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Major

Contraction of the Domestic Refined

COBEer Industrz

Christopher B. Mapes'
cmapes@usitc.gov

(202) 205-3034

Refined copper production in the United States, both from primary (mined)
material and secondary (recycled) material, has declined substantially in
the past 5 years whereas worldwide production has materially increased.
U.S. primary production has fallen by one-fourth and all secondary refined
production has ceased. The United States is one of the world's largest
consumers of refined copper, using over 2.5 million metric tons in 2001.
However, U.S. import reliance has increased by over seventy-five percent
in the recent 5-year period on what is considered a crucial material for an
industrialized economy. High domestic production costs, declining ore
grades, strict U.S. land-use and environmental regulations, expansion of
low-cost foreign production, and a slowing global economy all have
contributed significantly to the challenges currently faced by the domestic
industry. This article examines the domestic refined copper industry’s
competitive position, its attempts to remain competitive, and the prospects
for its future.

For much of 1997-2002, the price of copper® remained at historically low values, and at one
point fell below 60 cents per pound, the lowest inflation-adjusted value since 1932.* This
price nadir reflected excessive worldwide inventories accumulating since 1996. Since that
year, global production has greatly exceeded worldwide consumption. The events of
September 11, 2001, further depressed consumption, reflecting a general downward
economic trend that began in 2000.

The low copper price and rising global production caused the U.S. refined copper industry
(box 1) to incur substantial financial difficulties. Many primary facilities have been forced
to shut down and others have curtailed production. The secondary industry has ceased
production. The number of domestic facilities (mines, smelters, and refineries) decreased
by 28 percent from 1997 to 2001, whereas U.S. refined copper production declined by 32
percent, and employment declined by 46 percent (table 1).* Despite the past characterization

' The views expressed in this article are the author’s. They are not the views of the U.S.
International Trade Commission (USITC) as a whole or of any individual Commissioner.

% The London Metal Exchange (LME) spot (cash) Grade A refined copper price (the most
widely recognized worldwide benchmark price). Hereafter in this article, this price is used in all
cases where price is discussed.

3 Inflation adjustments are based upon the U.S. Department of Labor, Bureau of Labor
Statistics, Consumer Products Index (CPI) inflation calculator found at Aattp://www.bls.gov/cpi/.
This article refers to nominal (current) dollar or inflation-adjusted (constant) 1990 dollar prices.

* This effect is being seen in other base and industrial metals as well. According to the
National Mining Association (NMA), total domestic metal mining employment dropped below
50,000 for the first time in 2001.
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Box 1
Refined Copper

Background and Uses
Copper's properties—high ductility, malleability, and thermal and electrical conductivity—and
decorative appeal, make it a major industrial metal, ranking third after iron and aluminum in terms
of quantity of metal consumed. Per-capita consumption in the United States is approximately 25
pounds per year. Copper is the major constituent in many valuable alloys, including brass and
bronze. As an electrical conductor, copper is critical in electrical and electronic systems, which
account for about three-quarters of total copper use. Building construction is the single largest end-
use market, followed by electronics products, transportation, industrial machinery, and consumer
and general products. Copper is widely recycled; almost one-half of the copper in use worldwide is
derived from recycled copper products.

Production Methods
Primary refined copper originates from mined ore, and is conventionally produced by concentrating
ores (i.e., removing waste minerals), smelting the concentrate (i.e., melting and driving off waste
elements), and electrolytically refining the smelted product (i.e., dissolving the copper, allowing
impurities to separate, and re-depositing the copper). It is also produced by a method in which an
acidic solution is percolated through an ore stockpile; this process leaches (i.e., dissolves) the
copper out of the ore. The copper solution is then processed into refined copper by solution
extraction (i.e., chemically concentrating the solution) and electrowinning (i.e., electrically
depositing the copper, similar to the last part of the electro-refining process described before)—the
SX-EW process. (Many of the leachable ores were uneconomic until the development of the
SX-EW process.) In 2001, conventional processing accounted for 81 percent of world mined
copper. Secondary refined copper is produced by feeding used, separated, copper scrap into a
smelter, and electrolytically refining the smelter product. Secondary production was 12 percent of
the 15.5 million metric ton total 2001 worldwide refined copper production. The refined copper
product of all three processes is a 99.999 percent pure cathode sheet.

U.S. Industry Structure
In the United States, companies specialize in refining either primary or secondary copper. The
primary producers are principally in Arizona, New Mexico, Texas, and Utah. These producers are
integrated upstream with concentrators, smelters, electrolytic refineries, and electrowinning
operations near the mines. Certain producers also operate downstream fabricating facilities closer to
end-use customers. In 2001, the United States was the second-largest producer of refined copper (12
percent) behind only Chile (19 percent). Phelps Dodge Corp. is the largest U.S. and privately-held
world producer, and is second in production to the state-run Corporacion National del Cobre
(Codelco) of Chile. Foreign companies operating in the United States include BHP Billiton
(Australia), which owns Magma Copper Co.; Grupo Mexico (Mexico), which owns Asarco; and Rio
Tinto (United Kingdom), which owns Kennecott Copper Co.

The U.S. secondary refined producers are near major industrial centers in the Southeast (Southwire
in Gaston, SC, and Carrollton, GA), Midwest (Cerro in Sauget, IL, and Chemetco in Alton, IL), and
Northeast (Franklin, in Philadelphia, PA).

Refined copper, whether from primary or secondary materials, is consumed at downstream plants
that produce copper and copper alloy wire or mill products (i.e, plates, sheets, strips, bars, and rods).
The major wire and mill products are typically independent of the primary and secondary refined
copper industry, and are located throughout the East, Southeast, and Midwest States.

