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COPPER

A. Commodity Summary

The ph ysical prope rties of copp er, including m alleability and w orkability, cor rosion resistan ce and du rability,
high electrical and thermal conductivity, and ability to alloy with other metals, have made it an important metal and
production input to a num ber of diverse industries.1,2  Copper de posits are found in a variety of geologic e nvironments,
which depend on the rock-forming processes that occurred at a particular location.  These deposits can be grouped in the
following broad classes:  porphyry and related deposits, sediment-hosted copper deposits, volcanic-hosted massive sulfide
deposits, veins and replacement bodies associated with metamorphic rocks, and deposits associated with ultramafic,
mafic, ultrabasic, and carbonatite rocks.  The most commonly mined type of copper deposit, porphyry copper, is found
predominantly in areas along the western continental edges of North and South America, as well as in the southwestern
United States, associated with large gra nite intrusions.3,4  

Copp er occurs in a bout 25 0 minerals; ho wever, only a  few of these are  comme rcially importa nt.5  Depos its
considered to be  economically recove rable at current market prices m ay contain as little as 0.5 percent of copp er or less,
depend ing on the min ing method , total reserves, a nd the geo logic setting of the  deposit. 6  Most copper ores contain some
amount o f sulfur-bearing m inerals.  The  weathering e nvironme nt affecting the ore  body follow ing depo sition is
determined mainly by the availability of oxygen.  Ores exposed to air tend to be oxidized, while those in oxygen poor
environments remain as sulfides. 7  

The United States is the second largest copper producer in the world.  Next to Chile, the United States had the
largest reserve s (45 million m etric tons) and  reserve ba se (90 million  metric tons) o f contained c opper.  In  1994, d omestic
mine production rose to slightly more than 1.8 million metric tons valued at about $4.4 billion.  The principal mining
states, in descen ding orde r, Arizona, U tah, New M exico, M ichigan, and  Monta na, accoun ted for 98  percent of d omestic
production; copper was also recovered at mines in seven other states.  Eight primary and five secondary smelters, nine
electrolytic and six fire refineries, and 15 solvent extraction-electrowinning plants were operating at years end.  Refined
copper and direct melt scrap were consumed at about 35 brass mills; 15 wire rod mills; and 750 foundries, chemical
plants, and miscellaneous con sumers.8  Exhibit 1 presents the names and locations of the mining, smelting, refining, and
electrowinn ing facilities located  in the United  States.  As ava ilable, Exhib it 1 also prese nts information  on poten tial site
factors indica ting whether the  facility is located in a se nsitive environ ment.



a - ICF Incorporated, Mining and Mineral Processing Facilities Database, August 1992.

EXHIBIT 1

SUMMARY OF COPPER M INING, SMELTING, REFINING, AND ELECTROWINNING FACILITIES
a

Facili ty Name Location Type of Operations Potential Factors Related to Se nsitive Environments

ASARCO El Paso, TX Smelting

ASARCO Amarillo, TX   Electrolytic Refining

ASARCO Ray, AZ Electrowinning

ASARCO Hayden, AZ Smelting and Electrowinning

Burro Chief Copper Mine Tyrone, NM Extraction and Electrowinning

Chino Mines Company Hurley, NM Smelting/Fire Refining 100 year floodplain, karst terrain, fault area, priva te wells
within 1 mile

Copper Range White Pine, MI Open Pit Mining, Smelting and Refining fault area

Cyprus Pinos Altos Mine Silver City, NM Extraction

Cyprus Claypool,  AZ Smelting, Refining, and Electrowinning

Cyprus Casa Grande Mine Casa Gran de, AZ In-situ Extraction and Roasting

Cyprus Miami Mining Corp. Claypool,  AZ Heap Leaching fault area, private wells within 1 mile

Cyprus Mineral Park Corp. Kingman, AZ Dump Leaching

Cyprus Sierrita /Twin Buttes Green Valley,  AZ Heap Leaching

Cyprus Mining Bagdad , AZ Electrowinning

Cyprus Bagdad Copper Mine Bagdad , AZ Heap Leaching and Milling

Flambeau Copper Mine Salt Lake City, UT Extraction

Gibson Mine Mesa, AZ Strip and In-situ Extraction

Johnson Camp Mine Tucson,  AZ Heap Leaching

Kennecott Garfield, UT Smelting and Refining low pH and metals contaminat ion of ground wat er

Magma Mine Superior , AZ Undercutting and Filling (Minin g)

Magma San Manuel, AZ Smelting, Refining, and Electrowinning public and private wells within 1 mile

Mineral Park Mine Kingman, AZ Extraction

Mission Unit Sahuari ta, AZ Extraction

Montanore Mine Libby, MT Extraction

Morenci Mine Morenci , AZ Heap Leaching

Noranda Casa Gran de, AZ Electrowinning
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Oracle Ridge Mine San Manuel, AZ Extraction

Phelps Dodge Morenci , AZ Electrowinning

Phelps Dodge Playas, NM Smelting fault area

Phelps Dodge El Paso, TX Refining fault area, public and private wells within 1 mile

Phelps Dodge Hurley, NM Smelting and Electrowinning

Pinos Altos Mine Silver City, NM Extraction

Pinto Valley Operations Miami,  AZ Extraction and Electrowinning

Pinto Valley Pinto Va lley, AZ Electrowinning

Ray Complex Hayden, AZ Extraction

San Manuel Div. Mine San Manuel, AZ Extraction

San Pedro Mine Truth or Consequence, NM Extraction

Silver Butte Mine Riddle, OR Extraction

Silver Bell Unit Marana , AZ Extraction

St. Cloud Mining Co. Truth or Consequence, NM Extraction

Sunshine Mine Kellog, ID Extraction

Tennessee Chemical Copperhill, TN Closed

Tyrone Branch Mine Tyrone, NM Dump Leaching and Electrowinning

Western World Copper Mine Marysville, CA Extraction

Yerington Mine Tucson,  AZ Extraction
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The majority of the copper produced in the United States is used in the electrical industry; it is used for a wide
range of wiring applications (from p ower transmission lines to printed circuit boa rds), in microwave and e lectrical tubes,
motors and generators, and many other specialized applications where its high electrical and thermal conductivity can be
employed.  While copper has been replaced in some applications by aluminum (e.g., for overhead power lines) and fiber
optics (e.g., in telecommunications), its durability, strength, and resistance to fatigue assure its continued use in the
electrical industry.  These latter three characteristics also make copper and copper alloys a valued material in construction
and containment (e.g., pipes and tanks), and in other activities where endurance and resistance to corrosion are required.9  

Primary production of copper in the United States has steadily increased in the early 1990s.  Total apparent
consumption has risen from 2,170,000 metric tons in 1990 to 2,800,000 metric tons in 1994.  Approximately 42 percent
of the 1994 domestic consumption of copper went to building and construction industries, while 24 percent was used by
the electrical an d electronic  produc ts industries.  Indu strial machiner y and equip ment consu med 13  percent,
transportatio n equipm ent consum ed 12 p ercent and  consume r and gene ral produ cts consum ed the rem aining 9 per cent.10 
Clearly, the development of new infrastructure in the United States and abroad would increase the worldwide demand for
copper, but consumption per unit of new gross product would be less than that in the past because substitutes for copper
are often used in a number of industries.  For example, new telephone infrastructure is being based upon fiber optics
technology rather than copper to a significant degree.  Continued re-opening of mothballed facilities, expansion of
existing facilities, and development of new mines could lead to copper supplies increasing faster than demand.11,12 

B. General Process Description

1. Discussion of the  Typical Pro duction Pro cess

The two major processes employed in the United States to recover copper from ores are classified as either (1)
pyrometallurgical methods, or (2) hydrometallurgical methods.  Pyrometallurgical methods consist of conventional
smelting technology, and are widely used.  Hydrometallurgical methods involve leaching and recovery by precipitation or
electrowinn ing, and are g aining in pop ularity, although the y do not entire ly eliminate the pr oblems fo und in
pyrometallurgical processing.  For example, in 1984 100,180 tons of copper was produced by solvent extraction and
electrowinning (SX/EW), while in 1992 439,043 tons were produced by SX/EW.13  Many within the industry believe that
hydrometallurgical operations are only economically attractive for producing 30,000 metric tons of copper product per
year or less.14,15  
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2. Generalized Flow Diagram

Exhibit 2 presents a flow diagram of the typical operations involved the production of copper from ore.

