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Extractants generally have very low vapor pressures at room temperature.
Extractant losses from evaporation should be small to negligible.

LOSS MECHANISMS FOR DILUENTS

Losses for diluent are very similar in nature to losses in extractant. All
commercially used diluents, regardless of manufacturer, are very similar chemically.
They are mixtures of aromatic and aliphatic hydrocarbons having carbon numbers in the
range of 8 to 20 (C8 to C20) with the majority of the diluent in the C12 to C16 range. All
commercial diluents are hydrogenated to eliminate any reactive double bonds.

Oxygen and strong oxidizing agents will attack many organics including diluents.
They can attack the end of alkane chains to form carboxylic acids or alcohols. Bacteria,
fungi, and molds are known to feed on and degrade hydrocarbons resulting in shorter
chain alkanes, alcohols, ketones, aldehydes, and carboxylic acids as described in Atlas
(2). With the exception of shorter alkane chains, all of the products of biological
degradation are surface-active agents. Biological degradation is believed to be a
significant source of diluent loss. This is evidenced by the large amounts of biological
material found in plant crud.

Diluents can be entrained in either the raffinate or the strip phase. Entrainment is
not known to be selective to any one component of the organic phase Thus, entrainment
should remove organic that is similar in composition to the overall organic phase rather
than enrich or deplete any one particular molecule.

The overall solubility of all commercial diluents is typically less than 5 ppm.
Shorter alkane chain components of the diluent are more water-soluble than longer
chains. As the organic phase ages in a plant, more surface-active agents will be formed
by chemical and biological means. This will tend to increase the overall solubility of the
organic phase. Also, degradation of diluent can result in shorter alkane chain length.

Diluents are trapped in the solid-organic-aqueous gunk layer along with the
extractant. As mentioned above, organic phase material from this layer must be treated
before being put back into the circuit. Some losses must be expected.

Diluent is composed of lower molecular weight compounds and has a lower
boiling point than an extractant. It has been common practice to assign any losses of
diluent above that needed to form a solution with the lost extractant as loss to
evaporation. For example, if a plant using a 10% solution of extractant requires an annual
make-up of 200,000 gallons of plant organic it would consume 180,000 gallons of
diluent and 20,000 gallons of extractant provided there were no differential loss. If it
actually consumed 200,000 galions of diluent and 20,000 gallons of extractant, it would
assign 20,000 gallons of diluent to evaporation loss. This assumes that the only o
major loss mechanism was entrainment. As already pointed out, chemical attack
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solubility mechanisms also exist which can promote differential loss rates between
diluent and extractant.

EVAPORATIVE LOSS

All commercial diluents are hydrocarbons and as such are classified as volatile
organic compounds (VOCs). Environmental regulations may consider diluents as a
source of VOC emissions. Therefore, accurate estimation of evaporative loss is vitally
important to the industry due to cost factors and environmental concerns.

Solvent extraction settling tanks appear at first glance to be an ideal situation to
promote evaporation. They are large areas with a proportionally thin layer of volatile
organic. However, there are some factors that mitigate evaporation. All commercial
plants have walls higher than the organic level promoting a relatively still air space layer.
This stillness of this air space is enhanced, in most commercial plants, by a cover. The
diluent vapors are relatively heavy compared to air and tend to stratify very close to the
liquid surface. If the layer of air and vapor immediately over the settler is stagnant VOCs
emissions will be minimized.

WEATHER DATA

The simplest model of organic losses says that organics, especially diluent, are
lost mainly to evaporation. If this model was true, one would expect that the copper
solvent extraction plants of the Southwest would experience significantly higher losses in
the hot summer months than in the cool winter months. Data for six major copper SX-
EW plants in the southemn Arizona - eastern New Mexico region from the year 1995
were examined. Plotting the total diluent usage of these plants along with the average
mean temperature and average mean high temperature for each month yielded F igure 1.
There is some correlation between the temperature and usage. However, the relatively
cool month of December had the third highest usage, while the hot months of Junc and
July were barely over the monthly average usage. The upward spike in the month of May
and downward spike in the month of September are also hard to explain.
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Figure 1 - Monthly Diluent Usage, Mean Temperature and Mean Maxim
Temperature for Selected Copper SX-EW Plants

The other possible weather related loss mechanism is the effect of rain
can promote organic losses through introduction of solids into the circuit. Th
promote gunk layer formation. The excess water introduced by the rainfall car
overall aqueous stream flows promoting losses due to entrainment and organic ¢
The monthly diluent usage, total monthly rainfall, and maximum single day r:
the same 6 mines are plotted in Figure 2. This graph suggests that some of the h
is probably due to rainfall. However, the spikes in May and September are sti
explain. The above data do not appear to support attributing all differential diluc
evaporation as higher summer temperatures should increase evaporative losses.
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Figure 2 — Monthly Usage, Total Rainfall and Highest Single Day Rainfall for Selected
Mines

DIFFUSIVE FLUX MODEL

Various models including the EPA Tanks model have been used to estimate
emissions from SX operations. The validity of using these models for SX operations is
debatable as the factors used in the model do not necessarily correspond to the factors
present in SX operations. For example, the Tanks model is based on losses from closed
tanks and incorporates tank breathing losses, tank headspace, tank cycling, etc. These
conditions are not found in SX plants. These models tend to overestimate emissions
based on plant experience.

Consideration of the above factors led BHP to enlist the services of Emcon to
evaluate alternate modeling methods. They determined that a Diffusive Flux Model may

be more suitable for modeling SX operations and more accurately reflect evaporative
losses.

