
T-2636

THE U.S. SMELTING AND REFINING INDUSTRY: STATUS 
AND IMPLICATIONS FOR COPPER, LEAD, AND ZINC

by

P. A. Roberts

COLÜR^I^O ^CriOOL ci \ 
GOLDEN, COLORADO 30401



ProQuest Number: 10782379

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10782379

Published by ProQuest LLC (2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106 -  1346



T-2636

A Thesis subm itted to the Faculty  and the Board of Trustees of the Colorado 
School of Mines in partial fulfillm ent of the requirements for the degree of Master 
of Science, Mineral Economics.

Golden, Colorado

Date:
/

SIGNED:

P atric ia  A. Roberts

APPROVED

Dpc Ruth A. Maurer 
Thesis Advisor

Golden, Colorado

D ate : - 4 / /  3 / 8  2_
Dr. Charles W. Berry, Head 
D epartm ent of Mineral Economics

11



T-2636

ABSTRACT

The purpose of this study is to assess the implications of the current decline in the 
U.S. sm elting and refining capacity  for copper, lead, and zinc. To accomplish this, 
the supply and demand relationships, trends in the industry, and participating 
firms are evaluated. The study develops an assessm ent of the decline in capacity  
and a series of recommendations for government and industry.

A detailed survey of the supply and demand characteristics for copper, lead, and 
zinc is presented. The survey includes aspects of resources, production, and pro
cessing, as well as capacity, demand, substitution, and prices.

The trends in the supply and demand characteristics, as well as processing char
acteris tics , costs, and in ternational trade are evaluated for possible synergies and 
stru c tu ra l changes. The firms which partic ipate  in these industries are also eval
uated and trends and struc tu ra l changes are noted. The trends are examined 
within the fram ework of a hypothesis of m etal industry development proposed by 
D. F. H ew ett.

The conclusion of this study is th a t the declining trend in sm elting and refining 
capacity  for copper, lead, and zinc may not be a tem porary phenomenon. While 
the decline in U.S. sm elting capacity  has serious ram ifications, the trend may be 
a lte red  by governm ent and industry action. A continued large sm elting industry in 
the United States may depend on the success of these combined e ffo rts.
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INTRODUCTION 

STATEMENT OF THE PROBLEM

There have been two recent closures of sm elters in the United States which have 
stim ulated  concern in the mining industry and some controversy in government 
and financial circles. These closures affected  the domestic capacity to process 
copper, lead, and zinc, m etals which are basic to an industrialized economy.

The recent closures removed 15% of the domestic sm elting capacity  for copper 
and 20% of the sm elting capacity  for lead and zinc. Industry representatives have 
m aintained th a t these declines are indications of a broader trend in the industry 
th a t will seriously a ffec t the national in terest. This study attem pts to answer 
th ree  questions:

1. Does the recen t loss of sm elting capacity  represent a long-term  decline?
2. What are the implications of this decline?
3. What can (or should) be done?

SCOPE

Smelting capacity  is a function of many facto rs. This study examines some of the 
prim ary considerations, which include the sources of concentrates, the m etal 
price, production and government policies such as taxation and regulation. The 
study involves a detailed exam ination of the supply and demand characteristics for 
copper, lead, and zinc as well as a survey of the trends in the overall industry and 
participating firm s. This survey is needed to develop a perspective of the th ree 
industries. The industry trends are evaluated within the fram ework of a model of 
industry developm ent to assess the im pact and possible ram ifications of the recen t 
sm elter closures.



T-2636 -2-

To develop an overall assessm ent of copper, lead, and zinc industries a broad 
range of sources is required, including U.S. Bureau of Mines publications and s ta 
tis tica l data  sources as well as books, journals, and newspapers. The industry 
plans and perspectives are developed through various publications and interviews. 
The government position and concerns are defined through various reports by the 
Environmental P ro tection  Agency and the D epartm ent of Commerce.

The trends are evaluated for significance in the fram ework of a hypothesis of pri
mary m etal industry development proposed by D. F. H ew ett. Conclusions are 
based upon the exam ination of the overall industry trends as they re la te  to the 
H ew ett model and other projected impacts on the industry.

PROCEDURE

An overall understanding of the industry is required in order to assess the status of 
the dom estic sm elting and refining capacity  and the implications of the current 
decline. This study is organized to develop this understanding as follows:

•  C hapter 1 examines the supply and demand aspects of copper, lead, and 
zinc.

•  C hapter 2 assesses the trends in supply and demand relationships, includ
ing prices and changes in consumption, production, and international 
trade. These relationships are examined with respect to processing, 
environm ental, and labor costs.

•  C hapter 3 examines the trends of the participants in the industry. As a 
prim ary com petitor, the Japanese sm elting industry is also described.

•  C hapter 4 evaluates and discusses the overall industry trends and the 
implications of these trends.

•  C hapter 5 concludes the study with a summary of the  industry perspective 
and conclusions of the author. Recommendations for industry and gov
ernm ent are also subm itted.
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CHAPTER 1: MARKET REVIEW OF COPPER, LEAD, AND ZINC

An understanding of the m arket components for copper, lead, and zinc is neces
sary for a com plete appreciation of the trends in sm elting and refining capacity  in 
the United States. The supply and demand relationships for each of the m etals are 
sum m arized in the following sections. The period from 1960 to 1979 has been used 
as the basis period for determining trends and m arket behavior.

1.1 SUPPLY RELATIONSHIPS

The components of supply include where the m etal is found, how it is recovered 
and the reserves and resources for each m etal. These are sum m arized for copper, 
lead, and zinc in the following sections.

Copper Mines

Copper is a m etal which has been known to man for a t least 6,000 years, and 
reserves and resources are distributed worldwide. World production has climbed 
steadily  and the United States has been the world’s largest producer for the past 
30 years. The Soviet Union has become a major producer, a lternating  from year 
to  year with Chile as the world’s second largest producer. Some industry repre
sentatives believe Chile will surpass both the United States and the Soviet Union 
in 1982. Notable other producing countries are Peru and Poland.

The copper produced in the United States is mined in 12 s ta tes  (Schroeder, 1980). 

Arizona is the leading producer, yielding 65% of the nation’s supply in 1980 
(Schroeder and Jolly, 1980). In 1980, Utah and New Mexico were nearly equal, 
each producing roughly 13%. Michigan and Montana produced sm aller amounts 
and only minor quantities were produced in Missouri and Tennessee. The produc
tion data are compiled in Appendix A, Table A -1-1.
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The top four prim ary producing mines in the copper industry in 1980 were the 
Utah Copper Mine, the Morenci Mine, S ierrita Mine, and the Tyrone Mine. O ther 
major producers were the Twin Buttes Mine, the Ray P it, and Magma Copper's San 
Manuel Mine (Schroeder, 1980). In 1979, the four prim ary mines accounted for 
63% of U.S. mine production (Schroeder, 1979). A to ta l of 25 mines accounted for 
94% of the U.S. production. A list of the major producing mines and their order of 
production for 1978 and 1980 is included in Appendix A, Table A -1-2.

Copper Smelting and Refining

The dom estic sm elting capacity, located  in nine s ta te s , consists of 16 sm elters. 
Table 1.1-1 lists these sm elters and their capacities. Smelters are typically 
located close to the mines to reduce transporta tion  costs. The two exceptions to 
this are the ASARCO sm elters in El Paso, Texas and Tacoma, Washington. These 
two sm elters are rem ote from the mine and receive copper concentrate  from the 
United States and abroad.

In accordance with being the leading copper producer, the United States is also 
the world leader in sm elter production. The Soviet Union is currently the second 
largest and Chile, third. Japan was in a distant fourth place until 1970, when it 
surpassed Chile. Since then, Japan and Chile have been close for third largest 
producer. The world's sm elter production since i960 is sum m arized in Appen
dix A, Table A -l-3 .

Refineries are required for the final s tep  in copper processing. They are usually 
located  to reduce transportation costs for the purchaser of the refined product. 
There were 14 refineries operating in 12 s ta tes  in 1980. Table 1.1-2 lists the 
refineries and their production capacities. Two refineries were closed in 1980. 
The tem porary closure of the ASARCO refinery in Tacoma, Washington, and the 
perm anent closure of the Anaconda refinery in G reat Falls, Montana, reduced cur-
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TABLE 1.1-1: Domestic Primary Copper S m elters^  and Capacities, 1978

LOCATION OPERATOR CAPACITY (2)

Anaconda, Montana Anaconda 180
Tacoma, Washington ASARCO 91
Garfield, Utah K ennecott 254
El Paso, Texas ASARCO 104
McGill, Nevada K ennecott 45
Hidalgo, New Mexico Phelps Dodge 127
Hurley, New Mexico K ennecott 73
Hayden, Arizona ASARCO 163
Miami, Arizona Inspiration 136
Morenci, Arizona Phelps Dodge 181
Ajo, Arizona Phelps Dodge 64
Douglas, Arizona Phelps Dodge 115
San Manuel, Arizona Magma Copper Company 182
Copper Hill, Tennessee Cities Service 20
White Pine, Michigan Copper Range 82

^ B lis te r  copper production.
 ̂ 'Thousand m etric  tons of copper content.

(Source: Schroeder, 1980 - Mineral Facts and Problems)
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TABLE 1.1-2: Electrolytic Copper Refinery Capacities of 
the United States, 1980 
(In Tons of 2000 Pounds)

WORKS LOCATION CAPACITY/1980

ASARCO............................................
ASARCO............................................
ASARCO............................................
The Anaconda Co.............................
Inspiration Cons. Copper Co.........
K ennecott Copper Corp.................
K ennecott Refining C o rp ..............
Cerro Copper & Brass Co.,

Div. of Cerro Corp........................
Chem etco, Inc...................................
Newmont Mining Corp.

(Magma Copper C o.)....................
Phelps Dodge Refining Corp.........
Phelps Dodge Refining Corp.........
U.S. M etals Refining Division,

AMAX, Inc.......................................
Reading Metals Refining Corp.

(Reading Tube Corp. subsidiary) 
Southwire Co. Copper Div

TOTAL

Amarillo, T X ........................... 420,000
Perth Amboy, N J....................  168,000
Tacoma, WA............................. 156,000
G reat Falls, M T......................  252,000
Inspiration, AZ......................... 70,000
Garfield, UT.............................  191,000
Anne Arundel C ty., MD . . . .  276,000

St. Louis, M O........................... 44,000
Alton, IL .................................... 40,000

San Manuel, A Z ......................  200,000
El Paso, T X .............................  420,000
Laurel Hill, N Y ......................  72,000

C arte re t, N J ........................... 105,200

Reading, P A .............................  40,000
Carrollton, G A ......................... 100,000

2,500,000

(Compiled from M etal S tatistics, 1981, page 271)
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rent dom estic refining capacity  by 15%, or 370,000 tonnes per year (Schroeder, 
1980).

Copper Recovery

Copper m ineralization is mostly porphyry copper and native copper. The m etal is 
also recovered in conjunction with lead, zinc, and/or silver. Porphyry copper ore 
currently  averages 0.49% copper and significant beneficiation is required. A fter 
crushing, the ore receives additional trea tm en t depending on whether it is oxide or 
sulfide. Sulfide ores are  floated, then fired in a reverberatory  furnace, to produce 
copper m atte . New processes have been developed which elim inate the reverbera
tory furnace in new plants. Additional trea tm en t in a converter furnace produces 
b lister copper, which is 99.4% copper. Shipment of the concentrate  can occur 
a fte r  flo tation , where the copper content is 15% to 40% or more typically as blis
ter copper (Mikesell, 1979). The blister copper is then refined electro lytically . 
Two to four weeks is usually required to  develop a copper cathode. More rapid 
rates carry too many impurities into the cathode (Bennett, 1973). Recent 
advancements in the process include the use of stainless s tee l cathodes so th a t the 
cathodes can be m echanically stripped. Figure 1.1-1 is a flow diagram of the cop
per concentration and refining process.

If the ore is an oxide ra ther than a sulfide, an acid leaching step  is necessary. The 
pregnant liquor is then electrorefined . Leaching is being used on mine tailings and 
low-grade ore. This process requires days to years, depending on the technique 
selected .

As can be surmised from the concentration process, significant amounts of waste 
are generated. These include mining tails, particu la te  emissions, sulfur, slag, and 
fum es. In recent years process waste has increased because the current average 
stripping ratio is 2.5:1 (Schroeder, 1979). Recently developed lower grade mines 
have ratios as high as 3:1 (Everest Associates, 1982). As more waste rock is 
required per ton of ore, g rea ter amounts of w aste are also generated.
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Figure 1.1-1 Flow Diagram of Copper Concentration and Refining Process
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Source: Gill, 1980
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Steps have been taken to minimize this waste. These include the leaching of the 
mine tails, recovery of the sulfur for process acid and recovery of the particulates 
for refining. By-product recovery has also increased and includes gold, silver, and 
molybdenum. These modifications have reduced the environmental im pact and 
have improved the recovery economics for mines in recent years.

Copper Supply

The United States has 19% of the known world copper reserves and 26% of the 
copper resources (R athjen, 1980b). Of this, five states account for 90% of the 
dom estic reserves. They are Arizona, Utah, New Mexico, Montana, and 
Michigan. The most recent appraisals of U.S. production indicates continued mod
est growth in production (Appendix A, Table A -l-4). The U.S. Bureau of Mines 
projects an annual average growth ra te  for the United States of 3.0% and 3.0% for 
the world. Known world reserves appear to be adequate for the forecast demand 
to the year 2000.

Scrap plays an im portant part in the supply of copper. Total copper scrap has 
been estim ated  to be 21% of the m arket. According to the U.S. Bureau of Mines, 
scrap is expected to reach 26% of the m arket by 1990 and 30% of the m arket by 
the year 2000 (Rath j en, 1980a). Recent research estim ates th a t scrap and 
recycled copper actually comprises 40% of the current dom estic supply (Everest 
Associates, 1982).

Lead Mines

Lead has also been used since ancient tim es. Lead resources are sca tte red  around 
the world. The United States becam e the world’s largest producer in 1969 and has 
continued in this position. The Soviet Union, Canada, A ustralia, and Mexico are 
also im portant producers.
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The United States produced 15% of the to ta l world production in 1979. Domestic 
supplies came from roughly 25 mines in seven sta tes with Missouri the leading 
producer. The eight mines in this s ta te  produced 90% of the dom estic supply. 
Idaho contributed 8% and Colorado was the third, producing approxim ately 1%. 
The lead production by s ta te  is sum m arized in Appendix A, Table A -l-5 . The 
Buick Mine produced the most lead, followed by the F letcher, the Magmont, and 
the Ozark Mine (Rathjen, 1980b). Four companies, AMAX, Cominco, St. Joe, and 
K ennecott, produces 8096 of the dom estic lead (Roskills, 1979). A list of primary 
producing mines from 1978 to 1980 is included in Appendix A, Table A -1-6.

Lead Smelting and Refining

In 1979, there  were six lead sm elters and four lead refineries. Most of the lead 
sm elters are located close to the mines of the major producing areas, but 
ASARCO’s sm elters are located to serve a variety of concen trate  suppliers. The 
six sm elters and their rated  capacities are shown in Table 1.1-3. Lead is found in 
concentrations of 4% to  1096; because of this high grade, it is economically feas
ible to ship the lead ore some distance. Canada and Mexico have taken advantage 
of this fa c t. Railroads are used by these two countries to ship ore and concen
tra te  to ASARCO’s sm elters and, until recently, the Bunker Hill sm elter in Idaho.

Lead Producing

Lead is one of the easier m etals to recover. All the mines are  underground opera
tions and room-and-pillar techniques can be used for much of the U.S. produc
tion. Rubber-tired equipment can also be employed, which permits rapid ore 
ex traction . Some W estern mines have more complex geology and require tim bered 
stoping methods for more selec tive  mining.
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TABLE 1.1-3: Primary Lead Smelters and Refineries

Location Owner Process C a p acity^

Herculaneum, MO St. Joe Lead S & R 204

Boss, MO AMAX & Homestake S & R 127

Bradley, ID Bunker Hill S & R 119

El Paso, TX ASARCO S 82

East Helena, MT do S 82

Cover, MO do S & R 100

Omaha, NE do R 164

= sm elter, R = refining.
' 'Thousand m etric  tons lead content.

(Source: Rathjen, 1980a - Mineral Facts and Problems)
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The ore is crushed, then floated  for primary concentration. This s tep  yields a 25% 
to 75% lead concen trate  which is then sin tered or roasted and then sm elted with 
additives to produce lead bullion (Roskills, 1979). The Missouri ores have so few 
impurities th a t the product can be sold as chemical grade lead without further 
refining.

