ninghsia and Kansu. Development of small coal mines

within the major coal-producing provinces of the north has also been rapid.

For example, more than half the counties of Hopeh Province now have small coal

mines, and Honan Province's small mine coal production in 1973 was more than

four times the 1966 level. The development of small mines has served as a

catalyst in the development of other local industries, such as powerplants,

metal plants and workshops, fertilizer plants, cement plants, and machinery
plants. Building small coal mines is one of the best examples of the PRC

national policy of "walking on two legs."

Extraction and Preparation

Of course, large mines will continue to be of overriding importance, and
the leading ones will be described in detail subsequently. Some things being

done technically are worth noting. The Chinese are now very proficient in

exploring and planning, in sinking mine shafts, and in developing new coal

mines in general. They are particularly good in longwall mining and are
familiar with room-and-pillar mining as modified with less and smaller mecha-

nized equipment. Working steep and undulating seams has become rather famil-
iar to the Chinese, and some concepts of utilizing gravity for mining seems
original. Hydraulic mining has been employed more than a decade ago, and
present production may be 3 million tons annually. Use of conveyor belts has
greatly increased. The PRC has placed great emphasis in coal mine safety.

The Chinese are anxious to learn more about modern open pit mining, both small

scale and large scale, as evidenced by their recent purchase of Bucyrus Erie
shovels from the United States.

A significant push in recent years has been in coal preparation. As

China moved ahead in industrialization, the need for improving coal quality

was accentuated. This was true for both the larger coal mines and the smaller

ones. In any case, beginning about 10 years ago, many coal washers have been

built, no doubt at most of the larger coal mines and many medium and smaller
ones as well. This is the kind of not-too-difficult and rather systemic tech-

nology that the Chinese can and have mastered very well. Chinese literature

usually talks about raw coal and washed coal, although basic output data are
only mentioned from time to time.

The Chinese are quite conscious about the utilization and preparation of
different types of coal, such as the anthracite of Peking, the lean coal of
Hopi, the fat coal of Kailan, the coking coal of Pingtingshan, the lignite of
Liaoyuan, the long-flame coal of Tatung, and the gas coal of Fushun and
Shuangyashan.
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Coking Coal and Exports

Another reason spurring the Chinese to improve coal quality is the need

to supply suitable coking coal to the steel plants. Stabilization of raw

materials is, of course, basic to steady output of iron and steel. Cleaning
of coal to get rid of some ash always improves quality up to a point, after

which it becomes the matter of intrinsic characteristics. Chinese coking
coals seem generally to be of good strength but only medium in ash content
(rather than low in ash, as in U.S. coking coals). Quantitatively, China not

only has rich resources of coal but undoubtedly also has large tonnages of cok-

ing coal. However, Chinese coking coal is not well known since there has not
been urgent need to delineate too many specific deposits, say, a decade ago.

The very fact that Kailan--China's leading coal combine--has much coking coal
and is part of a large acreage of coalbeds extending to the sea in Hopeh

Province speaks well about the national potential. Tatung is in the middle of

literally the whole coal province of Shansi with surely -considerable coking

coal or other bituminous coals suitable for blending. Pingtingshan in Honan
Province is in another general area with substantial coal resources, and
Huainan in Anhwei has coking coal also. Various places in Manchuria supply

coking coal to the Anshan steel complex including Hokang. Ninghsia has good
coking coal. Many places down south have at least weakly coking coal. At the

present time, coking coal substitutes can be made and used and various coals

can be blended so that China should not want for coking coal, if plans are
made ahead of time enough to meet specific objectives.

Coking coal is also the type of coal most talked about in terms of

exports to Japan and elsewhere, although some steam coal is sold to Hong Kong.
Lately, the Japanese have also become interested in good steam coal in general,

which surely China already has. However, the problem is similar to that with

coking coal in terms of developing a necessary new supply, together with the
transportation and marketing arrangements, for a specific market like Japan.

In other words, in the opinion of the writer, one or more new multimillion-ton-

per-year coal bases must be specifically developed for definite potential
export markets, along with possibly a port. Existing Chinese coal centers
already seem to have tied up markets, and therefore, no surplus exists for

export. In selling coking coal to Japan, prices should be lower than that of
U.S. coal because of the marked differences in quality. Conceivably, China
can export 5 to 10 million tons of coal yearly with a lead time of 5 to 10
years.

Substantial Domestic Markets

Most Chinese coal is consumed within the country since exports are small.

The fact that so much is'used is an indication of the magnitude of the coun-

try's industrial activity. Nonetheless, household use of coal is a big factor
although percentage-wise much less than before. Most likely, more than 100
million tons are used for heating and other household purposes in 1974. The
collieries themselves use perhaps 20 million tons for various energy generat-
ing purposes. Transportation required 30 to 40 million tons, mainly for use
by railways. All other industries could consume as much as 250 to 300 million

tons annually with agriculture using coal indirectly in the form of energy,
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cement, and fertilizers. Estimated annual coal consumption by some of the
major industrial consumers is as follows, in million metric tons: Iron and
steel, 80 to 90; power, 50 to 60; fertilizers, indirect--from carbonization;

cement, 10; and metal works, 10. There are regional patterns of consumption
and shortages and surpluses in different areas. Following the PRC doctrine of

conservation, drives to save coal do not necessarily mean actual shortages.

Review of Major Mines

The first point to make is that Chinese coal mines are large by world

standards. The unit is a "coal mining bureau" (or administration or combine),
which can have several to a dozen individual mines. There are at least eight
mining bureaus that produce between 10 and 20-odd million metric tons of coal
annually, with Kailan in Hopeh heading the list, followed by Tatung in Shansi,
Fuhsin and Fushun in Liaoning, with more than 15 million tons annually, and
then Huainan in Anhwei, Hokang and Chihsi in Heilungkiang, and Pingtingshan in
Honan. Fengfeng in Hopeh, Hsuchow in Kiangsu, Peking, Yangchuan in Shansi,
Tzupo in Shantung, Shuangyashan in Heilungkiang, and Huaipei in Anhwei are
among the ones producing between 5 and 9 million tons annually. Included

among the mines with a capacity of 2 to 4 million tons annually are Chiaotso
in Honan, Pench'i in Liaoning, Tsaochuang in Shantung, Feicheng in Shantung,

Hopi in Honan, Chinghsing in Hopeh, Pinghsiang in Kiangsi, Peipiao in Liaoning,
Ima in Honan, Tunghua in Kirin, Shihchuaishan of Ninghsia, Yaochieh of Kansu,

Hsian in Liaoning, and Fenhsi of Shansi. There are about 60 other coal mining
bureaus, producing half million to 2 million tons of coal annually, which PRC

includes as major coal mines. Two mining districts in particular, Peking and
Yangchuan, and half a dozen others together produce more than 20 million
metric tons of anthracite annually, which makes China one of the world's lead-

ing producers of anthracite.

Approximately 60 new coal mine shafts were placed in production during

1974. Since any pair of shafts can produce, say, 300,000 to 600,000 tons
annually, about 10 to 15 million tons of annual capacity was added during the
year. Some specific developments deserve mention here. The Nantun coal mine

in Shantung was expanded to 1.5 million metric tons. The Shihchuaishan mine
of Ningsia became one of China's major producers of coking coal and anthracite.
The Yungting Bureau of Fukien put in a new pit of 300,000 tons. A 600,000-ton

open pit operation was added at the Yaochieh Mining Bureau in Kansu. Peipiao
colliery in Liaoning placed the Taichi 600,000-ton, vertical shaft, under-
ground mine in operation. In Heilungkiang, the Hsiangyashan Coal Mining

Bureau installed a 600,000-ton pit at Tsi Hsien. The Lukou mine in Honan,
rated at 600,000 tons, was brought into production. A3-million-ton mine called

Yun Kang near Tatung (Shansi) began operations. The Tunghua Bureau in Kirin

brought the 150,000-ton coking coal shaft into operation. The Fenhsi Bureau

opened the 1.2-million-ton Kaoyang pit to produce coking coal. The large
opencut mine called Tafeng in Ningsia was started. Kweichow installed a 1.2-
million-ton pit, location unknown. The small Luan Combine in Shansi has been

built up to 700,000 tons annually. Chalainol Bureau placed a 300,000-ton pit
in operation at the Tayen No. 2 mine. Up to a dozen pits of 150,000 to
200,000 tons were added, mostly in Fukien, Kwangtung, Szechuan, Kirin, and
Kiangsu Provinces.
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Kailan (Kailuan)

Kailan located east of Tientsin has become China's largest coal center
with output surpassing 20 million tons annually. Part of its bituminous coal
is coking coal. Output has increased by an average of more than a million
tons each year since 1966. Production of raw coal in 1974 reportedly was 2.9
million tons higher than that in 1973. By 1974, at least four of the seven
mines had doubled their 1969 designed capacity. The output of the Linhsi mine
was reported at 4.6 million tons in 1974. The Chaokechuang mine established a
daily output record of 25,000 tons during 1974. One of the work faces at the
Fankechuang mine produced the national record of 100,000 tons of coal for
medium-thick seams. The output of the Machiakou mine in 1973 was said to be
1.8 million tons. The capacity of the dressing plant at the Tangshan mine was
raised 1.8 million tons in 1974. The Tangchiachuang mine may have produced
about 2.8 million tons in 1974. Kailan is also the country's foremost coal
exporters, although the quantities are not large.

Tatung

Shansi Province, headed by the Tatung Coal Bureau and the Yangchuan Coal

Bureau, produced about one-sixth of China's coal output or more than 50 mil-
lion tons annually in recent years. During the first half of 1975, Shansi's

output reportedly gained 9.8 percent over the first half of 1974. Tatung must
be producing close to 20 million tons each year. Its output in 1974 was above

target and 70 percent more than in 1965. During 1966-74, raw coal output grew
at an average annual rate of 1.2 million tons. To boost production further, a
10-year, long-range plan was put into effect in September 1974, according to

New China News Agency of May 17, 1975: 'On completion of this plan, the

Bureau coal output is expected to increase 3-fold." Some of the mines under

Tatung are Yukou, Meiyukou, Szulaokou, Yungting, and Yunkang.

Yangchuan

Yangchuan, like Tatung, fulfilled its 1974 state production plan about 40
days ahead of schedule. Coal output was about 17 percent higher than that in
1973. The biggest anthracite producer in China, Yangchuan, located in Shansi,
registered another output increase of roughly 11 percent during the first half

of 1975, as compared with the first half of 1974. State plan calls for an
increase of 900,000 tons in 1974 over 1974 production, whereas workers pledged
an increase of 1,700,000 tons. Yangchuan's actual production of anthracite
appears to be on the high side of the range from 5 to 9 million metric tons

per year. There are 12 pairs of mine shafts, or 4 to 6 mines.

Fushun

Fushun Coal Bureau, north of Anshan and east of Shenyang in Liaoning,
reportedly exceeded both its 1974 and first half 1975 production targets.
However, output may have declined somewhat in recent years, to possibly 16
million tons of raw coal and 12 million tons of clean coal in 1974, because of
increased difficulties in mining. Fushun (fig. 10) has gone more and more
underground after having initially concentrated on the surface. The
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FIGURE 10 Fushun coal mine and industrial complex.

bituminous coal strata are 40 to 130 meters thick, overlain by 80 to 150
meters of oil shale, and dipping 250 to 300. The main pit is 6.5 kilometers
long, 1.5 to 2.5 kilometers wide, and possibly 350 meters deep now. Shovels
are electric, and there are 450 kilometers of electric railways. Heavy media
plants clean the coal to 6 to 10 percent ash at 75 percent recovery. The old
pit is called Hungwei, and the first underground mine is called Hungchi. A
new mine--Sheng li--is rated at 2 million tons of raw coal. Shale oil is
retorted, coal middlings and shaley coal are burned for steam and power, and
spent shale is used for making cement.

Fuhsin

This coal combine located southwest of Shenyang in Liaoning is on the

upswing in production because of the discovery of extensive new reserves in
the early 1970's. Quotas were met in 1974 and 1975. The highest reported
daily output of mine-run coal has been 93,000 tons, which would suggest an
annual production of 15 to 20 million tons of cleaned coal. The old standby
Haichou open pit reportedly produced 3.7 million tons of coal in 1973. Fushin
has a newer pit called Hsinchiu and an underground operation called Pingan.
These two mines have been steadily increasing output in recent years.



24

Pench'i and Peipiao

These two Liaoning Province coal combines, although both somewhat smaller

than 5 million tons per annum, are well known in their way. Pench'i has good
coking coal and a medium-sized steel center locally. Peipiao recently con-
structed a pair of nearly 1,000-meter vertical shafts, deepest in China, at

the new Taichi mine designed fQr 600,000 tons annually. This should give

Peipiao new life as it goes after reserves at below 500 meters. Peipiao

reportedly fulfilled first half 1975 production quota.

Huainan and Huaipei

These two combines in Anhwei Province together produced 17 to 20-odd

million tons of coal annually. Huainan, more to the south, and with 11 coal
mines, has been in operation 60 years. It is about twice the size of Huaipei.

Huainan has new life again after going downhill for some years because of

underground heat, greater depths, and generally difficult mining conditions.
An old mine, Tatung, which was ready to be abandoned, has been used as an

example to rejuvenate the combine. Much has been written about how the output
of the Tatung mine has been stabilized at a half million tons yearly. As coal
production increased, Huainan concentrated its efforts on facilitating trans-

port to Shanghai and elsewhere. This combine was cited as meeting its produc-
tion target in first half of 1975. Some Huainan coal is coking coal.

Huaipei is a new large coal base with 10 modern shaft mines and a large

coal beneficiation plant (figs. 11-12). It is also a thriving city because of
the coalfield, which extends over 100 square kilometers. Production has gone

up 20 percent annually since 1968, and its development is not yet completed.

Chihsi, Hokang, and Shuangyashan

These are the three largest coal combines located near Harbin in

Heilungkiang Province, which together produce about 30 million tons of coal
annually, with Shuangyushan about half the size of the other two. All three
are reportedly doing well. Chihsi has nine mines or collieries (Tunghai,

Changhsing, Mashan, Tatungkou, Hengshan, Muling, Chengtzuho, Pingkang, and
Titao) and 25 shafts. Hokang recently installed a pair of new shafts at the

Suli mine rated at 1.4 million tons, and Shuangyashan placed a new coal mine
of 600,000 tons per year called Chihsing in operation. Hokang has at least
four other mines--Hungwei, Hungchi, Yaochin, and Chunli. Shuangyashan was
cited as more than meeting quota in the first half of 1975, despite running
into a major fault zone during operations. At least Hokang coal is of coking
quality.

Pingtingshan

This fairly new combine in Honan Province with its famous coking coal is
continuing to expand. It now has 13 mines or collieries and about 70 produc-
tion teams. A pair of shafts of 900,000-ton combined capacity is one of the

latest additions to the Tachuang mine. Pingtingshan's No. 1 mine is said to

be a 1.5 million tonner, and No. 2 mine probably at least 600,000 tons per
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FIGURE 11. - New coal base in East China-Huaipei.

FIGURE 12. - Yangchuang coal mine in the Huaipei coalfield, Anhwei.

year. The No. 4 mine, Kaochuang colliery, and the No. 10 mines are said to be

"advanced" large mines. Pingtingshan has continually been cited as an excel-

lent performer. Reportedly, it fulfilled the quotas for the first half of

1975 14 days ahead of schedule. This coal base is very vital to all the steel

plants in north-central China.

Hopi, Ima, and Chiaotso

The first two Honan combines, Hopi and Ima, are new, and Chiaotso has had

a long history. All three are about the same size, with Hopi possibly heading

for 5 million tons annually and Ima quoted as more than 3 million tons. Hopi

reportedly met its 1974 quota 28 days ahead of schedule and produced approxi-

mately 30 percent more than that in 1973, according to Jen-Min Jih-Pao of
March 4, 1975, page 2. There seem to be nine mines. The No. 9 mine may be

producing only 150,000 tons, whereas the No. 8 mine of Hopi with newly

installed conveyor belts was producing over 800,000 tons per year.
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The Ima combine reportedly completed its 1974 state plan 51 days ahead of
schedule, despite the fact that two of its five mines suspended production
during August-December 1974 to facilitate capital construction and engineering
readjustments. Output in the first 10 months of 1974 was said to be 17 per-

cent higher than that in the same period in 1973. Chiaotao was said to be
producing at about one-third above designed capacity, and output in 1973 was
110,000 tons more than in 1972. Its Wengfeng mine achieved its first half
1975 target 49 days ahead of schedule.

Tzupo and Feicheng

These combines contributed significantly to the economy of Shantung

Province. Tzupo, with 10 mines and 23 pair of shafts, reported a daily produc-
tion record of 13,600 tons in late September 1974. In recent years, this com-

bine has helped build small ironworks, cement plants, dynamite plants, and

kilns to supply necessary materials to Tzupo itself. The Feicheng combine
covering an area of 80 square kilometers has been producing about 4 million
tons annually. One of the Feicheng mines is called Tafeng.

Electric Power

The electric power capacity of the People's Republic of China has under-
gone significant growth in recent years, although the total is still less than
one-tenth of the U.S. capacity. A further spurt can be expected with the
rapid development of the oil and gas industry. Potential hydropower is in the

range of 1/2 billion to 1 billion kilowatts, but installed capacity probably
is only 7 to 8 million kilowatts. The Chinese view large-scale water power as

capital intensive, difficult and time consuming to build, and usually an
adjunct to irrigation and flood control. At Liuchiahsia in the upper reaches
of the Yellow River, a 534-kilometer, 330-kilovolt transmission line of
420,000-kilowatt capacity was recently completed to Tienshui in Kansu Province.
Liuchiahsia, with five China-made large hydraulic turbines and 1.2-million-

kilowatt combined capacity, is the country's foremost hydroproject.
Hsinanchiang in Chekiang is another large hydroelectric center. There may be
about half a dozen projects in the range from 200,000 to 700,000 kilowatts.
The largest hydroelectric generator is 300,000 kilowatts, as compared with

125,000 to 200,000 kilowatts for thermal units. During the 1970's, the
Chinese have also built many medium-sized hydroplants and probably more than
60,000 small hydroplants around the country to support scattered local indus-
tries, particularly in South and Southwest China.

The electrification program is even more noticeable in the thermal gener-
ating area, since it has been the policy to maintain a 4:1 ratio over hydro

capacity. By far the most important fuel is coal, although increasing number

of units are being equipped with fuel oil burners as well. Most big cities,
industrial centers, coal mines, and oilfields and refineries have medium to
large thermal plants. However, there are also tens of thousands of medium to

small thermal plants supporting small towns and local industries. Chinese
know-how in building the simpler types of electrical equipment and plants has
improved to an extent that they are totally capable of expanding overall

capacity considerably to meet the needs of the growing industry and



27

agricultural base. PRC's thermal capacity is probably on the order of 25 to

30 million kilowatts. A very significant recent development is the emphasis

on purchasing gas-turbine generating units from countries like Canada and

Japan, which reflects the country's emergence as a significant natural gas
producer.

Nuclear Activities

The PRC exploded its 16th and latest nuclear device, one of 200-kiloton
to 1 megaton size, on June 17, 1974, near Lop Nor, Sinkiang Province. It was

tested in the atmosphere and was medium in range. The Far Eastern Economic

Review (Hong Kong) of May 6, 1974, page 34, has a good short review of the
first 15 Chinese nuclear tests. The conclusion then was that PRC had 15 to 20

units with a range of 1,500 to 2,500 miles, about 50 with a range of 1,500
miles, and an unknown small number with a range of 3,500 miles. Under devel-
opment was an intercontinental ballistic missile with a range of over 6,000

miles. PRC has aircraft, land- and sea-based missiles, including about 600

delivery aircraft designed for this specific purpose. Most of the recent

tests were of fusion (hydrogen) devices, and several were 3 megatons in size.
The fissionable material used recently apparently was uranium-235 rather than

plutonium.

Czech scientists who have assisted the Chinese in the beneficiation and
processing of uranium materials believe that nuclear research in China has
attained world levels. As far back as 1966, the Chinese were said to be work-

ing out a production process for the hydrogen bomb. According to the Czechs

(Prague Home Service of December 28, 1973), the Chinese started to use
lithium-7, an easily procurable and cheap mineral occurring in Sinkiang and

the Upper Altai, to produce a thermonuclear fuel for detonation of atomic
bombs. These bombs create the deuterium and tritium that are.necessary for

the thermonuclear reaction. In other words, the bomb produces its own fuel,
enabling the Chinese to do away with expensive efforts to separate isotopes in
a factory. Foreign experts feel that the mobilization and concentration of
scientists, the dispensing with excessive safety measures and equipment, low
salaries, and plentiful raw materials are factors contributing to the Chinese

success.

Some uranium ore extracted recently came from Chuannan in Kiangsi and

Weiyuan in Kwangtung. At least part of this ore was at one time processed in
Eastern Europe and returned. Uranium and other radioactive mineral occur-

rences have also been reported for Sinkiang, Manchuria, Inner Mongolia,
Tsinghai, and Southwest China. Most likely, China can delineate more than
adequate resources to support a substantial nuclear power industry. Mean-
while, it is interesting to note that Gabon, the second-ranking uranium pro-
ducer in Africa, recently offered to sell uranium ore to the PRC in exchange
for Chinese financial and technical aid for major agricultural and other
national projects in Gabon.