Source: U.S. Geological Survey, Copper Development Association, and World Bureau of Metal Statistics.
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Table 1

Refined Copper Industry

U.S. refined copper industry: Establishments, employment, production, trade, and consumption, 1997-2001

Change, 2001 from 1997

Item 1997 1998 1999 2000 2001 Absolute Percent
Number of operating establishments
Mines' 20 19 18 16 15 -5 -25
Smelters:
Primary ... ... ... . ... . ... 7 7 7 4 4 -3 -43
Secondary ............ ... ... ... 4 3 2 2 1 -3 -75
Refineries:
Primary:
Electrolytic . . .................. 6 6 6 5 5 -1 -17
Electrowinning (EW)? ............ 15 15 15 14 14 -1 -7
Secondary ...................... 2 2 1 0 0 -2 -100
Total ........ ... ... 54 52 49 41 39 -15 -28
Employment (7,000)
Mines ........ . ... .. 13.2 12.3 10.4 9.1 8.2 -5.0 -38
Smelters and refineries:
Primary ........................ 7.4 6.5 4.9 41 3.0 -4.4 -59
Secondary ........... ... . ... ... 0.5 0.4 0.3 0.3 0.2 -0.3 -60
Total ........ ... 21.1 19.2 15.6 13.5 1.4 -9.7 -46
Production, trade, and consumption (7,000 metric tons copper)
Mine production® . .................. 1,940 1,860 1,600 1,440 1,340 -600 -31
Primary and secondary smelter
production® ..................... 1,725 1,722 1,295 999 952 =773 -45
Refined:
Production:
Primary ........ ... ... ...... 2,070 2,140 1,890 1,590 1,600 -470 -23
Secondary .................... 279 232 113 92 0 -279 -100
Total refined production . ....... 2,349 2,372 2,003 1,682 1,600 -749 -32
Imports ............. .. ... ... .. 632 683 837 1,056 991 359 57
Exports ........ ... ... ... 93 86 25 94 23 -70 -75
Apparent consumption* .. .......... 2,888 2,969 2,815 2,644 2,568 -320 -11
Ratio of imports to refined copper
consumption (percent) ... ........ 22 23 30 40 39 17 77

! Excludes minor mines, which account for approximately 1 percent of production.

2 Includes solution extraction (SX) facilities.
3 Contained copper.

* Excludes inventory adjustments. Apparent consumption is the sum of production and imports less exports.

Note.—Each mine typically has an associated concentrator and/or solution extraction-electrowinning plant. Certain
high-quality copper scrap does not have to be smelted, and is typically upgraded at downstream operations using a
simple fire-refining process (statistics for these operations not included in this table).

Source: Compiled from official statistics of the U.S. Geological Survey and the U.S. Department of Commerce.
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of copper as a strategic U.S. element,’ and the Nation’s self-sufficiency and ample reserves,
import reliance for copper has risen from 22 to 39 percent over the same 5-year period.

A combination of factors has led to this U.S. production decline. Chief among them has been
redirection of investment toward discovery and development of primary operations abroad.
Foreign production (especially in Chile) has overtaken U.S. production because of
accessible, relatively high-grade resources, low-cost (and in some cases highly educated®)
labor, and pro-investment governmental policies.” According to industry sources, U.S.
copper production costs and the U.S. mining investment environment now rank among the
least competitive in the world despite the high U.S. mineral potential.® Declining domestic
production in the face of worldwide growth in production underscores this assessment. From
1997 through 2001, 32 percent of domestic refined production has been shut down, whereas
worldwide refined copper production has increased by 14 percent. This trend continues in
2002.° Operations that have been shut down or cut back are shown in table 2.

The Domestic Refined Copper Industry: Competitive
Conditions

The sustained low price of copper is presently the most significant obstacle for both the
primary and secondary producers of the U.S. refined copper industry. Typically this price
is inversely related to the level of copper inventories. In mid-1993, major commodity
exchange inventories began to increase significantly as a result of increasing worldwide
primary refined copper production that began in 1992." Global annualized production
growth exceeded consumption growth (3.3 percent versus 3.0 percent, respectively, during

> The United States provided government loans and capital funding to increase domestic
production during World War II, and provided draft exemptions to ensure that the facilities were
well staffed.

8 According to copper company representatives, as much as two-thirds of the Chilean mining
labor workforce has a college degree. Interviews by USITC staff, Aug. and Sept., 2001.

" These policies include land access, land use, and land ownership laws being enacted in many
developing countries (e.g., Bolivia, Colombia, Tanzania, Uganda, and the West African Economic
and Monetary Union countries) and former communist-bloc countries (e.g., Bulgaria, Kazakhstan,
and Uzbekistan) that help investors obtain loans and insurance for exploration and development.
Additionally, many existing mineral-producing countries also are creating financial incentives,
such as reduced or deferred business taxes for mining ventures (e.g., the Democratic Republic of
Congo, Mexico, and Peru), accelerated depreciation schedules (e.g., Chile), and liberalized capital
repatriation laws (e.g., Indonesia and Peru).

¥ The Fraser Institute, “Annual Survey of Mining Companies: Mining Companies Rate
Investment Attractiveness of Jurisdictions Around the World,” Dec. 18, 2001, found at Internet
address http://www.fraserinstitute.ca/publications/surveys/2001mining/, retrieved Dec. 19, 2001.
The Fraser Institute is an independent Canadian public policy organization focusing on the
economic and social well-being roles of competitive markets.

® Through October 2002, U.S. refined copper production is down 7 percent (393,000 metric
tons) from the same period in 2001, versus a 1 percent (91,000 metric tons) decrease worldwide.
This indicates the rest of the world has increased refined production 302,000 metric tons, or 4
percent, since 2001. World Bureau of Metal Statistics (WBMS), “World Metal Statistics.”

