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Illustration 6.08  Simulated Pit Lake Zinc Concentration
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Table 6.02 Range in Predicted Water Quality (200-Year Simulation) for the Rosemont 
Pit Lake 

Parameter*
Low 

Chemical 
Loading 

Average 
Chemical 
Loading 

Elevated 
Chemical 
Loading 

Average Chemical 
Loading With Bolsa 

HCT Data 
Ca 89.9 99.8 107.7 100.7 
Mg 22.7 25.7 30.1 25.6 
Na 31.9 35.9 38.6 35.3 
K 5.1 5.7 6.3 5.4 

SO4 330.6 374.1 518.5 375.8 
Cl 9.9 11.1 12.5 11.1 
F 1.1 1.2 1.4 1.2 

HCO3 37.3 36.2 37.0 36.0 
Ag 0.004 0.004 0.005 0.004 
Al 0.158 0.197 0.260 0.357 
As 0.004 0.005 0.000 0.003 
Sb 0.003 0.003 0.003 0.003 
Ba 0.000 0.000 0.009 0.000 
Be 0.001 0.001 0.001 0.001 
Cd 0.002 0.002 0.002 0.002 
Cr 0.004 0.005 0.005 0.005 
Cu 0.004 0.004 0.005 0.163 
Fe 0.000 0.000 0.000 0.000 
Pb 0.004 0.015 0.017 0.015 
Hg 0.002 0.001 0.000 0.000 
Mn 0.229 0.255 0.243 0.254 
Mo 0.137 0.150 0.192 0.154 
Ni 0.005 0.006 0.007 0.010 
Se 0.013 0.014 0.016 0.014 
Tl 0.005 0.006 0.007 0.006 
U 0.005 0.006 0.006 0.006 
Zn 0.745 0.847 0.959 0.862 

TDS 527 589 751 590 
pH 8.1 8.0 8.0 8.0 

*mg/L except where noted 

** Low, average, and elevated chemical loading scenarios were established using SPLP data for the 
anticipated pit wall rock based upon TDS (total dissolved solids) to establish a sense of low, average, 
and elevated total chemical loading simulations. See Section 4.4 for a discussion of this sensitivity 
analysis. 

***Values reported as zero were not calculated to be present at concentrations corresponding to the 
reported three (3) decimal places. 

****Note that nitrate was not simulated in the model due to the lack of laboratory leach test data for 
actual blasted mine rock that may contain residual from explosives. 
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7.0 DISCUSSION OF RESULTS 

The restricted occurrence of sulfide minerals, and the predominance of limestone in the non-ore 
rocks associated with the Rosemont deposit, is expected to result in a pit lake with a projected 
chemical quality that is only slightly changed from local groundwater over a 200-year timeframe. 
For chemical constituents that are conservative (allowed to concentrate free from any 
attenuating chemical reactions, e.g., chloride), concentrations build up under the effects of 
evapo-concentration by a factor of about 1.5 over a time span of about 200 years. Only calcium, 
bicarbonate, iron, and arsenic appear to be noticeably chemically attenuated. 

The observed overall abundance of acid neutralization potential of the rock types at Rosemont 
(Appendix C) indicates that the formation of low pH conditions (acid rock drainage) is unlikely, 
which is consistent with the model simulations. The Bolsa Quartzite was the only non-ore rock 
type that displayed a net capacity to generate acidic drainage. Although this material had a 
limited sulfide mineral content, the absence of acid neutralizing capacity resulted in a low pH 
water quality in the humidity cell tests. The resulting total acidity, however, was quite low. As a 
result, the abundant neutralizing capacity of all other non-ore rock produces a water quality from 
those materials that appears to more than adequately neutralize the effects of the Bolsa 
Quartzite. Therefore, alkaline conditions within the pit lake are anticipated to be maintained. 

The capacity of the final pit walls to contribute chemical mass the pit lake, both from long-term 
precipitation runoff and the initial flush through the blast affected rock of the ultimate pit walls, is 
dwarfed by the chemical mass reporting to the lake from recharging groundwater. The chemical 
quality of the groundwater is generally good and comprises a significant portion of the water that 
refills the pit. The groundwater carries with it the majority of the total chemical mass reporting to 
the pit lake. The local groundwater is a calcium bicarbonate-sulfate type. On reporting to the 
projected pit lake, the local groundwater is expected to be oversaturated with respect to calcium 
carbonate (calcite) as compared to the pit lake water (see discussion above). The calcium 
carbonate is expected to precipitate, thus limiting the concentration of calcium and bicarbonate 
in the pit lake, even with increasing evapo-concentration.  

Other than calcium and bicarbonate, chemical constituents, from the limited occurrence of 
sulfide minerals and other minerals, include sulfate, iron, and a range of trace metals (e.g., 
selenium). Due to the oxidizing conditions at the surface of the projected pit lake (exposed to 
air), any iron derived from sulfide minerals oxidizes and precipitates as a common oxide phase 
(hydrous ferric oxide, HFO). This precipitate is relatively reactive, scavenging arsenic and other 
trace metals, primarily by adsorption onto its surface. However, arsenic only appears to be 
appreciably affected by the reactivity of the HFO. The elevated chemical loading scenario 
results indicate lower arsenic concentrations than either the mean or low loading case (see 
Table 6.02). This result appears to be due in part to the increased release of iron which provides 
an increased amount of HFO, leading to more effective scavenging (adsorption) of trace metals. 

Table 7.01 shows a comparison of the average concentrations from the 200-year geochemically 
equilibrated pit lake model solutions to local groundwater. This table also shows the model 
results obtained for the elevated and low chemical loading scenarios, which provide useful 
bookends for the average chemical loading scenario. The average chemical loading scenario 
represents an outcome that has the highest probability of occurring. The low and elevated 
scenarios represent outcomes that span the range of possibilities, but have lower probabilities 
of occurring. Overall, the various scenarios are intended to provide perspective on the average 
scenario and to represent a sensitivity consideration of the uncertainty associated with the 
average result. 
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Table 7.01 Comparison of Local Groundwater with Modeled Pit Lake Water 

Parameter* Ambient 
Groundwater 

Low 
Chemical 
Loading 

Average 
Chemical 
Loading 

Elevated 
Chemical 
Loading 

Average Chemical 
Loading With Bolsa 

HCT Data 
Ca 131 89.9 99.8 107.7 100.7 
Mg 20.5 22.7 25.7 30.1 25.6 
Na 26 31.9 35.9 38.6 35.3 
K 3.17 5.1 5.7 6.3 5.4 

SO4 300 330.6 374.1 518.5 375.8 
Cl 8.36 9.9 11.1 12.5 11.1 
F 0.85 1.1 1.2 1.4 1.2 

HCO3 187 37.3 36.2 37.0 36.0 
Ag NA  0.004 0.004 0.005 0.004 
Al <0.03 0.158 0.197 0.260 0.357 
As 0.0037 0.004 0.005 0.000 0.003 
Sb <0.0004 0.003 0.003 0.003 0.003 
Ba  0.042 0.000 0.000 0.009 0.000 
Be  <0.0001 0.001 0.001 0.001 0.001 
Cd   <0.0001 0.002 0.002 0.002 0.002 
Cr  <0.01 0.004 0.005 0.005 0.005 
Cu <0.01 0.004 0.004 0.005 0.163 
Fe 0.554 0.000 0.000 0.000 0.000 
Pb 0.00092 0.004 0.015 0.017 0.015 
Hg <0.0002 0.002 0.001 0.000 0.000 
Mn 0.174 0.229 0.255 0.243 0.254 
Mo 0.121 0.137 0.150 0.192 0.154 
Ni  <0.01 0.005 0.006 0.007 0.010 
Se 0.00212 0.013 0.014 0.016 0.014 
Tl  NA 0.005 0.006 0.007 0.006 
U 0.00419 0.005 0.006 0.006 0.006 
Zn 0.694 0.745 0.847 0.959 0.862 

TDS 581 527 589 751 590 
pH 7.6 / 8.2# 8.1 8.0 8.0 8.0 

*mg/L except where noted; # the reported pH for ambient groundwater includes field measurement 
average followed by the laboratory measurement average. 

** Low, average, and elevated chemical loading scenarios were established using SPLP data for the 
anticipated pit wall rock based upon TDS (total dissolved solids) to establish a sense of low, average, 
and elevated total chemical loading simulations. See Section 4.4 for a discussion of this sensitivity 
analysis. 

***Values reported as zero were not calculated to be present at concentrations corresponding to the 
reported three (3) decimal places. 

Highlighted rows correspond to chemical constituents that were always below detection limits in 
laboratory leach testing. 

Net positive values are shown in the table due to the use of one-half detection limit values. 

 

As described in Section 4.4 of this report, the model scenarios were established using Total 
Dissolved Solids (i.e., TDS) as the basis. The low chemical loading scenario incorporated leach 
tests of rock that corresponded to a low capacity (relatively) to release chemical constituents 
and the elevated scenario incorporated leach tests of rocks that corresponded to an elevated 
capacity to do so (also relatively). Using TDS as the basis to set up the model scenarios allowed 
the ability to gauge the final pH conditions which were likely to exist in the pit lake. That basis 
also gauged the chemical constituents that comprised the bulk of the chemical mass in the pit 
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lake. Approximate concentrations of most trace elements, those at concentrations below one (1) 
part per million (ppm), were also obtained. However, given the very, very low concentrations of 
these constituents, the accuracy associated with predictive modeling of trace elements in a 
system as large as a pit lake is limited, especially over extended periods of time. Nonetheless, 
the modeled results do provide an indication of the approximate trace metal concentrations, and 
show that the Rosemont pit lake is not anticipated (over the 200-year model period) to build up 
trace element concentrations beyond one (1) ppm (for any given constituent). Note that the 
shaded rows in Table 7.01 correspond to constituents that were not detected in the leach tests 
of the non-ore rock and that the concentrations shown are related only to the evapo-
concentration of leach test values being set to one-half the laboratory detection limit. 