The Chinese have become very interested in nuclear power generation
because of rapidly growing needs for electricity in industry. As far back as
October 1972, a Chinese industrial survey team composed mainly of power and
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nuclear specialists visited Japan to investigate Japanese know-how and seek
possible technical ties. They also exchanged visits with the Canadians on
electric power in 1973 in which interest in nuclear power was expressed.

OIL AND GAS

Petroleum

Chinese oilfields are spread mainly east-west across the breadth of the
country in a curve starting from the Sung-liao Basin in the northeast, south
to the North China Plain, west to the Shensi and Szechuan Basins, through
Tsaidam, and finally to Sinkiang (fig. 4). Another belt of great potential

significance trending generally north-south is the offshore shallow seas from
the Pohai Gulf in the north through the Yellow Sea and East China Seas all the

way down to the South China Seas where oil showings have even been reported
near Canton. Despite the fact that basins in Kansu and Sinkiang were the
first ones developed, the Sung-liao Basin with the country's premier field
Taching has held the key to China's rapid rise in prominence with regard to
oil potential and production. As early as 1959, PRC officials in the Ministry
of Petroleum Industry made the following observation: "In the plain (Sung-
liao) there are deep, thick layers of sedimentary rock from the Mesozoic and
Cenozoic eras. The discovery of oil and sand strata is of great significance,
as vast stretches of the eastern part of China, including the North China
Plain and the Pohai Bay are of the same geological structure as the Sung-liao
Plain." Indeed, China's two other largest producing fields--Takang near
Tientsin and Shengli near the mouth of the Yellow River--were subsequently
discovered in line with this geological thinking. Tach'ing has been more than
a geological phenomenon, for it also served to refute the theory that China is

poor in oil and to demonstrate that success was achieved in the face of crip-
pling material shortages and harsh physical circumstances. Tach'ing was
adopted as a model for China's industrial development in 1964 and "emulate

Tach'ing" has become the most important single industrial slogan to spur the

worker on to greater production.

The Chinese oil story has been told many times in the last few years,

particularly in 1975. For example, the Joint Economic Committee of the 94th
U.S. Congress published "China--A Reassessment of the Economy" on July 10,

1975, wherein the Chinese petroleum industry was reviewed in detail on
pages 225 to 263. Another good short review appeared in the July 11, 1975,
issue of the Petroleum Times (London), pages 19-26, entitled "China's oil and
gas reserves and resources." In the August 11, 1975, issue of Oil and Gas

Journal (Tulsa), two good articles appeared: (1) Mainland China Gearing Up To
Boost Oil Exports (pp. 21-24), and (2) Chinese Oil Industry Image Changing
(pp. 110-112). The American petroleum geologist A. A. Meyerhoff published
various reports on the Chinese oil potential, based on data up to about 1970,
and he has been much quoted on reserves. An American oil delegation was
awaiting permission to enter China in late 1975. The Canadians have already
exchanged visits with the Chinese a few years ago.
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Output

The Japanese have visited China often and published many appraisals,

which in the beginning appeared overly optimistic but later proved to be sub-

stantially accurate. They have come out with outright statements that China

may become one of the world's "big-five" oil producers in the 1980's along
with the United States, the U.S.S.R., Saudi Arabia, and Iran. Signs are clear

that Chinese annual oil output will shortly top 100 million metric tons annu-

ally (for conversion of barrels per day to metric tons per year multiply by

50) and should in all probability top 200 million tons, which is about half of
what the Japanese are talking about as a maximum. Thus, China will assuredly

become at least a medium large world producer of oil and gas. In 1974, China

produced about 65 million metric tons of crude oil, or roughly three times the

1970 level.

Potential

The approximately one-fifth increase in oil output each year in the

1970's is but one indication of the promising future. Chinese onshore oil is

relatively shallow, usually only 1,000 to 3,000 meters in depth. Exploration
and drilling have been intensive, particularly aerial seismic work (including

"digital seismic multiple coverage") and detailed drilling by crews that can
average 8,000 to 9,000 meters a year nationally. After the success achieved

at Tach'ing, Shengli, and Takang, the Chinese are exploring other new areas

with equal zeal and going back to oilfields like the Dzungarian Basin of

Sinkiang for more carefully delineation. Some promising fields brought to

light include Pan-shan near the Liao River on the Pohai Gulf; I-tu, south of

Shengli in Shantung; Fuyu in the northeast; and Chien-Chiang in Central China.
According to a Japanese author writing in Takungpao of October 10, 1974,

page 2, "aside from Tach'ing Shengli, and Takang, the 9-23 field (probably
I-tu) in Shantung and the 5-7 field (could be Shahshih) in Hupeh being devel-
oped show great promise." Other specific recent finds have been reported,

such as a completely new large oilfield 100 "li" (either a kilometer or about
half a kilometer) away from the present Tach'ing field (see Takungpao, May 29,

1975, page 1), which should add greatly to Tach'ing's present capacity.

Virgin fields are carefully drilled and prepared with multizone exploita-
tion, fracturing, and waterflooding done in the early stages to insure a more
even flow for longer periods of time. Offshore oil in the north occurs in
fairly quiet and shallow waters; most of Pohai Gulf is at less than 500 feet

deep, and drilling and extraction so far have generally been less than 130
feet. The chances of finding many offshore oil-bearing structures seem

excellent. To spur production, the Chinese are also expediting construction

of pipelines, refineries, petrochemical facilities, and ports. They are even

thinking about exporting liquefied natural gas as soon as possible.

The January 1975 issue of the Japanese "Jetro Newsletter" estimated

deposits or reserves in the Pohai Gulf at 12 to 15 billion tons, roughly half
of which are considered exploitable, and there undoubtedly would be more fur-
ther south also. This compares with the 7.5 billion tons of crude oil esti-

mated to be onshore in China, of which 4.5 billion is considered to be
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exploitable. These figures may be only orders of magnitude but do show the

importance of offshore oil.

Offshore Exploration

China's offshore exploration so far has been heavily concentrated in the

Pohai Gulf (fig. 13). An overall survey has presumably been completed, and

work may be underway to exploit the reserves in as thorough a manner as pos-
sible. First drilling was done from rigs sited on concrete causeways built

out from the shore, but now special offshore equipment workable in deeper

waters are employed. Kantan (Explorer) No. 1 (fig. 14) is a floating vessel
that reportedly had sunk a successful well for deep water prospecting. An
article in the April 1975 issue of China Reconstructs, pages 36 and 37,
describes the ventures of Kantan No. 1:

"The Kantan (Prospector) No. 1, a floating drill ship for
marine geological prospecting, has successfully drilled a well for
deep water oil prospecting in the southern part of the Yellow Sea.
This is the first vessel of this type to be designed and built in

China. The trial operation in the Yellow Sea has provided the oil
industry with initial experience in this field.

'Marine geological prospecting is a new undertaking for China.
While some work in this field has been done in recent years, the

FIGURE 13. - Oil rig working in the Pohai Sea.



31

F-'

I \

-T /

1w

L

tiet

_ -

I, - .4
q a

-~ ~ .e' ,- -aiM ' w..- lir , r -{ -4

FIGURE 14. "Offshore exploration ship in Pohai and new gasfield in Szechuan.
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drilling equipment was on a fixed platform resting on piles in shal-

low or coastal seas, but not in deep waters.

"Testing of the ship was carried on in coordination with people
from the petroleum industry and other departments. The ship's hull

withstood without damage the test of 30-mile-an-hour gales with
gusts of over 40 miles an hour. The anchor system held the ship
over the well, ensuring uninterrupted normal operation. The func-

tioning of the drilling equipment, newly designed auxiliary appa-
ratus and special instruments proceeded without a hitch. The

underwater equipment was assembled on the seabed at the first
attempt.

'Nearly 100 units in Shanghai and other parts of the country
participated in the socialist cooperation to design and build a ves-

sel for deep-water work. The giant hull was constructed by joining

together two domestic-made cargo ships. The beams between the two

were welded while they were afloat, a job made difficult by the
surge of the tide. To find a solution, the workers made close

observations of tidal changes. They found that there was generally
relative calm around midnight, which provided a favorable opportun-

ity for doing the job. Concentrating all available forces, they
finally succeeded.

"Though some drillers, unaccustomed to life at sea, had trouble

eating and sleeping, they stuck it out. One night when a storm blew
up, the 20-meter-long drill collar suddenly worked itself loose and
fell on the derrick. This endangered the drill rig and the whole
ship. The workers rushed to the rescue, saved the derrick and

ensured that trial operation could continue."

An announcement on June 3, 1975, stated that a China-built jack-up rig

Pohai No. 1 had been operating in the gulf for 3 years. A secondhand
Japanese rig called Fuji was renamed Pohai No. 2. Apparently these rigs can

operate at 65 to 100 feet of water and drill to depths of 2,000 meters. Nego-
tiations for purchasing additional offshore rigs from Singapore and Japan have
also been reported. Peking has talked to Japanese firms about obtaining under-

water pipelines, supply boats, diving systems, survey vessels, and seismic
equipment. Late in 1974, the Chinese announced that they had begun drilling
in the Yellow Sea near Shanghai. Prospecting activity was reported around

Hainan Island. Thus, Peking clearly is moving ahead in its program to

exploit offshore oil.

Pipelines

PRC's first oil pipeline of unknown but small dimensions and 147 kilom-
eters in length was built in the 1950's to connect the Karamai oilfield with
the Tu-shan-tzu refinery in Sinkiang. This was only of local significance.
Szechuan Province has had a network of short pipelines to distribute its

natural gas (see "Natural Gas" section). It was not until December 28, 1974,
that the Takungpao came out with an announcement on the front page indicating
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that a 1,152-kilometer pipeline (seems to be 30 to 36 inches in diameter
according to photo, fig. 15) had been previously completed between the
Tach'ing oilfield and the port of Chinhuangtao on the Pohai Bay with a
parallel line in the north that terminated at Tiehling in Liaoning Province.

Construction started in late 1970, with the main line completed just before
October 1, 1973, and the parallel line completed a year later. The earth
removal work totaling 14 million cubic meters and covering Heilungkiang, Kirin
Liaoning, and Hopeh Provinces, plus the metal and concrete structures that had
to be built en route, did not prove to be overly difficult. However, several

hundred thousand tons of steel pipes were needed. Workers of machinery plants

in the four provinces undertook to manufacture six sets of pipemaking equip-

ment and build six special steel tubing plants for this purpose. Most of
3,700 pieces of equipment needed by the 19 pumping stations, including giant
motors, oil pumps, valves, and transformers, were produced by factories in
these provinces. This was quite an accomplishment under difficult weather and

terrain conditions. An article in the March 1975 issue of China Pictorial,
pages 26-27, describes the effort involved:

"The oil pipeline from the Taching Oilfields to Chinhuangtao

Port, the first in our country, is 1,152 kms long. Starting from
the Sunghuakiang-Nunkiang Plain in Heilungkiang Province, it runs
through mountains and rivers and terminates at the port on the coast
of Pohai Sea. Every 60 to 70 kms along the line there is a pumping
station, equipped with power transmission lines and telecommunica-

tions installations, to provide the pressure and heat needed to
maintain a steady flow of crude oil. The whole project took a
little over two years to complete. A year's operation since has
proven the fine quality of the pipeline. The pumps operated nor-
mally, the oil flowed safely and steadily through the pipes.

"In the winter of 1970, a mighty army, made up of workers,

rural militiamen and P.L.A. men marched on to the work site. In the
revolutionary spirit of hard work displayed by the Taching people in
opening up the oilfields, they created working conditions and made
the necessary machines and tools themselves. The movement to criti-
cize Lin Piao and Confucius enhanced greater revolutionary fervour
in the line builders to lay the pipes quickly and do top quality

work.

"200,000 tons of large steel tubes were needed. Workers from
Liaoning, Kirin and Heilungkiang Provinces undertook to manufacture
them. In only half a year, they built pipe-making machines and

erected six tubing plants which soon turned out the tubes. By dint
of self-reliance and close coordination, they also produced most of

the major equipment and machines needed by the pumping stations.

"It was winter when they dug trenches and laid the pipes, and
northeast winters are bitingly cold. Nevertheless, they completed
14 million cubic meters of stone and earthwork in less than one
month. A relatively high skill was required to lay the pipes.
Though they were short of technicians, they criticized Lin Piao's
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FIGURE 15. - Completion of pipeline from Tach'ing to Chingwangtao.
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"genius" theory and held that practice comes first. They learned by

doing and, before long, grasped the know-how. They displayed the
revolutionary spirit of daring to fight and of being good at it.
There were over 500 places where they had to get the line across

rivers, railways and highways. They tunnelled or built bridges,
accomplishing their task with flying colours.

"During the job, thousands of model workers emerged. Among
them is Wang Ti-chao, an electric welder from the Taching Oilfields.

He once had to lay on his back to weld pipes in a trench by the

Nunkiang River. Sparks fell on him and burned his clothes. To

reduce welded joints and ensure good quality, he persisted in his
work. The story on his dedication was told everywhere at the con-
struction site. Many emulated his spirit and willingly suffered

hardships so as to make the project a success.

"The completion of the oil pipeline mirrors the excellent situ-
ation in China's petroleum industry and national economy as a whole.
It is another striking achievement of Chairman Mao's revolutionary

line and of the Great Proletarian Cultural Revolution."

For China to move ahead in oil production and distribution, manufacture
and/or importion of pipes is basic. Recently, the Chinese were trying to buy
46-inch pipelines for Pohai Bay operations. Meanwhile, it should be remem-

bered that China has also used trucks, railroad cars, and small tankers to

send oil to the markets and ports. The Chinhuangtao pipeline now extends to Peking.

Refining

China is building new oil refineries at great speed to accommodate the
rapidly increasing supplies of crude oil. Since the first large modern

refinery was built in Lanchow during the late 1950's, the country's refining

capacity has always been just a step behind crude oil production, indicating
China's growing capability in constructing basic refineries. The gap has
widened recently because of inability to keep up with new crude production and
the policy to promote oil exports. To complement future refining needs, par-

ticularly in the more sophisticated aspects of high-level technology (includ-

ing branching into petrochemicals and adding sulfur removal equipment), over a
$1 billion worth of plants and accessories have been recently ordered from
France and Japan for use in the next 5 years. When these deals are imple-

mented, China might even have more oil products to sell or use. Estimates of
China's oil refining capacity vary somewhat, but the magnitude of the national
total and even the components is clear. PRC's refining capacity in mid-1975
may be as follows, in million tons per year: Fushun, 6.5; Taching (at Long-
feng), 5-6; Lanchow, 4-5; Shanghai, 4; Peking, 3.5-4; Shengli, 3.5; Dairen,
3.5-5; Chin-hsi, 3; Nanking, 3; Anshan, 2.5; Maoming, 2.5; Yumen, 2; Karamia-
Tushantzu, 1-2; Taking, 1, Tientsin, 1; and total, close to 50. It is inter-

esting to note that the PRC might build a large refinery at Portuguese Macao

near Hong Kong.
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Petrochemicals

The Chinese are trying hard to build up petrochemical production, one of

the weaker links of the oil refining and industrial activities. The fairly

solid know-how in basic chemicals helps in their endeavor, as evidenced by the

fact that some petrochemical plants are totally designed and built by the

Chinese. Again, outside experience is needed for the sophisticated aspects.
A list of imported petrochemical equipment and/or plants are given on
pages 719 to 721 of the previously mentioned U.S. Congressional Report
entitled "China: A Reassessment of the Economy" of July 10, 1975. Particu-

lars on the existing petrochemical plants are related to the corresponding
refineries. The best-known Chinese refineries with important petrochemical
units are Peking (fig. 16), Nanking (fig. 17), Tientsin (fig. 18), Lanchow,
Shanghai (fig. 19), Fushun, and Taching.

FIGURE 16. - Peking refinery and petrochemical plant.

FIGURE 17. - Nanking refinery and petrochemical plant.
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FIGURE 18. Tientsin No. 1 petrochemical works.

FIGURE 19. - Shanghai petroleum refinery.

One mainly China-built petrochemical complex might warrant description.

On January 30, 1975, a Japanese group of journalists visited the Peking com-

plex located about 60 kilometers southwest of Peking where 24,000 people, 37

percent of which are women, are said to be working. They were told that the

oil installations were first built in 1968 and have been gradually expanded

since then. The complex now has eight plants capable of processing 4 million

metric tons of crude oil per year. Gasoline, jet fuel, kerosine, and 30 dif-

ferent kinds of petrochemical products--such as synthetic rubber, polyester,
and phenol--are being produced there. Oil comes from Tach'ing and Takang

fields, and new pipelines to connect Peking with the Tach'ing-Chinhuangtao

pipeline and with Takang and Tientsin are scheduled for completion in 1975.

Most machinery and other equipment at the Peking complex is made in China, but
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two ethylene plants being installed there are Japanese. The complex covers 33
square kilometers, with various plants located on the many hills.

Exports

China's oil exports in the next decade can reach very significant propor-
tions, the exact level depending upon how much output is achieved and a con-
tinuation of the policy to earn much needed foreign exchange through oil

exports particularly to Japan. PRC's annual output should exceed 100 million
metric tons (about 2 million barrels per day) in a few years' time, and as
stated, could be double this within a decade. Thus, in the author's view,
prospects are that exports can reach 50 million tons in the early 1980's and
100 million tons by 1985. However, there are others who feel that these
figures are conservative. The Japanese are trying hard to buy a large part of

China's expected surplus. Nonetheless, significant quantities of Chinese oil
should be available to other countries, including the United States.

Although not a member of the Organization of Petroleum Exporting Coun-

tries, China's crude oil export prices generally follow world levels, as modi-
fied by the characteristics of the oils in question in comparison with com-
peting sources. The quality of Chinese oil is generally good, being low in
.sulfur like Indonesian Minas crude but sometimes high in wax, salts, and
"residua." The Japanese feel that Chinese oils are suitable for Japan's many
large refineries; however, smaller buyers in nearby Asian areas could have
problems in individual refineries. The August 4, 1975, issue of Japan Petro-
leum Weekly has a detailed article on what the Japanese think about Chinese

oil quality and future import considerations.

Of specific interest are the actual transactions in recent years.
China's crude oil exports began in 1973 when 1 million metric tons were
exported to Japan at $3.75 per barrel f.o.b. In 1974, crude oil exports to
Japan rose to 4 million tons and were handled by the International Oil Co. and
the Japan-China Oil Import Council on the Japanese side and China National
Chemical Import and Export Corporation on the Chinese side. The price was
$14.80 per barrel f.o.b. for the first half of 1974 and about $12.80 for the
second half, with actual shipments somewhat lower than what the Chinese hoped
to sell. During 1974, 1 to 1.5 million tons had been shipped to North Vietnam
and North Korea. By yearend, China had also sold 250,000 tons of crude to the
Philippines, 200,000 tons of products to Hong Kong, and 50,000 tons of diesel
fuel to Thailand. All told, these Chinese oil exports earned about $550 mil-
lion of foreign exchange. The two Japanese import groups tentatively agreed
to import a combined minimum of 8 million tons of crude oil from China during
1975 at a price of about $12.10 per barrel f.o.b. The Chinese had to give a
price concession even to get this deal. Long range, however, Sino-Japanese
oil trade undoubtedly will expand for many reasons, including counteracting
Soviet influence.

Consumption

Sharp growth in oil and gas output is already having a profound effect on
the Chinese economy. Oil consumption measured in crude has tripled in the
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last 5 years, reaching the very respectable level of approximately 60 million

tons in 1974. The 100-million-ton plateau is also clearly in sight. Industry
and transportation will always take the lion's share of the oil, but the use

of diesel fuel and fuel oil will be cutting heavily into solid fuel and elec-
tricity consumption, with many of the newer units using liquid fuels. Greater

use of trucks and buses will mean more and better highways. An increasing
share of the power and cement plants will be run on oil and gas. Additional

aluminum reduction plants can be built on the basis of reasonably priced oil

and gas. The impact on agriculture, which already uses 15 to 20 percent of

the oil at present, should also be great. Inventories of tractors and oil-

powered irrigation and drainage equipment employed in agriculture have tradi-

tionally grown at a 20 to 30 percent annual rate in the last 15 years. In

other words, agriculture as well as industry in general will be increasingly

mechanized as a result of greater availability of liquid and gaseous fuels.

Tach'ing

Discovered in late 1959, the Tach'ing field was fully operational by 1964.
Its center is about 60 kilometers southwest of Anta in the Sung-liao Plain in

an area at least 65 kilometers by 20 kilometers. Most oil occurs at an aver-

age depth of 1,000 meters, and there may be about 2,000 wells. Reserves in

the "old" field have been variously estimated at 400 to 900 million metric
tons. Early water injection, fracturing, and careful planning in the various
oil-bearing zones have stabilized operations and increased production to above

initial planned levels. Various facilities have been constructed underground

for technologic and security reasons. The oil of Tach'ing is mainly from an
upper cretaceous nonmarine sandstone common to all of the large Sung-liao

Basin.

The 1974 state target reportedly was fulfilled 20 days ahead of schedule,
with output up to that time 22 percent higher than the corresponding period in

1973. The increase in crude output during 1974 was close to the total produc-

tion in 1965, according to Jen-Min Jih-Pao of December 15, 1974, page 1.
Actual output in 1975 should be on the order of 25 to 30 million metric tons.