Phillips Mining Chemicals was concurrently investigating methods to evaluate
evaporative losses. A method based on the ASTM Standard Test Method for
Evaporation Loss of Lubricating Greases and Oils (ASTM D 972) was evaluated. This
method incorporates controlled temperature and airflow over a sample of diluent. The
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loss per air exchange can be calculated based on the air flow rate. Discussions between
representatives from BHP, Emcon, and Phillips indicated general agreement between the
Diffusivity model and data obtained using a modification of ASTM D 972. 3)

Diluent left in a open container with some positive airflow over the container
will, of course, eventually evaporate. Diluent kept in a closed container will never
evaporate. Diluent kept in an open top container with little to no airflow across the
surface will slowly evaporate, dependent on the diffusion of the vapor into the open air.

The solvent extraction tanks of most plants are essentially enclosed by a cover,
and walls on three sides, while the fourth side (weir side) is normally left open. Most
plants’ raffinate ponds have high side walls, have a protective berm, or are situated in a
natural valley. This minimizes air movement across the surface of the pond. This was
confirmed by the measurement of little of no wind speed within the enclosed headspace.
Thus, diffusion should be the major factor influencing diluent loss.

The driving force behind diffusion is the concentration gradient between a given
VOC at the surface of the liquid and the same vapor at a given height above the surface.
Standard chemical calculation techniques can be used to determine the loss due to
diffusion if these concentrations are known. Fick’s First Law can be written as

F=(C’-C"DyH 6]

where:

Fi= Diffusive flux of component ‘i’ in air (g/m?-s)

Cc'= Component concentration at the surface (g/m’)

cH= Component concentration at the measured height

D; = Diffusivity of the chemical i’ in air (m%/s)

H = Height at which concentration measurement was taken (m)

The diffusivity of a given species in air (D;) can be calculated by a
number of different methods. The Fuller, Schettler, and Giddings (FSG) method was
selected for this project. This method was selected over the more compound-specific
Chapman-Enskog model due to a lack of parameter data for several constituents.
Diffusivities were calculated using the following formula.

Di =107 * T'" * [(M; + MAV(M*MA)) P(Vi> + V1?2 @

where:

D; = Diffusivity of the chemical i’ in air (m%/s)

T = Temperature (K)

Mi = Molecular weight of the species (gram/gram-mole)

M, = Molecular weight of the air (gram/gram-mole)

P = Pressure (atmosphere)

Vi = Sum of atomic diffusion volume increments by-atom and structure for species
V4 = Sum of atomic diffusion volume increments by atom and structure for air
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Diffusivities (D;) of components of a diluent can be determined from fundamental
considerations. One can use concentration data from the solvent in the solution to
generate the C;° numbers for Fick's Law, Equation 1. The C* can be determined by
physical measurement and the diffusive flux determined by Equation 1. Yearly emissions
can then be estimated by multiplying the diffusive flux (F;) of a component by the square
meters of surface area and by the number of seconds in a year.

PROCEDURE

Given the concentration data, the diffusive flux calculation technique can be used
to estimate the amount of volatile organic compounds (VOCs) and hazardous air
pollutants (HAPs). These were determined at San Manuel over both the seftling tanks and
raffinate ponds by a combination of Tedlar® bags sampling with offsite gas
chromatography-mass spectrometry (GC-MS) and on site analysis by Fourier transform
infrared spectrometry (FTIR). The FTIR system employed used an open path
configuration consisting of optical components, a computer, special software, and
spectral references against which field measurements were compared. FTIR data points
were taken at the same time as Tedlar® bag samples for comparison purposes.

Concurrent with the FTIR sampling, climate data was collected. The climate data
collected included air temperature (dry bulb), wet bulb temperature, solution
temperature, wind speed and direction, and solar radiation. Statistical analyses were

i VOCs over the settlers were
:d no dependence exists.

hese calculations. The list of
ie tanks were limited to those
and vapor pressures of HAPs
halene’s low vapor pressure
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Table I - Concentration and Vapor Pressure of San Manuel Diluent Constituents

Component Concentration (ppm)  Vapor Pressure (mm Hg)
Benzene 25 77.2
Toluene 350 224
Ethylbenzene 1,400 7.5
m-Xylene 410 6.4
o-Xylene 770 4.97
p-Xylene 732 6.9
Octane 2,300 10.6
Heptane 67 36.4
Hexane 67 126.6
Pentane 67 430.7
Napthalene 1,000 0.054
1,2,4 trimethylbenzene 385 2.04
_1,3,5 trimethylbenzene 385 . 7.34

A second assumption was that the initial concentration at the surface of the liquid
in the headspace was equal to the initial concentration of the component in the diluent.
This is likely to overpredict the flux of VOCs from the surface. This assumption can be
tested in future work by careful sampling of the air just above the organic phase. Careful

experimental design will be necessary to ensure the exclusion of organic phase droplets
in the surface air phase sample.