The overall dimensions of the projected pit lake typically suggest the potential for a stratified 
condition to occur. However, pit lakes that form in arid regions are unlikely to stratify relative to 
lakes that form in cooler, wetter climates (Jewell, 2009). On this basis, the Rosemont pit lake is 
not expected to stratify. In the event that stratification occurs, the upper portion of the lake would 
likely result in oxidizing conditions, owing to the associated contact with air. The lower portions 
of the lake would conversely become relatively reducing due to the lack of air exposure. 
However, modeling suggests that the difference in the chemical composition of these two (2) 
domains may not be significant. For example, Illustration 6.06 shows that the removal of arsenic 
due to scavenging by HFO (under oxidizing conditions) yields estimated concentrations 
(average scenario) of about 0.02 mg/L whereas the raw DSM output indicates about 0.07 mg/L, 
which would be the applicable value if unlikely reducing conditions prevailed. 

The evaluation performed as part of this study focused on geochemical modeling (PHREEQC) 
with oxidizing conditions in the upper portion of the projected pit lake since only this portion of 
lake water will be exposed to the local environment. The anticipated terminal condition of the pit 
lake (Tetra Tech, 2010a) implies that deeper reaches of the pit lake will not leave the pit and will 
not, therefore, affect groundwater in the area. 

The oxidizing conditions at the lake surface have been modeled to show a limited removal of 
iron and arsenic. Reducing conditions, which are possible at the deeper reaches of the 
projected lake, would preclude this removal mechanism, or re-dissolve the small amount of 
metals precipitated at near-surface depths. The modeled precipitation of calcite is not 
dependent on the oxidation-reduction conditions of the pit lake and is therefore not affected by 
any potential lake stratification. Overall, the chemical quality of the projected pit lake appears to 
be driven by the evapo-concentration of chemical constituents. 
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8.0 CONCLUSIONS 

The chemical conditions within the anticipated pit lake at Rosemont were analyzed and included 
geochemical testing of the materials comprising the ultimate pit walls and the quality of local 
groundwater. 

The pit lake model showed that the quality of the pit lake water was only slightly changed from 
local groundwater after 200 years of simulation. The conclusions of the predictive geochemical 
modeling effort performed for the Rosemont Copper Project can be summarized as follows: 

 The majority of the inflow water entering the open pit will be from groundwater 
sources seeping through the pit walls. Most of the water and about 95% of the 
chemical mass contribution to the pit lake will be from groundwater. Direct 
precipitation, and runoff from the pit walls, will contribute to the pit lake water 
balance as well. Over time, the contribution from direct precipitation will increase 
as a percentage of annual inflow as the pit lake surface area increases; 

 The pit lake water is anticipated to be similar to the local groundwater with a pH 
of 8, which is slightly alkaline; and 

 Because the pit lake is predicted to be a hydraulic sink, with water leaving only 
through evaporation, dissolved chemical constituents are expected to 
concentrate over time. At the 200-year simulation mark, the pit lake model 
showed evapo-concentration of some chemically conservative constituents of 
about 1.1 to 1.7 times that of local groundwater, depending upon model 
conditions (low, average, or high chemical loading as derived from laboratory 
leach testing).  

As indicated above, the quality of the pit lake water was only slightly changed from local 
groundwater after 200 years of model simulation. Although there is appreciable chemical 
loading as calcium and bicarbonate, the precipitation of this phase removes significant chemical 
mass. At the 200-year simulation mark, the pH of the pit lake water is anticipated to be 8, which 
is similar to local groundwater. Sulfide minerals are largely absent from the non-ore rock at the 
Rosemont site and carbonate minerals, such as limestone, are abundant. Therefore, the 
development of an acidic pit lake is not expected, even beyond the 1,000-year modeling period. 

The results of the pit lake model show that most of the water reporting to the pit lake will come 
from local groundwater, with the remaining comprised of direct precipitation and runoff from the 
pit walls. Similarly, the majority of chemical loading to the pit lake will also come from 
groundwater sources. 

Laboratory testing was conducted to determine the chemical loading terms required for the pit 
lake model. Over the 1,000-year simulation period, calculations were performed to provide low, 
average, and elevated chemical loading scenarios. This was done to provide a sensitivity 
evaluation of the model. 

At the 200-year simulation mark under the elevated chemical loading scenario, the 
concentrations of some dissolved chemical constituents were shown to increase by a factor of 
up to 1.7 relative to local groundwater due to the evaporative loss of water. Even in the elevated 
chemical loading scenario, metals are expected to remain at levels in the parts per billion range 
(less than 1 part per million). Although water quality predictions were modeled to the 1,000-year 
simulation time-frame, these results should only be used for determining overall trends. Specific 
water quality predictions beyond the 200-year time-frame become excessively speculative 
based on the long simulation periods. 
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Table A1 Average Monthly Precipitation Data for the Nogales Station                     
(Tetra Tech, 2009) 

Month Precipitation (Inches) 
JAN 1.10 
FEB 0.85 
MAR 0.90 
APR 0.39 
MAY 0.22 
JUN 0.47 
JUL 4.34 
AUG 4.13 
SEP 1.55 
OCT 1.33 
NOV 0.66 
DEC 1.43 

TOTAL 17.37

Table A2 Estimated Average Monthly Pan Evaporation (Tetra Tech, 2009) 

Month 
Nogales Station Pan 

Evaporation 1 

(inches) 

Rosemont Projected 
Pan Evaporation 

(inches) 
JAN 3.59 4.13 
FEB 4.46 4.28 
MAR 7.01 7.11 
APR 9.35 8.50 
MAY 11.91 10.38 
JUN 13.31 10.75 
JUL 10.00 4.93 
AUG 8.28 2.89 
SEP 8.06 4.40 
OCT 7.17 6.15 
NOV 4.49 4.11 
DEC 3.57 3.89 

TOTAL 91.20 71.52
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B1.0 INTRODUCTION 

An open pit copper mine and ore processing operation are planned for the Rosemont Copper 
Project (Rosemont) site, located approximately 30 miles southeast of Tucson, Arizona. 
Processing of approximately 546 million tons (Mt) of sulfide ore and over 60 Mt of oxide ore is 
expected to generate about 1,232 Mt of waste rock during the anticipated 20-25 year mine life. 
Consequently, a baseline geochemical characterization was prepared which focused on the 
potential water quality impacts from the various mine facilities (e.g., waste rock and dry stack 
tailings storage areas). One of the primary goals of the baseline characterization study was to 
test a representative number of samples in order to adequately characterize the geochemical 
behavior of the rock that would be developed from mining (Tetra Tech, 2007). The results from 
this geochemical testing can also be used to estimate the geochemistry of non-ore rocks in the 
final walls of the pit. 

The exposed pit wall lithology will be dominated by arkosic rocks of the Willow Canyon 
Formation, the Horquilla Limestone, and Bolsa Quartzite, with less exposure of additional 
limestone, quartz monzonite porphyry, and andesite (Table B1). Most of the primary sulfide 
mineralization is hosted by the Horquilla, Colina, and Epitaph Limestones, although the total 
sulfide content of these Paleozoics is generally low compared to other southwest porphyry 
copper systems (Tetra Tech, 2007). In fact, the total sulfur content of the overlying arkosic and 
andesitic lithologies is generally higher than in the remainder of the deposit. A total of 226 
applicable samples were subsequently submitted for standard static testing procedures. 

The most commonly-used static test is known as acid-base accounting (ABA), which measures 
the balance between the acid-producing potential (AP) and the acid-neutralizing potential (NP) 
(White and others, 1999). The AP is determined by sulfur analysis and determines the sulfur 
content associated with pyritic sulfur. The NP is determined by acid-titration and generally 
represents the carbonate content of the sample. The net-neutralizing potential (NNP) is the 
difference between these values (NNP = NP - AP) and is typically expressed in units of 
kilograms of calcium carbonate (CaCO3) per ton of rock (kg CaCO3/t rock, or kg/t). The NNP, 
together with the NP ratio (NP/AP), is an important parameter used to classify a material as 
either potentially-acid generating (PAG) or inert with respect to acid generation. Because the 
ABA characteristics for a given sample reflect the dominant mineralogic properties of the 
material (i.e., carbonate and sulfur mineral content), ABA results can be used to evaluate if a 
material has been adequately characterized with respect to its potential effects on water quality. 
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B2.0 TECHNICAL OBJECTIVE 

The objective of this sample adequacy evaluation was to assess the degree to which results 
from geochemical testing represent the overall geochemical tendencies of various rock types at 
Rosemont. 
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B3.0 TECHNICAL EVALUATION 

Numerous criteria for determining an adequate sample population have been suggested as a 
means of obtaining representative samples of waste rock (USEPA, 1983; USEPA, 1994; Maest 
and Kuipers, 2005; Runnells and others, 1997). However, because it is impossible to confidently 
predict the degree of heterogeneity of a material, it is impossible to predict in advance how 
many samples will be required to representatively characterize it. In concept, a perfectly 
homogeneous material requires only one (1) sample. Because the degree of variability in 
geochemical properties of rock is unique to each site, a reasonable approach is to determine 
the sample requirement based upon site-specific variability. 