' Daniel L. Edelstein, “Copper,” U.S. Geological Survey-Minerals Information-1997, found at
Internet address http://minerals.usgs.gov/minerals/pubs/commodity/copper/240497.pdf, retrieved
Dec. 3, 2001.
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Table 2
Major shutdowns or cutbacks by refined copper producers in the United States, through 2002
Refinery Curtailment
Company location amount Status
(1,000

metric tons)
Primary producers:
Electrolytic Operations:

Asarco (Grupo Mexico) Amarillo, TX 290 Curtailed refinery due to El Paso, (TX)
smelter shutdown, and loss of feed from the
Chemetco (IL) shutdown; Hayden smelter
curtailment, and cutbacks at the Mission
(AZ) mine and concentrator.

BHP Copper San Manuel, AZ 320 Permanently closed refinery due to smelter
shutdown and loss of feed from Pinto Valley,
San Manuel, and Superior (AZ) and
Robinson (NV) mines and concentrators.

Kennecott Garfield, UT 60 Permanently closed North Concentrator.
Phelps Dodge El Paso, TX 220 Curtailed El Paso refinery and closed Miami
Claypool, AZ 170 refinery due to loss of feed from Chino and

Hidalgo (NM) smelters and from Bagdad,
Miami, Morenci, and Sierrita (AZ) and
Chino (NM) mines and concentrators.

SX-EW Operations:

Arimetco International Lyon, NV 10 Permanently closed '
BHP Copper Pinto Valley, AZ 10 Permanently closed '’
San Manuel, AZ 28 Permanently closed '
Phelps Dodge Bagdad, AZ 14 One-half capacity until copper prices rise
Casa Grande, AZ 10 Permanently closed '
Globe/ Miami, AZ 90 Temporarily closed until copper prices rise '
Green Valley, AZ 25 One-half capacity until copper prices rise
PD/Mitsubishi Santa Rita, NM 68 Permanently closed '
Secondary producers:
Chemetco? Alton, IL 135 Permanently closed
Cerro Copper Products Sauget, IL 55 Permanently closed
Southwire Carrollton, GA 140 Permanently closed
Gaston, SC 120 Permanently closed

' Small amount of inventory processing remains.
2 Chemetco produced unrefined copper from scrap that was processed by Asarco’s Amarillo electrolytic refining
facility.

Source: Compiled from official statistics of the U.S. Geological Survey and multiple published news reports.

1992-2001)"" as new, large-scale copper mines in Argentina, Chile, Indonesia, and Peru
commenced operations. The output of Chile expanded from 1.2 million metric tons (from
1990 through 1992) to 2.9 million metric tons (2001) annually.'? In addition, many existing
mines expanded, notably in Australia, Chile, and Indonesia. Even the United States increased
production by 23 percent from 1990-1998. Refined copper inventories at the major
exchanges reached a record peak of 1.3 million metric tons on May 3, 2002."

'WBMS, “World Metal Statistics.”

"2 Tbid. This growth was fueled by major foreign direct investment that began in the late 1980s.
Chile surpassed the United States as the largest world producer of mined copper in 1990, and of
refined copper in 1999.

'3 Daniel Roling, “Nonferrous Metals Inventories on Commodity Exchanges,” Merrill Lynch,
weekly email distribution.
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Figure 1

In 1995, the price of copper began to significantly decline (figure 1). Despite a slight
rebound in 1999 through 2000, as Asian (primarily Chinese) consumption rebounded,
inventory accumulations continued to exert downward pressure on this price. In 2001, world
refined copper consumption declined for the first time in a decade, further depressing the
price.

Refined copper price, London Metal Exchange (LME) average annual cash value, 1990-2001

140
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100 - A N\ 4 a
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A Current dollars —— Constant 1990 dollars

Source: Official statistics of the U.S. Geological Survey, LME, and U.S. Bureau of Labor Statistics.

In constant-dollar terms, the price has fallen by more than 50 percent during the last decade.
U.S. producers have been able to cut costs during the 1990's, but at a much smaller
percentage as compared with the price decrease. Competitive conditions specific to primary
and secondary producers are discussed below.

Primary Industry

Contraction of the domestic primary refined copper industry is generally attributed to low
ore grades at present operations; restrictions on access to domestic land that may have
additional deposits with potentially higher grades,'* or are amenable to newer processing
technologies; and regulatory compliance costs at existing processing facilities. These factors
are important competitive issues; however, competitiveness is not meaningful based on only
a single factor. Rather, all must be considered together. High-grade prospects are not
necessarily economic to develop. Further, there are numerous low-grade facilities being
economically operated, typically in developing countries that have low wage rates. Finally,
although land-use and environmental regulations may affect the ability of the primary refined
copper industry to compete globally, as discussed in this article, these regulations also have

" Yvette Alt and David Lundy, “U.S. Metal Mining: Recent Trends and Uncertainty
Discourage Domestic Exploration and Investment,” Industry Trade and Technology Review,
publication 3390, USITC, Jan. 2001, pp. 1-16.
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recognized beneficial objectives. While a detailed treatment of such regulatory benefits are
not within the scope of this article, instances are cited in which unregulated activities have
resulted in environmental problems.

According to an annual survey of worldwide mining executives,"” the United States is
considered the second-least favorable location for mining despite several States that rank
high in mineral potential. Perceptions of competitive impediments cited in the survey include
(1) an uncertain permitting process that remains in flux, (2) strict environmental regulations,
(3) a large caseload of objections filed in court by mining opponents who protract the
adjudication process, and (4) large tracts of mineral-rich areas being set aside for non-use.
No new primary copper operation has emerged since the early 1980's, despite the availability
of favorable prospects. The U.S. industry did expand production during 1986-1997, the
longest period since WWII-and longest peacetime expansion since the 1920's—but this was
the first expansion without a startup of a significant new domestic producing property.'®

The primary metal mining and related processing sector (which includes the primary copper
industry) is highly visible, with numerous interested parties, including producers and related
industry associations; Federal, State, and local executive and legislative bodies;
environmental groups; and research organizations. Typically, these parties have
diametrically opposing viewpoints on many issues that affect the competitiveness of the
sector, especially in regard to present and potential environmental effects. These and other
issues are discussed below.

