


 
 

 
 
 
 

 
THIRD QUARTER 2008 

GROUNDWATER MONITORING REPORT 
TASK 2.2 OF AQUIFER CHARACTERIZATION PLAN  

MITIGATION ORDER ON CONSENT DOCKET NO. P-50-06 
PIMA COUNTY, ARIZONA 

 

 
 
 
 
 
 

Prepared for: 
 

FREEPORT-MCMORAN SIERRITA INC. 
6200 West Duval Mine Road 
Green Valley, Arizona 85614 

 
 
 
 
 
 

Prepared by: 
 

HYDRO GEO CHEM, INC. 
51 West Wetmore Road, Suite 101 

Tucson, Arizona 85705 
(520) 293-1500 

 
 
 
 

September 26, 2008 
 
 



 
 





 
 

 
 



 

Q3 08 Sierrita Groundwater Report.doc   
H:\78300\REPORTS\Q3 08 Sierrita Groundwater Report.doc   
September 26, 2008 

i 

TABLE OF CONTENTS 
 
 
1. INTRODUCTION .............................................................................................................. 1 

1.1 Scope of Groundwater Monitoring ......................................................................... 1 
1.1.1 Groundwater Monitoring for Task 2.2........................................................ 1 

 
2. GROUNDWATER MONITORING RESULTS ................................................................ 5 

2.1 Results of Monitoring for Task 2.2......................................................................... 5 
2.2 Quality Assurance/Quality Control Review ........................................................... 5 

 
3. DISCUSSION..................................................................................................................... 7 

3.1 Sulfate Distribution................................................................................................. 7 
3.2 Groundwater Elevation ........................................................................................... 8 
3.3 Time Series Graphs of Sulfate Concentration and Groundwater Elevation ........... 9 

 
4. REFERENCES ................................................................................................................. 11 
 
 

TABLES 
 
1 Summary of Groundwater Monitoring for Mitigation Order Docket No. P-50-06 for  
            Third Quarter 2008 
2 Analytical Results for Third Quarter 2008 Groundwater Monitoring 
3 Groundwater Elevation Data for Water Levels Collected in Third Quarter 2008 
 
 

FIGURES 
 
1 Sulfate Concentrations in Groundwater Samples Collected in July 2008 
2 Groundwater Elevations for July 2008 
 
 

APPENDICES 
 
A Third Quarter 2008 Data Verification Report for Groundwater Samples Collected 

By Freeport-McMoRan Sierrita Inc. and Hydro Geo Chem, Inc.  
B Analytical Data Reports from ACZ Laboratories, Inc. 
C Hydro Geo Chem, Inc. Groundwater Sampling Forms 
D Time Series Graphs of Sulfate Concentration and Groundwater Elevation 



 

Q3 08 Sierrita Groundwater Report.doc   
H:\78300\REPORTS\Q3 08 Sierrita Groundwater Report.doc   
September 26, 2008 

ii 

 
 



 

Q3 08 Sierrita Groundwater Report.doc   
H:\78300\REPORTS\Q3 08 Sierrita Groundwater Report.doc   
September 26, 2008 

1 

1. INTRODUCTION 

 
 

This data report was prepared for Freeport-McMoRan Sierrita Inc. (Sierrita), and 

provides the results of groundwater monitoring conducted in the third quarter of 2008 in the 

vicinity of the Sierrita Tailing Impoundment (STI).  Groundwater monitoring was conducted by 

Sierrita pursuant to Task 2.2 of the Work Plan (Hydro Geo Chem, Inc. [HGC], 2006) to 

characterize sulfate in the vicinity of the STI.  The Work Plan was submitted to and approved by 

Arizona Department of Environmental Quality (ADEQ) pursuant to the Mitigation Order on 

Consent Docket No. P-50-06.  HGC prepared this groundwater monitoring report on behalf of 

Sierrita. 

 

1.1 Scope of Groundwater Monitoring 

 
 

The scope of the groundwater monitoring program is described in Sections 3.3.2 and 

Appendix G of the Work Plan (HGC, 2006).  Groundwater monitoring for Task 2.2 consists of 

water elevation measurement and collection of groundwater samples from wells in the vicinity of 

the STI. 

 

1.1.1 Groundwater Monitoring for Task 2.2 

 
 

The Work Plan identifies two purposes for the groundwater monitoring program required 

in Task 2.2: plume monitoring and regional monitoring.  Plume monitoring is conducted 
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quarterly at wells that are proximal to the sulfate plume in order to track the plume’s location in 

the aquifer.  Regional monitoring to characterize regional hydrologic conditions using wells that 

are outside the area of the sulfate plume was completed in the third quarter of 2007 

(HGC, 2007).  This report presents the results of plume monitoring conducted during the third 

quarter of 2008.  Pursuant to the Work Plan, the only constituent of interest for quarterly plume 

monitoring is sulfate. 

 

Table 1 lists wells identified in the Work Plan for quarterly monitoring, their availability 

for sampling in the third quarter of 2008, and their sampling status.  As discussed in the Work 

Plan, Table 1 consists of wells that are under the control of Sierrita and others that are not.  

Sierrita agreed to contact owners of private wells and wells owned by water companies identified 

in the Work Plan for sampling in order to obtain access for sampling.  The Work Plan 

acknowledged that access to some wells may not be permitted by well owners and that some 

wells may be inappropriate for sampling due to their construction characteristics.  Table 1 also 

includes a list of alternate wells identified by the Work Plan for sampling that have been used in 

place of wells that were unable to be sampled. 

 

Analytical data for plume monitoring during the third quarter of 2008 were obtained from 

two sources:  Sierrita and HGC.  Sierrita collected groundwater samples at wells under its control 

and HGC collected groundwater samples at wells not under the control of Sierrita during July 

2008. 
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Groundwater sampling and analysis methods used by Sierrita and HGC are described in 

the Quality Assurance Project Plan (QAPP) contained in Appendix E of the Work Plan 

(HGC, 2006).  Results of groundwater monitoring for Task 2.2 are presented in Section 2.1. 
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2. GROUNDWATER MONITORING RESULTS 

 
 

2.1 Results of Monitoring for Task 2.2 

 
 

Analytical results and groundwater elevation data for the third quarter of 2008 are 

tabulated in Table 2 and Table 3, respectively.  Figure 1 shows the concentrations of dissolved 

sulfate in the wells sampled in the third quarter 2008.  Comparison of dissolved and total sulfate 

concentrations in Table 2 indicates negligible difference between the two measurements.  The 

highest sulfate concentration measured at co-located wells was used for concentration 

contouring.  Figure 2 shows groundwater elevations in the third quarter 2008.  Groundwater 

elevations were calculated using the depth to water measurements made under static (non-

pumping) conditions for all wells shown.  Water level data for the IW-series wells were not used 

to estimate groundwater elevation contours for Figure 2 because the depth to water was 

measured while the wells were pumping. 

 

2.2 Quality Assurance/Quality Control Review 

 
 

Pursuant to Section 6.4 of the QAPP, a data verification report was prepared for quality 

assurance and quality control purposes.  The data verification report reviews groundwater data 

collected by Sierrita and HGC during the third quarter of 2008, and is included in Appendix A. 
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Analytical laboratory reports for samples collected by Sierrita and HGC in the third 

quarter of 2008 are provided in portable document format on the compact disc in Appendix B.  

Copies of groundwater sampling forms for samples collected by HGC are in Appendix C. 

 

As determined by the analytical data verification review, all data for samples collected in 

the third quarter of 2008 by HGC and Sierrita are of acceptable quality for use in the aquifer 

characterization being conducted pursuant to the Work Plan. 
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3. DISCUSSION 

 
 

This data report provides the results of groundwater monitoring conducted in the vicinity 

of the STI for the third quarter of 2008.  As presented in Table 1, during this monitoring period 

76 wells were identified for quarterly quality sampling and 69 wells were identified for water 

level monitoring.  Groundwater samples were collected from 75 plume area wells and depths to 

water measurements were collected at 83 wells. 

 

Groundwater samples and water level measurements were not collected from all the wells 

identified in the Work Plan for a variety of reasons, including owner limitations on access, 

unsuitable well construction, inability to contact the owner, obstruction in well, or a well no 

longer existing.  The specific reason(s) for not sampling these wells are provided in Table 1.  In 

some cases, alternate wells were identified and sampled as described in Table 1.  Overall, 

groundwater monitoring conducted during the third quarter of 2008 is deemed to have met the 

objective of identifying the location of the sulfate plume from STI. 

 

3.1 Sulfate Distribution 

 
 

Figure 1 shows the distribution of sulfate concentrations. The concentration contours 

shown in Figure 1 are inferred assuming that sulfate concentrations in the aquifer are spatially 

correlated, although a strict linear interpolation was not applied.  Sulfate concentration contours 

of 50, 100, 250, 500, 1000, and 1500 milligrams per liter (mg/L) are shown as requested by 
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ADEQ (2006).  The contours are based on the highest sulfate concentration measured in 

co-located wells. 

 

Based on the sulfate concentration data on Figure 1, the sulfate plume from the STI (as 

defined by the 250 mg/L sulfate concentration contour) extends northeast from the southeastern 

corner of the tailing impoundment to the vicinity of co-located wells CW-3/MO-2007-5.  The 

plume then extends north from wells CW-3/MO-2007-5 to the west of wells NP-2/MO-2007-3 

and to Duval Mine Road, just south of the MO-2007-1 wells. 

 

3.2 Groundwater Elevation 

 
 

Groundwater elevations are shown on Figure 2.  Groundwater elevations decrease from 

west to east in the immediate vicinity of STI, and from south to north across the central portion 

of the study area near Green Valley.  Comparison of the second quarter 2008 water elevations 

with those observed in previous quarters indicates no substantive difference in groundwater 

elevations and consequent flow directions.  The overall pattern of groundwater flow indicated by 

groundwater elevations is consistent with expected regional groundwater flow patterns in the 

southern portion of the Tucson groundwater basin. 

 

The water elevations in co-located wells screened at different depths vary by less than 

five feet in the north part of the study area.  In the south half of the study area, the deepest 

screened interval at co-located wells at MH-13, MO-2007-5, and MO-2007-6 have lower water 

elevations than the more shallow wells.  The vertical water level differences as calculated 
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between the shallowest and deepest screened intervals at the MH-13, MO-2007-5, and MO-

2007-6 wells range from 7.34 to 13.25 feet. 

 

3.3 Time Series Graphs of Sulfate Concentration and Groundwater Elevation 

 
 

Time series graphs of sulfate concentration and groundwater elevation for the ESP-, 

 CW- MO-, and GVDWID wells in the vicinity of the edge of the plume, and wells MH-28 and 

MH-29 near the interceptor wellfield are presented in Appendix D.  Because of variability in the 

sulfate and water elevation data, assessment of trends is somewhat subjective and should be 

considered provisional subject to additional verification.  Inspection of the time series graphs 

indicates that sulfate concentrations appear to increase gradually over time in CW-7, GV-1-

GVDWID, ESP-4, MO-2007-1B, MO-2007-1C, and MH-29, and decrease in ESP-1, ESP-2, and 

MO-2007-2.  In most cases the apparent increases and decreases in concentration are a relatively 

small percentage (less than 15%) of the measured values.  The largest percentage changes over 

time in sulfate concentration are observed in MO-2007-1B, MO-2007-1C which increased from 

18.9 mg/L to 39.8 mg/L and 112 mg/L to 165 mg/L, respectively, and in ESP-1 which decreased 

from 262 mg/L to 94 mg/L in late 2006 and early 2007.  The apparent sulfate concentration 

trends need to be verified by additional monitoring.  Groundwater elevations are also variable 

over time, making interpretation of seasonal or long-term trends difficult.  In general, water level 

elevation data for active production wells show the largest range of variation over time (up to 

approximately 25 feet in CW-10), whereas the range of groundwater elevation change over time 

in monitoring wells tends to be approximately 6 feet or less.  Sulfate concentration and 

groundwater elevation data for the time series graphs is presented in Table D.1. 
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TABLE 1
Summary of Groundwater Monitoring for Mitigation Order Docket No. P-50-06 for Third Quarter 2008

Water Level 
Measurement

Water Quality
Sampling

Water Level 
Measured?

Water Quality 
Sample 

Collected?

ESP-1 623102 Sierrita Plume Monitoring 1020 Q Q NO YES
Water quality sample collected in July 2008; obstruction in well 

prevented water level measurement

ESP-2 623103 Sierrita Plume Monitoring 1044 Q Q YES YES Water quality sample collected July 2008

ESP-3 623104 Sierrita Plume Monitoring 1043 Q Q NO YES
Water quality sample collected in July 2008; obstruction in well 

prevented water level measurement

ESP-4 623105 Sierrita Plume Monitoring 1045 Q Q YES YES Water quality sample collected in July 2008

ESP-5 623106 Sierrita Plume Monitoring 950 Q - YES NO Well identified for water level measurement only 55-515867

IW-1 623129 Sierrita Plume Monitoring 855 - Q YES YES Water quality sample collected in July 2008

IW-2 623130 Sierrita Plume Monitoring 1035 Q Q NO NO Well abandonment planned

IW-2A 216464 Sierrita Plume Monitoring 1041 Q Q NO YES
Water quality sample collected July in 2008; no access to well casing 

to collect water level measurement

IW-3A 623131 Sierrita Plume Monitoring 1047 - Q YES YES Water quality sample collected in July 2008

IW-4 623132 Sierrita Plume Monitoring 946 - Q YES YES Water quality sample collected in July 2008

IW-5 623133 Sierrita Plume Monitoring 956 - Q NO YES
Water quality sample collected in July 2008; obstruction in well 

prevented water level measurement

IW-6A 545565 Sierrita Plume Monitoring 492 - Q YES YES Water quality sample collected in July 2008

IW-8 508236 Sierrita Plume Monitoring 783 - Q YES YES Water quality sample collected in July 2008

IW-9 508238 Sierrita Plume Monitoring 853 - Q YES YES Water quality sample collected in July 2008

IW-10 508237 Sierrita Plume Monitoring 831 - Q YES YES Water quality sample collected in July 2008

IW-11 508235 Sierrita Plume Monitoring 605 - Q YES YES Water quality sample collected in July 2008

IW-12 545555 Sierrita Plume Monitoring 625 - Q YES YES Water quality sample collected in July 2008

IW-13 545556 Sierrita Plume Monitoring 495 - Q YES YES Water quality sample collected in July 2008

IW-14 545557 Sierrita Plume Monitoring 550 - Q YES YES Water quality sample collected in July 2008

IW-15 545558 Sierrita Plume Monitoring 548 - Q YES YES Water quality sample collected in July 2008

IW-16 545559 Sierrita Plume Monitoring 470 - Q YES YES Water quality sample collected in July 2008

IW-17 545560 Sierrita Plume Monitoring 502 - Q YES YES Water quality sample collected in July 2008

IW-18 545561 Sierrita Plume Monitoring 508 - Q YES YES Water quality sample collected in July 2008

IW-19 545562 Sierrita Plume Monitoring 544 - Q YES YES Water quality sample collected in July 2008

IW-20 545563 Sierrita Plume Monitoring 506 - Q YES YES Water quality sample collected in July 2008

IW-21 545564 Sierrita Plume Monitoring 620 - Q YES YES Water quality sample collected in July 2008

IW-22 200554 Sierrita Plume Monitoring 590 - Q YES YES Water quality sample collected in July 2008

IW-23 200555 Sierrita Plume Monitoring 964 - Q NO YES
Water quality sample collected in July 2008; obstruction in well 

prevented water level measurement

IW-24 200556 Sierrita Plume Monitoring 880 - Q YES YES Water quality sample collected in July 2008

WELLS FOR QUARTERLY [PLUME] MONITORING CONTROLLED BY SIERRITA

ADWR 55 Well 
Registry Number

Owner Status
Substitute

Well

Work Plan Specification Q3-2008 Monitoring

Casing or
Well Depth

(feet)
PurposeWell Name
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TABLE 1
Summary of Groundwater Monitoring for Mitigation Order Docket No. P-50-06 for Third Quarter 2008

Water Level 
Measurement

Water Quality
Sampling

Water Level 
Measured?

Water Quality 
Sample 

Collected?