Calculation of Diffusivities

The diffusivities, calculated by the use of Equation (2) for the selected species,
are shown in Table II. Because the GC-MS could not differentiate between higher
molecular weight hydrocarbons, these were reported as GC-MS kerosene. For this
analysis any constituent component listed by Phillips as being in the diluent but not
reported specifically on the GC-MS analysis was in this category. These are noted as
‘others’ throughout this analysis. The diffusivity for each of these constituents listed by
Phillips in this category was calculated, and a weighted average diffusivity for this
category was derived, based on the concentration of the component in the diluent. The
calculated diffusivities are shown in Table II.
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Table II — Calculated Chemical Diffusivities
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Component Molecular Diffusion Diffusivity
Weight M) Volume (V) (D)

Air 28.97 20.1

Benzene 78.11 90.68 0.0894
Toluene 92.13 111.14 0.0804
Ethylbenzene 106.16 131.6 0.0736
m-Xylene 106.16 131.6 0.0736
o-Xylene 106.16 131.6 0.0736
p-Xylene 106.16 131.6 0.0736
Octane 114.22 167.64 0.0656
Heptane 100.2 147.18 0.0705
Hexane 86.17 129.72 0.0758
Pentane 72.15 106.26 0.0846
1,2,4 trimethylbenzene 120.19 172.26 0.0645
1,3,5 trimethylbenzene 120.19 172.26 0.0645

_Others 0.07

Typically, single components will behave differently in a mixture than they do in
a binary system. The diffusivities for three chemicals were calculated to determine the
effects of the mixture on the binary system calculations. The diffusivities in the mixture
were not significantly different than those for the binary system. Thus, the binary
calculated diffusivities were used.

Calculation of Diffusive Fluxes

The calculated diffusivities shown in Table II above were then plugged into
Equation (1) along with the average concentrations by GC-MS of the constituents at one
meter. This gave the diffusive flux for each constituent as shown in Table III for the
solvent extraction settlers. Table IV shows the diffusive fluxes for the raffinate pond.

Table III - Settler Tanks Concentration Data and Calculated Chemical Diffusive Fluxes

cm’/s ppmv ppmv G/m*-s

Diffusivity Concentration Concentration Diffusive Flux

Component D) at Surface (CY) _at 1-meter (C;") ()
Benzene 0.0894 25 0.0018 7.15x 107
Toluene 0.0804 350 0.0668 1.06 x 10°
Ethylbenzene 0.0736 1400 0.0568 4.48x10°
Xylenes 0.0736 1912 0.0371 6.12x 103
1,2,4 trimethylbenzene 0.0645 385 0.0230 1.22x10%
1,3,5 trimethylbenzene 0.0645 385 0.0101 1.22x 10°
~ Others 0.07 2500 16.921 7.98 x 10°
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Table IV — Raffinate Pond Data and Calculated Chemical Diffusive Fluxes

cm‘/s ppmv ppmv G/m’-s

Diffusivity Concentration Concentration  Diffusive Flux
Component (D) at Surface (C°) at 1-meter (C;') (F)
Benzene 0.0894 25 0.0011 7.15x107
Toluene 0.0804 350 0.0645 1.06 x 10°3
Ethylbenzene 0.0736 1400 0.001 448x10°
Xylenes 0.0736 1912 0.00198 6.12x 10°
1,2,4 trimethylibenzene 0.0645 385 0.0022 1.22x 10°
1,3,5 trimethylbenzene 0.0645 385 0.00103 1.22x 10’
Others 0.07 2500 3.983 8.02x10°

These calculated annual fluxes would produce the emissions shown in Table V
per year for San Manuel. The emissions per year for the settler ponds are calculated for
12 ponds of 298.8 square meters. In considering the effect of partial enclosure on the
evaporative loss rate of VOCs from the settler tanks, it was conservatively estimated that
approximately 66 percent of the headspace in each tank is affected by the enclosure. It
was also assumed that the enclosure allows only 50 percent of the affected headspace to
vent to the atmosphere. Thus, it was assumed that only 33 percent of the potential-to-
emit occurs from the partially enclosed tanks. The raffinate pond has a surface area of
447 square meters.

Table V - Yearly Emissions at San Manuel

G/m*-s Settler Tanks Raffinate Pond
Diffusive  Uncontrolled  Controlled Uncontrolied

Component Flux (F)) Tons/Year Tons/Year Tons/Year
Benzene 7.15x 107 0.09 0.03 0.011
Toluene 1.06 x 10 1.32 0.44 0.164
Ethylbenzene 448x10° 531 1.77 0.662
Xylenes 6.12x 10° 725 242 0.904
1,2,4 trimethylbenzene  1.22 x 10 1.42 0.47 0.177
1,3,5 rimethylbenzene  1.22 x 10° 1.42 0.47 0.177
Others 8.02x10° 9.94 331 1.246

Total: - 26.74 2.23 3.341

interest on representative samples of raffinate organic could be conducted to test the
hypothesis.
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CONCLUSIONS

There are many possible loss mechanisms for organic phases from SX plants
besides evaporative losses. Chemical and biological degradation will not only destroy
diluent and extractant molecules but also enhance losses due to entrainment and
solubility of the organic phase into the aqueous phase. Formation of the solid-aqueous-
organic gunk phase is also a loss mechanism.

From the examination of monthly use versus weather data, evaporative losses do
not appear to be a linked to climatological changes. This suggests that diluent losses are
not linked to evaporation. Despite an approximately 30° C (60° F) difference in
temperature between the average temperature from winter to summer, no obvious trend
between usage and mean daily temperature appears to exist for dessert Southwest SX

plants. Nor did air samples taken from above the settlers show a correlation between
temperature and quantity.