Tach'ing's "new"field (fig. 20) 100 "li" (this can be Chinese "li" of about
one-third mile or a kilometer) away and possibly called "Ta-king" was opened

in late 1973, and production was said to have risen 64 percent in 1974. This

field should make the higher reserve estimates more plausible. All told,
Tach'ing should be able to support 30 million tons of crude annually for sev-

eral decades. At present, most of the oil goes to refineries in various parts

of the country, with only about one-quarter locally refined near a location
called Long-feng. However, refining and petrochemical facilities at Tach'ing
(fig. 21) are currently being greatly expanded over the previous 6-million-ton
maximum throughput suggested as annual capacity. Tach'ing crude was formerly
shipped by rail tankers to Fushun and elsewhere. However, the new pipelines
have facilitated the flow of Tach'ing crude to the many domestic and inter-
national markets. Several tankers shipping oil to the south have been named
after it. Tach'ing has been in the forefront of China's oil development, hav-
ing dispatched experienced workers and technicians to most of the other

oilfields.



40

FIGURE 20. - New oilfield at Tach'ing complex is readied for drilling.

- WMM

FIGURE 21. - Tach'ing refinery and petrochemical plant.

Shengli

This new oilfield in Shantung Province is located near the mouth of the
Yellow River about 100 kilometers east from Tsinan at Chang-tien and then
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north about 100 kilometers. Production began in May 1964. In 1965, crude

output may have been 700,000 tons, and by 1974, estimated production had
topped 11 million tons. The Chinese say that 1974 production was 16 percent
more than in 1973 and 15 times the 1965 level. Added push occurred in Decem-
ber 1974 when daily output was raised to a level 40 percent higher than the

maximum in 1973. Also, surveying and construction began in two new areas in

1973. These signs would indicate that Shengli's 1975 output would top 15 mil-

lion metric tons. Oil reserves are said to be enormous, on a par with those

of Tach'ing. Oilfield depth ranges from about 1,000 meters to roughly 2,500
meters. The oil is low in sulfur but high in salts. Both pumping and "self-
injection" methods are used in oil extraction.

Shengli's refineries are located at Hsin-tien within the field (see

Takungpao, March 4, 1975, page 1). The No. 1 plant was expanded to 3.5 mil-
lion tons throughput in 1970, and the No. 2 plant of 2.5 million tons is near
completion. Both plants are very modern, with distillation, cracking, ammonia,
urea, and petroleum coke facilities. A long-distance pipeline linking the
oilfield with the port of Huang-tao near Tsingtao where new oil-handling facil-

ities have been constructed was completed in 1974. Shengli oil is beginning

to be shipped to Japan. There seems to be a problem of separating gas oil

from fuel oil in marketing.

Takang

Takang oilfield (fig. 22) is located 60 kilometers to the southeast of

Tientsin along the coast of Pohai Bay and was in fact first discovered on top

of solar salt flats. It may prove to have the largest reserves of any Chinese
oilfield, and natural gas reserves are extensive also. Prospecting began in
1964, but Takang has been slow in development because of complicated geology
and seawater inundations. Thick oil-bearing strata occurring at 1,000 to more

than 3,000 meter depths have high permeability, but these formations are com-
plex and severely faulted. As a result of very intensive drilling, whereby

the characteristics of the small and large faults became fully understood, it
was concluded that wells near the main faults were the most prolific. This

concept led to successful drilling of many wells. Numerous secondary pools in

shallower beds normally void of oil and gas also became good producers.

Denuded anticline areas and down warped faulted basins were additional sources
for oil and gas. The separated oil pools finally proved to be parts of one

large single oilfield (see New China News Agency of October 4, 1974). Armed

with such geological knowledge, successes started to build up and Takang

became ready for high-level production. In 1974, hundreds of producing wells
were drilled (see New China News Agency of December 19, 1974).

An article on page 8 of the October 1974 issue of China Reconstructs

describes a visit to the Takang oilfield:

"After crossing the last river we came to a boundless expanse
of coastal plain. Wow, what a lot of derricks! Through the car

windows we caught a glimpse of drill rigs reaching up to the clouds.
Rows of white well houses and crisscrossing oil pipelines cast sharp
shadows under the blistering summer sun. This was what we had come
to see--Takang oilfield.
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FIGURE 22. - Developing the Takang oilfield near Tientsin.

"On the east coast of north China, Takang is a new oilfield
prospected and built up by China after Taching and Shengli oilfields.

In the spring of 1964 nearly 10,000 oilworkers from Taching oilfield
came to the barren salt flats here to begin exploring for and pro-

ducing oil. After ten years of hard work they have succeeded in
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setting up a sizeable field turning out large quantities of oil and

natural gas for China.

"A man in his 50s in charge of the oilfield took us to see a

new well in a newly developed area in the south of the field. A

young worker turned a valve and a powerful stream of oil gushed out

of the pipe. Out of habit the man in charge dipped the fingers of
one hand in the black crude oil and worked it in the palm of the

other as he talked. 'High-grade crude like this isn't easy to come

by," he said with feeling. New wells like this go into production
every month, he continued, and most of the old ones have kept pro-
ducing steadily, so production keeps going up. In the first half of
this year production rose 22.5 percent above the same period last

year. Between 1967 and 1973 the production of the field increased
at an average of 60.9 percent a year. The total production of this

field over the past eight years was 3.1 times the total for the

whole of China in the 42 years from 1907 to 1949."

Reportedly, the Takang oilfield had exceeded state targets every year

since 1967, with crude output gaining about 60 percent annually until 1973,

and nearly 25 percent in 1974. A big push seems to be on for 1975, and crude

output should soon top 10 million tons annually en route to probably more than
20 million tons eventually. Takang oil seems to be reasonably good with a
sulfur content just above 0.2 percent and paraffin content between 7 and 14
percent. The refinery still seems to be fairly small. The hope is to pro-

duce liquefied natural gas for export to Japan.

Karamai (Kolamai)

This oilfield is located in the western part of the Dzungarian Basin 147
kilometers by pipeline north to the Tu-shan-tzu refinery and 40 kilometers
west of the Manass River. Outside of Yumen, this is the earliest productive

field, which really started up around the latter part of the 1950's.
Reserves have been variously estimated at between 100 and 360 million tons,

covering not only Karamai proper, but also Wu-erh-ho, 100 kilometers to the

northeast, and Chung-kuai, about 60 kilometers to the southeast. Aside from

location difficulties, Karamai's development has been held up mainly by new

finds in the Sung-liao Basin and too rapid extraction of the more easily

recoverable reserves during the Great Leap Forward, which stunted growth.
With the subsequent success of the eastern fields, attention was redirected to

the far west. Karamai clearly met its quota in 1974, and daily output in the
last 2 months was pushed up to about three times the 1965 level. Old fields
were streamlined and a new field built, equipped with measuring and transfer
stations, necessary derricks, and 49 kilometers of new pipelines. Annual out-
put probably has been raised to more than 3 million tons. The crude not only
goes to Tushantzu but the Lanchow refinery as well.

Yumen

Yumen at the base of Ch'i-lien-shan in Kansu is a famous old Chinese oil-
field. Under the PRC, the number of subfields has been increased from one to
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FIGURE 23. - Chinese-designed catalytic cracking unit installed at Yumen oilfield and refinery.
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to five. Even the very old Lao-chun-miao field has been rejuvenated. The

acreage of the Paiyangho field has been expanded. Overall production

increased about 4 percent in 1973, 6 percent in 1974, and 9.5 percent in the

first quarter of 1975. Baseoutput, however, is not clear; the 1974 production

has been estimated by various people at below 1 million tons to as much as

3 million tons. In view of the fact that there is a refinery (fig. 23) and

oil is also sent by pipeline to the Lanchow refinery, the higher figure seems

to be more plausible.

Tsaidam Basin

Many fields have been discovered here (fig. 24), but because of remote-

ness and difficulty in producing economically, these are being saved for the

future. However, one giant field is being developed at Lenghu, just south of

Tangching in Tsinghai. Lenghu is a complex of three closures on a single
anticline, which was discovered in 1958. Ultimate reserves may be on the

order of 150 million tons, which should easily support 3 million tons annually,
a planned output figure at one time. However, actual production is much below

this. One estimate claims only about a half million tons in 1974. A small

refinery has been built in this desolated arid area.

Natural Gas

China's natural gas has become a very significant resource, not only in

terms of potential but as a part of life already and as part of an energy

sector that will become increasingly important in the decade or two ahead.

Some say that the country's natural gas output in 1974 was comparable with oil

in terms of energy produced and more than one-fifth the equivalent of coal.
The discovery of many oil basins around the country indicates that natural gas

is to be found in various new locations also. This is already true in that

the Takang oilfield has been mentioned as being also abundant in natural gas,

and the Tach'ing, Shengli, and Tsaidam oilfields seem to have good possibili-

ties also. Besides, the oilfields usually have petroleum gases that can be

liquefied and utilized as well. All these signs point to a bright future in

Chinese natural gas. There is in particular the fabulous Tzuliuching (or

Tzukung) gasfield of Szechuan Province, which has been known for more than a

thousand years.

The rapid development of natural gas in Szechuan, a rice bowl area of

China, is an inspiring story in itself. Reserves and production in this

plateau area alone, which happens to be the home of the giant pandas and their

bamboo habitats, have proven to be of world consequence. For whatever it is

worth, since nobody really knows, Szechuan natural gas reserves have been

estimated at about 500 billion cubic meters (1 cubic meter equals 35.3 cubic
feet), which represents the bulk of the country's presently known resources

(a 1975 estimate shows 850 billion cubic meters). The same uncertainty is

true with regard to production in Szechuan; one estimate is 52 billion cubic

meters out of the national total of 60 billion for 1974 (which may equate to

more than 5 million metric tons). As more exploration takes place, PRC's

natural gas production should shift more to the newer fields, many of which

show great promise. Actually, Szechuan's growth in natural gas may be
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starting to level off.
Exact figures for

Szechuan or China as a
whole are of little

z consequence; however,
the future implica-

tions to the PRC econ-

omy and to world

energy seems clear.
If the 1974 estimate

is correct, China's
natural gas output was
about one-tenth that
of the U.S. total and

one-fourth that of the

s- k U.S.S.R. total.

Szechuan's 1974

FIGURE 25. - Lungchang gasfield in Szechuan with relay station, production of natural
gas is said to be 3.2

times the 1965 level and still rising. A very good article appearing in

Jen-Min Jih-Pao of January 15, 1975, page 3, describes the field and its sig-
nificance in some detail. Careful seismic surveys were made in 3,000-odd

square kilometers during the last decade, and over 200 gas structures have

been found. In the Lungchang gasfield (fig. 25) alone there are reportedly

more than 30 producing districts and 60-odd structures. A new field called

Luch'uan has been carefully delineated by a famous women drilling crew. The

first long pipeline was put in around 1966 over hills and dales, and the

second, in 1969. Now, there are over 1,000 kilometers of natural gas pipe-

lines crisscrossing the Province and delivering gas to industrial users as

well as individual consumers. Many gas purification facilities (including

sulfur recovery units), relay stations, gas-fueled powerplants, carbon black
plants, and electric transmission and communication projects were also built.
Natural gas in Szechuan is said to fuel two-thirds of the iron and steel
enterprises and 84 percent of the salt crystallization facilities, as well as

many other industries such as cement, and provides the raw material for more
than 70 percent of the fertilizer plants. Growth has subsided somewhat, but
Szechuan is already run by gas.

Other fields may turn out to be significant as well, although far less

known. The most commonly mentioned of these is the Takang oilfield 60 kilom-
eters southeast of Tientsin and near the sea. Takang and Szechuan are the two
areas currently considered as having large quantities of surplus natural gas
suitable for liquefaction. Officials of the Bridgestone Liquefaction Gas of
Tokyo had talked with the Chinese about the sale of small-scale, 150,000-ton-
per-year plants to liquefy the high-quality methane gas of Szechuan and
Takang. The Chinese felt this size was too small but agreed to have these
tested first before much larger ones are installed. Exports of liquefied
Chinese natural gas to Japan could start in 2 or 3 years, according to Japan
Chemical Week (Tokyo), February 27, 1975, page 2.
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The Chinese also use gaseous byproducts from the petrochemical and metal-
lurgical industries for fuel. In mid-1974, 31 cities were said to have gas
service compared with 16 in 1965, and the amount of gas supplied to these
cities was several times the 1965 levels. However, included in this gas were
oilfield gases, natural gas, liquefied petroleum gas, coke oven gas, and com-
bustible gases from chemical plants. Coke oven gas is used for heavy industry
in Shanghai and Anshan. Coke oven gas has also been piped to city residents
of Nanking, as part of the Maoist ethic to waste not.

According to New China News Agency of May 19, 1975, two-thirds of China's
provinces, municipalities, and autonomous regions are using marsh gas for
rural cooking and lighting. This methane gas, produced from fermented night
soil, grass, stalks, waste water, garbage, and other organic materials,
reportedly is produced easily and at low cost in over 400,000 marsh gas pits
located in nearly 1,000 counties. Many farmers have dug their own fermenta-
tion pits. Some communes have built marsh gas pits collectively to provide
gas to fuel water pumps and farm processing machinery, as well as to generate
electricity, along with small cement works for constructing the pits. Urban
industrial and scientific groups have sent technical personnel to rural areas
to disseminate information about marsh gas. Special gas stoves, pipes, pres-
sure gages, and utensils are being made for rural areas. Thus, utilization of
all kinds of gases is rapidly taking shape in China.

Shale Oil

China has two of the three shale oil-producing operations in the world,
the other being the Estonian facilities in the U.S.S.R. Estonian technology
has, in fact, been employed at Fushun in Liaoning, the older Chinese opera-
tion, with modifications. Extensive oil shale resources elsewhere, including
those in Colorado, Wyoming, and Utah in the United States, the Mae Sod area of
Thailand, and the Sao Mateo do Sul area of Parana, Brazil, have not been
worked commercially for various reasons, mostly economic. One reason why
Fushun had its start under the Japanese when they were in Manchuria was that
the shale there with 5 to 6 percent recoverable oil sits near the surface on
top of probably the thickest coalbed in the world, which also happens to be
fairly flat. In any case, the oil shale has been recovered at negligible cost

for more than half a century, and part of the spent shale has long been used
for making cement. Other waste materials from shale oil retorting like water,
slag, and gases are used to make chemical fertilizer and other products.
Fushun oil shale also has been mixed with local coal for fuel to generate
power. Although Fushun shale oil facilities cannot be compared with the much

bigger oil refineries subsequently built nearby to process crude oil from
Tach'ing, Manchurian shale oil is still of great interest, because oil shale

worldwide is a very substantial potential resource. The former general man-
ager of the Fushun oil shale enterprise who later became the board chairman of

Dowa Mining, one of the best known Japanese mining companies, tried very hard
during his lifetime to develop Thai oil shale without success.

Fushun's oil shale mining and retorting operations have become somewhat
stabilized. Reportedly, output of oil shale there had already surpassed the
30-million-ton level a decade ago and this would suggest that shale oil
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production was at least at one time more than 1.5 million metric tons yearly.

Perhaps not all the shale was retorted. With more coal mining operations going
underground it would become increasingly difficult to maintain shale output at

high levels. Easy availability of natural crude is another factor that might

cut back long-range shale oil production at Fushun. Individual retorts are

modifications of the Estonian Pintseh retorts, and the Japanese Inabe retorts

are capable of processing just over 200 metric tons of oil shale apiece daily,

with oil recovery of about 75 percent.

The Maoming operation in Kwangtun Province near Hong Kong has often been

mentioned in the press so that there is no question that various facilities

are in working shape and that production is considerable. Maoming has both

retorting facilities for its oil shale and regular refineries for processing

crude from distant Tach'ing and elsewhere. According to the last reports,

Maoming has six shale oil retorting plants. It is estimated that crude oil

output from this operation might top 1.5 million metric tons annually. The

oil shale probably is better grade than that of Fushun. Some byproduct metal

of reportedly great value was also being recovered from the oil shale.

IRON AND STEEL

Production and Prospects

PRC's steel production is now roughly on a par with that of France,

Italy, and the United Kingdom. The last firm output figure officially

reported is 25 million metric tons for 1973 (see Takungpao of September 6,

1974, page 1); this compares with 23 million tons in 1972, and 21 million tons
in 1971. Estimates for 1974 range from 24 to 27 million tons, and the author
is inclined to agree with the high figure. No doubt the PRC would like at

least to see output in 1975 reach 30 million tons, which is probably already

much below the Fourth 5-Year Plan target of possibly 35 million tons.

Clearly, the Chinese are having trouble meeting near future goals. They

do not have the immediate capability of building sufficient capital equipment

internally to boost steel output to a new plateau and are concerned about
spending too much foreign exchange to purchase plants from abroad. The prin-

cipal deals that have been arranged pertain mainly to steel rolling mills and
fabrication plants rather than basic steelmaking facilities. It seems likely

that the Chinese will only be able to raise steel capacity by about 10 to 12

million tons in the next 5 years. Meanwhile, demand is likely to increase
sharply, and monies spent on imports of metal products might be better

diverted to purchase of capital equipment. In any case, a strong investment

push in China's iron and steel industry to simultaneously produce as much

basic equipment as possible and to import what is absolutely needed is a

likely development.

The pressure to substantially expand the steel industry will increase as
a result of the anticipated sharp rise in oil output and consumption and the

trend towards greater industrialization. The time does not seem too far away

when China will need at least a 50-million-ton-per-year steel industry or even
a 100-million-ton steel industry. The question is how this could be built.
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Fortunately, China has the resources, manpower capability, and infrastructure

to eventually attain these objectives. The matter of utilizing available low-
grade resources can be resolved with improved technology in much the same way
that the U.S. primary iron raw material industry has been rejuvenated through
investing in beneficiation and pelletizing. China can always import high-
grade iron ore to either sweeten the blast furnace charge or use this in new
integrated coastal steel plants that might be built. Blending and coal form-

ing will help the coking coal supply.

The fact that a Japanese trade mission headed by the president of the
Nippon Steel Corp. was scheduled to visit China for 16 days beginning July 21,
1975, indicates the possibility of Japanese help in building up China's steel
and other industries. The Japanese were scheduled to visit Talien, Shenyang,
Anshan, Fushun, and other industrial cities to see steel mills, petrochemical

complexes, coal mines, and shipyards in China. In October, the presidents of
six Japanese oil refinery companies are scheduled to go to China. In promot-

ing such trips, the International Trade Promotion Association of Japan hopes
to strengthen economic cooperation between China and Japan, particularly in
the areas of heavy and chemical industries, in accordance with the priorities
designated in the new 10-year economic plan starting in 1976.

There is an excellent basic review and analysis of China's iron and steel

industry on pages 264 to 288 of the previously mentioned Joint Economic Com-

mittee report of the U.S. 94th Congress entitled "China: A Reassessment of
the Economy," published July 10, 1975.

Claims of the People's Republic of China

Peking did not review the whole year 1974. Instead in an October 25
statement, it mentions that over the past 25 years, China had built hundreds

of large, medium-sized, and small mines and that a large number of iron and
steel enterprises achieved self-sufficiency in iron ore (fig. 26). Also, out-

put of clay, manganese, silica, and fluorspar needed for developing the iron
and steel increased substantially. Iron ore beneficiation and sintering also

made good progress. From 1970 to 1973, the average annual increase in steel
production was about 3 million tons. Many kinds of special steels were said
to have been made from rich resources of vanadium, titanium, boron, silicon,
and tungsten. Over 1,200 kinds of steel and 20,000 specifications of rolled
steel are produced. Now, China can boast it has various large integrated iron
and steel complexes and many medium and small enterprises utilizing local

resources. Since the Cultural Revolution, the number of small and medium

plants has increased more than 300 percent over that of 1965.

According to New China News Agency of December 27, 1973, China's iron and
steel industry overfulfilled the 1973 state quotas. Steel, iron, iron ore,
and rolled steel made significant gains over 1972 production. Quality
improved and raw material consumption declined. Compared with 1965, output of
iron and steel reportedly doubled and iron ore rose 2.8-fold. In Anshan, the
1973 plan was achieved ahead of schedule. In Shanghai, the state quota was
met a month ahead of schedule, and considerable technical improvements were
made. In Peking, the target was met, and production was 7 percent more than
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FIGURE 26. - New million-ton Chisan iron mine near Nanking.

in 1972; furnace life was also. lengthened with converters turning out more

than 600 heats. Wuhan established output records. Taiyuan, Maanshan, Talien,
Tayeh, Tangshan, and Tientsin all met their quotas and registered output

increases.

China's small and medium iron and steel enterprises also made gains.

Almost all provinces, municipalities, and automonous regions have their own

steelworks and together produced 18 percent more iron and steel than in 1972.