ADWR 55 Well 
Registry Number

Owner Status
Substitute

Well

Work Plan Specification Q3-2008 Monitoring

Casing or
Well Depth

(feet)
PurposeWell Name

MH-1 803629 Sierrita Plume Monitoring 520 Q - YES NO Well identified for water level measurement only

MH-3 803630 Sierrita Plume Monitoring 535 Q - YES NO Well identified for water level measurement only

MH-4 803631 Sierrita Plume Monitoring 540 Q - NO NO Obstruction in well prevented water level measurement

MH-5 803632 Sierrita Plume Monitoring 640 Q - YES NO Well identified for water level measurement only

MH-6 803633 Sierrita Plume Monitoring 960 Q - YES NO Well identified for water level measurement only

MH-7 803634 Sierrita Plume Monitoring 1100 Q - YES NO Well identified for water level measurement only

MH-9 803635 Sierrita Plume Monitoring 1400 Q - YES NO Well identified for water level measurement only

MH-10 803636 Sierrita Plume Monitoring 600 Q Q YES YES Water quality sample collected in July 2008

MH-11 803637 Sierrita Plume Monitoring 820 Q Q1 YES YES Water quality sample collected in July 2008

MH-12 803638 Sierrita Plume Monitoring 800 Q Q1 YES YES Water quality sample collected in July 2008

MH-13A 904071 Sierrita Plume Monitoring 660 Q Q YES YES Water quality sample collected in July 2008

MH-13B 904072 Sierrita Plume Monitoring 960 Q Q YES YES Water quality sample collected in July 2008

MH-13C 904073 Sierrita Plume Monitoring 1360 Q Q YES YES Water quality sample collected in July 2008

MH-14 528098 Sierrita Plume Monitoring 561 Q - YES NO Well identified for water level measurement only

MH-15E 528094 Sierrita Plume Monitoring 467 Q - YES NO Well identified for water level measurement only

MH-15W 528093 Sierrita Plume Monitoring 466 Q - YES NO Well identified for water level measurement only

MH-16E 528100 Sierrita Plume Monitoring 460 Q - YES NO Well identified for water level measurement only

MH-16W 528099 Sierrita Plume Monitoring 460 Q - YES NO Well identified for water level measurement only

MH-24 563799 Sierrita Plume Monitoring 468 Q - YES NO Well identified for water level measurement only

MH-25A 201528 Sierrita Plume Monitoring 530 Q Q YES YES Water quality sample collected in July 2008

MH-25B 208429 Sierrita Plume Monitoring 680 Q Q YES YES Water quality sample collected in July 2008

MH-25C 208426 Sierrita Plume Monitoring 1101 Q Q YES YES Water quality sample collected in July 2008

MH-26A 201527 Sierrita Plume Monitoring 538 Q Q YES YES Water quality sample collected in July 2008

MH-26B 208427 Sierrita Plume Monitoring 735 Q Q YES YES Water quality sample collected in July 2008

MH-26C 208428 Sierrita Plume Monitoring 910 Q Q YES YES Water quality sample collected in July 2008

MH-28 903648 Sierrita Plume Monitoring 490 Q Q YES YES Water quality sample collected in July 2008

MH-29 903649 Sierrita Plume Monitoring 475 Q Q YES YES Water quality sample collected in July 2008

MH-30 903884 Sierrita Plume Monitoring 920 Q Q YES YES Water quality sample collected in July 2008
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TABLE 1
Summary of Groundwater Monitoring for Mitigation Order Docket No. P-50-06 for Third Quarter 2008

Water Level 
Measurement

Water Quality
Sampling

Water Level 
Measured?

Water Quality 
Sample 

Collected?

ADWR 55 Well 
Registry Number

Owner Status
Substitute

Well

Work Plan Specification Q3-2008 Monitoring

Casing or
Well Depth

(feet)
PurposeWell Name

MO-2007-1A 907342 Sierrita Plume Monitoring 610 Q Q YES YES Water quality sample collected in July 2008

MO-2007-1B 907210 Sierrita Plume Monitoring 910 Q Q YES YES Water quality sample collected in July 2008

MO-2007-1C 907209 Sierrita Plume Monitoring 1190 Q Q YES YES Water quality sample collected in July 2008

MO-2007-2 906765 Sierrita Plume Monitoring 685 Q Q YES YES Water quality sample collected in July 2008

MO-2007-3B 906816 Sierrita Plume Monitoring 950 Q Q YES YES Water quality sample collected in July 2008

MO-2007-3C 906817 Sierrita Plume Monitoring 1330 Q Q YES YES Water quality sample collected in July 2008

MO-2007-4A 907213 Sierrita Plume Monitoring 570 Q Q YES YES Water quality sample collected in July 2008

MO-2007-4B 907212 Sierrita Plume Monitoring 950 Q Q YES YES Water quality sample collected in July 2008

MO-2007-4C 907211 Sierrita Plume Monitoring 1140 Q Q YES YES Water quality sample collected in July 2008

MO-2007-5B 907456 Sierrita Plume Monitoring 970 Q Q YES YES Water quality sample collected in July 2008

MO-2007-5C 907457 Sierrita Plume Monitoring 1360 Q Q YES YES Water quality sample collected in July 2008

MO-2007-6A 907607 Sierrita Plume Monitoring 620 Q Q YES YES Water quality sample collected in July 2008

MO-2007-6B 907606 Sierrita Plume Monitoring 950 Q Q YES YES Water quality sample collected in July 2008

PZ-7 561870 Sierrita Plume Monitoring 155 Q Q YES YES Water quality sample collected in July 2008

PZ-8 561866 Sierrita Plume Monitoring 280 Q Q YES YES Water quality sample collected in July 2008

PZ-9 561859 Sierrita Plume Monitoring 230 Q Q NO NO Piezometer is Dry

1350 ND TBPI Plume Monitoring ND Q - YES NO Well identified for water level measurement only

CC OF GV 501760 CC of GV Plume Monitoring 955 Q Q YES YES Water quality sample collected in July 2008 55-640274

CW-3 627483 CWC Plume Monitoring 501 Q Q YES YES Water quality sample collected in July 2008

CW-6 627485 CWC Plume Monitoring 840 Q Q YES YES Water quality sample collected in July 2008

CW-7 502546 CWC Plume Monitoring 1065 Q Q YES YES Water quality sample collected in July 2008

CW-8 543600 CWC Plume Monitoring 1200 Q Q YES YES Water quality sample collected in July 2008

CW-9 588121 CWC Plume Monitoring 1000 Q Q YES YES Water quality sample collected in July 2008

CW-10 207982 CWC Plume Monitoring 1140 Q Q YES YES Water quality sample collected in July 2008

GV-01-GVDWID 603428 GVDWID Plume Monitoring 645 Q Q YES YES Water quality sample collected in July 2008

GV-02-GVDWID 603429 GVDWID Plume Monitoring 560 Q Q YES YES Water quality sample collected in July 2008

GV-SI-GVDWID 208825 GVDWID Plume Monitoring 650 Q Q YES YES Water quality sample collected in July 2008

HAVEN GOLF 515867 Haven Golf Plume Monitoring 500 Q Q NO YES
Water quality sample collected in July 2008; obstruction in well 

prevented water level measurement
55-623106

WELLS FOR QUARTERLY [PLUME] MONITORING NOT CONTROLLED BY SIERRITA

H:\78300\REPORTS\Q3 08 Sierrita Groundwater T.1.xls:  TABLE 1  Q3 08 GW SUMMARY Page 3 of 4 9/22/2008



TABLE 1
Summary of Groundwater Monitoring for Mitigation Order Docket No. P-50-06 for Third Quarter 2008

Water Level 
Measurement

Water Quality
Sampling

Water Level 
Measured?

Water Quality 
Sample 

Collected?

ADWR 55 Well 
Registry Number

Owner Status
Substitute

Well

Work Plan Specification Q3-2008 Monitoring

Casing or
Well Depth

(feet)
PurposeWell Name

I-9 608526 TBPI Plume Monitoring 900 Q Q NO NO Well abandonment completed October 2007 None

I-10 608525 TBPI Plume Monitoring 932 Q Q YES YES Water quality sample collected in July 2008

M-6 87388 TBPI Plume Monitoring 660 Q Q NO NO Well unavailable for monitoring M-9, 55-501652

M-8 87390 TBPI Plume Monitoring 660 Q Q YES YES Water quality sample collected in July 2008

M-9 501652 TBPI Plume Monitoring 440 Q Q YES YES Water quality sample collected in July 2008 55-87388

M-10 501653 TBPI Plume Monitoring 1050 Q Q YES YES Water quality sample collected in July 2008

M-20 906595 TBPI Plume Monitoring 780 Q Q 1 YES YES Water quality sample collected in July 2008

NP-2 605898 CWC Plume Monitoring 515 Q Q YES YES Water quality sample collected in July 2008

SCHNEIKER 611220 Schneiker Plume Monitoring 495 Q Q NO NO Owner did not respond to access request

TMM-1 2 616156 Pima County Plume Monitoring 500 Q Q YES YES Water quality sample collected in July 2008 None

1 MH-11, MH-12 and M-20 added to sampling list after Work Plan approved
2 Formally listed as Davis-Monthan (55-804995) and PC Parks (55-616156) wells; determined to be the same well located at the Titan Missile Museum (TMM)
ADWR = Arizona Department of Water Resources

Sierrita = Freeport-McMoRan Sierrita Inc.

Q = Quarterly

TBPI = Twin Buttes Properties, Inc.

CC OF GV = Country Club of Green Valley

CWC = Community Water Company of Green Valley

GVDWID = Green Valley Domestic Water Improvement District

ND = No Data
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TABLE 2
Analytical Results for Third Quarter 2008 Groundwater Monitoring

Well Name
ADWR 55                               

Well Registry Number
Sample Date

pH                                        
(SU)

Specific Conductance 
(µS/cm)

Temperature                 
(ºC)

Sulfate, dissolved                  
(mg/L)

Sulfate, total              
(mg/L)

ESP-1 623102 07/25/08 7.52 561 28.4 104 NA

ESP-2 623103 07/25/08 7.65 361 28.6 26.8 NA

ESP-3 623104 07/25/08 7.70 358 28.2 34 NA

ESP-4 623105 07/25/08 7.52 1096 28.6 420 NA

IW-1 623129 07/23/08 6.57 1228 29.5 670 NA

IW-2A 216464 07/23/08 6.88 474 30.3 60 NA

IW-3A 623131 07/23/08 6.62 1789 29.3 1460 NA

IW-4 623132 07/23/08 6.70 1899 31 1640 NA

IW-5 623133 07/23/08 6.76 1370 30.1 1730 NA

IW-6A 545565 07/17/08 6.84 1510 27.1 1850 NA

IW-8 508236 07/23/08 6.78 1440 27.5 1870 NA

IW-9 508238 07/23/08 6.88 1420 28.8 1730 NA

IW-10 508237 07/23/08 6.90 1460 28.4 1740 NA

IW-11 508235 07/29/08 6.58 1830 24.4 1720 NA

IW-12 545555 07/17/08 6.76 1917 28.4 1630 NA

IW-13 545556 07/17/08 6.60 1898 30 1850 NA

IW-14 545557 07/16/08 6.59 1901 29.9 1870 NA

IW-15 545558 07/15/08 6.75 1790 31.3 1730 NA

IW-16 545559 07/15/08 6.52 1778 31.2 1840 NA

IW-17 545560 07/15/08 6.63 1853 31.7 1770 NA

IW-18 545561 07/15/08 6.71 1847 30.2 1710 NA

IW-19 545562 07/15/08 6.78 1807 29.4 1670 NA

IW-20 545563 07/15/08 6.60 1650 29.4 1640 NA

IW-21 545564 07/29/08 6.49 1780 29 1670 NA

IW-22 200554 07/23/08 6.86 1370 28.9 1760 NA

IW-23 200555 07/23/08 6.84 1420 27.5 1730 NA

IW-24 200556 07/23/08 6.68 1420 30.7 1730 NA

MH-10 803636 07/31/08 7.07 1827 32.5 1550 NA

MH-11 803637 07/29/08 6.97 1767 32.2 1550 NA

MH-12 803638 07/30/08 7.10 1557 32.8 1170 NA

MH-13A 904071 07/16/08 7.03 1824 27.4 1720 NA

MH-13A DUP 904071 07/16/08 7.03 1824 27.4 1710 NA

MH-13B 904072 07/16/08 7.42 1589 31.5 1110 NA

MH-13C 904073 07/16/08 8.69 371 32.01 70 NA

MH-25A 201528 07/02/08 7.66 342 27.6 <10 NA

MH-25B 208429 07/02/08 7.04 1851 28.6 1650 NA

MH-25C 208426 07/02/08 7.13 1736 28.4 1330 NA

MH-26A 201527 07/02/08 7.57 337 27.8 20 NA

MH-26B 208427 07/02/08 6.98 1835 29.1 1660 NA

MH-26C 208428 07/02/08 7.90 1251 30.8 720 NA

MH-26C DUP 208428 07/02/08 7.90 1251 30.8 720 NA

MH-28 903548 07/01/08 6.95 3322 26.62 1680 NA

MH-29 903649 07/01/08 6.99 3361 25.95 1730 NA

MH-30 903884 07/01/08 7.02 3740 30.73 1660 NA
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TABLE 2
Analytical Results for Third Quarter 2008 Groundwater Monitoring

Well Name
ADWR 55                               

Well Registry Number
Sample Date

pH                                        
(SU)

Specific Conductance 
(µS/cm)

Temperature                 
(ºC)

Sulfate, dissolved                  
(mg/L)

Sulfate, total              
(mg/L)

MO-2007-1A 907342 07/14/08 7.41 359 27.9 16.6 NA

MO-2007-1B 907210 07/14/08 7.68 402 26.6 39.8 NA

MO-2007-1C 907209 07/14/08 7.64 608 31.4 165 NA

MO-2007-2 906765 07/14/08 7.11 987 31.3 472 NA

MO-2007-2 DUP 906765 07/14/08 7.11 987 31.3 446 NA

MO-2007-3B 906816 07/14/08 7.70 338 30.2 37.8 NA

MO-2007-3C 906817 07/17/08 7.98 493 32.7 126 NA

MO-2007-4A 907213 07/18/08 7.44 416 27.4 35.3 NA

MO-2007-4B 907212 07/18/08 7.57 391 29.2 34.8 NA

MO-2007-4B DUP 907212 07/18/08 7.57 391 29.2 35.1 NA

MO-2007-4C 907211 07/18/08 8.27 467 31.9 78.6 NA

MO-2007-5B 907456 07/24/08 7.86 1040 31.1 343 NA

MO-2007-5C 907457 07/24/08 8.30 746 31.3 233 NA

MO-2007-6A 907607 07/24/08 7.47 390 28.3 16.9 NA

MO-2007-6B 907606 07/24/08 8.00 473 33.8 81.5 NA

PZ-7 561870 07/11/08 7.29 1173 24.5 400 NA

PZ-7 DUP 561870 07/11/08 7.29 1173 24.5 400 NA

PZ-8 561866 07/01/08 7.15 1203 26.49 400 NA

CC of GV 501760 07/07/08 6.97 736 23.7 119 116

CW-3 627483 07/11/08 7.53 484 25.7 56.7 56.7

CW-6 627485 07/08/08 7.43 416 27.2 47.9 47.7

CW-7 502546 07/08/08 7.11 2037 27.9 890 800

CW-7 DUP 502546 07/08/08 7.11 2037 27.9 910 920

CW-8 543600 07/08/08 7.40 1373 29.8 504 463

CW-9 588121 07/08/08 7.26 396 27.9 44.1 44

CW-10 207982 07/08/08 7.34 385 31.2 50.5 50

GV-01-GVDWID 603428 07/07/08 7.14 466 26.1 45.2 45

GV-02-GVDWID 603429 07/07/08 7.12 642 23.8 93.2 92.9

GV-SI-GVDWID 208825 07/07/08 7.18 382 27.2 <0.5 6.2

HAVEN GOLF 515867 07/07/08 6.93 727 23.9 112 91

I-10 608525 07/21/08 7.19 1036 30.9 480 NA

M-8 087390 07/25/08 7.62 398 27 24.5 NA

M-9 501652 07/21/08 7.52 485 29.5 68.7 NA

M-10 501653 07/21/08 7.69 489 31 89.8 NA

M-20 906595 07/25/08 6.99 1857 27.6 1550 NA

NP-2 605898 07/11/08 7.62 455 25.9 40.5 40.8

TMM-1 616156 07/09/08 7.94 296 27.3 7.3 7

SU = Standard Units
µS/cm = microsiemens per centimeter
ºC = degrees Celsius
NA = Not Analyzed
mg/L = milligrams per liter
DUP = Duplicate sample
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TABLE 3
Groundwater Elevation Data for Water Levels Collected in Third Quarter 2008 

Well Name
ADWR 55 Well Registry 

Number
Survey Source UTM North UTM East

Measuring Point 
Elevation                                  
(ft amsl)

Date
Depth to Water

(feet)
Groundwater Elevation

(ft amsl)

ESP-2 623103 Sierrita 3526924.656 500241.637 2934.60 07/25/08 342.30 2592.30

ESP-4 623105 Sierrita 3526132.758 499916.830 2958.60 07/25/08 352.13 2606.47

ESP-5 623106 Sierrita 3527082.232 502007.895 2820.00 08/07/08 225.88 2594.12

IW-1 623129 Sierrita 3521277.779 496905.892 3144.69 07/29/081 405.85 2738.84

IW-3A 623131 Sierrita 3521722.640 497366.220 3121.45 07/29/081 420.90 2700.55

IW-4 623132 Sierrita 3522465.879 497371.700 3137.06 07/29/081 409.22 2727.84

IW-6A 545565 Sierrita 3523708.756 497381.226 3132.26 07/29/081 416.82 2715.44

IW-8 508236 Sierrita 3522020.520 497368.253 3122.19 07/29/081 437.00 2685.19

IW-9 508238 Sierrita 3522207.639 497369.791 3102.94 07/29/081 473.00 2629.94

IW-10 508237 Sierrita 3523122.199 497370.367 3129.64 07/29/081 466.11 2663.53

IW-11 508235 Sierrita 3523428.954 497371.414 3127.20 07/29/081 430.90 2696.30

IW-12 803638 Sierrita 3523969.869 497364.911 3138.18 07/29/081 425.90 2712.28

IW-13 545556 Sierrita 3524166.673 497363.820 3143.35 07/29/081 410.00 2733.35

IW-14 545557 Sierrita 3524373.122 497367.126 3146.42 07/29/081 478.06 2668.36

IW-15 545558 Sierrita 3524567.261 497372.873 3152.02 07/29/081 429.50 2722.52

IW-16 545559 Sierrita 3524782.868 497370.651 3162.85 07/29/081 409.02 2753.83

IW-17 545560 Sierrita 3525002.869 497373.717 3160.76 07/29/081 428.40 2732.36

IW-18 545561 Sierrita 3525169.771 497374.056 3171.15 07/29/081 447.00 2724.15

IW-19 545562 Sierrita 3525343.392 497373.630 3155.39 07/29/081 451.88 2703.51

IW-20 545563 Sierrita 3525568.770 497364.739 3164.21 07/29/081 422.99 2741.22

IW-21 545564 Sierrita 3525773.266 497374.585 3171.37 07/29/081 454.00 2717.37

IW-22 200554 Sierrita 3523273.592 497369.590 3128.25 07/29/081 442.08 2686.17

IW-24 200556 Sierrita 3522633.594 497371.670 3113.29 07/29/081 452.50 2660.79

MH-1 803629 Sierrita 3525872.911 497372.392 3179.27 08/07/08 439.65 2739.62

MH-3 803630 Sierrita 3525270.181 497472.430 3155.87 07/29/08 424.15 2731.72

MH-5 803632 Sierrita 3523725.339 497477.352 3123.47 08/07/08 391.55 2731.92

MH-6 803633 Sierrita 3522770.451 497436.646 3133.97 08/07/08 379.50 2754.47

MH-7 803634 Sierrita 3522016.471 497502.475 3111.23 08/08/08 372.22 2739.01

MH-9 803635 Sierrita 3521252.607 496438.181 3162.57 08/08/08 370.38 2792.19
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TABLE 3
Groundwater Elevation Data for Water Levels Collected in Third Quarter 2008 

