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Appendix L. Detailed Hydrographs Describing Impacts 
on Groundwater-Dependent Ecosystems 
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Queen Creek – Flowing reach from 17.39 to 15.55 km—No Action 

 
Queen Creek – Flowing reach from 17.39 to 15.55 km—Proposed Action 
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Arnett Creek (from Blue Spring to confluence with Queen Creek). Specific location:  
AC-12.49—No Action 

 
Arnett Creek (from Blue Spring to confluence with Queen Creek). Specific location:  
AC-12.49—Proposed Action 
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Arnett Creek (from Blue Spring to confluence with Queen Creek). Specific location:  
AC-4.54—No Action 

 
Arnett Creek (from Blue Spring to confluence with Queen Creek). Specific location:  
AC-4.54—Proposed Action 
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Telegraph Canyon (near confluence with Arnett Creek)—No Action 

 
Telegraph Canyon (near confluence with Arnett Creek)—Proposed Action 
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Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-8.8C—No Action 

 
Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-8.8C—Proposed Action 
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Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-8.2W—No Action 

 
Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-8.2W—Proposed Action 
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Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-8.1C—No Action 

 
Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-8.1C—Proposed Action 
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Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-6.6W—No Action 

 
Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-6.6W—Proposed Action 
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Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-6.1E—No Action 

 
Middle Devil’s Canyon (from km 9.3 to km 6.1). Specific location: DC-6.1E—Proposed Action 
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Lower Devil’s Canyon (from km 6.1 to confluence with Mineral Creek). Specific location:  
DC-5.5C—No Action 

 
Lower Devil’s Canyon (from km 6.1 to confluence with Mineral Creek). Specific location:  
DC-5.5C—Proposed Action 
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Lower Devil’s Canyon (from km 6.1 to confluence with Mineral Creek). Specific location:  
DC-4.1E—No Action 

 
Lower Devil’s Canyon (from km 6.1 to confluence with Mineral Creek). Specific location:  
DC-4.1E—Proposed Action 
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Mineral Creek (from Government Springs [km 8.7] to confluence with Devil’s Canyon). 
Specific location: MC-6.9—No Action 

 
Mineral Creek (from Government Springs [km 8.7] to confluence with Devil’s Canyon). 
Specific location: MC-6.9—Proposed Action 
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Mineral Creek (from Government Springs [km 8.7] to confluence with Devil’s Canyon). 
Specific location: Lower Mineral Creek—No Action 

 
Mineral Creek (from Government Springs [km 8.7] to confluence with Devil’s Canyon). 
Specific location: Lower Mineral Creek—Proposed Action 
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Bitter Spring—No Action 

 
Bitter Spring—Proposed Action 
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Bored Spring—No Action 

 
Bored Spring—Proposed Action 
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Hidden Spring—No Action 

 
Hidden Spring—Proposed Action 
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Iberri Spring—No Action 

 
Iberri Spring—Proposed Action 
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Kane Spring—No Action 

 
Kane Spring—Proposed Action 
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McGinnel Mine Spring—No Action 

 
McGinnel Mine Spring—Proposed Action 
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McGinnel Spring—No Action 

 
McGinnel Spring—Proposed Action 
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No Name Spring—No Action 

 
No Name Spring—Proposed Action 
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Rock Horizontal Spring—No Action 

 
Rock Horizontal Spring—Proposed Action 
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Walker Spring—No Action 

 
Walker Spring—Proposed Action 
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DHRES-16_743 (Superior)—No Action 

 
DHRES-16_743 (Superior)—Proposed Action 
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Gallery Well (Boyce Thompson Arboretum)—No Action 

 
Gallery Well (Boyce Thompson Arboretum)—Proposed Action 
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HRES-06 (Top-of-the-World)—No Action 

 
HRES-06 (Top-of-the-World)—Proposed Action 
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Figure M-1. Predicted sulfate concentrations, Alternative 2 

 
Figure M-2. Predicted total dissolved solids concentrations, Alternative 2 
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Figure M-3. Predicted selenium concentrations, Alternative 2 