The Diffusive Flux Model should be considered as a method to quantify
evaporative losses for any VOC. With diffusivity numbers and concentration data,
diffusive fluxes can be determined for chemical species of interest. Such methods as the
Fuller, Schettler, and Giddings Method can derive the diffusivity for a particular
chemical from fundamental numbers. Careful sampling and analyses of the air above a
settler tank can provide the needed concentration data. The Diffusive Flux number
obtained can then be used to calculate emissions for a given chemical.
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APPENDIX D

EPA TANKS PROGRAM OUTPUT FILES



C7 DISTRIBUTION TANK



TANKS 4.0.9d
Emissions Report - Summary Format
Tank Indentification and Physical Characteristics

Identification

User Identification: Rosemont - C7 Distribution Tank
City:

State: Arizona

Company: Rosemont Copper Company
Type of Tank: Vertical Fixed Roof Tank
Description:

Tank Dimensions

Shell Height (ft): 14.00
Diameter (ft): 12.00
Liquid Height (ft) : 13.50
Avg. Liquid Height (ft): 13.50
Volume (gallons): 11,421.40
Turnovers: 37.71
Net Throughput(gal/yr): 430,735.25
Is Tank Heated (y/n): N

Paint Characteristics

Shell Color/Shade: White/White
Shell Condition Good
Roof Color/Shade: White/White
Roof Condition: Good

Roof Characteristics

Type: Cone

Height (ft) 0.00

Slope (ft/ft) (Cone Roof) 0.00
Breather Vent Settings

Vacuum Settings (psig): 0.00

Pressure Settings (psig) 0.00

Meterological Data used in Emissions Calculations: Tucson, Arizona (Avg Atmospheric Pressure = 13.41 psia)



Daily Liquid Surf.
Temperature (deg F)
Mixture/Component

C7 - Flomin C4343 Collector

TANKS 4.0.9d
Emissions Report - Summary Format
Liquid Contents of Storage Tank

Rosemont - C7 Distribution Tank - Vertical Fixed Roof Tank

Liquid
Bulk Vapor Liquid
Temp Vapor Pressure (psia) Mol. Mass
Max. (deg F) Avg. Min. Max. Weight. Fract.
77.95 68.42 0.3752 0.2962 0.4775 248.2550

Vapor
Mass
Fract.

Mol.
Weight

248.26

Basis for Vapor Pressure
Calculations

Option 1: VP70 = .3631005 VP80 = .507017



TANKS 4.0.9d
Emissions Report - Summary Format
Individual Tank Emission Totals

Emissions Report for: Annual

Rosemont - C7 Distribution Tank - Vertical Fixed Roof Tank

| || Losses(lbs) |
[Components I[

Working Loss|| Breathing Loss|| Total Emissions|
[C7 - Flomin C4343 Collector I[ 919.17]| 22.57|| 941.73]




MIBC STORAGE TANK



TANKS 4.0.9d
Emissions Report - Summary Format
Tank Indentification and Physical Characteristics

Identification

User Identification: Rosemont - MIBC Storage Tank
City:

State: Arizona

Company: Rosemont Copper Company
Type of Tank: Vertical Fixed Roof Tank
Description:

Tank Dimensions

Shell Height (ft): 14.00
Diameter (ft): 12.00
Liquid Height (ft) : 13.50
Avg. Liquid Height (ft): 13.50
Volume (gallons): 11,421.40
Turnovers: 15.54
Net Throughput(gal/yr): 177,488.55
Is Tank Heated (y/n): N

Paint Characteristics

Shell Color/Shade: White/White
Shell Condition Good
Roof Color/Shade: White/White
Roof Condition: Good

Roof Characteristics

Type: Cone

Height (ft) 0.00

Slope (ft/ft) (Cone Roof) 0.00
Breather Vent Settings

Vacuum Settings (psig): 0.00

Pressure Settings (psig) 0.00

Meterological Data used in Emissions Calculations: Tucson, Arizona (Avg Atmospheric Pressure = 13.41 psia)



Daily Liquid Surf.
Temperature (deg F)
Mixture/Component

Methyl Isobutyl Carbinol

TANKS 4.0.9d
Emissions Report - Summary Format
Liquid Contents of Storage Tank

Rosemont - MIBC Storage Tank - Vertical Fixed Roof Tank

Liquid
Bulk Vapor Liquid
Temp Vapor Pressure (psia) Mol. Mass
Max. (deg F) Avg. Min. Max. Weight. Fract.
77.95 68.42 0.0682 0.0514 0.0911  102.1760

Vapor
Mass
Fract.

Mol.
Weight

102.18

Basis for Vapor Pressure
Calculations

Option 1: VP70 = .065495 VP80 = .097729



TANKS 4.0.9d
Emissions Report - Summary Format
Individual Tank Emission Totals

Emissions Report for: Annual

Rosemont - MIBC Storage Tank - Vertical Fixed Roof Tank

| || Losses(lbs) |
[Components I[

Working Loss|| Breathing Loss|| Total Emissions|
[Methy! Isobutyl Carbinol i 29.45]| 1.43)| 30.88]




DIESEL FUEL STORAGE TANK — HEAVY VEHICLES 1 AND 2



TANKS 4.0.9d
Emissions Report - Summary Format
Tank Indentification and Physical Characteristics

Identification

User Identification: Rosemont - Diesel Fuel ST - Heavy Vehicles
City:

State: Arizona

Company: Rosemont Copper Company

Type of Tank: Vertical Fixed Roof Tank

Description:

Tank Dimensions

Shell Height (ft): 20.00
Diameter (ft): 30.00
Liquid Height (ft) : 19.00
Avg. Liquid Height (ft): 19.00
Volume (gallons): 100,466.02
Turnovers: 67.19
Net Throughput(gal/yr): 6,750,010.33
Is Tank Heated (y/n): N

Paint Characteristics

Shell Color/Shade: White/White
Shell Condition Good
Roof Color/Shade: White/White
Roof Condition: Good

Roof Characteristics

Type: Cone

Height (ft) 0.00

Slope (ft/ft) (Cone Roof) 0.00
Breather Vent Settings

Vacuum Settings (psig): 0.00

Pressure Settings (psig) 0.00

Meterological Data used in Emissions Calculations: Tucson, Arizona (Avg Atmospheric Pressure = 13.41 psia)



Rosemont - Diesel Fuel ST - Heavy Vehicles - Vertical Fixed Roof Tank

Mixture/Component

Distillate fuel oil no. 2
1,2,4-Trimethylbenzene
Benzene
Ethylbenzene
Hexane (-n)

Toluene
Unidentified Components
Xylene (-m)

Month

All

Daily Liquid Surf.