Well Name
ADWR 55 Well Registry 

Number
Survey Source UTM North UTM East

Measuring Point 
Elevation                                  
(ft amsl)

Date
Depth to Water

(feet)
Groundwater Elevation

(ft amsl)

MH-10 803636 Sierrita 3521236.861 495717.770 3187.84 07/31/08 358.50 2829.34

MH-11 803637 Sierrita 3524463.648 498749.381 3041.76 07/29/08 375.10 2666.66

MH-12 803638 Sierrita 3525207.002 498772.161 3055.08 07/30/08 424.39 2630.69

MH-13A 904071 Sierrita 3523793.443 498823.857 3026.23 07/16/08 333.78 2692.45

MH-13B 904072 Sierrita 3523787.358 498829.881 3025.63 07/16/08 337.92 2687.71

MH-13C 904073 Sierrita 3523793.032 498797.461 3028.46 07/16/08 343.35 2685.11

MH-14 528098 Sierrita 3525269.340 497517.626 3150.77 07/22/08 423.92 2726.85

MH-15E 528094 Sierrita 3523274.327 497584.800 3111.37 07/29/08 387.39 2723.98

MH-15W 528093 Sierrita 3523275.003 497524.067 3117.07 07/01/08 392.70 2724.37

MH-16E 528100 Sierrita 3521870.233 497576.673 3097.72 07/29/08 356.78 2740.94

MH-16W 528099 Sierrita 3521870.818 497516.074 3100.24 07/22/08 359.24 2741.00

MH-24 563799 Sierrita 3523709.046 497390.515 3131.16 08/07/08 396.78 2734.38

MH-25A 201528 Sierrita 3526510.175 498880.349 3056.57 07/02/08 455.68 2600.89

MH-25B 208429 Sierrita 3526515.244 498870.343 3058.22 07/02/08 457.10 2601.12

MH-25C 208426 Sierrita 3526491.132 498874.666 3057.24 07/02/08 456.23 2601.01

MH-26A 201527 Sierrita 3527818.233 498852.692 3070.89 07/02/08 496.98 2573.91

MH-26B 208427 Sierrita 3527814.016 498839.900 3069.11 07/02/08 494.10 2575.01

MH-26C 208428 Sierrita 3527806.770 498865.240 3070.50 07/02/08 495.55 2574.95

MH-28 903548 Sierrita 3524609.980 497471.427 3142.18 07/01/08 401.48 2740.70

MH-29 903649 Sierrita 3522805.518 497604.326 3123.15 07/01/08 380.50 2742.65

MH-30 903884 Sierrita 3525926.812 496682.307 3232.45 07/01/08 417.71 2814.74

MO-2007-1A 907342 Sierrita 3529331.380 500016.947 2967.65 07/14/08 428.42 2539.23

MO-2007-1B 907210 Sierrita 3529325.119 500021.574 2966.82 07/14/08 428.98 2537.84

MO-2007-1C 907209 Sierrita 3529328.959 500013.405 2968.58 07/14/08 426.73 2541.85

MO-2007-2 906765 Sierrita 3527621.102 497912.410 3153.83 07/14/08 577.35 2576.48

MO-2007-3B 906816 Sierrita 3528508.801 500522.491 2912.15 07/14/08 358.71 2553.44

MO-2007-3C 906817 Sierrita 3528508.743 500529.713 2911.90 07/14/08 359.84 2552.06

MO-2007-4A 907213 Sierrita 3525634.956 500383.682 2923.63 07/17/08 308.05 2615.58

MO-2007-4B 907212 Sierrita 3525613.952 500380.947 2923.57 07/18/08 308.95 2614.62

MO-2007-4C 907211 Sierrita 3525624.484 500382.217 2923.66 07/18/08 309.10 2614.56
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TABLE 3
Groundwater Elevation Data for Water Levels Collected in Third Quarter 2008 

Well Name
ADWR 55 Well Registry 

Number
Survey Source UTM North UTM East

Measuring Point 
Elevation                                  
(ft amsl)

Date
Depth to Water

(feet)
Groundwater Elevation

(ft amsl)

MO-2007-5B 907456 Sierrita 3523743.376 500013.850 2944.35 07/24/08 268.61 2675.74

MO-2007-5C 907457 Sierrita 3523736.459 500014.152 2944.91 07/24/08 282.42 2662.49

MO-2007-6A 907607 Sierrita 3521842.050 498367.161 3043.37 07/24/08 305.81 2737.56

MO-2007-6B 907606 Sierrita 3521849.495 498367.887 3043.05 07/24/08 317.04 2726.01

PZ-7 561870 Sierrita 3526357.485 492533.171 3549.17 07/11/08 139.71 3409.46

PZ-8 561866 Sierrita 3524196.243 492972.681 3480.36 07/01/08 221.70 3258.66

PZ-9 561859 Sierrita 3525568.717 493180.504 3508.07 08/08/08 Dry <3280

1350 ND TBPI 3528452.906 499357.609 3033.25 08/07/08 477.88 2555.37

CCOFGV 501760 HGC 3527876.220 501635.382 2823.45 07/07/08 261.09 2562.36

CW-3 627483 HGC 3523809.985 500047.663 2941.71 07/11/08 270.95 2670.76

CW-6 627485 CWC 3525794.239 500891.072 2867.00 07/08/08 253.80 2613.20

CW-7 502546 CWC 3528094.155 499659.842 2987.50 07/08/08 428.40 2559.10

CW-8 543600 CWC 3525661.191 499798.520 2957.50 07/08/08 341.75 2615.75

CW-9 588121 CWC 3528740.784 501072.040 2834.30 07/08/08 315.60 2518.70

CW-10 207982 CWC 3523455.502 500913.364 2868.50 07/08/08 203.25 2665.25

GV-01-GVDWID 603428 HGC 3522254.157 499812.869 2942.35 07/07/08 231.00 2711.35

GV-02-GVDWID 603429 HGC 3521654.457 499786.207 2930.47 07/07/08 201.05 2729.42

GV-SI-GVDWID 208825 HGC 3519509.930 497227.175 3042.65 08/14/08 245.50 2797.15

I-10 608525 Sierrita 3528469.536 497797.957 3210.58 07/21/08 657.10 2553.48

M-8 87390 Sierrita 3529692.237 499658.916 2999.53 07/25/08 466.18 2533.35

M-9 501652 Sierrita 3530303.954 499984.173 2973.81 07/21/08 454.27 2519.54

M-10 501653 Sierrita 3530143.114 499659.027 3005.68 07/21/08 480.15 2525.53

M-20 906595 TBPI 3528491.771 499082.070 3054.00 07/25/08 493.70 2560.30

NP-2 605898 HGC 3528517.116 500582.904 2906.56 07/11/08 355.10 2551.46

TMM-1 616156 HGC 3529736.231 500018.323 2967.08 07/09/08 437.37 2529.71

UTM = Universal Transverse Mercator, Zone 12 Band S
ft amsl = feet above mean sea level
1Water level measurement was collected under dynamic conditions and not used for contouring
HGC = Hydro Geo Chem, Inc.
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1. INTRODUCTION 

 
 

This report summarizes the data verification review of groundwater samples collected 

and analyzed during the third quarter 2008 (Q3-2008) by Freeport-McMoRan Sierrita Inc. 

(Sierrita), and Hydro Geo Chem, Inc. (HGC) pursuant to Mitigation Order on Consent Docket 

No. P-50-06 (MO).  Sierrita conducted groundwater sampling and analysis at wells under its 

control with the exception of Twin Buttes Properties, Inc. (TBPI) wells I-10, M-8, M-9, M-10 

and M-20 where Sierrita collected samples with TBPI.  HGC collected groundwater samples 

from wells outside the control of Sierrita.  All analytical results for groundwater samples 

collected for this project during the third quarter of 2008 were provided to HGC by ACZ 

Laboratories, Inc. (ACZ) for preparation of the Q3-2008 Groundwater Monitoring Report. 

 

Quality assurance (QA) and quality control (QC) procedures are specified in the Quality 

Assurance Project Plan for Aquifer Characterization Plan (QAPP) (Appendix E of HGC, 2006) 

for field sampling, chain-of-custody (COC) documentation, laboratory analysis, and reporting.  

This report does not review field sampling or sample handling for samples collected by Sierrita 

since this information is evaluated following the provisions of the Quality Assurance/Quality 

Control Plan for Water Monitoring, Phelps Dodge Sierrita, Inc. (PDSI, 2005).  This report does 

review field sampling for samples collected by HGC.  Additionally, sample handling and 

laboratory QA/QC data are evaluated according to the data quality indicators (DQIs) given in the 

QAPP. 

 

Appendix C of the main text of this report contains laboratory reports for Q3-2008 
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samples collected by Sierrita and HGC including COC forms, laboratory correspondence, QC 

summaries, data qualifiers, and any case narratives.  The Q3-2008 analytical results for all 

85 samples collected by Sierrita and HGC and are contained in 14 reports having the ACZ 

Project numbers identified in Table A.1. 

 

The results of the internal QA/QC tests performed by ACZ are presented with the 

laboratory reports included in Appendix C.  Based on the results of surrogate spike recoveries, 

matrix spike/recovery and matrix spike duplicate tests, ACZ did not advise HGC of any 

modifications that should be made regarding the usability and data validation status of the 

laboratory test results. 

 

 



 

Q3 08 Sierrita Appendix A DV Report.doc   
H:\78300\REPORTS\Q3 08 Sierrita Appendix A DV Report.doc                                                                
September 26, 2008 

A-3 

2. HGC FIELD OPERATIONS 

 
 

Field operations for this project consisted of the following for all monitoring wells 

sampled by HGC: 

• Static water level measurement, 

• Well purging, 

• Collection of water quality field parameters (pH, specific conductance [SC] in 
microsiemens per centimeter [µS/cm], and temperature in degrees Celsius [°C]), 

• Collection of groundwater samples for water quality analysis, 

• Collection of groundwater quality assurance and quality control samples, and 

• Equipment decontamination. 

 

All documentation of field activities was evaluated for quality assurance and has been 

deemed to have met the documentation requirements stated in the QAPP.   

 

2.1 Water Level Monitoring 

 
 

Static water level measurements were collected by HGC at 11 wells during the third 

quarter of 2008.  To accommodate Green Valley Water Improvement District’s (GVDWID) 

pumping schedule it is not always possible to collect static water levels because certain wells 

cannot be shutdown.  A water level measurement from well GV-SI-GVDWID was collected on 

August 14, 2008 by GVDWID personnel and provided to HGC.  In all cases, the wells were 

allowed to come to static conditions before collecting the water level measurement.  Before 

measuring the static water level at each well, the battery on the water level indicator was checked 
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and the sensitivity level was adjusted, if necessary.  Each measurement was collected and 

verified by measuring the depth to water multiple times in order to obtain a consistent reading 

and accurate measurement.   

 

2.2 Groundwater Sampling 

 
 

During this monitoring period groundwater samples were collected from wells designated 

for sampling in the quarterly monitoring schedule of the Work Plan.  More detailed information 

regarding the wells sampled for water quality and water level measurements is listed in Table 1 

of the main text. 

 

2.2.1 Pre-Sampling Field Activities 

 
 

On each day of sampling, the pH1 and SC2 probes were calibrated.  In addition, the water 

level indicator was checked for a signal, which indicates a working meter and battery strength.  

On each day where sampling extended for more than half a day, a mid-day calibration check was 

performed on the pH and SC probes to ensure their accurate measurement.  

 

In addition to calibrating the instruments each day, measures were taken to 1) properly 

decontaminate field equipment, 2) ensure the appropriate storage and transport temperature of 

the samples, and 3) document activities related to the collection of groundwater samples as part 

of this project.  These objectives were met by 1) replenishing or obtaining supplies of de-ionized 

                                                 
1 Field pH meter was calibrated using a two point calibration and pH buffers 4 and 7 
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water and ice daily, 2) use of the proper preservative and sample collection containers, 3) 

properly packing the samples on ice during field activities, 4) using de-ionized water to properly 

decontaminate field equipment prior to the start of sampling each day and after sampling at each 

well, and 5) obtaining the appropriate field notebook in order to document field activities related 

to the groundwater monitoring program.  

 

2.2.2 Well Purging, Field Measurements, and Sample Collection 

 
 

Ideally, three wetted casing volumes were purged from each well prior to sampling.  

However, when three casing volumes could not be purged, this information was noted on the 

groundwater sampling form (Appendix C) at each well for which this was the case.  In cases 

where purging was necessary prior to sample collection the purge water was discharged to the 

ground surface. 

 

Field measurements were collected at varying intervals during well purging at each well 

where a water quality sample was collected.  Field parameters were monitored until a consistent 

measurement was obtained. 

 

During this monitoring period, filtered and unfiltered groundwater samples were 

collected for analysis from 13 plume monitoring wells not under the control of Sierrita.  Filtered 

and unfiltered groundwater samples were collected concurrently by using a single container to 

collect an initial sample for separation into bottles for filtered and unfiltered analyses.  After 

collecting the initial sample, the unfiltered sample was collected by pouring a 500-milliliter 

                                                                                                                                                             
2 Field SC meter was calibrated using a standard stock solution of 1413 µS/cm 
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aliquot of the initial sample into a non-preserved bottle for sulfate analysis.  Then each filtered 

sample was collected by filtering the remaining portion of the initial sample using a clean 

filtration apparatus and one unused, disposable 0.45-micron filter.  All bottles were provided by 

ACZ.  Bottles were checked for the correct preservative and maintained in a clean and secure 

work area, until used in the field.   

 

2.2.3 Post-Sampling Field Activities 

 
 

Post sampling field activities consisted of equipment decontamination, sample storage, 

and sample shipping.  Field equipment that comes into contact with the sample was 

decontaminated using a small amount of Alconox® detergent and deionized water.  After 

washing, the equipment was rinsed thoroughly with de-ionized water. 

 

After sample collection, samples from each well were placed into a plastic bag and stored 

on ice until they could be packed securely for shipping to ACZ.  In addition, each set of samples 

collected from each well was individually bagged (without ice) to prevent the label from getting 

soaked with water and rubbing off or becoming illegible.  
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3. SAMPLE HANDLING 

 
 

All samples collected by Sierrita and HGC were shipped to ACZ for analysis.  COC 

documentation accompanied all samples submitted and included the sample name, collection 

date and time.  COCs contained in laboratory reports included the date and time the samples 

were received by ACZ.  As noted on the analytical data reports from ACZ, all of the sample 

bottles were received intact, properly preserved, and in good condition. 

 

The temperatures of the following six shipping containers (identified by their laboratory 

login numbers) exceeded 4 °C upon receipt at the laboratory. 

 

ACZ 
Project ID 

Sample 
Collection Date 

Sample 
Relinquished Date 

Sample Received 
Date by ACZ 

Temperature Upon 
Receipt (°C) 

L70303 07/02/08 07/02/08 07/03/08 4.8 
L70487 07/11/08 07/14/08 07/15/08 5.9 
L70527 07/15/08 07/16/08 07/17/08 4.7 
L70581 07/16/08 07/17/08 07/18/08 4.7 
L70780 07/25/08 07/28/08 07/29/08 5.5 
L70781 07/18/08 07/24/08 07/29/08 5.5 

 

 

As noted in the above table, the samples were shipped within six days of sample 

collection, and the time between sample collection and receipt of samples by ACZ ranged from 

one to five days.  This temperature exceedance is not considered to have a significant impact on 

the analytical results pertaining to the sulfate analysis for these samples. 
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4. LABORATORY QUALITY CONTROL 
 
 

As specified in the QAPP, laboratory QC was maintained for all analysis through proper 

licensure, the use of approved analytical methods, QC measurements, appropriate 

turn-around-time for analysis (timeliness), method detection limits (MDLs), and practical 

quantitation limits (PQLs).  Each of these controls is discussed in the following subsections. 

 

The review of laboratory QC included a review to identify any qualified data and an 

assessment to determine their significance.  Additionally, the laboratory QC summaries were 

reviewed to verify that results met QA criteria. 

 

4.1 Licensure 

 
 

ACZ is licensed with the Arizona Department of Health Services (license 

number AZ0102) and is accredited in accordance with the National Environmental Laboratory 

Accreditation Conference.  