Many plants were being built in the hinterland. The Chinese have successfully

utilized technical innovations by workers. The Tayeh steel plant fulfilled

the Fourth 5-Year Plan target ahead of schedule. A "stopperless" ladle for
steel ingot casting and deep blowing of oxygen in the open-hearth furnaces

were tried. Iron ore production established a record. Mines were opened more

rapidly. Capacity for ore extraction, beneficiation, and sintering increased

significantly. More blast furnaces used prepared sinter. More steel plants

became self-sufficient in iron ore. Production of special steels for farm use

and national defense greatly increased.
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China's 1973 plans for raising capacity in iron ore sintering, iron
smelting, and steel ingot blooming were completed in November. New capacity
placed in operation for ore extraction, beneficiation, and sintering was

greater than the previous year, in fact 80 percent greater in the case of
beneficiation and sintering. A large modern iron and steel complex in inland
China, designed, built, and equipped by Chinese workers, was said to have been

completed. A new large coke ovenbattery designed by an institute in Anshan
has turned out better coke at lower cost and fuel consumption.

Foreign Purchases

Despite PRC's desire to be self-sufficient, large quantities of sophisti-

cated steel products and equipment must be imported. As the Chinese economy
moves ahead, more specialized materials are needed, including pipes and the
like. In 1973, possibly 4.8 million metric tons of iron and steel products
were imported by China, including about 3.1 million tons of finished steel,

1.06 million tons of pig iron, and 0.64 million tons of scrap. The 1974 fig-
ures were close to the 1973 figures, although prices were quite different.

The principal supplier of finished steel was Japan, with West Germany a
distant second. In 1973, Japan exported $540 million worth of steel products

to China, and West Germany, $180 million. In 1974, Japan exported 2.9 million
tons of steel products to China. The latest contract with Japan is worth

recounting, consummated on May 2, 1975. Japan will sell 1.5 million tons of
steel products to China to cover the period February to July 1975 at an average

price of $267 per ton or about $400 million worth, on a 1-year deferred pay-
ment basis. The Japanese felt that China's steel production will rise from 27

million tons in 1974 to 29 million tons in 1975, whereas consumption will

increase from possibly 33 million tons to 35.5 million tons. This means an

estimated shortfall of 6.5 million tons, of which at least 4 million would be

finished steel and possibly 3 million of this could come from Japan. It seems

that the pressure to import steel products will increase in the next 5 years

for China.

China's recent steel plant purchases are so far a two-shot deal. Both

contracts have already been consummated, and equipment will be installed at

the Wuhan steel complex on the Yangtze River for 1977 operation. The first is

a contract between Nippon Steel Corp. and Peking for a hot strip mill of 3
million metric tons and a silicon steel mill (Sendzimer-based electrical) of

70,000 tons annual capacity. Together with related equipment such as water

circulators, waste water disposals, coil conveyors, motor coolers and slab

heaters, the cost has run up from Y60 billion to Y85 billion (close to 300 Yen

per US$1). Japanese technicians will be helping the Chinese for 10 years.

The second contract is with a West German consortium led by Demag, Siemag, and

Scholemann for a cold strip mill of 1 million tons at a cost of $198 million.
These plants will streamline Wuhan, but there is some concern that this steel

complex may not be able to produce enough raw steel for the plants to handle.
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Raw Materials

The People's Republic of China has large resources of the basic raw mate-

rials needed to become one of the world's foremost steel producers. Coal,
iron ore, and limestone are found in widespread areas, and magnesite for

refractories and fluorspar for fluxing are abundant. Extensive deposits of

certain key alloying materials--manganese, tungsten, molybdenum, and vanadium--
also are available; PRC, however, must import nickel and chrome. Other

resource weaknesses include quality difficulties in iron ore and coking coal
and shortage of scrap. The successful Chinese effort to stabilize raw mate-

rial supply for existing steel plants has been previously mentioned.

China's iron ore resources has been variously estimated at from 8 to 100

billion tons. The wide discrepancy points out the great need for careful

resource delineation and efficient beneficiation. Most Manchurian ores are
siliceous and very low grade, similar to the taconites of the United States,
and ultimately the only way to utilize them is to use the U.S. approach.

Meanwhile, it takes 3 or more tons of mine-run ore to produce a ton of con-

centrates and this makes Chinese iron ore statistics confusing. Sweetening
low-grade materials with very high grade imports, such as the 3 million tons
bought from the Hamersley enterprise of Australia in 1973 for 1 million tons
per year delivery, may be a sensible approach. The Chinese have also made

inquiries with regard to Brazil's Rio Doce ore. This opens many possibilities
as long as PRC has oil money to pay for it. Other steel centers had or are

going through the same process of stabilizing raw materials and upgrading.
Liaoning has some high-grade deposits and so does Hupeh where new reserves

were found at Tayeh. Hainan has good iron deposits too, but these are few and
far between. Work on the coal supply has been described previously in the

section on coal, and other raw materials are discussed individually subse-

quently. The key to primary raw materials in China is long- and short-term
planning in accordance to material priorities.

Scrap iron is in short supply since new scrap collected annually is gen-
erally less than 5 million tons (only occasionally much higher). There is a

concentrated effort to collect scrap even though the domestic potential is
still small. The recycled or home scrap from plant trimmings is usually about
a fourth of steel output, so there is not much more than 10 to 12 million tons
around to feed into the steel furnaces every year.

Ironmaking

China's iron smelting tradition goes back thousands of years. However,

learning the modern blast furnace is a relatively new thing, and the Chinese
are considerably behind other major steel producers in this regard. Neverthe-

less, concepts of both the 'West" and the 'East" are being applied to the
smaller plants. The country's iron economy is quite different from elsewhere.

The fact that scrap is in short supply and relatively greater use is being

made of primary iron materials is understandable. A unique separate dimension
is the small-scale local industries; the Chinese have always been good in

metal foundries and workshops, which can use all kinds of iron materials that
do not have to be put through the steel cycle. Many agricultural implements
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can be made from pig, foundry, or even high-grade sponge iron. All this means

relatively more pig iron will be produced in a country like China in relation-

ship with steel.

However, pig iron is generally short in China also, with imports growing

from nothing to about a million tons in the last 5 years. This is a reflec-

tion of expanded metal needs, regional shortages, and lagging efforts to sta-

bilize the raw material base. This overall situation might deteriorate

further in the near future because there is no evidence that many new blast

furnaces will be built or that ongoing performance standards can be greatly

improved. Yet, the situation is hardly critical, although obviously the

Chinese must eventually build much more new capacity.

Not counting the very small, or native, furnaces, the country's existing

modern furnaces range roughly from 55 cubic meters in size to 2,000 cubic

meters (capable of more than a million tons annually). Approximately two-

thirds of the modern output comes from furnaces of less than 1,000-cubic meter
size, with most of the lesser units at the small or medium-sized steel plants

(fig. 27). Chinese statistics on the share of output by small local plants
are unclear because of lack of concise definition. Generally, one-sixth to

one-fourth of PRC's pig iron output (China produced about 30 million tons of
pig iron in 1974) can be attributed to this category. Actually, the native

furnaces and foundries probably comprise less than 5 percent of the national

pig iron capacity.

The Chinese unfroze (broke up solidified melt) several and rebuilt many

blast furnaces after World War II. The sudden Soviet departure in the early

1960's caused a variety of problems and led to the technical policy of stand-

ing on one's own feet. Many up to medium-sized blast furnaces have been
built. Finally, in the last few years, a big blast furnace at Wuhan and
another one at Anshan were completed, showing only fair capability. So, the
Chinese must learn to make or buy from abroad. PRC could use up to a dozen
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FIGURE 27. - Small iron and steel plant in the Yentai area.



55

3,000-cubic-meter blast furnaces at a half dozen locations. No doubt the
Japanese, with their very advanced steel technology, would be happy to help
them, if requested.

Steelmaking

PRC's capability in steelmaking seems to be slightly better than either

ironmaking or steel finishing. However, even at the major plants there is
inadequate scrap, and at the smaller plants, pig iron supply may be uncertain
as well. Overall, more cold charging is done and this is where the open-hearth

furnace (OHF) is better than the converter, or basic oxygen furnace (BOF).
The Chinese inherited a set of circumstances--first the Japanese enterprise

and then the Soviet aid facilities.

A major part of what was initially available was open-hearth furnaces--

the vogue of the 1950's. Two-thirds of China's present steel capacity are
OHF's; 15 to 25 percent BOF's; 10 to 15 percent side-blown converters; and 5
to 10 percent electric furnaces. Anshan, Wuhan, and Pao-t'ou have nearly 40

units of OHF's of from 200 to 600 tons in size. The lesser plants have many
25- to 50-ton furnaces. The Chinese are fortunate at this stage to have the

versatile OHF's and have mastered its technology from refractories and heat

cycles to oxygen injection.

However, the need for other steel furnaces steadily grew. By the mid-
1960's China completed its first BOF's--three 30-ton furnaces at the Peking
Steelworks. Two 55-ton BOF's purchased from the Austrians were finally placed

in operation at Taiyuan around 1970, during which year the Chinese built their
first large BOF, a 120-ton furnace at the Shanghai No. 1 Steelworks. China

can be expected to build its next BOF's at the Wuhan Steelworks, which is get-
ting the foreign steel mills.

Many small BOF's of 3 to 10 tons have been built. These are modified

side-blown converters (SBC) with oxygen lance and hood. Then there are the
less efficient SBC's suitable for local industries that can be quickly built
at low cost but do not handle quality well. Use of the electric furnace (EF)

has greatly expanded with recent interest in vacuum steelmaking and electron
beam furnaces. China's EF's are generally under 10 tons and, hence, are rela-
tively inefficient. However, the Chinese have produced small quantities of
various kinds of alloy and other special steels. All signs point to the fact
that China will need bigger and better BOF's and EF's from abroad, if neces-
sary, in the decade ahead.

China has only a small number of sophisticated mills, and these are dif-
ficult to build and expensive to purchase. All the Chinese can do is to buy

what they can afford and build up from there. Steel finishing is a subject in
itself and possibly inappropriate to treat here in detail.
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Major Plants

Anshan

Anshan overshadows all other Chinese steel plants and has had a turbulent

history. This integrated steelworks was built by the Japanese, stripped by

the Soviets just after World War ,II, rebuilt and substantially expanded in the

fifties with Soviet help, and was not operated full scale during the Great
Leap Forward. The Soviet departure in the early 1960's did not affect the

enterprise because most facilities were already installed and working. A slow

recovery followed the Cultural Revolution and caused production to slow down
again. Then, beginning in 1968, the enterprise started to regroup and recover,
registering a steel output increase of 300,000 to 400,000 tons per year for
the next 4 years. By 1972, the Chinese-built, possibly 2,000-cubic-meter,

No. 11 blast furnace (fig. 28) became fully operational, and this added about

1 million tons of pig iron yearly to Anshan's capacity. Other related facili-

ties were also installed.

Anshan now has 11 blast furnaces, 25 open hearths, 2 large BOF's, various

mines and sintering and beneficiation plants, and blooming and finished mills

of various types, including plate, hot strip, rail, and pipe and tubing mills.

No claims were made for 1974, but the 1973 output quota was fulfilled. It

seems probable that steel ingot capacity is more than 6.5 million metric tons
and output in 1974 was about this level.

The two large top-blown BOF's and two corresponding oxygen-generating
machines of 10,000 cubic meters per hour were built during the Cultural Revolu-
tion. The span of time between building the first additional blast furnace
(a 1,513-cubic-meter one) and the second one was about 15 years. Performance

of the open hearths (200 to 500 tons in size) has steadily improved; the lat-
est bid to increase production in early 1975 was an attempt to get five heats
per day. Rolling capacity was increased only to the extent of technical inno-

vations without new facilities. Increasing product variety is a basic con-
tinuing objective. A new mine in the Takushan complex (fig. 29) was developed
around 1973 to supply Anshan, which can make concentrates of better than 60

percent iron grade. A large sintering shop has been added in recent years.

Wuhan

The Wuhan story has been told fairly well in an article in China Recon-
structs (Peking), May 1974, pages 38 to 41, when read in conjunction with
other references. Construction began in 1958, and by 1960, the first two

blast furnaces (1,386 and 1,430 cubic meters) and five open-hearth furnaces

(four 500-ton and one 250-ton) were built with Soviet help. Soon thereafter
the Soviets left, and it was a long time before the Chinese got things going
again. In any case, the third large blast furnace was commissioned April 9,
1969, and the fourth (China's bigget) burned out the first heat on
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FIGURE 28.- Anshan steelworkers build a blast furnace themselves, the 11th in the People's
Republic of China biggest steel center.
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FIGURE 29. - Shovel working at one of Anshan's iron mines.

September 13, 1960 (fig. 30). Meanwhile, one more large open hearth, three

byproduct coke plants, and heavy mill for rails and beams were installed. The

Tayeh opencast iron mine with new large reserves was expanded to about 3.4

million tons of 60 percent iron plus ore annually, and the Chengchao and

Tahungshan underground iron mine were brought into production. The latest

additions are a larger sintering plant and various mills. Steel production

capacity is estimated at at least 2.5 million tons, which would approximate

the 1974 production. As noted, Wuhan will be the recipient of a 3-million-ton

hot strip mill, a 70,000-ton silicon Sendzimer steel mill, and a 1-million-ton

cold strip. In due time, Wuhan will probably get BOF's too. Wuhan exceeded

1973 targets and did well in 1974 and 1975 also.
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FIGURE 30. -Four blast furnaces at Wuhan steelworks.

Not to be confused with Wuhan is the local Tayeh steelworks that,
although much smaller, has two workshops and at least five to seven small

electric steel furnaces in each workshop.

Shanghai

It is difficult to keep track of the roughly eight steel plants in

Shanghai. Possibly at least three of these plants are not ingot producers,
but rather processors of steel and scrap from other sources, including

Maanshan steelworks in nearby Anhwei. None of the plants is large, and two
of the leading ones are the Shanghai No. 1 Steelworks and Shanghai No. 3
Steelworks. These two together produce more than 1.5 million tons of steel
annually. The No. 1 Steelworks has at least two 255-cubic-meter blast fur-

naces, two 35-ton BOF's, a 120-ton BOF, and two 70-ton open hearths. A new

technique of blowing oxygen in the open hearth melt was introduced in 1974.
The No. 3 Steelworks has two 80-ton OHF's, four 5-ton electric furnaces, three

25-ton BOF's, at least three mills (bloom, bar, plate, and sheet), but no

blast furnaces and coke ovens. Its open-hearth furnaces reportedly cut down
average heat time from 5 hours 30 minutes to 4 hours 20 minutes and raised

capacity about 30 percent. Side-blown converters were remodeled into oxygen

top-blown converters. Shanghai as a whole must have a steel capacity of over

3 million tons, including more than 1.5 million at the No. 1 Steelworks. Tar-
gets for Shanghai as a whole have been exceeded in all recent years, and out-

put has risen about 10 percent annually. Shanghai plants have all kinds of
small mills and electric furnaces capable of making diversified, high-quality
products.
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Peking (or Capital)

Before 1958 when this steelworks produced only pig iron, it was called
Shih-ching-shan. Even by the mid-1960's, steel production was only about
one-third of pig iron output, with the surplus pigs shipped to plants like
Tientsin and Tangshan. The old blast furnaces were 413, 512, and 963 cubic

meters; these have since been enlarged slightly, and a fourth blast furnace
of possibly 1,200 cubic meters was recently added. Apparently the daily pig

iron capacity now exceeds 6,000 tons. Since 1969, three top-blown 30-ton
BOF's were added to the several OHF's already in existence to achieve a better

steel balance. Peking had a modern coke plant with two batteries, three oxy-
gen plants, and at least a blooming mill, a billet mill, and a bar mill by the

early 1970's, making Peking a much more integrated steelworks rated at perhaps

1.5 million tons of annual ingot capacity. A large iron mine called Chienan,
much closer to the steelworks than the Lungyen mines, has been developed

(fig. 31), and the iron concentrate delivered is better than 60 percent iron

grade. Additional coking and sintering facilities probably have also been

installed.

Taiyuan

This is an old steelworks in Shansi Province made famous by the installa-

tion of a pair of 55-ton Austrian BOF's that became operational in the early

1970's. There are probably three plants, one to house the BOF's, a second for

OHF's, and the third for EF's. Taiyuan had five blast furnaces: 963 cubic
meters, 291 cubic meters, and three very small ones. Apparently, at least one

of these furnaces has been greatly enlarged. Iron mines have been developed

for this center. A large sintering plant was built in 1970. There is a

blooming mill, a cold rolling mill, and a sheet mill. Steel capacity is more

than a million tons. This steelworks has been fulfilling targets in the

1970's, including the first quarter of 1975, which showed more than 10 percent

increase over the first quarter of 1974.

*W
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FIGURE 31. - New iron beneficiation plant of the Capital (Peking) iron and steelworks,
at Chiennan.
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Pench'i (or Penhsi)

The Pench'i iron and steelworks in Liaoning, originally built by the
Japanese, is more of a pig iron facility than steel. There are two blast fur-
nace plants with about five blast furnaces capable of producing more than 1.5

million tons of pig iron yearly. A 1.6-million-ton-per-year sintering facil-
ity was completed in 1973. Steelmaking capacity in the form of open hearths

and electric furnaces seems to be less than a half million tons. Pench'i has

done much work on mines, expanding the Nanfen iron mine to 7 million tons of

lean iron yearly and opening up the new Waitao shan mine of 3 million tons

(fig. 32). It has the kind of poor-grade raw ore that yields 1 ton of concen-
trate per 3 tons or more of raw ore. Pench'i has been increasing output in

the first half of 1975 or 1974.

Paot 'ou

Construction of the Paot'ou steelworks in Suiyuan also began in 1958, and

production of pig iron and steel was initiated in the next 2 years. In the
beginning, there was a 1,513-cubic-meter blast furnace, a sintering plant,
byproduct coke ovens, perhaps two 500- to 600-ton open hearths, and refractory

plants. Sudden withdrawal of Soviet technicians delayed completion of the

steelworks for many years. For one thing, the raw material supply was not
stabilized because originally programed mines were not suitable. Presumably,
this has since been resolved. Most likely, the steelworks has at least one

more blast furnace and two more OHF's. Two oxygen converters (BOF's) were

said to have been installed in 1970. There is a large shape rolling mill, a

rail mill, and a seamless tubing mill. It has been said that Paot'ou has a

1.1-million-ton pelletizing plant. The Paot'ou steelworks appear to be pro-

ducing 1 to 1.5 million tons of steel annually.

FIGURE 32. - New iron beneficiation facilities at Waitoushan supplying Penchi Works.
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Chungking

The Chungking steelworks in Szechuan has been substantially enlarged,
according to Takungpao (Peking) of January 10, 1975, page 3. During the Great
Leap Forward of 1958, through self-design and construction, two large blast
furnaces and two coke oven batteries were installed, and two 10-ton open
hearths were rebuilt into 50-ton open hearths. By 1964, a new large open-
hearth shop was built, and during the Cultural Revolution, a modern converter
shop was also constructed. It has rail mill, medium plate mill, thin plate
mill, and seamless pipe mill. Use of natural gas in steelmaking has meant
great savings and improved efficiency. Even in the old days, there was one
blast furnace (620 cubic meters) of consequence. The Chungking steelworks
must now be producing over 1 million tons of steel ingot annually.

Maanshan

The Maanshan complex in Anhwei not too far from Shanghai underwent sub-
stantial transformation in the late 1960's and early 1970's, and PRC claims
that it is now a "medium-sized iron and steel complex engaged in mining,
sintering, iron smelting, coking, steelmaking and steel rolling." It seems
that Maanshan can produce possibly 2 million tons of pig iron and lesser quan-
tities of steel (1 million plus), with surplus iron going to Shanghai.
Maanshan still does not have a large blast furnace, but it has more than a
dozen medium-sized ones of several hundred cubic meters. It also has open-
hearth shops and small to medium converters. Several BOF's have also been
installed. Great stress was placed on developing the raw material base, par-
ticularly iron mines like Kungshan, Taochung, and Nanshan together with the
necessary beneficiation facilities. Nearby Huainan Coal Bureau has coking
coal.

Lesser Steelworks

Many medium-sized plants are also in existence, with annual capacities in
the range from 200,000 to 400,000 tons per year, including Tangshan, Tayeh
(Huangshih), Fulaerhchi (alloy steel), Canton (Kwangchow), Talien (Dairen),
Hsangtan, Hsuanhua, Kunming, Shenyang, Fushun, Lienyuan, Sian, Hainan, and
Tientsin.

COPPER, LEAD-ZINC, AND ALUMINUM

Copper

PRC's consumption of the elusive "colored" metal copper may well reach
300,000 metric tons in 1975, which is of some consequence by world standards.
Electric power and machinery requirements have steadily expanded, and military-
security needs for copper are far less but nonetheless significant factors.
International tension along PRC's border has also made it imperative to build
up national stockpiles. As in aluminum, domestic production has been rela-
tively small. Moreover, the country does not even have one big copper mine or
plant. However, there are more secondary materials around, including brass,
bronze, and plain copper scrap. China has had to rely heavily on imports, and
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this situation will continue until large integrated domestic projects can be

developed, including smelters. PRC's copper production from domestic mate-

rials is estimated at 150,000 tons in 1974, not including refined copper made
from imported blister copper.