If further refining is needed, the lead bullion can then be fired in a blast furnace 
to remove the final impurities of zinc, copper, and silver or be cast into anodes 
for electrorefin ing. The final product is typically 99.9% lead (Roskills, 1979). 
Figure 1.1-2 illustrates the lead refining process.

The lead recovery process generates significant by-products. Sulfur emissions, 
particu late  lead, arsenic, and antimony, as well as mine tails and slag, are pro
cessing problems. R ecent environm ental regulations regarding levels of lead and 
other by-products in the workplace may have im portant implications for the 
industry.

Lead Supply

According to the U.S. Bureau of Mines, there are sufficient world reserves to 
m eet projected world demand. The United States has 26% of the to ta l world 
resources and an estim ated  35% of known world reserves. Most of the U.S. 
reserves lie in the New Lead Belt in Missouri. This area has been undergoing 
developm ent in the last ten years, and fu rther expansion is possible.

Scrap is a m ajor secondary source of lead in the United States and the world. 
Lead scrap is readily am enable to secondary recovery because of its primary use 
in ba tte ries. B atteries contain significant amounts of lead in a readily reusable 
form and are easily collected. Secondary recovery is a major industry. In 1978 
there  were 115 plants owned by 15 companies (Roskills, 1979). Two firms, NL 
Industries and RSR Corporation, owned 18 secondary sm elters and accounted for
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3096 of the to ta l secondary lead output (Roskills, 1979). This industry is changing, 
however. In 1981, the Lead Industries Association could only identify 56 operating 
fac ilities. Also, RSR is being required to divest itself of two refineries to m eet 
U.S. an ti-tru st regulations (Metals Week, 1980a).

Zinc Mines

Zinc is a widely used m etal which has also been known and used by mankind for 
many centuries. The current world supply of zinc comes prim arily from Canada, 
the Soviet Union, and A ustralia. O ther significant producers are Japan, Peru, and 
Mexico. The United States was the largest zinc m etal producer until 1971. 
Dom estic production has since declined while to ta l world mine production has 
increased at a gradual rate . The U.S. mine production began declining in 1974. 
Since then, several s ta tes  have ceased or have severely curtailed their produc
tion. For example, Colorado and New York production dropped by 50% in one year 
(see Appendix A, Table A -l-7). Ten leading mines accounted for 6996 of the 
dom estic production in 1979 and 25 mines contributed to 9896 of production 
(Cam m aroto, 1980b). Tennessee was the leading producer, followed by Missouri 
and Idaho. Six companies own most of the U.S. production. In 1979, 9196 of the 
refined or prim ary slab zinc production and 8596 of the mine output cam e from 
these companies. The top producing mines are sum m arized in Appendix A, 
Table A -1-8.

Zinc Smelting and Refining

World sm elting capacity  for zinc has exceeded mine production through the 
1970s. Domestic sm elting capacity  has declined, and plans for additional capacity  
are not forthcom ing in the next few years. New sm elters have been built or modi
fied, but these did not o ffset the sm elter closures which occurred in 1974 and 
1975.
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Currently there are seven primary slab zinc sm elter/refineries in the United 
S tates. The location and capacities of these sm elters are listed in Table 1.1-4. Of 
the listed facilities, Bunker Hill is no longer in operation and New Jersey Zinc has 
closed the slab zinc facilities in Palm erton, Pennsylvania.

World sm elter production has shown a gradual increase. World production of pri
m ary slab zinc peaked in 1974, and did not regain those levels until 1978. There 
has been an increase in sm elting and refining capacity  in Canada and Asia and a 
decline in W estern Europe and the United States. The Soviet Union is the world’s 
largest producer of slab zinc, followed by Japan and Canada (Roskills, 1979). (See 
Appendix A, Table A -l-9 .)

Zinc Processing

Zinc occurs prim arily as the mineral sphalerite. It frequently occurs with lead, 
silver, or copper. For example, the Boss Mine in Idaho has an 8.6% lead grade and 
3.4% zinc (Wise, 1979). The Bunker Hill Mine in Idaho has grades of 2.9% lead, 
3.1% zinc, 2 oz./ton  silver (Roskills, 1979).

The zinc ore is usually mined using a variety  of underground techniques. Room- 
and-pillar, shrinkage stoping, and square se t methods are all used. The mined ore 
must be concentrated  before sm elting and the techniques used depend on the ore. 
The simple ores in Tennessee are easily crushed, separated  by heavy media, and 
floated. Western ores require successive trea tm en ts  to separa te  and concentrate  
the ore. The concen tra te  is then roasted to remove some of the sulfur.

Zinc is refined by one of several methods. E lectro lytic  deposition is becoming the 
predominant technique and retorting or furnace distillation is used in older 
plants. E lectro ly tic  recovery is used in the newer plants and offers the benefits of 
improved recovery of by-products and reduced environm ental pollution. This pro
cess also yields a purer product. The recovery of by-products such as copper,
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TABLE 1.1-4: Primary Zinc Smelters and Refineries

LOCATION OPERATOR CAPACITY^

Kellog, Idaho Bunker Hill 99

Corpus Christi, Texas ASARCO 98

Bartlesville, Oklahoma National Zinc 51

Sauget, Illinois AMAX 76

Clarksville, Indiana Jersey Minière 82

Monaca, Pennsylvania St. Joe 201

Palm erton, Pennsylvania New Jersey Zinc 109

(^Thousand m etric  tons of zinc content.

(Source: Cam m aroto, 1980b - Minerals Yearbook)
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lead, gold, silver, and cadmium significantly improve the economics of the opera
tion.

Zinc Supply

The United States has an estim ated 9% of the world reserves (Cam m aroto, 
1980a). The U.S. Bureau of Mines estim ates tha t there is not sufficient dom estic 
supply to m eet U.S. needs. The Bureau also estim ates tha t world reserves are 
inadequate for the projected demand. It is suggested th a t additional reserves will 
be developed to m eet the demand, but the dom estic sources will be insufficient 
for U.S. demand.

Scrap is a relatively  minor part of zinc supply and is not expected to increase sig
nificantly. In 1979, scrap was 6% of the  to tal m etal supply (Cammaroto, 1980b). 
Zinc is prim arily used in galvanizing and pigments where recovery is a major 
obstacle.

1.2 DEMAND RELATIONSHIPS

Demand, the other half of the m arketplace, is comprised of the uses for each 
m etal. Substitution and the projected growth in demand are also im portant 
aspects which are discussed in the following sections.

Copper Uses

Copper is used in a variety  of industrial and residential applications. The prim ary 
use for copper is in e lec trica l items where the high e lec trica l conductivity of the 
m etal is needed. Transform ers, power generators, e lec trica l motors, and dyna
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mom eters are typical uses. Copper is also needed for home and auto wiring, bus
bars, switches, and lighting as well as numerous other sim ilar uses.

Copper is corrosion resistan t and has superior machining characteristics when it is 
alloyed as brass and bronze. Copper is used in piping, exterior decoration, and 
roofing. Alloys are used for machined fittings requiring a tigh t f it . Copper alloys 
are also used in coinage and ordnance. Pigments and chem ical compounds are a 
minor part of copper demand. Figure 1.2-1 illustrates the components and re la
tive proportions of copper uses in the United States.

Copper Substitution

Copper faces substitu tion through increased use of aluminum and plastics. Alum
inum has replaced copper in 40% of the m arket for long-distance cable (Schroeder, 
1979). Aluminum can also be a substitu te  for copper in other e lec trica l applica
tions, but it is lim ited to some degree by its physical characteristics. For 
example, the sh ift to aluminum wiring in housing proved to be a poor choice. The 
coefficien t of expansion of aluminum wiring created  e lec trica l shorts which 
caused numerous house fires and th a t use has largely been discontinued. Copper 
has also been replaced by plastics. P lastic pipes are cheaper and easier to work 
with. P lastic  tubing, bushings, and nylon bearings have also displaced the m etal. 
Fiberoptics pose a potential th rea t in communications, but additonal research is 
required before fiberoptics is economically feasible.

Copper Demand

Substitution, while remaining a part of the m arket, does not pose a th rea t to  con
tinued copper demand. A more significant th rea t to demand will be the world 
economic condition. Copper applications are closely linked to a growing industrial 
world. As the  ra te  and degree of the world economy fluc tuates, so will the
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Figure 1.2-1 Components of Copper Uses in the United States
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Source: Lead Industries Association, 1980.
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demand for the metal. An examination of demand by the United Nations indicates 
tha t per capita consumption in the more developed countries has achieved sa tu ra
tion (Gluschke, 1979). This is because many of the end uses of copper are long- 
lived items such as plumbing, wiring, and generators. Only lesser developed coun
tries represent major, growing markets. The projected demand, as determined by 
the U.S. Bureau of Mines, is summarized in Table 1.2-1.

Lead Uses

Lead, like copper, can be used as the pure metal with trace  impurities as hard
eners or alloyed in bronze and solders. The major use for lead is as alloys in ba t
teries. There are two primary types of batteries. One is the type used in passen
ger cars which is lead-antimony or lead-calcium alloy and is referred to as an SLI 
battery  (Starting, Lighting, Ignition). The second type is the lead-zinc-carbon 
alloy dry ba tte ry  used in flashlights, radios, etc. (Roskills, 1979). These two types 
of batteries comprise almost 60% of the annual U.S. lead consumption (Lead Insti
tu te , 1980).

The second greatest use for lead is an anti-knock additive in gasoline known as 
te traethyl lead. Demand for this application is declining with the recent air pollu
tion requirements instituted in the United States. The combination of no-lead 
fuels and a decline in gasoline consumption has reduced this market significantly. 
The U.S. consumption and relative components are illustrated in Figure 1.2-2 and 
summarized in Appendix A, Table A-l-10. Other major uses of lead include 
solders, ammunition, and pigments. Minor uses are in pipes, as a cable covering, 
in brass and bronze, sheets, and as type metal.
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Figure 1.2-2 Components of Lead Uses in the United States
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Lead Demand

Lead demand has sustained numerous substitution impacts in recent years, as the 
detrimental effects of lead on living things has gained understanding. In addition, 
many minor uses for lead, such as type metal, have become obsolete. The major 
m arket in storage batteries is expected to remain the primary source of demand in 
the future. The U.S. Bureau of Mines projects a very modest growth of primary 
demand in the United States of 1.2% because of the relative m aturity  of ba ttery  
demand. As Table 1.2-2 indicates, primary demand for the world is estimated to 
grow at an average rate  of 3.9%. This is a ttributed to the increased automobile 
demand in the developing countries.

Zinc Uses

Whereas copper and lead are corrosion resistant, zinc provides corrosion protec
tion to other metals. As Figure 1.2-3 illustrates, primarily zinc is used to galvan
ize sheet metal for automobiles, tubes and piping, fencing, and structural shapes. 
The second major use of zinc is in die castings, largely for the automobile indus
try. The characteristics of ease of forming and light weight have made zinc 
extremely useful for automobile parts. Brass is the third major use of zinc, rep
resenting approximately 14% of demand in 1979 (Cammaroto, 1980b). The current 
zinc applications and quantities used are summarized in Appendix A, 
Table A-l-11.

Zinc Substitution

Substitution has played a significant role in zinc demand. Aluminum and magnes
ium, e ither alloyed with zinc or alone, compete in die castings. Some plastics 
have also made in-roads in this area. New zinc-based paints on s tee l have been 
developed tha t provide the corrosion resistance of zinc but use less of the metal.
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BRASS

Figure 1.2-3 Components of Zinc Uses in the United States
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Aluminum, steels, and plastics have also replaced brass in many applications. 
Paints and chemicals, aluminum, magnesium, and titanium have also made signifi
cant in-roads.

Zinc Demand

Zinc has been subjected to an onslaught of substitution in many areas. Because of 
environmental considerations, lighter automobiles have required less of the 
metal. The high prices of zinc in the early 1970s resulted in industry substitution, 
and the metal has not been completely successful in recapturing these markets. 
The U.S. Bureau of Mines predicts only moderate growth to the year 2000 in both 
the domestic and world markets, as shown in Table 1.2-3. This demand is further 
subject to the status of the national and world economies. The modest projections 
of a 1.7% domestic growth in demand and a 2.1% world growth rate  reflects these 
considerations (Cammaroto, 1980a).

1.3 METAL PRICES

The juncture of supply and demand is defined in economic terms as the sales 
price. The sales price of metals is affected  by numerous factors. Speculators can 
play a major role in manipulating metals prices. Protective associations perform 
various market operations in an a ttem pt to stabilize the prices. The increased 
national ownership has also affected  prices. The imperative of cash flow by 
developing countries has affec ted  the m arket periodically by developing an over
supply. Environmental requirements and the concomitant costs can e ffect the 
price. Transportation charges, stockpiles, scrap, and other considerations can 
e ffec t  near- and long-term m etal prices. The metals under consideration, copper, 
lead, and zinc, are sold under at least two price structures: the producer price and 
the commodity exchange price.
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Price Establishment

Copper is traded on two commodity exchanges, the London Metal Exchange (LME) 
and the New York Commodities Exchange (Comex). Lead and zinc, which have a 
lower sales volume are traded only on the LME. Commodity exchanges serve the 
marginal producer and are frequently referred to as "the m arket of last resort". 
Very little  metal physically trades hands in this market, although this can and does 
occur. The exchanges are used by buyers and sellers to sell surplus stock, pur
chase stocks, fulfill near-term agreements, and for speculation. Prices on these 
exchanges are established literally on the market floor and fluctuate daily.

Producer prices, on the other hand, are established by the metal producers. These 
prices frequently are established with LME or Com ex quotes as a guide, but they 
are not necessarily the same as the posted exchange prices. The majority of the 
m etal tha t actually trades hands in the United States is sold on the basis of 
producer prices under long-term contracts. Long-term contracts frequently 
include terms to make the long-term commitment a ttrac tive .

The pricing of copper in the United States has had a variable history. In 1978, 
Kennecott announced plans to sell on the basis of the posted Comex price instead 
of the producer price. Later tha t  year, Anaconda followed this step. With two 
major producers abandoning producer pricing, the remaining producers altered but 
did not abandon the producer price system. This action has tended to increase the 
volatility of copper prices. Prices change more rapidly and frequently because 
exchanges are used for speculation. Since then, Anaconda has had less copper to 
sell and in early 1982 Kennecott reverted to the producer price system.

As previously mentioned, lead and zinc are traded on only one exchange, the 
LME. As with copper, the major producing countries have established producer 
prices for long-term contract sales. While LME prices are used as a guide, pro
ducer prices are fixed separately by each company. The U.S. producer price is the
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primary price for lead. Zinc prices are quoted by U.S., European, and Canadian 
producer prices.

Lead and zinc prices generally tend to be more stable than copper prices for sev
eral reasons. First, lead and zinc do not rely on the commodities exchanges to 
establish prices for long-term contracts. This removes the volatility of specula
tion from a major part of the exchanges. Secondly, the major resources for lead 
tend to be in more developed countries. These companies have a similar outlook, 
costs are competitive, and the producers are independently owned. Because of 
this common perspective, producers can exert some control on the price to 
moderate price swings. A third fac to r  stabilizing lead price is the large secondary 
m arket. With scrap forming 4096 to 6096 of the world m arket sales, producer 
prices must be conservative to maintain a m arket share. Zinc prices have gained 
stability because of the relative balance of production and demand. Because scrap 
plays only a small part in the zinc m arket, it has little  influence on the price. A 
significant factor for zinc has been the recent refinery closures in the United 
States. These actions have brought world supplies closer to current and projected 
demand.

As a rule, producer prices are more stable than prices on the commodity 
exchanges because of the inherent speculation in these institutions. Figure 1.3-1 
illustrates this difference. The producer price follows the LME price, but closely 
parallels it only during periods of extended LME stability. Much of the exchange 
variability is not experienced.

Price Influences

All three  metals have been subjected to price swings for the last 20 years. Copper 
has seen some especially wide changes. Product organizations have been formed 
in an effort to protect the industries from the instability. One group, the Inter
governmental Council of Copper Exporting Countries (CIPEC), was formed in 1967
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by four producing countries (Mikesell, 1980). These four countries, Chile, Peru, 
Zaire, and Zambia, a ttem pted  to control prices by controlling supply in 1974 
(Gluschke, 1979). The time selected to a ttem pt control was during weak copper 
prices, and the effectiveness of the effort cannot be fully determined. Since then, 
the organization has been a forum for policy coordination and research. Other 
producers, Indonesia, Australia and Papua-New Guinea, joined the organization in 
1975 (Mikesell, 1980). Because copper forms 9596 of the exports for five member 
countries and 50% for another, significant export controls by this group in the 
future are doubtful (Roskills, 1979).