Extraction and Beneficiation Operations

Prior to either pyrometallurgical or S X/EW  hydrometallurgical operation s, the ore (which often contains less
than one p ercent cop per) is crushe d and gro und with wate r and place d in a conc entrator.  T he rock/wa ter slurry is
subjected  to physical and  chemical ac tions (i.e., air sparg ing and hyd rophob ic chemical re agents) inside  a flotation tank. 
The chemical reagents assist the flotation process by acting as frothing and collector agents.  Methylisobutyl carbonal
(MIBC) is a typical frothing agent, and sodium xanthate, fuel oil, and VS M8 (a proprietary formulation) are typical
collector agents.  As a result of the physical and chemical actions, the copper value rises to the surface of the flotation
unit as a froth.16  

The material remaining on the bottom of the flotation tank (waste rock or “gangue”), is partially dewatered and
then dischar ged to tailing p onds for sub sequent disp osal.17  In cases where the copper ore contains a large amount of clay
minerals, “slime” (a mixture of clay minerals and copper values) often forms and is separated from the gangue for further
coppe r recovery.  T he slime is regro und and su bjected to  flotation to rem ove the co pper value .  Once the c opper v alue is
removed, the slime is ultimately managed/disposed with the gangue.18,19 

The concentrate resulting from the flotation circuit contains approximately 30 percent copper and, in some
instances, ma y also contain  significant recov erable co ncentrations  of molybd enum.  If mo lybdenum  is readily
recoverable, as it is at Magma Copper (Arizona), the concentrate is sent to the molybdenum plant for recovery; otherwise,
the concentrate is ready for subseq uent pyrometallurgical or SX /EW hydro metallurgical operations. 20,21  Alternatively, the
concentrate can be dewatered and the dry product may either be stored for further processing or shipped to another
facility for proce ssing.  The c ollected wa ter is usually recycle d in the milling circ uit.

At a molybdenum recovery plant, such as the one at Magma Copper (Arizona), the copper concentrate contains
approximately one percent molybdenum disulfide (which in itself is a saleable co-product).  To isolate the molybdenum
from the copper concentrate, the concentrate undergoes additional flotation steps.  The copper concentrate is added to a
rougher flotation cell where sodium cyanide is added to suppress the copper, thus causing the molybdenum to float to the
surface.  Th e coppe r concentra te falls to the botto m and the u nderflow is sen t for drying and  thickening pr ior to smelting. 
The molybdenum-containing overflow is sent to additional cleaner and recleaner circuits.  At the last recleaner circuit, 70
percent of the overflow is filtered and dried, and the remaining 30 percent is returned to the filter at the
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EXHIBIT 2

Process Flow Diagram for the Production of Copper

Graphic Not Available.
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beginning of the recleaner circuit.  The filtered, dry molybdenum disulfide product (95 percent) is packed into 55-gallon
drums and sold as molybdenite.22

Pyrometallurgical Processing

Pyrometallurgical processes employ high-temperature chemical reactions to extract copper from its ores and
concentrates.  These p rocesses generally are used with co pper sulfides and in some  cases high-grade oxides. 23  Depending
on the copper mineral and the type of equipment, pyrometallurgical recovery may take as many as five steps:  roasting,
smelting, converting, fire refining, and electrorefining.  The products from smelting, converting, fire refining in an anode
furnace, and  electrolytic refining  are copp er matte, blister c opper, c opper a nodes, and  refined cop per, respe ctively.24 
Roasting dries, heats, and partially removes the sulfur and volatile contaminants from the concentrated ore to produce a
calcine suitable for smelting.25  Modern copper smelters generally have abandoned roasting as a separate step, and have
combined this function with the smelting furnace.  However, in older systems using multiple brick hearths, the copper
concentra te moves fro m the top o f the hearth towa rds the base , while air is injected  counter-cur rent to the con centrate. 
The roasted ore leaves through the bottom brick hearth and sulfur dioxide (2-6 percent) exits through the top.26  

Smelting involves the application of heat to a charge of copper ore concentrate, scrap, and flux, to fuse the ore
and allow the separation of copper from iron and other impurities.  The smelter furnace produces two separate molten
streams:  copper-iron-sulfide matte, and slag, as w ell as sulfur dioxide gas.27  The smelter slag, essentially a mixture of
flux material, iron , and other im purities, is a RC RA spec ial waste.  The  slags from som e smelting furna ces are highe r in
copper content than the original ores taken from the mines, and may therefore be sent to a concentrator for copper
recovery. 28,29  Tailings from flotation of copper slag are a second RCRA spec ial waste.  Reverberatory furnaces are being
replaced by electric or flash furnaces because reverberatory furnaces are not as energy efficient, and they produce large
volumes of low concentration SO2 gas, which is difficult to  use in sulfur reco very.30  The gase s produc ed by electric
smelting are smaller in volume, lower in dust (less than 1 percent), and have a higher SO2 concentration, which allows
better sulfur rec overy in an ac id plant.31  Gases from smelting operations contain dust and sulfur dioxide.  The gases are
cleaned us ing electrostatic  precipitato rs and then a re sent to the ac id plant, which  converts the su lfur dioxide-ric h gases to
sulfuric acid (a useable and/or saleable product).32 

Magm a has constru cted a new flue  dust leaching  (FDL) fac ility to recover c opper fro m several sm elter by-
product streams.  Feedstocks to the FDL facility include flash furnace dust (20-25 percent copper, 1.3 percent arsenic),
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converter flue  dust (80 p ercent cop per, 0.01  percent arse nic), acidic b leed solution  from the Lur gi scrubbe rs (3.6 g/L
copper, 0.4 g/L arsenic, 3.5 g/L acid pH 1.6).  (Lurgi scrubbers are pollution control devices for smelter converter offgas.) 
These feedstocks are stored in bins or slurry tanks prior to entering a series of agitator leach vessels.  Sulfuric acid (93
percent concentration) is added to dissolve the copper into solution.  The remaining solids are thickened, washed, and
filtered.  The  resulting filter cake is se nt back to the  flash furnace for  smelting.  The  copper  sulfate-rich leacha te is
purified in a dedicated solvent extraction unit, where an extremely concentrated copper sulfate solution (one that can
easily be crystallized into commercial grade copper sulfate crystals) is generated.  The crystals are either sold “as is” or
are sent to the m ain solvent ex traction circuit. 33

In the converter (the most common being the Peirce-Smith converter, followed by the Hoboken converter and
the Mitsubishi continuous converter), a high silica flux and compressed air or oxygen are introduced into the molten
copper matte.  Most of the remaining iron combines with the silica to form converter slag, a RCRA special waste.  After
removing the slag, additional air or oxygen is blown in to oxidize the sulfur and convert the copper sulfide to blister
copper that contains about 99 percent copper; the sulfur is removed in the form of SO2 gas, which reports to an acid plant
where it is converted to high grade sulfuric acid.  Depending on the efficiency of the acid plant, differing amounts of SO2

are emitted to the atmosphere.  Some facilities have combined the smelting furnace and converter into one operation,
such as the one used by Kennecott (i.e., the Kennecott-Outokumpo flash converting process).34,35  In the interest of
conserving energy and improving efficiency, many companies are now employing flash smelting (such as the
Outokumpo, Inco, Mitsubishi, or Noranda processes) to produce matte feed.36 

Oxygen a nd other im purities in blister co pper mu st be remo ved befo re the copp er can be fab ricated or c ast into
anodes for electrolytic refining.  Blister copper is fire refined in reverberatory or rotary furnaces known as anode
furnaces.  When co -located with a smelter or converter, the furnac e may receive the blister copp er in molten form so
remelting is unnecessary.  Air is blown in to oxidize some impurities; flux may be added to remove others.  The residual
sulfur is removed as sulfur dioxide.  A slag is generated during anode furnace operation.  This slag is also a component of
the RCRA special waste.  The final step in fire refining is the reduction of the copper and oxygen removal by feeding a
reducing gas such as ammonia, reformed gas, or natural gas into the copper while it is still in the anode furnace.  The
molten copper the n is cast into either anodes for further electrolytic refining or wire-rod forms. 37,38 

Electrolytic refining (or electrorefining) purifies the copper anodes, by virtually eliminating the oxygen, sulfur,
and base metals that limit copper's useful properties.  In electrorefining, the copper anodes produced from fire-refining
are taken to a  “tank house”  where they are  dissolved e lectrolytically in acid ic coppe r sulfate solution (th e electrolyte). 
The copper is electrolytically deposited on “starter” sheets of purified copper to ultimately produce copper cathodes
(relatively pure copper with only trace contaminants -- less than a few parts per million) for sale and/or direct use.  The
concentra tion of cop per and im purities in the elec trolyte are mo nitored and  controlled .  As necessar y, the electrolyte is
purified (e.g., copper is removed from the electrolyte in electrowinning cells), and the resulting impurities (left on the
bottom of the electrolytic cells and electrowinning cells -- often referred to as “anode slimes” and “muds or slimes”,
respectively) are processed for recovery of precious metals (gold, silver, platinum, palladium), bismuth, selenium, and
tellurium.39,40  Electrorefining also produces various aqueous waste streams (e.g., process wastewater, bleed electrolyte)
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that must be treated and discharged, reused, or disposed of in some manner.  Many of the facilities use a wastewater
treatment operation to treat these wastes.  The solid residual from these treatment operations is a calcium sulfate sludge,
which is yet another RCRA special waste generated by the primary copper sector.41  