 
Figure M-4. Predicted cadmium concentrations, Alternative 2 
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Figure M-5. Predicted antimony concentrations, Alternative 2 

 
Figure M-6. Predicted nitrate concentrations, Alternative 2 



Appendix M 

M-4 

 
Figure M-7. Predicted copper concentrations, Alternative 2 

 
Figure M-8. Predicted sulfate concentrations, Alternative 3 
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Figure M-9. Predicted total dissolved solids concentrations, Alternative 3 

 
Figure M-10. Predicted selenium concentrations, Alternative 3 
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Figure M-11. Predicted cadmium concentrations, Alternative 3 

 
Figure M-12. Predicted antimony concentrations, Alternative 3 
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Figure M-13. Predicted nitrate concentrations, Alternative 3 

 
Figure M-14. Predicted copper concentrations, Alternative 3 
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Figure M-17. Predicted selenium concentrations, Alternative 4 

 
Figure M-18. Predicted cadmium concentrations, Alternative 4 
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Figure M-19. Predicted antimony concentrations, Alternative 4 

 
Figure M-20. Predicted nitrate concentrations, Alternative 4 
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Figure M-21. Predicted copper concentrations, Alternative 4 

 
Figure M-22. Predicted sulfate concentrations, Alternative 5 



Appendix M 

M-12 

 
Figure M-23. Predicted total dissolved solids concentrations, Alternative 5 

 
Figure M-24. Predicted selenium concentrations, Alternative 5 
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Figure M-25. Predicted cadmium concentrations, Alternative 5 

 
Figure M-26. Predicted antimony concentrations, Alternative 5 
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Figure M-27. Predicted nitrate concentrations, Alternative 5 

 
Figure M-28. Predicted copper concentrations, Alternative 5 
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Figure M-29. Predicted sulfate concentrations, Alternative 6, DEIS water quality model 

 
Figure M-30. Predicted total dissolved solids concentrations, Alternative 6, DEIS water 
quality model 
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Figure M-31. Predicted selenium concentrations, Alternative 6, DEIS water quality model 

 
Figure M-32. Predicted cadmium concentrations, Alternative 6, DEIS water quality model 
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Figure M-33. Predicted antimony concentrations, Alternative 6, DEIS water quality model 

 
Figure M-34. Predicted nitrate concentrations, Alternative 6, DEIS water quality model 
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Figure M-35. Predicted copper concentrations, Alternative 6, DEIS water quality model 

 
Figure M-36. Predicted sulfate concentrations, Alternative 6, FEIS water quality model 



Appendix M 

M-19 

 
Figure M-37. Predicted total dissolved solids concentrations, Alternative 6, FEIS water 
quality model 

 
Figure M-38. Predicted selenium concentrations, Alternative 6, FEIS water quality model 
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Figure M-39. Predicted cadmium concentrations, Alternative 6, FEIS water quality model 

 
Figure M-40. Predicted antimony concentrations, Alternative 6, FEIS water quality model 
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Figure M-41. Predicted nitrate concentrations, Alternative 6, FEIS water quality model 

 
Figure M-42. Predicted copper concentrations, Alternative 6, FEIS water quality model 
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Overview of Existing Water Quality Sampling 
While some water quality samples have been collected in the area as early as 1986, water quality 
sampling conducted by Resolution Copper Mining, LLC (Resolution Copper), began in earnest in 2003 
(Agner 2020; Garrett 2017a; Rietz 2016a). Groundwater and surface water quality samples have been 
analyzed for a wide suite of field parameters, general hydrochemistry, metals, isotopes, and radionuclides. 
Water quality samples used for the final environmental impact statement (FEIS) analysis extend through 
the end of 2016. 

Groundwater sampling has focused on wells installed in the Apache Leap Tuff aquifer, the deeper 
groundwater system, and wells associated solely with shallow alluvium, fracture systems, or perched 
aquifers (see Garrett (2018b)). A separate groundwater investigation associated with voluntary closure 
and reclamation activities at the West Plant Site also has resulted in a number of water quality samples. 
In addition to wells, a number of springs have also been sampled; flowing springs are by definition 
associated with groundwater of some type, though it could be localized or regional in nature. 