Lead and zinc have no similar separa te  organizations. The International Lead and 
Zinc Research Organization (ILZRO) has been supported by the United Nations. 
The Lead and Zinc Associations were formed by major producers and marketers. 
These groups conduct studies, evaluate markets and conduct marketing efforts.

A consortium, referred to as EPC, was formed in 1964 to stabilize zinc prices 
(Roskills, 1979). The actual membership of the group has not been confirmed, but 
it consisted of 20 to 50 companies from Europe, Australia, and Canada. This 
group collaborated to influence zinc prices on the LME as well as their posted 
producer prices. The EPC functioned until 1976, when the United States initiated 
anti-trust proceedings. This action caused the break-up of the consortium and 
collaboration ceased (Roskills, 1979). The European Economic Community is con
sidering a coordinated producer price system but has not yet established one 
(Robbins, 1980).

These factors all a ffect the metals prices to varying degrees, but the overriding 
influence is the general world m arket. Commodities, as a group, follow a cyclical 
pattern  (Belica, 1981). The degree of price swings will vary, depending on the 
metal. Copper is a major metal tha t  is used throughout the world. Because it is 
closely tied to all economies, demand changes as world demand fluctuates. One 
analyst suggests using copper as the indicator of national and world economic 
health (Robbins, 1980). Producer prices, stocks, speculators, new supplies, and
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improved recoveries can exert only a limited influence when compared to world 
economic vigor. The current softness in metals prices illustrates this relationship.
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CHAPTER 2: TRENDS OF THE INDUSTRY

Trends in non ferrous metals processing can be identified by an analysis of certain  
aspects of the industry. This chapter examines the data from 1960 to 1980 to 
identify trends and the correlation between certain areas. Smelting and refining 
capacity trends are considered, as well as several factors tha t re la te  to them. 
These include metals prices, production, consumption, capital and operating costs, 
and international trade. Defining the interaction of these variables provides a 
more accurate  perspective of the primary metal processing industry.

2.1 PRICES

Metals prices are basic to the industry and the comparison of current and constant 
dollar prices provides an insight into the economics of the industry. For this 
study, constant dollar values were calculated using 1967 as the base year from the 
non ferrous metals producer price index (Appendix A, Table A-2-1).

In current dollars, prices for copper and lead trended upward from 1960 and 
reached record levels in 1979 and 1980. Prices began falling in 1980 and this 
decline has continued in 1982 (Appendix A, Table A-2-2 and A-2-3). Zinc prices 
have not followed the current dollar trends of copper and lead, and have trended 
gradually higher. After a slight decline in the late 1970s, zinc prices have 
remained fairly constant (Appendix A, Table A-2-4). The current dollar price 
trends for all three  metals are illustrated in Figure 2.1-1.

The gradually increasing price trends for copper, lead, and zinc are reversed when 
examined in constant dollars. For copper, prices trended erratically  higher until 
1973, then fell, reaching record lows from 1980 to 1982. Lead prices remained 
fairly s ta t ic  until falling to record lows in early 1982. Again zinc is an excep

tion. In real terms, zinc demonstrated an increase in the mid-1970s. Constant
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Figure 2.1-1 Current Dollar Prices for Copper, Lead, and Zinc, 1960-1980
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zinc prices have since fallen to price levels comparable to the late 1960s, but have 
not reached the record lows for the two decades that copper and lead have 
shown. The metal prices in constant dollars for copper, lead, and zinc are also 
summarized in Appendix A, Tables A-2-2, A-2-3, and A-2-4. A comparison of cur
rent and constant prices for each m etal is illustrated in Figures 2.1-2 through 
2.1-4.

An examination of the producer price index for non ferrous metals explains the 
difference between current and constant dollars. With 1967 as the base year, an 
increase of up to 18% in prices was seen in the early 1960s. From 1967 to 1973, 
the index increased 35%. From 1973 to 1974, there was an additional increase of 
52%. With 1967 as the base year, the index increased an additional 103% from 
1974 to 1982 (see Appendix A, Table A-2-1). These large increases illustrate why 
current dollar prices can be misleading.

2.2 METAL CONSUMPTION

Prices are one of several components of the industry. Consumption and the rela
tive trends are also important. World consumption of copper, lead, and zinc have 
been increasing, and since 1960 each metal has shown considerable gains. The 
consumption patterns for each metal have been different, as can be seen in Fig
ures 2.2-1 through 2.2-3.

World consumption of copper has increased 125% since 1960. The unique pattern  
of copper consumption is in relatively sharp cycles occurring approximately every 
seven years. Domestic consumption, which accounts for approximately 25% of the 
world total, has increased 92% since 1960. This rate, which is slightly lower than 
the world growth ra te , indicates the maturing demand in the United States. These 
figures are based on the data in Appendix A, Table A-2-5.
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Figure 2.1-2 Current and Constant Dollar Prices of Copper, 1960-1980
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Figure 2.1-3 Current and Constant Dollar Prices of Lead, 1960-1980
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Figure 2.1-4 Current and Constant Dollar Prices of Zinc, 1960-1980
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Figure 2.2-1 Consumption of Copper, 1960-1979
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Figure 2.2-2 Consumption of Lead, 1960-1979
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In both the world and the domestic market, lead consumption has shown a more 
stable rate of growth. World consumption has increased 133% since 1960. The 
U.S. consumption represents about 25% of world demand, and has increased by 
154% for the same period. The overall rate of consumption has been slightly 
higher since 1970 both in the world and the United States, but domestic consump
tion is expected to be lower in the future (Section 1.1). These figures were cal
culated from the data in Appendix A, Table A-2-6.

Zinc has had an interesting growth pattern , as can be seen in Figure 2.2-3. On the 
basis of consumption data in Appendix A, Table A-2-7, consumption until 1968 was 
fairly constant. From 1968 to 1979, the consumption has been more erratic . 
Since 1975, world demand has grown 2596 while the U.S. demand has grown only 
15%. The average annual zinc consumption since 1975 has been lower than the 
annual consumption from 1960 through 1974.

2.3 PRODUCTION

Another variable related to smelting capacity is production. World production of 
refined copper, lead, and zinc has generally increased at rates which approxi
mately parallel consumption. Domestic trends have been slightly different. It is 
these trends which have created  interest and concern in the industry, the press, 
and the government (World Mining, 1981; Radetzki, 1979; Sousa, 1981, E&MJ, 
1982%

Copper smelters are frequently located some distance from the refinery (see Sec
tion 1.1), while lead and zinc smelting and refining typically occur at the same 
location. Since smelting and refining for copper are separate  processing func
tions, trends for each are discussed separately.

Copper smelting production has roughly paralleled the world mine production 
(Appendix A, Table A-l-3). Although the Soviet Union, Japan, and Chile have
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Figure 2.2-3 Consumption of Zinc, 1960-1979
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been steadily increasing capacity, the United States still leads the world with 17% 
of the total capacity in 1979 (Figure 2.3-1). While production has remained strong 
in recent years, domestic smelting capacity has been declining. Until recently, 
when smelters have closed, new smelters have opened and replaced or expanded 
beyond the lost capacity. For example, when the Superior, Arizona sm elter was 
closed in 1971, Magma Copper Company had already made plans to replace the 
capacity. Capacity at the San Manuel, Arizona sm elter was increased to 403,000 
TPY in 1965 and to 670,000 TPY in 1972 (ABMS, 1972). The same smelter was 
la ter enlarged to 800,000 TPY in 1974 (ABMS, 1974). In another example, Phelps 
Dodge smelter capacity gradually declined at the Douglas sm elter. This decline in 
capacity was compensated for by the Hidalgo sm elter in New Mexico. This smel
ter came on-stream in 1976 with a capacity of 640,000 TPY (ABMS, 1976). 
Table 2.3-1 summarizes the sm elter closures and these trends are evident. Sharp 
reductions in domestic smelting capacity occurred in 1980. The Anaconda, Mon
tana sm elter closing removed 750,000 TPY of concentrate  capacity, or 8.3% of 
the current domestic capacity. As of the end of 1980, domestic smelting capacity 
was down 2% from 1966 to 1968, the previous low for the two decades (Appendix 
A, Table A-2-8). Figure 2.3-2 graphically illustrates the changes in domestic 
smelting capacity since 1960. Domestic smelter capacity is the lowest it has been 
since before 1960 and no new sm elter capacity is planned to come on-stream in 
the next few years (Tobin, 1982, Metals Week, 1981a).

Domestic copper refinery production has roughly followed sm elter production. 
Overall copper refining capacity has grown steadily since i960 (Appendix A, Table 
A-2-9). Major reductions were not recorded until 1980, when two refineries were 
closed. Anaconda closed the Great Falls, Montana refinery for lack of feed (Wall 
S treet Journal, 1981a). ASARCO closed the Tacoma, Washington refinery when 
the El Paso, Texas refinery came on-stream (Butterman, 1981). The closure of 
these two refineries reduced electrolytic  production capacity by 360,000 TPY, 
which represents a 15% loss relative to 1979. This new level of capacity is com
parable to the domestic e lectrolytic  refining capacity up through 1967. The refin
ery capacity changes are summarized in Table 2.3-2.
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TABLE 2.3-1: Domestic Copper Smelters 
(Reported in 1000 tons of 2000 Pounds)

Firm/Location 1965 1970 1975 1980

AMAX
C arte re t ,  NO 168 190 180 193

ASARCO
El Paso, TX 420 576 576 576
Hayden, AZ 420 960 960 960
Tacoma, WA 600 600 600 600

Anaconda
Anaconda, MT 1000 1000 750 — —

Inspiration
Miami, AZ 450 450 450 450

Magma Copper
Superior, AZ 150 150 —

San Manuel, AZ 400 400 800 800
Kennecott

McGill, NV 400 400 400 255
Hurley, NM 400 400 400 360
Hayden, AZ 420 420 420 360
Garfield, UT 1000 1000 1000 1000

Chemetco
Alton, IL — — — — — 150

Phelps Dodge
Douglas, AZ 1250 875 700 700
Morenci, AZ 900 900 900 900
Ajo, AZ 300 300 250 250
Playas, NM — — ---------- — — 640

Tennessee Copper
Copperhill, TN 90 90 — 18

Galumet <5c Hecla
Hubbell, MI 100 30 —— — —

Quincy Mining
Hancock, MI 12 15 15 15

White Pine
White Pine, MI 65 90 90 90

Toted 8548 8839 8716 8317

Year Closed

1980

1971

1972

1972

(Compiled from Non Ferrous Metal Data, 1960-1980)
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TABLE 2.3-2: Domestic Copper Refineries 
(Reported in 1000 tons of 2000 Pounds)

Firm/Location 1965 1970 1975 1980 Year Closed

AMAX
C arte re t ,  NJ 150 175 175 191

ASARCO
Baltimore, MD 198 318 — — — — 1975
Barber, NO 168 168 168 — — 1979
Tacoma, WA 103 156 156 156
Amarillo, TX —— —— 420 420

Anaconda
Great Falls, MT 180 1900 252 — — 1980

Inspiration
Inspiration, AZ 70 70 70 70

Magma Copper
San Manuel, AZ --------- ---- 200 200

Kennecott
Garfield, UT 186 186 186 191
Anne Arundel, NJ 198 276 276 276

Cerro
St. Louis, MO 42 44 44 44

Chemetco
Alton, IL — — ——— 40 40

Phelps Dodge
El Paso, TX 300 420 420 420
Laurel Hill, NY 175 155 72 72

International Smelting
Perth Amboy, NJ 240 150 — — --------- 1971

Southwire Copper
Carrollton, GA --------- — 72 100

Subtotal 1973 2308 2571 2180
Lake & Fire Refining 410 368 338 482

Total 2420 2626 2909 2661

(Compiled from Non Ferrous Metal D ata, 1960-1980)
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Figure 2.3-1 World Smelter Production of Copper, 1960-1979
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Figure 2.5-2 U.S. Copper Smelter Capacity. 1960-1980
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The domestic consumption of copper has consistently exceeded dom estic primary 
copper production since 1964. As Figure 2.3-3 illustrates, the relative consump- 
tion-production im balance has been increasing since 1975. Although primary cop
per production has closely paralleled domestic mine production since 1960, it has 
been insufficient to m eet dom estic demand. The difference between domestic 
consumption and prim ary copper production is made up by imports of refined cop
per and dom estic recycling.

Lead production is sim ilar to copper. World refined lead production has steadily 
increased. Domestic production has followed this trend. World production has 
increased by 110% since 1960 and U.S. production has increased by 107%. In 1979, 
the United States produced 15% of the to tal world refined lead. Europe and the 
Soviet Union have also been increasing production steadily . These trends are illus
tra ted  in Figure 2.3-4. In the U.S., lead sm elter capacity  increased until 1972, 
then declined to a new low in 1981 with the closure of the Bunker Hill facility . 
While the increase in sm elting and refining capacity in the New Missouri Lead Belt 
offset closure of Western sm elters in the la te  1960s, the recent Bunker Hill clo
sure removed dom estic sm elting capacity tha t has not been replaced. These 
trends can be seen in Table 2.3-3.

Although the U.S. production of prim ary lead has grown, it has not been sufficient 
to m eet consumption needs. Since 1973, the production of refined lead has 
remained fairly  constant and has come much closer to m eeting the to ta l dom estic 
requirem ents. Secondary production and imports have m et the difference. As 
reported earlier, recycled lead accounted for 58% of domestic consumption in 
1980 (Section 1.2). These relationships are illustrated  in Figure 2.3-5.

The secondary lead m arket has recently  undergone several s truc tu ra l changes. 
B atteries of lead-calcium  alloy are gaining popularity because they require no 
m aintenance. With this change, secondary producers have now begun to  produce 
refined, or pig, lead rather than lead alloys and com pete directly  with primary 
lead producers. This change is reflected  in Figure 2.3-6 (Appendix A,
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Figure 2.3-3 Copper Consumption and Production in the U.S., 1960-1979
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TABLE 2.3-3: Domestic Lead Smelters and Refineries 
(Reported in 1000 tons of 2000 Pounds)

1961 1970 1975 1980

Silver-Lead Smelters 
ASARCO

East Helena, MT 
El Paso, TX 
Selby, CA 

Bunker Hill 
Bradley, ID 

International Smelting 
& Refining
Toole, UT _____

Subtotal 1512

360
360
192

300

300

420
420

390

300
1530

420
420

390

1230

420
420

(390)

1230
(840)

Silver-Lead Refineries 
ASARCO

Selby, CA 
Barber, NJ 
Omaha, NE 

Bunker Hill 
Bradley, ID 

U.S.S. Lead Refinery 
East Chicago

Subtotal 488

72
96

180

100

40

180

130

40
350

ISO ISO

130 (130)

310 310
(180)

Missouri Lead Smelters, Ref.
St. Joe Minerals

Herculaneum, MO 120
AM AX-Horn es take 

Boss, MO —
ASARCO 

Glover, MO —
Subtotal

Total

225

90

225

140

110

225

140

110
475

2015
(1495)

Year Closed

N/A
N/A
1970

1981

1971

1970
1961
N/A

1981

1973

N/A

N/A

N/A

(Compiled from Non Ferrous Metal D ata, 1960-1980)
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Figure 2.3-4 World Production of Refined Lead, 1960-1979
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Figure 2.3-5 U.S. Lead Consumption and Production
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Figure 2.3-6 Secondary Lead Production in the U.S., 1960-1979
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Table A-2-10). A secondary a ltera tion  may occur in 1982. Lead prices are low 
and the supplies of scrap lead have declined, which could force several secondary 
lead producers out of business if the present low prices (March 1982) continue.