Temperature (deg F)

Avg.

70.84

Min.

63.74

Max.

77.95

Emissions Report - Summary Format
Liquid Contents of Storage Tank

Liquid
Bulk
Temp

(deg F)

68.42

TANKS 4.0.9d

Vapor Pressure (psia)

Avg.

0.0093
0.0312
1.5658
0.1568
2.5196
0.4589
0.0079
0.1310

Min.

0.0074
0.0237
1.2942
0.1235
2.1071
0.3705
0.0071
0.1029

Max.

0.0114
0.0407
1.8828
0.1975
2.9958
0.5644
0.0075
0.1655

Vapor
Mol.

Weight.

130.0000
120.1900
78.1100
106.1700
86.1700
92.1300
134.5118
106.1700

Liquid
Mass
Fract.

0.0100
0.0000
0.0001
0.0000
0.0003
0.9866
0.0029

Vapor
Mass
Fract.

0.0488
0.0020
0.0032
0.0004
0.0229
0.8634
0.0594

Mol.
Weight

188.00
120.19
78.11
106.17
86.17
92.13
189.60
106.17

Basis for Vapor Pressure
Calculations

Option 1: VP70 = .009 VP80 = .012

Option 2: A=7.04383, B=1573.267, C=208.56
Option 2: A=6.905, B=1211.033, C=220.79
Option 2: A=6.975, B=1424.255, C=213.21
Option 2: A=6.876, B=1171.17, C=224.41
Option 2: A=6.954, B=1344.8, C=219.48

Option 2: A=7.009, B=1462.266, C=215.11



Emissions Report for: Annual

TANKS 4.0.9d

Emissions Report - Summary Format
Individual Tank Emission Totals

Rosemont - Diesel Fuel ST - Heavy Vehicles - Vertical Fixed Roof Tank

Losses(lbs)

|Components || Working Loss|| Breathing Loss|| Total Emissions|
[Distillate fuel oil no. 2 I[ 118.54|| 2.94|| 121.47]
[ Hexane (-n) i 0.05|| 0.00|| 0.05]
[ Benzene I[ 0.23]| 0.01]| 0.24
[ Toluene i 2.72| 0.07]| 2.79
[ Ethylbenzene I[ 0.38]| 0.01][ 0.39]
[ Xylene (-m) I[ 7.04]| 0.17|| 7.21|
| 1,2,4-Trimethylbenzene i 5.78|| 0.14| 5.92|
[ Unidentified Components I[ 102.34]( 2.53]| 104.88|