Chinese geologists feel that China's copper resources are sizable. Geo-

logical literature mentions vaguely that various finds of disseminated and

porphyry copper ores are important. One of these is said to be in a 500-

square-kilometer mineralized area of Ch'i-lien-shan Mountains of Kansu

Province. Another large disseminated copper deposit is in the Chung-t'iao-

shan Mountains of Shansi Province. Chekiang Province may have a 1-percent

copper ore body 3,000 meters long. Exploration work reportedly has been com-

pleted for a large iron-copper (must be chalcopyrite or cupriferrous pyrite)

deposit at Hungshan in the Yunnan-Kweichow Plateau, according to Takungpao of
April 17, 1973, page 2. Apparently, none of these so-called large deposits

has been developed, probably because of the great concentration of capital,
know-how, and effort that is needed.

However, many small copper mines have been mentioned in the press. His-

torically, no copper mine in China has ever been suggested as being larger

than 20,000 tons of mine copper yearly. There is no evidence that any copper

mine now operating is much more than 15,000 tons annually. The Hungtoushan

mine (fig. 33) near Fushun, Liaoning, may be producing about 3,000 tons of 1.2

percent copper (plus 1 percent zinc) ore per day or possibly 12,000 tons of

mine copper yearly. Hungtoushan no doubt has more than a 10-year supply of

reserves. The Huatung copper mine at Ch'ingyuan (fig. 34), also in Liaoning,

FIGURE 33. - Nonferrous gravity concentrator in Liaoning Province.
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FIGURE 34. - Huatung copper mine in the northeast.

recently installed a new flotation plant to greatly increase beneficiation
capacity and streamlined underground transport. The 18-year-old T'ung-hua
mine in Kirin Province, which was producing about 2,500 tons of mine copper
yearly, has been expanded and diversified. With the discovery of a sizable
ore body and many new veins, T'ung-hua's copper reserves reportedly were
increased twofold; a rare metal ore body was also found, according to
Jen-Min Jih-Pao of July 25, 1972, page 1.

At the old T'ung-kuan-shan copper mine in T'ung-ling-shih of Anhwei
Province, production has been greatly stepped up since the early 1970's (see
Jen-Min Jih-Pao, August 13, 1972, p. 3). Considerable new reserves were dis-

covered at T'ung-kuan-shan that can support the new high levels of output for
more than a decade. In 2 years, about half a million tons of copper ore
(possibly 2 percent copper grade or better) were mined; this would suggest

that the mine is currently producing 5,000 to 10,000 tons yearly.

The relatively small Hopeh underground copper mine in Hopeh Province

built in the early 1960's was recently mechanized 70 percent in major produc-

tion activities like mining, tunneling, loading, and transport. Development

of the Fushan copper mine in Shantung Province started in 1970, and production

has reportedly topped the state plan by good margins in the subsequent 4 years.
Another copper mine mentioned for Shantung is Yashan. There is a copper mine
in Chitung County, Hunan Province, size unknown but probably small. One of

the relatively large copper mines historically and very possibly at present

also is Tungch'uan, Yunnan Province, on which there is no recent news. The
large No. 3 metal mine in Yunnan (very possibly Tungch'uan) had an aerial
tramway installed in the early 1970's. Presumably copper mines have been
opened at Pai-yin-ch'ang, Kansu Province, and Ch'i'lien'shan, Tsinghai.

Except for Shenyang and Shanghai, information on Chinese copper smelting
and processed facilities is indeed meager. The Shenyang smelter produces
refined lead and zinc, in addition to several tens of thousands of tons of

refined copper. The raw material is mostly primary (includes Hungtoushan as a
source) and some secondary. The Shanghai copper and lead refineries may be
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slightly larger than Shengyang in copper, but most raw materials consist of

imported blister copper and scrap. Copper refineries have also been mentioned
for Taiyuan and Chung-t'iao-shan in Shansi Province, Tayeh and Wuhan in Hupeh
Province, Kunming in Yunnan Province, Anhwei Province, Fukien Province, and

Hainan Island. There is said to be a large "colored metal" smelting center at
Lanchow in Kansu Province, which probably produces copper among other metals,
including byproduct rare metals. Another complex smelter has been mentioned
as being located in Urumchi, Sinkiang, but this may be small. The Chinese

talked with the Japanese about building copper smelters on several occasions,

including Furukawa Mining Co. about flash smelters; however, apparently
nothing materialized.

China has a long-term contract with the Government of Zambia to import
50,000 tons of copper annually as collateral for a $400-million interest-free

loan to build a 2,000-kilometer railroad linking Tanzania. However, actual

shipments of refined copper from Zambia to China was only 18,000 metric tons
in 1974. Even with the change of government, which caused an old agreement to

exchange Chilean copper for Chinese aid to become defunct, Chile still
exported nearly 48,000 metric tons of copper in various forms (three-quarters
blister) to China in 1973 and 40,000 tons in 1974, as compared with the pre-
viously agreed-upon annual tonnage of 65,000 tons. An understanding is still
in effect with the Peruvians for approximately 40,000 tons of copper annually
plus 10,000 tons each of lead and zinc in the future, in exchange for Chinese

loans to help develop the Tintaya copper deposit in Peru. In 1973, Peru

shipped nearly 10,000 tons of blister copper to China plus unknown tonnages of

refined copper. The Chinese bought 8,670 tons of copper (Canadian exports)
from Canada in 1974. Japan exported 32,677 metric tons of refined copper to

China in 1974 and 9,697 tons in the first 4 months of 1975, through Sumitomo
Metal Mining and others. The United Kingdom exported 35,563 tons of copper to

PRC in 1973 and 4,894 tons in 1974, and West Germany exported 9,007 tons in
1973. A very significant development at yearend 1974 concerns the fact that
the Philippines agreed to supply PRC with 4,000 metric tons of copper concen-
trates from Philex Mining during the first quarter of 1975 in a barter
exchange for Chinese oil. In the summer of 1975, PRC negotiated a trial ship-

ment of 10,000 tons of copper concentrates from Bougainville. These develop-

ments suggest that China might buy from other copper producers as well.

Lead-Zinc

China's lead and zinc supplies derived from indigenous materials appear

to be even weaker than copper because mines do not seem to be any larger or as
numerous and scrap metal is less abundant, particularly in the case of zinc.

Meanwhile, demand is also growing and may rise sharply in the next decade. As
more vehicles are used and additional power generated as a result of the
greatly expanded oil and gas production, increasing quantities of lead will be
needed for batteries and electric cables. Additional zinc will also be
required for galvanizing and plating. As an order of magnitude, PRC may have
produced 100,000 tons each of lead and zinc per year during 1973-74. Imports
in recent years have not been particularly large, indicating possibly that the
deficiency situation is improving.
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Estimates for domestic resources and production are very tentative for

lead-zinc, for lack of adequate data. The largest Chinese lead-zinc mines may
be located in Kwangtung Province, but hardly anything is known except that

these may be furnishing ore to the Shaokuan smelter originally designed for

about 35,000 tons of zinc and 18,000 tons of lead annually. The Taoling
(T'ao-lin) lead-zinc-fluorspar mine in Hunan may be producing 3,000 tons of

ore daily (about 2.5 percent combined lead-zinc), which might equate to 15,000
tons of zinc per year and 10,000 tons of lead. The old Shuikoushan mine in

Hunan Province may be producing only about 1,000 tons of ore containing 3+
percent lead-zinc plus silver. Nearby Sungpei is the smelter associated with
Shuikoushan, and it may be producing 10,000 tons of lead and 5,000 tons of

zinc yearly. A small lead-zinc mine has been opened in Hengtung County, Hunan
Province. Historically, Chinese miners had worked lead-silver ores in north-
ern Burma and Vietnam for centuries, leaving many slag dumps.

A few small lead and zinc mines in Liaoning Province such as Hsiuyen,

Chingchengtzn, and Yangchiachangtzu supply the Shenyang lead-zinc smelters and

the Hulatao zinc smelter. There is a relatively new lead-zinc mine near the
Liencheng smelter in Fukien Province. Huili in Sikang is well known for zinc.

Kwangsi has a lead-zinc mine called Sidin. Sinkiang Province reportedly pro-
duces lead-zinc ore. The Shanghai refinery produces perhaps 7,000 tons of

refined lead annually, probably using lead buillions from Hunan and scrap.
Facilities have also been mentioned for Wuhan, Canton, Changchun and Kunming,

but these are mainly lead plants, and apparently small. The fact that the

Chinese were offering zinc for sale in the 1E (London Metal Exchange) mar-
kets early in 1975 suggests that the Shaokuan Imperial Smelting Process
smelter may be in operation.

Regarding imports, the Peruvians promised to deliver about 10,000 tons

each of lead and zinc to China on an annual basis. North Korea may be fairly
important in selling refined lead and zinc to PRC. Australia, France, West

Germany, and Canada sold little if any lead and zinc to China in 1973-74. The
United Kingdom exported 9,023 tons to PRC in 1973 and none in 1974. Business

started to pick up for Japan in selling lead. Exports to China in 1974 were
2,998 tons of lead and no zinc. However, Mitsui Mining and Smelting Co. was
scheduled to ship 6,000 metric tons of lead to PRC in the first 5 months of
1975. The Mitsubishi-Cominco lead smelter in Japan has also been filling lead
orders from PRC and the U.S.S.R.

Aluminum

Expansion of power generation and transmission facilities in China has
greatly increased demand for aluminum and copper. The country is definitely
in a "take-off" stage in aluminum consumption, particularly in view of the
overall industrial activity that willbe created by the anticipated rapid
growth in oil and gas production and consumption. PRC has been increasingly
short of aluminum during the last decade, with hardly any large facilities
built internally in the face of obvious shortages. This situation is in con-

trast with the rest of the world, where so many large new aluminum plants have

been constructed by mostly international companies. Lack of adequate cheap

power, high-grade resources, easily available capital, and latest know-how,
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plus difficulty in establishing big integrated projects, are among the reasons

why PRC has not moved forward rapidly in this area. Nonetheless, China prob-

ably produced about 200,000 tons of aluminum in 1974.

The policy has been to buy aluminum abroad to meet requirements. Annual

need for aluminum imports is already more than 100,000 tons and could reach

200,000 tons. Importation in the next few years no doubt will be made easier

by the foreign exchange that will be earned by oil exports. However, PRC

definitely would be thinking about building some new large plants at home

where adequate power supplies might be developed, such as at some hydropower

sites and natural gasfields. Yet, it may be advantageous to import a certain

proportion of supply because of better bauxite resources and already existing
and very efficient facilities worldwide. International implications of

Chinese developments are that the overall market is becoming substantial and
that aluminum purchases by the PRC would affect world supply from time to

time.

China's known aluminum resources are extensive but not of a particularly
good grade. Total resources may be on the order of 1 billion tons, but work-

able reserves are probably closer to 100 million tons. Most of the raw mate-
rials now used consist of high-silica diasporic bauxite from Shantung,
aluminous shale from Liaoning, and alunite that must be processed by the soda-

lime-sinter, calcium aluminate and other non-Bayer processes. Promising

bauxite resources, however, are said to occur in Kweiyang, Kweichow Province;
around Pench'i, Liaoning; Hopeh Province; Kunming, Yunnan; and even Honan,

Kwangsi, Chekiang and Fukien Provinces. A limited number of good grade baux-

ite deposits no doubt have been worked, although bauxite in general has not

been investigated enough for accurate appraisals. Fushun uses about half

million tons of local aluminous shale annually for its aluminum raw material.

It is difficult to clearly determine Chinese aluminum and alumina facil-

ities outside of Fushan in Liaoning and Nanting in Shantung. The Fushun

reduction plant built in the mid-1950's is rated at close to 100,000 metric
tons annually. It has horizontal stud Soderberg cells that produce 450 kilo-

grams per day per cell. There are two workshops, each with two potlines of
160 pots per line. The plant seems to be fairly efficient and uses acid-spar

from T'ao-lin. The Nanting plant in Changtien, Shantung, with four big rotary

kilns and corresponding chemical facilities, has been steadily expanded in

recent years. An aluminum plant with at least 100 cells has been mentioned
for Sanmen Gorge, the site of a scaled down hydroelectric irrigation project

in the Honan-Shansi border on the Yellow River. This implies a plant of
20,000- to 30,000-ton size. The Japanese say there is a plant of this scale
at Lanchow, Kansu. Other small plants might have been erected at Taiyuan
(Shansi), Wuhan (Hupeh), Changling (Kirin), Tsingtao (Shantung), Nanning
(Kwangsi), Hofei (Anhwei), Sian (Shensi), Kweiyang (Kweichow), Chiaotso
(Honan), and Changsha (Hunan). It has not been possible to confirm the status
of any of these plants, and some probably are processing facilities. One
might assume, however, that at least half of the small reduction plants are
being worked. If these were added to Fushun, it can be surmised that PRC's

aluminum reduction capacity exceeds 200,000 tons per year.
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Western industrialized countries and Japan exported 41,000 tons of alumi-
num ingot to the PRC in 1971, 64,500 tons in 1972, and 71,600 tons in 1973.
Exports from the U.S.S.R., Czechoslovakia, Poland, and Hungary, to China, for
example, are not included in the aforementioned figure. On several occasions,
the Chinese have made bids to buy 100,000 or more tons of aluminum ingot from
Japan, Western Europe, and the United States, including some "superpure"
aluminum. One source indicates that the Chinese have bought 139,000 short
tons of aluminum from abroad since April 1975 (Metals Week, September 1, 1975,
p. 6). Important Western suppliers in recent years have been Canada,
(Kitimat), Norway, Iran, France (from Bahrein), Australia (Comalco and Alcoa),
Venezuela, and Japan. Although exporting 5,694 tons to China in 1974, Japan
may gain ground sharply, as seen from a July 1975 long-term contract with
Mitsubishi Aluminum for 20,000 tons annually (Metals Week, July 7, 1975, p. 2).
Recently, the U.S. firm Kaiser Aluminum reportedly was discussing the sale of
100 million pounds of aluminum to the PRC. The Chinese bought about 4,000
tons of ingot and 30,000 tons of aluminum from Guyana and contracted to buy an
additional 60,000 tons of aluminum in 1974. Of commercial interest is the
fact that the Chinese have recently sold refractory-type calcined bauxite to
the United States via Gerald Metals Ltd. of London.

EXPORT AND "COLORED" METALS

Tungsten

China undoubtedly has extensive tungsten resources, probably the largest
in the world. As an order of magnitude, overall reserves would be 100 million
tons of 1.5 to 2.5 percent WO3 ore. Production has never been reported by
PRC, but 16,000 tons of concentrates or 8,500 tons of tungsten content in 1974
seems to be areasonable estimate. Consumption has steadily grown to the pres-
ent level of 5,000 to 6,000 tons, and exports have ranged from about 25,000
tons of concentrates per year in the early 1960's to 12,000 tons in 1973 and
10,000 tons in 1974. However, production does not necessarily vary from year
to year with domestic consumption plus exports because the tungsten mines will
continue to operate as long as there are resources to support them, and stocks
can be withdrawn or built up as needed. For a country very much aware of
national security matters, the PRC could easily have 50,000 tons of stocks.
The impression in the world markets is that China has large tonnages of
tungsten concentrates to sell when it is advantageous to do so.

Most Chinese ore is high-grade wolframite from Kiangsi Province, but
scheelite from Hunan Province has become important, and significant deposits
have also been found elsewhere in Southeast China, particularly in Kwangtung
Province. There are probably a dozen mines capable of producing 500 to 2,000
tons of concentrates annually as well as many other smaller mines in the
"tungsten belt" along the Nan Ling Range. The best known mines in Kiangsi are
Hsihuashan, Tachisan, Kweimeishan, and Pankushan (fig. 35). The ores are pre-
dominantly wolframite, but could contain important amounts of tin and some
molybdenum and bismuth as well. In fact, tungsten mines are the primary
source of China's bismuth. Considerable exploration has been done in recent
years on the known deposits of Kiangsi, including use of modern geophysical
methods, and it has been claimed that discovery of many previously undiscov-
ered ore bodies has helped to rejuvenate the tungsten mines.
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A typical big Kiangsi mine in the Tayu District has hundreds of veinlets

in a mineralized zone of several square kilometers. Possibly two sets of very
steep veinlets averaging 0.3 meter in thickness (thickest part may be 3 meters)

extend from a quarter to 1 kilometer in length and 100 to 250 meters in depth.

Ore grade is uneven but may average 1.2 percent WO3 and over 0.5 percent tin.
A single large mine can have over 100,000 tons of contained WO3 as reserves.

Mining is well-engineered and at least semimechanized, with daily ore produc-

tion often approximately 2,000 tons. There is usually a fairly good mill

capable of at least 90 percent recovery of valuable constituents.

Hsihuashan has been modernized into a fairly efficient mine, and the mill
apparently has been streamlined. The Pankashan mine was steadily meeting pro-

duction targets. A large but deep ore zone was discovered at Tachishan a few

years ago that brought new life back to this old mine. Hunan mines are best

known for scheelite, and one of these may be Yangchiatan. However, small

wolfram mines located in Tucheng County were said to be doing well in 1973-74.
Two better known mines in Kwangtung are Yang-chiang and Yao-ling, probably

both producing wolframite. Most Chinese tungsten ore entering the world mar-

ket from the mines mentioned is medium high grade wolframite analyzing 65 per-
cent WO3 plus (not quite as high in grade as historically). The small amounts

of scheelite sold are of medium grade in impurities. One wonders when the
Chinese would build a synthetic scheelite plant for marketing advantages.

The United Nations Conference on Trade and Development (UNCTAD) Committee

on Tungsten has a publication called Tungsten Statistics that reviews imports
by consuming countries of Chinese tungsten in terms of tungsten content, which
amounts to a little better than half of the equivalent weight of average tung-

sten concentrates. For 1973, this source shows that 5,522 metric tons of

tungsten exports from China can be accounted for, including 1,825 tons to the

U.S.S.R., 937 tons to West Germany, 460 tons to Austria, and over 300 tons

each to Sweden, Hungary, France, and Netherlands. In 1974 (based upon part-of-

year estimates), the total seems to be less than 5,000 tons, with the U.S.S.R.

at possibly 1,600 tons, United Kingdom at 500 tons, Netherlands at 360 tons,
Austria at 350 tons, West Germany down to below 300 tons, and Poland 290 tons.

The United States did not import much because of the relatively high tariff

imposed. The PRC has started to attend the UNCTAD meetings in Geneva but have

so far given out little information on trade or other tungsten particulars.

PRC's consumption of tungsten has already reached respectable levels and

should further expand according to rise in steel output and greater use in

making machine tools, drill bits, and other machinery and equipment. Between

estimated domestic consumption and known imports by recipient countries, there

seems to be little question that Chinese production of tungsten concentrates

has returned to the range from 15,000 to 20,000 tons. It appears that the PRC

has tungsten to sell if the prices are right and could support these levels of

production indefinitely. At the July 1975 price of $75 per short ton unit of
W03 , 10,000 metric tons of tungsten concentrate exports is worth about $55
million.
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Tin

PRC apparently had been producing 20,000 metric tons of tin annually for
some years, and even more was produced in the 1950's. According to the
American Metal Market of December 6, 1974, a Dr. H. Seto of Japan's
Mitsubishi Metal Corp., which operates a tin smelter and refinery, believes
that China can boost tin production substantially if it is advantageous to do
so. Seto feels that his company's tin flotation system may be particularly
applicable to the lode tin ores of Yunnan, Kwangsi, and Kiangsi Provinces.
One desirable feature of the system is that it handles fines well. China has
both lode and alluvial tin, with total reserves on the order of at least 1.5
to 2 million tons of contained tin.

The Kuchiu nonferrous complex in Yunnan has been the mainstay of the
Chinese tin industry for decades. New reserves of mainly lode tin have been
steadily found to compensate for what is mined out. Ore at 2 to 4 percent is
high grade, but base metal impurities present beneficiation and metallurgical
problems. Much construction and expansion took place in Kuchiu in the late
1950's, and another push occurred around 1970 when the Kohsin mine was basi-
cally mechanized and production expanded severalfold. Previously, some of the
Kuchiu tin was not of a very high grade; however, this tin has greatly
improved in quality because electrolytic refining facilities have apparently
been added in recent years. China's No. 2 ranking tin center is the general
district of Fuhochung in Kwangsi Province, which is placer and "clean tin"
country. The tin here is easily of 99.9 percent quality, and the potential
seems good and easily workable by methods employed by Chinese tin miners in
Southeast Asia. A new placer district was mentioned for Kwangsi Province,
namely Chiumou. The byproduct tin of Kiangsi Province must have assumed
increased significance also.

