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1.0 INTRODUCTION 

This technical memorandum presents the “Well Installation Report” for new point of 
compliance (POC) and alert wells prepared by Golder Associates Inc. (Golder) on behalf of 
Resolution Copper Mining Company LLC (RCML) as part of their area-wide Aquifer 
Protection Permit (APP), No. P-101703.  This technical memorandum fulfills APP 
Compliance Schedule Items No’s 6 and 7, as follows: 

• Compliance Schedule Item No. 6 - Install new Point of Compliance 
(POC) wells and alert wells as identified in Section 2.4 of the APP and 
collect initial groundwater sample. 

• Compliance Schedule Item No. 7 - Submit well installation report for 
new POC Wells and alert well (including geologic logs, construction 
diagrams and results of initial sampling event) in accordance with APP 
section 2.7.4.4. 

 

A work plan for the new POC Wells and the new alert well was prepared by Golder (Golder, 
2006) and submitted to the Arizona Department of Environmental Quality (ADEQ).  The 
groundwater monitoring well network, consisting of new wells and existing wells, was 
designed to monitor potential groundwater pathways downgradient of APP regulated 
facilities.  Based on surface elevation and projected depths to water from existing data 
submitted in the APP application (Golder, 2005), screen intervals were designed so that 
10 feet of screen would be above the water table and 30 feet of screen would be below the 
water (for a total of 40 feet of screen). 

The estimation of the depth to groundwater at the proposed 500 Yard POC Well was not 
straightforward, because of the change from the basin fill hydrologic regime (i.e., the Gila 
Conglomerate) to the bedrock hydrologic regime on the east side of the Concentrator Fault 
(Figure 1), a range front fault interpreted to be a hydrologic barrier.  Because of the lack of 
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data regarding the water levels in this area and the historical mine dewatering, the estimated 
water level was tenuous.  Consequently, an approach consisting of cuttings analysis and well 
installation was used to evaluate the potential for groundwater impacts from the 500 yard 
development rock pile. 

2.0 DRILLING, SOLIDS SAMPLING, AND WELL INSTALLATION 

All wells were drilled and installed by Yellow Jacket Drilling of Phoenix.  A Golder 
geologist supervised the drilling and logged samples using methods from the American 
Society for Testing and Materials (ASTM) Standard Practice for Description and 
Identification of Soils (Visual-Manual Procedure, 1993).  The well locations are identified on 
Figure 1, with supporting information presented in Table 1.  The Arizona Department of 
Water Resources (ADWR) Notice of Intent and Well Drilling Reports for the wells are 
included in Attachment 1. 

With the exception of the Smelter Pond POC Well, all wells were completed using a 
Speedstar 50K-CH drill rig using Air Rotary Casing Hammer (ARCH) methods.  The ARCH 
drilling/well installation was performed between May 21 and June 5, 2007.  The ARCH 
method utilized an 8.75-inch bit and a 10-inch drive casing.  The drive casing was advanced 
through unconsolidated materials using a tri-cone bit, to prevent borehole caving during well 
construction.  Because caving is not a problem in consolidated formations (i.e., Gila 
Conglomerate and Apache Leap Tuff, drilled with a hammer bit) and advancing a drive 
casing in consolidated materials can be difficult, the drive casing was not used in these 
conditions.  With the exception of the 500 Yard POC Well that had 5-foot composite samples 
collected, 10-foot composite samples of cuttings were collected at all boreholes from the drill 
rig cyclone.  Sampling frequency was increased at the 500 Yard POC Well borehole because 
more detail was needed in order to assess the potential existence and extent of discharge 
underneath the 500 Yard development rock facility.  All of the samples were double bagged 
and archived following logging until the drilling program had been completed. 

4 inch schedule 40 polyvinyl chloride (PVC) wells with 40 feet of 0.020 slot screen were 
completed in all of the ARCH boreholes.  With the exception of the Settling Ponds 1 and 2 
Alert Well, all of the wells were constructed using the same, general annular material design 
(Attachment 2).  The annular material design at the Settling Ponds 1 and 2 Alert Well 
required a cement seal across the pond sediments and contact with the Gila Conglomerate, to 
prevent the pond porewater from migrating downward into the underlying Gila 
Conglomerate aquifer, the targeted aquifer. 