Hydrometallurgical Beneficiation

Hydrom etallurgical co pper rec overy is the extra ction and re covery of co pper from  ores using aq ueous solutio ns. 
Hydrometallurgical operations include the following:  (1) acid extraction of copper from oxide ores; (2) oxidation and
dissolution of sulfides in waste rock from mining, concentrator tailings, or in situ ore bodies (e.g., low grade oxide and
sulfide mine wastes); and (3) dissolution of copper from concentrates to avoid conventional smelting.42  In summary, the
copper-bearing ore (and in some cases, the overburden) is leached, then the copper is recovered from the pregnant
leachate through precipitation, or solvent extraction and electrowinning (SX/EW). 43 

The simplest form of hydrometallurgical beneficiation of low grade ores, waste rock, and overburden practiced
at large, ope n-pit copp er mines is dum p leaching.  In  dump lea ching, the raw m aterial is leached  using a dilute sulfur ic
acid solution.  There are several other types of leaching operations (progressing from least capital intensive and
inefficient -- using the ro ck “as is” -- to mo st capital intensive  and efficient -- using g round or e):  in situ, heap or p ile, vat,
and heat o r agitated leac hing.  In some  cases, roasting  is employed  prior to leac hing in orde r to enhance  the leachab ility
of the material.  In roasting, heat is applied to the ore, which enhances its amenability to leaching without destroying the
physical structure of the ore particles.  The roasted material is then subjected to leaching (as described above).  The
coppe r-rich leachate  (referred to  as “pregnan t solution”) is sub jected to furth er beneficiatio n while the waste  material is
either left in place  (in the case of d ump, in situ, heap, or p ile leaching) o r managed  in tailing pond s (in the case of v at,
heat, or agitate d leaching).  T he major  potential env ironmenta l impact of hyd rometallurg ical beneficiatio n involves ac id
seepage into the ground.  In addition, hydrometallurgical sludges may contain undissolved metals, acids, and large
quantities of water.44

Copper is removed from the pregnant leachate through either iron precipitation (or cementation) or solvent
extraction and electrowinning.  In cementation, which was once the most popular method for recovering copper from the
pregnant leachate, the leachate is combined with detinned iron in a scrap iron cone (such as the Kennecott-Precipitation
Cone) or vibrating cementation mill, where the detinned iron replaces the copper in the solution.  The copper precipitates
are removed for subsequent hydrometallurgical refining (electrowinning) or pyrometallurgical processing 45,46 

In solvent extraction (now, the most popular process), an organic chemical (chelator) that binds copper but not
impurity metals is dissolved in an organic solvent (often kerosene) and is mixed with the pregnant leach solution.  The
copper-laden organic solution is separated from the leachate in a settling tank.  Sulfuric acid is then added to the pregnant
organic mixture, which strips the copper into an electrolytic solution ready for electrowinning.  The barren leachate (or
raffinate) is sent ba ck to the leach ing system.  Elec trowinning is the r ecovery o f copper fro m the load ed electro lyte
solution pro duced b y solvent extrac tion, yielding refine d copp er metal.  W hen the iron c oncentratio n becom es too high in
the electrowinning cells, some solution is bled off and sent to the SX unit for further copper recovery.  The copper-poor
(or lean) electrolyte from electrowinning is returned to the SX plant.  Excess lean electrolyte from the SX unit is returned
to the raffinate pond.  This operation is functionally equivalent to electrolytic refining.47,48 
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We note that at Magma Copper (Arizona), the pregnant leach solution (PLS) is collected in the PLS feed pond,
where other inputs to the PLS feed pond include liquids from in-situ  leaching, G ould Solu tion, and T NT filter ca ke. 
Gould Solution is produced from the electrolytic refining of copper foil at one facility in Chandler, AZ.  The spent
electrolyte solution (containing 100 g/L sulfuric acid and 60 g/L copper) is trucked to Magma Copper, where it is added
directly to the PLS feed pond.  Magma Copper has proposed to accept filter cakes consisting of copper oxide mud from
coppe r chloride e tching solution  generated  during the pr oduction  of circuit boa rds.  This m aterial (TN T filter cake)  would
be mixed  with the PLS  feed to the SX  unit.49

3. Identification/Discu ssion of Nov el (or otherw ise distinct) Process(es)

Additional pyrometallurgical technologies still under development include the solid matte oxygen converting
(SMOC) process and continuous total pressure oxidation process.  The SMOC process developed by Kennecott, is a one-
step smelting process designed to eliminate the hot matte and slag transfers between smelting and converting, thereby
reducing their attendant fugitive emissions.  In the total pressure oxidation process, chalcopyrite (CuFeS2) can be
hydrotherm ally oxidized  directly to dige nite (CuS) insid e a single, con tinuous autoc lave reacto r.  The enric hed solid
residue (super concentrate) is separated from the liquor, containing ferrous sulfate and sulfuric acid, and the upgraded
concentrate can proceed directly to smelting.  The acid solution can be used in heap or dump leaching.50  Total pressure
oxidization is especially well-suited for concentrates with a high copper to sulphur ratio.51

4.  Beneficiation/Processing Boundaries

EPA established the criteria for determining which wastes arising from the various mineral production sectors
come fro m mineral p rocessing o perations a nd which ar e from ben eficiation activities in th e Septem ber 198 9 final rule
(see 54 F ed. Reg. 3 6592, 3 6616 c odified at 2 61.4(b) (7)).  In essenc e, beneficiatio n operatio ns typically serve to  separate
and conc entrate the min eral values fro m waste ma terial, remove  impurities, or p repare the o re for further refin ement. 
Beneficiation activities generally do not change the mineral values themselves other than by reducing (e.g., crushing or
grinding), or enlarging (e.g., pelletizing or briquetting) particle size to facilitate processing.  A chemical change in the
mineral value does not typically occur in beneficiation.

Mineral processing operations, in contrast, generally follow beneficiation and serve to change the concentrated
mineral value into a more useful chemical form.  This is often done by using heat (e.g., smelting) or chemical reactions
(e.g., acid digestion, chlorination) to change the chemical composition of the mineral.  In contrast to beneficiation
operations, processing activities often destroy the physical and chemical structure of the incoming ore or mineral
feedstock su ch that the mate rials leaving the o peration d o not close ly resemble tho se that entered  the operatio n. 
Typically, beneficiation wastes are earthen in character, whereas mineral processing wastes are derived from melting or
chemical changes.

EPA approached  the problem of determining which operations are beneficiation and which (if any) are
processing in a step-wise fashion, beginning with relatively straightforward questions and proceeding into more detailed
examinatio n of unit oper ations, as nece ssary.  To lo cate the ben eficiation/pro cessing "line"  at a given facility within this
mineral commodity sector, EPA reviewed the detailed process flow diagram(s), as well as information on ore type(s), the
functional importance of each step in the production sequence, and waste generation points and quantities presented
above in Section B.

EPA determined that for this specific mineral commodity sector, depending on the specific process, the
beneficiation/processing line occurs b etween flotation and furnacing or b etween iron precipitation and  furnacing because
furnacing (or smelting) significantly alters the physical/chemical structure of the beneficiated ore .  Therefore, because
EPA has d etermined that all operations following the initial "pro cessing" step in the produc tion sequence are also
considered processing operations, irrespective of whether they involve only techniques otherwise defined as
beneficiation, all solid wastes arising from any such operation(s) after the initial mineral processing operation are
considered mineral processing wastes, rather than beneficiation wastes.  EPA presents below the mineral processing
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waste streams generated after the beneficiation/processing line, along with associated information on waste generation
rates, characteristics, and manageme nt practices for each of these waste streams.

C. Process Waste Streams

As discusse d above  (and show n in Exhibit 2 ), the extraction , beneficiation , and proc essing of cop per leads to
the generation of numerous solid, liquid and gaseous wastes, which depending on the material, may be recycled or
purified prior to disposal.  The generation, treatment, and management of each of these wastes is discussed below.

1. Extraction/Beneficiation Wastes

Wastes generated from the extraction and beneficiation of copper from copper-bearing ores are exempt from
RCRA Subtitle C and the scope of BDA T determinations.  Wastes from the extraction/beneficiation of copper-bearing
ores are discussed below.