Present Ore Grades

Unit production costs are inversely related to the metal content of a deposit, with all other
production cost factors being equal. Most copper deposits typically contain other metals that
are recovered during the mining and processing stages. These byproducts effectively reduce
unit production costs. Currently mined deposits in the United States have relatively low
copper grades and low amounts of byproducts (although one mine does produce a significant
amount of gold and several mines produce significant amounts of molybdenum). In general,
current operations in developing countries such as Mexico, Papua New Guinea, the
Philippines, Peru, and South Africa have comparable copper grades and byproducts but have
labor rate and environmental compliance cost advantages that result in unit production costs
advantages compared with the United States. Other developing countries, such as Chile, have
higher copper grades and comparable byproduct amounts.'” Many current operations in
developed countries such as Australia and Canada have comparable labor rates and
environmental compliance costs, but higher copper grades and significantly higher amounts
of byproducts yield unit production cost advantages compared with the United States.

' The Fraser Institute, “Annual Survey of Mining Companies.”

' The Magma Robinson (NV) mine did commence production, but this was a restart of an old
mine.

' For example, copper grades at U.S. open-pit mines for ores that are processed conventionally
(i.e., concentration, smelting, and refining) are typically less than 0.6 percent. In Chile, the
comparable copper grades are greater than 1 percent.
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Land Access and Deposit Development

The domestic primary industry is inhibited from developing higher grade deposits to offset
low-grade ore at present operations because of land access and deposit development issues. '*
Exploration expenditures for new ore bodies in the United States began to fall in the early
1990s and began to drop precipitously in 1998." Despite a doubling of worldwide
exploration expenditures between 1999 and 2000, the U.S. share dropped by more than one-
half*° Likewise, the number of operating domestic exploration drill rigs (which are used to
search for ore deposits) in 2002 has been down as much as 60 percent from 2001.*'

Land access and deposit development issues are especially constraining to the primary
producers because they affect further expansion into ore bodies that can use leaching to feed
the low-cost SX-EW process. World SX-EW production has increased by 36 percent since
1996. However, in the United States, SX-EW production has increased by only 3 percent,
and only at existing operations. Almost all of this has been accomplished at one facility,
Phelps Dodge Morenci, AZ. Despite inventing and being the first to implement the
technology and substantially benefit from this method of producing refined copper, the
United States is lagging in its use. Outside of Morenci, SX-EW is declining at existing
facilities because they have nearly exhausted ores amenable to leaching. Access to new
sources of ore is required to expand production using low-cost SX-EW. Further competitive
impediments concerning land access and development issues are addressed below.

General mining law

The most significant land access issue is the 1872 Mining Law governing access to Federal
lands for exploration and deposit development. The ongoing, thus far unsuccessful,
attempts to reform the 1872 Mining Law have jeopardized investor confidence in new
ventures for more than a decade. According to an independent study, extensive Federal,
State, and local regulations have effectively superceded the Mining Law during the last three
decades, leading to unclear policy goals, unclear enforcement, and unclear jurisdiction.*
Insofar as much of the American West is managed by the U.S. Government, and most of the
Nation’s mineral potential is located in those areas (roughly along the Rocky Mountains),
mining access to these lands is important.* Principal issues cited by industry sources include
(1) land ownership provisions—called patenting—once a deposit is located and claimed, (2)
royalty payments, and (3) environmental protection provisions.**

'8 Public land withdrawal is cited as the number one issue for the U.S. mining sector, according
to Alistair MacDonald, Talmac Consulting, “Industry in Transition: A Profile of the North
American Mining Sector,” International Institute for Sustainable Development, 2002, p. 83.

' Alt and Lundy, “U.S. Metal Mining.”

? Fraser Institute, “Annual Survey of Mining Companies.”

2 “Drill Rig Count . . . .,” American Metal Market (AMM), found at Internet address
http://www.amm.com/index2.htm, various issues.

22 Alistair MacDonald, “Industry in Transition,” International Institute for Sustainable
Development.

2 Jack Gerard, President and Chief Executive Officer (CEO), NMA, speech at the U.S. Bureau
of Land Management Solid Minerals Conference, Las Vegas, Nevada, Nov. 28, 2001, found at
Internet address Attp://www.nma.org/, retrieved Nov. 30, 2001.

2 For further explanation, see Alt and Lundy, “U.S. Metal Mining.”
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The industry claims that it must have the guarantee of ownership to secure the large capital
funding required for development. Proponents of mining law reform seek to change the
ownership provisions, suggesting for example that the Government retain ownership and
license deposit development. Proponents also favor royalty payments for mineral extraction,
claiming that the industry is receiving an unwarranted benefit. The industry is amenable to
paying royalties, although a royalty scheme will increase operating costs, both reducing the
financial attractiveness of developing deposits and shortening the economic life of existing
mines.” Further, proposed mining law revisions have included significant environmental
protection and reclamation provisions designed to ensure all environmental concerns are
addressed prior to patenting. Industry sources claim that all such laws and regulations are
in place already and that all facilities must meet them, adding that another regulatory layer
could only lend further uncertainty to the existing regulations required to secure and
maintain operating permits.”® Partially due to a lack of resolution on Mining Law revisions,
the U.S. Department of the Interior instituted a moratorium on all new patents in 1994.%

Permitting

Reportedly, deposit development is affected by the large number of regulatory agencies and
public comment/review requirements that yield a lengthy approval process at both the
Federal®® and State levels.”” In contrast, the permitting process in many other copper-
producing countries, including Australia and Canada, is conducted at the state or regional
level only, resulting in less overlapping permitting requirements.” According to U.S.
regulators, the lack of a clear approval process has had a negative effect on the viability of
the domestic industry.’' Industry sources also point out that various compliance standards
among enforcement agencies often change after further scientific studies are completed,
which complicates the process of permitting within time frames that enable an acceptable
return on investment.