Samples may be taken from over a reasonable volume of the rock unit under consideration and 
continuously characterized until no further significant variability is observed. Such a process 
explicitly determines the heterogeneity of geochemical characteristics and demonstrates an 
adequate level of characterization. 

The evaluation of sample adequacy presented herein was conducted using the approach 
outlined by Runnells and others (1997), which utilizes statistical measures of central tendency 
(mean) and dispersion (standard deviation) (USEPA, 2000) to evaluate sample representation. 
The method uses a stepwise evaluation to evaluate the degree to which additional sample 
analysis improves the level of confidence for a given parameter. Once the naturally-occurring 
variability of a rock unit is established, specific samples may be selected for detailed 
characterization of water quality that results from contact with that material. 

During the baseline geochemical characterization (Tetra Tech, 2007), samples of geologic 
materials were submitted for ABA testing in proportion to their expected occurrence in the waste 
rock. The previous baseline testing results can be found in Appendix A of the Geochemical 
Characterization, Addendum 1 report (Tetra Tech, 2007). A subsequent evaluation of these data 
using the approaches described above indicated that insufficient information existed for several 
of the rock types, and therefore additional geochemical analysis was conducted in 2008. This 
additional data was composited with the 2007 data for subsequent analysis. 

Illustrations B1 and B2 show the spatial extent of sampling of rock within the projected pit. In 
this illustration, the traces of the boreholes are shown as lines and the individual sample 
locations are shown as a colored segment of the line. Samples were collected from a relatively 
large volume in the area most proximal to mineralization, where variability of the unit would be 
expected to be greatest. Samples were also collected, although fewer in number, at more distal 
positions, where less variability was anticipated. 

The final composite ABA data for the rock types analyzed (Table B2) were first listed in random 
order, and then a moving average and standard deviation were calculated for NNP. The 
resulting data were graphed. This analysis evaluates potential increasing convergence toward 
the population mean (average), and decreasing variability about the population mean, with 
increasing sample size. A given rock type was considered to be adequately characterized when 
increasing the sample size produces a change of <10% in the average NNP, and if the slope of 
the standard deviation approached zero. 
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B4.0 RESULTS AND DISCUSSION 

The statistical results (from the Geochemical Characterization, Addendum 1 report [Tetra Tech, 
2007] and subsequent additional analyses) for NNP within each rock type evaluated are 
presented on Illustrations B3 through B15. Each illustration depicts the moving average and 
standard deviation of the NNP for a given rock type. Based on these results, the rock types 
which are anticipated to be exposed on the pit walls have been adequately characterized. 
Increasing the number of samples associated with these materials for analysis would yield 
limited or no increased definition of their chemical characteristics: therefore, no further sampling 
was deemed necessary. 

For example, Illustration B3 shows the variation in the moving average and standard deviation 
for the Willow Canyon Formation arkose NNP values. For the first few samples, the running 
average changes by more than 10% as the sample number increases, but with increasing 
sample size, very little change is seen for both the moving average and the standard deviation 
(Illustration B3). Therefore, increasing the number of arkose samples will not change the level of 
confidence in the average value, indicating that an adequate number of arkose samples have 
been analyzed. Similar trends are apparent for the remaining rock types, which includes the 
rock types that are expected to dominate the final pit wall exposure. 
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B5.0 CONCLUSIONS 

Statistical evaluation of ABA data collected from the Rosemont geologic materials provides a 
method for evaluating sample adequacy using site-specific geochemical parameters, rather than 
relying on arbitrary literature criteria developed for mine materials in general. Application of a 
statistical technique to the Rosemont Project site indicates that an adequate number of samples 
have been analyzed to characterize their central geochemical tendency. 
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Table B1 Projected Exposed Areas and ABA Summary for Various Rock Types in the 
Rosemont Pit 

Rock Type % of Exposed Area No. Samples Analyzed for ABA
Willow Canyon Formation, Arkose 29.3 55 

Horquilla Limestone 16 26 
Bolsa Quartzite 8.1 13 

Abrigo Formation 7.5 6 
Epitaph Formation 7.4 16 

Tertiary Gravel 6.4 5 
Colina Limestone 4.8 11 
Earp Formation 4.0 14 

Glance Conglomerate 3.8 4 
Escabrosa Limestone 3.8 10 

Concha 2.9 6 
Martin Formation 2.5 7 

Precambrian Granodiorite 1.0 0 
Willow Canyon Formation, Andesite 0.89 38 

Scherrer 0.62 0 
Quartz Monzonite Porphyry 0.53 9 

Overburden 0.15 6 
TOTAL 100 226 

 

Table B2 Summary of ABA Data Used to Evaluate Sampling Adequacy 
 

Sample ID Rock Type # Samples AP NP NNP NNP - Mean NNP - Std. Dev.
1561-03 Abrigo 1 0.3 665 665.0 665.0  
1561-01 Abrigo 2 0.3 439 439.0 552.0 159.8 
1916-02 Abrigo 3 0.3 630 630.0 578.0 121.6 
A818-01 Abrigo 4 0.3 693 693.0 606.8 114.8 
1926-02 Abrigo 5 0.3 550 550.0 595.4 102.6 
A780-01 Abrigo 6 0.3 501 501 579.7 99.5 
        
AR2019-02 Andesite 1 0.3 44.2 44.2 44.2  
AR2021-01 Andesite 2 35.3 47.3 12.0 28.1 22.8 
AR2030-06 Andesite 3 0.3 33.9 33.9 30.0 16.4 
AR2010-03 Andesite 4 52.2 26.6 -25.6 16.1 30.9 
AR2017-06 Andesite 5 0.3 39.6 39.6 20.8 28.7 
A-820 245.5 Andesite 6 18.2 87.7 69.5 28.9 32.5 
AR2009-03 Andesite 7 64.1 99.1 35.0 29.8 29.7 
AR2014-03 Andesite 8 29.7 71.7 42.0 31.3 27.9 
AR2017-01 Andesite 9 0.3 45.3 45.3 32.9 26.5 
A-816 569 Andesite 10 28.9 121 92.1 38.8 31.2 
AR2028B-01 Andesite 11 29.4 75.7 46.3 39.5 29.7 
AR2043-01 Andesite 12 47.5 103 55.5 40.8 28.7 
AR2013-01 Andesite 13 48.4 59.7 11.3 38.5 28.7 
AR2013-02 Andesite 14 33.1 70.2 37.1 38.4 27.5 
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Table B2 Summary of ABA Data Used to Evaluate Sampling Adequacy 
 

Sample ID Rock Type # Samples AP NP NNP NNP - Mean NNP - Std. Dev.
AR2030-05 Andesite 15 5.3 47.7 42.4 38.7 26.6 
AR2011-03 Andesite 16 68.8 54.2 -14.6 35.4 28.9 
AR2032-01 Andesite 17 0.3 39.8 39.8 35.6 28.0 
AR2026-01 Andesite 18 14.4 48.3 33.9 35.5 27.2 
AR2038-04 Andesite 19 0.3 6.2 6.2 34.0 27.3 
AR2029-01 Andesite 20 0.3 105 105.0 37.5 30.9 
A-882 109 Andesite 21 12 71.6 59.6 38.6 30.5 
AR2020-02 Andesite 22 5.3 50.1 44.8 38.9 29.8 
AR2038-01 Andesite 23 0.3 13.7 13.4 37.8 29.6 
AR2030-03 Andesite 24 11.9 68.5 56.6 38.6 29.2 
1535-01 Andesite 25 34.1 41 6.9 37.3 29.3 
AR2022-01 Andesite 26 34.1 88.5 54.4 37.9 28.9 
AR2014-02 Andesite 27 123 105 -18.0 35.9 30.3 
A808-01 Andesite 28 36.9 19 -17.9 34.0 31.4 
AR2038-06 Andesite 29 0.3 38.9 38.9 34.1 30.9 
A817-01 Andesite 30 45 46.8 1.8 33.0 30.9 
A-886 888 Andesite 31 27.6 156 128.4 36.1 34.9 
AR2016-01 Andesite 32 0.3 26.2 26.2 35.8 34.4 
AR2037-01 Andesite 33 36.3 80.4 44.1 36.1 33.9 
AR2038-03 Andesite 34 0.3 43.5 43.5 36.3 33.4 
AR2017-05 Andesite 35 0.6 25.7 25.1 36.0 32.9 
AR2013-03 Andesite 36 31.9 79 47.1 36.3 32.5 
AR2025-03 Andesite 37 0.3 39.1 39.1 36.3 32.0 
AR2025-01 Andesite 38 30.3 37.8 7.5 35.6 32.0 
        