The Smelter Pond POC Well was installed by auger drilling on January 29, 2007.  An 8-inch 
hollow stem auger with a continuous sampling core barrel advanced by a truck mounted 
BK-81 rig was used to install the Smelter Pond POC Well.  The auger was advanced through 
12.5 feet of alluvium and then 5 feet into the Gila Conglomerate.  Because of the presence of 
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cobbles, the continuous core sampler was only used down to a depth of 5 feet below ground 
surface (ft bgs).  Split-spoon samples were collected below this depth.  A 2 inch schedule 
40 PVC well with 10 feet of screen was completed across the alluvium/Gila Conglomerate 
contact (approximately 6.5 feet of screen in the alluvium and 3.5 feet in the Gila 
Conglomerate).  A boring log and as-built well construction diagram for the Smelter Pond 
POC Well is included in Attachment 2. 

Two of the five newly installed APP wells were dry.  The 500 Yard POC Well was designed 
to be screened across the water table in the event that water was encountered less than 
150 ft bgs.  Though groundwater was not encountered at this location, a well was constructed 
according to the specification in the ADEQ approved workplan (Golder, 2006).  The second 
dry well, the Indian Ponds POC Well, was designed to monitor groundwater in the alluvium.  
Although the well was screened across the Gila Conglomerate/alluvium contact (the most 
likely zone to encounter alluvial water), the well was dry.  This well is anticipated to have 
seasonal groundwater. 

Three of the five newly installed APP wells encountered groundwater, but were not screened 
across the water table as initially designed (Golder, 2006).  Depths to water were estimated 
for the work plan using the existing information which proved to be inaccurate.  The actual 
water levels encountered at the Settling Ponds 1 and 2 Alert Well and the Tailings Pond 
5 POC Well were approximately 80 and 90 feet higher than originally estimated, 
respectively.  These elevated levels may be due to groundwater mounding from overlying 
facilities. 

Determining the water levels from borehole observations at the Settling Ponds 1 and 2 Alert 
well locations was especially complicated because pond sediments containing porewater 
needed to be penetrated prior to reaching the Gila Conglomerate Aquifer.  Although the drive 
casing prevented porewater from infiltrating into the lower portion of the borehole (which 
penetrated the Gila Conglomerate), some water did infiltrate the drive casing, thus making 
moisture observations from the cuttings useless for identifying the saturated zone.  
Consequently, with a lack of reliable Gila Conglomerate moisture observations, the well 
screen was placed at the original target interval to assure the well would produce sufficient 
water for sampling.  Any infiltrating water was removed during development (Section 3.0). 

Additional complications identifying the water table were encountered while drilling the 
Tailings Pond 5 POC Well.  The Tailing Pond 5 POC Well borehole was advanced to a depth 
of 100 ft bgs and allowed to sit for four days before drilling resumed.  Following this break a 
water level of approximately 90 ft bgs was measured.  Given that the borehole was not 
disturbed for four days, this water level measurement was thought to represent the static 
water level.  Consequently, the screen interval was completed from 80 to 120 ft bgs.  
However, after two weeks, the water level eventually recovered to approximately 70 ft bgs, 
10 feet above the top of the screen interval.  A combination of extremely low formation 
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permeability and the air rotary drilling technique was likely responsible for the 
misidentification of the water table depth.  That combination probably depresses the water 
table, when advancing the borehole. 

3.0 WELL DEVELOPMENT 

Development consisted of swabbing the screened intervals for approximately 15 minutes and 
bailing the well until it was dry.  The wells were drilled using the ARCH method, and they 
were allowed to recover for two days before being bailed dry again.  This process was 
performed on June 4 and June 6, 2007.  The auger-drilled well was developed once on 
February 15, 2007, (instead of twice as on the ARCH wells, using the same method.  The 
total volume bailed for well development of each well, not including sample purging, was: 

• 500 Yard POC Well – dry well, 

• Indian Ponds POC Well – dry well, 

• Settling Ponds 1 & 2 Alert Well – 325 gallons, 

• Smelter Pond POC Well – 8 gallons, and 

• Tailings Pond 5 POC Well – 110 gallons. 

 
4.0 CUTTINGS SAMPLING AND ANALYTICAL RESULTS 

Upon completion of the drilling program a subset of solid samples was selected for additional 
analysis.  Gila Conglomerate and alluvium samples were chosen to capture spatial and 
material variability (i.e., variations between well location and material types).  Six samples 
were selected and analyzed for: 

• paste pH (method ASAM10-3.2), 

• paste electrical conductivity (EC) (method ASA10-3), 

• total metals (method SW6010B and SW7471A),  

• acid-base accounting (ABA) including sulfur forms (method modified 
Sobek), 

• cation exchange capacity (CEC), and 

• x-ray diffraction (XRD). 