Chinese tin, long an important export product and a significant factor in
the international tin market, is once more entering world trade in increasing
quantities. According to the London periodical Tin International of July 1975,
accountable imports of Chinese tin by consuming countries had reached 8,918
tons in 1974, about 4,000 tons more than in 1970. With no tin duty, U.S.

imports of Chinese tin had risen from zero in 1971 to nearly 4,000 tons in the
first 5 months of 1975 and possibly 2,000 tons more in the next few months.
These shipments sold at relatively low prices are not controlled by the quota
of the International Tin Council and makes ITC uncomfortable. However, these
same shipments imply that the Chinese tin industry is health and willing to
sell. The tin circles believe that PRC might well export 11,000 metric tons
of ingot in 1975, which at midyear prices of roughly $3 per pound would be
worth more than $70 million. Recent receipts of Chinese tin by consuming
countries are as follows, in metric tons:



72

Country 1972 1973 1974

United States.....................163 1,755 3,336
Netherlands.....................1,195 920 1,462
France........................... 1,530 1,668 1,280
Japan........................... 508 709 830
West Germany......................872 745 610
U.S.S.R.......................... 800 501 500
Poland........................... .605 325 100
Canada........................... 550 500 190
Hungary........................... 100 300 225
United Kingdom....................- 20 110
Czechoslovakia.................... 70 30 110

Total (including others).. 7,152 8,527 8,918

Chinese tin consumption may have reached 8,000 to 9,000 tons per year.
There is increasing need for tin plates, but PRC's capability to produce this
is less than demand. Most industrialized countries show that one-tenth of the
steel business and possibly one-third of the tin used might be in this area.
PRC's annual consumption of tin in tin plating probably is approaching 3,000
tons. Its production has certainly increased in view of equipment purchases
from West Germany and Japan. Other important uses of tin in China include
soldering and making of brass and bronze. Because of easy availability, China
may be using proportionally a little more tin. No doubt PRC has several years
of tin stockpiled. All signs point to the fact that the country will have no
difficulty expanding tin production to beyond 20,000 tons yearly.

Antimony

Antimony is the most elusive of China's "big three" export metals that

include tungsten and tin. During World War I, China produced about three
times as much as the recent levels and was by far the world's leading antimony
producer. The special wartime world demand for antimony for "dum-dum" bullets
has since vanished, the antimonial lead market for batteries remain, and mar-
kets for "nonmetal antimony products" in flameproofing, pigments, and ceramics
have expanded. Anyhow, China finds stiff competition from the Republic of

South Africa, which produces gold along with antimony in the same ore.
Whereas antimony, Chinese or otherwise, is not produced in large quantities,
its price is not particularly high either, being only $1.50 a pound in July
1975 and never more than $4. Lack of money to be made has kept world produc-
tion down. Chinese production in 1974 is estimated at only 12,000 tons, and
some feel this is too much and difficult to account for.

Measured by receipts of importing countries, Chinese antimony exports are
not large, particularly during the recession year of 1974, wherein Japan, the
leading purchaser, took only 509 (1,080 tons in 1973) metric tons of metal and
1,994 (3,014 tons in 1973) tons of 50 to 60 percent antimony concentrates
through principally the Hibino Metal Industrial Corp. The United States
imported 440 tons of metal and 83 tons of antimony oxide in 1974. The U.S.S.R.
shows antimony imports from China at 250 tons in 1973. Even allowing for the
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other industrial countries, it is difficult to conceive that accountable

imports from China were much more than 4,000 to 5,000 tons (valued at $10 to
$15 million in 1974) in either of the last 2 years. PRC seemed to have much
antimony to sell but cannot get any good prices. There was a recent inter-

national antimony meeting in Bolivia in which PRC participated but later with-

drew.

Antimony consumption in China may be on the order of 5,000 tons, mainly

for uses like antimonial lead, bearings, type metal, flameproofing, solder,
and an important Chinese use in making munitions. There must be considerable
stockpiles. The Chinese are hopeful of exporting more in the future without
disturbing the volatile world prices.

The bulk of the Chinese antimony resources traditionally comes from
southwestern Hunan Province, headed by the Hsikwangshan mine, which may have
reserves of 1.5 million tons of mine antimony by itself. Kwangtung Province
ranks a distant second in potential and output. Resources are so large and of
a sufficiently good grade that China can produce antimony according to world
demand and needs of the country. Traditionally, the Chinese have known
antimony technology as well as anyone.

Chrome and Nickel

Domestic resources of these two minerals are sadly lacking, and there is

no cause for optimism on the basis of present geological knowledge. On the
other hand, China's industrial requirements for such raw materials are stead-
ily rising. A chromite deposit has been reported for Hopeh Province, and a
presumably small nickel mine--Panshih in Kirin Province--was said to have been

expanded of late. Meanwhile, imports are the only recourse.

When the Soviets stopped shipping chromite to China in the early 1960's,
Albania took up the slack as the leading supplier. PRC may have imported

about 250,000 tons of chromite annually in recent years, two-thirds from
Albania and the rest mainly from Iran and Turkey. With improved relations,
the Philippines might be able to furnish PRC with both metallurgical and
refractory chromite and indeed nickel as well in the future while taking oil
from China.

Cuba and the U.S.S.R. had been supplying PRC with nickel, but at least
the latter ceased doing so in 1973. In recent years, International Nickel and
Falconbridge of Canada started to sell significant tonnages to China.

Canada's nickel exports to PRC were 22,500 metric tons valued at Canadian
$73.5 million in 1973, and 20,000 tons valued at Canadian $65.4 million in
1974.

Manganese

China has long been a sizable producer of manganese ore, potentially far
in excess of requirements. Annual production has been 'about a million tons,
mostly for use by the steel industry but some for export. The Japanese bought
about 55,000 tons during 1974, of which four-fifths was ferruginous manganese
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ore of 30 percent grade. PRC does have good metallurgical-grade manganese ore
for sale. Principal producers in China are Hsiangtan in Hunan, Mukwei and
Leiping (Laipin) in Kwangsi, Tsunyi in Kweichow, Chin Hsien and Fangcheng in

Kwantung, Wafangtzu in Liaoning, and Chienchi (Chihsiashan) near Nanking.

Molybdenum

China's only molybdenum mine, an important one, is located at

Yangchiachangtzu near Chin-hsi, Liaoning Province. In the late 1930's, the
Japanese found molybdenum in lead concentrates, which Yangchiachangtzu had

been producing along with zinc, and further search revealed a separate new

lode of 8 million tons of 0.4 percent molybdenite ore. This has been worked
for years at possibly over a thousand tons ore output daily to yield 1,000 to
1,500 tons of concentrates yearly. Additional ore bodies apparently have been
subsequently found; Yangchiachangtzu has recently been mentioned as having

many tens of million tons of ore analyzing 0.15 to 0.3 percent molybdenum.
Chinese molybdenite concentrates have been shipped abroad from time to time to
areas like Eastern Europe and Japan. However, tonnages have been much below

projected output. This implies that some amounts are locally consumed by
plants like Kirin Ferroalloy plant which would make ferromolybdenum. The
China steel industry can use more molybdenum, but it should be remembered that
molybdenum is often interchangeable in use with tungsten.

A Japanese report says that molybdenum occurs at "Sizhe," Sinkiang. It

is certainly present in the tungsten fields of Kiangsi Province. More impor-
tant, China is said to possess porphyry deposits of both copper and molyb-

denum in Chinlingshan Mountains of Shansi Province and in disseminated depos-

its within the hornfels of Kirin and Shansi Province. However, no evidence
exists indicating that any of these possibly large deposits have been
developed.

INDUSTRIAL MINERALS

Asbestos

Although PRC's asbestos consumption is still unaccountably small for a

country rapidly gaining in industrial stature, demand for such products appear
to be rising and should reach significant levels in the coming decade. There

is no question that China has become a moderate-sized world producer of good

quality asbestos (possibly 160,000 metric tons in 1974) during the last decade.
The famous asbestos town of Shihmien in Szechuan has been described in litera-
ture at various times. However, data on other lesser producers are indeed
scarce; the best account of the latter is a December 1958 article on Chinese
Asbestos in the Canadian Mining Journal, pages 62 to 64. Chinese and Canadian
experts in asbestos have exchanged various visits, but little solid informa-
tion on Chinese deposits has been made available. According to a Chinese
engineer from the Kirin Asbestos Factory writing in 1958, deposits are located
in a belt extending from Kirin and Liaoning Provinces to Southwest China pass-
ing through Hopeh and Shensi Provinces and Inner Mongolia. Asbestos fibers
from China, Kirin, and Taan, Shensi, are said to be brittle but long. Those
produced in Chinhsien, Liaoning, are medium but strong and suitable for making
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asbest-cement products. Outside of Szechuan, probably the asbestos deposits

of Laiyuan County, Hopeh, are the most productive. The ore body embraces 5 to

20 veins (1 to several meters wide) that extend several kilometers in length.
The chrysotile asbestos of Laiyuan is 2 to 5 centimeters long, high in tensile
strength, and suitable for high-quality products. Asbestos has also been dis-

covered in Yuankiang County, Yunnan Province.

Szechuan actually has a second major asbestos deposit called Penghsien,

not too far away from Shihmien and little known. Shihmien was described in
some detail in the Chinese Newspaper, Takungpao dated August 31, 1974, page 8.

It is China's largest and important even by world standards. The overall ore
zone is 6,300 meters long and 350 meters wide, with reserves of some 28 mil-
lion metric tons of plus 2 percent grade ore. Shihmien's chrysotile fibers of
2 centimeters or better represent more than half the total produced, and the

best sample that happens to have been shipped to Geneva for exhibit was 1.3
meters long and the size of a bucket in circumference. There are over a dozen
fairly up-to-date projects at Shihmien, including a good beneficiation mill,

powerplant, and aerial tramway.

Small quantities of Chinese asbestos have reached outside markets. Japan

imported 1,394 metric tons in 1974 and 539 tons in the first 5 months of 1975.
Poland has bought some Chinese asbestos, and Mexico recently purchased some of
fair quality. Apparently PRC does not have much to sell or is not pushing

exports.

Barite

Chinese barite is a fascinating but little known subject. It should
gradually be coming to the forefront, in view of the very considerable oil and
gas drilling that has taken place already, with prospects of far more to be

done. The country does not appear to be lacking in this resource so that much
more exploration and mining can be expected in the years ahead. Chinese

barite output in 1974 has been estimated in a very general manner at 200,000
tons or nearly 5 percent of the world total. It is known that Chinese barite

exports were 40,000 to 70,000 tons annually a few years back, mainly to Japan,

West Germany, Poland, Romania, France, Italy, and the United Kingdom. Recent
imports by consuming countries have apparently declined, reflecting China's

own increasing needs. For example, Japan, the leading buyer of Chinese barite,

imported 63,281 metric tons in 1972 but only 35,576 tons in 1974. Nonetheless,
a recent offer to sell large tonnages of barite is said to have been made to

U.S. trade circles. Current production areas are not known. However, old
deposits include T'angshan in Hopeh, Hwashan in Shantung, Hsui-jen in Kwangsi,
and Lin-ch'uan in Kiangsi. All of the barite deposits mentioned seem to have
high-quality, easy-to-work ore bodies with implications of original reserves
at millions of tons. It is very likely that China has fairly extensive barite
resources.

Cement

The Chinese cement industry is becoming a world factor. Current output
of 20 to 30 million metric tons yearly is catching up with the leading West
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European countries and continuing to rise. The reason for the uncertainty in
trying to make a good estimate is that over half the cement production is

claimed to be provided by small cement plants. The 1974 state cement produc-
tion plan was fulfilled 24 days ahead of schedule and consumption of raw mate-

rial and cost of production were reduced, according to the New China News
Agency of January 16, 1975. Not too many large plants were mentioned during

1974, and only a few have been bpilt in recent years, implying a period of

consolidation of existing enterprises. Apparently, most medium and large
plants were being operated at close to capacity (fig. 36).

FIGURE 36. - Million-ton Huahsin cement plant near Wuhan.
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China probably has 50 or more cement plants capable of producing between
100,000 and 1,000,000 tons yearly. Two-thirds or more of the larger plants
use the dry process with Le Paul-type of kilns; plants employing the wet pro-
cess are primarily in South and
of these plants may be close to

cement plants in the PRC are as

Southwest China.
15 million tons.
follows:

Combined annual capacity
Some of the larger, known

Plant name Province Annual capacity,

metric tons

Hantan............................
Yao Hsien.........................

Huahsin..........................
Kwangchow........................

T'angshan........................

Liuliho...........................
Yungteng..........................

Fushun...........................

Chungking........................
Tat'ung...........................

Kiangshan........................

Ch'i-yi (Changchun)..............
Mutanchiang......................

Tungfanghung.....................
Liuchow..........................
Kunming...........................

Urumchi (Uighur).................
Kweiyang..........................
Shihlingtzu (Lishu)..............
Chaohu (Hofei)...................
Kungyuan (Penchi)................

Kaiyuan..........................

Chungkuo.........................
Chiangnan (Shanghai).............
Yung-an...........................
Pao-tou...........................
Luta (Dairen)....................

Tzupo.............................
Ansh an............................

Chinhsi..........................
Harbin...........................
Liaoyang..........................
Liku..............................
Wusung............................
Nanping..........................

Hopeh....................
Shensi....................
Hupeh.....................

Kwantung.................

Hopeh.....................
Peking...................
Kansu.....................

Liaoning.................
Szechuan.................

Shans i...................

Chekiang.................
Kirin....................

.................... .......do..................
Kiangsu..................

Kwangsi..................

Yunnan...................

Sinkiang.................
Kweichow.................

Kir in....................
Anhwei...................

Liaoning.................

Yunnan....................

Kiangsu..................
.................... .......do..................
Fukien...................

Suiyuan..................

Liaoning.................

Shantung.................
Liaoning.................

..... do..................
Heilungkiang.............
Liaoning.................
Honan....................
Kiangsu..................

Fukien...................

>1,000,000
1,000,000
1,000,000

700,000
700,000
700,000
600,000

>550, 000
550,000
500,000

>500,000
440,000
400,000
400,000
400,000
330,000
300,000
300,000
300,000
300,000
300,000
270,000
270,000
250,000
250,000
200,000
200,000
160,000

>100,000
100,000

>100,000
100,000
100,000
100,000
100,000

NOTE. -- Probably at least a dozen other plants have yearly capacities of
100,000 tons or better.

The Chinese say that there were about 2,800 small cement plants at the
beginning of 1974 and that nearly three-quarters of all the hsiens have cement
plants to serve local industries. One might guess that there would be about
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3,000 so-called small plants now. The small cement plants are generally
either in the range from 3,000 to 7,000 tons per year or from 10,000 to 50,000
tons. A model small plant can be 30,000 tons. The smaller ones are probably

equipped with the batch type of simple, coal-fired vertical kilns, whereas

some of the larger ones employed continuous operations with different fuels,

mostly vertical kilns but occasionally horizontal rotary kilns also. Output
of small cement works in 18 provinces, municipalities, and autonomous regions,

including Kansu, Honan, Shanghai, Peking, and Ningsia reportedly all rose by
big margins in 1974 compared with 1973. Mass technical innovations were car-

ried out to raise efficiency and labor productivity. At a small plant in
Hsiyang County, Shansi, annual capacity was raised from 7,000 to 20,000 tons

by improving drying, crushing, mixing, and dust collection through indigenous
concepts of mechanization. Such innovations are being applied to many plants
around the country. In Honan Province alone, cement output from 140 small

plants amounted to approximately 1 million tons in 1974.

China's small cement works have been very important in rural areas for

building water-control and power generation projects and improving farming
conditions to combat the elements and unexpected adversities. Specifically,

the cement was commonly used to construct reservoirs, pumping stations., pump

wells, irrigation and drainage ditches, roads and bridges to facilitate moving
of farm machines and products, threshing grounds, graineries, liquid ammonia
storage tanks, boats for agricultural use, and prefabricated slabs for housing.
Serious efforts are being made to improve product quality. Chinese cement is

usually of reasonably good quality, but some recent shipments to Hong Kong may

have been under par. PRC's portland cement is classified into six types,
which are explained in a book on standards by the CEMBUREAU headquartered in
Paris.

Cement production in China should reach the 50-million-ton level by the

early 1980's at the latest, in view of the steady expansion of all industries
and the sharp increases projected for oil and gas output. The simpler aspects

of cement technology, particularly matters related to raw material extraction
and grinding, blending, and drying, are things that the Chinese worker can

readily grasp. It should be remembered that the Chinese were able to build

the 300,000-ton rotary kiln at the Lanchow Petrochemical Machinery Plant more

than 5 years ago. They are also anxious to learn from the best, as evidenced
by a 5-man Chinese cement mission group sent to Japan on October 18, 1974, for
20 days to study cement products manufacturing technology. The Chinese might
well learn the Japanese suspension preheater system that could significantly
expand production from existing facilities.

Ceramics

The PRC is moderately prominent in ceramics and their raw materials, but
statistical data are very sketchy. Good clay deposits for general use are

found in most of the provinces of China, and improved technology has extended
resources further. Chinese clays and porcelain from Chingtehchen in the
Fuliang district of Kiangsi Province have long been world famous. Recently,
an American team of experts was making plans to visit that area.
Chingtehchen's yearly production of porcelain clays may be between 300,000 and
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500,000 tons. Quality of porcelain clays are not as good elsewhere. However,
Hopeh Province produces several hundred thousand tons yearly and Shantung and
Kiangsu Provinces each produce possibly 100,000 tons.

PRC's output of kaolin and fire clays for industrial and fire brick use

may be between 1 million and 1-1/2 million tons yearly. Although industrial

demand has been rising, some surpluses are still available for export.
Liaoning is the leading producing province, with annual output of approxi-
ately a half million tons (order of magnitude), coming mainly from Fu Hsien
and Pench'i (Penhsi) Hsien. Hopeh Province ranks next, with yearly output of
several hundred thousand tons derived primarily from Tangshan. Other lesser
producing provinces include Kiangsi, Szechuan, Shantung, Kwangtung, Kiangsu,
Fukien, and Kwangtung.

Tonnage of ordinary clays extracted for constructing clay huts and making

red and blue bricks for subsequent use are probably many tens of million tons
per year. Most Chinese bricks are kilned below fusion temperature, the red
ones being the oxidizing-atmosphere variety and the blue ones the reducing-
atmosphere variety. In the case of the blue bricks, water is introduced from

puddles built on the top of simple beehive type of kilns. These bricks can
stand weathering fairly well as evidenced by the fact that the large-size
bricks used in constructing the Great Wall of China are blue bricks.

China has abundant and widespread resources of silica raw materials,
ranging from quartz crystals originating from Fangshan, Tunghai Hsien, in
Kwangtung Province, almost pure quartz veins from Chinchou and P'ulantien
districts of Chin Hsien, Liaoning Province, to quartzite and silica sand

deposits in many parts of the country. Many sizable glass plants have been
built in major cities to utilize these resources, including the ones at
Shenyang and Talien (Dairen or Luta) in Liaoning Province; Peking; Tientsen;

Shanghai; Poshan, and Tzupo in Shantung Province; Chingwangtao in Hopeh
Province; Nanp'ing in Fukien Province; Tehsing in Kiangsi Province;
Hsianat'an and Ch'angsha in Hunan Province; Kwangchou (Canton) in Kwangtun

Province; Chungking in Szechuan Province; and Kunming in Yunnan Province.
China produces and uses borates for special high-temperature glasses. The
country's glass technology is still at relatively low levels, although sizable
quantities of simpler types of glass are already produced.

Diamonds and Jade

As China advanced industrially, the need for diamonds increased. The
turning point was in the late 1960's when the country was not yet producing
diamonds. Imports suddenly went up to more than $25 million annually, pre-
dominantly from De Beers via the United Kingdom and secondarily from Belgium.
By 1971, however, diamond imports started to decline because of availability
of domestic materials and possibly larger imports from friendly African coun-
tries. In fact, United Kingdom diamond exports to PRC dropped from $23 mil-
lion in 1969 to $14 million in 1971, $13 million in 1973, and $3.4 million in
1974. The only known Chinese diamond mine is Changte in the Yuangchiang Basin
of Western Hunan. Reportedly, diamond deposits have also been found in
Kweichow and Shantung Provinces. A very important recent development is the
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success in making synthetic diamonds, according to a New China News Agency
English item of October 5, 1973. The Institute of Physics of the Chinese
Academy of Sciences, in cooperation with the Peking Grinding Wheel Works,
experimentally produced diamond crystals larger than 1 millimeter by the
explosion method. More than a dozen units are now producing inexpensive syn-
thetic diamond chips by this method for use in metallurgy, geological pros-
pecting, oil extraction, machine manufacture, instruments, and defense

industries.

Exotic green-color jade is mainly a gem stone or ornamental stone and

there are no synthetics. The commercial term "jade" usually means jadeite to
the Chinese, but can also mean nephrite to other people. Jadeite is much more
radiant in color than nephrite and commands a much higher price. Although
Southwest China is traditionally famous for "jades," the best jade at one time

came from up-state Burma where Chinese merchants bought the crude blocks of
stone encompassing jade and sent them on the Hong Kong and elsewhere in the
Orient, where there are Chinese artisans, for cutting and sale. PRC undoubt-

edly is extracting and cutting jade, but little is officially entering the
world markets.

Fluorspar

China has been an important world producer of fluorspar for several
decades, and output in 1975 could well surpass 300,000 metric tons. A large
surplus has been traditionally exported, mainly to Japan. Imports of Chinese

fluorspar by Japan reached an alltime high of 179,485 metric tons in 1974, and
imports by the U.S.S.R. in 1973 (the latest figure) was 49,200 tons. Poland
was also importing as much as 10,000 tons for a single year. Most Chinese
fluorspar appearing in the world markets is metallurgical grade, but a small
part is acid grade. The Japanese steel producers and other consumers usually

make separate contracts with PRC in purchasing fluorspar. Very high grade
lump fluorspar has recently been offered in the U.S. market. Although still
at low levels, fluorspar consumption in China undoubtedly has steadily

increased. Possibly 70,000 tons of fluorspar were consumed in 1974, including
at least 50,000 tons by the steel industry and 10,000 tons by the aluminum
industry. PRC's annual fluorspar demand should reach the 100,000-ton plateau
in the near future.