 Statements of Douglas Yearley, Chairman and CEO of Phelps Dodge Corp. and Stephen D.
Alfers, Alfers & Carver, LLC to the Senate Committee on Energy and Natural Resources,
Subcommittee on Forests and Public Management Hearing on Mining Law Reform, Apr. 28,
1998, found at Internet address Attp://www.nma.org/newsroom/congtest_pop/042898.html and
http://www.nma.org/newsroom/congtest_pop/042898d.html, respectively, retrieved Jan. 21, 2003.

? Douglas Yearley, Hearing on Mining Law Reform.

" Then-Secretary of the Interior Bruce Babbitt instructed the Bureau of Land Management
(BLM), in Memorandum No. 95-01 dated Oct. 4, 1994, to only process applications that were
pending in Washington, DC, as of Sept. 30, 1994, and let all others remain idle. See John D.
Leshy, “Entitlement to a Mineral Patent Under the Mining Law of 1872," internal memorandum to
the BLM Director, Nov. 12, 1997, found at Internet address Attp://www.doi.gov/sol/M36990.pdf .

% Examples include the U.S. Environmental Protection Agency (EPA), the U.S. Army Corps
of Engineers, the U.S. Forest Service, the U.S. Fish and Wildlife Service, the BLM, and similar
state and local agencies.

# Alistair MacDonald, “Industry in Transition,” International Institute for Sustainable
Development, and Alfredo Gurmendi, U.S. Geological Survey, interview by USITC staff, Jan. 9,
2003. For a summary on the multiple state jurisdictions and types of permits required for a mine,
see James M. McElfish, Jr. et al, Hard Rock Mining: State Approaches to Environmental
Protection, Environmental Law Institute, Washington, D.C.

3% Numerous government, industry and association representatives, including Alfredo
Gurmendi, U.S. Geological Survey, and Martin Ruhrberg, International Copper Study Group,
interviews by USITC staff, Jan. 2002-Jan. 2003.

3! EPA staff presentation to the Committee on Earth Resources at the National Academy of
Sciences, Washington, DC, Nov. 20, 2002.
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Some large-scale domestic projects that began the permitting process as early as 1994 have
not gained approval. A notable example is Nicolet’s Crandon Mine (NCM), W1, a high-grade
zinc, copper, lead, gold, and silver ore body that is described as among the 10 largest ore
bodies of its type in North America. Attempts to permit it have been sporadic since 1976,
and continuous since 1994 with its present plan of operations.** The project received all
Federal permits, and a Wisconsin “Mining Moratorium Law” compliance document was
submitted to the Wisconsin Department of Natural Resources in January, 1999.** Approval
reportedly was denied in May, 2002, because there was not enough scientific evidence to
draw a conclusion regarding the adequacy of the post-production clean-up plan.** Due to
continued delays, and despite significant financial potential over a projected 33-year mine
life,” BHP Billion announced its intent to sell the NCM mine project on September 17,
2002.°  Another example is the Safford Project, AZ, a historic mining district with
significant ore reserves at a grade equivalent to many foreign operations that is amenable to
low-cost leaching and SX-EW production, that began permitting in 1994 and remains in
progress.’’

In contrast, the permitting process in many foreign countries is significantly shorter.”® For
example, in Australia, which has similar compliance standards to the United States, several
mine operations were permitted in under 5 years, a competitive advantage because these
mines have contributed to a 50 percent increase in the country's copper mine production
during the last 5 years. In Canada, the permitting process is roughly of the same duration
as in Australia. Permitting in foreign countries, both developing and developed, is
characterized by various sources as more of a cooperative effort between interested parties
than is evident in the United States.”

Other land access restrictions

Other constraints on land access include wilderness designation efforts that are traced back
to the Wilderness Act of 1964, one of the first laws designed to protect undeveloped areas
in the United States. There are several recent examples where land was set aside pursuant
to this Act by Federal agencies. Two are Asarco’s Silverbell and Rosemont facilities near

32 “Nicolet Throwing in Towel, Puts Crandon Mine on the Market,” Pay Dirt, Oct. 2002, p. 39.

33 “What’s New on the Crandon Mine Site?,” found at Internet site http://www.dnr.state.wi.us,
Wisconsin Department of Natural Resources, retrieved Oct. 17, 2002.

3 Ibid.

3 According to “Economics of the Crandon Mine”, found at Internet address
http://geology.beloit.edu/davidson/IDST276/IDST276.1999/Mine.html/BrianZ.html, retrieved Oct.
30, 2002, the $5 billion dollar resource would have paid approximately $10 million per year to the
local and State communities alone, which is $4 million (67 percent) more than the entire state’s
annual tourism industry.

%6 “Nicolet Throwing in Towel, Puts Crandon Mine on the Market,” Pay Dirt.

37 J. Steven Whisler, President and CEO, Phelps Dodge Corp., “Phelps Dodge 2™ Quarter
Analysts Conference Call”, webcast through Internet address Attp://www.phelpsdodge.com,

July 24, 2002.

3% Industry representative, interview by USITC staff, Nov. 8, 2002.