APPENDIX E

PROCESS RATES AND SUPPORTING
INFORMATION FOR MOBILE ENGINES



Table E.1 Process Rates and Supporting Information for the Mobile Engines

Fuel Burning Mobile Engine |t sive| HP Process Rates ° - Year 1 Process Rates ° - Year 5 Process Rates ° - Year 10 Process Rates ° - Year 15 Process Rates ° - Year 20 Units Load
Description Rating | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual Factor
Haulage Trucks, 250 tons 31 2,650 | 1.00 24 6,600 | 1.00 24 6,600 | 1.00 24 6,600 | 1.00 24 6,600 | 1.00 24 6,600 |hours 0.32
Crawler Dozers, D11T Class 3 850 0.46 11 4,000 | 046 11 4,000 | 0.6 11 4,000 | 0.6 11 4,000 | 023 5 2,000 |hours 0.575
Crawler Dozers, D10T Class 3 580 0.68 16 6,000 | 0.68 16 6,000 | 0.70 17 6,090 | 0.68 16 6,000 | 046 11 4,000 |hours 0.575
Crawler Dozer, D8T Class 1 310 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 |hours 0.575
El‘;bsze’ Tired Dozers, 834H 3 498 0.70 17 6,150 0.71 17 6,200 0.70 17 6,175 | 0.58 14 5075 | 023 6 2,030 |hours 0.575
Motor Graders, 24M Class 1 533 0.68 16 6,000 | 0.68 16 6,000 | 0.68 16 6,000 | 0.68 16 6,000 | 0.68 16 6,000 |hours 0.575
Motor Graders, 16M Class 3 207 0.68 16 6,000 | 0.46 11 4,000 | 0.6 11 4,000 | 0.6 11 4,000 | 023 5 2,000 |hours 0.575
Water Trucks, 30,000 gallons 4 1,348 | 037 9 3250 | 045 11 3250 | 045 11 3250 | 045 11 3250 | 027 7 2,000 |hours 0.35
E':ﬁ:s' Blasthole Dril, 12.25 2 1,500 | 0.75 18 6,570 075 18 6,570 075 18 6,570 0.75 18 6,570 | 0.75 18 6,570 |hours 0.43
Hydraulic DML 45 Drill 1 425 0.75 18 6570 | 075 18 6570 | 0.75 18 6570 | 075 18 6570 | 075 18 6,570 |hours 043
Front End Loaders 2 2,000 | 090 22 7,884 | 090 22 7,884 | 0.90 22 7884 | 090 22 7,884 | 090 22 7,884 |hours 0.59
Stemming Truck 2 450 075 18 6,570 | 075 18 6570 | 0.75 18 6570 | 075 18 6570 | 075 18 6,570 |hours 043
ANFO/Slurry Truck, 20 tons 2 450 075 18 6570 | 075 18 6570 | 0.75 18 6570 | 075 18 6570 | 075 18 6,570 |hours 043
Powder Truck, 2 tons 2 350 075 18 6,570 | 075 18 6570 | 0.75 18 6570 | 0.75 18 6570 | 075 18 6,570 |hours 043
Front End Loaders, 8 yd® 2 262 0.75 18 6,570 | 075 18 6570 | 0.75 18 6570 | 075 18 6570 | 075 18 6,570 |hours 0.575
g{d’a“'ic Excavator, 385 Cat 2 513 | 0.90 22 7884 | 090 2 | 7884 | 090 22 | 7884 | 090 22 7884 | 090 22 7,884 |nours 035
Backhoe/Loader, 2 yd® 1 124 075 18 6,570 | 075 18 6570 | 0.75 18 6570 | 075 18 6570 | 075 18 6,570 |hours 0.35
All-Terrain Crane, 75 tons 1 230 075 18 6570 | 075 18 6570 | 0.75 18 6570 | 075 18 6570 | 075 18 6,570 |hours 043
g:gs’””er with Tractor, 200 1 1350 | 0.75 18 | 6570 | 075 18 | 6570 | 075 18 | 6570 | 075 18 6570 | 075 18 | 6570 |hours 0.59
g;‘ﬁ!r&:be Trucks, 6,000 2 703 | 075 18 | 6570 | 075 18 | 6570 | 075 18 | 6570 | 075 18 6570 | 075 18 | 6570 |hours 035
1.71 41 15,000 | 1.71 41 15,000 | 1.71 41 15,000 | 1.71 41 15,000 | 1.71 41 15,000 |[VMT
Mechanic Field Service Trucks 5 370 0.43
075 18 6,570 | 075 18 6570 | 075 18 6570 | 0.75 18 6,570 | 075 18 6,570 |hours
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Table E.1 Process Rates and Supporting Information for the Mobile Engines
Fuel Burning Mobile Engine | s; HP Process Rates ° - Year 1 Process Rates ° - Year 5 Process Rates ° - Year 10 Process Rates ° - Year 15 Process Rates ° - Year 20 Unit Load
. ee 1ze . nits
Description Rating | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual Factor
0.11 3 1,000 | 0.11 3 1,000 | 0.11 3 1,000 | 0.11 3 1,000 | 0.11 3 1,000 |vMT
Tire Handler 1 90 0.43
0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 |hours
Shop Forklift, 12,000 Ibs 1 90 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 |hours 0.59
Integrated Tool Carrier, 140 hp| 1 138 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 |hours 0.59
Light Plant, 6 kW 15 35 0.40 10 3,504 | 0.40 10 3,504 | 0.40 10 3,504 | 0.40 10 3504 | 0.40 10 3,504 |hours 0.43
Primary Crushing Mobile 1 320 0.75 18 6,570 075 18 6,570 075 18 6,570 0.75 18 6,570 | 0.75 18 6,570 |hours 0.43
Crane - 400 tons
Copper Concentrate Area
o o ot 930 1 160 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 |hours 0.59
Molybdenum Packaging 1 93 0.75 18 6,570 | 0.75 18 6,570 075 18 6,570 0.75 18 6,570 | 0.75 18 6,570 |hours 0.59
Forklift, 7,000 Ibs
Copper Cathode Forklift 1 925 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 |hours 0.59
Sggrr: Trucks 10 tons, 45 foot 1 200 075 18 6,570 | 075 18 6570 | 0.75 18 6570 | 075 18 6570 | 075 18 6,570 |hours 0.21
Sggrr: Trucks 15 tons, 60 foot 1 210 075 18 6570 | 075 18 6570 | 0.75 18 6570 | 075 18 6570 | 075 18 6,570 |hours 0.21
Front End Loader, 6 yd® 1 349 075 18 6,570 | 075 18 6570 | 0.75 18 6570 | 075 18 6,570 | 0.75 18 6,570 |hours 0.35
Front End Loader, 5 yd® 1 149 075 18 6,570 | 075 18 6570 | 0.75 18 6570 | 075 18 6570 | 075 18 6,570 |hours 0.25
Bob Cats, 2,400 Ibs 2 82 075 18 6,570 | 075 18 6570 | 0.75 18 6570 | 075 18 6,570 | 0.75 18 6,570 |hours 0.59
Fork Lift, 2,000 Ibs 1 50 075 18 6570 | 075 18 6570 | 0.75 18 6570 | 075 18 6,570 | 0.75 18 6,570 |hours 0.59
Fork Lift, 5,000 Ibs 1 63 075 18 6570 | 075 18 6570 | 0.75 18 6,570 | 0.75 18 6570 | 0.75 18 6,570 |hours 0.59
Fork Lift, 3,000 Ibs 2 50 075 18 6570 | 075 18 6570 | 0.75 18 6,570 | 0.75 18 6,570 | 0.75 18 6,570 |hours 0.59
Flat Bed Trucks, 10 tons 2 350 075 18 6570 | 075 18 6570 | 0.75 18 6570 | 0.75 18 6570 | 075 18 6,570 |hours 043