AR2037-02 Arkose 1 0.3 48.9 48.9 48.9  
AR2011-01 Arkose 2 0.3 10.5 10.2 29.6 27.4 
A873-01 Arkose 3 0.3 78.9 78.9 46.0 34.4 
1596-01 Arkose 4 0.3 65.6 65.6 50.9 29.8 
AR2035-01 Arkose 5 0.3 44.8 44.5 49.6 25.9 
VABH0609-01 Arkose 6 0.3 4.3 4.3 42.1 29.7 
AR2009-02 Arkose 7 0.3 19.6 19.6 38.9 28.4 
AR2004-01 Arkose 8 0.3 56.2 56.2 41.0 27.0 
AR2036-01 Arkose 9 7.2 103 95.8 47.1 31.2 
AR2020-01 Arkose 10 0.3 13.9 13.9 43.8 31.2 
AR2005-01 Arkose 11 0.3 35.6 35.6 43.0 29.7 
AR2002-01 Arkose 12 1.6 27.1 25.5 41.6 28.8 
AR2011-02 Arkose 13 0.3 21.6 21.6 40.0 28.1 
AR2026-02 Arkose 14 0.3 108 108.0 44.9 32.5 
AR2017-07 Arkose 15 41.6 74.6 33.0 44.1 31.5 
AR2013-05 Arkose 16 9.1 82.8 73.7 46.0 31.3 
AR2003-01 Arkose 17 0.3 37.6 37.6 45.5 30.4 
AR2009-01 Arkose 18 0.3 52.7 52.7 45.9 29.5 
A857-01 Arkose 19 0.3 91.6 91.6 48.3 30.6 
AR2040-01 Arkose 20 0.3 7.7 7.4 46.2 31.1 
AR2025-01 Arkose 21 30.3 37.8 7.5 44.4 31.5 
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Table B2 Summary of ABA Data Used to Evaluate Sampling Adequacy 
 

Sample ID Rock Type # Samples AP NP NNP NNP - Mean NNP - Std. Dev.
AR2001-02 Arkose 22 0.3 26.1 25.8 43.5 31.0 
AR2005-02 Arkose 23 29.4 34.1 4.7 41.9 31.3 
AR2041-01 Arkose 24 13.1 44.3 31.2 41.4 30.7 
AR2030-04 Arkose 25 0.3 63.5 63.5 42.3 30.4 
AR2014-01 Arkose 26 0.3 31.1 31.1 41.9 29.9 
AR2039-03 Arkose 27 20.3 24.8 4.5 40.5 30.2 
AR2007-01 Arkose 28 0.3 74 74.0 41.7 30.3 
AR2017-03 Arkose 29 40.9 73.2 32.3 41.4 29.8 
AR2003-03 Arkose 30 20.6 31.1 10.5 40.3 29.8 
AR2038-05 Arkose 31 0.3 16.6 16.6 39.6 29.6 
AR2019-01 Arkose 32 0.3 11.8 11.8 38.7 29.5 
AR2013-04 Arkose 33 6.9 70.2 63.3 39.4 29.4 
AR2036-03 Arkose 34 5 75.2 70.2 40.3 29.4 
AR2030-02 Arkose 35 0.3 97.2 97.2 42.0 30.5 
AR2010-01 Arkose 36 0.3 19.6 19.6 41.3 30.3 
AH4-01 Arkose 37 0.3 43.2 43.2 41.4 29.9 
AR2042-02 Arkose 38 0.3 134 134.0 43.8 33.1 
AR2003-02 Arkose 39 0.3 24.1 24.1 43.3 32.8 
1920-01 Arkose 40 0.3 45.3 45.3 43.4 32.4 
AR2039-06 Arkose 41 23.1 19.7 -3.4 42.2 32.8 
AR2010-02 Arkose 42 13.8 17.6 3.8 41.3 32.9 
AR2043-02 Arkose 43 32.2 175 142.8 43.7 36.0 
AR2038-02 Arkose 44 0.3 100 100.0 45.0 36.6 
A886-01 Arkose 45 1.9 9.1 7.2 44.1 36.6 
AR2025-02 Arkose 46 15.9 71.9 56.0 44.4 36.3 
A830-03 Arkose 47 0.3 17.6 17.6 43.8 36.1 
Arkose (AR2054) Arkose 48 0.3 8.3 8.3 43.1 36.1 
A814-01 Arkose 49 0.3 90 90.0 44.0 36.3 
AR2001-01 Arkose 50 0.3 27.1 27.1 43.7 36.0 
AR2025-04 Arkose 51 6.3 31.1 24.8 43.3 35.7 
AR2032-02 Arkose 52 0.3 36.5 36.5 43.2 35.4 
A831-01 Arkose 53 0.3 29 28.7 42.9 35.1 
AR2015-01 Arkose 54 0.3 73.3 73.3 43.5 35.0 
AR2000-01 Arkose 55 0.3 42.7 42.7 43.5 34.7 
AR2042-04 Arkose 56 0.3 111 111.0 44.7 35.6 
        
AR2067-01 Bolsa 1 0.3 7.3 7.3 7.3  
AR2033-01 Bolsa 2 0.55 13.5 13.0 10.1 4.0 
AR2059-01 Bolsa 3 2.74 2.7 0.0 6.7 6.5 
VABH0608-01 Bolsa 4 0.3 2.6 2.6 5.7 5.7 
AR2023-01 Bolsa 5 21.5 8.3 -13.2 1.9 9.8 
A780-02 Bolsa 6 9.69 3.5 -6.2 0.6 9.4 
A780-03 Bolsa 7 39.7 0.3 -39.7 -5.2 17.5 
AR2066-01 Bolsa 8 15.4 38.1 22.7 -1.7 18.9 
1561-02 Bolsa 9 6.03 1.5 -4.5 -2.0 17.7 
AR2073-01 Bolsa 10 0.3 9.9 9.9 -0.8 17.1 
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Table B2 Summary of ABA Data Used to Evaluate Sampling Adequacy 
 

Sample ID Rock Type # Samples AP NP NNP NNP - Mean NNP - Std. Dev.
1561-04 Bolsa 11 0.54 4.2 3.7 -0.4 16.3 
AR2072-01 Bolsa 12 5.47 10.4 4.9 0.0 15.6 
AR2060-01 Bolsa 13 0.3 3.2 3.2 0.3 15.0 
        
A852-01 Colina 1 74.8 203 128.2 128.2  
A840-01 Colina 2 0.3 492 492.0 310.1 257.2 
A815-01 Colina 3 0.3 453 453.0 357.7 199.7 
A865-01 Colina 4 3.4 129 125.6 299.7 200.2 
AR2011-04 Colina 5 1.6 299 297.4 299.2 173.4 
1914-01 Colina 6 18.1 403 384.9 313.5 158.9 
1528-02 Colina 7 11.9 337 325.1 315.2 145.2 
A860-01 Colina 8 2.2 354 351.8 319.8 135.0 
AR 2010-04 Colina 9 0.3 930 930.0 387.6 239.4 
AR2002-02 Colina 10 0.6 617 616 410.4 237.0 
AR2041-02 Colina 11 1.6 221 220 393.1 232.1 
        
AR2042-01 Concha 1 0.3 432 432.0 432.0  
AR2042-05 Concha 5 0.3 570 570.0 596.2 153.2 
AH4-02 Concha 6 0.3 530 530.0 585.2 139.7 
AR2006-01 Concha 8 0.3 740 740.0 627.6 142.1 
A808-02 Concha 9 0.3 740 740.0 640.1 138.1 
A804-01 Concha 11 0.3 889 889.0 651.7 150.9 
        
AR2019-03 Earp 1 8.8 23.1 14.3 14.3  
AR2030-01 Earp 2 4.4 85.2 80.8 47.6 47.0 
A849-01 Earp 3 1.81 208 206.2 100.4 97.4 
A830-04 Earp 4 15.3 178 162.7 116.0 85.4 
1528-01 Earp 5 4.4 182 177.6 128.3 79.0 
1920-02 Earp 6 1.16 249 247.8 148.2 85.8 
A845-01 Earp 7 4.1 26.2 22.1 130.2 91.7 
AR2035-02 Earp 8 1.9 171 169.1 135.1 86.0 
AR2017-02 Earp 9 0.3 47.4 47.4 125.3 85.6 
A834-02 Earp 10 5.6 109 103.4 123.1 81.0 
AR2000-03 Earp 11 8.1 112 103.9 121.4 77.1 
AR2000-02 Earp 12 10.9 62.2 51.3 115.6 76.2 
AR2014-05 Earp 13 10 104 94.0 113.9 73.2 
AR2028B-02 Earp 14 0.3 58.4 58.4 109.9 71.9 
        
AR2009-04 Epitaph 1 17.2 80.3 63.1 63.1  
A847-01 Epitaph 2 0.3 774 774.0 418.6 502.7 
A828-01 Epitaph 3 5.47 165 159.5 332.2 385.6 
A860-02 Epitaph 4 5 252 247.0 310.9 317.7 
AR2040-02 Epitaph 5 0.3 707 707.0 390.1 327.3 
A850-01 Epitaph 6 0.3 176 175.7 354.4 305.5 
A860-03 Epitaph 7 0.3 405 405.0 361.6 279.5 
1538-01 Epitaph 8 0.3 621 621.0 394.0 274.6 
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Table B2 Summary of ABA Data Used to Evaluate Sampling Adequacy 
 

Sample ID Rock Type # Samples AP NP NNP NNP - Mean NNP - Std. Dev.
AR2002-03 Epitaph 9 0.3 522 522.0 408.3 260.4 
AR2034-02 Epitaph 10 0.3 928 928.0 460.2 295.4 
A829-01 Epitaph 11 0.3 680 680.0 480.2 288.0 
A825-01 Epitaph 12 0.3 933 933.0 517.9 304.1 
A801-01 Epitaph 13 0.3 770 770 537.3 299.4 
A830-01 Epitaph 14 0.3 638 638 544.5 288.9 
AR2001-03 Epitaph 15 0.3 99.1 99.1 514.8 301.2 
AR2014-04 Epitaph 16 0.3 584 584 519.2 291.5 
A801-01 Epitaph 7 0.3 770 770.0 611.6 145.4 
        