 

4.2 Analytical Methods 

 
 

The following list identifies the methods used for sulfate analysis during this monitoring 

period:  
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• SM4500 SO4-D (Gravimetric) 

• U.S. Environmental Protection Agency (EPA) 300.0 (Ion-Chromatography) 

 

4.3 Method Detection Limits (MDLs) and Practical Quantification Limits (PQLs) 

 
 

The MDLs and PQLs of the analytical methods used by ACZ are shown in the following 

table.  The MDLs for analyses of samples were equal to or less than the target MDLs identified 

in the QAPP. 

 

Method MDL 
(mg/L) 

PQL 
(mg/L) 

Target MDL1 
(mg/L) 

EPA 300.0 0.5 3 10 
SM4500 SO4-D 10 50 10 

 
mg/L = milligrams per liter 

  

1 Target MDL from Table E.2 of QAPP 
 

4.4 Timeliness 

 
 

Holding time was derived from the EPA methods utilized and were calculated beginning 

from the time of sample collection.  The majority of samples submitted to the laboratory were 

analyzed within their recommended method specific holding time for sulfate analysis except in 

the following:  Samples collected on July 14, 2008 (MO-2007-1A, MO-2007-1B, MO-2007-1C, 

MO-2007-2, MO-2007-3B, and DUP071408A) were qualified with an “HC” flag, indicating 

initial analysis within holding time.  Reanalysis was past holding time, which was required due 

to a QC failure during the initial analysis. 
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4.5 Quality Control Measurements 

 
 

The following QC samples were prepared and analyzed:  

• Preparation blanks, calibration blanks, and calibration verification standards 

• Analytical spikes and analytical spike duplicates 

• Laboratory control samples 

• Laboratory duplicate samples 

• Field blank samples 

 

4.5.1 Preparation Blanks, Calibration Blanks, and Calibration Verification Standards 

 
 

Preparation blanks were run with each group of samples submitted for sulfate analyses 

using the gravimetric method (SM4500 SO4-D).  All preparation blanks were prepared from 

analyte-free water and treated as routine samples.  Analytical results of all of the preparation 

blanks showed that no target analytes were detected at the indicated MDL. 

 

Results from the analyses of the initial calibration blanks and initial calibration 

verification standards conducted by EPA Method 300.0 also were reviewed.  The results of each 

initial calibration blank analyzed showed no detections of the target analyte.  All analytical 

results for the initial calibration verification standards and laboratory fortified blanks that were 

analyzed showed percent recoveries that were within the acceptance criteria specified by the 

ACZ QA plan and the QAPP. 
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4.5.2 Analytical Spikes and Analytical Spike Duplicates 

 
 

Analytical spike and spike duplicate samples were analyzed for all sulfate samples that 

were analyzed using EPA Method 300.0.  Spike recoveries for most analyses were between 90 

and 110 percent.  Instances in which analytical spike recoveries were low were qualified with an 

“M2” flag however, in each case the method control sample recoveries were acceptable. 

 

4.5.3 Laboratory Control Samples 

 
 

Laboratory control samples were run for each group of samples submitted for sulfate 

analysis using the gravimetric method of analysis.  Recoveries for all laboratory control samples 

were within the acceptance criteria specified by ACZ. 

 

4.5.4 Laboratory Duplicate Samples 

 
 

Analyses of laboratory duplicate samples were also reviewed as part of this quality data 

verification report.  Field duplicate samples are discussed in Section 5.1.  The relative percent 

difference (RPDs) for most laboratory duplicate samples were within 20 percent, which is the 

tolerance range set by the laboratory.  In some instances, the data were qualified with an “RA” 

flag indicating that the RPD was not used for data validation because the sample concentration 

was less than ten times the MDL, which is too low for accurate evaluation according to ACZ.  In 

all cases where the RPD could be calculated, the results met QA criteria and demonstrate an 
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appropriate level of precision in laboratory analysis of these samples. 

 

4.5.5 Field Blank Samples 

 
 

During the third quarter of 2008, a total of four field blank samples were collected.  Three 

of these were field and equipment blank samples containing filtered deionized water 

(TB073108A, EQB073108A, and EQB070808), and one field blank sample collected using 

unfiltered deionized water (FB070808).  All of these samples were collected in the field and 

were submitted along with other samples to evaluate the potential for contaminant introduction 

under field conditions.  As required by Section 4.2.1.5 of the QAPP, a minimum of one field 

blank sample was collected every time an equipment blank sample was collected at a rate of one 

in every twenty samples.  Analytical results from field blank samples FB070808 and 

TB073108A showed no detections.  However, sulfate was detected in equipment blank samples 

EQB070808 and EQB073108A at concentrations of 2.1 mg/L and 20 mg/L, respectively.  These 

low levels of sulfate are not considered significant given the concentration of sulfate in the 

samples. 
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5. DATA QUALITY INDICATORS 
 
 

The QAPP provides several DQIs for assessing the overall quality of the data.  These 

DQIs include the following: 

 

• Precision 

• Bias 

• Accuracy 

• Representativeness 

• Comparability 

• Completeness  

• Sensitivity 

 

Each of these DQIs is discussed below in relation to the Q3-2008 groundwater sampling 

and analysis conducted by Sierrita.   

 

5.1 Precision 

 
 

Precision indicates how well a measurement can be reproduced.  Precision is quantified 

by calculating the RPD between duplicate samples.  For the purposes of QA/QC, precision was 

quantified by calculating the RPDs between duplicates among the following groups of duplicate 

samples: 
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• Laboratory duplicate samples 

• Field duplicate samples 

 

As discussed in Sections 4.5.2 and 4.5.4, there were no exceedances of RPD QA criteria 

for any laboratory duplicates.  During this monitoring period, a total of six field duplicate 

samples were collected.  Five of these (DUP070208A, DUP071108A, DUP071408A, 

DUP071608B, and DUP071808A) were collected by Sierrita for filtered analysis, whereas 

DUP070808 was collected by HGC for filtered and unfiltered sulfate analysis.  The collection of 

six duplicate samples exceeds the QA/QC goal of collecting one duplicate sample for every 

twenty groundwater samples collected, as stated in Section 4.2.1.5 of the QAPP. 

 

Results for the six duplicate field samples collected are provided in the table below.  The 

range of RPD values was between zero and 5.66 percent, all within the 20 percent acceptance 

criteria for field duplicates, as stated in Section 3.3.1 of the QAPP.  Overall, the DQI for 

precision is deemed to be met. 

 

Well ID Duplicate 
Sample ID ACZ Project ID Sulfate Field 

(mg/L) 
Sulfate Duplicate 

(mg/L) 
RPD 
(%) 

CW-7 DUP070808 L70408 890 910 2.22 

MH-26C DUP070208A L70303 720 720 0.00 

PZ-7 DUP071108A L70487 400 400 0.00 

MO-2007-2 DUP071408A L70781 472 446 5.66 

MH-13A DUP071608A L70581 1720 1710 0.58 

MO-2007-4B DUP071808A L70781 34.8 35.1 0.86 

 
mg/L = milligrams per liter 
RPD = Relative Percent Difference 
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5.2 Bias 

 
 

Bias is a systematic distortion of measurements causing consistent errors in one direction.  

Bias is managed in this data set by the consistent application of standardized sample collection 

and analysis procedures. 

 

5.3 Accuracy 

 
 

Accuracy is a measure of the agreement of a measurement to a known value and is 

measured using the recoveries from laboratory control samples.  As discussed in Sections 4.5.1, 

4.5.2, and 4.5.3 respectively, there were no significant exceedances of the recovery QA criteria 

for any of the calibration standards, analytical spikes, or laboratory control standards.  Based on 

this information, the overall accuracy of the data is judged sufficient for the purpose of aquifer 

characterization. 

 

5.4 Representativeness 

 
 

All samples were taken from locations specified in the Work Plan (HGC, 2006) using 

sampling procedures specified in the QAPP.  Therefore, the samples are judged to provide a 

good representation of groundwater quality at the locations.  The analytical data are judged to be 

representative of groundwater conditions because the analyses used standard procedures and 

methods that met QA/QC guidelines of the QAPP. 
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5.5 Comparability 

 
 

All samples were collected using standardized procedures (HGC, 2006 and PDSI, 2005) 

and were analyzed by ACZ using standardized methods.  Insofar as standardized sample 

collection and analytical methods are adhered to, the sample results should be comparable.   

 

5.6 Completeness 

 
 

All samples collected by Sierrita and HGC were subsequently analyzed and reported by 

ACZ.  All samples collected and analyzed by ACZ are judged to satisfy the QA/QC criteria for 

this project and are deemed usable for aquifer characterization.  Thus, the completeness of 

analytical results is 100 percent. 

 

5.7 Sensitivity 

 
 

The analytical methods used to analyze the samples meet the MDL requirements 

specified in Table E.2 of the QAPP.  Therefore, the analytical sensitivity is considered 

acceptable for use in aquifer characterization. 
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TABLE A.1 
ACZ Project ID and Associated Wells 

Q3 08 Sierrita Table A.1 Wells Reported.doc                                                     9/22/2008  

 

ACZ 
Project ID Wells Reported 

Number of wells sampled by Sierrita 1:  62 
Number of duplicate samples collected:  5 
Number of blank samples collected:  2 (1 field blank and 1 equipment blank) 

L70281 MH-30, PZ-8 

L70285 MH-28, MH-29 

L70303 MH-25A, MH-25B, MH-25C, MH-26A, MH-26B, MH-26C, DUP070208A 

L70487 PZ-7, DUP071108A 

L70527 IW-15, IW-16, IW-17, IW-18, IW-19, IW-20 

L70581 IW-14, MH-13A, MH-13B, MH-13C, IW-6A, IW-12, IW-13,  DUP071608A 

L70726 IW-4, IW-5, IW-8, IW-9, IW-22, IW-23, IW-24 

L70737 IW-1, IW-2A, IW-3A, IW-10 

L70780 ESP-1, ESP-2, ESP-3, ESP-4, M-8, M-20 

L70781 
MO-2007-1A,  MO-2007-1B,  MO-2007-1C,  MO-2007-2,  MO-2007-3B,  MO-2007-3C,  
MO-2007-4A,  MO-2007-4B,  MO-2007-4C,  MO-2007-5B,  MO-2007-5C,  MO-2007-6A,  
MO-2007-6B,  I-10, M-9, M-10, DUP071408A, DUP071808A 

L70901 IW-11, IW-21, MH-11, MH-12, MH-10, EQB073108A, TB073108A 

Number of  wells sampled by HGC 2: 13 
Number of duplicate samples collected:  1 
Number of blank samples collected:  2 ( 1 unfiltered field blank and 1 filtered equipment blank) 

L70337 SI-GVDWID, GV-1-GVDWID, GV-2-GVDWID, CC of GV, HAVEN GOLF 

L70408 CW-6, CW-7, CW-8, CW-9, CW-10, TMM-1, DUP070808, EQB070808, FB070808 

L70455 CW-3, NP-2 

1 Samples collected by Sierrita were filtered in the field using a disposable 0.45-micron filter. 
2 Samples collected by HGC were both filtered and unfiltered. 



 



 

 

APPENDIX B 
 

ANALYTICAL DATA REPORTS FROM ACZ LABORATORIES, INC. 
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���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123/45 6789::31;<=> ?@ABCDE FGH IJKLMNOPQ RSTU V WSXXYZ [ \]YZZ]^_?@ABCDE FGH àbcG>defghij klmmehnok pqrrst uvwxyz {| x}~����� ����~���� ��~������ ����� ��|���}����� �}����y���y� ������y��������� ¡¢£¡¤¥¦§¨ ©¤ª«¤ª©£ ¡¬­¢¬ ®¥ ¤̄¦§¨ ¦¦©£©¤«¤°¬ « ®̄¬¢ ®± «©±²³ª´¡� ¡¢£¡¤¥¦§µ ©¤ª«¤ª©£ ¡¬­¢¤¦§µ ¶ °© ©̄¬ © ©̄¬²³ª´� ¡¢£¡¤¥´·µ ©¤ª«¤ª©£ ¡¬­±® «©¤ ¢̄´·µ ¦¦©£©¤©£°¬ ±̄¬¤ £± ««±²³ª´±̄¤́©¡¥¬°©«̧ ¹ ©¤ª«£ª©£ ©­±¢ ¶ «©¬¸¹ ¦¦©£©¤©£°¬ ±̄«± £± ««±²³ª´±̄¤́©¡¥¬°©«̧ ¹º ©¤ª«£ª©£ ©­±¤ ¶ «©« ¥̄¸¹º ¦¦©£©¤©£°¬ ±̄©£ « ¬̄¤£± ««±²³ª´ ¡©±̄de»k¼½ilnli¾ ¿�Àd ÁpqÂÃrÄxyz {| x}~����� ����~���� ��~������ ����� ��|���}����� �}����y���y� ������y������ÅÅ� ¡¢¤£©© §́¹�« ©¤ª©®ª©£ «±­¬¤ «©¡ ¥̄§́¹� Æ§Ç¡££¤¬ «¢¢± ®© ««©È²ÉÊËªÌ²«¢©£ £̄� ¡¢¤£©© §́¹�¢ ©¤ª©®ª©£ «£­¬¬ «©¬§́¹� Æ§Ç¡££¤¬ «¢±« ®© ««©È²ÉÊËªÌ²«¢©£ £̄¤́©¡£«°©¡º¶Æ ©¤ª©®ª©£ ¡«­±« «¡¥©º¶Æ «¡¥¬ © ¡̄È²ÉÊËªÌ² ¡©� ¡¢¤£©© §́¹�¤ ©¤ª©®ª©£ ¡«­±£ «©¡ ¡̄§́¹� Æ§Ç¡££¤¬ «¢¢© ®© ««©È²ÉÊËªÌ²«¢©£ £̄� ¡¢¤£©© §́¹�«© ©¤ª«©ª©£ «­«± «©¡ ¢̄§́¹� Æ§Ç¡££¤¬ «¢¢¡ ®© ««©È²ÉÊËªÌ²«¢©£ £̄� ¡¢¤£©© §́¹�«¬ ©¤ª«©ª©£ ¬­«® «©« ¤̄§́¹� Æ§Ç¡££¤¬ «¢¬¬ ®© ««©È²ÉÊËªÌ²«¢©£ £̄deÍÍoÎj klmmehnok pqrrst uvwxyz {| x}~����� ����~���� ��~������ ����� ��|���}����� �}����y���y� ������y�����ÏÐ�� ¡¢£«®¥¦§¨ ©¤ª«¥ª©£ «¢­¬® ®± ¢̄¦§¨ ¦¦©£©««±°¬ « ®̄©£ ®± «©±²³ª´¡� ¡¢£«®¥¦§µ ©¤ª«¥ª©£ «¢­¢¡¦§µ ¶ °© ©̄¬ © ©̄¬²³ª´� ¡¢£«®¥´·µ ©¤ª«¥ª©£ «¢­±± «©¬ ¢̄´·µ ¦¦©£©¤©£°¬ ±̄«¤ £± ««±²³ª´±̄¤́©¡¥¬°©¡¸¹ ©¤ª«¥ª©£ «¥­©£ ¶ ««¡ £̄¸¹ ¦¦©£©¤©£°¬ ±̄¥¢ £± ««±²³ª´±̄¤́©¡¥¬°©¡¸¹º ©¤ª«¥ª©£ «¥­«« ¶ ««¢ ¥̄¸¹º ¦¦©£©¤©£°¬ ±̄¤¬ « ±̄££± ««±²³ª´ ¡©±̄d¾g»lkoj ieigh pÑÑÂsÒ Ó vÔÕÔÖ×ØÙÚ Ö×Û ÜÝ Þ×ßÚ ×ÕÕàÚ ×Ôáxyz {| x}~����� ����~���� ��~������ ����� ��|���}����� �}����y���y� ������y�����Å�â� ¡¢£©¢¬¦§¨ ©¤ª«¢ª©£ «±­±¤ ®® ¬̄¦§¨ �¦©£©¤««°± ¡̄®¤® ®© ««©²³ª´¬̄� ¡¢£©¢¬¦§µ ©¤ª«¢ª©£ «±­±£¦§µ ¶ °© ©̄©® © ©̄©®²³ª´�����Å�À� ¡¢£©¥±¦§¨ ©¤ª«¢ª©£ «¥­¢£ ®® ¥̄¦§¨ �¦©£©¤««°± ¡̄®£® ®© ««©²³ª´¬̄� ¡¢£©¥±¦§µ ©¤ª«¢ª©£ «¥­¢®¦§µ ¶ °© ©̄«± © ©̄«±²³ª´� ¡¢£©¡¢´ãµ ©¤ª«¢ª©£ «¥­±©´ãµ ¶ °© ©̄«± © ©̄«±²³ª´� ¡¢£©¡¢´·µ ©¤ª«¢ª©£ «¥­±« «©¢ ®̄´·µ �¦©£©¤««°¡ ¡̄©®¤ ®© ««©²³ª´¡̄¤́©¡¥¬°©±º¶Æ ©¤ª«¢ª©£ «¥­±± ¢̄¬£º¶Æ ¢̄¬¬¢ «¯«²³ª´ ¡©¤́©¡£«°©«´·ä ©¤ª«¢ª©£ «¥­±¤ ¶ «©¢ ®̄´·ä �¦©£©¤««°¡ ¡̄©®£ ®© ««©²³ª´¡̄åh¼eÎlko ÁpÒÂrræÓvxyz {| x}~����� ����~���� ��~������ ����� ��|���}����� �}����y���y� ������y�����Åâ�� ¡¢£©¬¤¦§¨ ©¤ª«¢ª©£ «¬­¢£ ®¡ ±̄¦§¨ �§©£©¤«¢°« « £̄± ®© ««©²³ª´¡� ¡¢£©¬¤¦§µ ©¤ª«¢ª©£ «¬­±¢¦§µ ¶ °© ¬̄ © ¬̄²³ª´� ¡¢£©¬¤´·µ¡ ©¤ª«¢ª©£ «±­¡¬ ®¤ ¥̄´·µ �§©£©±«±°¬ ¢ £̄£ ®© ««©²³ª´±¤́©«¤¡°©¡¸¹ ä¡©¤ª«¢ª©£ «±­¬¬ ¯« £¬ £̄¸¹ �§©£©±«±°¬ ¢ ¡̄® ®© ««©²³ª´±¤́©«¤¡°©¡º¶Æ ã̧©¤ª«¢ª©£ «±­¬¥ ¯«º¶Æ ¯«¢ ¬¬ ¬̄²³ª´ ¡©çèwuésrÃsrêsrÂsrÃ
Page 7 of 16