0.34 8 3000 | 034 8 3000 | 034 8 3000 | o034 8 3000 | 034 8 3,000 [vmT
Dump Truck, 10 tons 1 250 0.43
075 18 6,570 | 0.75 18 6570 | 0.75 18 6570 | 0.75 18 6,570 | 075 18 6,570 |hours
msz"e Hydraulic Crane, 60 1 267 | 075 18 | 6570 | 075 18 | 6570 | 075 18 | 6570 | 075 18 6570 | 075 18 | 6570 |hours 043
E:SCK Shop Bridge Crane, 60 1 75 0.75 18 | 6570 | 075 18 | 6570 | 075 18 | 6570 | 075 18 6570 | 075 18 | 6570 |hours 043
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Table E.1 Process Rates and Supporting Information for the Mobile Engines
Fuel Burning Mobile Engine | o | HP Process Rates ° - Year 1 Process Rates ° - Year 5 Process Rates ° - Year 10 Process Rates ° - Year 15 Process Rates ° - Year 20 Units Load
Description Rating | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual Factor
;';r:sc" Shop Bridge Crane, 25 1 24.1 075 18 6570 | 075 18 6570 | 075 18 6570 | 075 18 6570 | 075 18 6,570 |hours 043
CS683 Soil Compactor / Roller 2 173 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 |hours 0.40
246C Skid Steer Loader 2 73 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 |hours 0.30
RH209/340 O &K Shovel / 1 2,520 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 |hours 0.59
Hitachi EX5500
0.86 21 7,500 0.86 21 7,500 0.86 21 7,500 0.86 21 7,500 0.86 21 7,500 [VMT
Off-Road Tire Handling Truck 1 450 0.43
0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 |hours
2.74 66 24,000 2.74 66 24,000 2.74 66 24,000 2.74 66 24,000 2.74 66 24,000 [VMT
Contractor Haul Trucks, 25
tons 2 511 0.43
0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 0.75 18 6,570 |hours
Motivator for Mine Shovels 1 3,308 0.91 22 8,000 0.91 22 8,000 0.91 22 8,000 0.91 22 8,000 0.91 22 8,000 [|hours 0.43
Storm Water Pond Pump 1 200 1.00 24 500 1.00 24 500 1.00 24 500 1.00 24 500 1.00 24 500 hours 1
Mine Pit Dewatering Pump 4 100 1.00 24 500 1.00 24 500 1.00 24 500 1.00 24 500 1.00 24 500 hours 1
. 29.60 289 105,560 29.60 368 134,187 29.60 368 134,187 29.60 368 134,187 29.60 368 134,187 |[VMT
Copper Concentrate Shipment
Vehicles - 450 043
1.00 12 4,222 1.00 15 5,367 1.00 15 5,367 1.00 15 5,367 1.00 15 5,367 |hours
7.40 7 1,588 7.40 7 2,018 7.40 7 2,018 7.40 7 2,018 7.40 7 2,018 [VMT
Molybdenum Concentrate B 450 043
Shipment Vehicles ’
1.00 1 64 1.00 1 81 1.00 1 81 1.00 1 81 1.00 1 81 hours
22.20 143 52,021 22.20 143 52,021 22.20 143 52,021 22.20 143 52,021 22.20 143 52,021 [VMT
Sulfuric Acid Delivery Vehicles - 450 0.43
1.00 6 2,081 1.00 6 2,081 1.00 6 2,081 1.00 6 2,081 1.00 6 2,081 |hours
14.80 52 19,072 14.80 52 19,072 14.80 52 19,072 14.80 52 19,072 14.80 52 19,072 |VMT
Lime Delivery Vehicles - 450 0.43
1.00 2 763 1.00 2 763 1.00 2 763 1.00 2 763 1.00 2 763 hours
i i L 14.80 23 5,858 14.80 23 5,858 14.80 23 5,858 14.80 23 5,858 14.80 23 5,858 [VMT
SAG Mill and Ball Mill Grinding
. R - 450 0.43
Balls Delivery Vehicles
1.00 1 234 1.00 1 234 1.00 1 234 1.00 1 234 1.00 1 234 hours
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Table E.1 Process Rates and Supporting Information for the Mobile Engines
Fuel Burning Mobile Engine |-\ o HP Process Rates ° - Year 1 Process Rates ° - Year 5 Process Rates ° - Year 10 Process Rates ° - Year 15 Process Rates ° - Year 20 Unit Load
L eet Size . nits
Description Rating | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual | Hourly Daily | Annual Factor
14.80 47 17,136 14.80 47 17,136 14.80 47 17,136 14.80 47 17,136 14.80 47 17,136 |VMT
Diesel Fuel Delivery Vehicles - 500 0.43
1.00 2 685 1.00 2 685 1.00 2 685 1.00 2 685 1.00 2 685 hours
. 14.80 12 3,105 14.80 15 3,947 14.80 15 3,947 14.80 15 3,947 14.80 15 3,947 [VMT
Copper Cathode Shipment
b - 450 0.43
Vehicles
1.00 1 124 1.00 1 158 1.00 1 158 1.00 1 158 1.00 1 158 hours
. ) i 7.40 25 6,384 7.40 25 6,384 7.40 25 6,384 7.40 25 6,384 7.40 25 6,384 [VMT
Ammonium Nitrate Delivery
. - 450 0.43
Vehicles
1.00 1 255 1.00 1 255 1.00 1 255 1.00 1 255 1.00 1 255 hours
. 7.40 48 12,486 7.40 48 12,486 7.40 48 12,486 7.40 48 12,486 7.40 48 12,486 |VMT
Miscellaneous Consumables
) . - 450 0.43
Delivery Vehicles
1.00 1 499 1.00 1 499 1.00 1 499 1.00 1 499 1.00 1 499 hours
. 7.40 7 1,110 7.40 7 1,110 7.40 7 1,110 7.40 7 1,110 7.40 7 1,110 |VMT
Miscellaneous Fuels and - 450 043
Lubricants Delivery Vehicles ’
1.00 1 44 1.00 1 44 1.00 1 44 1.00 1 44 1.00 1 44 hours
1.37 33 12,000 1.37 33 12,000 1.37 33 12,000 1.37 33 12,000 1.37 33 12,000 |VMT
Pickup Trucks (gasoline) 20 350 0.54
0.25 6 2,190 0.25 6 2,190 0.25 6 2,190 0.25 6 2,190 0.25 6 2,190 [hours
0.91 22 8,000 0.91 22 8,000 0.91 22 8,000 0.91 22 8,000 0.91 22 8,000 ([VMT
Crew Van (gasoline) 3 350 0.54
0.25 6 2,190 0.25 6 2,190 0.25 6 2,190 0.25 6 2,190 0.25 6 2,190 [hours
0.34 8 3,000 0.34 8 3,000 0.34 8 3,000 0.34 8 3,000 0.34 8 3,000 [VMT
Lot Pick-Up Trucks (gasoline) 20 250 0.54
0.25 6 2,190 0.25 6 2,190 0.25 6 2,190 0.25 6 2,190 0.25 6 2,190 [hours
° Except for the shipment and delivery vehicles, the process rates are for a single mobile engine. The process rates for the shipment and delivery vehicles are representative of the entire fleet.
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MANUFACTURER’S INFORMATION
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Load factor @ application