Historically, the leading producing districts have been Wu-yi in Chekiang
Province, Kaip'ing in Liaoning Province, and Lung-hua in Jehol Province. Flu-
orspar has also been mined in Shantung and Kwangtung Provinces. A new pro-
ducer has come into prominence in recent years; namely the Tao-ling mine in
Hunan Province, which is also a lead-zinc producer. Tao-ling has flotation
cells and probably produces over 80,000 tons of acid-grade fluorspar annually.
Another recently developed fluorspar producer is located in Pecheng County,
Fukien Province. Many tin-barren granite ranges in China might well have
fluorspar, if carefully explored. There may not be too many potential depos-
its associated with lead-zinc, however, since such deposits are uncommon
according to present geological knowledge on the country.
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Magnesite, Soapstone, and Talc

These geologically associated minerals occur in a belt extending from

Tashich'iao (or Taling) northeast to Kienshankuan in Liaoning Province. The

country's magnesite resources are very extensive by world standards and are of
reasonably high grade. Yearly production may be about 1 million tons, to meet
the expanding needs for refractories in the steel industry and demand for

magnesia in export markets, such as in Japan.

Chinese talc from Tashihch'iao near Haich'eng is very high grade
(steatite-grade talc) and well known. Japan, the main customer, imported
45,434 metric tons of Chinese talc in 1971, 74,687 tons in 1972, 101,070 tons
in 1973, and 134,624 tons in 1974. Based upon this and imports by other
countries, PRC's current annual production probably has reached 250,000 tons.

In addition, as much as 150,000 tons of soapstone is also produced at
Tashihchiao annually. Japan is again the leading buyer of Chinese soapstone,

importing 72,163 tons in 1973 and 68,448 tons in 1974. The Luch'uan deposit
in Kwangsi Province has been mentioned as a new area for talc and soapstone.

Increasing quantities of talc, soapstone, and pyrophyllite will be needed in

China for making paper and paint and for filling materials in general.

FERTILIZERS AND CHEMICALS

Nitrogenous Fertilizers

China has been a major world factor in fertilizer production, consumption,
and international trade for more than 5 years, and its relative position is

improving vis - -vis other leading countries. Usually, the Chinese make claims
on the past year's performance near yearend. In 1974, however, only the first
quarter was mentioned in the press; that is, an increase of 6.1 percent over
the first quarter of 1973 for all chemical fertilizers and an increase of 12.2
percent for nitrogenous fertilizers, according to the New China News Agency of
May 5, 1974. Despite the silence, output had clearly increased somewhat in
1974. There is a news item stating that PRC's chemical fertilizer output in

1974 was 3.3 times more than in 1964. Based in part on an excellent review of
the Chinese fertilizer situation in the periodical NITROGEN (No. 86, November-

December 1973, pp. 31-32), output in 1974 measured in terms of nitrogen con-

tent (N) was approximately 3 million metric tons or just under. With the 13
large plants contracted from abroad or already being built, the country's

nitrogenous fertilizer production should surpass 5 million tons by 1977 or

1978. A report of the Joint Economic Committee of the 94th U.S. Congress
entitled "China: A Reassessment of the Economy" published July 10, 1975, has
a list and description of fertilizer plants bought from foreign countries on
pages 726 and 727.

Chemical fertilizers, along with water projects and insecticides, have
been basic toward advancing agriculture in China. Producing as much ferti-
lizers and in as many varieties as possible has been a fundamental policy that
has met with considerable success. The first step was to consolidate some

old plants and buy some new ones from abroad. There followed a program to

construct additional large plants, such as the ones in Nanking, Canton, Dairen,
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Lanchow, Kaifeng, Shanghai, Kirin, Luchow (in Kwangsi, fig. 37), Chuchow (in
Hunan), Hofei (in Anhwei), Yangchow (in Kiangsu), Liling (in Hunan), Tsinan
(in Shantung), Taiyuan (in Shansi), and Kunming (in Yunnan). These large
plants produced the common nitrogenous fertilizers like urea (46 percent

nitrogen content), ammonium sulfate (21 percent nitrogen content), and ammo-

nium chloride (25 to 26 percent nitrogen content).

Since the 1960's there has also been a concerted program to build good,
small and medium-sized nitrogenous plants; this program has grown to such pro-

portions that there are over 1,000 such plants scattered around the country

(fig. 38). One type of standard small plants started out as 3,000-ton-per-

year low-nutrient aqueous ammonia plants. Another common type, developed in

FIGURE 37. - Ammonia and urea plant in Luchow, Kwangsi, with production of 82,000 tons
(nitrogen content) per year.

FIGURE 38. - New medium-sized chemical fertilizer plant in Yingchuan, Ninghsia.
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China, is the small-scale ammonia bicarbonate plant. Most so-called medium

plants reach 50,000 to 100,000 tons per year in scale, such as Lunan (in

Shantung), Anyang (in Honan), Changsha (in Hunan), and Hsuanwei (in Yunnan).

Increasing interest has been shown in installing petrochemical and fer-
tilizer facilities. In this regard, various new plants not hitherto consid-

ered might come into being because of the rapid development of the oil indus-
try. Also, in the natural gas center and rice bowl area of Szechuan Province,
many more fertilizer plants would be built, although mostly perhaps not too

large. Finally, the new large foreign plants should make their presence felt.

In the process of building up the fertilizer industries, the Chinese have done

much work in developing new catalysts for making them. There is some progress

in the field of mixed fertilizers. Phosphates shall be discussed separately.

Under the present state of geological knowledge, there is no reason for undue

optimism on the potash potential.

Specifically, the Kirin chemical-fertilizer works was said to have pro-
duced 331,000 metric tons of synthetic ammonia in 1974, an alltime record, and
six times the original designed capacity. The Lanchow plant pushed production

considerably during the year. A new large synthetic ammonia plant called
Liaoho (in Liaoning) was being built or expanded, according to New China News
Agency of April 25, 1975. The Canton (Kwangchou) fertilizer works exceeded
its production quotas for the first half of 1975 with output increase of 15
percent for synthetic ammonia over the first half year of 1974; previously,

output of this works was not stable. The Hsing-ning Hsien fertilizer plant

underwent mechanization and boosted production of nitrogenous, phosphatic, and

potassic fertilizers to 21,000 metric tons in 1974 and another 45 percent in

the first quarter 1975 over 1974, according to Takungpao of May 12, 1975,
page 3. A Shanghai municipal synthetic ammonia plant used the newly developed
catalytic cracking process to boost production to 30 tons daily. The Hui-

hsien small synthetic ammonia plant in Honan produced more than 10,000 tons in

1974, about twice the designed capacity. The Tienshui County (in Kansu) plant
placed in operation by November 1974 reportedly had produced 2,240 tons of
ammonium bicarbonate and 579 tons of synthetic ammonia by February 22, 1975.

Between 1972 and 1973 about 66 small (probably 3,000 tons per year) synthetic
ammonia plants were said to have been built in Hunan Province. The Changtai

County (in Fukien) plant reportedly produced 1,902 tons of synthetic ammonia
and 6,540 tons of ammonium carbonate in the period from January through May

1974. Thirty-seven 3,000- to 5,000-ton-per-year fertilizer plants were

erected in Kwangchou in the first half of 1974.

In 1973-74, the Chinese arranged to purchase eight nitrogen fertilizer
complexes with 1,000-ton-per-day ammonia plants and 1,600-ton-per-day urea
plants (employing the Stamicarbon process), from M. W. Kellogg's Dutch affili-
ate, Kellogg Continental, for completion at quarterly intervals starting in
1976. The urea plants were worth $10 to $12 million apiece. Kellogg also
arranged some subcontracting for the 1,000-ton ammonia plants, and Haldor
Topsoe A S of Denmark got three of the bids. The Japanese firms Toyo Engi-
neering Corp. and Mitsui Toatsu Chemicals, Inc., were awarded two similar com-
plexes (also 1,000 tons ammonia and 1,600 tons urea) and will use the Kellogg
process for ammonia and Mitsui-Toatsu process for urea; each complete complex
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was worth 11 billion yen (265 yen were roughly equal to US$1 in 1973).
France's Huertey Industries won a $120 million contract to build another three
such complexes of same sizes for China, of which two will probably be in
Nanking. All these plants when completed will add 5 to 6 million tons total
of fertilizers per year to the Chinese supply and will be equal to more than
half what is currently used in the United States each year.

Meanwhile, China must continue to import large quantities of fertilizers
from abroad, mainly from Japan. During 1973, Japan exported 1,394,692 metric
tons of urea, 596,100 tons of ammonium chloride, and 531,170 tons of ammonium
sulphate to PRC. These tonnages represented 55 to 75 percent of all Japanese
exports and substantial parts of that country's fertilizer supply. The trans-
actions make Japan the world's leading exporter of chemical fertilizers, and
China, the largest importer. The situation changed radically in 1974, mainly
because of PRC's balance-of-payments deficit that prompted the country to ask
Japan for delay of shipments. As a result of this and other reasons, Japan's
shipments to PRC in 1974 were considerably reduced, as follows: Urea 937,139
metric tons, ammonium chloride 456,170 tons, and ammonium sulfate 340,706 tons.
Long range, this may portend things to come in terms of China building up pro-
ductive capacity and cutting down on imports, but this may not turn out to be
true in the near future. In addition, lesser quantities of fertilizer sup-
plies came from elsewhere. For example, in the year up to November 1974,
200,000 tons of urea were shipped to China from Kuwait.

Because of the uncertain world economic conditions and the radical

increase in prices, Sino-Japanese negotiations for fertilizer shipments to
China took several exchange missions and much longer for settlement. The
concept of long-term contracts of 3 to 5 years was abandoned temporarily. In
the Japanese fertilizer year ending July 1975, the final agreement was to ship
905,000 tons of urea, 180,000 tons of ammonium sulfate, and 410,000 tons of
ammonium chloride to China. The last installment covering March to July 1975
stipulated 550,000 tons of urea and 50,000 tons of ammonium sulfate with a
combined c.i.f. value of $171 million. Urea prices in calendar year 1974 more
than doubled despite special low prices to China. Prices quoted are in U.S.
dollars with payment in cash on delivery. The last installment covering March
to July 1975 for ammonium chloride was for shipments of 210,000 tons valued at
9 billion yen (roughly $30 million). The Chinese work through the China
National Chemicals Import and Export Corp., and the Japanese, through the Japan
Urea and Ammonium Sulphate Industry Association and the Japan Ammonium Chlo-
ride Association.

Phosphates

China possesses sizable and widespread deposits of uneven quality phos-
phate rock and apatite located mainly in the southern part of the country.
Resources are not too well known outside of China, but the threefold increase
in price for imported phosphate rock in recent years has spurred PRC on to
more intensive searches with some worthwhile results. A part of the supply,
particularly high-grade phosphate rock, has been imported. Because of the
radical price increases, Moroccan supplies dwindled from 995,915 metric tons
to China in 1973 to only 222,000 tons in 1974. There could have been large
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shipments from North Vietnam of both phosphate rock and apatite (from Laokay),
but statistical evidence is lacking. Algeria and the United Arab Republic
supplied 20,000 tons in 1974, and the United States supplied about 40,300 tons

of Florida phosphate rock through Sobin Chemicals, Inc. Prior to 1974, China
received considerably more than 1 million tons per year of phosphate ore
imports to supplement domestic production, which has amounted to perhaps 3
million tons yearly. Chinese imports of manufactured phosphates are not large.
It should be remembered that not all of the phosphate rock supply is converted

intochemical phosphates in China, in that a portion goes into direct land
application in the ground form.

Some previously known phosphate deposits are located in places like
Chinghsiang in Hupeh; Liuyang, Shihmen, and Huachiao in Hunan; Kaiying in
Kweichow; Nantung in Kiangsu; and K'unyang in Yunnan Province. Chinghsiang
reportedly had an annual capacity of 600,000 tons at one time. Kaiying had
more than one large mine. Recent news show that Hunan Province has widespread
deposits of phosphate rock and that production in 1974 was 10 times the 1965
level; one small mine in Hsiangt'an County reportedly has been producing at up
to 50,000 tons yearly, and a number of large phosphate mines have been built
in recent years within the Province. Phosphate ore is said to be found in
many localities in Foshan, Kwangtun. A 20-million-ton phosphate deposit may
have been discovered in the Chaoyanglin area of Kiangsi Province. A 100,000-
ton-per-year phosphate rock mine called Susung has come into being in the
Anching district of Anhwei Province. An apatite deposit in Southern China was
recently investigated in detail, along with others, indicating PRC's interest

in stabilizing the phosphate resource base.

PRC is probably producing 3 to 4 million tons of phosphate fertilizers
per year, mostly ordinary superphosphate but some treble superphosphate by the
larger plants. The Chinese claim that three-quarters of the 1974 output came
from a few hundred small plants and only one-fourth from large plants. The
large Nanking fertilizer plant has a sizable phosphate fertilizer unit. A
phosphate plant in Changsha, Hunan Province, is said to be rated at 300,000
tons per year. There is a comparatively large plant in Hunghochou, Yunnan
Province, which produces sulfuric acid, phosphorus powder, and ordinary cal-
cium superphosphate. According to Jen-Min Jih-Pao of January 14, 1974, the
Hupeh Metallurgical Works completed a 250,000-ton-per-year phosphate ferti-
lizer unit that utilizes the works' byproduct sulfuric acid and nearby phos-
phate rock as raw materials. At Yin-ch'uan, Ninghsia Province, local phos-
phate ore and anthracite were being used to make phosphorus.

Most phosphate mining areas have small phosphate plants. In the
Hsinhsiang District of Yunnan, 20-odd plants produced a total of about 200,000
tons of chemical phosphates in 1973. Output in the Chingchou District of
Hupeh was greatly expanded in 1973. The Hsingning Hsien plant in Kwangtung
produces a total of 20,000 to 30,000 tons per year of nitrogenous, phosphatic,
and potassic fertilizers. In Kweichow Province, there are small to medium-
sized phosphate plants at Tsunyi and Wengan. The old industrial city of
Yench'eng in Kiangsu Province produces various chemicals, including sulfuric
acid and chemical phosphates. Jen-Min Jih-Pao of June 22, 1975, page 2, has a
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FIGURE 39. - Newly built medium-sized Hai-an phos-
phate plant i n Kiangsu Province.

has been produced in Szechuan and Shansi Provinces, but output is not counted

towards China's total because this pyrite is converted to possibly 250,000

tons of elemental sulfur annually. In recent years, waste dilute sulfur

dioxide gases from nonferrous smelters and chemical plants have been utilized
to make sulfuric acid.

The Chinese used to export the elemental sulfur made from pyrite to the

U.S.S.R. and elsewhere. However, demand for sulfur in paper, textiles, and

many other industrial uses has more than caught up, and imports have become

necessary. For example, Canada has been selling 30,000 tons of sulfur in some

recent years to PRC, and a contract has been signed with Iraq to acquire

100,000 tons annually. No significant brimstone deposit has been reported for

China. Oil refineries could recover more, but sulfur removal facilities are
inadequate and Chinese oil is basically low in sulfur.

Salt

PRC has abundant and widespread resources of various kinds of salts nec-
essary for the development of a strong chemical industry and for feeding a
very large population. Production of plain salt (NaCl) has just about doubled

in a decade, with at least a one-third increase in the last 2 years (Chinese
salt output up to early September 1974 was said to be 40 percent over that of
the corresponding period in 1973). Salt production has been estimated at 25
million metric tons, corresponding to three-fifths that of the United States--
the world leader. Much more salt can be produced in China when the need
arises. Between 80 and 90 percent of the salt is extracted by solar

photograph (fig. 39) of the
newly built Hai-an phosphate

plant in Kiangsu Province.

Pyrite and Sulfur

PRC's annual output of per-
haps 2 million tons of pyrite

makes it one of the leading
world producers. There seems to

be two large pyrite mines,
namely Hsiangshan in Anhwei

Province and Yingte in Kwangtung

Province. The main use of

pyrite in China is in the manu-

facture of sulfuric acid and
fertilizers. At Hsiangshan, the

iron residue for making sulfur
dioxide has been utilized as

iron-raw material for making

steel. At Yingte, a new branch

mine called Shakou and rated at

150,000 tons yearly was placed
in full-scale operation during

early 1975. Additional pyrite
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evaporation in wind-protected, shallow bay areas along the coast, and 5 to 7

percent comes from inland salt brines from Szechuan. Mining of rock salt is

a limited and recent development, even though reserves are vast, especially

when considering the extensive sedimentaries and potential salt domes in many
parts of the country. There are also massive tonnages of lake, rock, and dune

salt in faraway places like Sinkiang.

Nearly three-quarters of PRC's sea salt comes from Liaoning, Hopeh,
Shantung, and northern Kiangau Provinces plus Tientsin City. Tientsin's
T'angku salt field, the largest in China, stretches along the coast of Pohai

Bay. The field, crossed by scrapers and trains laden with salt, is dotted with

salt pools and hills of salt. It was beneath some of these salt ponds that

the fabulous Takang oilfield was discovered. By October, the 1974 national
salt target was said to have been surpassed by 46 percent, and production was
four times that of the early post-Liberation years. During the 1974 winter,

half of the crystallization ponds continued production, many covered by

plastic sheets. Three chemical plants have been built since 1956, turning out
also potassium chloride, bromine, magnesium chloride, and salt cake, etc.

This salt field has undergone considerable mechanization in recent years
(fig. 40). The famous Ch'ang-lu salt field in Hopeh Province is actually near
the T'angka field because the special city of Tientsin was formerly part of
Hopeh.

Luta is one of two major salt fields in Liaoning Province, the other

being Yingkai to the north. It has been claimed that Luta's annual production

increase since 1966 has been 16.8 percent, and that the 1974 output was 3.75
times the figure for the early post-Liberation period. Many dikes have been

built, and the pond areas have been greatly expanded. Many new types of equip-

ment reportedly have been introduced, including salt harvesters, special
vehicles, field presses, belt conveyors, and piling machines. The drying or
production season has been increased to 9 months. Chemical facilities have
also been built at Luta to produce other products like bromine, potassium

chloride, magnesium chloride, and magnesia.

Shantung Province's salt fields, occurring on both sides of the Shantung

Peninsula, are producing two to three times as much as the pre-Liberation days.
The most prominent salt farms are located in Shoukuang, Jihchao, Ch'eng-kou,

and Yentai, and there are salt-refining plants in Tsingtao and Tsaiyangtzu.

The Huaipei Salt Administration running the northern Kiangsu fields reported
a very substantial increase in salt production over 1973, despite 50 continu-

ous rainy days in 1974. Kwangsi Province's salt fields are located along the
coast between Yinglo harbor and Peitsang River. Production has been raised
sharply through the introduction of electric power, mechanized equipment, and
many new sea walls and windbreakers. The first chemical works of Kwangsi was
built at the Hsiniuchiao salt field in Chinchou County, and others have fol-
lowed. New salt fields have been built on Hainan Island, Kwangtung Province.
Hunan Province has opened a salt mine called Hsiangli, which initially can
produce about 300,000 tons yearly. Kiangsi Province has a sizable rock salt
mine and salt works at Chingkangshan; Ninghsia Province has developed the
inland Chilantai salt field, together with transmission lines, a 1.7-kilometer
natural brine pipeline, a 120-kilometer railroad, and salt works. This field
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FIGURE 40. - Mechanization has contributed to increased output and improved quality of salt
in North China.

has been designed for at least hundreds of thousands of tons of salt annually.

A large chemical center has been built at the old Yuncheng salt lake in Shansi
Province.

* 
r

,



89

The most intriguing inland salt field is Tzukung (or Tzuliuching),
Szechuan Province, the home of the Chinese pandas, bamboo, and natural gas.

Brines have been extracted for more than a thousand years here by bamboo pipes
and structures, and natural gas heating is used for salt crystallization. A

great deal of mechanization and modernization has taken place in the last

decade, with the introduction of metal pipes and valves, conveyor belts, and

vacuum salt-making shops. As of 1975, there are about five such crystalliza-
tion shops. A large salt-chemical works called Tang-chia-pa has also been
built to make several dozen kinds of chemical products. Additionally, rich
deposits of rock salt have been recently discovered.

The PRC has always had small surpluses of salt to sell, mainly to Japan.
Exports to that country were close to a million tons annually until 1974 when

Japanese salt imports from China dropped to 810,000 metric tons. The tonnage
contracted by Japan for April 1975 to March 1976 was down to about 600,000
tons, mainly because Japan's soda industry was reluctant to use the low-purity

(94 to 95 percent grade) salt from China.

Borates

China, with a California and Turkey type of arid-climate geology, prob-
ably will some day uncover important tincal and colemanite deposits, if it has

not already done so. There is a 40-square-kilometer dry lake called Iksaydam,
north of Charkhan (phonetically similar to Chaka, Chahai, etc.) in Tsaidam
Basin of Tsinghai. Charkhan is said to be a potash dry lake, and Idsaydam, a
borate dry lake. Both lakes, and others as well, seem to be similar to Searles
Lake in California, which produces borates and potash plus other chemicals. A

borax plant with hundreds of furnaces was reportedly built at Iksaydam a

decade ago.