 
A subset of half of the samples collected during the installation of the 500 Yard POC Well 
was subjected to paste pH and paste EC testing.  These samples were selected to capture the 
spatial (i.e. vertical variability) and material variability of both the 500 Yard development 
rock and underlying Apache Leap Dacite Tuff (Apache Leap).  Based on the screening 
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results (i.e., paste pH and paste EC results), three samples from the development rock and six 
samples from the Apache Leap were selected for additional analysis.  The development rock 
samples were analyzed for ABA and total metals.  The Apache Leap samples were analyzed 
for acid neutralization potential (ANP) and total metals. 

All laboratory analysis of cuttings samples was performed by SVL Analytical in Kellogg, 
Idaho, under contract to Golder.  United States Environmental Protection Agency (USEPA) 
Level IV laboratory reporting was requested for the total metals analysis to allow validation.  
Data validation was performed by Innovative Technical Solutions Inc. (ITSI) under direct 
contract to RCML (Attachment 3).  All of the data was considered useable for the intended 
purposes, with the exception of one rejected non-detect mercury result from the Apache Leap 
(sample ID, 500 Yard 40-45). 

4.1 Gila Conglomerate 

Total metals analysis of five Gila Conglomerate samples indicated that iron, aluminum, 
manganese, and barium were the dominant metals (Table 2).  The average concentrations of 
these metals were 11,220; 8,312; 480; and 136 milligrams per kilogram (mg/kg), 
respectively.  There were no exceedances to the non-residential soil remediation levels 
(SRLs) or the minimum ground water protection limits (GPLs) noted. 

Paste pH for ten Gila Conglomerate samples ranged from 7.74 to 8.47 with an average of 
8.19 standard units (s.u.) (Table 3).  Paste EC ranged from 0.25 to 1.78 milliSiemens per 
centimeter (mS/cm), with an average of 0.72 mS/cm. 

ABA results for Gila Conglomerate samples indicated that only two of the five samples had 
total sulfur concentrations slightly above the practical quantitative limit of 0.01 percent sulfur 
(Table 3).  The samples from the Settling Ponds 1 and 2 POC Well boreholes had a 
maximum of 0.03 percent total sulfur, which was present as sulfate, indicating oxidized 
conditions.  The ANP ranged from approximately 50 to 250 tons of CaCO3 per kiloton of 
material (tCaCO3/kt) with an average of 150.  Using the Price criteria (Price, 1997), the five 
Gila Conglomerate samples analyzed are classified as having no potential to generate acid. 

The bulk mineralogy of the Gila Conglomerate was determined using XRD (Table 4).  In 
order of abundance, plagioclase, calcite, quartz and smectite were the dominant mineral 
phases.  Cristobalite, potassium feldspar, mica, clinoptiloite, and hematite were also detected 
in minor amounts (<10 percent) in the Gila Conglomerate.  No sulfide or sulfate mineral 
phases were detected in the Gila Conglomerate. 

CEC values in the Gila Conglomerate ranged from 4.4 to 40.4 milliequivalents per 100 grams 
(meq/g) with an average of 14 meq/g (Table 4).  Increased CEC generally corresponded with 
the abundance of clays. 
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4.2 Alluvium 

Total metals results in the alluvium sample were similar to the results in the Gila 
Conglomerate samples with iron, aluminum, manganese, and barium being the dominant 
metals (Table 2).  Concentrations were 16,100; 15,500; 627; and 181 mg/kg, respectively.  
There were no exceedances to the non-residential SRLs or the minimum GPLs noted. 

As with the Gila Conglomerate, ABA results of the alluvium sample indicated there is no 
potential to generate acid with the total sulfur content being low (0.02 percent) (Table 3).  
The ANP for the alluvium was 108 tCaCO3/kt.  Analysis of one alluvium sample produced a 
paste pH of 8.13 s.u. and paste EC of 2.62 mS/cm. 

In order of abundance, the primary mineral phases in the alluvium sample included smectite, 
calcite, quartz, plagioclase, and clinoptilolite.  No sulfide or sulfate mineral phases were 
detected in the alluvium sample (Table 4).  The CEC for the alluvium sample was 
34.84 meq/g (Table 4). 

4.3 500 Yard Development Rock 

Total metals analysis of three 500 Yard development rock samples indicated that iron, 
aluminum, copper, manganese, and zinc were the dominant metals (Table 2).  Average 
concentrations of these metals were 28,613; 9,830; 2,958; 1,390; and 790 mg/kg, 
respectively.  Two of the three samples exceeded non-residential SRLs for arsenic and one of 
the samples exceeded the minimum GPL for lead. 

Paste pH of four development rock samples ranged from 7.28 to 8.05 s.u. with an average of 
7.8 s.u. (Table 3).  Paste EC ranged from 3.01 to 4.95 mS/cm, with an average of 
4.38 mS/cm. 