Emissions @ full load

(g/hp-hr)

Updated Feasibility Machine ., . . . . Typical Load

Engine Engine Famil Tiel Lo Med H NO,+VOC co PM
Study Reference Model 8! 8! Y er W ! Factor X
Motor Graders - 16M
o *16M (B9H) c13 8CPXL12.5E5K TIER3 | 35%-50% | 50%-65% 65%-80% N/A 2.60 2.10 0.06
M -24M
CI:::” Graders 24M c18 8CPXL18.1ESK TIER2 | 35%-50% | 50%-65% 65%-80% N/A 2.72 2.15 0.10
;';’s?:t"zfxcavator ; 385CL c18 5CPXL18.1ESK TIER3 | 20%-30% | 30%-40% 40%-50% N/A 2.80 1.70 0.12
g;;enrsm‘:ks “30.000 | Sespwr 3512C 9CPXL58.6T2E TIER2 | 20%-30% | 30%-40% 40%-50% N/A 4.70 2.59 0.15
Backhoe/Loader - 2 yd®|  450E C4.4 8PKXLO4.4NJ1 TIER3 | 20%-30% | 30%-40% 40%-50% 30-40% 3.70 130 0.17
C ler D -D8T
Clr:;’;’ ervozer D8T c15 9CPXL15.2ESW | TIER3 | 35%-50% | 50%-65% 65%-80% N/A 2.80 1.90 0.10
Front End Loaders - 8
i 966H c11 9CPXL11.1ESK TIER3 | 35%-50% | 50%-65% 65%-80% N/A 2.70 2.20 0.13
Compactor CS683 6.6 8PKXL06.6PJ2 TIER3 | 30%-50% | 50%-80% 80%-100% 40% 3.80 3.90 0.23

i L
;Zﬁc‘c’teer oaders 246C 33 8MVCLO3.3AAH | TIER4I | 35%-50% | 50%-65% 65%-80% 30% 5.85 136 0.38
0&K Shovel (dual
engine)ove (dua RH200 7.87 850 | 0.40
Rubber Tired Dozers -
531 Ulane 834H c18 5CPXL18.1ESK TIER3 | 35%-50% | 50%-65% 65%-80% N/A 2.80 1.70 0.10
Front End Load -5
y;‘;" d toaders 930H 6.6 8PKXL06.6PJ2 TIER3 | 35%-50% | 50%-65% 65%-80% 25% 3.80 390 | 023
Front End Loaders - 6
e 980H c1s 8CPXL15.2ESW | TIER3 | 20%-30% | 30%-40% 40%-50% N/A 2.60 2.10 0.13
C ler D -D10T
Clr:;’;’ eroozers D10T 27 5CPXL27.0ESK TIER3 | 35%-50% | 50%-65% 65%-80% N/A 2.90 2.10 0.11
C ler D -D11T
Clr:;’;' ervozers D11T €32 8CPXL32.0ESX TIER2 | 35%-50% | 50%-65% 65%-80% N/A 4.30 2.10 0.13
Fuel/Lube Trucks - 6CPXL27.0ESK / 2.7 ('07,
773FLT 27 TIER3 | 20%-30% | 30%-40% 40%-50% N/A 1.9/2.2 | 0.09/.13
6,000 gallons 8CPXL27.0ESK TR TR R / EED) /2.8 / /
Haulage Trucks - 2
toanusage rucks - 250 793F 175 ACPXL106.T2M | TIER2 | 20%-30% | 30%-40% 40%-50% 32% 6.10 2.30 0.19
Gray Cell = Values (g/kw-hr) taken directly from engine certification letter for engine parent family
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APPENDIX G

MOBILE6 PROGRAM OUTPUT
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