1580-01 Escabrosa 1 0.3 34.8 34.8 34.8  
1507-01 Escabrosa 2 0.3 912 912.0 473.4 620.3 
A814-02 Escabrosa 3 0.3 874 874.0 606.9 495.8 
A872-01 Escabrosa 4 0.3 203 203.0 506.0 452.4 
AR2004-05 Escabrosa 5 0.3 880 880.0 580.8 426.0 
1926-03 Escabrosa 6 0.3 862 862.0 627.6 398.0 
A812-01 Escabrosa 7 0.3 112 112.0 554.0 412.3 
1461-01 Escabrosa 8 0.3 788 788.0 583.2 390.6 
1506-02 Escabrosa 9 0.3 838 838.0 611.5 375.1 
A871-01 Escabrosa 10 0.6 570 569.4 607.3 353.9 
        
AR2004-02 Glance 2 0.3 722 722.0 577.0 205.1 
A805-01 Glance 3 0.3 473 473.0 542.3 156.9 
1596-02 Glance 4 0.3 784 784.0 602.8 176.1 
A834-01 Glance 10 0.3 519 519.0 628.0 135.7 
        
A845-02 Horquilla 1 0.3 201 201.0 201.0  
A878-02 Horquilla 2 2.19 175 172.8 186.9 19.9 
1530-01 Horquilla 3 32.2 202 169.8 181.2 17.2 
AR2039-07 Horquilla 4 0.3 169 169.0 178.2 15.3 
A809-01 Horquilla 5 0.6 219 218.4 186.2 22.4 
A806-01 Horquilla 6 0.3 194 194.0 187.5 20.3 
1596-03 Horquilla 7 6.25 212 205.8 190.1 19.7 
A842-01 Horquilla 8 0.3 224 224.0 194.3 21.8 
A866-02 Horquilla 9 0.3 766 766.0 257.9 191.6 
AR2007-02 Horquilla 10 0.9 97.8 96.9 241.8 187.7 
1502-01 Horquilla 11 0.3 887 887.0 300.4 263.7 
AR2004-03 Horquilla 12 0.3 270 270.0 297.9 251.6 
AR2043-03 Horquilla 13 0.3 449 449.0 309.5 244.5 
AR2004-04 Horquilla 14 0.3 459 459.0 320.2 238.3 
AR2042-03 Horquilla 15 0.3 285 285.0 317.8 229.8 
AR2000-04 Horquilla 16 0.3 467 467.0 327.2 225.1 
AR2017-08 Horquilla 17 0.3 251 251.0 322.7 218.8 
AR2042-06 Horquilla 18 0.3 410 410.0 327.5 213.2 
AR 2030-07 Horquilla 19 0.8 412 411.2 331.9 208.1 
AR 2035-03 Horquilla 20 0.3 272 272.0 328.9 203.0 
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Table B2 Summary of ABA Data Used to Evaluate Sampling Adequacy 
 

Sample ID Rock Type # Samples AP NP NNP NNP - Mean NNP - Std. Dev.
AR 2000-05 Horquilla 21 0.3 862 862.0 354.3 229.5 
AR 2015-02 Horquilla 22 0.3 874 874.0 377.9 249.9 
AR 2043-05 Horquilla 23 42.7 272 229.3 371.5 246.1 
AR 2006-02 Horquilla 24 0.3 167 167.0 363.0 244.3 
AR 2032-03 Horquilla 25 0.3 154 154.0 354.6 242.8 
AR 2004-06 Horquilla 26 0.3 590 590.0 363.7 242.3 
        
A856-01 Martin 1 0.3 707 707.0 707.0  
1916-01 Martin 2 0.3 738 738.0 722.5 21.9 
A866-01 Martin 3 0.3 599 599.0 681.3 73.0 
1511-01 Martin 4 0.3 863 863.0 726.8 108.6 
A878-01 Martin 5 4.1 576 571.9 695.8 116.8 
1506-03 Martin 6 2 489 487.0 661.0 134.8 
1461-02 Martin 7 0.3 876 876.0 691.7 147.5 
        
AR2039-02 Overburden 1 1.6 19 17.4 17.4  
AR2039-05 Overburden 2 0.3 19.2 18.9 18.2 1.1 
AR2039-04 Overburden 3 0.3 4.2 4.2 13.5 8.1 
A821-01 Overburden 4 0.3 47.3 47.3 22.0 18.1 
1485-01 Overburden 5 0.3 25.7 25.7 22.7 15.8 
AR2039-01 Overburden 6 1.9 9.5 7.6 20.2 15.4 
        
AR2036-04 QMP 1 0.3 0.3 0.0 0.0  
AR2034-01 QMP 2 0.3 2.1 2.1 1.1 1.5 
A855-01 QMP 3 0.3 20.6 20.6 7.6 11.3 
AR2037-03 QMP 4 0.3 36.7 36.7 14.9 17.3 
1503-01 QMP 5 0.3 5.6 5.6 13.0 15.5 
1926-01 QMP 6 0.3 12.2 12.2 12.9 13.9 
1506-01 QMP 7 0.3 9.3 9.3 12.4 12.7 
AR2036-02 QMP 8 0.3 4.7 4.7 11.4 12.1 
A815-02 QMP 9 0.3 10.1 10.1 11.3 11.3 
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Illustration B1 Drill Holes and Samples Used to Characterize Non-Ore Rock 
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Illustration B2 Drill Holes and Samples Used to Characterize Non-Ore Rock 
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Illustration B3 Moving Average and Standard Deviation of NNP Values for 
Rosemont Willow Canyon Formation Arkose Samples 
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Illustration B4 Moving Average and Standard Deviation of NNP Values for 
Rosemont Horquilla Limestone Samples 

Bolsa Quartzite
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Illustration B5 Moving Average and Standard Deviation of NNP Values for 
Rosemont Bolsa Quartzite Samples 
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Epitaph Formation
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Illustration B6 Moving Average and Standard Deviation of NNP Values for 
Rosemont Epitaph Formation Samples 
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Abrigo Formation

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5 6 7
Number of Samples

N
N

P

NNP - Mean

NNP - Std. Dev.

 

Illustration B7 Moving Average and Standard Deviation of NNP Values for 
Rosemont Abrigo Formation Samples 

Glance Conglomerate
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Illustration B8 Moving Average and Standard Deviation of NNP Values for 
Rosemont Glance Conglomerate Samples 
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Illustration B9 Moving Average and Standard Deviation of NNP Values for 
Rosemont Escabrosa Limestone Samples 

Earp Formation
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Illustration B10 Moving Average and Standard Deviation of NNP Values for 
Rosemont Earp Formation Samples 
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Colina Limestone
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Illustration B11 Moving Average and Standard Deviation of NNP Values for 
Rosemont Colina Limestone Samples 

Martin Formation
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Illustration B12 Moving Average and Standard Deviation of NNP Values for 
Rosemont Martin Formation Samples 
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Illustration B13 Moving Average and Standard Deviation of NNP Values for 
Rosemont Quartz Monzonite Porphyry Samples 

Willow Canyon Formation, Andesite
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Illustration B14 Moving Average and Standard Deviation of NNP Values for 
Rosemont Willow Canyon Formation Andesite Samples 
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Illustration B15 Moving Average and Standard Deviation of NNP Values for 
Rosemont Overburden Samples 
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C1.0 INTRODUCTION 

An open pit copper mine and ore processing operation are planned for the Rosemont Copper 
Project (Rosemont) site, located approximately 30 miles southeast of Tucson, Arizona. 
Processing of about 546 million tons (Mt) of sulfide ore and over 60 Mt of oxide ore is expected 
to generate up to 1,288 Mt of waste rock during the anticipated 20-25 year mine life. 
Consequently, a baseline geochemical characterization was prepared which focused on 
potential water quality impacts from the various mine facilities (e.g., waste rock and dry stack 
tailings storage areas). One of the primary goals of the baseline characterization study was to 
test a representative number of samples in order to adequately characterize the chemical 
behavior of rock that would be developed from mining (Tetra Tech, 2007). The geochemical 
baseline characterization utilized a phased approach to characterize mine materials using both 
kinetic testing and short-term leaching tests (STLTs). Kinetic tests were carried out using 
standard humidity cell tests (HCTs) (ASTM, 1996), while STLTs included the Meteoric Water 
Mobility Procedure (MWMP) (ASTM, 2003) and the Synthetic Precipitation Leaching Procedure 
(SPLP) (USEPA, 1986). 
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C2.0 TECHNICAL OBJECTIVE 

The objective of this analysis was to evaluate the adequacy of existing kinetic and STLT data for 
providing the information needed to evaluate wall rock runoff source terms for use in the 
Rosemont pit lake model. A summary of the HCT and STLT methods used to characterize the 
rock types is provided. An evaluation of the data is also provided with respect to predicting 
chemical mass loading to the pit lake from pit wall rock runoff. 
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C3.0 SUMMARY OF TESTING METHODS 

Geochemical testing of Rosemont materials included both kinetic testing and STLTs. This 
section provides a summary of the kinetic tests and STLTs which were conducted on various 
rock types which are anticipated to comprise the ultimate pit walls and thus contribute to 
chemical mass loading of the pit lake.   