An exam ination of zinc production shows this m etal to be the weakest of the 
three . World refined (slab) zinc production increased by 10896 from i960 through 
1979 while domestic production has declined by 33%. Refined zinc production has 
declined 48% since the high in 1969. These trends are illustrated  in Figure 2.3-7. 
Domestic production of slab zinc began declining in 1970, when U.S. demand 
dropped 15%. Although demand increased to record highs in 1971 to 1973, zinc 
production continued to decline as constant dollar prices fell. Domestic zinc pro
duction declined another 33% from 1970 to 1973. From 1974 through 1979, 
domestic production has remained fairly  constant but the 1980s have shown a con
tinued decline in production capacity . Prelim inary figures show an additional 1596 
decline in 1980. Com plete data are not available, but the closing of Bunker Hill 
removed 8% of the dom estic sm elting and refining capacity  and an additional 
decline in zinc production is expected from this closure (Wall S tree t Journal, 
1981b). The zinc sm elters and refineries and their current status are sum m arized 
in Table 2.3-4. The increasing divergence between dom estic zinc production and 
consumption is illustrated  in Figure 2.3-8.

Several struc tu ra l changes were occurring during the period from 1969 to 1979. 
F irst, sm elter feed from foreign ores dropped from a typical 50% to as low as 
20%. A second struc tu ra l change was domestic mine production. Zinc concen
tra te  production dropped 13% betw een 1969 and 1971. Mine production main
tained a fairly  constant level until 1977, when production fell again. By 1979, 
mine production had fallen 47% from the level in 1969. Domestic producers have 
reacted to this decline by importing foreign concentra te .

Another aspect of the  production s tru c tu re  is capacity  u tilization. Domestic u til
ization has averaged 7596 of capacity  for the 20-year period (Appendix A, 
Table A-2-11). In 1979, it was 7096 compared to 60% utilization in 1977 to 1978.
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TABLE 2.3-4: U.S. Zinc Smelters and Refineries

Firm/Location Status

American Zinc
Monsanto, I L ............................................ ............................. Closed, 1971
Sauget, IL ................................................... ............................. Sold to AMAX, 1972
Dumas, T X ................................................. ............................. Closed 1971

Anaconda
G reat Falls, M T........................................ ............................. Closed, 1972
Anaconda, M T ..........................................

ASARCO
Corpus Cristi, T X ...................................
Amarillo, T X ............................................ ............................. Closed, 1975

Bunker Hill
Silver King, ID ..........................................

National Zinc
Dumas, T X ................................................. .............................  Closed, 1971
Bartlesville, OK ........................................

Plant Added, 1981
Eagle Richer

H enryetta, O K ..........................................
Matthiessen & Hegler

La Salle, IL.................................................
AMAX
Blackwell, O K ..........................................
Sauget, IL ...................................................

Athletic Mining
Fort Smith, A K ........................................ .............................  Closed, 1967

Jersey Minière
Clarksville, T N ........................................

St. Joe
Monaca, P A ...............................................

Closure, 1980
New Jersey Zinc

Palm erton, P A ..........................................
Slab Zinc, 1980

(Compiled from Non Ferrous Metal Data, 1960-1980)
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Figure 2.3-7 World Production of Slab Zinc, 1960-1979
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Figure 2.3-8 Zinc Production in the U.S.
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These capacity  figures for the United States compare to the worldwide average of 
80% utilization (Roskills, 1979). The structu ra l changes which were in itiated  in 
1969 have dram atically  changed the U.S. zinc industry.

To sum m arize, all th ree  m etals, copper, lead, and zinc have dem onstrated produc
tion changes. Refined copper production has shown a real decline only since 
1979. Domestic refined lead production has slowed while slab zinc production 
began a decline in 1969 which has yet to stabilize. The implications of these pro
duction changes are the subject of C hapter 4.

2.4 INTERNATIONAL TRADE

Trends in international trade can also have implications for the non ferrous pro
cessing industry. The U.S. demand for copper, lead, and zinc has been shown to 
exceed production earlier in this chapter. The difference has been made up by the 
consumption of recycled m aterials and by imports.

H istorically, copper imports have been irregular. Between 1962 and 1968, 
imported copper increased with U.S. demand as a result of involvement in Viet 
Nam. Imports rem ained relatively  constant from 1968 to 1973, but in 1974 
imported copper increased by 44%, then fell by 46% in 1975, and then rebounded 
by 68% in 1976 (see Appendix A, Table A-2-12). Some of this variability can be 
a ttribu ted  to U.S. labor strikes. Because these strikes have periodically been long, 
both producers and consumers lay aside stockpiles to p ro tec t themselves from 
m etal shortages. Strikes lasted five and one-half months in 1967 and 20 weeks in 
1980 (E&M3, 1968). Additional variability can be re la ted  to the general health of 
the economy. In 1975, the world was adjusting to energy costs and demand 
declined. In 1978, world demand was down as the economy adjusted to a mild 

recession.
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The relative amount of imported copper has declined since the early 1960s, but 
the relative composition of those imports has changed dram atically. In the early 
1960s, imports Were 40% of overall U.S. consumption and consisted mostly of blis
ter copper. By the la te  1970s, however, the to tal refined imports supplied only 
25% of dom estic demand but more refined m etal was being im ported. In 1960, 
refined copper was 27% of the imported copper. By 1970, it reached 45%, in 1979 
it was 67% and by 1980 refined copper was 85% of the U.S. imports. Figure 2.4-1 
illustrates this trend.

Exports of copper have trended dov/nward since 1960 (Appendix A, 
Table A-2-13). Between 1960 and 1969, exports declined by 58%. The ra te  of 
decline slowed in the next decade to an average of 5% per year. Exports have 
been m ostly copper scrap and refined copper. In 1980, there  was a significant 
change. In th a t year, 5896 of the exported copper was in the form of ores and 
concentrates. This change in exports to the sale of concentrates and the decline 
in refined copper reflects the change in U.S. sm elting capacity. When Anaconda 
closed the Montana sm elter and refinery, concentrates were shipped to Japan 
(E&M3, 1981a). Anaconda has signed a seven-year con tract with Japan which calls 
for the delivery of 360,000 tons of copper concentrate  per year to Nippon, the 
primary buyer for seven Japanese sm elters.

Trends in the international trade of lead have been the opposite of copper. 
Imports of lead have been gradually declining with the development of the New 
Missouri Lead Belt in 1968. Lead imports m et 6096 of dom estic demand in 1960 
but by 1970, imports were down to 40% of to ta l U.S. demand in 1960. In 1979, 
im ported lead provided just 1696 of to ta l domestic consumption as calculated from 
the data  in Appendix A, Table A-2-14.

While imports have declined, the relative composition has remained fairly  con
stan t. Refined lead comprised roughly 65 96 of the to ta l imports from 1960 

through 1975. The re la tive amount of refined lead increased to  79% for the period 
1975 through 1979, but returned to the earlier prior proportions in 1980.
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Figure 2.4-1 Relative Importance of Refined Copper in ILS.
Copper Imports. 1960-1979 -----------
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Although to ta l lead exports have been increasing with domestic production, lead 
imports have exceeded exports until 1980. Lead exports have increased from four 
million tons in 1960 to 140 million tons in 1979, and the prelim inary export figures 
for 1980 are 240 million tons (see Appendix A, Table A-2-14). A significant aspect 
is th a t most of the exports are scrap, which is a low value-added product. With 
the exception of two years, scrap  has been approxim ately 75% of to ta l lead 
exports. This relationship is illustrated  in Figure 2.4-2. This is an im portant con
sideration in the evaluation of overall U.S. balance of trade.

International trade in zinc, the third m etal being considered, has been prim arily 
for imports. This is because dom estic consumption of slab zinc has consistently 
exceeded dom estic production since i960. Demand for zinc exceeded supply by 
30% in the 1960s and increased to 50% in the la te  1970s. The d ifference between 
dom estic consumption and production in 1980 is estim ated to be 52% (Cammaroto, 
1980a). These differences have been filled through zinc imports and minor 
recycling.

Total zinc imports have increased by a relative 43% from 1960 to  1979. This 
increase in zinc imports has occurred even with the recent decline in dom estic 
consumption to  the levels of the early 1960s. This is because of struc tu ra l 
changes in the domestic zinc industry. These changes included types of imports, 
overall demand, and dom estic processing and mine production. An exam ination of 
the combination of these changes provides a broader perspective of zinc imports.

One s truc tu ra l change th a t has occurred since 1960 is the type of zinc im ports. 
Overall imports supplied 3096 of dom estic demand. Within th a t to ta l, imports 
were roughly 7596 zinc ores and concentrates and the rem ainder was slab zinc, 
pigs, and blocks. These proportions changed dram atically  in 1971 and 1972 when 
the relative composition of zinc imports was com pletely reversed in two years. 
Beginning in 1973, 70% of zinc imports had become refined zinc and a record of 
88% refined zinc imports was reached in 1976. Imports and the re la tive composi-
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Figure 2.4-2 Relative Importance of Lead Scrap in U.S. Lead
Exports, 1960-1979
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tion of refined zinc are illustra ted  in Figure 2.4-3. Import data  are sum m arized in 

Appendix A, Table A-2-13.

The change in composition of zinc imports to the United States can be a ttribu ted  
to the change in domestic processing capacity. As Figure 2.4-4 illustrates, the 
imports of slab zinc increased during the period when dom estic capacity  declined 
sharply due to sm elter and refinery closures. Between 1970 and 1973, when pro
duction capacity  decreased by 40%, the relative amount of refined zinc imports 
increased by 35%, although the to ta l amount of imports was relatively constant.

Tine imports are not a major part of the domestic zinc m arket. Exports have 
declined from 88,000 tons in 1960 to an estim ated 35,000 tons in 1981 (see Appen
dix A, Table A-2-16). As could be anticipated, the value-added exports have 
declined with the sm elting industry. In the early 1960s, roughly 75% of the 
exports were as refined m etal. This proportion has declined since 1965 to 4% 
refined zinc in 1978. Zinc dross and scrap have become the primary zinc exports.

To sum m arize, international trade in metals has shown dram atic  changes in the 
past 20 years. The country relies increasingly on im ported refined copper and 
zinc, while exports are mostly scrap and concentrate . Lead imports are required 
to satisfy  total domestic demand, although the amount required has diminished. 
All m etals dem onstrate an increasing national reliance on im ported m etal and the 
export of low value-added products.

2.5 COSTS

In con trast to the decline in real m etal prices, costs for ex tracting  and producing 
the m etals have increased over the past two decades. This trend has had a signifi
cant im pact on the industry. An example is the copper industry. Although capital 
equipm ent costs have declined in real term s, the indirect costs of energy and labor 
have contributed to an overall 83% increase in production costs between 1970 and
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Figure 2.4-3 Relative Importance of Refined Zinc in U.S. Zinc
Imports, 1960-1979
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Figure 2.4-4 Comparison of Zinc Imports and U.S. Smelter and 
Refining Capacity, 1960-1979
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1976. This compares to estim ates by Sir Ronald Prain th a t worldwide costs of 
production increased 56% from 1960 to  1970 (1975).

C apital costs per ton of copper have increased a relative 161% in nominal terms 
betw een 1965 and 1982. This percentage is based on recently  estim ated  capital 
costs which are sum m arized in Table 2.5-1 (Everest Consultants, 1982).

In constant dollars, capital costs have not increased (Radetzki, 1979). By 
correcting to 1967 dollars, capital equipment costs have actually  declined by 13% 
since 1965. These figures are included in Table 2.5-2. The components of capital 
costs, however, have changed for the industry.

During the 1960s, very little  money was spent on pollution control for sm elting 
and refining. The firms paid reparations to area farm ers for "smoke damage" and 
conducted research on experim ental farm s (Torgersen, personal communication). 
According to a recent study by the Environmental P ro tection  Agency (MIT, 1979), 
this condition changed in the 1970s. As is shown in Table 2.5-2, capital expendi
tures for the copper industry increased from $105 million in 1972 to  $142 million 
in 1975. Of these expenditures, two-thirds of the costs were devoted to pollution 
control and one-third was devoted to expansion. Mr. Tom Osborne, Executive Vice 
President for ASARCO, estim ates th a t 4096 of the to ta l expenditures for the cop
per industry were spent on pollution controls between 1973 and 1979 (Metals 
Week, 1981a). Table 2.5-3 shows the estim ated percent of to ta l capital expendi
tures compared to other industries.

Overall average costs to produce copper, lead, and zinc have been increasing. 
Using copper as a base case, average overall costs in the United States are e sti
m ated to be $0.80/lb with estim ates ranging from $0.45/lb to  $0.95/lb (Prain, 
1975; Mining Journal, 1981a). Table 2.5-4 details the rela tive  increases in net 
costs.
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TABLE 2.5-1: Current Estimated Capital Costs for C opp er^

$/Ton Copper $/Ton Copper
(1980 Dollars) (1967 Dollars)

1955 $3,500 —

1965 $4,100 $4,555

1970 $5,500 $4,982

1975 $7,200 $4,117

1982 $10 - $30,000 $3,966

Everest Consultants, CRU, 1982 Non-Ferrous Smelting Industry - Clean Air 
Study, unpublished, pages 2-6.
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TABLE 2.5-2: Estimated Copper Smelter Capital Expense 
(Reported in $ Millions)

1972 1973 1974 1975

$1978(D 105 150 180 142

$1967 88 111 112 81

(1) Source: MIT, 1978. Effects of Public Regulation on the U.S. Copper
Industry, Vol H.
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TABLE 2.5-4: Comparative Copper Production Costs by Firm

FIRM 1972d) 1973d) 1931(2)

Phelps Dodge 0.38 0.42 0.77

Kennecott 0.46 0.42 0.76

Bougainville --- 0.39 0.53

Atlas 0.33 0.45 0.77

Marcopper 0.23 0.35 0.47

^ M in in g  company estim ates, 1974.
'A fter Thoughts, 1981, World Mining (April), page 80.
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Production costs can be roughly a ttribu ted  to several categories. Using current 
copper production costs, $0.19/lb is estim ated to be for capital expenditures 
(Everest, 1982). Smelting and refining costs are $0.30/lb to  $0.35/lb for Japanese 
processing compared to $0.40/lb to $0.45/lb in the United States (Mining Congress 
Journal, 1981). Pollution control expenditures are variously estim ated between 
$0.09/lb and $0 .15/lb (MIT, Vol. II, 1978; Rosenkrantz, 1979).

Total energy costs are estim ated  to be $0.05/lb (Rosenkrantz, 1976). Roughly 30% 
of the to tal energy costs are sm elting and refining costs. A summary of energy 
costs is presented in Table 2.5-5.

Zinc production costs are lower than those for copper. Recent estim ates are 
$0.33/lb to $0.42/lb (Roskills, 1980). Of this, sm elting is $0.06/lb to $0.08/lb. 
Lead production costs are also lower and average $0.22/lb to $0.25/lb (Roskills, 
1979).

Production costs have changed dram atically since 1970. According to recent 
studies, the most significant change in the 1970s was the increase in the price of 
energy. In 1972, energy costs represented a rela tive  9% of to ta l operating costs. 
By 1976, they had increased to 15%. In nominal term s, these relative increases 
to ta led  180% betw een 1972 and 1976 (Lewis, F. M., 1978). This compares to 
increases in to ta l costs of 85% and sm elting and refining increases of 83% (Lewis, 
F. M., 1978; Rosenkratz, 1979).

Smelters in the United States operate as individual profit centers and the sm elter 
terms apply to captive mines as well as to mines served on a toll basis. A 
sm elting con tract is a complex item . The mines say th a t "sm elters never lose 
money" and the mines must absorb the impacts of low prices (Torgerson, Johnson, 
Belica, private communication, 1982; Lewis, P. J., 1978). An example and discus
sion of a sm elting con tract is presented in Appendix B.
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TABLE 2.5-5: Average Energy Consumption and Cost 
for Copper Production, 1973

Btu/PoundEnergy Cost,
of Copper Cents/Pound

MINING 7,600 0.86

BENEFICIATION 17,900 2.50

SMELTING 17,900 2.50

REFINING 6,000 0.64
TOTAL 49,400 4.83

(Compiled from Rosenkrantz, 1976)
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A recent paper by Mr. P. 3. Lewis, e t ai., of Consolidated Gold Fields, Ltd. 
examined changes in sm elter toll charges (1978). This study found th a t payment 
to the mine for contained copper has fallen 1596 since 1973. Zinc charges have 
changed as well. Zinc concentrates of 60% or more used to gain a premium of 5% 
to  6% over 50% to 55% concentrates in the sm elting con tract. This has declined 
since 1973 to only 2% in 1978. Lead payments have also declined. Prior to 1972, 
lead payments were 70% to 80% for all grades. Payments have now decreased to 
50% to 65% of contained lead. These increases in sm elting costs has reduced the 
mine incomes. Marginal producers, faced with increasing sm elting and refining 
charges as well as energy transportation and environmental costs, have been 
forced to close.