BD[ ������������	 
��
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LMNOPQRSTUV WX YSZ [TU\O]O^ TS QS [TY SX Q_O [`SaO bZOUQRSTUc PdO[UO ^OUN]R`O

efeghij kk kkkkkkk kk kk

lm nopq rstq uvowpxr vpyztvp qupxt{| s{}~|t}� uvoxp~zvpq qzxs {q ��� uvoroxo|��m fvp rsp xzqro~� qp{|q o} rsp xoo|pv t}r{xr��m fvp rsp xzqro~� qp{|q o} rsp q{�u|p xo}r{t}pvq t}r{xr��m �q rspvp { �s{t} o� �zqro~� ov orspv ~tvpxrt�p qstuut}� u{upvq uvpqp}r��m �q rsp �s{t} o� �zqro~� xo�u|prp��m �q rsp �s{t} o� �zqro~� t} {�vpp�p}r �trs rsp q{�u|pq vpxpt�p~��m �q rspvp p}oz�s q{�u|p �ov {|| vpyzpqrp~ {}{|�qpq��m fvp {|| q{�u|pq �trst} so|~t}� rt�pq �ov vpyzpqrp~ {}{|�qpq��m �pvp {|| q{�u|p xo}r{t}pvq vpxpt�p~ t}r{xr�l�m fvp rsp rp�upv{rzvp �|{}�q uvpqp}r�llm fvp rsp rvtu �|{}�q ��gf {}~�ov ��{}t~pm uvpqp}r�l�m fvp q{�u|pq vpyztvt}� }o sp{~qu{xp� sp{~qu{xp �vpp�l�m no rsp q{�u|pq rs{r vpyztvp { �ovpt�} jot|q �pv�tr s{�p o}p�
�STQ[NQ ��S] [TY ^RUN]OP[TNROUc Q_O NdROTQ �ZUQ `O NSTQ[NQO^�
 _RPPRT¡ �STQ[RTO]U¢££¤¥¦ §̈ ©ª¨ «¬©­®¦̄°¥±² «³¢¯
´SQOU

µONORPQ ¶O]RXRN[QRST ·¸¹º¸»¼¼½¾·¼¿½·

e�f
e�f
ef���� �À� l�

ÁÂ¼ÃC:

¢¤Ä¥ÅÆ ±ÇÈÆ É£ÅÆªÉÆ Ê¢Ë Ì¦£Í¥ÉÆ ÎªÅªÏ¥¦ÄÐ ªÅª¤ÑÈÄÈ È®£Ç¤¨ Å£Æ ²¦£É¥¥¨ Ð£¦ Èª±²¤¥È¦¥É¥ÄÒ¥¨ £ÇÆÈÄ¨¥ £Ð Æ®¥¦±ª¤ ²¦¥È¥¦ÒªÆÄ£ÅªÉÉ¥²ÆªÅÉ¥ É¦ÄÆ¥¦Äª Ó

ÔÕÖ ×ØÙÚ Û ÜØÝÝÞß à áâÞßßâãä CEA? ;<GåA?ID ·¸¹º¸»¼¼½

©æÌÊçÓèéÓêêÓèèÓèê
Page 14 of 16



BD[ ������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123435361789: ;<=>?@A BCDCEA? F?@?GH?IDF?@?GH?I JKDLMNOPQ RSTUMVTQW XWQYQWZMUVST[\] _̂` a b c d b c ef b c gb c gdb c eb c h b c i jkc lmn ano
pqrsqtuuvwpuxvpyz{ |}~� � �}���� � ����������u�C:

�_� �̀� �� �o��������k g g������������c g go����kk��n����� ¡¢£¡¤¥ ¦�§¨�¡©£¡¤¥ ª¤¥£¢¡¥�� «¬©� ­��§�� ¢£¡ �®¯¡°¡£§e��±LMNOPQ RSTUMVTQW XWQYQWZMUVST ²Q³QT´e µ¶·¸¹º¹»m¼½·¾½º¶¿ e��± ÀÁÂ½Ã¸ Ä¹ b cef µ¶·¸¹º¹»ml¶¸ º¶¿ e�nÅf ÀÁÂ½Ã¸ Ä¹ b cd µ¶·¸¹º¹»ml¶¸ º¶¿ da±±l ÀÁÂ½Ã¸ Ä¹ b ch aÆÇm¼½·¾½º¶¿ hanld± ÀÁÂ½Ã¸ Ä¹ b c� aÆÇmlÆhÁ ��a��± ÀÁÂ½Ã¸ Ä¹ j kc Èi aÆÇmlÆhÁ �¶É¿ n¿¹¸Æ¸¹ inl ÀÁÂ½Ã¸ Ä¹ j kcg aÆÇm¼½·¾½º¶¿ g±��hÊ ÀÁÂ½Ã¸ Ä¹ b cgd aÆÇm¼½·¾½º¶¿ g±��hÊ d�n¼¼ ÀÁÂ½Ã¸ Ä¹ b clmn lË Àº¹Ã¹ºÌÆ¸¶Ì¹ É¹¹»¹» lË¸ ÆÀÀ·¶¿ÆÄ·¹ano dÆÂÂÆme¹¸Æ »ËÃ¹ ºÆ¸¹ lË¸ ÆÀÀ·¶¿ÆÄ·¹ Â½Ã¸ Ä¹ b cÍ� ÎamÏº
a aÆÇml¶¸ º¶¿ a±o ÀÁÂ½Ã¸ Ä¹ b c

¼ÆÂÀ·¹ �oÃ a¹Ì¶¹Ç¹» eÐÑÈ ÀÁ ¿Ï¹¿Ò À¹º¾ËºÂ¹» ÄÐ ÆÉÆ·ÐÃ¸ Àº¶Ëº ¸Ë ÃÆÂÀ·¹ Àº¹ÀÆºÆ¸¶ËÉ

a±�noÓ�ÔÓkkÓ��Ó�k
Page 15 of 16



Page 16 of 16



BD[[[[
������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-�./00 1233/4 567648 9:; <99=>?@0A4 12B7@ C/@33/8D>EFE .2G H<IJ<99 K@48 16LD0 M/N@ O2DBP3@@N QD00@R; 5S =HJ<<T9H<IUVW XYZ [\]^_`ZUVW XYZ [\] _̂`ZUVW XYZ [\]^_`ZUVW XYZ [\] _̂`Z>32a@b8 c1d Fe9J1S5fS >32a@b8 c1d gI9H<ITTT Chgi5jk Flgm./00 1233/4dkNb024@B D3@ DND0R8/bD0 3@A2384 n23 4DoA0@p4q 46ro/88@B 82 5fS gDr23D823/@4; cNbE p5fSq 2N e60R :I; <99=E j?/4A32a@b8 sD4 D44/7N@B 82 5fSt4 A32a@b8 N6or@3; gI9H<IE >0@D4@ 3@n@3@Nb@ 8?/4 N6or@3 /N D00 n6863@ /Nu6/3/@4E58 8?@ 3@u6@48 2n >?@0A4 12B7@ C/@33/8D; cNbE p>1Ccq; 8?/4 0Dr23D823R 3@A238 ?D4 r@@N A3@AD3@B 82 b2N8D/N 2N0R/Nn23oD8/2N 4A@b/n /b 82 4DoA0@4 DNB DND0R8@4 /B@N8 /n /@B rR >1Cc D4 @LD06D8@B A6346DN8 82 M/8 /7D8 /2N F3B@3 l2E >TH99T9J s/8? 53/v2ND 1@AD38o@N8 2n kNL/32No@N8D0 w6D0/8RE CDoA0@4 DNB DND0R8@4 6N3@0D8@B 82 8?@ M/8 /7D8/2NF3B@3; r68 s?/b? oDR r@ /B@N8/n /@B 2N 8?@ b?D/N 2n b6482BR DNB 4DoA0@ 3@b@/A8; ?DL@ r@@N 3@A238@B 82 >1Cc /N D4@AD3D8@ 3@A238E500 DND0R4@4 s@3@ A@3n23o@B Dbb23B/N7 82 5fSt4 w6D0/8R 54463DNb@ >0DN; L@34/2N :<E9E j?@ @Nb024@B 3@460843@0D8@ 2N0R 82 8?@ 4DoA0@4 3@b@/L@B 6NB@3 gI9H<IE kDb? 4@b8/2N 2n 8?/4 3@A238 ?D4 r@@N 3@L/@s@B DNB DAA32L@BrR 8?@ DAA32A3/D8@ gDr23D823R C6A@3L/423; 23 D u6D0/n /@B 46r48/868@E kGb@A8 D4 N28@B; 8?@ 8@48 3@46084 n23 8?@o@8?2B4 DNB AD3Do@8@34 0/48@B 2N 5fSx4 b633@N8 lkg5f b@38/n /bD8@ 0@88@3 py5fSq o@@8 D00 8?@ 3@u6/3@o@N84 2nlkg5fEj?/4 3@A238 4?260B r@ 64@B 23 b2A/@B 2N0R /N /84 @N8/3@8RE 5fS /4 N28 3@4A2N4/r0@ n23 8?@ b2N4@u6@Nb@4 D3/4/N7n32o 8?@ 64@ 2n D AD38/D0 3@A238E5fS B/4A24@4 2n 4DoA0@4 DNB 46rT4DoA0@4 8?/38R BDR4 Dn8@3 8?@ DND0R8 /bD0 3@46084 D3@ 3@A238@B 82 8?@ b0/@N8E j?D88/o@ n3Do@ ?D4 @0DA4@B n23 8?/4 A32a@b8E cn 8?@ 4DoA0@4 D3@ B@8@3o/N@B 82 r@ ?DvD3B264; DBB/8/2ND0 b?D37@4DAA0R n23 B/4A24D0 p8RA/bD00R 0@44 8?DN z:9{4DoA0@qE cn R26s260B 0/|@ 8?@ 4DoA0@4 82 r@ ?@0B 02N7@3 8?DN 5fSt448D8@B A20/bR 23 82 r@ 3@863N@B; A0@D4@ b2N8Db8 R263 >32a@b8 MDND7@3 23 f6482o@3 C@3L/b@ O@A3@4@N8D8/L@ n23n638?@3 B@8D/04 DNB D442b/D8@B b2484E 5fS 3@8D/N4 DND0R8/bD0 3@A2384 n23 n /L@ R@D34E >0@D4@ N28/nR R263 >32a@b8MDND7@3 /n R26 ?DL@ 28?@3 N@@B4E cn R26 ?DL@ DNR u6@48/2N4; A0@D4@ b2N8Db8 R263 >32a@b8 MDND7@3 23 f6482o@3C@3L/b@ O@A3@4@N8D8/L@E

}~���������������

����������������������������������������������������������������

Page 1 of 21



��� ������ 	
� �
���
��������� 	
� 	���� ������ ������� ���� ! "#$%�&'( )*+, - .*//01 2 340114567�89�:� 	
� ;<=>
�BD[
?@ABC@DBCEFGH IJKLMNNO PQRSTUVV PWUXY Z[Y\]^Q\[ Z_WU S̀ ab cd efgeN heffi OOgjkglO mnopqrnst unrvwxstrvyz{|vx{
��� ������}� ~�� ���~� �����
��� ��:����}� ~�� ���~�

��������� ��� ������ ������ ����� ������� ��������������� ¡ ¢£ ¤¥¦¡ §̈ ©�ª«¬­®¡  ª °̄±²² ª³°´µ ²¶· ¶̧·²¹ ¶̧º»»¶̧»² ¤¼·½ ±² ¾®£²̧¿14À*Á6 +4Â0ÁÃ0 ÁÄÅÆ01Ç ¿ÈÉÊÉË

ÌÍÎÏÐÑ²ÒÑ²ÓÑ²±Ñ²¸
Page 2 of 21



��� ������ 	
� �
���
��������� 	
� 	���� ������ ������� ����� !"#$�%&' ()*+ , -)../0 1 23/003456�78�9� 	
� :;<�
�BD[
=>?@A>B@ACDEF GHIJKLLM NOPQRSTT NUSVW XYWZ[\OZY X]US Q̂ _̀ ab cdecL fcddg MMehiejM klmnoplqr slptuvqrptwxyztvy
��� ������{� |}~ ��~|� ����|
��� ��9����{� |}~ �}~|�

��������� ��� ������ ������ ����� ������� ����������������  ¡¢�£¤¥  ¦§ ¨�©ª«¬­ � ©®¯°±± ©²¯³´ ±µ¶· ¶̧±¹ º»·¼¹̧¯± £½¶¾ °± ½¿À±̧Á03Â)Ã5 *3Ä/ÃÅ/ ÃÆÇÈ/0É ÁÊËÌËÍ

ÎÏÐÑÒÓ±·Ó±¼Ó±°Ó±¸
Page 3 of 21



��� ������ 	
� �
���
��������� 	
� 	���� ������ ������� ���� ! "#$%�&'( )*+, - .*//01 2 340114567�89�:� 	
� ;<=>
�BD[
?@ABC@DBCEFGH IJKLMNNO PQRSTUVV PWUXY Z[Y\]^Q\[ Z_WU S̀ ab cd efgeN heffi OOgjkglO mnopqrnst unrvwxstrvyz{|vx{
��� ������}� ~�� ���~� ����~
��� ��:����}� ~�� ���~�

��������� ��� ������ ������ ����� ������� ��������������� ¡ ¢£ ¤¥¦¡ §̈ ©�ª«¬­®¡  ª °̄±²² ª³°´µ ²¶·¸¹·²º »¼½²¹¶¶² ¤¾·¿ ±² ¾ÀÁ¹²Â14Ã*Ä6 +4Å0ÄÆ0 ÄÇÈÉ01Ê ÂËÌÍÌÎ

ÏÐÑÒÓÔ²¸Ô²ÕÔ²±Ô²¹
Page 4 of 21



��� ������ 	
� �
���
��������� 	
� 	���� ������ ������� ���� ! "#$%�&'( )*+, - .*//01 2 340114567�89�:� 	
� ;<=>
�BD[
?@ABC@DBCEFGH IJKLMNNO PQRSTUVV PWUXY Z[Y\]^Q\[ Z_WU S̀ ab cd efgeN heffi OOgjkglO mnopqrnst unrvwxstrvyz{|vx{
��� ������}� ~�� ���~� �����
��� ��:����}� ~�� ���~�

��������� ��� ������ ������ ����� ������� ��������������� ¡ ¢£ ¤¥¦¡ §̈ ©�ª«¬­®¡  ª °̄±²² ª³°´µ ²¶· ¶̧·²¹ ¶̧º°¹¶̧ ²̧ ¤»·¼ ±² ½®£²̧¾14¿*À6 +4Á0ÀÂ0 ÀÃÄÅ01Æ ¾ÇÈÉÈÊ