3 Numerous government, industry and association representatives, including Alfredo
Gurmendi, U.S. Geological Survey, and Martin Ruhrberg, International Copper Study Group,
interviews by USITC staff, Jan. 2002-Jan. 2003.
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Tucson, AZ.* The former is an extension of existing leaching and SX-EW facilities into the
rest of the ore body. This was precluded by designation of a monument in all surrounding
lands.*' The latter was a land exchange intended to consolidate multiple deposits under one
ownership for future use. The land exchange consideration was terminated by the U.S. Forest
Service but the issue is the subject of ongoing litigation.**

The Endangered Species Act (ESA), designed to protect animal habitats and plants, and
similar laws also have been reported to result in land access problems for the industry.
Pursuant to the ESA, an undeveloped area can be designated as a critical habitat, which
precludes industrial development, including road construction. The ESA has directly
affected the primary industry. For example, the high-grade Rock Creek underground mine
(Sterling Mining Co., Noxon, MT, an extension of the historic Troy Mining district using
new technology), was claimed, among other issues, to have potential effects on grizzly bears
and bull trout despite State and Federal environmental impact studies indicating compliance
with the law, and has been in litigation for 15 years.* Also, the National Wild and Scenic
Rivers Act was used as the basis to oppose the high-grade, low-cost, leach-SX-EW Carlota
Project mine (Cambior, Pinto Valley, AZ), due to the effect a possible mishap could have
on the Pinto Creek riparian area and associated flora and fauna (the developing company
went bankrupt after a permitting process that took 7 years).*

Environmental Regulatory Issues

Industry remediation efforts have helped mitigate the waste and emissions generated by
copper mining and related processing that create air and water quality problems affecting
workers and surrounding communities. However, public concerns about air and water
quality have resulted in the promulgation of numerous regulations that affect copper
operations. Since the passage of the Clean Air and Clean Water Acts in the 1970s, the
domestic industry has been required to address pre-existing environmental issues and
prevention of future problems. The closure of many U.S. operations, including five of the
seven recently idled domestic copper smelters, have been attributed in part to high
compliance costs by industry sources.

Compliance costs

Air pollution abatement laws reportedly have increased costs for the industry, particularly
laws establishing air quality rules for particulate matter and sulfur dioxide in the workplace,
and those regulating sulfur, arsenic, and lead emissions to the atmosphere from copper
smelters. Industry sources claim that such laws require large expenditures for pollution

“ Dr. William H. Dresher, “Domestic Copper Ore Grades,” CDA, emails of Nov. 2-5, 2002.

*'Tbid. The Ironwood Forest National Monument (IFNM) was established by President
Clinton in June, 2000. The IFNM surrounds the active Silverbell Mining site, and encompasses
state trust land, grazing allotments, private in-holdings, and 387 active mining claims for a total of
189,777 acres.

“2Tbid. See also “Stop the Mines,” Southwest Center for Biological Diversity, found at Internet
address http://'www.biologicaldiversity.org/swcbd/activist/mine. html.

* The mine reportedly will be required to provide over $15 million in mitigation to ensure no
significant effects on these protected species, but other issues are still being litigated. Found at
Internet address http://www.sterlingminingcompany.com, retrieved Oct. 22, 2002.

“ Dr. Dresher, CDA.
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control and decontamination.* Recent silica dust limits, for example, have increased capture
and hygiene requirements, with strict regulations for mine and crushing facilities.*

Clean water regulations also have impacted the industry. For example, development of the
high-grade underground Montanore Project Mine (Libby, MT) was halted because blasting
was reportedly allowing nitrates to enter Libby Creek in violation of State water laws.’
Despite later receiving permits and a favorable appeals court verdict, the company was then
sued directly, at which point the company ceased development.* Recent regulations to
enforce the Clean Water Laws have required that all water exiting a facility must pass
drinking water standards. This requires facilities to build catchments and basins to hold, and
processes to treat, rainwater and other natural sources of water along with the process water
and bring them to drinking water quality. This has particularly impacted refineries, some of
which are in metropolitan areas with limited land availability.*” Clean water protection
standards have been extended to dry creek beds in the desert Southwest, requiring extensive
permitting before land use.*

Regulators claim that current law requires developing and enforcing standards, such as water
quality standards, often within very narrow time frames, that sometimes preclude appropriate
scientific studies and analysis. Occasionally the effect is that industry is compelled to design
and build facilities to meet standards that change once further scientific studies are
completed. Thus, there may be little to no confidence that capital expenditures on best
available technologies will bring the facilities into compliance.’’ Alternatively, sometimes
health-based standards precede development of technologies to meet them cost-effectively,
placing operations at risk of fines and closure.”® Some clean air targets and technologies,
such as those designed to prevent acid rain, have not been able to be applied uniformly

* For example, typical equipment to improve sulfur gas capture and recovery for a midsized
primary copper smelter costs approximately $140 million. Industry representative, telephone
interview Dec. 24, 2002.

* According to industry sources, dust collection can cost up to 5 percent of total concentrator
costs, not counting the personal hygiene protections.

#7 “Canadian Firm Abandons Montana Mining Project,” Associated Press, found at
Internet address Attp://www.montanaforum.com/rednews/2002/08/19/build/mining/
cabinetmine.php?nnn=4, retrieved Dec. 27, 2002.

* Noranda, of Canada, received permits and a 9" Circuit Court of Appeals verdict in its favor
for a new high-grade mine after 10-year process and a $100 million investment. When the
environmental groups sought litigation, Noranda ceased all development activity and put the land
up for sale. See Laura E. Skaer, Executive Director, Northwest Mining Association, testimony
before the Committee on Resources, Subcommittee on Energy and Mineral Resources, U.S.
House of Representatives, Spokane Field Hearing Sep. 11, 1999, found at Internet address
http://propertyrightsresearch.org/committee_.htm, retrieved Nov. 6, 2002. According to the
testimony to Congress, the environmental groups knew they could not win, but their strategy was
to prolong the process and increase expenses in hopes that the company would give up.

* Most industry and legal experts agree that the intent of the law was to regulate process water
discharge. However, in many cases it is impossible to differentiate between water sources—or the
costs and time to do so are significant—so all effluents must be treated.

% Southwest Center for Biological Diversity, “Stop the Mines.”

> EPA presentation, Committee on Earth Resources.