For the sm elting and refining industry, large expenditures on environm ental and 
workplace sa fe ty  are needed to m eet the current laws. The United States passed 
the Clean Air Act in 1970 and final National Ambiant Air Quality Standards were 
established in 1977. These guidelines require recapture of roughly 90% of the SO  ̂
emissions from sm elting. There are also regulations regarding particu la te  emis
sions and worker exposure to lead and arsenic. These environm ental, health, and 
safe ty  costs are anticipated to be significant in the coming years, and are the sub
jec t of industry debate and litigation (Big Sky Pay D irt, 1981; E&M3, 1979; 
Munroe, 1982; Ridinger, 1980; Mining Journal, 1979).

Several government studies have been conducted in the past few years to assess 
the economic im pact and cost of environm ental compliance. These studies indi
cate  th a t costs for th e  industry will be high if current pollution limits and compli
ance regulations are m aintained. In 1978, Arthur D. L ittle  analysis suggested th a t 
the costs of compliance are very high (1978). To achieve the required air pollution 
standards by 1988, the copper industry will need to spend $2.8 million in capital 
costs and $3.0 billion in operating costs (1974 dollars). An MIT study for the  U.S. 
D epartm ent of Com m erce suggested th a t the lead industry will need to spend $1 
billion in capital costs and $300 million in operating costs under a best case scen
ario (1977). If workers cannot be ro ta ted  to control lead levels in the blood, net
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costs a fte r tax  are an estim ated  $18 billion (MIT, 1979). Costs for the zinc indus
try  are estim ated  to be $30.2 million per year for a to ta l of $434.7 million by 1988 
(Mining Journal, 1979). These costs are sum m arized in Table 2.5-6.

At the present tim e, none of the dom estic copper or lead sm elters m eet the work
place, air, or w ater quality regulations. Two copper sm elters approach the 9096 
SO2 recapture requirem ent. The Hidalgo, New Mexico, sm elter, built in 1975, cap
tures 8096 to 85% of the  SO  ̂ produced (Everest, 1982). The Hayden sm elter cap
tures roughly 8096 of process SO^' The industry average is 60%, which is improved 
from the 2996 average in 1968 (PED Co., 1969). Zinc sm elters have achieved com
pliance by reduced operations and new furnaces. In 1968, these sm elters recap
tured 6096 of process SO  ̂ (PED Co., 1969). Lead sm elters currently  achieve 
compliance by in te rm itten t operation. In 1968, the recovered 2796 of the SO  ̂ gen
era ted  a t the sm elter (PED, Co., 1969).

A final aspect of costs affecting  the industry is the cost of labor. This cost has 
been steadily  increasing until the United States has become the  second highest 
labor cost producer in the world (Sousa, 1981). Although the U.S. industry is the 
most effic ien t in the use of man-hours and capital, this has not been sufficien t to 
reduce the cost of labor.

The 1980 wage se ttlem en t in the copper industry is a good example of the wage 
increases. In th a t agreem ent, the overall increase was 39% over th ree years, or 
an average increase of 3.5% in hourly wages (American Metals Week, 1980; Metals 
Week, 1980c).

D ata compiled from the Bureau of Labor S tatistics indicate th a t wages in copper 
sm elting and refining have risen an average of 10.7% per year since 1970 (Sousa,
1981). This compares to 7.6% in all m anufacturing. Labor costs for copper are 
estim ated  to be $0.25 to $0.29 per pound of copper, or roughly 35% of the to ta l 
cost of production.
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TABLE 2.5-6: Estimated Costs to Achieve Environmental 
Compliance by 1988

Capital Costs Operating Costs

COPPER 

LEAD (best case) 

ALTERNATIVE 

ZINC

$2.8 Billion 

$1.0 Billion 

$1.0 Billion 

$434.7 Million - Total

$3.0 Billion 

$300 Million 

$18 Billion

(Sources: MIT, 1979, A rthur D. L ittle , 1978, Mining Journal, 1979)
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The costs of benefits are a hidden cost which has also increased significantly. The 
National Chamber of Com m erce reports tha t average to ta l benefit costs have 
increased by 19996 since 1967 (Mining Engineering, 1979a).

Productivity in the mining industry has also been declining. This m easure is 
determ ined by the output per unit of labor per year. According to the U.S. 
D epartm ent of Com m erce, the mining industry as a whole posted a 6.1% decline 
for the period 1973 to 1977 (1978). Prim ary copper, lead, and zinc showed a 3.8% 
decline for the sam e period. These declines compare to an average increase in all 
industries of 1.1% (Table 2.5-7).

Rising labor costs and declining productivity have been a part of the reason for a 
high average to ta l production cost. Improvements in relative labor efficiency may 
reduce these costs, or additional advances in technology will be needed to reduce 

the cost for the m arginal producers.

In summary, the m arket aspects for the copper, lead, and zinc industries have 
changed during the past 20 years and several trends are apparent. In constant 
dollars, m etal prices have reached record or near record lows. The growth in 
domestic consumption has m oderated. Smelting and refining capacity  has 
declined, with the zinc representing the most severe case. In international trade, 
m etal imports have shown an increase in the value-added products, while exports 
have increasingly become concentrates and scrap. C hapter 4 will discuss the ram 
ifications of these trends, along with the industry changes and cost trends which 
are sum m arized in C hapter 3.
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TABLE 2.5-7: Productivity Changes in the Mining Industry

1965-1973 1973-1977 1978

Prim ary Copper, Lead, and Zinc -7.5 -3.8 -1.0

All Industry 2.0 1.1 0.5

(Compiled from Economic Report to  the President, 1979 and 
Productivity Indexes, 1979)



T-2636 -78-

CHAPTER 3: TRENDS OF THE FIRMS

The major sm elting and refining firms in the United States are also the major pro
ducers of prim ary m etal. The s tru c tu re  of these firms has changed with the to ta l 
industry trends which were discussed in C hapter 2.0. The financial capacity  to 
change and grow in the sm elting and refining industry depends on the streng th  and 
investm ent attitudes of the parent firm , as well as the m etals m arketplace. This 
chapter examines the financial trends of the major m etals firms and the s tructu ra l 
changes which have occurred for the participating firms as a whole.

3.1 MAJOR FIRMS

The production of prim ary copper, lead, and zinc in the United States is dominated 
by only a few firms. In 1980, four firms produced 56% of the to ta l prim ary copper 
production, two firms contributed 65% of the prim ary lead production, one firm 
contributed 64% of the primary zinc, and two firms comprised nearly 90% of the 
supply. These firms and their relative dom estic m arket share are listed in 
Table 3.1-1. All the firms are characterized  by some degree of vertical in tegra
tion, from ore ex traction  through sm elting and refining the prim ary m etal. Some 
firms also have the fabrication facilities for end-use production.

The relative dominance of the firms in each m etal has changed over the past two 
decades. In copper, K ennecott has been the dom estic leader since before 1960. 
Phelps Dodge has grown from 16% of the m arket share in 1960 to  2096 in 1980, and 
Newmont Mining (Magma) has consistently m aintained a 6% m arket share. 
ASARCO has grown from a 2% share in 1960 to 4% in 1980. St. Joe Minerals Cor
poration is the leading domestic producer of lead. St. Joe produced 56% of the  
dom estic lead in 1960 and by 1970 was producing 70% of the nation's prim ary 
lead. St. Joe was also the leader in domestic zinc production until 1968, when
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TABLE 3.1-1: Major Mining Companies in the United States, 1980

U.S. Production 
(1000 Short Tons)

Relative
Percent

Copper

K ennecott Minerals 335.9 24.7
Phelps Dodge 267.8 19.7
Duval 144.6 10.6
Anamax 115.0 8.4
Magma Copper 99.3 7.3
ASARCO 56.4 4.1
U.S. Total (1980) 1,362.0 66.4

Lead

St. Joe Minerals 235.7 38.7
AM AX-Homestake 170.6 28.0
U.S. Total (1980) 609.9 66.7

Zinc

New Jersey Zinc Co. 144.9 64.0
St. Joe Minerals 59.0 26.0
U.S. Total (1980) 226.8 90.0

(Tomimatsu, 1980)
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New Jersey Zinc opened the Pennsylvania mines and becam e the largest zinc pro
ducer.

3.2 OWNERSHIP TRENDS

The mining industry has been the object of considerable acquisition activ ity , 
m ostly from the oil companies, and very few have rem ained independent. Since 
1963, 15 companies have been purchased, or a major equity position has been 
taken by another company. All but two acquisitions were by oil companies. The 
acquiring firms and their ownership are sum m arized in Table 3.2-1. It is in te r
esting to note th a t of the leading copper companies, only Phelps Dodge and 
ASARCO have rem ained independent of "outside" purchasers. Bendix did buy a 
20% position in ASARCO, but sold it back to the company in 1980 for a significant 
profit (Business Week, 1981). St. Joe Minerals, the leading lead producer, has been 
acquired and the second and third largest producers are joint ventures. One is 
betw een AM AX Lead Company and Homestake Lead Company, and the other is 
betw een Cominco American and Dresser Minerals. The fourth largest producer, 
Bunker Hill, closed in 1981. In the  case of zinc, New Jersey Zinc is owned by Gulf 
and W estern, a large conglom erate, and has joint ventured mines with Union 
Minière. As can be seen, very few of the major prim ary m etal producers remain 
as independent mining companies.

3.3 FINANCIAL TRENDS

The prim ary m etals industry dem onstrated fairly stab le  growth in the 1960s. As 
m entioned previously, prices for the m etals were high. Most firms financed 
expansion and new ventures from funds generated internally  or private equity cap
ital and were able to m aintain a low debt-to-equity  ratio . The advent of the 1970s 
brought major changes to the prim ary copper, lead, and zinc industries through the 
issuance of new debt. The degree of new debt is sum m arized for se lec ted  firms in
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TABLE 3.2-1: Non Ferrous Producers that have Merged or Placed 
A Significant Share of Equity with Other Corporations

Company Date Description of Transition

AMAX May 1975 Sold 20% equity in terest to  
Standard Oil of California

Anaconda January 1977 Acquired by A tlantic Richfield

Calum ent and Hecla 1968 Acquired by Universal Oil 
Products

Copper Range May 1977 Acquired by Louisiana Land and 
Exploration

Cyprus Mines Septem ber 1979 Acquired by Standard Oil of 
Indiana

Duval 1965 Acquired by Penzoil Company

Inspiration Cons. Copper Decem ber 1978 Merged into Inspiration Holdings, 
Inc., an a ffilia te  of Anglo 
American Corp.

K ennecott January 1978 
June 1981

Merged with Carborundum 
Merged with Standard Oil of Ohio

Magma 1969 100% acquired by Newmont 
Mining

Miami Copper 1960 Acquired by Cities Service

Molycorp July 1977 Acquired by Union Oil of 
C alifornia

St. Joe Minerals Corp. June 1981 Merged with Fluor Corporation

Tennessee (Copper & 
Chem ical) Corporation

1963 Acquired by Cities Service

U.S. Smelting, Refining, & 
Mining Company

1965 Acquired by Mueller Brass and 
name changed to UV Industries, 
Inc.

U tah International Decem ber 1976 Acquired by General E lectric

(Source: Everest Consulting Associates, 1982)
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Table 3.3-1. These changes in long-term  debt-to-equity  and relative debt are 
illustrated  in Figure 3.3-1. and sum m arized in Appendix A, Table A-3-1. The pro
fitab ility  of the firms also declined, as can be seen from the decline in return  on 
shareholders' equity from 15% to 5% or less (Appendix A, Table A-3-2). The oper
ating efficiency of the firms suffered as well, declining from roughly 15% to an 
average for all firms of 6% (Appendix A, Table A-3-3).

There is some indication th a t these effects may be m oderating. Companies are 
regaining control of their debt, and even in the weaker m arket of 1970 to 1980 
they have been able to  stab ilize  debt and earnings. This condition may be only 
tem porary, however, if the firms are required to make the m ajor pollution abate
m ent investm ents currently  estim ated  to be between $2 billion and $3 billion (see 
Section 2.5).

3.4 JAPANESE SMELTING CAPACITY

There has been considerable controversy about Japanese industry in general and 
sm elting capacity  in particu lar. A discussion of trends in U.S. firms would not be 
com plete without an analysis of the ir primary com petitor, the Japanese.

Japan is a small country with lim ited land and a large population. It has a cultural 
history of caring for the land and loyalty to fam ily, company, and government. 
These characteristics are significant when examining Japanese industry and are 
apparent in the sm elting industry.

Japan has 14 sm elters, ten  of which exceed 40,000 TP Y capacity  (Rosenbaum, 
1976). Japan has had a small copper industry since the la te  1800s, and most of the 
sm elters were built in the early  1900s. The oldest, which has since been reno
vated, was built in 1856. The sm elters, capacities, age, and renovation are listed 
in Appendix A, Table A-3-4.
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Figure 3.3-1 Long-Term Debt and Debt-to-Equity 
Ratios for Selected Firms
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Tapanese sm elters must m eet very stringent pollution requirem ents because of 
their location. The sm elters operate  in close proxim ity to industrial and residen
tia l areas where excessive pollution cannot be to lera ted . The sm elters are fre 
quently located  near the ocean. Although they are usually on the windward side of 
the island, emissions must be controlled to p ro tect ocean fisheries which are a 
major source of food.

The Japanese SO  ̂ emissions regulations are very stringen t. The sm elters recap
tu re  91% to 97% of the sulfur in the feed and have been reported to recapture as 
high as 99% (Oresher, 1981; Rosenbaum, 1976). A recen t tour of these facilities 
suggests doubt th a t all the sm elters a tta in  the recapture levels as rated, but all 
are significantyly more effic ien t than the U.S. sm elters (Oresher, 1981).

Japanese sm elters are located  to take advantage of several fac to rs. Most notably, 
the sm elters are located a t seaports and industrial cen ters. This location provides 
an avenue of inexpensive transportation. In addition, fe rtilize r and chemical 
plants are located nearby in order to use the sulfuric acid which is generated from 
the SO2 scrubber system s. The gypsum and slag generated by the process are used 
by wallboard and construction m ateria l firms which are also nearby or easily 
reached by sea. Although sm elter firms say they do not make money on the sales 
of these products, the economic loss is minimal (Dresher, 1981). The access to 
inexpensive w ater transportation  makes shipment of concentrates from abroad 
feasible. The proxim ity to industries which can utilize the by-products relieves 
the firms of waste disposal and provides an income from the pollution control 
facilities.

The United S tates, on the o ther hand, has most of the sm elting capacity  located 
fa r inland. This has two disadvantages. F irst, concentrates cannot be shipped too 

far because of high transporta tion  costs. This removes most of the sm elters from 
international com petition. The only exceptions are ASARCO's Texas and Washing
ton fac ilities. The second disadvantage is th a t the sm elters are a considerable 
distance from the m arkets for their product as well as the by-products generated
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in the course of copper production. While U.S. firms do ship the sulfuric acid 
by-product, losses are reported to be betw een $12 per ton at the McGill sm elter to 
$22 per ton a t the Hidalgo sm elter (Everest Associates, 1982; Judd, 1982).

The differences betw een the U nited States and Japanese sm elters have their basis 
in the philosophical a ttitu d e  and the geography of the two nations. Whereas Japan 
is a culture d irected toward cooperation, the U.S. Government and U.S. industry 
have always been adversaries to  some degree. Japan has recognized th a t her 
fu ture depends on natural resources, of which she has very few. The United States 
has not fully acknowledged this fa c t or evaluated the im plications. The Japanese 
Government and business developed a plan to assure the resources the country 
needs for livelihood and growth. P art of this plan was to  develop firm sources of 
supply and to refine the ore a t home to capture as much value-added benefit as 
possible. The United States is still discussing the country's true needs for raw and 
refined m aterials.

The geography and population of the two countries are also very d ifferen t. The 
United States has always had more land than could be populated. If sm elter smoke 
made some land less productive or unpleasant, there  has always been somewhere 
else for people to go. Japan has a higher use for the land because of its high pop
ulation density.