Waste rock.  This waste from mining operations, along with overburden, is generated from the actual removal
of copper ore from the ground and contains little or no recoverable copper values.  These materials are typically hauled
from the min e site and are  disposed  of in on-site waste r ock dum ps.  At Ma gma Co pper (A rizona), was te rock is left in
place; at other facilities, however, the waste rock may be hauled to the surface and disposed.52  In 1980, more than 282
million tons of waste rock were disposed.53  

Tailings (or gangue).  This waste results from the flotation of ground ore/water slurry.  The composition of
tailings varies acc ording to the  characteristics o f the ore; this waste is c omprised  of very fine host ro ck and no nmetallic
minerals.  Tailings are sent to tailings impoundments for disposal, but may first be dewatered in thickeners.  For example,
at Magma Copper (Arizona) tailings from the copper and molybdenum flotation processes are sent to a hydroseparator for
dewatering.  The hydroseparator underflow is sent to a repulper and the slurry is discharged to the tailings ponds for
disposal.  The hydroseparator overflow is sent to a thickener, where the solids (underflow) are sent to the repulper and the
liquid stream (water overflow) is reused in the flotation circuit.  Tailings generated during the flotation processes are
excluded  from RC RA Sub title C regulation  under the B evill Amend ment.54  In 1985, the industry disposed of more than
189 million tons of gangue.55

Slime.  A clay/copper material called slime is often generated during the flotation of copper ore containing a
large amount of clay minerals.  Slime is separated from the gangue and is reground and refloated to remove additional
copper value.  The slime is ultimately disposed of along with the tailings.  There is no information on the quantity of
slime genera ted annually. 56  We note that this “slime” is much different in com position than the “slimes or muds”
generated by electrolytic refining (see below).

Solvent Extraction/Electrowinning.  These o perations re sult in the genera tion of severa l liquid and se mi-
liquid wastes.  Often these materials are still either useful or rich in values and can be reused or recycled.  The following
waste stream s are non-uniq uely associate d and, there fore, not sub ject to the B evill Exclusio n: 
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Slimes or “mud s”.  These materials result from the dep osition of sediment in electrowinning cells.  The se
materials often contain valuable quantities of precious metals and are either processed on-site or are drummed
and sent off-site fo r recovery. 57  Appro ximately 3,00 0 metric ton s of slimes are ge nerated an nually.58  (See
footnote no . 39.)

Crud (often referred to as “gunk,” “grungies,” or “grumos”).  This waste is generated during solvent
extraction.  Crud is solid particles associated with oil/water dispersions of varied complexity and typically form
stable multi-phase emulsions.  Crud is periodically removed from the system.  The crud is centrifuged or
otherwise treated to remove the organics, which are returned to the solvent extraction circuit for reuse.  Site-
specific management information is available for several companies.  At the Chino Mines Company (Santa Rita,
NM), the recovered organic is filtered using Filtrol No.1 montmorillonite clay and then is returned to the SX
circuit.  The resulting solids and aqueo us material are disposed o f in the tailing ponds.59  In some cases,
however, the resulting solids contain sufficient quantities of precious metals to warrant recovery (off-site).60  We
note that at both the Magma Copper Company's San Manuel, AZ facility and the Cyprus Mines' Miami, AZ
facility, crud is recycled into the raffinate pond which is linked to, and forms, an integral part of the SX/EW
processing  circuit.61,62  Appro ximately 2,00 0 metric ton s of crud is gen erated ann ually.63

Raffinate or barren leachate .  This waste is generated when the pregnant leachate is stripped and is recycled
back to the  leaching circu it.  Approx imately 70,0 36,000  metric tons o f raffinate is genera ted annually. 64,65  At
Cerro Copper Products Company (a secondary copper facility) in Sauget, IL, an electrolyte purification - nickel
recovery syste m was installed  and bega n operating  in late 1990 , thereby allow ing the recov ery of nickel sulfate
and cessation of the discharge of raffinate.66 

Spent Kerosene.  Commonly used as the organic material in solvent extraction, spent kerosene is purified
using filter clay.  The resulting impurities or “grungies” are either sent to the heap-leaching area or are disposed
of with tailings.67  
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2. Mineral Processing Wastes

Smelting and Refining operations generate numerous solid, liquid, and gaseous wastes, several of which are
Bevill Exempt wastes including furnace slags, anode casting slags, and wastewater treatment sludges.  Other
wastes are described below:

Spent Bleed electrolyte .  Spent electro lyte results from ele ctrolytic cells.  No rmally, spent ele ctrolyte is purified  in
liberator ce lls.  Liberator ce lls are similar to no rmal electro lytic cells, but they hav e lead ano des instead o f copper a nodes. 
The elec trolyte is cascad ed through  the liberator c ells, and an elec tric current is ap plied.  Cop per in the solu tion is
deposited  on copp er starting sheets.  A s the copp er in the solution  is depleted , the quality of the co pper de posit is
degrade d.  Liberato r cathode s containing im purities are retu rned to the sm elter to be m elted and c ast into anod es. 
Purified electrolyte is recycled to the electrolytic cells.  Any bleed electrolyte can be neutralized with mill tailings and
disposed  of in tailing pond s or pump ed to a raffinate  pond, from  which it is pump ed to on-site c opper lea ching dum ps. 
Sludge that falls on the floor of the liberator cell is returned to the smelter or sold.68,69 

Site-specific management information is available for several companies.  Cyprus Miami Mining Corp. in Claypool, AZ
recycles the b leed electro lyte to the solven t extraction pla nt.70  Magma Copper Company's San Manuel facility recycled
the bleed e lectrolyte to the so lvent extraction /electrowinnin g plant for co pper rec overy.71  Ken nec ott U tah C opp er's
Bingham  Canyon, U T facility treats the b leed electro lyte in their wastewa ter treatment p lant.72  Phelps Dodge Refining
Corp. in El Paso, TX sends bleed electrolyte to an electrowinning plant, which produces commercial sulfuric acid,
commercial grade nickel sulfate crystals, and water vapor.73  Approximately 307,000 metric tons of bleed electrolyte are
generated annually.  Bleed electrolyte exhibits the hazardous characteristics of toxicity (for arsenic, cadmium, chromium,
lead, selenium , and silver) and  corrosivity. 74  This waste stre am is partially rec ycled and c lassified as spen t material. 
Additional data are included in Attachment 1.

Tankhouse slimes.  Often referre d to as “ano de slimes”, tan khouse slime s are the result o f material dep osition in
electrolytic cells.  Slimes contain the constituents in a copper anode that remain insoluble during the electrorefining
process and ultimately settle to the bottom o f the cells.75  Generally, slimes generated from copper refining of various ores
have the same values and impurities, including gold, silver, platinum group metals, copper, selenium, arsenic, tin, lead,
and tellurium.  However, their metals concentrations may vary widely, depending on the ore from which the copper
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anodes h ave been  obtained .  The raw slim es always have  high copp er contents, an d the selenium  content is also u sually
high.  Therefore, normal slime treatment includes initial decopperization of the slimes, followed usually by
deselenization.  Traditionally, these slimes are then sent to smelting in a doré furnace, followed by refining.76  A new
method o f metals recov ery gaining po pularity is wet chlo rination, which  uses chlorina tion and solv ent extraction  to
recover these values. 77  These materials often contain valuable quantities of precious metals and are either processed on-
site or are drummed and sent off-site for recovery.  Approximately 4,000 metric tons of tankhouse slimes are generated
annually.78 Although no published information regarding waste characteristics was found, we used best engineering
judgeme nt to determ ine that this waste m ay exhibit the ch aracteristics of to xicity for selenium , silver, arsenic an d lead. 
This waste str eam is partially re cycled and  classified as a b y-product.

Acid plant blowdown.  This waste originates in the gas cleaning section of the acid plant.  It is generated from the
water spraying of smelter converter gases and consists largely of smelter feed carryover solids.  Blowdown has been
reported to contain 14 percent sulfate, 15 percent total dissolved solids, 1 percent copper, 1 percent iron and 70 percent
water.79  Acid plant blowdown also may contain significant concentrations (i.e., >1,000 mg/L) of arsenic, cadmium, lead,
molybdenum, and selenium (additional data are included in Attachment 1).80  Approximately 4,847,000 metric tons of
acid plant blowdown are generated annually.  This waste exhibits the characteristics of toxicity (for arsenic, cadmium,
chromium , lead, mercu ry, selenium, and  silver) and co rrosivity.81  This waste is p artially recycled a nd classified a s a by-
produc t.  