ABA results for three development rock samples indicated that total sulfur ranged from 0.15 
to 1.94 percent with the concentration decreasing with depth (Table 4).  In all of the samples, 
the majority of the sulfur is present as sulfate sulfur, indicating oxidized conditions.  The 
ANP for the same three samples ranges from approximately 54 to 98 tCaCO3/kt.  Because of 
the relatively high ANP in the lower portions of the facility at this location, all three samples 
were classified as having no potential to generate acid when using the Price criteria (Price, 
1997). 

4.4 Apache Leap Dacite Tuff 

Total metals analysis of six Apache Leap samples from a formation underlying the 500 Yard, 
indicated that aluminum, iron, manganese, and zinc were the dominant metals (based on 
average concentrations) (Table 2).  Average concentrations of these metals were 12,750; 
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5,135; 469; and 311 mg/kg, respectively.  None of the samples exceeded the non-residential 
SRLs or minimum GPLs. 

Figure 2 shows profiles of copper, lead, manganese, and zinc concentrations with depth 
below the 500 Yard.  These profiles suggest historical releases to the vadose zone penetrated 
approximately 30 to 90 feet below the contact between the development rock and Apache 
Leap (i.e., approximately 60 to 120 ft bgs).  Because a total metals analysis was not 
performed on cutting samples between 30 and 90 feet below the contact, the extent of 
impacts in this interval cannot be positively identified. 

Whether the historical impacts to the Apache Leap penetrate 30 or 90 feet does not matter 
because current and probable future dry conditions do not provide a transport mechanism to 
move metals down to the aquifer.  Historical conditions probably had seepage emanating 
from the 500 Yard into the Apache Leap; however, this likely stopped due to the 500 Yard 
being closed, in order to prevent discharges as much as possible (Golder, 2007).  Also, due to 
mine dewatering, groundwater levels are expected to stay below the zone of impacted 
Apache Leap. 

Paste pH for 11 Apache Leap samples ranged from 7.80 to 8.55 s.u. with an average of 
8.13 s.u.(Table 3).  Paste EC ranged from 0.24 to 4.6 mS/cm, with an average of 1.9 mS/cm.  
ANP results for six Apache Leap samples ranged from 5.28 to 31.68 tCaCO3/kt with an 
average of 17.3 tCaCO3/kt (Table 4). 

5.0 INITIAL GROUNDWATER SAMPLING 

Groundwater samples were collected from three of the five new APP wells on June 21, 2007.  
Samples were not collected from two of the new APP wells (i.e., 500 Yard POC and Indian 
Ponds POC) because both wells were dry.  Well purging and sample collection was 
performed using a Grundfos Ready Flow-2 submersible pump.  All sampling equipment was 
decontaminated using an Alconox solution followed by a distilled water rinse.  Static water 
levels collected prior to sample purging are included in Table 1 and on the well construction 
diagrams (Attachment 2).  Because all the wells have low yields, the wells were purged until 
dry while monitoring field parameters and allowed to recover for a minimum of 24 hours 
before sampling.  Sample aliquots for dissolved metals were field-filtered using a 
0.45-micron disposable filter. 

The groundwater analytical suite and laboratory methods are included in Table 5.  The 
analytical suite was the same for all wells with the exception of the addition of benzene, 
toluene, ethylbenzene, and xylene (BTEX) to the alert well suite.  This suite is consistent 
with that required for new POC Wells (APP Table 4.2-1) and the Alert Well (APP Tables 
4.2-2 and 4.2-3).  Quality control samples included a duplicate sample from the Alert Well 
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(sample DS-1) and a decontamination rinseate sample (i.e., EB-1).  Additionally a trip blank 
was added to the organic samples collected from the alert well. 

With the exception of the BTEX that was analyzed by Test America in Phoenix, Arizona and 
the radionuclides that were analyzed by ACZ laboratories in Steamboat, Colorado, all other 
analyses were performed by was SVL Analytical in Kellogg, Idaho.  EPA Level IV 
laboratory reporting was requested to allow data validation by ITSI in Tempe, Arizona 
(Attachment 3).  All data was considered useable for the intended purposes, with the 
exception of the BTEX analyses, which were rejected due to an elevated sample receipt 
temperature. 

Table 6 shows the results of the initial groundwater samples.  There were no exceedances of 
the Arizona Aquifer Water Quality Standards (AWQS), except for gross alpha activity at the 
Smelter Pond POC Well. 

6.0 SUMMARY 

RCML installed five new wells and collected initial groundwater samples to fulfill APP 
Compliance Item No. 6.  This technical memorandum fulfills Compliance Schedule Item 
No.7.  The key findings include: 

• Conditions Underlying the 500 Yard Development Rock Facility 

 Apache Leap underlies the 500 Yard facility (not limestone as 
originally anticipated); and 

 although historical impacts to the underlying vadose zone were 
observed, there is no transport mechanism to the groundwater because 
groundwater is deep and the 500 Yard was closed to prevent 
discharges to the extent practicable. 