O ther differences exist. In the early  1960s the Japanese made a determ ination to  
reduce the industrial pollution in their country. When the m odifications for an ti
pollution were undertaken, the firms received government assistance to help pay 
for the renovation. The governm ent has also erected  trade barriers against 
refined copper m aterials. This ta riff , on a sliding scale, applies only to  refined 
m etal. A t $0.94/lb, the ta riff is roughly 2.5£ When copper is $0.97/lb or g rea ter, 
there  is no ta riff  (Metals Week, 1982b). The refined m etal in Japan is sold a t a 
Japanese producer price which is $0.05 to $0.08 higher than the LME price 

(Everest A ssociates, 1982). These tariffs  and prices help to p ro tec t the industry 
during periods of low copper prices.
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Another d ifference betw een Japanese and U.S. sm elter businesses is the average 
feed grade. Japanese sm elters receive concentra te  which averages 25% to 35% 
copper, compared with the U.S. grade of 12% to 25%. The Japanese sm elters are 
designed to be energy effic ien t which now saves in operating costs. Finally, and 
most significantly, the Japanese sm elters were remodeled in the la te  1960s and 
early 1970s, when copper prices were high and in te rest rates and equipment costs 
were low. The U.S. industry is faced with remodeling, renovating, and new con
struction  when copper prices are a t a record low and in terest rates are near a 
record high.

In summary, the U.S. sm elting and refining industry has undergone several s tru c 
tu ral changes. The leading m etal producers in lead and zinc have been acquired by 
other firm s. Two of the four major copper producers have also been acquired. 
The industry incurred significant debt in the early 1970s to m eet energy con
stra in ts and pollution controls. Firms were beginning to recover from these 
expenses in 1980, but the soft m etal m arkets of 1981 and projected heavy pollu
tion control expenses may still a ffec t the industry. Japan has become a formid
able com petitor in the world copper processing m arket and considerable e ffo rt 
will be required from dom estic firms in order to com pete successfully.
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CHAPTER 4: DISCUSSION

The preceding chapters have described the U.S. and world m arketplace and the 
firm and industry trends for copper, lead, and zinc. This chapter will examine the 
changes in the context of an industry hypothesis developed by D. F. H ewett in 
1929. The H ewett hypothesis will be explained, then the changes, the possible 
reasons, and the implications for the copper, lead, and zinc industries will be dis
cussed.

4.1 THE D. F. HEWETT HYPOTHESIS

This hypothesis was proposed by D. F. Hewett in a paper published in 1929 
(Hew ett, 1929). H ew ett proposes a general model for countries which produce 
m etal. The hypothesis will be referred  to  as the H ew ett hypothesis through the 
rem ainder of this thesis.

D. F. H ewett used the historical data from several centuries to develop a model 
for m etal producing countries which have a source of energy. H ew ett proposes 
th a t these countries will go through cycles as illustrated  in Figure 4.1-1. There is 
an increase, then a decrease in the exports of crude ore, the number of mines in 
operation, the number of operating sm elters and refineries and the production of 
m etal from dom estic ore. As dom estic production declines, there  is a concurrent 
increase in imports. H ew ett noted these cycles first in England and extrapolated:

In the study of m etal-producing districts in the U.S. I have 
noted the sam e tendency; first a peak in the number of mines 
operating, next a peak in numbers of sm elting and refining 
units, and then peaks in production of metals (page 90).

H ew ett recognizes th a t first the minerals must be present. Second, costs must be 
considered, including "all man-made devices . . . such as taxes and ta riffs,"
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(page 67). The price for the m etal must be sufficien t to recover these costs. He 
indicates th a t a sm elting and refining industry can flourish a fte r the exhaustion of 
local mines if there  is concen tra te  economically available from other sources. 
One comment regarding the United States seems particularly  applicable:

. . . for our own part (U.S.), most of our sm elters lie inland 
and when their sources of ore fail they will face serious pro
blems. Moreover, a t some rem ote tim e - how rem ote I shall 
not discuss - our seaboard sm elters and refineries will depend 
largely on im ported ores (page 87).

Hewett also suggests th a t as the resource availability declines, the sm elting and 
refining capacity declines to adjust to the available feed. The exception to this 
trend is if the sm elters/refineries are located so as to take advantage of inexpen
sive transportation and process imported concentrates. H ewett proposes th a t they 
can survive a fte r area mines are exhausted if the sm elter location is economically 
accessible to other sources.

This model of the mineral ex traction  industry and the proposed stages of develop
m ent will be used as the fram ework for assessm ent of the trends described in 
Chapters 2 and 3.

4.2 METAL INDUSTRY TRENDS

Using the H ew ett hypothesis, the copper, lead, and zinc industries can represent 
various phases or cycles as shown in Figure 4.1-1. Lead may be on the leading 
edge of mine development (Stage 1 or 2), copper mine production and sm elter 
capacity  at a crossroads (Stage 2 or 3), and zinc production in a declining cycle 
(Stage 4 or 5). The sta tus for each industry is a reflection  of the overall dom estic 
supply, prices, consumption trends, and other m arket conditions.
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On the basis of the trends developed in Chapter 2.0, lead may be in Stage 1 or 
early Stage 2 of Hewett*s model. As was noted earlier, lead mine production was 
increasing slowly from 1960 through 1968. With the advent of the new Missouri 
mines, lead production increased m arkedly for Missouri and for the nation, while 
numerous sm aller, marginal operations in other s ta tes  declined. Several s ta tes  
had no lead production at all within two years a fte r the opening of the Missouri 
mines (see Appendix A, Table A -1-7). Lead imports have been declining, in spite 
of the increasing dom estic demand. Lead exports are also increasing. Prim ary 
sm elter capacity  and output have been increasing, although the closure of Bunker 
Hill may e ffec t this trend. The combination of these trends in lead appears to fit 
the la te  Stage 1 or Stage 2 in Hewett's model.

Based on the trends developed in C hapter 2.0, copper mines and sm elters may be a 
crossroad in Stage 2 or well into Stage 3. The argum ent for Stage 2 is based on a 
relatively stable, high level of mine production, whereas Stage 3 could be sup
ported by the s ta tic  sm elter production and the declining sm elter capacity. 
Imports and exports of copper concentra te  are approxim ately equal, but the 
increasing im portation of refined m etal supports Stage 3.

The stage for copper is not as easily defined as lead because many of the trends 
have developed only recently . These may not be indications of a more long-term  
condition.

The sta tu s  of zinc sm elters appears to be in Stage 4 or Stage 5, on the basis of the 
industry trends. Sm elter output has fallen 40% from the peak production levels of 
1969 and capacity  has declined by 33% since 1960. Mine production has gradually 
fallen by 50% relative to the high in 1965. Refined zinc imports have been 
steadily  increasing. Very little  zinc concentrate  is im ported for two reasons. 
F irst, to ta l dom estic zinc sm elting capacity  is small. Second, the m arket for zinc 
concentrates is highly com petitive because of a near equilibrium worldwide. The 

combination of these trends appears to indicate th a t the U.S. zinc industry is in
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la te  Stage 4 or Stage 5 of H ew ett’s model. This may change, however, if the  zinc- 
copper mine a t Crandon, Wisconsin is developed.

4.3 INDUSTRY FUTURE

The stages in H ewett's model are relatively defined, and the cycles he proposes 
can fluc tuate  in the near term . His hypothesis is developed for the overall, long
term  outlook. Factors which can cause the cycles to fluc tuate  for a nation are 
m etal prices, world economic health, and global politics. O ther e ffec ts , such as 
taxes, ta riffs , and regulations can also cause these cycles to occur sooner or fur
ther into the fu ture. Some of these factors may be affecting the cycles for cop
per, lead, and zinc in the United S tates.

The case of lead in the United States may be a good example of an acceleration  of 
the cycles in H ew ett’s hypothesis. Domestic lead production has been growing 
since the developm ent of a world class lead deposit in Missouri. There are indica
tions th a t the  U.S. lead cycles and thus the stage of development could be a ltered  
by the "man-made devices" of environm ental and health regulations. The lead 
industry m aintains th a t it cannot m eet the worker exposure lim itations currently  
being sought by the Occupational, Health, and Safety Adm inistration (OSHA). The 
industry has s ta ted  th a t it will have to close its sm elters and ship concen trate  
elsew here if it is forced to m eet the OSHA workplace exposure levels. If the 
industry is co rrect, the e ffe c t is sobering. The lead sm elters would close while 
the Missouri world class mines are still in operation. These closures may not be 
idle warnings. AM AX is currently shipping some of the lead-zinc concentrates 
from its Boss, Missouri mine to Belgium for processing (Rathjen, 1980b).

The closure of sm elting facilities before the mines have m atured is not a part of 
H ew ett’s model. Such an occurrence would place the loss of processing before 
reserves as depleted. One im plication of this could be the eventual mine closure 
a t a higher cutoff grade.
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The current status of copper sm elters may be a prelude to what could happen to 
the lead industry. The fu ture  for copper sm elting may be in a delicate balance 
right now. The crossroads for copper, in term s of the H ew ett hypothesis, is in the 
reasons for the recent declining copper production. H ew ett s ta tes th a t costs, 
including all "man-made devices" will a ffec t mine and sm elter refinery produc
tion. The reasons for the recent copper sm elter closure may be an im portant 
difference. R ather than sm elter capacity  declining as the surrounding mines are 
exhausted, it may be th a t a decrease in copper sm elter capacity  will force the 
prem ature closure of mines. C ertain  "man-made devices" such as the U.S. Envi
ronmental Pro tection  Agency regulations in concert with high in terest rates and 
low capital availability, may be accelerating the "sm elter cycle" for copper. If 
the recent closure of the Anaconda sm elter and the capacity  reductions of several 
other copper sm elters are valid examples, than these "man-made devices" may be 
in the process of changing the historical cycle of H ew ett’s hypothesis as it applies 
to copper in the United States and the current declining sm elter capacity  may be 
only a prelude to the mine and sm elter closures yet to come. This is the apparent 
crossroads for the copper industry in the United S tates.

It may be useful to examine the history of zinc with the current status of copper 
and lead in mind. The H ewett hypothesis indicates th a t sm elter capacity  will 
decline a fte r the peak in mine capacity and imports of refined m etal will 
increase. Zinc mine production peaked in 1965 and 40% of the sm elter capacity  
was closed betw een 1971 and 1973. A question remains, however. Zinc mine pro
duction stabilized between 1971 and 1976 then began declining steeply in 1977. 
Did sm elter capacity regulations precede the mine production decline and precipi
ta te  the loss in production capacity? If no sm elters were located v/ithin an eco
nomic distance of the mines, did the loss convert reserves back to resources? If 
this is the case, then sim ilar conditions may be experienced in the fu ture by lead 
and copper if the current conditions and trends continue.

The future for copper and lead sm elting capacity  is in some question because of 
the high cost of im plem enting m easures to m eet the current laws regarding pollu
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tion and worker sa fe ty  and health. It may be th a t the costs of operation will force 
the early closure of U.S. sm elters before the mines are exhausted.

Using the H ew ett model, it appears th a t these changes acce lera te  the cycles of 
national capacity. According to H ew ett, this will u ltim ately lead to a m odest 
dom estic capacity  with a large dependence on im ported refined m etal.

In the broader view of H ew ett’s hypothesis, it seems th a t the relative stages are 
functioning. The lead industry is growing and operating profitably. The sm elters 
which serve these mines were operating a t capacity until reductions were ordered 
to m eet air quality standards.

On the other end of the scale, zinc appears to be in Stage 5. The mines in the 
United States are not profitable in the world m arket and several have closed. It 
can be questioned w hether a decline in sm elter capacity  forced the early  closure 
of these mines or whether closure was for broader m arket reasons. The data 
seems to indicate th a t marginal producers were forced to close because of the 
m arketplace as a whole.

The copper sm elting industry may be a t a crucial tim e. Most of the sm elters are 
located close to the mines, so access to imported concentrates has lim itations. 
Mine production has been level and grade is steadily  declining. The imposition of 
"man-made devices" may be c ritica l to near-term  survival, but it is uncertain how 
much ex tra  tim e will be gained. It may be th a t the copper industry has already 
entered the declining phase, and the  "man-made devices" have only accelerated  
the  process.

4.4 IMPLICATIONS OF INDUSTRY STRUCTURE

The changes and fu ture of dom estic sm elting capacity  may be linked to the change 
in the ownership in the mining industry. As ASARCO's President, Charles F.
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Barber, recently  com m ented, "The mining industry responds to a very long-term 
rythm n, unlike most other businesses." (Metals Week, March 31, 1981, page 9.)

The oil industry evaluates projects d ifferently  than has been the tradition in the 
mining industry. The oil companies have a broad range of investm ent options to 
consider, and the projects receiving funding are those which will maxim ize the 
return to the shareholder (Tobin, 1982). Mining investm ents must now com pete 
with oil investm ent options, which traditionally  have had a higher ra te  of return. 
A commodities vice president for Dean W hitter Reynolds made this tim ely specu
lation in March 1981:

Let's say a crisis hits the oil industry and causes its earnings 
to slow down. What would happen to m ajor expansion and 
m odernization plans in the m etals? Copper, lead, and zinc, 
for exam ple, would not be high priority areas for invest
m ent. They would be the first to go. (Metals Week,
March 31, 1981, page 9.)

These m arket conditions have been realized in recent months. Oil prices are 
declining and industry growth projections have changed dram atically (Gammons,
1982). Exxon, which established a grass-roots Minerals Division, is reexamining 
the zinc-copper property in Crandon, Wisconsin and the Chile expansion at 
Disputada (Metals Week, 1981; Metals Week, 1982). Further impacts are yet to 
occur. Metals Week recently  speculated th a t the Berkeley P it in Montana may be 
closed (1982a). These may be indications of the trend of mine m anagem ent in the 
fu ture. The long lead tim es, lower rates of return, large capital investm ent, and 
cyclical demand may discourage developm ent.

The volatility  of the industry cannot be understated. The Federal Trade Commis
sion (FTC) recently  released a report summarizing s ta tis tic s  for various industries 
(Metals Week, 1981). In 1974, prim ary lead production was ranked the most pro
fitab le  business on the basis of operating income as a percentage of to ta l assets. 
In 1975, the lead industry dropped from first to  76th place when ranked with 237 
industries. Copper displays the sam e volatility. In the sam e study, copper ranked
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seventh in profitability  in 1974 and was the 237th in 1975. The m etals are also 
very capital-intensive. In 1975, copper ranked first of 237 industries, with assets 
205% of sales, while prim ary non ferrous m etals totals ranked fourth and zinc was 
seventh. When high capital intensity  is combined with the high m arket volatility  
and the mining risks, it is questionable how much investm ent will be undertaken by 
mining firms owned by oil companies. When the pure economics of ra te  of return  
are applied across the spectrum  of oil and mineral projects, it would seem th a t the 
mineral prospect must be a bonanza to com pete successfully for funding.

There are im portant ram ifications of this m anagem ent sty le  and the broad range 
of options available to oil firms with regard to sm elter capacity  in the United 
S tates. ARCO's Anaconda closed the Anaconda sm elter on the basis of economics 
(Cox, 1980). The company is now considering the option of continuing to toll its 
copper concentra te  with Japan or to develop a sm elter of its own (American Metal 
M arket, 1980). According to industry spokesman, this sm elter m ust m eet certain  
hurdle rates and dem onstrate th a t operation as a viable profit cen ter is feasible. 
Cost estim ates for such a sm elter are roughly $1 billion to $1.3 billion (Tobin, 
Senne, 1981). With investm ents of this magnitude, the risks and alternatives must 
be carefully examined.

The ownership of mining companies and mineral properties by oil companies is 
anticipated to have far-reaching  e ffects  on the mining industry. With the broad 
range of investm ent opportunities available to the parent companies, it is doubtful 
th a t marginal properties or processing facilities will be developed or th a t marginal 
projects already operating will be allowed to  continue.

In summary, the dom estic sm elting and refining industry is facing changes which 
d irectly  a ffec t the fu ture. According to Hewett's hypothesis, all the industries 
can ultim ately  an ticipate decline, unless plans are made for an expanding source 
of concen tra te  feed. Zinc may be in the  final stage of m aturity , copper beginning 
to decline, and lead is a robust industry with a longer fu ture. The sm elting /refin- 
ing industry may progress through the stages of H ewett's model more quickly if
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environmental costs become excessive. The changing management philosophy may 
also a ffect the lifetim e of these industries. It has been said that only optimists 
are in mining. The economic tests that mining projects will face under the new 
management philosophy may slow the development of new mining properties and 
remove marginal properties from the marketplace.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

The first th ree chapters of this Thesis have developed an understanding of the 
copper, lead, and zinc industry and the changes which have occurred in these 
industries since 1960. C hapter 4.0 assessed these changes and examined the pos
sible ram ifications of a continuation of these trends. This Chapter will discuss the 
proposed solutions offered by industry and increasingly by the government. The 
author will also present conclusions and discuss other possible avenues of devel
opment.