C3.1 Kinetic Testing 
Kinetic testing procedures are designed to accelerate the natural weathering processes for a 
material. Typically, kinetic tests are conducted to verify the extent of acid generation for samples 
whose acid-base accounting (ABA) results indicate uncertainty with respect to acid generation, 
or to determine the rates of acid production for samples which are known to be acid generating. 
Static ABA test results are first used to classify a sample as either inert, potentially-acid 
generating (PAG), or uncertain with respect to acid generation. Static ABA testing compares the 
acid generation potential (AGP) with the acid neutralization potential (ANP) to calculate a net 
neutralization potential (NNP = ANP-AGP). Theoretically, a sample would be acid generating if 
its NNP value is less than zero. In practice, however, the risk of acid generation is greatest for 
samples with NNP values less than -20 kg CaCO3/ton rock (kg/t) and is the lowest when the 
NNP is greater than +20 kg/t (Price, 1997). The neutralization potential ratio (NPR = ANP/AGP) 
can also be used to assess the risk of acid generation, where an NPR greater than three (3) is 
considered to indicate a low risk for acid generation, and an NPR value less than one (1) 
indicates a high risk of acid generation (Price, 1997). The Arizona Department of Environmental 
Quality (ADEQ) Best Available Demonstrated Control Technology (BADCT) Guidance Manual 
(ADEQ, 2004) also follows these criteria to assess the potential of a material to be acid 
generating. 

Kinetic testing was carried out on 16 samples which displayed a range of NNP (-25.6 to 63.1 (kg 
CaCO3/ton) and NPR (0.1 to 94.1) (Table C1). Testing was carried out using standard humidity 
cell tests (HCTs) (ASTM, 1996), where samples are placed into humidity cells and exposed to 
alternating periods of wetting and drying, followed by periodic leaching between cycles. The 
HCTs were carried out for a period of 25 to 35 weeks. The leachates are analyzed for 
constituents of interest (typically pH, sulfate, and metals) which can then be used to calculate 
rates of sulfide oxidation and metals release. Kinetic testing using HCTs is particularly useful in 
evaluating acid generation from samples which have been classified as PAG or uncertain.  
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Table C1 Static Testing Summary for Rosemont HCT Materials 

Sample ID Rock Type NPR NNP 
Total 
Sulfur 

Pyritic 
Sulfur 

(%) 

Sulfate 
Sulfur 

(%) 
Class 

AR2000-02 Earp 5.7 10.5 0.55 0.66 0.19 uncertain 
AR2003-03 Arkose 1.5 10.5 0.92 0.66 0.26 uncertain 
AR2005-02 Arkose 1.2 4.7 1.21 0.94 0.27 uncertain 
AR2009-03 Andesite 1.5 35 2.33 2.05 0.26 uncertain 
AR2009-04 Epitaph 4.7 63.1 0.80 0.55 0.24 uncertain 
AR2010-02 Arkose 1.3 3.8 0.57 0.44 0.13 uncertain 
AR2010-03 Andesite 0.5 -25.6 2.01 1.67 0.34 PAG 
AR2011-03 Andesite 0.8 -14.6 2.51 2.2 0.31 PAG 
AR2013-01 Andesite 1.2 11.3 1.98 1.55 0.40 uncertain 
AR2013-02 Andesite 2.1 37.1 1.36 1.06 0.30 uncertain 
AR2013-03 Arkose 2.5 47.1 1.02 1.02 <0.01 uncertain 
AR2014-02 Andesite 0.9 -17.1 4.77 3.92 0.81 PAG 
AR2014-03 Andesite 2.4 42.1 1.22 0.95 0.23 uncertain 
AR2014-05 Earp 94.1 10.4 0.32 0.37 <0.01 uncertain 

A780-02 
COMPOSITE Bolsa 0.33 -6.1 0.42 0.29 0.13 PAG 

A780-03 
COMPOSITE Bolsa 0.10 -8.7 0.45 0.31 0.13 PAG 

C3.2 Short-Term Leaching Tests (STLTs) 
The Meteoric Water Mobility Procedure (MWMP) is a common leaching test used to evaluate 
the potential for dissolution and mobility of selected constituents from a mine waste sample 
when exposed to meteoric water (ASTM, 2003). The MWMP incorporates a single-pass column 
deionized water leach (unspecified pH) over a 24-hr period. The ratio of solution:solid in the 
MWMP (1:1) is identical to the HCTs. Column leachates are filtered and analyzed for the 
constituents of interest. Twenty-three MWMP tests were run and included  

 Nine (9) samples of Willow Canyon Formation Arkose; 

 Six (6) samples of Willow Canyon Formation Andesite; 

 Two (2) samples of Horquilla Limestone; 

 Two (2) samples of Overburden; 

 One (1) sample of Abrigo Formation; 

 One (1) sample of Concha Limestone; 

 One (1) sample of Quartz Monzonite Porphyry; and 

 One (1) sample of Tertiary Gravel. 

The Synthetic Precipitation Leaching Procedure (SPLP) is a different leaching test which was 
designed to determine the potential for constituent mobility from geologic materials when 
exposed to precipitation (USEPA, 1986). The SPLP is a batch testing procedure (as opposed to 
the MWMP column leach) which uses a solution:solid ratio of 20:1. The SPLP extraction 
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solution is adjusted to a pH of 5.0 using a nitric/sulfuric acid mixture, and the sample is 
extracted for approximately 18 hours. The resulting extracts are then filtered and analyzed for 
the constituents of interest. Sixty-seven samples of varying lithologies were submitted for SPLP 
testing, including  

 Ten (10) samples of Willow Canyon Formation Arkose; 

 Ten (10) samples of Horquilla Limestone; 

 Seven (7) samples of Abrigo Formation; 

 Six (6) samples of Bolsa Quartzite; 

 Six (6) samples of Earp Formation; 

 Six (6) samples of Epitaph Formation; 

 Four (4) sample of Willow Canyon Formation Andesite; 

 Four (4) samples of Colina Limestone; 

 Four (4) samples of Escabrosa Limestone; 

 Four (4) samples of Martin Formation; 

 Two (2) sample of Overburden; 

 Two (2) samples of Quartz Monzonite Porphyry; 

 One (1) sample of Concha Limestone; and 

 One (1) sample of Tertiary Gravel. 
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C4.0 SUMMARY AND EVALUATION OF KINETIC AND LEACHING 
TEST DATA 

This section presents a summary of the HCT, MWMP, and SPLP results for the Rosemont 
geologic materials. A comparison of these results is then used to select the most appropriate 
testing method for defining chemical mass loading from wall rocks to the pit lake. Previous 
baseline testing results can be found in Appendix A of the Geochemical Characterization, 
Addendum 1 report (Tetra Tech, 2007).  

C4.1 Materials Testing Evaluation 
One of the most important aspects of geochemical characterization is ensuring that the 
materials being tested are representative of the overall population. As part of the initial 
Rosemont geochemical characterization program (Tetra Tech, 2007), a number of different rock 
types were characterized for ABA. A statistical evaluation of these data, in conjunction with 
additional data collection in 2008 and 2009, has shown that the majority of the rock types 
expected to comprise the pit walls have been adequately characterized (Appendix B in this 
report). 

Subsequent to the initial geochemical characterization, a subset of samples was subjected to 
additional kinetic tests and STLTs. These results were evaluated in Sections C4.2 through C4.4. 
A summary of the mean NNP for each rock type, and the corresponding range in NNP for the 
specific samples tested, is provided in Table C2. 

Table C2 Statistical Summary for Materials Geochemical Testing 

Rock Type % of Pit 
Wall 

NNP HCT MWMP SPLP 

Mean NNP Range for Test 
Willow Canyon Formation, 
Arkose 29.3 45 ± 36 4.2 to 47.1 -3.4 to 70.2 4.3 to 95.6 

Horquilla Limestone 16.2 364 ± 242 NT 1 410 to 467 169 to 766 
Bolsa Quartzite 8.1 -0.75 ± 14 -6.1 to –8.8 NT -6.2 to 22.7 
Abrigo Formation 7.5 580 ± 100 NT 439 439 to 693 
Epitaph Formation 7.4 519 ± 282 63.1 NT 175 to 928 
Tertiary Gravel 6.4 41.7 ± 46.7 NT 4.0 to 17.4 4.0 to 17.4 
Colina Limestone 4.8 393 ± 232 NT NT 125 to 453 
Earp Formation 4.0 110 ± 72 51.3 to 94.1 NT 14.4 to 169 
Glance Conglomerate 3.8 625 ± 152 NT NT NT 
Escabrosa Limestone 3.8 612 ± 354 NT NT 203 to 874 
Concha 2.9 650 ± 168 NT 570 740 
Martin Formation 2.5 692 ± 148 NT NT 572 to 876 
Pre-Cambrian Granodiorite 1.0 NT NT NT NT 
Willow Canyon Formation, 
Andesite 0.9 36 ± 33 -25.6 to 42.1 -14.6 to 42.4 11.3 to 39.8 

Scherrer 0.6 NT NT NT NT 
Quartz Monzonite Porphyry 0.5 11.3 ± 11.3 NT 0.3 10.1 to 12.2 
Overburden 0.2 20.2 ± 15.4 NT 4.2 to 19 7.6 to 47 

1 NT = not tested. 
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This statistical summary shows that the range of sample NNP values for each test was within 
the mean NNP plus one (1) standard deviation for all samples of a given rock type. However, 
certain samples were biased toward a low NNP in order to evaluate the potential for acid 
generation by materials classified as PAG. For tests performed on only a single sample, the 
NNP of each sample was most often within one (1) standard deviation of the mean. Therefore, 
samples which were selected for additional kinetic tests and STLTs adequately represent the 
overall population for their respective rock type. 