ËÌÍÎÏÐ²ÑÐ²ÒÐ²±Ð²¸
Page 5 of 21



��� ������ 	
� �
���
��������� 	
� 	���� ������ ������� ����� !"#$�%&' ()*+ , -)../0 1 23/003456�78�9� 	
� :;<=
�BD[
>?@AB?CABDEFG HIJKLMMN OPQRSTUU OVTWX YZX[\]P[Z Y^VTR_ à bc defdM gdeeh NNfijfkN lmnopqmrs tmquvwrsquxyz{uwz
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���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123/45 6789::31;<=> ?@ABCDE FGH IJKLKMNOP QRST U VRWWXY Z [\XYY\]^?@ABCDE FGH _`abG>cdefghij klmnoopqrstu vw sxyz{|}~ �}��y��z} ��yz���}� ���}� ��w���x~�{�} �x����t���t� ������t������������� ¡¢£¤¥ ¦¢§¨ §̈¦¢ �̈ ©¦¨ ��ª¡£¤¥ �¤¦¢¦¢¦¢«¨ ¨ª�� �¦ ¨ ¦̈¬­§®������ ¡¢£¤¯ ¦¢§¨ §̈¦¢ �̈ ©¦°£¤¯ ± «¦ª² ¦ª²¬­§®����� ¡¢®³¯¨ ¦¢§¨ §̈¦¢ �̈ © �̈ ¦̈� ª°®³¯ �¤¦¢¦  °̈«² ¡ª ²̈ �¦ ¨ ¦̈¬­§®¡® ¦ ��«¦΅ µ ¦¢§¨ §̈¦¢ �̈ ©  ̈ �¢ª� ¦̈�´µ �¤¦¢¦  °̈«² ¡²ª¢¡ �¦ ¨ ¦̈¬­§®¡® ¦ ��«¦¨¶±· ¦¢§¨ §̈¦¢ �̈ ©�� �¢ª�¶±· �¢ª¢� ¦ª�¬­§® �¦����� ¡¢®³ �̄ ¦¢§¨ §̈¦¢ °̈ ©¦� ¦̈¨ª¢®³¯ �¤¦¢¦  °̈«² ¡ª¦� �¦ ¨ ¦̈¬­§®¡¸gf¹º ih»»fd¼ji l½oo¾¿ ÀrÁstu vw sxyz{|}~ �}��y��z} ��yz���}� ���}� ��w���x~�{�} �x����t���t� ������t���������������¡£¤¥ ¦¢§ ¡̈§¦¢ ¨© ¢̈ �°£¤¥ ££¦¢¦   ̈«² ¨ª� �̈ �¡ ¦̈¡¬­§®��������¡£¤¯ ¦¢§ ¡̈§¦¢ ¨©��£¤¯ ± «¦ª¦° ¦ª¦°¬­§®�������¡®³¯ ¦¢§ ¡̈§¦¢ ¨©²  ¦̈¦ ª¡®³¯ ££¦¢¦¢¨ «̈² ¨ª¦¦¡ ¢¡ ¨ ¡̈¬­§®¨® ¦¢¢¢«¦¢´µ ¦¢§ ¡̈§¦¢ �©²¡ ª¦� ¦̈° ª¡´µ ££¦¢¦¢¨ «̈² ¨ª¦¢¡ ¢¡ ¨ ¡̈¬­§®¨® ¦¢¢¢«¦¢´µ¶ ¦¢§ ¡̈§¦¢ �©²� ª¦� ¨ ¦̈´µ¶ ££¦¢¦¢¨ «̈² ¨ª �̈ ²ª  ̈¢¡ ¨ ¡̈¬­§® �¦¨ÂjÃiº ih»»fd¼ji l½oo¾Ä ÀrÁqlkstu vw sxyz{|}~ �}��y��z} ��yz���}� ���}� ��w���x~�{�} �x����t���t� ������t������Å������¡²¡£¤¥ ¦¢§¦¢§¦¢  ©�� ¦̈�£¤¥ Æµ¦¢¦ ��«� ª¦¡¦�¢ �¦ ¨ ¦̈¬­§®ª¦¡�����¡²¡£¤¯ ¦¢§¦¢§¦¢  ©�¢£¤¯ ª¦¦¦�¢ «¦ª¦¦¦² ¦ª¦¦¦²¬­§®�����¡²¡®³¯ ¦¢§¦¢§¦¢  ©�¦ ¦̈¦ ª�®³¯ Æµ¦¢¦¢¦¡«� ª¦¡¦�� ¢¡ ¨ ¡̈¬­§®ª¦¡® ¦�¦ «̈¦�´µ ¦¢§¦¢§¦¢ ¢©¦¡ ª¦¦¦° ��ª�´µ Æµ¦¢¦¢¦¡«� ª¦���°  ¦ ²̈¦¬­§®ª¨® ¦�¦ «̈¦�´µ¶ ¦¢§¦¢§¦¢ ¢© �̈ ª¦¦¦° ¦̈¦ ª�´µ¶ Æµ¦¢¦¢¦¡«� ª ¦̈¨ ¨ª¦� ¦ ²̈¦¬­§® �¦ª¨ÇÃÈ¹j»heÉº ih»»fd¼ji l½oo¾¿ ÀrÁstu vw sxyz{|}~ �}��y��z} ��yz���}� ���}� ��w���x~�{�} �x����t���t� ������t���������������¡£¤¥ ¦¢§ ¡̈§¦¢ ¨© ¢̈ �°ª�£¤¥ ££¦¢¦   ̈«² �°ª�� �¡ ¦̈¡¬­§®¦̈¦�������¡£¤¯ ¦¢§ ¡̈§¦¢ ¨©��£¤¯ ± «¦ª° ¦ª°¬­§®�������¡®³¯ ¦¢§ ¡̈§¦¢ ¨©²  � ª ®³¯ ££¦¢¦¢¨ «̈² �¢ª¢� ¢¡ ¨ ¡̈¬­§®��ª�°�¦¢® ¦¢¢¢«¦¢´µ ¦¢§ ¡̈§¦¢ �©²¡ ¡̈¢ ¢°ª°´µ ££¦¢¦¢¨ «̈² �¦¨ª�¢ ¢¡ ¨ ¡̈¬­§®��ª�°�¦¢® ¦¢¢¢«¦¢´µ¶ ¦¢§ ¡̈§¦¢ �©²� ¡̈¢ �²ª°´µ¶ ££¦¢¦¢¨ «̈² �¦�ª ¢ ¨ª �¢¡ ¨ ¡̈¬­§® �¦��ª�°�¦¢ÇÃ¹ÈÃ¹j»jº ih»»fd¼ji l½oo¾¿ ÀrÁstu vw sxyz{|}~ �}��y��z} ��yz���}� ���}� ��w���x~�{�} �x����t���t� ������t���������������¡£¤¥ ¦¢§ ¡̈§¦¢ ¨© ¢̈ �¡ª¡£¤¥ ££¦¢¦   ̈«² ¨ª� ¦̈� �¡ ¦̈¡¬­§®��������¡£¤¯ ¦¢§ ¡̈§¦¢ ¨©��£¤¯ ± «¦ª¦ ¡̈ ¦ ª¦ ¡̈¬­§®�������¡®³¯ ¦¢§ ¡̈§¦¢ ¨©²  ¦̈� ª°®³¯ ££¦¢¦¢¨ «̈² ª¡ ²̈ ¢¡ ¨ ¡̈¬­§®ª¡® ¦¢¢¢«¦¢´µ ¦¢§ ¡̈§¦¢ �©²¡ ª¦  ̈ ¦̈  ª¢´µ ££¦¢¦¢¨ «̈² ª¡¡¡� ¢¡ ¨ ¡̈¬­§®ª¡® ¦¢¢¢«¦¢´µ¶ ¦¢§ ¡̈§¦¢ �©²� ª¦  ̈ ¨ ¦̈ ª¢´µ¶ ££¦¢¦¢¨ «̈² ª¡ ¨ �ª°¢¢¡ ¨ ¡̈¬­§® �¦ª¡
ÊËÁÀÌ¾oÍ¾oÎ¾on¾oÍ

Page 13 of 22



BD[ ������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123/45 6789::31;<=> ?@ABCDE FGH IJKLKMNOP QRST U VRWWXY Z [\XYY\]^?@ABCDE FGH _`abG>cdefgehi jkllmnodj pqrstuvwxxyz{ |} y~������ ��������� ��������� ����� ��}���~����� �~����z���z� ������z�������� ¡¢£¤£¥¦ §̈ © ª«¬ª¦¬ª« ­¢®¥­ ­ª¢ £̄§̈ © §§ª«ª°¢¥±¢ ª̄ª²­¥ ¤² ­ª²³´¬µª̄ª²ª­ ¡¢£¤£¥¦ §̈ ¶ ª«¬ª¦¬ª« ­¢®¥¥§̈ ¶ · ±ª ª̄ªª¢ ª ª̄ªª¢³´¬µ�����¸¹� ¡¢£¤²ª¤µº¶ ª«¬ª¦¬ª« ­°®£«µº¶ · ±ª ª̄ªª££ ª ª̄ªª££³´¬µ ¡¢£¤²ª¤µ»¶ ª«¬ª¦¬ª« ­°®²ª «¤µ»¶ §§ª«ª°­­±« ª̄ª­°« «² ­­²³´¬µª̄ª¢µ°ª«²¦±ª­µ»¼ ª«¬ª¦¬ª« ­°®²² · ¤£µ»¼ §§ª«ª°­­±« ª̄ª­«« «² ­­²³´¬µª̄ª¢µ°ª«²¦±ª­µ»¼½ ª«¬ª¦¬ª« ­°®²« · ¤­µ»¼½ §§ª«ª°­­±« ª̄ª­«¢ ¥ ¢̄£«² ­­²³´¬µ ¢ªª̄ª¢cmnh¾jd¿gÀi jkllmnodj pqÁÁtÂ ÃvÄyz{ |} y~������ ��������� ��������� ����� ��}���~����� �~����z���z� ������z�������¸ ¡¢£¤¤¤² §̈ © ª«¬­²¬ª« ­®­« ¤¦ ¥̄§̈ © §§ª«ª°­°±¥ ­ ¤̄¢² ¤² ­ª²³´¬µ¢ ¡¢£¤¤¤² §̈ ¶ ª«¬­²¬ª« ­®¢¢§̈ ¶ · ±ª ª̄¥ ª ª̄¥³´¬µ ¡¢£¤¤¤²µ»¶ ª«¬­²¬ª« ­®¥° ¤¦ «̄µ»¶ §§ª«ª«­­±¥ £̄«£ «² ­­²³´¬µ²̄µ°ª«««±ª«ÅÆ ª«¬­²¬ª« ¢®¥² ª̄£ ¤¥ ¦̄ÅÆ §§ª«ª«­­±¥ ²̄ª« «² ­­²³´¬µ²̄µ°ª«««±ª«ÅÆ½ ª«¬­²¬ª« ¢®¥¤ ª̄£ ¤¥ ¢̄ÅÆ½ §§ª«ª«­­±¥ ²̄ª¦ ª ¥̄¤«² ­­²³´¬µ ¢ª²̄ÇkfÈdni jkllmnodj pqÁÁtÂ ÃvÄyz{ |} y~������ ��������� ��������� ����� ��}���~����� �~����z���z� ������z���¸¹¹�¸ ¡¢²ªª¦² §̈ © ª«¬­²¬ª« ­¥®ª£ ¤² ¢̄§̈ © §§ª«ª°­°±¥ ­ ¤̄ª£ ¤² ­ª²³´¬µ¢ ¡¢²ªª¦² §̈ ¶ ª«¬­²¬ª« ­¥®ª«§̈ ¶ · ±ª ª̄¥ ª ª̄¥³´¬µ ¡¢²ªª¦²µ»¶ ª«¬­²¬ª« ­¥®¢­ ¤¤ ²̄µ»¶ §§ª«ª«­­±¥ £̄¤¦ «² ­­²³´¬µ£̄¤«²µ°ª«¤¦±ª­ÅÆ ª«¬­²¬ª« ­£®­­ · «« ¤̄ÅÆ §§ª«ª«­­±¥ £̄£¥ «² ­­²³´¬µ£̄¤«²µ°ª«¤¦±ª­ÅÆ½ ª«¬­²¬ª« ­£®­£ · «« °̄ÅÆ½ §§ª«ª«­­±¥ £̄£¢ ª ¢̄¥«² ­­²³´¬µ ¢ª£̄¤«²ÇkÉeÊÉdËÇkÉekÉd Êl Ç pÌsÌtq Í ÎqÏÐr ÑÒÓÔÓÒÕÓÖyz{ |} y~������ ��������� ��������� ����� ��}���~����� �~����z���z� ������z�����×�� ¡¢£¤°¢¢ §̈ © ª«¬ª¤¬ª« ­¦®¥¥ ­ªª ¢̄§̈ ©  §ª«ª¦­¥±­ ¢ £̄¢¢ ¤ª ­­ª³´¬µ¢ £̄­¦ ¡¢£¤°¢¢ §̈ ¶ ª«¬ª¤¬ª« ­¦®¥£§̈ ¶ · ±ª ª̄¦ ª ª̄¦³´¬µ�����×�� ¡¢£¤°¢£ §̈ © ª«¬ª¤¬ª« ­°®ª¢ ­ª­ £̄§̈ ©  §ª«ª¦­¥±­ ¢ £̄² ¤ª ­­ª³´¬µ¢ £̄­¦ ¡¢£¤°¢£ §̈ ¶ ª«¬ª¤¬ª« ­°®ª¥§̈ ¶ · ±ª ª̄¦ ª ª̄¦³´¬µ ¡¢£¤°¢£µ»¶­ ª«¬ª¤¬ª« ­°®ª² ¤° ¦̄µ»¶  §ª«ª¥­¢±­ ­ ¤̄²¢ ¤ª ­­ª³´¬µ¢µ°ª«¤°±ª­ÅÆ ª«¬ª¤¬ª« ­°®¢¦ ª̄² ­ªª «̄ÅÆ  §ª«ª¥­¢±­ ¢ ª̄¦¦ ¤ª ­­ª³´¬µ¢µ°ª«¤°±ª¢½·Ø ºÅª«¬ª¤¬ª« ­°®¢« ·½·Ø ª̄¢£ ¢ªª³´¬µ ¢ª ¡¢£¤°¢£µ»¶¢ ª«¬ª¤¬ª« ­°®£¥ ¤° £̄µ»¶  §ª«ª¥­¢±­ ­ ¤̄£° ¤ª ­­ª³´¬µ¢
ÙÚÄÃÛtÁutÁÜtÁstÁu

Page 14 of 22



BD[ ������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123/45 6789::31;<=> ?@ABCDE FGH IJKLKMNOP QRST U VRWWXY Z [\XYY\]^?@ABCDE FGH _`abG>cd efghi jklmnk o pqrst uvwrtuxsyz{ |} y~������ ��������� ��������� ����� ��}���~����� �~����z���z� ������z�������� ¡¢£¤¥£¦§̈ © ¥ ª«¬ª£¬ª« ­® ¢̄£ ­ª­°¢§̈ ©  ±̈ ²¢¤¦¢³ ¦°ª³ ¤ª ­­ª´µ¶·¸¦ ¡¢£¤¥£¦§̈ © ¦ ª«¬ª£¬ª« ­« ¢̄­ ­ª­°«§̈ ©  ±̈ ²¢¤¦¢³ ¦°­­ ¤ª ­­ª´µ¶·¸¦ ¡¢£¤¥£¦§̈ © ¤ ª«¬ª£¬ª« ¢­ ¢̄¤ ­ª­°«§̈ ©  ±̈ ²¢¤¦¢³ ¦°­­ ¤ª ­­ª´µ¶·¸¦ ¡¢£¤¥£¦§̈ © ­¢ ª«¬ª®¬ª« ­ ®̄ª ­ª¢§̈ ©  ±̈ ²¢¤¦¢³ ¦°­¢ ¤ª ­­ª´µ¶·¸¦§³ª¤ª¥¹ª«º»± ª«¬ª®¬ª« ¢ ®̄« ¢°¦º»± ¢°¦¢ ª°«´µ¶·¸ ¢ª ¡¢£¤¥£¦§̈ © ­® ª«¬ª®¬ª« £ ¢̄¥ ­ª¢°®§̈ ©  ±̈ ²¢¤¦¢³ ¦°­® ¤ª ­­ª´µ¶·¸¦¼½¾g¿¿ÀÁÂÃ ÄÀ¿¿½fÅÆÄ jÇmmnÈ ÉÊËyz{ |} y~������ ��������� ��������� ����� ��}���~����� �~����z���z� ������z�������Ì ¡¢£¤¤¤® Í̈ Î ª«¬­®¬ª« ­¯­« ­ª­°³Í̈ Î ÍÍª«ª³­³¹¥ ¢ª°¥¥ ¤® ­ª®ÏÐ¬§¢ª ¡¢£¤¤¤® Í̈ Ñ ª«¬­®¬ª« ­ ¢̄¢Í̈ Ñ » ¹ª°¤ ª°¤ÏÐ¬§ ¡¢£¤¤¤®§ÒÑ ª«¬­®¬ª« ­ ¥̄³ ­ª¢°«§ÒÑ ÍÍª«ª«­­¹¥ ­ª¢°®¦ «® ­­®ÏÐ¬§¤¤°³¦­«¦§³ª«««¹ª«Ó© ÔÓª«¬­®¬ª« ¢ ¥̄® ¢°¦ ­­¦°«Ó© ÍÍª«ª«­­¹¥ ­­¤°­£ «® ­­®ÏÐ¬§¤¤°³¦­«¦§³ª«««¹ª«Ó©º ª«¬­®¬ª« ¢ ¥̄¤ ¢°¦ ­­£°¤Ó©º ÍÍª«ª«­­¹¥ ­­³°¢¦ ­°®¤«® ­­®ÏÐ¬§ ¢ª¤¤°³¦­«¦ÕÆ¿ÀÄÁÆÃ ÖÀf¾Æ×ghfÆ eØÙÚi ÛÜÝÞß àjÇlámÊyz{ |} y~������ ��������� ��������� ����� ��}���~����� �~����z���z� ������z������ÞÝ ¡¢£¤¥ª«±Ñ  ª«¬ª¢¬ª« ­£ ¥̄ª±Ñ  » ¹¢ª ¢ªÏÐ¬§ ¡¢£¤¥ª«§̈ ©  ª«¬ª¢¬ª« ­£ ¥̄­ ­ª¦°¢§̈ ©  ±̈ ²¥ª¢ªª ¢³¦ «ª ­¢ªÏÐ¬§¢¦ª§³ª¤­¢¹ª­º»± ª«¬ª¢¬ª« ­£ ®̄¤ ££ªº»± £¢¦ ¥°¢ÏÐ¬§ ¢ª������Ì� ¡¢£¤¥®¤±Ñ  ª«¬ª£¬ª« ­¥ £̄ª±Ñ  » ¹¢ª ¢ªÏÐ¬§ ¡¢£¤¥®¤§̈ ©  ª«¬ª£¬ª« ­¥ £̄­ ­ª®°£§̈ ©  ±̈ ²¥ª¢ªª ¢³£ «ª ­¢ªÏÐ¬§¢¦ª§³ª¤­®¹ª¢º»± ª«¬ª£¬ª« ­£ ª̄¤ ¥³¤ªº»± ¥³¤¦ ª°¢ÏÐ¬§ ¢ªÚÆfÆâÀÁÂÃ ÄÀ¿¿½fÅÆÄ jÇmmnã ÉÊËojàyz{ |} y~������ ��������� ��������� ����� ��}���~����� �~����z���z� ������z�����Ì�Ì ¡¢£¤®¥® Í̈ Î ª«¬ª«¬ª« ³ ¢̄¢ ­ª¥°¦Í̈ Î Ô©ª«ª³¢¢¹£ °ª®­«¢ ¤ª ­­ªÏÐ¬§°ª® ¡¢£¤®¥® Í̈ Ñ ª«¬ª«¬ª« ³ ¢̄«Í̈ Ñ °ªªª­­ ¹ª°ªªª¥ ª°ªªª¥ÏÐ¬§ ¡¢£¤®¥®§ÒÑ ª«¬ª«¬ª« ³ £̄ª ­ª¥°¥§ÒÑ Ô©ª«ª«ª®¹£ °ª®­¦£ «® ­­®ÏÐ¬§°ª®§³ª¤ª­¹ª¢Ó© ª«¬ª«¬ª« « ª̄® °ªª­¥ ­ª¦°¤Ó© Ô©ª«ª«ª®¹£ °­ª«¢£ ³ª ­¥ªÏÐ¬§°­§³ª¤ª­¹ª¢Ó©º ª«¬ª«¬ª« «¯­¢ °ªª­¥ ­ª¤°¤Ó©º Ô©ª«ª«ª®¹£ °­­­­¦ ¢°¦¦³ª ­¥ªÏÐ¬§ ¢ª°­