5.1 INDUSTRY SOLUTIONS

The dom estic industry has become increasingly vociferous in presenting the indus
try position to the public. Two sm elter closures, Anaconda and Bunker Hill, have 
focused greater m edia a tten tion  on the industry problems and proposed solutions.

The trend in sm elter closings is a part of the overall condition of the U.S. mining 
industry, according to the industry. Nichols T. Cam icia, Chairman of the Ameri
can Metal Mining Congress, cites th ree  major problems with the industry: land 
withdrawals, foreign dependence on m inerals, and excessive environm ental regula
tions (Mining Engineering, 1979a). The adversary relationship between govern
m ent and the mining industry has only served to hamper communication. The 
sta tem en t by Mr. David Ridinger of Magma Copper summarizes the tactics the 
mining industry has adopted: "Change the laws, change the regulators, or change 
their minds (Mining Engineering, 1979b)."

The mining industry is urging reasonable environm ental and workplace regulations 
and a s tra teg ic  mining stockpile. These would provide an economic environment 
and an established planning horizon for the industry. Mr. Ralph Cox, President of
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Anaconda, made a s ta tem en t to the Montana S tate Legislature which seems to 
sum m arize the industry's perspective:

"(I would like to make one more point) which could be the 
most im portant of all. That point is the d ifficulty  th a t all 
businesses face  in dealing with what I will call 'the moving 
ta rg e t syndrome'. Perhaps more than any single fac to r, bus
iness and industry need an elem ent of stab ility  and consist
ency . . . Significant investm ents can only be made based 
upon regulations . . . which are consistent . . ." (1980).

The industry is particularly  concerned about the SO  ̂ standards currently  promul
gated by the government. These standards are designed to  allow a m argin of 
safe ty  for infants and disabled persons. Industry m aintains th a t this is unreason
able for sm elters located in rem ote areas. C urrent laws require standards be se t 
w ithout regard to cost, and industry is requesting th a t cost/benefit studies be 
required.

The costs of environm ental controls are being imposed a t a tim e of historic low 
m etal prices and thus low income for the entire industry. In addition, the industry 
has not yet recovered from the inflation and high costs of the early 1970s. Mining 
companies are requesting m oderation or they will have to close their facilities. 
The anticipated  costs for air and waste alone are $3 billion (Chapter 2.0). It is 
estim ated  th a t the proposed copper sm elter re tro fits  will add costs of $0.19/lb of 
copper (Everest Associates). These costs will make copper produced in the United 
States the highest priced in the world.

The m etals industry recognizes th a t there  are a combination of effects which are 
making m etals production less profitable or, in some cases, nonprofitable. The 
world economic downturn and the slowing ra te  of m etals consumption are all 
im portant to the economic decisions to be made. The industry points out, how
ever, th a t in this weakened m arket, the additional nonproductive uses of capital 

may force several operations to close.
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As well as addressing the environm ental issue, the mining firms are addressing the 
demand issues. They strongly support a national stockpile of s tra teg ic  m inerals, 
as long as it is operated with the national perspective. ASARCO proposes th a t the 
government guarantee a floor price it will use to purchase m etals (Barber, 1982). 
This will provide mining firms with an assured economic environment th a t war
rants the com m itm ent to development and expansion.

The mining industry points out th a t there are several items which must be 
rem em bered. F irst, a recent study (Gluske, 1980) points out th a t significant 
developm ent and expense will be required to assure just the supply of copper 
needed for the world in the next 20 years. Mining companies, particularly  those 
owned by oil companies, have a m arket basket of options from which to choose, 
and they will se lec t those with the highest ra te  of return. This has two very 
im portant im plications. The first is th a t industry, given the m arketplace to 
choose from, may choose to invest in foreign countries rather than m aintain a 
dom estic capability. For example, Anaconda is evaluating construction of a 
world-class sm elter. While sites in the  United States are being considered, other 
options in other countries are also viable alternatives. The second im plication is 
th a t industry, hampered by high, nonproductive costs, will not make the required 
investm ents to m eet fu ture demand. With high current debt, very tight m arkets 
for capital, and restric tive  legislation in the United States, no growth or prepara
tions for fu ture demand will occur. As the national economy regains streng th  and 
demand increases, domestic suppliers will not be able to m eet demand and more 
m etals will have to  be im ported. This will have the e ffec t of weakening the U.S. 
balance of payments and increasing U.S. reliance on imported m ateria ls.

Basically, then, the industry position is one of frustra tion  and warning. The indus
try  agrees th a t improvement in environm ental operations is w arranted. They also 
m aintain, however, th a t these improvements must be within lim its. Regulations 
must also be consistent, so tha t a company has the confidence th a t the control 
expenditures they com m it to will m eet the  requirem ents existing when the  project 
is com pleted. The regulations must also include economics. Several operations
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will be closed down if they are required to m eet certa in  existing laws because the 
costs will make them uneconomic. Finally, the industry points to the steadily  
increasing reliance on im ported m etals. They warn th a t increased reliance on the 
imported basic commodities makes the nation's economy more susceptible to man
ipulation.

5.2 AUTHOR'S ASSESSMENT

In the m arket economy, there  are two objectives of business. One is to make a 
profit in order to provide an adequate return to the company owners or share
holders. The second is to  survive. Businesses may have additional corollaries to 
this s ta tem en t, such as being a good corporate c itizen  with the ram ifications of 
providing a safe  workplace and becoming an asset to their communities. These 
are subsidiary to the objective of profits or a positive cash flow, however, because 
survival is the most im portant consideration for a firm . Environmental protection 
and worker health and safe ty  have been nationally accepted as a requirem ent for 
doing business. Most companies have accepted this and have made significant 
steps to improve their operations. While environmental laws are necessary, the 
industry request for reasonable enforcem ent should also be considered.

The reasonable enforcem ent should be qualified by two considerations. F irst, the 
investm ent clim ate is strained, with a high inflation, record in terest ra tes, and 
historically low prices for m etals. In order to build the m odifications, the investor 
must believe th a t there  will be a satisfac to ry  return  on the money required, and 
the mining company must have the ability to repay the loan. This confidence and 
ability have declined over the past ten years. The second item of reasonable 
enforcem ent is the rationale of the standards. In the case of SO  ̂ emissions, the 
rem ote locations of most sm elters mean little  a ffec t on any community and may 
have some benefits. Phelps Dodge has conducted studies which show th a t SO  ̂ has 

actually  improved the desert alkaline soils (Judd, 1982)
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The severity  of the standards th a t are currently promulgated (1982) is due, in part, 
to the  shortsightedness of the mining industry. H istorically, mine trailings have 
been left unrestored, and acid mine drainage has seriously polluted rivers. The 
air, w ater, and quality standards are in part a backlash in public sentim ent to 
those practices. The punitive nature of the laws will probably continue until the 
industry improves its operating practices.

The industry, however, can be critic ized  for a lack of planning and community 
awareness. During the 1960s, when the Japanese were investing to modernize and 
improve their sm elter capacity , the U.S. firms were reaping high real profits and 
developing new mine capacity. Smelters and refineries had been fully am ortized 
many years before and, although they were (and are) relatively  inefficient, they 
functioned. This lack of awareness of the global com petition is affecting  the 
m etal processing industry now, as it is affecting other U.S. industries, most 
notably in automobiles.

The U.S. Government can also be critic ized  for a lack of planning and confusion. 
The United States has not defined or pursued a consistent policy toward mining 
and m inerals, or business in general. A long-term plan in the  typical U.S. defini
tion is five years, and for governm ent policy it is usually th ree and one-half to 
four years in cycle with the Presidential election. When business must consider 
billion dollar investm ents, volatile prices, and worldwide com petition, this tim e 
fram e is insufficient.

In addition, the H ew ett model proposes that an im portant consideration for 
sm elting and refining in the United States is the source of feed. His model dem
onstrates th a t for sm elter survival, the facility  must be located where it is 
access able to im ported concentrates. Most of the U.S. sm elters cannot economic
ally take advantage of this fa c t. The sm elter industry now recognizes this aspect 
and is publically discussing this needed characteris tic  for a new sm elter. Informal 
discussion between companies and internal company studies are acknowledging the 
need for access to foreign concen tra te  as well as access to m arkets for the pollu
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tion control by-products. This is an im portant s tep  in maintaining a viable m etal 
processing industry in the United S tates.

Finally, the issue of national security  and its ram ifications is an im portant one 
which has not yet been dealt with by the government. Steps are being taken to 
bring this issue to the forefront in order to resolve the current controversy over 
the need for m ineral stockpiles. This consideration deserves the full a tten tion  of 
the governm ent.

This nation has never had a coherent minerals policy, although such a policy has 
been the subject of discussion for many years. The lack of policy is being c riti
cized now by the industry th a t must operate in this fram ework as well as be the 
governm ent’s own observer, the General Accounting O ffice. Perhaps this issue 
will finally be resolved in the next few years.

5.3 CONCLUSIONS
This study was conducted to answer two basic questions. They were, first, to 
assess whether the current decline in U.S. sm elting and refining capacity  is rep
resen ta tive  of a longer term  phenomenon and second, to examine the im plica
tions. The third part of the study was to make recommendations based on the 
answers to these questions. This study concluded th a t the decline in sm elting 
capacity can be a ltered  but is representative of current conditions. The im plica
tions are far-reaching for the sm elting and refining industry as well as for the 
United States. These conclusions are sum m arized below.

1. The decline in dom estic sm elting and refining capacity  is real.

This decline may be a ttribu ted  partly  to the typical cycles of m ineral development 
and basic m icroeconom ic principles and partly to the imposition of expensive 
environm ental regulations. The decline in capacity represents a real decline under 
the current conditions.
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2. The decline in dom estic capacity  has im portant ram ifications for the 
m etals industry and the U.S. economy.

For the dom estic economy, the decline in sm elting capacity  represents a loss of 
jobs and a displacem ent of communities with few or no a lternative  sources of 
income. More broadly, the tax  base is eroded for the s ta tes  and ultim ately  the 
nation. If the trend continues, the country will rely increasingly on im ported 
m etals, thus losing value-added advantages. The country will then rely more 
heavily on foreign sources for the basic m aterials of an industrialized economy.

For the mining firm , the declining capacity  means e ither increasing transportation 
costs to more d istan t facilities or closure of the mines. Increasing costs require a 
higher cutoff grade at the mine. This may ultim ately mean th a t dom estic 
reserves will become resources. These m etal values would then not be recover
able until world reserves approach the costs of reopening these mines.

The decline in dom estic sm elting capacity  is only one indicator of many currently  
in the economy of the shortfall in long-range economic planning by industry and 
the government. Steps can be taken th a t can lessen or reverse the trend. The 
success of these actions will depend on the perserverance and patience of all con
cerned.

5.4 RECOMMENDATIONS

There are several steps th a t can be taken which can slow the decline in domestic 
sm elting and refining capacity  and preserve the national benefits th a t a strong 
dom estic industry provides.

F irst, the nation can adopt a more cooperative relationship with business. Bus
iness needs regulation to ensure public responsibility, but this can be accomplished
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without punitive e ffec ts . A wishful recom m endation is th a t government adopt a 
longer range perspective so th a t business has a more positive fram ework for 
investm ent decisions. More specifically , the environm ental regulations must be 
applied with an acceptance of the economic lim itations of the firm . These 
requirem ents and business responsibility are absolutely necessary, but the basis for 
and the limits of these regulations must be reasonable and valid, not punitive.

Second, the mining industry must recognize the global scale  of com petition which 
exists in their m arkets and plan accordingly. Mines and sm elters must be in terna
tionally com petitive. The marginal producers will not succeed when the economy 
cycles through periods of low prices. Technological innovation will be required to 
make these marginal properties com petitive.

Third, and perhaps most im portantly, the industry must recognize the value of 
public opinion. The U.S. society  has historically been a "me" society . The mining 
industry must educate the public to view their business more favorably. This can 
be accomplished by continuing to dem onstrate improved responsiveness to public 
concerns, and making the public aw are th a t mining and processing ores ultim ately  
makes automobiles and re frigera to rs. The industry must begin a careful, credible, 
and intensive campaign to raise public awareness. A recent headline in the Den
ver Post (1981) exemplifies the degree of action which the industry needs to 
undertake. It reads, "Mining's Quiet Crisis." Public opinion is an integral part of 
the  national policy. A "quiet crisis" for the industry implies failure.

The decline in U.S. sm elting capacity  is real. The decline is on the basis of eco
nomic principles which can be a lte red  to  g rea ter and lesser degrees through sev
eral actions. F irst, a cooperative ra ther than a punitive relationship betw een gov
ernm ent and industry can be fostered . This can be aided by educating the public 
about the various issues and ram ifications. In addition, technological progress in 
mining techniques, ore concentration, and processing can be developed to reduce 
costs and improve by-product recovery. Regulations can be required to consider
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the rela tive costs. Finally, industry and government need to adopt a longer term  
perspective to provide an environment with stab ility  and direction.

The adoption and im plem entation of all these recommendations is a naive hope. 
There are encouraging indications, however, th a t efforts are being made to pursue 
them . A continued large sm elting industry in the United States depends on the 
success of the combined efforts by industry and government.

5.5 RECOMMENDATIONS FOR FURTHER RESEARCH

This study revealed several areas which could be explored further. The author 
proposes the following topics:

•  The enactm ent of a National Minerals Policy.

What should it contain and why? What would be the costs and benefits? 
How should it be im plem ented?

•  The quantitative implications of the current trends.

Apply forecasting techniques and current costs estim ates to quantitatively  
assess the im pacts and implications for the longer term .

•  O ther m etals th a t fit with Hewett's hypothesis.

Is the aluminum industry, for example, in the sam e position.

•  The probability of success for importing foreign concentrate .

Will developing and lesser developed countries be willing to accept the 
export of lower value products? For how long?

•  Locations for new sm elters.

What are the c rite ria?  How different are they for d ifferent m etals?
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O ther sm elter c rite ria .

What should be (or needs to be) the economic life? How large must it 
be? Can sm aller capacities m eet the need with the benefit of reduced 
capital risk?

The environm ental and health regulations.

How can they be modified? How can costs be reduced and m eet the sam e 
objective?

The impacts of changed ownership.

What are the impacts of the changed ownership of the mining industry? 
Can the changes be forecast and quantified? Are fu rther changes 
expected?