C4.2 Kinetic Testing 
The results of weekly HCT sampling for pH, sulfate, acidity, and alkalinity for each of the 16 
HCTs are shown on Illustrations C1 through C16. With the exception of the Bolsa Quartzite 
samples, pH levels were generally neutral to alkaline and sulfate levels gradually declined or 
remained stable throughout the 35-week testing period. Most metals were below detection limits 
in the HCT leachates; however, low concentrations of antimony, copper, manganese, arsenic, 
and selenium were detected in a few samples (Tetra Tech, 2007). Even though ABA testing 
results for these materials (Table C1) indicate that certain Rosemont rock types have the 
potential to generate acid, the HCT results provide no indication that sulfide oxidation and the 
subsequent release of metals and acidity is a significant mechanism controlling solution 
chemistry during weathering.  

For example, one (1) sample of Willow Canyon Formation andesite (AR2010-03) displayed the 
most negative NNP value (-25.6 t/kt) and is classified as PAG (Table C1). The ABA results for 
this sample indicate that both sulfide-S (1.67%) and sulfate-S (0.34%) were present. Illustration 
C7 clearly shows that the pH of the humidity cell leachate remained neutral throughout the 
entire 35 weeks of testing. Both calcium and sulfate leaching rates fell slightly during the test 
period, while maintaining a calcium:sulfate ratio which is consistent with gypsum (CaSO4•2H2O) 
dissolution. Any acid generation that may have occurred is masked by sulfate mineral 
dissolution. The constant low levels of acidity and iron are also consistent with simple sulfate 
mineral dissolution, rather than acid generation resulting from iron sulfide oxidation. 

Another sample of Willow Canyon andesite (AR2014-02) displayed the highest total-S (4.77%) 
and sulfide-S content (3.92%), with a corresponding negative NNP, and was also considered 
PAG (Table C1). Similarly, the HCT results shown on Illustration C12 show that the pH of the 
cell leachate remained between 7.5 and 8.5 during the 35 weeks of testing. Again, the decrease 
in calcium and sulfate leaching rates over time, and the low constant levels of acidity and iron, 
are consistent with solution chemistry that is dominated by simple mineral dissolution, rather 
than iron sulfide oxidation. 

The Bolsa Quartzite was the only material tested which generated net acidity during humidity 
cell testing. Unlike the andesite, arkose, and limestone materials which contain more reactive 
acid-neutralizing minerals, the neutralizing silicate fraction of the Bolsa Quartzite reacts more 
slowly. Therefore, net acidity associated with low pH values was generated in the humidity cells 
(Illustrations C15 and C16). These observations are consistent with the presence of 0.13% 
sulfate-S in the Bolsa Quartzite samples (Table C1). 

C4.3 Meteoric Water Mobility Procedure (MWMP) 
A comparison of the MWMP results to the HCT results provides further indication that mineral 
dissolution, rather than sulfide oxidation, is the dominant factor controlling constituent release 
from the Rosemont rocks. This conclusion is based on similarities between the leaching 
characteristics of short-term MWMP results as compared to long-term HCT results. Both testing 
procedures use a 1:1 ratio of solution:solid, which allows for a direct comparison of the two (2) 
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methods. However, the MWMP is a short-duration test (24 hour), compared to the long-duration 
(35 weeks) for HCTs. 

The average calcium, magnesium, sulfate, and pH values at [at five (5) week intervals] for the 
HCTs representing three (3) rock types are compared to the MWMP concentrations for the 
same rock types in Illustrations C17 through C19. The HCT data indicated that the initial flush 
(Week 0) generally produced elevated and variable constituent concentrations compared to the 
remaining five (5) week HCT rinsing intervals. The occurrence of high concentrations in the 
Week 0 leachates is a commonly-observed phenomenon caused by dissolution of soluble pre-
existing reaction products, which sometimes requires three (3) to five (5) weeks to be 
completely flushed from the system (ASTM, 1996). From Week 5 forward, however, the 
concentrations of calcium, magnesium, and sulfate in the HCTs decreased and showed little 
variability (Illustrations C17 through C19). 

The concentrations of major ions and pH in the arkose and andesite HCTs were within the 
range observed in the MWMP extracts (Illustrations C17 and C18). In other words, the solution 
composition which results from a simple 24-hr leaching is essentially the same as that produced 
by either early (Week 5) or late (35-week) HCT leachates. These observations suggest that 
short-term mineral solubility is the most important factor controlling the solution composition, not 
long-term weathering and release of oxidation products which is more typically demonstrated by 
decreasing pH, and increasing concentrations of iron, sulfate, and acidity. While no MWMP 
results exist for the Earp Formation limestone, the Earp HCT leachate compositions were very 
similar to the andesite and arkose HCT leachate compositions (Illustration C19). 

C4.4 Synthetic Precipitation Leaching Procedure (SPLP) 
The SPLP test is much more cost-effective and requires smaller samples volumes when 
compared to MWMP, and therefore a larger number of samples was analyzed (SPLP, N = 59 
and MWMP, N =19). The SPLP is a batch leach procedure which also differs from the MWMP 
column test in that the SPLP utilizes a solution:solid ratio of 20:1. Therefore, the SPLP 
procedure has the potential to dissolve more constituent mass from a sample compared to the 
MWMP, but the actual solution concentrations may be lower. For example, a comparison of the 
SPLP and MWMP results from four (4) different rock types is shown in Table C3. Examination of 
the major cation (calcium, magnesium, sodium, potassium) and anion (sulfate, chloride, fluoride) 
data for each rock type shows that their concentrations are more often than not higher in the 
MWMP solutions when compared to the SPLP solutions. However, when the results are 
expressed on a rock mass basis, the SPLP can be shown to release more chemical mass when 
compared to the MWMP (Table C4). 

The SPLP was developed by the USEPA to determine the mobility of solid-phase constituents 
and the potential for groundwater contamination. The main advantage of using SPLP for 
geochemical characterization is that it provides a measure of the readily-dissolvable 
constituents from dried mine materials (e.g., wall rocks) (Maest and Kuipers, 2005). The 20:1 
water to rock testing ratio for SPLP would correspond to precipitation events contacting only a 
limited amount of rock, although in practice this proportion is difficult to estimate for field 
conditions. 
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C5.0 SUMMARY AND CONCLUSIONS 

Geochemical characterization of the rocks at Rosemont, which are anticipated to comprise the 
ultimate pit wall, has been conducted using a variety of static tests, kinetic tests, and STLTs. A 
review of the static testing data indicates that some samples were classified as PAG based on 
their ABA characteristics. However, when the majority of these materials were subjected to 
long-term humidity cell testing, the leachate pH remains neutral and the trends in sulfate, iron, 
and acidity provide no indication of sulfide oxidation. Any sulfide oxidation products which may 
have been generated become masked by the dissolution of any existing secondary weathering 
products, such as jarosite. 

Dissolution of Rosemont rocks is largely controlled by carbonate mineral solubility, an 
observation which is further supported by the chemical similarities between long-term HCT 
leachate compositions and those produced by selective short-term MWMP leaching. The 
abundance of SPLP data were subsequently chosen to simulate runoff compositions for the 
various wall rocks. Due to the low reactivity of acid neutralizing minerals in the Bolsa Quartzite, 
however, this rock type was shown to produce net acidity during humidity cell testing as a result 
of sulfide oxidation. Therefore, HCT data from the Bolsa Quartzite were also incorporated into 
the pit lake model to account for potential effects of acid generating materials. 
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Table C3 Solution-Basis Comparison (mg/L) of MWMP and SPLP Testing for Four Rock Types 

Material 
Type 

Willow Canyon Formation- 
Andesite 

Willow Canyon Formation- 
Arkose 

Horquilla Limestone Glance Conglomerate 

 Test MWMP SPLP MWMP SPLP MWMP SPLP MWMP SPLP 
Calcium 20.3 10.2 14.3 5.71 28.2 47.2 8.69 5.01 

Magnesium 4.72 1.40 2.43 0.75 2.90 2.37 0.88 2.61 
Sodium 15.8 4.46 15.4 4.86 10.8 2.13 5.29 0.80 

Potassium 12.9 5.35 5.20 2.86 4.68 1.06 0.83 2.14 
Sulfate 62.4 17.8 33.6 4.45 28.2 110 6.34 1.4 

Chloride 3.09 0.57 4.05 0.86 24.4 2.34 0.88 0.88 
Fluoride 1.03 0.29 0.79 0.26 1.09 0.51 0.17 0.10 

 

Table C4 Mass-Basis Comparison (mg/kg) of MWMP and SPLP Testing for Four Rock Types  

Material 
Type 

Willow Canyon Formation- 
Andesite 

Willow Canyon Formation- 
Arkose 

Horquilla Limestone Glance Conglomerate 

 Test MWMP SPLP MWMP SPLP MWMP SPLP MWMP SPLP 
Calcium 20.3 204 14.3 114 28.2 944 8.69 100.2 

Magnesium 4.72 28.1 2.43 15.0 2.90 47.4 0.88 52.2 
Sodium 15.8 89.1 15.4 97.3 10.82 42.6 5.29 16 

Potassium 12.9 107 5.20 57.2 4.68 21.2 0.83 42.8 
Sulfate 62.4 357 33.6 89.1 28.2 2200 6.34 28 

Chloride 3.09 11.5 4.05 17.2 24.4 46.8 0.88 17.6 
Fluoride 1.03 5.78 0.79 5.3 1.09 10.2 0.17 2 
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Earp Formation (Limestone) (AR2002-02)
0.35% Sulfide-S, NNP = +51.1 kg/t
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Illustration C1 Humidity Cell Test Results for Sample AR2002-02 

Willow Canyon Formation Arkose (AR2003-03)
0.66% Sulfide-S, NNP = +10.4 kg/t
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Illustration C2 Humidity Cell Test Results for Sample AR2003-03 
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Willow Canyon Formation Arkose (AR2005-02)
0.94% Sulfide-S, NNP = +4.6 kg/t
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Illustration C3 Humidity Cell Test Results for Sample AR2005-02 