• Initial Groundwater Sampling Results 

 No exceedances of the AWQS were identified, except for gross alpha 
in the Smelter Pond POC Well.  Additional sampling during the 
ambient monitoring period will provide further information. 

 BTEX results were all non-detect for the Settling Ponds 1 and 2 Alert 
well; however, results were rejected due to an elevated sample receipt 
temperature.  Care will be taken to avoid this issue in the future.  
Additional sampling during the ambient monitoring period will 
provide further information. 
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TABLES



November 2007 TABLE 1
WELL COORDINATES, SPECIFICATIONS, AND WATER LEVELS

 073-92522

Well ID Latitude Longitude

Water Level Measuring 
Point Elevation           

(TOC)                   
(ft-amsl)

Ground Surface Elevation   
(ft-amsl)

Date Measured 
(month/day/year)

Depth to 
Water       

(ft-btoc)

Water Level 
Elevation    
(ft-amsl)

500 Yard POC Well 33° 17' 56.9" 111° 5' 45.4" 2,998.67 2,996.10 4    140 95-135 6/20/2007 dry dry

Indian Ponds POC Well 33° 17' 13.6" 111° 6' 53.3" 2,674.25 2,672.37 4    52 7-47 6/20/2007 dry dry

Settling Ponds 1 and 2 Alert Well 33° 18' 1.2" 111° 6' 14.4" 2,976.20 2,974.14 4    185 140-180 6/19/2007 79.92 2,896.28

Smelter Pond POC Well 33° 17' 29.8" 111° 6' 25.5" 2,746.28 2,745.30 2    17.5 7-17 6/20/2007 7.89 2,738.39

Tailings Pond 5 POC Well 33° 17' 57.0" 111° 6' 24.5" 2,965.32 2,963.47 4    125 80-120 6/20/2007 71.05 2,894.27
Notes:  
All coordinates in AZ state plane central, NAD 83
amsl = above mean sea level
bgs = below ground surface
TOC = Top of Casing 
ft btoc = feet below top of casing
ft = feet

Water LevelsWell Coordinates
Casing 

Diameter 
(inch)

Total Depth of 
Well             

(ft-bgs)

Screen 
Interval      
(ft-bgs)
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November 2007 TABLE 2
 TOTAL METALS RESULTS FROM CUTTINGS SAMPLES

 073-92522

Aluminum Antimony Arsenic Barium Beryllium Cadmium Chromium Copper Fluoride Iron Lead Manganese Mercury Molybdenum Nickel Selenium Thallium Zinc

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
920,000 410 10 170,000 1,900 510 65 41,000 37,000 NS 800 19,000 310 5,100 20,000 5,100 67 310,000

NS 35 290 12,000 23 29 590 NS NS NS 290 NS 12 NS 590 290 12 NS

500 Yard 15-20 6/1/2007 14,800 4.1 166 55 1.2 7.20 19.6 7,490 1.07 68,000 513 2,380 0.49 <1.6 13.1 < 0.43 < 0.23 1790
500 Yard 20-25 6/1/2007 5,820 1.1 27 81 0.85 1.30 5.0 1,130 NA 12,200 86.8 1,050 0.22 <1.3 5.0 < 0.43 < 0.23 431
500 Yard 25-30 6/1/2007 8,870 0.64 3.8 116 0.9 0.66 3.0 253 3.80 5,640 23.4 740 0.02 <0.38 3.2 < 0.43 < 0.23 150

500 Yard 35-40 6/1/2007 12,500 0.36 2.7 152 1.2 0.41 2.7 90.1 10.9 5,150 11.8 660 0.02 <0.98 3.5 < 0.43 < 0.23 1,560
500 Yard 40-45 6/1/2007 12,400 0.63 2.4 183 1.2 0.46 2.2 121 10.8 4,870 9.1 557  --- <0.97 2.8 < 0.43 < 0.23 130
500 Yard 50-55 6/1/2007 13,800 0.6 3.8 181 1.2 0.49 3.0 140 5.32 6,380 15.4 547 0.03 <0.9 3.3 < 0.43 < 0.23 108
500 Yard 60-65 6/1/2007 12,300 0.43 1.8 144 1.3 0.22 2.2 37.4 4.09 4,550 8.0 424 0.02 <0.87 2.3 < 0.43 < 0.23 35