32 For example, according to industry sources, silica capture requirements under consideration
are not economically feasible using present technology.
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across industries or regions due to processing and environmental differences.” Clean water
standards also require varied levels of effort to achieve compliance.™

Finally, because there are many examples of facilities that have polluted the local
environment in the past, present case and regulatory law requires private bonds to secure
long-term maintenance and remediation, if necessary, of facilities that permanently cease
operation. However, the process remains undefined, and as with securing operating permits
reportedly has become problematic and unpredictable. In one case, for example, after
obtaining all the necessary state lower-agency approvals, the Chino, NM, facilities' closure
plan was not approved by the New Mexico Mining Commission because of a disagreement
regarding closure bond financing.” Escalating bond requirements not only adversely affect
costs, but render liability insurance difficult and costly to obtain which also deters
development of new domestic deposits.

Overall, U.S. compliance-cost estimates vary widely, but generally are acknowledged to be
on the order of 10-20 percent of operating costs, according to industry sources.”® A Bureau
of Census survey shows that pollution abatement expenditures in 1999 (latest data available)
for the industry total $51.7 to $62.6 million for capital costs and $49.0 million for operating
costs.”” The refined copper industry is unable to pass on compliance costs to consumers
because of commodity pricing, and these costs have a direct impact on profitability.*®

In comparison, the majority of international producers face significantly less stringent
requirements.’® In many foreign countries, environmental regulations and enforcement do
not lead to lengthy operational delays. The experiences of Australia and Canada with

>3 For example, smelters used in the secondary industry cannot reduce sulfur emissions to the
level achieved by the primary industry.

> Many ore bodies were discovered because the natural water resources near mines were high
in metal content due to proximity to the ore bodies. Companies intending to operate a production
facility often incur considerable compliance costs in meeting a higher clean water standard than
existed before discovery.

3> New Mexico state law requires closure plans, and facilities that do not have an approved
plan are subject to fines. J. S. Whisler, President and CEO, Phelps Dodge, “Phelps Dodge 3™
Quarter 2002 Analysts Conference Call,” webcast through Internet address
http://www.phelpsdodge.com/, October 31, 2002. Silver City News and Gila Resources
Information Project, interviews with USITC staff, Nov. 2002 - Jan. 2003.

> Industry analysts, interviews with USITC staff, Aug. - Nov. 2001.

7 U.S. Census Bureau, Pollution Abatement Costs and Expenditures: 1999, found at Internet
site http://www.census.gov/prod/www/abs/pollu.html, retrieved Jan. 15, 2003. A range is shown
for capital costs because not all of these costs are separately provided for in this Census report.
These figures include only those costs that are primarily for protecting the environment and could
significantly understate total environmental expenditures. Expenditures that are primarily for
other reasons, such as increasing production efficiencies, and that may have pollution abatement
effects are not included.

> Phelps Dodge Corp., “Phelps Dodge Profiles—Government Affairs: Acting as Our Eyes, Ears
and Voice in Washington,” Workscapes, vol. 02, Issue No. 128, Nov. 22, 2002.

> However, significant environmental damage is evident in many cases both at foreign and
domestic operations. For example, in Papua New Guinea (PNG), the Ok Tedi mine, one of the
world's largest producers, was permitted to discharge tailings (mine waste material) into a river,
which is causing deleterious effects according to the PNG Government. For more details, see
Internet site http://basemetals.bhpbilliton.com/oktedi/legalclaims.osp, retrieved Jan. 13, 2003. In
comparison, typical tailing impoundment and maintenance costs in the United States are on the
order of 2 cents per pound at average grades.
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industry growth even in an economic downturn and with similar environmental safeguards
indicate that these measures can be implemented in a way that doesn’t draw out the
regulatory process. Chile's Environmental Law that became effective in 1992 prescribes a
cooperative effort between the government and industry to preserve and protect the industry
and the environment. Specific agreements pursuant to this law can take many years, and
during this time companies are able to operate and are not subject to penalties.®

Technology implementation

Aggressive adoption of technology, such as the SX-EW process, used to be a major
advantage for the U.S. producers. However, an increase in regulation of the domestic
industry during the 1990s contributed to inhibiting technological implementation. As a
result, several major developments initially have been applied abroad due to the relative ease
of implementation.

One of the reasons is that most existing facilities in the United States operate with permits
that cap emissions at a level appropriate to the older technology, but new processes are
required to meet more stringent standards, even if installed at the same facility. This has the
effect of discouraging technology trials because of the large capital exposure and uncertainty
of the review process as previously noted. Therefore, only small incremental changes are
often possible as opposed to large step-change improvements. Also, many of the newer
technologies offer economies of scale whereby the economic benefit is in increased
production for similar cost. Thus, the capital upgrade can only be justified if the new
technology is applied alongside, or retrofitted to, existing production machinery; this can
extend the facility above the cap unless overall production is reduced, which negates the
benefit.* Other new technologies are so significantly different as to require an environmental
review of the entire facility under greenfield emission standards because they create a
different type of exposure.

These issues have served to preclude the domestic producers from adopting some state-of-
the-art technologies that are applied almost universally elsewhere around the world. The
result of the extensive environmental review procedures is to either require a reduction in
existing production levels or removal of previously agreed to permits, in effect, threatening
closure of facilities. Typically, foreign countries do not have environmental regulations that
are as intricate, and producers are better able to exploit technological developments.®*

One notable example is the introduction of crush-for-leach process technologies in Chile a
decade ahead of introduction in the United States. This process uses updated operating
technologies that enable efficient leaching of crushed ore, which has served to increase the

5 The first major remediation agreement in Chile, which concerned cleanup and environmental
protection at El Teniente's Salvador smelter, was announced in late 2001, 9 years after the Chilean
Environmental Law was written. Codelco is spending $736 million to resolve the issues and
expand production.

