August 16, 2011
Mr. Roberto Puga, PG
Project Navigator, Ltd.
One Pointe Drive, Suite 320
Brea, CA 92821
Re:

Texas Custodial Trust
Former ASARCO Smelter Site, El Paso, Texas

Subject:

Reverberatory Furnace Operations Review and
Possible Implications of PCB Disposal in the Furnace

Dear Mr. Puga:
Statements made by the Ex-ASARCO Workers have suggested that polychlorinated biphenyl
(PCB) containing liquids were introduced into the reverberatory (reverb) furnaces at the Former
ASARCO Smelter Site for disposal purposes. In order to evaluate the statements made by the
Ex-ASARCO Workers, Malcolm Pirnie, Inc. has reviewed reverb furnaces operations and
processes, especially in view of the potential for the introduction of room temperature liquids
into the operating furnaces. This letter report summarizes the evaluation.

REVERBERATORY FURNACE INFORMATION
Before 1993, reverb furnaces were used for copper smelting in the ASARCO El Paso Smelter. A
reverb furnace is a metallurgical furnace that isolates the material being processed in the hearth
from contact with the fuel, but not from contact with combustion gases. Heat was generated by
burners fueled with pressurized natural gas, with conversion to pressurized diesel fuel during gas
restrictions. A review of documents found at the smelter indicates that methane consumption
ranged from approximately 80,000 cubic feet per hour to approximately 160,000 cubic feet per
hour, per furnace (ASARCO, 1986).
The reverb furnace is an oblong structure with a domed refractory brick roof and sidewalls and a
brick and magnesite/chromite/clay floor. The roof of the furnace was arched; heat and
combustion gases passed over the hearth and then reverberated back into the material being
processed. The internal dimensions of each reverb furnace at El Paso were approximately 110
feet long, approximately 22 feet wide (varied along the length) and approximately 11 feet high
(Figure 1). The operations were continuous; with frequent charging of the material to be smelted
through engineered charging ports and periodic tapping of matte, as well as skimming of slag
through specifically designed portals. In the 1990s when the continuous top-feed oxygen process
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technology (CONTOP) was installed at the smelter, three of the reverb furnaces were removed
and one was upgraded.
Based on a Malcolm Pirnie interview of a former ASARCO furnace engineer (Malcolm Pirnie,
2011a), the materials to be smelted in the reverb furnace were dried (moisture removed) and
preheated to approximately 1,100 degrees Fahrenheit (°F) prior to being introduced (charged)
into the furnace. These steps allowed the furnace to operate at optimal temperatures. The preheated copper concentrate, silica, iron flux, slag returned from the converter building, and other
materials containing copper, or needed to maintain optimal operating conditions, were conveyed
from above and were fed into the furnace through ‘Wagstaff guns’ (Wagstaff, 1932, see included
Figure 1) located in the sidewalls of the furnace or through engineered ‘return slag launders’
located on the top of the furnace. Pig iron and silica was also fed, into the furnace as a flux to
promote separation of the slag from the matte. The reverb furnaces were operated between
approximately 2,100 °F to 2,700 °F during smelting activities, with 600 to 900 tons of
ore/concentrate processed per day.
The furnace operated continuously producing a layer of liquid copper matte at the bottom and an
overlying layer of silica and iron-rich slag. When the desired reaction and volume were reached,
the molten cooper matte was removed or ‘tapped’ through portals called matte taps or matte
ports by employees described as ‘skimmers’ wearing respiratory protection, thermal protection
(clothing similar to that used by welders) and other PPE. The matte was then transferred to a
converter where it was further refined. The molten slag, which is less dense than matte, was
similarly removed, transferred and was then hauled to slag dumps on the site. The furnace was
only cooled to ambient temperature when the refractory lining was replaced or some mechanical
failure occurred.

PCB INFORMATION
PCBs were commercially produced from 1929 until their manufacturer was banned in 1979.
There are 209 individual PCB compounds (congeners); however, PCBs used in commercial
applications consist of congener mixtures, marketed as Aroclors. The Aroclor nomenclature
describes the chemical structure and degree of chlorination (i.e., Aroclor 1242 contains 12
carbon atoms and is approximately 42 percent chlorine by weight).
PCBs were used in a variety of commercial applications, including dielectric fluids for capacitors
and transformers, heat transfer fluids, hydraulic fluids, lubricating oils and cutting oils. Aroclors
1254 and 1260 were most often used in transformers. Table 1 presents a summary of physical
properties for several of the Aroclors.
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Property
Molecular Weight
Boiling Point (°F)
Density (g/cm)
Solubility (water, mg/L)
Vapor Pressure (mm Hg)
Henry’s Law Constant
Flashpoint (°F)

Table 1
Physical Properties Several Aroclors
Aroclor
Aroclor
Aroclor
1016
1221
1242
257.9
200.7
266.5
617 – 672.8
527 - 608
617 – 690.8
1.37
1.18
1.38
0.42
0.59
0.24 - 0.34
4 x 10-4
6.7 x 10-3
4.06 x 10-4
-4
-3
2.9 x 10
3.5 x 10
5.2 x 10-4
640.4
546.4 – 575.6 659.8-672.8
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Aroclor
1254
328
689 - 734
1.54
0.012 - 0.057
7.71 x 10-5
2.0 x 10-3
No data

Aroclor
1260
357.7
725 - 788
1.62
0.0027 - 0.08
4.05 x 10-5
4.6 x 10-3
No data

Notes: °F = degrees Fahrenheit; g/cm = grams per centimeter; mg/L = milligrams per liter; mm Hg = millimeters of mercury;
Source: ATSDR and Monsanto

The flash point is the lowest temperature at which a liquid can vaporize to form an ignitable
mixture in air. The boiling point is the temperature at which the vapor pressure of a liquid equals
the environmental pressure surrounding the liquid, causing the liquid to boil.
The United States Environmental Agency (USEPA) regulates the storage and disposal of PCBs.
These regulations specify incineration as the only acceptable method of PCB disposal. The
recommended combustion criteria for disposal of liquid PCB wastes by incineration is a 2second dwell time at 2,192 °F or a 1.5-second dwell time at 2,912 °F (USEPA, 2003).