500 Yard 120-125 6/4/2007 11,200 < 0.33 1.6 106 0.9 0.22 3.1 12.2 2.94 4,780 5.3 311 0.20 <0.99 3.2 < 0.43 < 0.23 16.8
500 Yard 145-150 6/4/2007 14,300 0.48 1.2 132 1.0 0.21 2.7 12.6 3.07 5,080 6.2 315 0.02 <1 2.8 < 0.43 < 0.23 16.4

Indian Ponds 10-15 5/31/2007 15,500 0.35 5.9 181 1.1 0.98 10.4 34.9 6.53 16,100 15.7 627 0.06 <0.58 20.2 < 0.43 < 0.23 52

Indian Ponds 55-60 5/31/2007 16,600 0.43 8.6 247 1.2 1.10 12.0 38.2 12.6 19,400 20.2 736 0.55 <1.3 23.4 < 0.43 < 0.23 65.8
S. Ponds 1&2 100-110 5/23/2007 6,600 0.51 2.7 91.2 0.6 0.40 4.9 92.7 2.63 7,260 9.9 398 0.03 <1 3.2 < 0.43 < 0.23 43.3
S. Ponds 1&2 140-150 5/23/2007 5,140 0.52 3.4 78 0.47 0.40 3.6 98.0 2.25 7,740 17.7 532 0.03 <1.2 2.3 < 0.43 < 0.23 71

T. Pond 5 90-100 5/25/2007 1,220 0.63 6.8 133 0.55 0.71 5.4 17.8 1.92 11,300 14.5 368 0.04 <0.7 6.1 < 0.43 < 0.23 55.4
T. Pond 5 120-130 5/28/2007 12,000 0.36 5.0 130 0.54 0.66 4.9 18.0 1.86 10,400 17.8 368 0.04 <0.53 5.8 < 0.43 < 0.23 63.2

Notes:
SRL - Soil Remediation Level
GPL - Groundwater Protection Limit
NS - No Standard
NA - Not Analyzed
mg/kg - milligrams per kilogram
 --- Datum Rejected
Exceeds non-residential SRL
Exceeds minimum GPL
Exceeds SRL and GPL

Alluvium

Gila Conglomerate

Minimum GPL
500 Yard Development Rock

Sample Location         
(depth, feet)

Sample 
Date

Non-residential SRL

Apache Leap Dacite Tuff
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November 2007 TABLE 3
ACID-BASE ACCOUNTING RESULTS FROM CUTTINGS SAMPLES

 073-92522

ASTM Classification 
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S.U. mS/cm % % % % tCaCO3/kt tCaCO3/kt tCaCO3/kt tCaCO3/kt

500 Yard 5-10 Silty gravel with sand (GM) 6/1/2007 7.87 3.01 -- -- -- --  -- -- -- -- --
500 Yard 15-20 Silty sand with some gravels (SM) 6/1/2007 7.28 4.87 0.01 0.78 1.15 1.94 24 98 73 4 None
500 Yard 20-25 Silty sand with some gravels (SM) 6/1/2007 8.00 4.67 < 0.01 0.04 0.23 0.27 1 54 53 43 None
500 Yard 25-30 Silty sand with some gravels (SM) 6/1/2007 8.05 4.95 < 0.01 < 0.01 0.15 0.15 < 0.3 98 98 651 None

500 Yard 30-35 -- 6/1/2007 7.97 1.12 -- -- -- --  -- 13 -- --  --
500 Yard 35-40 -- 6/1/2007 7.80 4.60 -- -- -- --  -- -- -- --  --
500 Yard 40-45 -- 6/1/2007 7.83 4.43 -- -- -- --  -- 26 -- --  --
500 Yard 45-50 -- 6/1/2007 7.91 3.60 -- -- -- --  -- -- -- --  --
500 Yard 50-55 -- 6/1/2007 7.90 3.40 -- -- -- --  -- 32 -- --  --
500 Yard 60-65 -- 6/1/2007 8.38 0.62 -- -- -- --  -- 12 -- --  --
500 Yard 75-80 -- 6/1/2007 7.87 1.76 -- -- -- --  -- -- -- --  --

500 Yard 105-110 -- 6/1/2007 8.28 0.51 -- -- -- --  -- -- -- --  --
500 Yard 120-125 -- 6/4/2007 8.55 0.29 -- -- -- --  -- 16 -- --  --
500 Yard 135-140 -- 6/4/2007 8.53 0.24 -- -- -- --  -- -- -- --  --
500 Yard 145-150 -- 6/4/2007 8.43 0.43  --  --  --  --  -- 5  --  -- --

Indian Ponds 10-15 Sandy silt (SL) 5/31/2007 8.13 2.62 < 0.01 < 0.01 0.02 0.02 < 0.3 108 108 722 None
Indian Ponds 35-40* Sandy clay (CL) 5/31/2007 8.09 0.79  --  --  --  --  --  --  --  -- --