6! Mining operation mobile equipment requires regular replacement and readily converts to
larger, more efficient sizes. Fixed processing facilities, such as mills, SX-EW plants, smelters, and
refineries, cannot be readily replaced as a whole. The level of capital investment to retrofit is often
larger than that required for a greenfield operation, which makes such a transition uneconomic,
particularly while maintaining production.

52 Numerous government, industry and association representatives, including Kalle Pukki,
Outokompu Mintek, and Alfredo Gurmendi, U.S. Geological Survey, interviews by USITC staff,
Jan. 2002-Jan. 2003.
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number of ores amenable to SX-EW processing worldwide.* However, crushing is a process
that generates silica dust, which is becoming heavily controlled due to health effects. Until
2001, the Southwestern United States was the only major copper-producing area of the world
not to have such facilities. Phelps Dodge Morenci, AZ, was able to acquire the appropriate
permits to convert its operation, but only by closing its concentrating operations to keep total
operation dust emissions below existing permit levels. This compromise reportedly reduced
total production by approximately 30 percent and also was a major contributing factor to the
closure of the Hidalgo (Playas), NM smelter operation and one-half of the El Paso, TX,
refinery. Ultimately, the company claims these measures will reduce cash costs by 7 to 9
cents per pound, but at the loss of over 180,000 metric tons per year of output and significant
job losses.*

There are other technologies presently in development that appear likely to find earliest
implementation abroad. An example is inert anode technology, which improves the
efficiency of the electrowinning process. This technology would reduce electrical power
requirements and enhance product quality. However, according to industry sources,
environmental concerns about changes in acid discharge and capture requirements may
encourage transfer of this U.S.-developed technology to Chile, where the regulatory climate
appears to be more favorable.®® Another technology is the use of autonomous vehicles that
use robotic and sensor apparatus for certain mine operations, which could significantly
reduce labor costs. This technology is being implemented at some foreign locations, but is
encountering resistance in the United States due to liability issues involving personal and
property loss if vehicle control is lost.

Secondary Industry

In the United States, secondary refined production dropped from 12 percent of total refined
production in 1997 to zero in 2001 (i.e., the U.S. secondary smelting and electrolytic refiners
have completely shut down). To date, approximately 200,000 metric tons of domestic
processing capability have been dismantled.®

Despite the status of the United States as the largest copper scrap generator in the world and
its extensive infrastructure for collecting and transporting scrap, the financial viability of the
U.S. secondary industry has declined dramatically during 1997-2001. Decreasing profit
margins and environmental regulations have contributed to the closure of secondary
industry.®” Although U.S. environmental regulations may affect the ability of the secondary
refined copper industry to compete globally, as discussed in this article, these regulations
also have recognized beneficial objectives (however, a detailed treatment of such regulatory

53 Crushing enables a higher and faster metal recovery by reducing the rock size to increase the
surface area exposed to the leaching solution. Despite the cost of the crushing, the increased metal
recovery lowers unit costs as compared with present leaching methods on certain ores. The leach
solution is the feed for the SX-EW process.

5 Phelps Dodge, press releases, annual, and quarterly reports (various issues).

5 Industry representatives, interviews with USITC staff, 2001-2002.

5 Peter Miiller, as reported in “Secondary Copper Smelters Facing Challenge,” AMM, Feb. 19,
2002, from a speech at Metal Bulletin’s 15™ International Copper Conference, Florence, Italy,
week of Feb. 11, 2002, found at Internet website http.//www.amm.com/index2.htm, retrieved on
Feb. 20, 2002.

57 Janice L. Jolley, “The U.S. Copper-base Scrap Industry and its By-products - 2001,” 2d ed.,
CDA Technical Report, July 2001, pg. 1.
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benefits is not within the scope of this article). Competitive challenges faced by the
secondary industry are discussed below.

Profit Margins

The sustained low copper price coupled with flat-to-increasing production costs have
considerably narrowed profit margins which have been further eroded by rising raw material
costs. Copper scrap prices in recent years have increased relative to the price of copper in
response to increasing Chinese consumption. China is a low-cost secondary producer and
is able to pay a higher price to attract scrap from all over the world. Because scrap is traded
globally, this results in higher scrap prices in the United States.

Environmental Regulatory Issues

Environmental issues have impacted secondary producers as most facilities are old and in
urban areas. The largest U.S. secondary producer, Southwire, closed its smelter and refinery
facilities in 2000, citing the increasing cost of regulatory compliance in the Atlanta
metropolitan area as rendering copper refining unprofitable.®® Unlike the majority of primary
production facilities, located in rural areas, almost all secondary producers are in densely
populated areas and face added regulatory issues. In addition to water and air quality, other
issues unique to scrap include hazardous materials transport and handling. Since scrap is
generally impure, a significant share of costs is associated with handling and transport of the
other metal impurities, such as lead, associated with the recovery of copper scrap. Processing
requires additional facilities for the capture of these metals.®

Attempts to Improve Competitiveness

Consolidation

Mergers and acquisitions have been an important mechanism to improve the competitiveness
of the U.S. primary industry. These activities have largely occurred to reduce overhead as
a percentage of total costs. Major domestic consolidations include: the BHP (Australia) buy
out of Magma Copper (AZ) in 1996, Cyprus (CO) and Amax (CO) merger in 1996, Phelps
Dodge (AZ) buy out of Cyprus Amax in 1999 and Grupo Mexico (Mexico) acquisition of
Asarco (NY) in 1999.7

58 Roberta C. Yafie, “Southwire Plan May Disrupt Supply Lines,” Copper News, AMM, Apr. 4,
2000, found at Internet address Attp.://www.amm.com/index2.htm, retrieved Oct. 1, 2001.

% For example, in 2001, the Illinois Environmental Protection Agency issued an order to
permanently close the Chemetco, Inc. facility (which processed scrap that contained metal
impurities) in Hartford due to environmental concerns. The closure removed 95,000 metric tons
of unrefined copper capacity from the market (the facility was prev