äpËÉånmknmænmlnmk
Page 15 of 22



BD[ ������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123/45 6789::31;<=> ?@ABCDE FGH IJKLKMNOP QRST U VRWWXY Z [\XYY\]^?@ABCDE FGH _`abG>cdefghi efjjdklme noppqr stuvwx yz v{|}~��� ����|��}� ��|}����� ����� ��z���{��~�� �{����w���w� ������w������������   ¡¢£¤ ¥¦§ ¡̈§¥¦ ¨© ¦̈ ¥̈¥ ª�¢£¤ ¢¢¥¦¥« «̈¬­ ¥̈¥ ª�  ¡ ¥̈¡®¯§°¥̈¥����   ¡¢£¤ ¥¦§ ¡̈§¥¦ ¨© ¦̈ ¥̈¨ª�¢£¤ ¢¢¥¦¥« «̈¬­ ¥̈¨ª­«  ¡ ¥̈¡®¯§°¥̈¥����   ¡¢£± ¥¦§ ¡̈§¥¦ ¨©��¢£± ² ¬¥ª  ¥ª ®¯§°����   ¡¢£± ¥¦§ ¡̈§¥¦ ¨©��¢£± ² ¬³ ³®¯§°����   ¡°´± ¥¦§ ¡̈§¥¦ ¨©­« ¥̈­ ª³°´± ¢¢¥¦¥¦¨ ¬̈­ ¥̈¨ª«� ¦¡ ¨ ¡̈®¯§° ¦ª� ³̈������   ¡°´± ¥¦§ ¡̈§¥¦ ¨©­« ¥̈­°´± ¢¢¥¦¥¦¨ ¬̈­ ¥̈¨ª� ¦¡ ¨ ¡̈®¯§° ¦ª� ³̈��°«¥¦¦¦¬¥¦µ¶ ¥¦§ ¡̈§¥¦ �©­¡ ­³« ¦ ª�µ¶ ¢¢¥¦¥¦¨ ¬̈­ �¡�ª«« ¦¡ ¨ ¡̈®¯§° ¦ª� ³̈��°«¥¦¦¦¬¥¦µ¶· ¥¦§ ¡̈§¥¦ �©­  ­³«  ¦ª­µ¶· ¢¢¥¦¥¦¨ ¬̈­ �³­ª¡­ ¨ª ¨¦¡ ¨ ¡̈®¯§° �¥ ¦ª� ³̈��cgk¸¹ºm »n¼½pp »¾¼¿Àvwx yz v{|}~��� ����|��}� ��|}����� ����� ��z���{��~�� �{����w���w� ������w������Á����� �¦¡Â±� ¥¦§¥³§¥¦  ©�¡Â±� �̈ ¬­¥ ­¥®¯§°���� �¦¡°£¶� ¥¦§¥³§¥¦  ©�  ¨ ¡̈°£¶� �£¥¦¥¡ �̈¬¨ ¨ ¡̈ ¦¥ �̈¥®¯§°¥̈¥°«¥ ¥ ¬̈¥¡·²Â ¥¦§¥³§¥¦ ¨¨©�¥ ¡̈¡¥·²Â �̈ ¥ ­ª ®¯§° �¥������Ã����� ¡«�Â±� ¥¦§¥«§¥¦ ¥̈© ¡̈Â±� ² ¬­¥ ­¥®¯§°���� ¡«�°£¶� ¥¦§¥«§¥¦ ¥̈© ¦̈   °£¶� �£¥¦¥¡ �̈¬¨    ¦¥ �̈¥®¯§°¥̈¥°«¥ ¥ ¬̈¥«·²Â Äµ¥¦§¥«§¥¦ ¨¨©¥� ²·²Â ² ¥®¯§° �¥ÅÆ¹kkfghi efjjdklme noppqÇ stu¿n»vwx yz v{|}~��� ����|��}� ��|}����� ����� ��z���{��~�� �{����w���w� ������w������È����� ¡­¡¢£¤ ¥¦§¥¦§¥¦ «©�� ¥̈³ ª¦¢£¤ É¶¥¦¥«��¬� ª¥¡­��  ¥ ¨ ¥̈®¯§°ª¥¡���� ¡­¡¢£± ¥¦§¥¦§¥¦ «©�¦¢£± ª¥¥¥� ¬¥ª¥¥¥­ ¥ª¥¥¥­®¯§°���� ¡­¡°´± ¥¦§¥¦§¥¦ «©�¥ ¥̈¨ª­°´± É¶¥¦¥¦¥¡¬� ª¥¡¥«¡ ¦¡ ¨ ¡̈®¯§°ª¥¡¥¨°«¥ ¥ ¬̈¥�µ¶ ¥¦§¥¦§¥¦ ¦©¥¡ ² ¥̈¨ª¦µ¶ É¶¥¦¥¦¥¡¬� ª ¥̈�¥� «¥ ­̈¥®¯§°ª ¥̈¥�°«¥ ¥ ¬̈¥�µ¶· ¥¦§¥¦§¥¦ ¦© �̈ ² ¥̈� ª¡µ¶· É¶¥¦¥¦¥¡¬� ª ¥̈�³¦ ¥ª³�«¥ ­̈¥®¯§° �¥ª ¥̈¥�ÊË¹Ìfghi efjjdklme noppqÇ stu¿n»vwx yz v{|}~��� ����|��}� ��|}����� ����� ��z���{��~�� �{����w���w� ������w������È����� ¡­¡¢£¤ ¥¦§¥¦§¥¦ «©�� ¥̈� ª­¢£¤ É¶¥¦¥«��¬� ª¥¡¨ «̈  ¥ ¨ ¥̈®¯§°ª¥¡���� ¡­¡¢£± ¥¦§¥¦§¥¦ «©�¦¢£± ª¥¥¥ ¡̈ ¬¥ª¥¥¥­ ¥ª¥¥¥­®¯§°���� ¡­¡°´± ¥¦§¥¦§¥¦ «©�¥ ¥̈¥ ª¦°´± É¶¥¦¥¦¥¡¬� ª¥¡¥�� ¦¡ ¨ ¡̈®¯§°ª¥¡°«¥ ¥ ¬̈¥�µ¶ ¥¦§¥¦§¥¦ ¦©¥¡ ª¥� ¨ ¥̈³ ª«µ¶ É¶¥¦¥¦¥¡¬� ª ­̈¡¦� «¥ ­̈¥®¯§°ª¨°«¥ ¥ ¬̈¥�µ¶· ¥¦§¥¦§¥¦ ¦© �̈ ª¥� ¨ ¥̈¦µ¶· É¶¥¦¥¦¥¡¬� ª ­̈«¥¦ ¥ª ¨«¥ ­̈¥®¯§° �¥ª¨ÍfÌÎi efjjdklme noppqr stuvwx yz v{|}~��� ����|��}� ��|}����� ����� ��z���{��~�� �{����w���w� ������w����ÏÏÐ����¡¥¥³¡¢£¤ ¥¦§ ¡̈§¥¦ ­̈ ©¥� ¥̈¥ ª�¢£¤ ¢¢¥¦¥« «̈¬­ �ª¥¥�  ¡ ¥̈¡®¯§°����¡¥¥³¡¢£± ¥¦§ ¡̈§¥¦ ­̈ ©¥¦¢£± ² ¬¥ª¥­ ¥ª¥­®¯§°���¡¥¥³¡°´± ¥¦§ ¡̈§¥¦ ­̈ ©�¨ ¥̈¥ ª�°´± ¢¢¥¦¥¦¨ ¬̈­ ª¡¥� ¦¡ ¨ ¡̈®¯§°ª¡°«¥¦ ³¬¥ µ̈¶ ¥¦§ ¡̈§¥¦ �̈ ©¨¨ ²  ­ª¦µ¶ ¢¢¥¦¥¦¨ ¬̈­ ª�³  ¦¡ ¨ ¡̈®¯§°ª¡°«¥¦ ³¬¥ µ̈¶· ¥¦§ ¡̈§¥¦ �̈ © �̈ ²  ­µ¶· ¢¢¥¦¥¦¨ ¬̈­ ª�³¡ ¥ª¦³¦¡ ¨ ¡̈®¯§° �¥ª¡ÑÒusÓqpÔqpÕqp½qpÔ
Page 16 of 22



BD[
������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123/45 6789/:9:;<3=4>491 ?9@018ABC DEFGHIJ KLM NOPQPRSTU VWXY Z [W\\]^ _ `a]^^abcdef gh idjdklmlj nodp hlqejgimgrsklmtrhurjvsok wx yz{|}z~� �|~ z���z~ ��z ����z |~ ����z �����{��z ��� |�����z|� ��z �{{z����{z ������ � ��z y����� ������ ��z�{{z����{z ������ �w����� ����|�������� ����|�}z�p�������� ����   ¡ yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©©¡�� ª �|�|~��z�~�{ �«����������|�������z� �|������� �¬� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©¡©�� ª ­�®¯� �~z�z~}z�°��~��z«°��~��z �� °���� ��� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�®w�©��± ª ²��~���|�²|��� x������������� ©�¬ wx yz{|}z~� �|~ z���z~ ��z ����z |~ ����z �����{��z ��� |�����z|� ��z �{{z����{z ������ � ��z y����� ������ ��z�{{z����{z ������ �w����� ����|�������� ����|�}z�p�������³ ����   ¡ yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©©¡�� ª �|�|~��z�~�{ �«����������|�������z� �|������� �¬� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©¡©�� ª ­�®¯� �~z�z~}z�°��~��z«°��~��z �� °���� ��� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�®w�©��± ª ²��~���|�²|��� x������������� ©�¬ wx yz{|}z~� �|~ z���z~ ��z ����z |~ ����z �����{��z ��� |�����z|� ��z �{{z����{z ������ � ��z y����� ������ ��z�{{z����{z ������ �w����� ����|�������� ����|�}z�p�������´ ����   ¡ yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©©¡�� ª �|�|~��z�~�{ �«����������|�������z� �|������� �¬� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©¡©�� ª ­�®¯� �~z�z~}z�°��~��z«°��~��z �� °���� ��� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�®w�©��± ª ²��~���|�²|��� x������������� ©�¬ wx yz{|}z~� �|~ z���z~ ��z ����z |~ ����z �����{��z ��� |�����z|� ��z �{{z����{z ������ � ��z y����� ������ ��z�{{z����{z ������ �w����� ����|�������� ����|�}z�p�������µ ����   ¡ yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©©¡�� ª �|�|~��z�~�{ �«����������|�������z� �|������� �¬� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©¡©�� ª ­�®¯� �~z�z~}z�°��~��z«°��~��z �� °���� ��� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�®w�©��± ª ²��~���|�²|��� x������������� ©�¬ wx yz{|}z~� �|~ z���z~ ��z ����z |~ ����z �����{��z ��� |�����z|� ��z �{{z����{z ������ � ��z y����� ������ ��z�{{z����{z ������ �w����� ����|�������� ����|�}z�p�������¶ ����   ¡ yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©©¡�� ª �|�|~��z�~�{ �«����������|�������z� �|������� �¬� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�w©¡©�� ª ­�®¯� �~z�z~}z�°��~��z«°��~��z �� °���� ��� yx yz����}z �z~{z�� ����z~z�{z ¢y��£ ��� �|� ��z� �|~ ����}�������|� ¤z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� ¢¥ ¦�§ w� £̈�®w�©��± ª ²��~���|�²|��� x������������� ©�¬

·¸¹º»¼½¾¼¿À¼¿¾¼¿½
Page 17 of 22



BD[ ������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123/45 6789/:9:;<3=4>491 ?9@018ABC DEFGHIJ KLM NOPQPRSTU VWXY Z [W\\]^ _ `a]^^abcdef gh idjdklmlj nodp hlqejgimgrsklmtrhurjvsok wx yz{|}z~� �|~ z���z~ ��z ����z |~ ����z �����{��z ��� |�����z|� ��z �{{z����{z ������ � ��z y����� ������ ��z�{{z����{z ������ �w����� ����|�������� ����|�}z�p�������� ��� ¡¡¡¢ yx yz����}z �z~{z�� ����z~z�{z £y��¤ ��� �|� ��z� �|~ ����}�������|� ¥z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� £¦ §�¨ w�©¤�wªª¢�  « �|�|~��z�~�{ �¬����������|�������z� �|������ ¡ ­� yx yz����}z �z~{z�� ����z~z�{z £y��¤ ��� �|� ��z� �|~ ����}�������|� ¥z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� £¦ §�¨ w�©¤�wª¢ª�� « ®�¯°  �~z�z~}z�±��~��z¬±��~��z �� ±��� ¡��  yx yz����}z �z~{z�� ����z~z�{z £y��¤ ��� �|� ��z� �|~ ����}�������|� ¥z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� £¦ §�¨ w�©¤�¯w ¢�� ¯° «�¯�����z��� ¡¢�  yx yz����}z �z~{z�� ����z~z�{z £y��¤ ��� �|� ��z� �|~ ����}�������|� ¥z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� £¦ §�¨ w�©¤�¯w�ª��² « ³��~���|�³|��� x������������ ¡ª ­ wx yz{|}z~� �|~ z���z~ ��z ����z |~ ����z �����{��z ��� |�����z|� ��z �{{z����{z ������ � ��z y����� ������ ��z�{{z����{z ������ �w����� ����|�������� ����|�}z�p�������� ��� ¡¡¡¢ yx yz����}z �z~{z�� ����z~z�{z £y��¤ ��� �|� ��z� �|~ ����}�������|� ¥z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� £¦ §�¨ w�©¤�wªª¢�  « �|�|~��z�~�{ �¬����������|�������z� �|������ ¡¢¢� yx yz����}z �z~{z�� ����z~z�{z £y��¤ ��� �|� ��z� �|~ ����}�������|� ¥z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� £¦ §�¨ w�©¤�wª¢ª�� « ®�¯°  �~z�z~}z�±��~��z¬±��~��z �� ±��� ¡��  yx yz����}z �z~{z�� ����z~z�{z £y��¤ ��� �|� ��z� �|~ ����}�������|� ¥z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� £¦ §�¨ w�©¤�¯w ¢�� ¯° «�¯�����z��� ¡¢�  yx yz����}z �z~{z�� ����z~z�{z £y��¤ ��� �|� ��z� �|~ ����}�������|� ¥z{���z ��z �����z {|�{z��~���|� �� �|| �|� �|~�{{�~��z z}������|� £¦ §�¨ w�©¤�¯w�ª��² « ³��~���|�³|��� x������������ ¡ª ­

´µ¶·¸¹º»¹¼½¹¼»¹¼º
Page 18 of 22



BD[
������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./01232451267895:232/0;<=> ?@ABCDE FGH IJKLKMNOP QRST U VRWWXY Z [\XYY\]^

_` abcd ef eagd è h ijgkef ebcl gll`aegdbm nedo doel ghgkplel

qrstuvwxvwyvwxvwz
Page 19 of 22



BD[
������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123435361789: ;<=>?@A BCDCEA? F?@?GH?IDF?@?GH?I JKD

LMNOPQRSTUV WX YSZ [TU\O]O^ TS QS [TY SX Q_O [`SaO bZOUQRSTUc PdO[UO ^OUN]R`O

efeghij kk kkkkkkk kk kk

lm nopq rstq uvowpxr vpyztvp qupxt{| s{}~|t}� uvoxp~zvpq qzxs {q ��� uvoroxo|��m fvp rsp xzqro~� qp{|q o} rsp xoo|pv t}r{xr��m fvp rsp xzqro~� qp{|q o} rsp q{�u|p xo}r{t}pvq t}r{xr��m �q rspvp { �s{t} o� �zqro~� ov orspv ~tvpxrt�p qstuut}� u{upvq uvpqp}r��m �q rsp �s{t} o� �zqro~� xo�u|prp��m �q rsp �s{t} o� �zqro~� t} {�vpp�p}r �trs rsp q{�u|pq vpxpt�p~��m �q rspvp p}oz�s q{�u|p �ov {|| vpyzpqrp~ {}{|�qpq��m fvp {|| q{�u|pq �trst} so|~t}� rt�pq �ov vpyzpqrp~ {}{|�qpq��m �pvp {|| q{�u|p xo}r{t}pvq vpxpt�p~ t}r{xr�l�m fvp rsp rp�upv{rzvp �|{}�q uvpqp}r�llm fvp rsp rvtu �|{}�q ��gf {}~�ov ��{}t~pm uvpqp}r�l�m fvp q{�u|pq vpyztvt}� }o sp{~qu{xp� sp{~qu{xp �vpp�l�m no rsp q{�u|pq rs{r vpyztvp { �ovpt�} jot|q �pv�tr s{�p o}p�
�STQ[NQ ��S] [TY ^RUN]OP[TNROUc Q_O NdROTQ �ZUQ `O NSTQ[NQO^�
 _RPPRT¡ �STQ[RTO]U¢££¤¥¦ §̈ ©ª¨ «¬©­®¦̄°¥±² «³¢¯
´SQOU