Allegations of PCB Disposal
Statements made by Ex-ASARCO Workers in communications with the Texas Commission of
Environmental Quality (TCEQ) and USEPA Region 6 alleged that PCB containing oils were
introduced into the reverb furnaces for disposal purposes (Carbajal, 2011). According to the ExASARCO Workers, liquid wastes containing PCBs were placed in a 55-gallon drum equipped
with a hand crank pump. The mixture was allegedly pumped into the reverb furnace in short
intervals (for approximately fifteen minutes, followed by 15 minutes of no pumping, followed
again by pumping) while the furnace was in operation.

Evaluation of Alleged PCB Disposal
The review of the reverb furnace design and operations indicated that there were no portals
available to add room-temperature liquids to the furnace. The former ASARCO furnace
engineer (Malcolm Pirnie, 2011a) stated that pig iron stored in 55-gallon drums was added to the
furnace through the return slag launder, there was no furnace portal to hand crank a liquid into
the furnace, hand cranking a liquid into the furnace would not be allowed, and pumping oil into
the furnace would cause a fire. A former ASARCO metallurgist (Malcolm Pirnie, 2011b)
indicated that the air temperature directly adjacent to the furnace was between 400 and 500 °F; it
was too hot to stand next to and hand crank a fluid. He also stated that if room-temperature
liquids were brought into contact with the furnace there would be an immediate “flash over”; or
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the near simultaneous ignition of all combustible material in the area adjacent to the furnace
including where the 55-gallon drum and the person operating the pump were located.
The reverb furnace operating temperature (2,100 to 2,700 °F) was significantly greater than the
documented Aroclor flash points, which ranged from 546 to 673 °F, and the boiling points,
which ranged from 527 to 788 °F. Based on the physical characteristics of PCBs, liquid wastes
brought into close proximity, possibly introduced to the reverb furnace, or contacting the surface
of the molten slag/matte would rapidly form a vapor cloud, ignite, and potentially cause an
explosion. In addition, it is unlikely that a hose connected to a hand crank pump would
withstand the temperatures in the near vicinity of the furnace.
The reverb furnace operates at temperatures similar to what is recommended by the USEPA
(2,192 °F for 2 seconds to 2,912 °F for 1.5 seconds) for PCB incineration (USEPA, 2003). The
furnace was heated primarily by natural gas; the major component of commercial natural gas is
methane (CH4). Methane is combusted following Equation 1:
CH4 + 2O2 = CO2 + 2H2O
The volumes of gases combusting are in the same ratio as the molecules in the chemical reaction
(Butts, 1943). Using the methane consumption rate of approximately 80,000 to 160,000 cubic
feet per hour, the oxygen rate would be approximately 160,000 to 320,000 cubic feet per hour.
Oxygen is 20.9% of air; therefore, the total volume of air ranged from approximately 0.76 to
1.53 million cubic feet per hour.
The estimated total gas flow (natural gas and air) would range from 0.85 to 1.69 million cubic
feet per hour. The total estimated furnace volume is 26,620 cubic feet. During operation, the ‘air
volume” of the furnace would be approximately 18,150 cubic feet (slag and matte estimated
depth of 3.5 feet). The dwell time is calculated through Equation 2:
Dwell time = Volume of furnace/Flow rate of gasses (methane, air)
If PCBs had been introduced into the reverb furnace, adjacent to the burners, they would have
dwelled in the furnace for approximately 40 to 80 seconds, depending on the rate of methane
combustion at the time. The potential dwell time depends on the point of introduction; the dwell
time would decrease with increasing distance from the burners. For example, if PCB containing
liquids were introduced at the mid-point of the furnace, the dwell time would be approximately
20 to 40 seconds. Given the temperature range of the furnace and potential dwell times, the
PCBs would have been incinerated.
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CONCLUSIONS
Malcolm Pirnie staff evaluated the historical operating practices for the reverb furnace as well as
physical and chemical properties of PCBs in order to evaluate possible outcomes if PCBs had
been introduced into the reverb furnace. Based on our evaluation, there is no safe or reasonable
mechanism to introduce liquid wastes containing PCBs into the reverberatory furnaces. All of
the portals to and from the furnace were designed to operate at elevated temperatures; therefore,
there is no practicable way to transfer room-temperature liquids into the furnace. If PCB
containing liquids were brought in close proximity to the furnace through a hand crank pump and
hose, the liquids would have rapidly vaporized and generated a fire and possibly an explosion; in
addition the pump and hose would likely fail due to the elevated temperature adjacent to the
furnace. The operating conditions of the furnace exceeded the USEPA’s requirements for PCB
incineration. If PCBs had been introduced into the reverb furnace, given the operating conditions
of the furnace, they would have been incinerated as defined by EPA protocols for efficient
disposal.
If you have any questions regarding this summary of the reverb furnace operations, please feel
free contact Mr. Murphy at (720) 344-3804 or Mr. Brown at (602) 659-3253.
Very truly yours,
MALCOLM PIRNIE, INC.

Richard J. Murphy, Ph.D.
Technical Expert
cc: project files 06835001.W050

Scott M. Brown, PE
Project Manager
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