A New China News Agency item of May 17, 1973, indicates that the 105-
square-kilometer Chaka Lake has 400,000,000 tons of resources and turned out

62,000 tons of crude salts last year (1972). Another subsequent news item
mentions that the Chahai salt field had met its 1974 production target, and a

2.3-kilometer double-track railroad and 13 bridges had recently been built for
shipping the salt. Japan, among other countries, had been importing several

thousand tons of borates annually from the PRC. Also, China had built a num-

ber of fiberglass plants recently that undoubtedly would consume borates in

the manufacturing process.

FOREIGN TRADE

China's total annual trade (exports plus imports) in 1974 topped $13
billion, 40 percent above the 1973 figure. Exports rose some 30 percent over
that of the previous year, and imports increased about 50 percent. The trade
deficit was close to $1 billion, compared with only about $80 million in 1973.
It was the first time China showed deficits for 2 straight years since the
early 1950's when substantial amounts of plant and equipment were bought from
the U.S.S.R. The trade deficit occurred despite a great increase in oil
exports from China in 1974. The overall increase in trade might be attrib-
utable more to price gains than quantity increases. One reason for the large
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balance-of-payments deficit in 1974 was that price of foreign goods generally
went up, whereas prices of Chinese goods went down. Also, the recession situ-
ation was more severe abroad, reducing import demand. Plant and equipment
purchases were large but not excessive. Nonetheless, the Chinese became most
concerned and were, for example, asking the Japanese for delayed deliveries of
fertilizer and steel near yearend. The Chinese also began to press for
increased exports of all products, including oil, minerals, and metals.

Minerals, metals, fuels, chemicals, fertilizers, mineral-related products,
and equipment and plants for mineral and metal development, extraction, and
processing were very important components of China's overall trade. No good
breakdown figures are available to the author, and so import and export fig-
ures must be estimated. Out of the approximately $7 billion PRC imported in
1974, $1.3 billion might be attributed to complete industrial plants, $900
million to steel products, $400 million to fertilizers and raw materials, $250
million to nonferrous metals, $200 million to pig iron, scrap, and other fer-

rous materials, and possibly $200 million (order of magnitude) to mineral
industry-related machinery and equipment. Out of the roughly $6 million

exported by PRC in 1974, $550 million can be attributed to oil, $150 million
to "export metals," and $10 to $15 million each to salt, fluorspar, coal, talc
and magnesia, and other nonmetallics.

Trade between Japan and the PRC has grown spectacularly since their

resumption of diplomatic relations in September 1972. The two-way trade in

1974 amounted to about $3.3 billion, with exports by Japan (imports by China)
at $2.0 billion ($1.0 billion in 1973) and imports by Japan (exports by China)
at $1.3 billion (less than $1 billion in 1973). The Japanese believe that its
two-way trade with China may reach $10 billion by 1980. The most important

item in Chinese exports to Japan in 1974 is oil, which reached 4 million tons
valued at about $400 million. The Japanese are expecting 8 million tons of
Chinese oil in 1975 and over 10 million tons in the future from the Shengli
field in Shantung Province alone. Other Chinese minerals and metals will be
imported by Japan as needed. The big potential item outside of oil is Chinese

coal, but large tonnages are somewhat in the future. In Japanese sales to

China, steel products, fertilizers, and complete industrial plants stand out.
Three million tons of Japanese "sophisticated" steel products per year (at

about $270 per ton) for PRC might be increased somewhat in the future, but

China has to balance this with steel plant equipment purchases to raise output.
Japanese fertilizers for the Chinese market is a natural relationship, with
Japan as the big world exporter and China as the big customer. But Japanese
fertilizer prices are getting very high because of soaring oil (a major raw
material) prices, and PRC has to think twice as to whether to buy or produce.
Large volume imports of chemical fertilizers will undoubtedly continue for a
while, if not indefinitely, while China is building up from within with regard
to nitrogen fixation capacity. Japan exported six complete industrial plants
to China in 1974, valued at $330 million, including a nearly $230 million
steel plant.

West Germany has been of secondary importance compared with Japan in

terms of sales of industrial equipment and steel products. Like Japan, West
Germany sold a steel plant to PRC in 1974, valued at some $198 million.
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France and the United Kingdom are trying to increase trade with China--France

more in petrochemicals and the United Kingdom in equipment and nonferrous

metals via Africa. Of course, nonferrous exports from Chile, Peru, Zambia,

Canada, and Australia should continue to be important.

Sino-American trade in 1974 totaled $934 million including $819 million
from the United States to China. Imports by China from the United States in

the future would include plants, equipment, oil technology, and raw materials
like phosphates. And exports by China would include the "export metals"
(mainly tin, tungsten, and antimony) and possibly oil. China still does not
have most favored nation status and has to pay quite a high duty on tungsten

concentrate. Generally, Sino-American trade most likely will rise in the long

range, but the amount of minerals and metals involved is uncertain. Whether

or not the United States will ever buy large quantities of Chinese oil is an
intriguing question.

In the immediate years ahead, China could conceivably import on an annual
basis 6 million tons of steel products (more than $1.5 billion), 3 million
tons of combined pig iron, scrap, and iron ore (perhaps $300 million), up to

200,000 tons each of copper and aluminum (say, $400 million in total), 100,000
tons each of lead and zinc (say, $70 million in total), 30,000 tons of nickel
(say, $100 million), more than 2 million tons of nitrogen-in-chemical ferti-
lizers ($400 to $500 million), and considerable oil drilling (onshore and
offshore) and ore excavation equipment. If a modern coastal integrated steel
plant is eventually built, large quantities of high-grade iron ore might be
imported. China is interested in all kinds of packaged industrial plants; a
good steel complex would cost upwards of $300 million, and chemical, ferti-

lizer, and modern petroleum plants would cost possibly $30 to $100 million
apiece. China buys and sells minerals mainly through the Wuchin Kungssu or

the National Metals and Minerals Export-Import Corp. and the National Chemi-

cals Export-Import Corp. The Canton Fairs represent a forum to do business,

but recently many exchange missions have provided additional opportunity to

conduct trade in minerals and equipment.

OUTLOOK

Mineral trade and Chinese purchases of western industrial equipment are
subjects of great interest to the outside world. But to the PRC, these are
means to an end. Much more important is the production of minerals and metals

for internal use as a means of transforming the economy to one with viable
industries in support of agriculture. The large tonnages already produced are
having a profound impact abroad as well as within China and, in due time,
should elevate the country to comparable status with the United States,
U.S.S.R., Japan, and Western Europe. Chinese industry is basically sound and
employs good engineering. Barring internal problems of a political nature,
China's industry in general and mineral industry in particular can be expected
to make steady if not spectacular progress.

If one were to analyze major mineral industries individually, China's

prospects are still excellent. The country's oil position is at least medium-
sized, and the possibility of China joining the world's big five seems
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reasonably good. A decade from now, China might well be producing at least
200 million metric tons of oil yearly. The shallow Pohai Bay in North China
needs careful examination, and optimism is warranted in view of the fact that
two extensive oilfields near the shore are already established and a third is
looming in the horizon. When it's time to get around to it, China can open up
the western resources as well.

The natural gas potential of China is also excellent, particularly the
Szechuan gasfields in the southwest but also around the big oilfields. At
this early stage of development, PRC may already be producing at nearly one-
tenth of the U.S. level. Through oil and gas, the Chinese are also learning
about utilization of industrial gases (including coal) and agricultural gases
such as marsh gas. Then there is shale oil, which is not only promising but
has also been productive for many years already.

The coal industry is already established as comparable in size with those
of the United States and the U.S.S.R. It is quite conceivable that annual
output can reach 700 million tons by 1985. The problem is to develop more
coal in the known areas of the north, particularly coking coal, and to examine
the tributary mines near the major mines and the many scattered deposits in
the south and southwest that could serve local industries. The Chinese have a
sound technical concept of interenergy relationships and regional development
of fuels and power, in conjunction with agriculture, local industries, and
electric power, including hydropower.

Hydropower production is but one-fifth of all electric power, which is
mainly fueled by coal but branching into oil and gas. Even Chinese hydropower
itself is a major resource-by world standards, although development in China
will be tempered by irrigation and agricultural needs. The great potential of
the Yangtze, Yellow, and other major rivers is long known, but then the prob-
lem becomes policy priorities and the large sums of capital needed to move the
program along. Massive hydropower and nuclear power seem to be reserved for
the future. Why not? There is oil, gas, and coal for the present.

The steel industry has strong foundations and could be producing more
than 60 million tons yearly a decade from now. Iron resources are extensive
but, in most cases, of low quality. The Chinese of late have been very dili-
gent in stabilizing ore supply to the steelworks and, in the process, are mak-
ing increasingly quantities of high-grade concentrates. The country is also
rich in manganese, tungsten, molybdenum, magnesite, and fluorspar needed in
steelmaking. The coking coal problem needs to be resolved by better reserve
determination, analysis, and blending, and new "coal forming" concepts should
help.. Adequate planning canrelieve regional and local shortages and possibly
also provide surplus coking coal for export. Other bituminous coals needed by
the steel centers are abundant. For example, Tatung, located on top of a
whole coal province and already producing nearly 20 million tons of coal annu-
ally, is programed for a twofold output increase in a decade, according to the
Chinese press. The main problem of the steel industry is capital investment
for a much expanded capacity. Without a concerted effort to build from within
or to make substantial purchases from abroad, the Chinese steel industry will
have to develop slowly. The key is a policy decision in the light of growing
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balance-of-payments difficulties that can only be resolved through exponential
growth of the petroleum industry.

The nonferrous metal industry is a weak link in the Chinese mineral

economy and certainly an enigma. 'Export metals" only earn moderate amounts
of foreign exchange, without greatly affecting the economy. Shortage of

nickel and chrome may be a geological deficiency. But in others like aluminum
and copper, solution of the resource problem may lie in large-scale extraction

coordinated with integrated operations, complemented by imports of reasonably
priced materials. Aluminum also needs additional cheap power, which China can
develop. In copper, the big need is shovels and modern smelters. Resources
of copper and aluminum seem to be reasonably good, and output of copper and
aluminum in a decade from now can reach 300,000 and 500,000 tons per year,

respectively. The lead-zinc picture is unclear, but Southwest China needs to
be explored carefully. Needs for nonferrous base metals continue to mount,

and there is no recourse in the next 5 years except to buy from abroad in sub-
stantial quantities. After that, the question is whether or not China will

have in the meanwhile moved ahead in large-scale exploration and development.

In nonmetallics, fertilizers to support agriculture are fundamental.
Either China must produce enough or monies must be spent to purchase chemical

fertilizers and/or the equipment necessary to expand production, from abroad.

The compromise position is in effect now, with high local production comple-
mented by large imports and recent purchases of, for example, 13 complete sets
of foreign ammonia-urea complexes. The Chinese could be producing at least
5 million tons of nitrogen-in-chemical fertilizers by 1980. When the

Morrocans tripled the phosphate rock price, imports from there dropped sharply
and small purchases from the United States began. The Chinese are working

hard on increasing domestic output of both chemical fertilizers, from large as

well as small plants, as well as raw materials like phosphate rock. It seems-
that China's self-sufficiency position is improving in fertilizers.

Another basic component in nonmetallics is cement and construction mate-

rials. The outlook here is for continued rapid expansion of productive facil-

ities, both large and small, and increasing use of fuel oil and natural gas in
the process. The small cement plants may have to use mostly coal, but the
larger plants can use any available fuel, including gas. Yearly cement output
should surpass the 50-million-ton plateau a decade from now. Expansion of

salt output to U.S. levels is in the making, to meet increasing chemical needs.
Insulating materials like asbestos and mica will have growing markets also,
and resources seem to be available. China has good refractories and clays.

Oil drilling requires much barite, and production of this mineral can be
stepped up. Graphite for foundry use will also grow. Many other nonmetallics
will be produced as needed. Fluorspar has been primarily an export product,
but domestic use is due to expand, in line with the growth of the steel, alumi-

num, and chemical industries.
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APPENDIX. - -LOCATIONS

TABLE A-i. - Locations of mineral operations or facilities

Name Product or facility Coordinates
(approximate)

Anhua...........
Anshan..........

Chanchian.......
Ch 'anglu........
Ch'angsha.......
Ch'angte........
Chiaotso........
Chihsi..........
Chinhsi.........
Chin Hsien......
Chuannan........
Chuchou.........
Chungking.......

Fuhochung.......
Fushin..........
Fushun..........

Haich'eng.......
Hantan..........
Harbin

(Ha-erh-pin).
Hokang..........
Hsiangshan......
Hsiangt'an......
Hsik'uangshan...
Hsuijen.........

Huainan.........

Huaipei.........

Huangshih.......
Huili...........
Hulutao.........

Hungtoushan..-...
Hwashan.........

I-yang..........

Kailan..........
Kaiping.........
K'aiyang........
Karamai (or

Ko-la-mai).
Kuchiu..........

K 'unming........0

Antimony........................

Cement, iron and steel, iron

ore, fertilizer.
Phosphate rock, cement.........
Salt...........................
Lead-zinc, aluminum............
Diamond.........................
Coal...........................
..... do.........................
Oil refinery, cement...........

Manganese.......................

Uranium........................

Uranium plant..................

Iron and steel, cement, oil
refinery.

Tin............................

Coal, cement...................

Coal, oil shale, oil refinery,
cement, aluminum.

Talc, magnesite................

Cement, steel..................

Cement, fertilizers............

Coal...........................
Pyrite.........................
Manganese.......................
Antimony........................

Barite.........................
Coal............................

.. o.............................
Lead smelter, steel, cement....

Zinc deposit...................

Lead-zinc smelter..............

Copper mine....................
Barite..........................
Antimony....................o..
Coal...........................
Talc, magnesite, fluorspar.....

Phosphate rock.................
Oil and refinery..............

Tin mine, tin refinery, copper
deposit.

Iron and steel, copper refin-
ery, fertilizer, cement, lead-

zinc refinery.

28*-08' N; 110 -39' E
41 -07' N; 122 -57' E

210-12'

Approx.
28 -12'
29 -02'
350-15'

45*-20'

40 -45'

22 -00'
24 -40'

27 -50'

290-34'

Approx.
42 -06'
410-52'

40 -52'
360-35 '
450-45'

Approx.
Approx.
27 -50'
270 -47'
240 -25'
32 -40'
340 -00'
30 -13'
260 -41'

40 -43 '
Approx.
36 -12'
280-36'

39 -38'

40 -24'
27*-05'
450-30'

N; 110 -23' E
390-10' N; 117*-50' E

N; 112 -58' E

N; 111 -41' E
N; 113 -13' E
N; 131 -00' E

N; 120*-50' E

N; 108*-30' E

N; 114*-30' E

N; 113 -12' E

N; 106 -35' E

240 -40' N; 111 -25' E

N; 121 -46' E

N; 123 -53' E

N;

N;

N;

1220-45'
1140-29'
1260-39'

E

E

E

470-05' N; 130*-20' E
310 -40' N; 118 -40' E
N; 112*-55' E
N; 111 -29' E

N; 1100-15' E

N; 117 -00' E

N; 1160-45' E

N; 115 -06' E
N; 102 -15' E

N; 121 -00' E

420 -40' N; 124 -20' E

N; 119 -52' E

N; 1120-20' E

N; 118 -11' E

N; 122 -20' E

N; 107 -00' E

N; 84*-551 E

23 -23' N; 103 -09' E

25 -04' N; 102*-41' E
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TABLE A-i. - Locations of mineral operations or facilities--Continued

Name Product or facility Coordinates
(approximate)

K'unyang........
Kwangchow.......

Lanchou.........

Linchuan........

Liuliho.........
Luchou (or

Luchow).

Luta (Dairen,
Talien).

Ma-an-shan......

Maoming.........
Mentoukou.......

Mukuei..........
Mutanchiang.....

Nanch'ung.......

Nanking.........

Nanting.........
Nant'ung........

Paot 'ou.........
Peip'iao........
Peking..........

Pench'i.........

P'ingtingshan...
Sanmen Gorge....

Shanghai........

Shaokuan........
Shengli.........
Shenyang........

Shihchingshan...
Shihmien........
Shuangyashan....
Shuikoushan.....
Tach'ing........
Taiyuan.........

Takang..........

T'angshan.......
Taolin..........
Tatung..........

Phosphate rock.................
Iron and steel, cement,

aluminum.

Oil refinery, steel, aluminum..
Bar ite..........................

Cement..........................

Fertilizers....................

240-45' N; 1020-33' E
23*-07' N; 1130-15' E

36*-03'
28 -02'
39 -36'

280-53'

N;
N;
N;
N;

103*-41'
1160-17'
116*-01'
1050-23'

E
E
E
E

Steel, cement, salt, fertilizer|38 -55' N; 1210-39' E

Iron ore, steel, cement........

Shale oil and refinery.........

Coal............................
Manganese......................
Cement, aluminum...............
Oil, natural gas...............
Oil refinery, phosphate plant,
fertilizer, cement.

Alumina.........................
Phosphate rock.................
Steel, oil, cement, aluminum...
Coal............................
Steel, petrochemicals, oil
refinery, coal, cement,
fertilizers.

Coal, iron ore, iron and steel,
cement.

Coa1............................
Water power, aluminum..........
Steel, copper smelter, cement,

lead refinery, fertilizer.
Lead-zinc mine and smelter.....
Oil and oil refinery...........
Copper smelter, lead refinery,

steel.
Iron ore, steel................
Asbestos........................
Coa1............................
Lead-zinc mine.................
Oil and oil refinery...........
Cement, steel, oil refinery,
fertilizer, aluminum.

Oil and oil refinery, salt,
natural gas.

Barite, cement, coal, steel....
Lead-zinc-fluorspar mine.......
Coal, cement, oil refining.....

Approx.
210-39'
390-56'

23*-30'
44 -35'

300 -48'
320-03'

360-45'

320-02'
40*-36'
410 -48'
390-56'

310

N;
N;
N;
N;
N;
N;

N;
N;
N;
N;
N;

-44' N; 118*-22' E
110 -54' E
116*-02' E
110*-15' E
129*-36' E
106*-04' E
1180-47' E

1180-05'
120*-53'
1100-03'
120*-44'
116 -24'

E
E
E
E
E

41 -20' N; 123*-45' E

330-44'

Approx.
31*-14'

24* -48'
Approx.
43*-38'

230-44 '
29 -20'
46 -40'
26 -33'
Approx.
37 -52'

N; 113*-18' E
35*-00' N; 110*-00' E
N; 1210-28' E

N; 113*-35' N
370-30' N; 118*-00' E
N; 124*-03' E

N; 990-26' E
N; 102*-28' E
N; 131*-21' E
N; 112 -35' E
46 -10' N; 125*-00' E
N; 112*-33' E

Approx. 39 -00' N; 117 -40' E

390-38'

27 -50'

40 -45'

N; 118*-11' E
N; 112*-18' E
N; 113*-18' E



TABLE A-1. - Locations of mineral operations or facilities--Continued

Name Product or facility Coordinates

(approximate)

Tientsin........

Tuchiang........

Tungch'uan......
Tungjen.........
Tungkuanshan....

Tushantzu.......

Tzuliuching (or
Tzukung).

Tzupo...........

Wafangtzu.......
Wuhan...........

Wuyi............
Yangchiachangtzu
Yangchiang......

Yangchiatan.....
Yangchuan.......

Yao Hsien.......

Yaokanghsien....
Yaoling.........
Yingk 'ou........
Yingte..........

Yumen...........

Steel, petrochemicals, ferti-
lizers, cement.

Antimony........................

Copper mine....................

Mercury mines..................

Copper mine....................
Oil and refinery..............
Salt, natural gas..............

Coal, aluminum, cement.........
Manganese......................

Steel, fertilizer, cement......
Fluorspar......................
Lead-zinc, molybdenum mine.....
Tungsten........................
.........do.........................
Coal............................
Cement..........................
Tungsten (scheelite)...........
Tungsten.......................

Magnesite, salt................

Pyrite.........................
Oil and refinery...............

Yungtung........ Cement.........................

39 -08' N; 117*-12' E

250 -42'
260 -08'
250 -07'
Approx.

440-20'

29*-24'

360 -48'
39 -35'

30 -35'
280-53'
40* -48'
210-50'
270-40'
37 -54'

340 -52'

250-36'
23 -00'
40*-40'
24*-10'
40 -17'
36*-44'

N;

N;
N;

31
N;
N;

N;
N;
N;
N;
N;

N;

N;
N;
N;

N;
N;

N;
N;

N;

N-

1080*-11' E
103* -10' E
l05 -56' E

0-30' N; 118*-00' E
84*-51' E
104*-47' E

1180-03' E
122*-00' E
114*-16' E
1190 -48' E
120*-30' E
112 -00' E
1110-50' E
113*-36' E
109*-01' E
113*-23' E
114*-00' E
122 -17' E
113*-24' E
97 -12' E
103*-24' E
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Figure 4. - Bureau of Mines Special Publication.
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Figure 5. - Bureau of Mines Special Publication.

The People's Republic of China,

a New Industrial Power with a Strong Mineral Base.
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Figure 6. - Bureau of Mines Special Publication.

The People's Republic of China,

a New Industrial Power with a Strong Mineral Base M A JO R INC
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