µONORPQ ¶O]RXRN[QRST ·¸¹̧ º»»·¼½»¾»¹

e�f
¿sp x|tp}r �{q }or xo}r{xrp~À
�l�� �Àl l�

ÁÂ»ÃC:

¢¤Ä¥ÅÆ ±ÇÈÆ É£ÅÆªÉÆ Ê¢Ë Ì¦£Í¥ÉÆ ÎªÅªÏ¥¦ÄÐ ªÅª¤ÑÈÄÈ È®£Ç¤¨ Å£Æ ²¦£É¥¥¨ Ð£¦ Èª±²¤¥È¦¥É¥ÄÒ¥¨ £ÇÆÈÄ¨¥ £Ð Æ®¥¦±ª¤ ²¦¥È¥¦ÒªÆÄ£ÅªÉÉ¥²ÆªÅÉ¥ É¦ÄÆ¥¦ÄªÓ

ÔÕÖ ×ØÙÚ Û ÜØÝÝÞß à áâÞßßâãä CEA? ;<GåA?ID ·¸¹̧ º»»·

©æÌÊçÓèéÓêêÓèèÓèê
Page 20 of 22



BD[ ������������	 
��
���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123435361789: ;<=>?@A BCDCEA? F?@?GH?IDF?@?GH?I JKDLMNOPQ RSTUMVTQW XWQYQWZMUVST[\] _̂` a b c d b c ef b c gb c gdb c eb c h b c i jkc lmn ano
pqrqsttpuvtwtrxyz {|}~ � �|���� � ����������t�C:

�_� �̀� �� �o�����k��k g g���kk�����k��c g g���ck�����k��� g g���kk�����k��� g g���kc�����k��� g g���k������k��� g g�e���k��n�����k��� g gie���k��n ¡¡¢£¤¥¦§¥¨© ª£«¬¢¥­§¥¨© ®¨©§¦¥©£¢ ¯°­£ ±¢£«£¢¤¦§¥¤£²³¥´¥§«e�µ�LMNOPQ RSTUMVTQW XWQYQWZMUVST ¶Q·QT¸e ¹º»¼½¾½¿mÀÁ»ÂÁ¾ºÃ e�µ� Ä�ÅÁÆ¼ Ç½ b cef ¹º»¼½¾½¿mlº¼ ¾ºÃ e�nÈf Ä�ÅÁÆ¼ Ç½ b cd ¹º»¼½¾½¿mlº¼ ¾ºÃ da��l Ä�ÅÁÆ¼ Ç½ b ch aÉÊmÀÁ»ÂÁ¾ºÃ hanld� Ä�ÅÁÆ¼ Ç½ b cË aÉÊmlÉh� ËµaË�� Ä�ÅÁÆ¼ Ç½ j kc Ìi aÉÊmlÉh� ÍºÎÃ nÃ½¼É¼½ inl Ä�ÅÁÆ¼ Ç½ j kcg aÉÊmÀÁ»ÂÁ¾ºÃ g���h� Ä�ÅÁÆ¼ Ç½ b cgd aÉÊmÀÁ»ÂÁ¾ºÃ g���h� d�nÀÀ Ä�ÅÁÆ¼ Ç½ b clmn lÏ Ä¾½Æ½¾ÐÉ¼ºÐ½ Î½½¿½¿ lÏ¼ ÉÄÄ»ºÃÉÇ»½ano dÉÅÅÉme½¼É ¿ÏÆ½ ¾É¼½ lÏ¼ ÉÄÄ»ºÃÉÇ»½ ÅÁÆ¼ Ç½ b c�� ÑamÒ¾
a aÉÊmlº¼ ¾ºÃ a�o Ä�ÅÁÆ¼ Ç½ b c

ÀÉÅÄ»½ �oÆ a½Ðº½Ê½¿ eÓÔÌ Ä� ÃÒ½ÃÕ Ä½¾ÂÏ¾Å½¿ ÇÓ ÉÎÉ»ÓÆ¼ Ä¾ºÏ¾ ¼Ï ÆÉÅÄ»½ Ä¾½ÄÉ¾É¼ºÏÎ

a�ËnoÖ��ÖkkÖ��Ö�k
Page 21 of 22



Page 22 of 22



 



 

 

APPENDIX C 
 

HYDRO GEO CHEM, INC. GROUNDWATER SAMPLING FORMS 



 

 



































 

 

APPENDIX D 
 

TIME SERIES GRAPHS OF SULFATE CONCENTRATION 
AND GROUNDWATER ELEVATION 



 

 

 
 



 

Q3 08 Sierrita Appendix D TOC.doc   
H:\78300\REPORTS\Q3 08 Sierrita Appendix D TOC.doc   
September 26, 2008 

D-1 

TABLE OF CONTENTS 
 
 

TABLE 
 

D.1 Sulfate Concentration and Groundwater Elevation Data 
 
 

FIGURES 
 
D.1 Sulfate Concentration and Groundwater Elevation Over Time for Wells CW-6, CW-7, 
 CW-8, and CW-9 
 
D.2 Sulfate Concentration and Groundwater Elevation Over Time for Wells CW-10, 
 GV-1-GVDWID, GV-2-GVDWID, and GV-SI-GVDWID 
 
D.3 Sulfate Concentration and Groundwater Elevation Over Time for Wells ESP-1, ESP-2, 
 ESP-3, and ESP-4 
 
D.4 Sulfate Concentration and Groundwater Elevation Over Time for Wells MO-2007-1A, 
 MO-2007-1B, MO-2007-1C, and MO-2007-2 
 
D.5 Sulfate Concentration and Groundwater Elevation Over Time for Wells NP-2, 
 MO-2007-3B, MO-2007-3C, and MO-2007-4A 
 
D.6 Sulfate Concentration and Groundwater Elevation Over Time for Wells MO-2007-4B, 
 MO-2007-4C, CW-3, and MO-2007-5B 
 
D.7 Sulfate Concentration and Groundwater Elevation Over Time for Wells MO-2007-5C, 
 MO-2007-6A, and MO-2007-6B 
 
D.8 Sulfate Concentration and Groundwater Elevation Over Time for Wells MH-28 and 
 MH-29 



 



TABLE D.1
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION DATA

Well ID Date
Groundwater Elevation                          

(ft amsl)
Sulfate                                 
(mg/L)

CW-6 12/04/06 2607.50 46.2
CW-6 01/03/07 2622.00 49.2
CW-6 05/14/07 2614.75 68.7
CW-6 07/10/07 2614.85 57.6
CW-6 10/02/07 2613.95 54.2
CW-6 01/08/08 2621.19 48.9
CW-6 04/15/08 2612.80 51.2
CW-6 07/08/08 2613.20 47.9

CW-7 01/03/07 2562.50 807
CW-7 05/14/07 2563.35 874
CW-7 07/10/07 2561.00 860
CW-7 10/02/07 2559.90 940
CW-7 01/08/08 2560.00 1080
CW-7 04/15/08 2561.10 900
CW-7 07/08/08 2559.10 890

CW-8 01/24/07 2621.00 449
CW-8 05/14/07 2619.36 529
CW-8 07/10/07 2617.70 500
CW-8 10/02/07 2616.90 463
CW-8 01/08/08 2619.53 466
CW-8 04/15/08 2618.30 441
CW-8 07/08/08 2615.75 504

CW-9 12/04/06 2528.30 44.5
CW-9 01/03/07 2530.10 44.9
CW-9 05/14/07 2524.90 47.8
CW-9 07/10/07 2524.10 46.7
CW-9 10/02/07 2523.60 46.4
CW-9 01/08/08 2525.48 47.3
CW-9 04/15/08 2526.30 43.7
CW-9 07/08/08 2518.70 44.1

CW-10 12/04/06 2681.75 37.2
CW-10 01/24/07 2691.30 48.6
CW-10 05/14/07 2672.20 52.8
CW-10 07/10/07 2669.71 51.7
CW-10 10/02/07 2677.65 47.7
CW-10 01/08/08 2687.55 45.3
CW-10 04/15/08 2680.55 50.8
CW-10 07/08/08 2665.25 50.5

GV-1-GVDWID 08/06/06 NM 41.2
GV-1-GVDWID 01/09/07 2721.35 40.9
GV-1-GVDWID 04/10/07 2724.49 43.2
GV-1-GVDWID 07/11/07 2711.35 41.5
GV-1-GVDWID 10/03/07 NM 43.8
GV-1-GVDWID 01/07/08 2720.85 45.7
GV-1-GVDWID 04/16/08 2716.85 44.1
GV-1-GVDWID 07/07/08 2711.35 45.2

GV-2-GVDWID 08/06/06 NM 48.6
GV-2-GVDWID 10/04/06 NM 95.3
GV-2-GVDWID 01/09/07 2745.17 103
GV-2-GVDWID 04/10/07 2743.50 106
GV-2-GVDWID 07/11/07 2730.02 98
GV-2-GVDWID 10/03/07 2731.15 100
GV-2-GVDWID 01/07/08 2739.85 98
GV-2-GVDWID 04/16/08 2735.52 97
GV-2-GVDWID 07/07/08 2729.42 93.2

GV-SI GVDWID 10/04/06 NM 5.9
GV-SI GVDWID 01/09/07 2805.47 5.7
GV-SI GVDWID 04/10/07 2804.25 6.6
GV-SI GVDWID 07/11/07 2802.34 6.9
GV-SI GVDWID 10/03/07 2798.26 6.5
GV-SI GVDWID 01/07/08 2804.90 8
GV-SI GVDWID 04/16/08 2795.10 2
GV-SI GVDWID 08/14/08 2797.15 <0.5

ESP-1 12/04/06 2599.68 262
ESP-1 01/03/07 2597.78 242
ESP-1 05/14/07 2598.33 113
ESP-1 07/10/07 2603.76 94
ESP-1 10/12/07 2610.43 110
ESP-1 01/23/08 NM 100
ESP-1 04/18/08 NM 102
ESP-1 07/25/08 NM 104
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TABLE D.1
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION DATA

Well ID Date
Groundwater Elevation                          

(ft amsl)
Sulfate                                 
(mg/L)

ESP-2 12/04/06 2589.06 29.6
ESP-2 01/03/07 2580.51 31.3
ESP-2 05/14/07 2583.71 28.4
ESP-2 07/10/07 2593.35 28.6
ESP-2 10/12/07 2592.34 30
ESP-2 01/23/08 2594.20 30
ESP-2 04/18/08 2593.67 27.6
ESP-2 07/25/08 2592.30 26.8

ESP-3 12/04/06 2572.41 36.2
ESP-3 01/03/07 2573.59 37.5
ESP-3 05/14/07 2576.34 36.6
ESP-3 07/10/07 2577.75 36.6
ESP-3 10/12/07 NM 40
ESP-3 01/23/08 NM 30
ESP-3 04/18/08 NM 35.7
ESP-3 07/25/08 NM 34

ESP-4 03/20/07 2606.02 393
ESP-4 05/14/07 2608.71 385
ESP-4 07/10/07 2609.80 410
ESP-4 10/12/07 2606.19 360
ESP-4 01/23/08 2608.95 520
ESP-4 04/18/08 2608.21 451
ESP-4 07/25/08 2606.47 420

MO-2007-1A 08/08/07 2541.28 19.2
MO-2007-1A 10/09/07 2538.83 20
MO-2007-1A 01/24/08 2541.33 20
MO-2007-1A 04/09/08 2542.93 21
MO-2007-1A 07/14/08 2539.23 16.6

MO-2007-1B 08/02/07 2540.68 18.9
MO-2007-1B 10/09/07 2537.15 30
MO-2007-1B 01/24/08 2540.41 30
MO-2007-1B 04/09/08 2541.77 35
MO-2007-1B 07/14/08 2537.84 39.8

MO-2007-1C 07/31/07 2540.47 112
MO-2007-1C 10/09/07 2537.32 90
MO-2007-1C 01/24/08 2544.58 140
MO-2007-1C 04/09/08 2545.28 149
MO-2007-1C 07/14/08 2541.85 165

MO-2007-2 06/14/07 2578.59 591
MO-2007-2 08/09/07 2578.31 520
MO-2007-2 10/09/07 2577.01 560
MO-2007-2 01/22/08 2576.61 530
MO-2007-2 04/17/08 2577.18 473
MO-2007-2 07/14/08 2576.48 472

NP-2 06/04/07 2554.78 41.2
NP-2 08/13/07 2555.05 41.7
NP-2 11/06/07 2551.46 41.7
NP-2 01/11/08 2552.89 43.5
NP-2 04/17/08 2554.36 40
NP-2 07/11/08 2551.46 40.5

MO-2007-3B 09/10/07 2551.37 38
MO-2007-3B 10/09/07 2551.20 40
MO-2007-3B 01/21/08 2555.02 40
MO-2007-3B 04/16/08 2555.05 37
MO-2007-3B 07/14/08 2553.44 37.8

MO-2007-3C 07/05/07 2553.79 136
MO-2007-3C 10/10/07 2550.24 110
MO-2007-3C 01/21/08 2555.16 130
MO-2007-3C 04/15/08 2554.72 127
MO-2007-3C 07/14/08 2552.06 126

MO-2007-4A 10/09/07 2615.80 37
MO-2007-4A 01/22/08 2619.78 40
MO-2007-4A 04/16/08 2618.17 33.1
MO-2007-4A 07/17/08 2615.58 34.8

MO-2007-4B 10/11/07 2614.50 37.6
MO-2007-4B 01/07/08 2619.35 60
MO-2007-4B 04/16/08 2617.09 33.6
MO-2007-4B 07/18/08 2614.62 35.5
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TABLE D.1
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION DATA

Well ID Date
Groundwater Elevation                          

(ft amsl)
Sulfate                                 
(mg/L)

MO-2007-4C 08/16/07 2626.36 78.7
MO-2007-4C 10/12/07 2614.71 80.1
MO-2007-4C 01/22/08 2618.76 80
MO-2007-4C 04/16/08 2616.91 80
MO-2007-4C 07/18/08 2614.56 78.6
CW-3 06/06/07 2675.89 57.9
CW-3 08/10/07 2674.04 59.5
CW-3 11/06/07 2671.73 57.5
CW-3 01/11/08 2677.31 55.7
CW-3 04/15/08 2675.25 54
CW-3 07/11/08 2670.76 56.7

MO-2007-5B 10/12/07 2675.15 402
MO-2007-5B 01/07/08 2682.26 360
MO-2007-5B 04/17/08 2678.13 390
MO-2007-5B 07/24/08 2675.74 343

MO-2007-5C 08/23/07 2650.29 248
MO-2007-5C 10/13/07 2654.63 265
MO-2007-5C 01/07/08 2659.82 280
MO-2007-5C 04/17/08 2663.39 259
MO-2007-5C 07/24/08 2662.49 233

MO-2007-6A 10/02/07 2738.89 26.5
MO-2007-6A 01/22/08 2740.10 30
MO-2007-6A 04/18/08 2739.35 20.5
MO-2007-6A 07/24/08 2737.56 16.9

MO-2007-6B 10/04/07 2722.78 93.6
MO-2007-6B 01/22/08 2728.27 80
MO-2007-6B 04/17/08 2728.30 90.4
MO-2007-6B 07/24/08 2726.01 81.5

MH-28 11/14/06 2741.08 1860
MH-28 02/19/07 2741.08 1920
MH-28 04/17/07 2739.86 1920
MH-28 07/16/07 2739.00 1880
MH-28 10/11/07 2739.18 1950
MH-28 01/18/08 2739.46 1940
MH-28 04/08/08 2740.28 1900
MH-28 07/01/08 2740.70 1680

MH-29 11/14/06 2745.10 1640
MH-29 02/19/07 2746.57 1650
MH-29 04/17/07 2746.40 1690
MH-29 07/16/07 2744.08 1650
MH-29 10/11/07 2741.23 1710
MH-29 01/18/08 2742.74 1710
MH-29 04/08/08 2742.99 1700
MH-29 07/01/08 2742.65 1730

ft amsl = feet above mean sea level
mg/L = milligrams per liter
NM = Not Measured, Obstruction
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FIGURE D.1
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION OVER TIME FOR WELLS
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FIGURE D.2
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION OVER TIME FOR WELLS

CW-10, GV-1-GVDWID, GV-2-GVDWID, AND GV-SI-GVDWID
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FIGURE D.3
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION OVER TIME FOR WELLS

ESP-1, ESP-2, ESP-3, AND ESP-4
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FIGURE D.4
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION OVER TIME FOR WELLS 

MO-2007-1A, MO-2007-1B, MO-2007-1C, AND MO-2007-2
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FIGURE D.5
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION OVER TIME FOR WELLS

NP-2, MO-2007-3B, MO-2007-3C, AND MO-2007-4A
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FIGURE D.6
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION OVER TIME FOR WELLS

MO-2007-4B, MO-2007-4C, CW-3, AND MO-2007-5B
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FIGURE D.7
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION OVER TIME FOR WELLS

MO-2007-5C, MO-2007-6A, AND MO-2007-6B
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FIGURE D.8
SULFATE CONCENTRATION AND GROUNDWATER ELEVATION OVER TIME FOR WELLS

MH-28 AND MH-29
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