Site-specific management information is available for several facilities.  Cyprus Miami Mining Corp. in Claypool, AZ
recycles the so lid fraction to the  smelter and  the liquid po rtion to the solv ent extraction  plant.82  The H idalgo sme lter in
Playas, NM  was schedu led to mak e process  modificatio ns by Janua ry 1993.  P reviously, acid  plant blowd own was sen t to
an evapo ration unit.  Rad ial flow scrubb ers and ad ditional techn ology to be  determined  were sched uled to be in stalled in
the acid plants, thereby eliminating the wastewater.83  Chino Mining Company in Hurley, NM neutralizes the blowdown
with magnesium hydroxide in a settler.  The solids are recycled to the smelter and the fluids are recycled to the
concentrator.84  At the Magma Copper C ompany's San Manuel, AZ facility, the blowdown is neutralized with lime and
alkaline tailings, and the resulting mixture is sent to tailings dams.85  Kennecott Utah Copper in Bingham Canyon, UT
sends the blowdown to the wastewater treatment plant and then to the tailings pond.86  
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Acid plant thickener sludge.  This sludge results from the treatment of weak acid plant blowdown (see above).  In the
past, this waste strea m generally w as discharge d to either a tailing s pond o r evapora tion pond .  Recent site-sp ecific
information, however, indicates that this waste stream is no longer generated.  Specifically, two facilities filter solids
from the blowdown and blend the recovered solids with incoming copper ore for beneficiation/processing.  The filtered
blowdown is routed to an on-site electrowinning circuit for recovery of copper (and other metals).  At a third facility, the
blowdown is neutralized with ammonia, then filtered, and the resulting solids are blended with incoming ore.  The
majority of the filtrate is returned to the sulfuric acid plant for reuse as scrubber water, and the remaining portion of the
filtrate is evapor ated to reco ver ammo nium sulfate pr oduct.  At a fo urth facility, the blow down is neu tralized with
magnesium hydroxide, then filtered, and the resulting solids are blended with incoming ore.  The filtrate is reused as
make-up water in the flotation circuit.  At a fifth facility, the blowdown is first neutralized with alkaline tailings and then
discharged  to a tailings pon d (analysis of the  neutralized b lowdow n indicates that it is no t TC cha racteristic).  At a sixth
facility, the blowd own is neutra lized with lime a nd then sent to  a double -lined, Subtitle C  evapora tion pond .  At a seventh
facility, the blowdown is neutralized with lime, combined with other plant wastewaters, and then sent to an unlined
evaporation pond (analysis of the combined wastewater indicates that it exhibits the TC characteristic for arsenic, lead,
and selenium).87  Additional data are included in Attachment 1.

Waste Contact cooling water .  This waste results from heat exchanging operations, such as those taking place at the
smelter.  The water used for anode cooling is reported to contain dissolved arsenic, copper, and zinc, and also to pick up
aluminum and chlorid es, probably from mo ld dressing compo unds.88  Site-specific ma nagemen t information is a vailable
for several companies.  The Magma Copper Company's San Manuel, AZ facility recycles the copper anode cooling water
to the concentrator.89  The Kennecott Utah Copp er's facility in Bingham Canyon, recycles all but a small fraction to the
ore conc entrator.  T he remaining  small fraction is d ischarged u nder NP DES a fter treatment. 90  At Cyprus Miami Mining
Corp., Claypool, AZ, contact cooling water is returned to the Industrial Water System.91  Appro ximately 13,0 00 metric
tons of conta ct cooling wa ter is generated  annually.92  Although no published information regarding waste characteristics
was found, we used best engineering judgement to determine that this waste may exhibit the characteristics of toxicity for
arsenic.  Th is waste stream is re cyled and c lassified as spen t material. 

WWTP liquid effluent.  Treated effluent from the wastewater treatment plant is either disposed of in the tailings
surface imp oundme nts or discha rged throu gh a NP DES p ermitted ou tflow, therefore  it is not included  in the analysis. 
Appro ximately 4,59 0,000 m etric tons of W WT P liquid efflue nt is generated  annually.93  We used best engineering
judgeme nt to determ ine that this waste m ay exhibit the ch aracteristics of to xicity for lead.  A dditional d ata are includ ed in
Attachment 1.

Process wastewaters. Various wastewaters result from conveyance, flotation, mixing, dissolution, and cooling
operations.  Water is used for many things including, seal water in crushers and pumps, for dust suppression and gas
scrubbing, in low grade heat extraction from furnace cooling elements and acid plant coolers, sulfuric acid production,
anode cooling, steam production, electricity production, potable drinking water, and conveyance of sanitary sewage.94 
Process wastewaters m ay either be treated on site at wastewater treatmen t facilities or discharged to tailings ponds,
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surface impoundments, or to receiving streams.  At Claypool, process wastewater is limited to anode casting cooling
water.  It is mixed with cooling tower effluent and stored  for later recycling back to the process. 95  At Magma Copper
Company's San Manuel site, process wastewater from both the electrolytic refinery and the flash furnace is sent to an on-
site tailings pond.96  At Copper Range Co.'s White Pine facility, process wastewater consists of contact and non-contact
cooling wa ter.  It is commin gled with mill tailings a nd pump ed to a tailings b asin where the  solids settle out.  T he water is
then discharged through p ermitted outfalls.97  Approximately 4,891,000 metric tons of process wastewaters are generated
annually.  This waste exhibits the hazardous characteristics of toxicity (for arsenic, cadmium, lead, and mercury) and
corrosivity. 98  We used best engineering judgement to determine that this waste may also exhibit the characteristics of
toxicity for seleniu m.  This wa ste stream is rec ycled and c lassified as spen t material.  Add itional data are  included in
Attachment 1.

Scrubber blowdown.  This waste results when low volumes of high total dissolved solids (TDS) materials are removed
from the gas scrubbing system.  At the H idalgo smelter in Playas, NM , the scrubber had pro cessed electric furnace dust
and the was tewater was ro uted to the ac id plants, follow ed by an ev aporation  unit.  Howev er, the system wa s scheduled  to
be taken off-line by 1993.99  Chino Mining Company in Hurley, NM neutralizes the blowdown with magnesium
hydroxide in a settler.  The solids are recycled to the smelter and the fluids are recycled to the concentrator.100  At Magma
Copp er comp any's San M anuel, AZ fac ility, Lurgi scrubb er blowd own is usually rec ycled back  through the c oncentrato r. 
Only during mechanical failure, or insufficient mill capacity does the solution become mixed with acid plant blowdown
and tailings for deposition on the tailings impo undments.101  At Cyprus Mining Corporation, Casa Grande, AZ, scrubber
blowdo wn resulting from  tail gas cleaning o perations us ing a doub le-contact alka li scrubber g enerates a slur ry that is
discharged to a 40-mil lined lagoon.102  This waste exhibits the characteristic of toxicity for arsenic, cadmium, and
selenium, and  may also be  toxic for mer cury.103  This waste stre am is partially rec ycled and c lassified as spen t material. 
Although no published information regarding the waste generation rate or characteristics was found, we used the
methodology outlined in Appendix A of this report to estimate a low, medium, and high annual waste generation rate of
49,000  metric tons/yr, 4 90,000  metric tons/yr, an d 4,900 ,000 me tric tons/yr, respe ctively.  Additio nal data are in cluded in
Attachment 1.

Discarded Furnace and Converter Brick.  This maintenance waste is periodically generated during rebuilding of the
furnace and converters.  At one facility, bricks are crushed and stockpiled for recycling to the sulfide mill where the
coppe r is recovere d through b eneficiation.  Fu rnace brick , at one locatio n, was repo rted to con tain 7 perce nt iron, 6
percent coppe r, 2 percent magnesium , and 1 percent pho sphorus.104  Appro ximately 3,00 0 metric ton s of furnace b rick is
generated  annually.105  Revert (molten matte that is spilled during its transfer in the smelting process) also contains
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significant conc entrations of c opper a nd is returned  to the crushing /grinding circu it.106  At one facility, the converter
bricks are re-processed through the smelter while the furnace bricks are discarded.  Some bricks may contain chromium
above hazard ous characteristic levels.107

APC dusts/sludges.  Generated during smelting operations, these materials may contain significant concentrations of
copper.  These dusts/sludges are typically fed back to the smelter.108  Site-specific ma nagemen t information is a vailable
for several companies.  Magma Copper (Arizona), has constructed a new flue dust leaching (FDL) facility to recover
copper from several smelter by-product streams.  Feedstocks to the FDL facility include flash furnace dust (20-25 percent
copper, 1.3 percent arsenic), converter flue dust (80 percent copper, 0.01 percent arsenic), acidic bleed solution from the
Lurgi scrubbers (3.6 g/L copper, 0.4 g/L arsenic, 3.5 g/L acid pH 1.6).109  At Kennecott Utah Copper, Bingham Canyon,
UT, o nly some of the  copper -containing flue d ust is returned to  the smelting vess el; the major ity of the flue dust is
stockpiled for future recycling.110  

Alternatively, bismuth can be recovered from air pollution control solids.  Specifically, in copper smelting, a portion of
the bismuth is volatilized in the copper co nverter and caught along w ith such elements as lead, arsenic, and antimo ny as a
dust in a baghouse or cottrell system.  The dust is then transferred to a lead smelting operation.  A major portion of the
bismuth, however, also remains with the metallic copper.  Therefore, during electrolytic refining of the copper, the
bismuth accumulates in the anod e slime and can be reclaim ed during recovery o perations.111,112  Although no published
information  regarding w aste generatio n rate or cha racteristics was fo und, we used  the method ology outline d in App endix
A of this repo rt to estimate a lo w, medium , and high ann ual waste gene ration rate of 1 00 metric to ns/yr, 222,0 00 metric
tons/yr, and 450,000 metric tons/yr, respectively.  We used best engineering judgement to determine that this waste may
exhibit the characteristics of toxicity for arsenic.  This waste stream is fully recycled and classified as sludge.