These are a few of the apparent questions. The answers to them are needed by 
both industry and governm ent.
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TABLE A -1-4: Forecast U.S. Copper Mine Production 
(Thousand Metric Tons)

2000 Probable

1978 Forecast Base Low High 1990 2000

Production 1358 2860 2500 3200 2000 2860
Cumulative ---- ---- 42000 4800 20,000 44000

(Schroeder, 1980 Mineral Facts and Problems)
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TABLE A -l-10: Consumption of Lead in the United States, 1977 
(in 1000 Tons of 2000 Pounds)

Item Consumption Item Consumption

Metal Products: 1978 Pigments: 1978
Ammunition 55,776 White Lead 2,908
Bearing Metals 9,510 Red Lead & Litharge 73,523
Brass & Bronze 16,502 Pigm ent Colors 14,772
Cable Covering 13,851 Other Pigments 439
Caulking Lead 9,909
Casting Metals 3,611 Chemicals: 1978
Collapsible Tubes 1,412 Gas, Antiknock Addit. 178,331
Foil 5,286 Other Chem icals 142
Pipes, Traps & Bends 10,479
Sheet Lead 12,626 Misc. Uses: 1978
Solder 68,390 Annealing 2,320
Storage B atteries Galvanizing 1,630
(antimonial lead) 412,564 Lead Plating 382
Storage B atteries Weights & Ballasts 22,296
(oxides) 466,710
Terne Metal 3,778 Unclassified: 39,134
Type Metal 10,795
O ther M etal Pro. ----

Total Metal 1,101,199

Grand Total Consumption of Lead in United States, 1977: 1,432,944

(Compiled from M etal S tatistics, 1981, page 118)
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TABLE A -1-1 Is Uses of Slab Zinc in the United States, 1978 
(In Tons of 2000 Pounds)

Use Consumption Use Consumption

Galvanizing: 1978 Brass Products: 1978
Sheet & Strip 296,174 Sheet, Strip &
Wire & Wire Rope 25,134 Plate 77,361
Tubes & Pipe 52,226 Rod & Wire 51,019
Fittings (for Tube 7,473

tube & pipe) 7,635 Castings & Billets 4,880
S tructural Shapes 36,667 Copper Base Ingots 7,254
Fencing Wire Cloth Other Copper Base

& Netting 27,554 Products 7,976
O ther & Unspecified Total 155,962

Uses 55,071
Total 500,461 Zinc Base Alloy: 1978

Die Casting Alloys 381,360
Rolled Zinc: 27,413 Dies & Rod Alloy 600

Slush & Sandcasting
Zinc Oxide: 41,008 Alloy 8,402

Total 390,362
Other Uses:
Light Metal Alloys
O ther 42,855

Grand Total: 1,158,061

(Metal S ta tistics, 1981, p. 244)
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TABLE A-2-1: Producer Price Index, 1960-1982

All Non-Ferrous
Year

All Non-Ferrous
Year Commodities Metals Commodities Metals

1960 94.6 85.9 1971 114.0 114.6
1961 94.5 83.0 1972 119.1 116.9
1962 94.8 82.1 1973 134.7 135.0
1963 94.5 82.0 1974 160.1 187.1
1964 94.7 87.6 1975 174.9 171.6
1965 96.6 95.3 1976 183.0 181.6
1966 99.8 100.0 1977 194.2 195.4
1967 100.0 100.0 1978 209.3 207.8
1968 102.5 103.5 1979 235.6 261.7
1969 106.5 113.5 1980 268.8 260.0
1970 110.4 124.7 1981 290.0 285.0
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TABLE A-2-2: Producers' P rices of E lectrolytic  Copper, 1960-1980

Year A v e ra g e ^
Price

N o n -F e rro u s^
Metals

All(2)
Commodities

1960 32.3 37.6 34.1
1961 30.3 36.5 32.1
1962 31.0 37.8 32.7
1963 31.0 37.6 32.8
1964 32.3 40.3 34.1
1965 35.3 37.8 36.5
1966 36.0 38.1 36.1
1967 38.1 41.1 38.1
1968 41.1 47.4 40.1
1969 47.4 56.1 44.5
1970 58.0 45.9 52.5
1971 52.0 41.2 45.6
1972 51.4 51.9 43.2
1973 59.5 65.9 44.2
1974 77.0 47.8 48.2
1975 64.5 37.2 36.9
1976 69.6 38.9 38.3
1977 69.7 36.6 34.3
1978 66.5 44.6 31.8
1979 92.7 39.5 39.3
1980 102.1 37.9 39.3

^ M e ta l  S ta tistics, 1981, page 125.
 ̂ 'P rices corrected  using Producer Price Index.
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TABLE A-2-3: New York Lead Prices, 1960-1980
(Reported in Cents/Pound)

Year
A verage^)

Price
N o n -F e rro u s^

Metals
All(2)

Commodities

1960 11.95 14.1 12.6
1961 10.87 13.1 11.5
1962 9.63 11.7 10.2
1963 11.14 13.6 14.4
1964 13.62 15.5 14.4
1965 16.00 16.8 16.6
1966 15.12 15.8 15.8
1967 14.00 14.0 14.0
1968 13.21 12.8 12.9
1969 14.93 13.1 14.0
1970 15.69 12.6 14.2
1971 13.89 12.2 12.2
1972 15.34 12.9 13.1
1973 16.31 12.1 12.1
1974 22.49 12.0 14.0
1975 21.52 12.5 12.3
1976 23.10 12.7 12.6
1977 30.74 15.8 15.8
1978 33.68 16.1 16.0
1979 53.03 20.3 22.5
1980 42.91 (15.3) (17.0)

I^M etal S tatistics, 1981, page 113.
'  'P rices corrected  using Producer Price Index.
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TABLE A-2-4: Prime Western Zinc Prices in New York, 1960-1980
(Reported in Real and Constant Dollars)

A v era g e^  Non-Ferrous^ All2
r Price Metals Commodities

1960 13.4 15.5 14.2
1961 12.0 14.4 12.6
1962 12.1 14.7 12.7
1963 12.5 15.2 13.2
1964 14.0 16.0 14.8
1965 15.0 15.7 15.5
1966 15.0 15.0 15.0
1967 14.3 14.3 14.3
1968 14.0 13.5 13.6
1969 15.1 13.2 14.3
1970 15.8 12.8 14.3
1971 16.9 14.7 14.8
1972 17.7 15.1 14.9
1973 20.8 15.4 15.4
1974 35.9 19.2 22.4
1975 38.8 22.6 22.2
1976 37.3 20.5 20.3
1977 35.2 18.0 18.1
1978 31.3 15.0 15.0
1979 37.7 14.4 16.0
1980 (38.0) (13.6) (15.2)

|^ M e ta l S tatistics, 1981, page 245.
' 'P rices corrected  using Producer Price Index.
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Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

-137-

TABLE A-2-8: Domestic Copper Smelter Capacity, 1960-1980
(Reported in 1000 Tons of 2000 Pounds)

Capacity Capacity
Tons/Year Year Tons/Year

Concentrate Concentrate

8700 1971 8821
8700 1972 8821
8623 1973 8496
8423 1974 8626
8423 1975 8611
8371 1976 9258
8371 1977 9013
8383 1978 8962
9079 1979 8962
8689 1980 8213
8704

(Compiled from Non Ferrous Metal S tatistics, 1960-1980)
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Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

-138-

Total

2793
2723
2850
2850
2909
2909
2930
3104
2936
2661

TABLE A-2-9: Domestic Copper Capacity
(Reported in 1000 Tons of 2000 Pounds)

Electrolytic Electrolytic
Refinery Total Year Refinery

1800 2300 1971 2425
1860 2341 1972 2385
1963 2334 1973 2512
1963 2334 1974 2512
1993 2334 1975 2771
2010 2420 1976 2771
1995 2430 1977 2592
2117 2522 1978 2572
2278 2643 1979 2404
2308 2676 1980 2180
2308 2676

(Compiled from Non Ferrous Metal D ata, 1960-1980)
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TABLE A-2-10: U.S. Secondary Lead Production
(Reported in 1000 Tons of 2000 Pounds)

Year Pig
Lead

Lead 
in Alloys

Total
Lead Year Pig

Lead
Lead 

in Alloys
Total

Lead

1960 148 321 469 1970 159 438 597
1961 140 312 452 1971 150 446 596
1962 118 325 444 1972 173 443 616
1963 134 358 493 1973 186 468 654
1964 149 392 541 1974 238 460 698
1965 181 393 575 1975 271 387 658
1966 156 416 572 1976 311 415 726
1967 150 403 553 1977 334 500 835
1968 138 412 550 1978 282 486 769
1969 154 449 603 1979 352 449 801

(Compiled from M etal S ta tistics, 1974, page 164; 1981, page 121)
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Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

- 1 IT i

Tota

524
458
478
539
584
519
577
637
716
410
391
355
410
407
593
320
536
506
585
353

(591)

TABLE A-2-12: U.S. Copper Imports, 1960-1980
(Reported in 1000 Tons of 2000 Pounds)

Ore & «  x- j
Concentrate Blister Refined

80 298 142
47 340 67
43 331 99
48 369 119
52 390 138
37 332 137
45 348 163
34 267 328
34 270 405
39 237 131
33 224 132
31 157 162
55 157 189
43 153 195
56 208 304
76 87 146
89 44 380
56 45 391
33 81 456
25 75 237

(16) (52) (505)

(Compiled from Metal S ta tistics, 1974, page 123; 1981, page 82)
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TABLE A-2-13: Copper Exports form the U.S., 1960-1980
(Reported in 1000 Tons of 2000 Pounds)

Y ear U nrefined Refined & Scrap* Total

1960 11 492 503
1961 5 468 472
1962 2 349 351
1963 1 325 326
1964 5 361 366
1965 15 358 372
1966 2 233 293
1967 60 177 237
1968 86 274 360
1969 5 207 212
1970 69 238 307
1971 36 206 242
1972 26 200 226
1973 31 231 262
1974 22 168 190
1975 10 217 227
1976 18 150 168
1977 24 91 115
1978 31 163 194
1979 57 144 201
1980 (122) 87 (209)

* Com pu ted by difference.

(Compiled from Metal S tatistics, 1981)
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TABLE A-2-14: U.S. Lead Imports and U.S. Lead Exports, 1960-1980
(Reported in 1000 Tons of 2000 Pounds)

Year
LEAD IMPORTS 

Total Lead Content Year Total Lead Content

1960 359 1970 364
1961 409 1971 256
1962 402 1972 263
1963 389 1973 280
1964 340 1974 214
1965 348 1975 193
1966 432 1976 224
1967 488 1977 342
1968 424 1978 312
1969 389 1979 240

LEAD EXPORTS
Year Pigs Bars Total Lead

1960 1.9 4.5
1961 2.1 8.3
1962 2.1 4.5
1963 1.1 3.5
1964 10.1 2.3
1965 7.8 12.0
1966 5.4 9.3
1967 6.5 6.9
1968 8.3 9.3
1969 5.0 7.3
1970 7.3 12.0
1971 5.9 23.0
1972 8.4 44.0
1973 67.0 130.0
1974 62.0 120.0
1975 21.0 71.0
1976 5.9 53.0
1977 4.7 90.0
1978 2.7 110.0
1979 6.3 140.0
1980 (110.0) (240.0)

(Compiled from M etal S tatistics, 1974, page 167; 
1981, page 119)
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Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

144—

otal

579
544
609
518
425
586
806
762
857
939
806
670
783
791
788
525
811
699
979
828

TABLE A-2-15: U.S. Imports of Zinc, 1960-1980
(Reported in 1000 Tons of 2000 Pounds)

Zinc Blocks, Slabs,
Ore and Pigs

457 122
416 128
467 141
372 145
357 118
428 153
521 278
534 222
543 307
602 329
525 270
342 319
254 522
199 592
240 539
145 380
97 714

123 577
228 750
247 581

(Compiled from Metal S tatistics, 1981) 
D ata Modified to  C orrect for M etric Reporting
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TABLE A-2-16: U.S. Exports of Zinc, 1960-1981
(Reported in 1000 Tons of 2000 Pounds)

Year
Blocks, Slabs, 

and Pigs Total Year
Blocks, Slabs, 

and Pigs Total

1960 75.1 88 1971 13.3 13
1961 50.0 58 1972 4.3 11
1962 36.1 44 1973 14.3 39
1963 33.8 42 1974 19.0 63
1964 26.5 35 1975 6.9 29
1965 5.9 18 1976 3.5 24
1966 1.4 34 1977 1.2 18
1967 16.8 28 1978 1.3 34
1968 33.0 57 1979 — 57
1969 9.3 49 1980 n/a est./35
1970 — 29 1981 n/a est./35

n /a  = not available

(Compiled from M etal S ta tistics, 1981, page 253) 
D ata C orrected  for M etric Reporting
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TABLE A-3-4: Ownership and Status of Major Japanese Smelters

Owner Location Built Renovation Capacity

Furukawa Mining As bio 1877 1956, 1962 40

Nippon Smelting Hitachi 1908 1956, 1971 150

Dowa Mining K os aka 1900 1967 60

Mitsubishi Naoshima 1918 1969, 1974 200

Onahama Onahama 1965 1971 270

Nippon Mining Saganoseki 1915 1970 150

Hibi Kyodo 
Smelting Tamano 1972 ---- 80

Sumitomo Metal Toyo 1971 ---- 120

(Source: Rosenbaum, 1976)
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APPENDIX B: THE SMELTER CONTRACT
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APPENDIX B: THE SMELTER CONTRACT

The following discussion has been excerpted from Mine Development Monthly, 
April 1981.

Sm elter con tracts are complex: the value of a con tract is determ ined not only by 
the processing charges but also by deductions for m etal losses, differing arrange
ments for how the m etal price ruling the con tract is determ ined, provisions for 
the sm elter’s participation in m etal price movements, and penalties and credits 
for deleterious m aterials and by-products. Understanding how the value of smel
te r con tracts  is determ ined is extrem ely im portant not only for concen tra te  sales 
negotiations, but also for arriving at realistic  cost projections for mine feasibility  
studies.

In the following sections a "typical" sm elter con tract is reviewed clause by clause 
and common fea tu res of lead and zinc con tracts are also discussed. A sample is 
included a t the end of this summary. Each component is discussed below.

The Material

Copper concentrates will typically contain from 22% to 30% copper with iron and 
sulfur the other major constituents. Zinc concentrates typically run 48% to 60% 
zinc with iron, sulfur, and often some lead. Lead concentrates typically grade 
55% to 75% lead, with some zinc or silver.

Treatment Charge

In the case of both copper and lead, the "trea tm en t charge" refers to the charges 
for smelting the m aterial. Copper and lead undergo fu rther refining steps, which
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carry an additional charge. In the case of zinc, the trea tm en t charge covers all 
processing costs from concen tra te  through to refined m etal. T reatm ent charges 
are quoted for m aterial delivered to the sm elter, meaning tha t the miner must 
bear the costs of freight. Typical ranges of trea tm en t charges for standard con
cen tra tes  are as follows:

Copper: $65 - $70/m t
Lead: $85 - $150/m t with many in the $ 1 1 0 - $120 range
Zinc: $90 - $135/m t with many in the $90 - $110 range

Pricing

For copper and lead, the U.S. Producer Price is most often used in the United 
S tates and the LME quote for imports and businesses outside the United States. 
For zinc, the U.S. Producer Price is used within the United S tates and the Euro
pean producer prices is used outside the United States.

All of the m etal contained in concentrate , as determ ined by the sm elter's assay, is 
not paid for. This reflects the sm elter's need to account for inevitable losses of 
m etal in processing, as well as in some cases, providing another source of income.

Deductions can be e ither unit deductions or percentage payment deductions. Unit 
deductions are percentage points deducted from the assay grade. Copper deduc
tions are usually 1.0 to 1.2 points.

Percentage payment deductions are often taken a fte r some unit deductions have 
been made. Some U.S. copper sm elters deduct one unit, then pay for 97.5% of the 
rem ainder. Lead is usually paid for on 95% of contained m aterial. Zinc sm elters 
use an in teresting combination. Sm elters usually pay for 85% of the contained 
zinc with a minimum relative eight unit deduction. This lim it penalizes lower 
grade m aterial.
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Quotational Period

C oncentrate  buyers try  to have the price basis on which they pay the miner as 
close as possible to the price basis on which they sell the m etal. This is usually 
the third month a fte r the month th a t the m aterial arrives a t the sm elter.

Payment Terms

Paym ent may not be made until the m aterial is sold or in some cases, 70% to 90% 
is paid upon arrival of the m aterial to the  sm elter and the rest when the m etal is 
sold or 90 days a fte r arrival. This point is subject to negotiation.

Credits

The most commonly credited by-products are gold and silver. C redits may be 
given for zinc or lead or they may be penalized. C redits are som etim es paid in 
lower trea tm en t charges.

Penalties

Penalty  charges vary depending on the sm elter and are applied to those elem ents 
th a t the process, product, or emission requirem ents make uneconomic. These 
include arsenic, bismuth, or antimony. There may also be lim its on m oisture, 
mercury, nickel, and other trace  m etals.



T-2636 -154-

Escalation Clause

For longer term  con tracts  there  is usually some provision for price increases. 
These may be d irec t pass-through of costs, fixed percentages, or tied to some 
index of goods and services.

Participation

This clause allows the sm elter to  participate when there is an increase in the 
prices of the m etals by tying the price to a specific formula. The charges may 
also be reduced as price goes down, but a t a slower ra te  than the increase.
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A HYPOTHETICAL COPPER CONCENTRATE CONTRACT

Assays: Copper 26%, Gold 0.15 oz/dm t, Silver 2.4 oz/dm t

Quantity; 20,000 wmt quarterly . Ex Canada

Delivery: CIF Yokohama

Treatment Charge: $65/m t

Refining Charge: 8# lb  of payable copper content

Pricing: Copper less one unit, a t the LME monthly wirebar 
se ttlem en t

Quotational Period: Month of scheduled shipment

Payment: 90% th irty  days a fte r arrival, balance upon finalization of 
assays

Credits: Gold less 0.03 oz, pay for 95% less $5/oz; Silver less 1.0 
oz, pay for 95% less 25#oz

Penalties: Arsenic $1.00 for every 0.10% over 0.50%; Bismuth $1.50 
for every 0.10% over 0.10%; Antimony $1.50 for every 
0.10% over 0.50%

Escalation: 7% per annum (with the fifth  shipment)

Participation: Add 10% of every i t  copper price goes over $1.00 to  the 
refining charge

Length: Two years starting  April 1981