Indian Ponds 55-60 Sandy clay (CL) 5/31/2007 8.26 0.59 < 0.01 < 0.01 < 0.01 < 0.01 < 0.3 50 50 334 None
S. Ponds 1&2 90-100 Poorly-graded gravel and sand (GP) 5/22/2007 8.06 0.76 -- -- -- --  -- -- -- --  --
S. Ponds 1&2 100-110 Poorly-graded sand (SP) 5/23/2007 8.14 0.96 < 0.01 < 0.01 0.02 0.02 < 0.3 193 193 1285 None
S. Ponds 1&2 110-120 Poorly-graded sand (SP) 5/23/2007 8.10 0.90 -- -- -- --  -- -- -- --  --
S. Ponds 1&2 140-150 Poorly-graded sand (SP) 5/23/2007 7.74 1.78 0.01 < 0.01 0.03 0.03 < 0.3 98 98 651 None
S. Ponds 1&2 180-190 Poorly-graded sand (SP) 5/23/2007 8.10 1.00 -- -- -- --  -- -- -- --  --

T. Pond 5 20-30 Clayey sand with gravel (SC) 5/25/2007 8.07 0.34 -- -- -- --  -- -- -- --  --
T. Pond 5 70-80 Clayey sand with gravel (SC) 5/25/2007 8.70 0.32 -- -- -- --  -- -- -- --  --
T. Pond 5 90-100 Clayey gravel with sand (GC) 5/25/2007 8.47 0.25 < 0.01 < 0.01 < 0.01 < 0.01 < 0.3 161 161 1074 None

T. Pond 5 120-130 Clayey sand (SC) 5/28/2007 8.22 0.28 < 0.01 < 0.01 < 0.01 < 0.01 < 0.3 254 253 1690 None
Notes:
* - Alluvial sample may contain some Gila Conglomerate
S.U. - Standard Units
EC - Electrical Conductivity
mS/cm - milliSiemens per centimeter

Apache Leap Dacite Tuff

Alluvium

Gila Conglomerate

500 Yard Development Rock

Sample Location 
(Depth, feet) Pa

st
e 

pH

ABA Results

Acid Generating PotentialSample      
Date Pa

st
e 

E
C

Sulfur
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November 2007 TABLE 4
XRD AND CEC RESULTS FROM CUTTINGS SAMPLES

 073-92522

Sample Location               
(depth, feet) Material Sampled ASTM Classification

C
E

C
 

Q
ua

rt
z

C
ri

st
ob

al
ite

C
al

ci
te

K
-F

el
ds

pa
r

Pl
ag

io
cl

as
e

Sm
ec

tit
e

M
ic

a

C
lin

op
til

ol
ite

H
em

at
ite

U
na

cc
ou

nt
ed

(meq/100 g)
Indian Ponds POC Well          

(55-60')
Gila Conglomerate  Poorly-graded sand 

(SP )
40.40 20 3* 22 6 12 22 4 10  -- <5

Settling Ponds 1 and 2 Alert Well 
(100-110')

Gila Conglomerate  Poorly-graded sand 
(SP )

6.75 9 10 15 8 41 4 2 5 2 <5

Settling Ponds 1 and 2 Alert Well 
(140-150')

Gila Conglomerate  Poorly-graded sand 
(SP )

4.40 10 9 12 8 48 2 2 5 2 <5

Tailing Pond 5 POC Well         
(90-100') Gila Conglomerate Clayey Gravel with 

Sand (GC) 6.27 15 4 20 4 30 6 1 15 2 <5

Tailing Pond 5 POC Well         
(120-130')

Gila Conglomerate Clayey Sand
(SC)

5.30 16 4 23 5 26 5 1 14 2 <5

Notes:
POC= Point of Compliance
XRD = x-ray diffraction
CEC = cation exchange capacity
meq/100 g = milliequivalents per 100 grams 
* May be present
 - - Not present

%              Units

X:\Tucson\Projects\07proj\073-92522\POC TM\Attachments\Table 4.xls Golder Associates



November 2007 TABLE  5
INITIAL WATER QUALITY SAMPLING SUITE

 073-92522

Parameter Units Requested 
Reporting Limit Method

Alkalinity mg/L --- 2320B
Bicarbonate mg/L --- 2320B
Carbonate mg/L --- 2320B
Chloride mg/L --- 300
Fluoride mg/L 2 300

Magnesium mg/L --- 200.7
Potassium mg/L --- 200.7

Sodium mg/L --- 200.7
Calcium mg/L --- 200.7
Hardness mg/L --- calculated
Sulfate mg/L --- 300