Surface impoundment waste liquids.  The liquids sent to surface impoundments frequently contain mixtures of
tailings and process wastewater (such as slag concentrate filtrate), which may have been treated in a wastewater
treatment pla nt.  Often the solid s are allowed  to settle out, and  the liquids are d ischarged th rough pe rmitted outfalls. 
Approximately 615,000 metric tons of surface impoundment liquids are generated annually.  This waste exhibits the
hazardo us character istic of corrosiv ity.113  We used b est engineering judgement to d etermine that this waste may also
exhibit the hazardous characteristics of toxicity for arsenic, lead, and selenium.  Also, we used best engineering
judgement to determine that this waste stream is partially recycled.  This waste is classified as spent material.  Additional
data are included in Attachment 1.
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Non-recyclable AP C dusts.  APC dusts are collected by baghouses, electrostatic precipitators, and cottrell systems.  If
the APC  dusts contain  insufficient conce ntrations of co pper or o ther values, the m aterial is judge d not to be  econom ically
recoverable.  At Kennecott's Bingham Canyon, UT facility, the majority of its flue dust is stockpiled for future
recycling.114  Appro ximately 7,00 0 metric ton s of non-recyc lable AP C dusts are g enerated a nnually.115  Existing data and
engineering judgement suggest that this material does not exhibit any characteristics of hazardous waste.  Therefore, the
Agency did not evaluate this material further.

Chamber solids/scrubber sludge.  Approximately 31,000 metric tons of chamber solids and scrubber sludges are
generated  annually.116  Existing data and engineering judgement suggest that this material does not exhibit any
characteristics of hazardous waste.  Therefore, the Agency did not evaluate this material further.

Spent black sulfuric acid sludge.  This mater ial is obtained  from the vac uum evap oration of d ecopp erized elec trolyte. 
The black acid  liquor may be also be use d in leaching operations or b e sold to fertilizer manufactures.117  Existing data
and engineering judgement suggest that this material does not exhibit any characteristics of hazardous waste.  Therefore,
the Agency did not evaluate this material further.

WWTP sludge .  This sludge  results from the n eutralization o f process wa ters using mag nesium hydr oxide or lim e.  This
mat eria l is ge nerated  by b oth  the P help s Do dge  Hur ley fa cilit y, wh ich u ses m agn esiu m hy dro xide, an d the Ke nne cot t's
Bingham Canyon plant, which uses lime.118,119  Approximately 6,000 metric tons of solids and sludges are generated
annually.120  Although no published information regarding waste characteristics was found, we used best engineering
judgeme nt to determ ine that this waste m ay exhibit the ch aracteristics of to xicity for cadm ium and lea d.  This was te
stream is partially recylced and classified as sludge.  Additional data are included in Attachment 1.

Attachment 2 contains a summary of the operational history and environmental contamination documented at
several form er copp er produ ction sites that are n ow on the S uperfund N ational Prio rity List.

D. Ancillary H azardou s Wastes 

Ancillary hazardous wastes may be generated at on-site laboratories and include chemicals, liquid samples, and
ceramics/crucibles which are disposed of off-site at commercial hazardous waste facilities.  Samples of electrolyte are
recycled to  the plant.121  Other hazardous wastes may include spent paints and solvents (non-chlorinated solvents such as
“140 Stodd ard” and petroleu m naphtha, and “Safety K leen” solvents) generated from  facility maintenance operations,
spent batteries, asbestos, and polychlorinated biphenyls (PCBs) from electrical transformers.  Waste oil also may be
generated, and might be hazardous.  Non-hazardous wastes are likely to include sanitary wastewater, power plant wastes
(such as run-o ff from coal p iles and ash), an d refuse.  

Finally, spent catalysts (vanadium pentoxide) are produced in the acid plant.  The spent vanadium pentoxide
catalyst is either sent off-site for recycling, or disposed of either on- or off-site.122 
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Mining  Sites on the Na tional Priority L ist

Name of Site: Anaconda Smelter

Owner of Site: Anaconda Copper Mining Company (merged with ARCO in 1977)

Location of Site: Mill Creek, Montana (26 miles west of Butte)

Climate Data: To be determined

Commodity Mined: Copper

Facility History: The An aconda  Coppe r Mining C ompan y first began co pper sme lting operatio ns in
1884 at the "Upper Works" smelter.  The Upper Works consisted of a concentrator
and smelter  buildings, whic h housed r oasters and  reverbera tory furnaces, a ll
connected to masonry flues and two smokestacks.  By 1887, the company had
expanded and built an additional smelter 1 mile east of the Upper Works.  The new
smelter was known as the "Lower Works".  By 1889, an electrolytic copper refinery
had been built as well, and was located between the two smelters.  Due to shortage
of smelting capacity, a larger, more efficient copper smelter was completed in 1902,
and known as "Smelter Hill" or "Washoe Sm elter".  The Upper and Lower W orks
were subsequently demolished in 1903.  The Washoe Smelter operated from 1902
to 1980.

Waste(s) at Issue: Copp er ore pro cessing has p roduced  wastes that cov er over 6,0 00 acres a nd contain
elevated levels of arsenic, cadmium, copper, lead, and zinc.  Wastes include 185
million cubic yards of tailings (pond); 27 million cubic yards of granulated slag
(pile); and 0.25 million cubic yards of flue dust.  Stack emissions have
contaminated the soils near the smelter.  Ongoing fugitive flue dust emissions (from
piles) and fugitive dust emissions (from soil) have contaminated the community for
over 100 years.

Disposal Sites: This site has 12 Operable Units, but only two have been investigated:
Mill Cree k Opera ble Unit  — Mill Creek is an unincorporated community located
approximately 25 miles west-northwest of Butte, Montana.  It covers 160 acres of
land and consists of 37 household with less than 100 people.  The contaminants of
concern in this Operable Unit are arsenic, lead, and cadmium.  Arsenic dust in the
air, and arsen ic, lead, and c admium in  the soil and d rinking water p resent pub lic
health risks.
Flue Dust O perable U nit — flue dust is a fine grained waste material which was
formed in the smelter flue.  The dust contains high concentrations of arsenic,
cadmium, copper, lead, and other metals.  The amount of flue dust stored onsite, as
of Decemb er 1989, was estimated  to exceed 316 ,000 tons.
The othe r 10 Op erable U nits are as follow s:  Smelter H ill — former ore processing
area.  This O perable U nit has soil and g round wa ter contamin ation by me tals.  Old
Works  — W astes (tailings) are lo cated in a 1 00-year floo dplain alon g a 2.75 m ile
stretch of Warm Springs Creek.  This area is the focus of a removal operation.  In
addition, wa ste piles and so ils at the smelter site an d surface wa ter near the site will
be samp led.  Arbiter — a copper refining plant that produced cathode copper from
sulfide ores using an ammonia leach process.  Slurry wastes from this inactive plant
contain arse nic, cadmiu m, lead, zinc, a nd are loca ted in a pon d near the p lant. 
Beryllium Disposal Areas — a beryllium flake-metal pilot plant and a beryllium
oxide pilot plant were operated on Smelter Hill between 1964 and 1968.  Following
closure, waste containing beryllium was disposed of in the Opportunity tailings
pond.  Comm unity soils — nearby community soils contaminated by smelter
emissions.  Slag — slag is the material separated from the metal during refining
process; it co nsists of 85%  silica dioxide  (sand) and  15% iro n oxide. 
Tailings/Alluvium — tailings make up the largest volume of waste at this site and
are deposited in both the Anaconda and Opportunity ponds.  The Opportunity ponds
stretch 3 miles a cross from e ast to west.  Regiona l Soils — contaminated
agricultural land s surround ing the site.  Regional Ground Water — ground water
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which have been contaminated from sources such as the Opportunity ponds, slag
piles, tailings, and c ontaminate d soils.  Surface water and sediment —  tailings have
migrated into streams near the site.

Soil Pathway: It was discov ered that the so il contaminatio n (by arsenic, c admium, a nd lead) in
Mill Cree k was widesp read.  Th e geome tric mean co ncentration o f arsenic in M ill
Creek surface soils is 638 mg/kg; for cadmium it is 25 mg/kg; and for lead it is 508
mg/kg.  At a depth of 18 inches, concentrations of arsenic are below 100 mg/kg and
approach background levels at 42 inches below the surface.  High concentrations of
cadmium and lead are also found in the first 6 inches of the soil profile.  However,
lead and c admium c oncentratio ns decrea se more ra pidly with dep th than arsenic
concentra tions.  Cadm ium levels wer e found to b e less than dete ction limits at a
depth of 9 inches, and lead  levels reached backgro und levels below 6 inches.