Willow Canyon Formation Andesite (AR2009-03)
2.05% Sulfide-S, NNP = +34.9 kg/t
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Illustration C4 Humidity Cell Test Results for Sample AR2009-03 
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Epitaph Formation (Limestone) (AR2009-04)
0.55% Sulfide-S, NNP = +62.8 kg/t
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Illustration C5 Humidity Cell Test Results for Sample AR2009-04 

Willow Canyon Arkose (AR2010-02)
0.44% Sulfide-S, NNP = +4.2 kg/t
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Illustration C6 Humidity Cell Test Results for Sample AR2010-02 
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Willow Canyon Andesite (AR2010-03)
1.67% Sulfide-S, NNP = -25.2 kg/t
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Illustration C7 Humidity Cell Test Results for Sample AR2010-03 

Willow Canyon Andesite (AR2011-03)
2.2% Sulfide-S, NNP = -14.8 kg/t
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Illustration C8 Humidity Cell Test Results for Sample AR2011-03 
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Willow Canyon Andesite (AR2013-01)
1.55% Sulfide-S, NNP = +11.6 kg/t

0

250

500

750

1000

0 10 20 30 40
Week

Le
ac

hi
ng

 R
at

e 
(m

g/
kg

/w
k)

4.0

5.0

6.0

7.0

8.0

9.0

pH

Calcium
Sulfate
Acidity
Alkalinity
Iron
pH

 

Illustration C9 Humidity Cell Test Results for Sample AR2013-01 

Willow Canyon Andesite (AR2013-02)
1.06% Sulfide-S, NNP = +36.9 kg/t
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Illustration C10 Humidity Cell Test Results for Sample AR2013-02 
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Willow Canyon Arkose (AR2013-03)
1.02% Sulfide-S, NNP = +47.1 kg/t
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Illustration C11 Humidity Cell Test Results for Sample AR2013-03 

Willow Canyon Andesite (AR2014-02)
3.92% Sulfide-S, NNP = -17.5 kg/t
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Illustration C12 Humidity Cell Test Results for Sample AR2014-02 
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Willow Canyon Andesite (AR2014-03)
0.95% Sulfide-S, NNP = +42.3 kg/t
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Illustration C13 Humidity Cell Test Results for Sample AR2014-03 

Earp Formation (limestone) (AR2014-05)
0.32% Sulfide-S, NNP = +94.0 kg/t

0

25

50

75

100

0 10 20 30 40
Week

Le
ac

hi
ng

 R
at

e 
(m

g/
kg

/w
k)

4.0

5.0

6.0

7.0

8.0

9.0
pH

Calcium
Sulfate
Acidity
Alkalinity
Iron
pH

 

Illustration C14 Humidity Cell Test Results for Sample AR2014-05 
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Illustration C15 Humidity Cell Test Results for Sample A780-02 Bolsa Composite 
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Illustration C16 Humidity Cell Test Results for Sample A780-03 Bolsa Composite 
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Illustration C17 Comparison of Major Ion and pH Data from Willow Canyon Arkose 
HCT and MWMP Testing 
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Illustration C18 Comparison of Major Ion and pH Data from Willow Canyon Andesite 
HCT and MWMP Testing 
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Illustration C19 Selected Major Ion and pH Data from Earp Formation (Limestone) 
HCTs 

 



 

 

APPENDIX D 
SAMPLE PROBABILITY PLOTS 

AND DSM INPUT (ELECTRONIC) 
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Tetra Tech November 2010 D-1 

 

 

Illustration D1 Probability Plots of Total Dissolved Solids (TDS) from SPLP Results 
for the Abrigo Formation 
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Tetra Tech November 2010 D-2 

 

 

Illustration D2 Probability Plots of TDS from SPLP Results for the Willow Canyon, 
Arkose Formation 
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Illustration D3 Probability Plots of TDS from SPLP Results for the Bolsa Quartzite 
Formation 
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Tetra Tech November 2010 D-4 

 

 

Illustration D4 Probability Plots of TDS from SPLP Results for the Earp Formation 
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Tetra Tech November 2010 D-5 

 

 

Illustration D5 Probability Plots of TDS from SPLP Results for the Epitaph 
Formation 
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Tetra Tech November 2010 D-6 

 

 

Illustration D6 Probability Plots of TDS from SPLP Results for the Horquilla 
Limestone Formation 
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Table D1 Chemical Inputs for Wall Rock Runoff – Average Scenario 
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Table D2 Chemical Inputs for Wall Rock Runoff – Average HCT Scenario 
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Table D3 Chemical Inputs for Wall Rock Runoff – Elevated Scenario 
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Table D4 Chemical Inputs for Wall Rock Runoff – Low Scenario 
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See Attached CD 
For 

DSM Input File 
 



 

 

APPENDIX E 
DSM OUTPUT (ELECTRONIC) 
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See Attached CD 
For 

DSM Output File 
 



 

 

APPENDIX F 
EXAMPLE PHREEQC INPUT FILE 
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SOLUTION 1 Rosemont Pit - Year 200  
temp   25 
pe    9 
units   mg/l 
Ca 236  
Mg 23.7  
Na 30.0  
K 6.5  
S(6) 510  
Cl 10.0  
F 1.16  
Alkalinity 496 as HCO3 
Al  0.15641  
As 0.0075  
Sb 0.00025966  
Ba 0.0533  
Cu 0.00037864  
Fe 0.565  
Pb 0.0206  
Hg 2.80E-05  
Mn 0.181  
Mo 0.171  
Se 0.00215  
U 0.00463  
Zn 0.703  
 
EQUILIBRIUM_PHASES 1 
CO2(g)  -3.5 
Calcite  0.0 0.0 
CaMoO4(C)  0.0 0.0 
Ferrihydrite 0.0 0.0 
Fluorite  0.0 0.0 
Barite  0.0 0.0  
Smithsonite  0.0 0.0 
Anglesite  0.0 0.0 
Al4(OH)10SO4 0.0 0.0 
PbMoO4(C)  0.0 0.0 
Rhodochrosite 0.0 0.0 
Magnesite  0.0 0.0 
Huntite  0.0 0.0 
Gypsum  0.0 0.0 
Ba3(AsO4)2  0.0 0.0 
Manganite  0.0 0.0 
Alunite  0.0 0.0 
Zincite  0.0 0.0 
 
SAVE Solution 2 
SAVE Equilibrium_phases 2 
END 
 
USE Solution 2 
USE Equilibrium_phases 2 
END 
SURFACE 2 
 equilibrate Solution 2 
 Hfo_wOH Ferrihydrite equilibrium_phases 0.200 5.33e4 
 Hfo_sOH Ferrihydrite equilibrium_phases 0.005 
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Tetra Tech November 2010 F-2 

 
SELECTED_OUTPUT 
 -reset false 
 -file c:\rosemont_200.dat 
 
USER_PUNCH 
 -headings Ca Mg Na K SO4 Cl F HCO3 Ag Al As Sb Ba Be Cd Cr 
 -headings Cu Fe Pb Hg Mn Mo Ni Se Tl U Zn NO3-N Ra(pCi/L) TDS pH  
10 REM Calculate concentrations as mg/L and sum for TDS 
20 PUNCH TOT("Ca")*40.08*1000 
30 PUNCH TOT("Mg")*24.312*1000 
40 PUNCH TOT("Na")*22.9898*1000 
50 PUNCH TOT("K")*39.102*1000 
60 PUNCH TOT("S(6)")*96.0616*1000 
70 PUNCH TOT("Cl")*35.453*1000 
80 PUNCH TOT("F")*18.9984*1000 
90 PUNCH MOL("HCO3-")*61.018*1000 
100 PUNCH TOT("Ag")*107.868*1000 
110 PUNCH TOT("Al")*26.9815*1000 
120 PUNCH TOT("As")*74.9216*1000 
130 PUNCH TOT("Sb")*172.772*1000 
140 PUNCH TOT("Ba")*137.34*1000 
150 PUNCH TOT("Be")*9.0122*1000 
160 PUNCH TOT("Cd")*112.399*1000 
170 PUNCH TOT("Cr")*51.996*1000 
180 PUNCH TOT("Cu")*63.546*1000 
190 PUNCH TOT("Fe")*55.847*1000 
200 PUNCH TOT("Pb")*207.19*1000 
210 PUNCH TOT("Hg")*200.59*1000 
220 PUNCH TOT("Mn")*54.938*1000 
230 PUNCH TOT("Mo")*95.94*1000 
240 PUNCH TOT("Ni")*58.71*1000 
250 PUNCH TOT("Se")*78.96*1000 
260 PUNCH TOT("Tl")*204.37*1000 
270 PUNCH TOT("U")*238.029*1000 
280 PUNCH TOT("Zn")*65.37*1000 
290 PUNCH TOT("N(5)")*14.0067*1000 
300 PUNCH TOT("Ra")*226.025*1000/1.01e-9 
310  A = (TOT("Ca")*40.08*1000)+(TOT("Mg")*24.312*1000) 
320 B = (TOT("Na")*22.9898*1000)+(TOT("K")*39.102*1000) 
330 C = MOL("HCO3-")*61.018*1000  
340 D = TOT("S(6)")*96.0616*1000 
350 E = TOT("Cl")*35.453*1000 
360 PUNCH A+B+C+D+E 
370 PUNCH -LA("H+") 
 
END 
  
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 