Total Dissolved Solids mg/L --- 2540C
Nitrate + Nitrite (as N) mg/L 5 353.2

Aluminum mg/L --- 200.7
Antimony mg/L 0.003 200.8
Arsenic mg/L 0.025 200.7
Barium mg/L 1 200.7

Beryllium mg/L 0.002 200.7
Cadmium mg/L 0.0025 200.7

Chromium (total) mg/L 0.05 200.7
Copper mg/L --- 200.7

Iron mg/L --- 200.7
Lead mg/L 0.025 200.7

Manganese mg/L --- 200.7
Molybdenum mg/L --- 200.7

Mercury mg/L 0.001 245.1
Nickel mg/L 0.05 200.7

Selenium mg/L 0.025 200.7
Thallium mg/L 0.001 200.8

Zinc mg/L --- 200.7

Gross Alpha (including Radium 226) pCi/L 7.5 M9310
Radium 226 and Radium 228 pCi/L 2.5 M903.1 & M904.0

pH S.U. ---  ---
Conductivity mmhos/cm ---  ---
Temperature Degrees F ---  ---

Benzene mg/L 0.0025 8021B
Ethylbenzene mg/L 0.035 8021B

Toluene mg/L 0.5 8021B
Xylenes mg/L 5 8021B

Notes:
AWQS = Arizona Aquifer Water Quality Standard
mg/L = milligrams per liter
pCi/L = pico Curies per liter

Volatile Organic Compounds (Alert Well only)

Major Ions and Miscellaneous

Dissolved Metals

Radionuclides

Field Parameters
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November 2007 TABLE 6
INITIAL GROUNDWATER SAMPLE RESULTS

 073-92522
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mg/L mg/L mg/L mg/L mg/L % mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
total total total total total total total total total total total total total total total dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved

AWQS NS NS NS NS NS NS NS 10 NS NS NS NS 15* NS NS 4 NS NS NS NS NS 0.006 0.05 2 0.004 0.005 0.1 NS NS 0.05 NS 0.002 NS 0.1 0.05 0.002 NS NS

Settling Ponds 1 and 2 Alert Well 6/21/2007 25.8 7.63 698 268 <1 268 115 3.01 -4.63 382 0.0136 24.0 14.9 0.16 0.76 13.5 16.0 0.58 19.7 2.62 100 64.2 <0.011 <0.00019 0.0045 0.0146 <0.0002 <0.0003 <0.0004 <0.0021 <0.0072 <0.0024 <0.0212 <0.0001 0.0073 <0.0016 0.0021 <0.00002 0.0136 <0.0007

Smelter Pond POC Well 6/21/2007 22 7.05 2500 227 <1 227 1320 1.69 -3.16 2,070 0.0078 29 23.8 0.57 1.4 330 77.8 0.74 120 5.81 63.4 1,167 <0.011 <0.00022 0.0033 0.0322 <0.0002 <0.0003 0.00059 <0.0021 <0.0072 <0.0024 <0.007 <0.0001 0.0024 <0.0018 0.0021 <0.00002 0.0078 <0.0011
Tailings Pond 5 POC Well 6/21/2007 28.6 7.66 410 221 <1 221 109 0.314 -1.74 240 0.0051 6.4 3.0 0.11 0.67 19.4 14.1 0.82 14.8 2.49 57.9 4.65 <0.011 <0.00069 0.0021 0.0357 <0.0002 <0.0003 <0.0004 <0.0021 <0.0072 <0.0024 0.203 <0.0001 0.0198 <0.0018 <0.0006 <0.00002 0.0051 <0.0007

Notes:
AWQS - Arizona Aquifer Water Quality Standard
Exceeds AWQS
S.U. - Standard Units
μS/cm - microSiemens per centimete
mg/L - milligrams per liter
pCi/L - picoCuries per liter
NS - No Standard
TDS - Total Dissolved Solids
* The maximum concentration for gross alpha particle activity, including Radium 226 but excluding radon and uranium, shall not exceed 15 pCi/L.
** The maximum concentration for combined Radium-226 and Radium-228 shall not exceed 5 pCi/L.

Major Cations and Anions Dissolved Metals

oC S.U. μS/cm pCi/L pCi/L pCi/L

5**

Sample Location Sample 
Date

Physical Parameters and Other Constituents Radiochemistry

pCi/L
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WELL DRILLER REPORTS AND WELL LOGS









































































 

ATTACHMENT 2 

BOREHOLE LOGS AND AS-BUILT DRAWINGS













 

ATTACHMENT 3 

ITSI DATA VALIDATION REPORTS 
























































































