Ground Water The water table underlying Mill Creek is 20 feet or deeper below the surface.
Pathway: Domestic well water is drawn from this aquifer.  In 1986, sampling showed that

seven household water supplies had detectable arsenic levels.  Cadmium and lead
levels were mostly at or below de tection limits.

Surface Water Mill Creek is the major drainage system is the area of the Anaconda Smelter and
Pathway: the Mill Creek community.  Mill Creek was sampled four times and results showed

that arsenic was present in the creek.  Total arsenic concentrations ranged form 12
to 32.2 ug/l.  Zinc was also detected in the waters of Mill Creek.  Until transport of
contaminated soil into Mill Creek is controlled or remedied, it is estimated that
recontamination of Mill Creek will occur at a rate of 1.5 mg/kg of soil per year.

Air Pathway: In 1984, samples of airborne particulate matter were collected at four different
locations ne ar the smelter a nd tested for  total suspend ed particula tes, respirable
particulates, an d trace-me tal content.  Ars enic conce ntrations were  found to b e 0.1
mg/m3.  The highest arsenic concentration found at the Mill Creek station was 0.681
mg/m3.  Elevated levels of cadmium , lead, and arsenic were found  in household dust
samples as well.  Residential dust showed an average concentration of 264 mg/kg
arsenic, and  indoor re spirable ars enic conce ntrations were  0.019 ug /m3.

Environm ental Issues: The Anaconda Sme lter site is located in the Upper Clark Fork Basin above Wa rm
Springs Creek and the main stem of the Clark Fork River to the Bitterroot River
below M issoula, M ontana.  In ad dition, the com munity of M ill Creek is imm ediately
adjacen t to this site.  There fore, contam inants from the  Anacon da Smelte r site (e.g.,
arsenic, lead) pose a potential risk to human health and the environment (e.g,
aquatic life, drinking water).
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Mining  Sites on the Na tional Priority L ist

Name of Site: Tex Tin Corporation

Owner of Site: Tex Tin Corporation

Location of Site: Texas City, TX (situated on 175 acres in an area of mixed land use) 

Climate Data: Not given

Commodity Processed: Secondary copper smelting

Facility History: Originally op erated by the  U.S. Go vernment d uring W orld W ard II as its prim ary tin
smelting operation, the site was then acquired by the Associated Metals and
Minerals Corporation from the Wah Chang Corporation in 1970 and became know
as the Gulf Chemical and Metallurgical Company (GC&M ).  Since 1985, the
company has been known as the Tex Tin Corporation.  At one time, the facility was
operated as an iron recovery facility, but it is currently engaged in the secondary
smelting of copper. The Tex Tin site was added to the NPL in August 1990.

Waste(s) at Issue: Heavy metals (arsenic, tin, lead and nickel) found in onsite surface and ground
water, and in a mbient air sam pled on a nd off the site.  

Disposal Site: In 1977 , the Tex T in had three m etals reclama tion circuits: nicke l sulfate, ferric
chloride, an d tin.  Nickel slud ge circuit - The nicke l sludge was sto red in drum s in
the north end of the smelter building.  After smelting, waste sludge was sold for
other metals recovery.  A small quantity removed during vessel cleaning was
dumpe d with the slag fro m the tin proc ess.  Ferric chlo ride circuit  - The company
was sold iron sludge contaminated with the herbicide Amiben.  The material was
stored in two areas (not specified).  Runoff would flow through the plant to the pond
system.  A sma ll quantity remo ved from th e settling tank was d isposed o f in Acid
Pond B .  Tin ingots c ircuit - The product was received in the form of ore sacks
(imported  from Bo livia) which wer e stored o n pallets by P onds A a nd B, tin
residues in 5 5-gallon dru ms which we re stored in the  ore storage  building, and  tin
ore which were piled along Highway 519.  After primary smelting, rich slag was
stored onsite.  End slag was produced after the electrolyte process and GC&M
planned to install a new rotary furnace for secondary tin smelting.  In 1979, the
nickel circuit had been discontinued.  Ferric chloride production had also decreased
which cause d GC& M to ce ase buying A miben-co ntaminated  iron sludge fo r use in
this circuit.  GC& M also sto pped d isposing of the  settling-tank sludge  in the acid
pond.  A rotary furnace was added to the tin circuit which resulted in material
dumped north of the acid pond.  Waste areas identified at the site have included
wastewater treatment ponds, a gypsum slurry pond, an acid pond which once
contained ferric chloride and hydrochloric acid, several drained acid ponds, slag,
sludge, and ore piles.  One of the slag piles is contaminated with the herbicide
Amiben.  The facility also stored approximately 4,000 drums containing radioactive
material.  At one time, the facility stored piles of spent catalyst in the anticipation of
building a plant to extract metals such as tungsten.  An inactive, licensed, low-level
radioactive landfill, containing uranium/antimony slag, is also located onsite.  The
slag is from a pilot study on the extraction of bismuth from a bismuth-uranium
catalyst.  One other area of possible contamination, an abandoned oil-processing
facility, has been identified on the Tex Tin property.  The Morchem Resources
facil ity was located on the northwestern port ion of  the si te  (then owned by GC&M)
from 198 2 to 198 3.  Mor chem pro cessed Lu wa bottom s (high boiling-p oint glycols
with 1% molybdenum) and waste oil from chemical and refining companies.  The
facility was aband oned in 1 984.  N o other infor mation is kno wn about th is facility.

Soil Pathway: Possible soil contamination is not well characterized.  In 1980, EPA conducted a
Potential Hazardous Waste Site Inspection.  Piles of tin slag, iron ore, and crushed
empty barrels were noted in the rear of the plant.  A reddish material (possibly iron)
was noted in the drainage ditch located close to the area of the material piles.  One
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soil sample was collected by the Texas Department of Health's Bureau of Radiation
Control ne ar the low-leve l radioactive  landfill in Dece mber 19 84.  The  four metals
detected were found to be at significantly elevated concentrations and considered a
health concern.  They include: antimony (2,590 ppm), arsenic (720 ppm), copper
(130 pp m), and lead  (980 pp m).  The le vel of copp er in the soil was n ot sufficiently
elevated to represent a health concern.

Ground Water The Ch icot Aquifer  underlies the site  and extend s from 60 fe et to appro ximately
Pathway: 1,000 feet below the land surface.  The flow is generally in a southeasterly direction

towards Galveston Bay.  Ground water in the vicinity of the acid pond was
monitored from 1975 to 1980.  The monitoring wells were screened at 37 to 47 feet
below the ground surface.  The contaminant concentrations detected were much
higher from th e downgr adient wells' samp les as comp ared to the u pgradien t well. 
Twelve metals were detected and determined to exceed drinking-water standards
and long-term health advisories.  The metals of concern and their maximum
concentrations detected include: arsenic (0.198 ppm), barium (6.5 ppm), cadmium
(7 ppm), chromium (0.25 ppm), copper (390 ppm), lead (200 ppm), manganese (357
ppm), mercury (0.011 ppm), nickel (7 ppm), silver (1.02 ppm), tin (100 ppm), zinc
(140 ppm).

Surface Water Inspection s by the Tex as Wate r Quality Bo ard conc luded that d ikes designed  to
Pathway: prevent discharges from two old outfalls and the acid pond were seeping, allowing

contamina ted water to e nter Wa h Chang D itch.  The d itch is currently pu mped into
the Texas City Industrial Channel, which enters Galveston Bay.  Twelve surface
water samp les were colle cted from v arious loca tions at the facility betw een 197 5 to
1988.  The constituent of concern and their maximum detected levels include:
arsenic (0.94 ppm), chromium (81 ppm), copper (60 p pm), mercury (0.02 ppm),
nickel (535 ppm), zinc (42.7 ppm).

Air Pathway: In January 1 986, air-q uality monitorin g samples w ere obtaine d along the site
perimeter using high-volume particulate samplers.  The conclusion reached after the
sampling wa s that heavy me tals and arsen ic were bein g carried o ffsite by the wind. 
The ma ximum valu es of the detec ted contam inants were: arse nic (2.34 u g/m3),
cadmium  (0.64 ug/m 3), chromium  (0.40 ug/m 3), lead (4.42  ug/m3), nickel (0.21
ug/m3), and tin (10 3.6 ug/m 3).

Environm ental Issues: Comm ercial busine sses, residential a reas, and p etrochem ical comp lexes are all
located within 0.25 miles of the site.  The saline Swan Lake is located
approximately 2 miles from the site and is used primarily for recreational fishing
and crabbing.  A principal concern is the potential environmental contamination of
surface waters through the transport of heavy metals into Chicot Aquifer, and
drainage o f contaminate d water into G alveston B ay.  Most d rinking water is
supplied municipally, howeve r, a 1985 survey identified a sma ll beach house
community located approximately one mile southwest of the Tex Tin facility that
uses private w ater wells.  Th e comm unity, consisting o f approxim ately 60 hom es, is
supplied by 25 we lls.  While most of the wells are more than  200 feet deep, at least
three of the we lls are less than 10 5 feet deep  and are in the  Chicot Aq uifer. 
Possible human routes of exposure were noted as ingestion, inhalation, and dermal
contact with contaminated media.  Inhalation and incidental ingestion of airborne
particles of Tex Tin emissions or entrained dust have also been cited as potential
pathways of concern.  In addition, low levels of radioactivity have been detected
onsite in association with the tin, copper, and antimony slags and with the company
roads that have been graded with tin slag.  According to the Bureau of Radiation
Control, the radiation levels are well belo w Federal occup ational exposure limits,
but are app roaching the  upper limits o f the range of lev els generally co nsidered sa fe
for the general public.
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Mining  Sites on the Na tional Priority L ist

Name of Site: Torch Lake

Owner of Site: Not app licable

Location of Site: Keweenaw Peninsula of Upper M ichigan (14 miles from Lake Superior)

Climate Data: Not given

Commodity Mined: Copper

Facility History: For  ove r 10 0 ye ars,  the a rea  surr oun ding Torc h La ke w as th e ce nter  of M ichi gan 's
copper mining, smelting, and milling activities.  Over 10.5 billion pounds of copper
were processed in the area between 1868 and 1968.  An estimated 5 million tons of
copper were produced in the Keweenaw C opper District of Michigan from the
1960's to 1968.  More than half of this was processed along the shores of Torch
Lake.  M ining activities in the lak e area pea ked betwe en the early 19 00's and 19 20. 
By 1986, only one small copper recovery plant was still operating.  Torch Lake was
listed on the NPL in June 1988.

Waste(s) at Issue: At the mills, copper was processed and the recovered copper was sent to a smelter,
while tailings were disposed of with process wastewaters into or on land around
Torch  Lake.  In 19 16, cop per was rec overed fro m previou sly discarded  tailings in
Torch Lake through an ammonia leaching process.  Further technological advances
initiated a flotation process using reagents consisting of 50 percent coal tar, 15
percent pyridine oil, 20 percent coal tar creosote, and 15 percent wood creosote.  In
1926, xanthates were added to the reagents.  Between 1868 and 1968, an estimated
200 million tons of tailings were pumped into the lake, reducing its volume by
approx imately 20 p ercent.  

Disposal Site: The To rch Lake site has three opera ble units (OUs).  OU 1 includes surface tailings,
contents of buried and submerged drums along the western shore of the lake, and
industrial chemicals.  OU2 includes potentially contaminated media in and around
the lake.  OU3 includes other tailings sources in the mid-Keweenaw Peninsula,
including the North Entry, the northern  portion of Portage L ake, and tributary areas.

Tailings: Mine tailings are divided into two categories.  The first involves tailings resulting
from crushing and gravitational separation processes.  The resulting contaminants of
concern are: aresenic, cop per, lead, and zinc.  The  second category of tailings is a
result of flotation re processing .  The con taminants of co ncern asso ciated with this
category include: arsenic, copper, lead, zinc, and industrial chemicals (lime,
pyridine oil, coal tar creosotes, wood creosote, pine oil, and exanthates).  Surface
and subsurface tailings samples were collected and analyzed.  Fifty eight surface
samples were collected from a 0- to 6-inch depth and density of 1 sample per 10
acres.  Twelve subsurface samples were collected from a depth of 0 to 3 feet and at
a density of 1 sample per 20 acres. The sampling analysis indicated that the
concentration and distribution of metals appeared to be similar in both surface and
subsurface s amples.  Co pper co ncentrations   were elevate d above  backgro und soil
concentra tions (3,02 0 mg/kg surfa ce and  5,5 40 mg/kg  subsurface a s compa red to
100 mg /kg in native soils).  In  summary, ho wever, neithe r organic o r inorganic
compound levels in tailings from OU1 were found to be dramatically higher than
background soils.  In 1989, the U.S. Bureau of Mines determined that leachate from
Torch Lake mine tailings was extremely low in comparison to leachate from 30
other sites and they concluded that very little metal is being released from the
tailings.

Drums: In 1989, buried and submerged drums in tailings piles were discovered and
determined to have very low hazardous constituent concentrations as measured by
EP T oxicity tests.  PC Bs and p esticides were  not found a bove the d etection limits in



EXHIBIT 1 (Continued)

the samples .  The eighth  drum co ntained 4,0 00 ppm  of trichloroe thylene; and it is
suspected that the contents of the drum are related to illegal dumping.

Soil Pathway: A limited soil investigation found that traces of tailings and slag were evident.  The
contaminants of potential concern and their maximum values detected include:
aluminum (7 ,600 mg /kg), arsenic (7  mg/kg), bariu m (101  mg/kg), chro mium (20 .1
mg/kg), copper (459 mg/kg), lead (329 mg/kg), manganese (357 mg/kg), mercury
(0.47 mg/kg), nickel (33.7 mg/kg), and vanadium (26.30 mg/kg).  Soil samples from
residential locations generally had concentrations of inorganic compounds an order
of magnitude higher than background concentrations.  The EPA Technical
Assistance Team (TAT) also collected samples from the east side of Torch Lake
and deter mined that the  metals detec ted in the samp les were all within typ ical soil
backgro und conc entrations and  below ma ximum co ncentrations  for EP T oxicity.

Ground Water The U.S. Geological Survey sampled well water in 1968 and 1977.  Analysis of the
Pathway: 35 wells in Houghton County indicated that only 3 had specific conductance greater

than 500 micromhos per centimeter.  These results indicated Torch Lake as a high
quality water source for general use.  Many Torch Lake communities and seasonal
residents get the ir water from m unicipal system s or from an  independ ent supplier. 
In July 198 9, EPA 's TAT sa mpled sev en private we lls and two mu nicipal wells. 
Only one lo cation samp led had a c oncentratio n of either org anic or inorg anic
compo unds in exce ss of the Ma ximum Co ntaminant Le vels (MC Ls).  The sa mple
collected from the Lake Linden municipal well had an iron concentration of 0.33
ppm which is slightly greater than the Secondary MCL of 0.3 ppm for iron.  Ground
water contamination is to be discussed further in the ROD for OU2.

Surface Water Water enters Torch Lake from the Trap Ro ck River, and Hammell, Dover,
Pathway: McC allum, and S awmill Cree ks.  The T rap Roc k River is the larg est discharge r into

Torch Lake, and the Trap Rock R iver Watershed covers approximately 58 percent
of the Torch Lake Drainage Basin.  An estimated 2,000 kilograms per year of
dissolved c opper is tra nsported  through T rap Roc k River and  its tributaries into
Torch Lake.  Contamination of the surface water is to be addressed in the ROD for
OU2.

Air Pathway: The Michigan Department of Resources (M DNR) collected air samples from four
sampling lo cations (ba sed on wind  and pop ulation pro files) to monito r likely
exposure points, emissions sources, and background conditions.  Total Suspended
Particulates (TSP) samples were collected for one month, for 24-hour periods every
other day in 1989 .  Further analysis of the two samples indicating the highest
concentra tion of TS P were furthe r analyzed fo r arsenic, chro mium, cop per, nickel,
lead, and zinc.  The analysis indicated that mean ambient-air concentrations at the
two sample stations exceeded background ambient-air concentrations for aluminum,
arsenic, barium, copper, magnesium, iron, manganese, and TSP.

Environm ental Issues: A century of mining waste deposition into Torch Lake created environmental
concerns  in the 1970 's.  In 1971, a d ischarge of cu pric amm onium car bonate
leaching liquor from the Lake Linden Leaching Plant occurred and MDNR reported
discoloration of several acres of lake bottom.  Further investigations found 15 water
quality parameters with acceptable background ranges.  Heavy metal concentrations
in lake sediments were within background ranges, except for arsenic, chromium,
zinc, and co pper, whic h were all at elev ated levels.  P lant and be nthic inverteb rate
analysis did no t indicate any wa ter quality chan ges.  Three  months later, the  spill
was cited as the cause of tempo rary depletion of oxygen, elevated  copper levels,
increased pH, and increased carbon alkalinity in the lake and bioassays indicated
toxicity to some macroinvertebrates.  Changes in the dominant predator fish species
and observance of abnormalities in certain fish species prompted a fish consumption
advisory in 1983 for Sauger and Walleye caught in the lake.  In the same year, the
lake was designated as a Great Lakes Area of Concern (AOC).  In 1988, the Agency
for Toxic Sub stances and Disease R egistry (ATSCR ) concluded that the site is a
potential public health concern because of possible exposure to unknown etiological
agents that may create adverse health effects over time.  The mine tailings
contaminating Torc h Lake have not bee n determined to cause  known health effects,
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and there is no indication that human exposure is currently occurring or has
occurred  in the past. 