Surface water sampling has focused on stream systems, notably Devil’s Canyon, Arnett Creek, Mineral 
Creek, and Queen Creek, as well as certain tributaries to these systems (Iron Creek, Hackberry Creek, 
Oak Flat Wash, Number 9 Wash, Rancho Rio Canyon).  

The tables included in this appendix are not a comprehensive database of water quality results, but rather 
a statistical summary intended to provide an overview of existing groundwater and surface water quality, 
which forms a baseline for analysis of potential effects. 

Summary of Existing Groundwater Quality 
Existing groundwater quality data are summarized in table N-1, for the shallow alluvial or perched 
groundwater, Apache Leap Tuff aquifer, and deep groundwater system. These data were used as one basis 
for determining the likely water source for various groundwater-dependent ecosystems (Garrett 2018e).  

Summary of Existing Surface Water Quality 
The following tables summarize the existing surface water quality data: 

• Table N-2. Summary of filtered surface water quality samples for major stream systems in the 
analysis area. Filtered samples represent dissolved concentrations of constituents. 

• Table N-3. Summary of unfiltered surface water quality samples for major stream systems in 
the analysis area. Unfiltered samples represent total concentrations of constituents. 

• Table N-4. Summary of exceedances of Arizona surface water quality standards by existing 
surface water quality 

• Table N-5. Summary of numeric Arizona surface water and aquifer quality standards 
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Table N-1. Summary of existing groundwater quality for shallow alluvial or perched groundwater, Apache Leap Tuff aquifer, and deep groundwater system 

Shallow 
Groundwater 
(alluvium or 

shallow bedrock) 

Apache Leap 
Tuff Aquifer 

Deep 
Groundwater 

System 

Units Number of 
Samples Minimum Maximum Mean Median Number of 

Samples Minimum Maximum Mean Median Number of 
Samples Minimum Maximum Mean Median 

pH (Field) S.U. 29 5.49 7.42 6.26 6.40 105 6.51 10.17 7.34 7.27 30 6.59 9.75 7.44 7.25 

Specific Conductance 
(Field) 

μS/cm 22 199.00 1,020.00 493.54 399.00 99 233.00 736.20 323.76 275.00 25 285.10 4,196.00 1,671.32 1,922.00 

Temperature (Field) C 28 13.60 20.70 17.12 17.05 105 15.00 28.40 24.03 24.20 30 28.50 68.70 42.55 42.15 

Carbon 14 PMC 13 89.96 108.50 99.70 97.00 78 55.30 106.29 72.29 67.21 22 0.60 84.85 31.29 24.50 

Delta Carbon-13 of DIC Per mil 13 −20.90 −10.50 −17.82 −18.90 78 −20.10 −7.70 −15.84 −15.60 22 −19.30 −7.30 −13.04 −13.25

Delta Deuterium Per mil 23 −73.00 −43.00 −61.45 −64.00 92 −79.00 −54.00 −68.64 −69.50 20 −86.00 −67.60 −79.69 −83.05

Delta Oxygen-18 of Sulfate Per mil 19 −0.70 32.30 8.12 5.60 69 −5.90 18.70 5.99 6.30 15 −1.00 7.60 3.45 2.30 

Delta Oxygen-18 Per mil 23 −10.50 −5.60 −8.75 −9.32 92 −11.40 −7.97 −9.90 −9.90 20 −11.96 −9.17 −11.05 −11.51

Delta Sulfur-34 Per mil 20 −5.40 4.60 −0.56 −1.10 69 −3.60 10.00 4.78 4.90 16 −1.20 9.40 5.17 6.45 

Strontium 87/86 Ratio 14 0.71 0.71 0.71 0.71 72 0.71 0.73 0.71 0.71 22 0.71 0.72 0.71 0.71 

Tritium T.U. 20 2.30 6.20 3.70 3.55 81 0.30 3.42 1.17 1.00 21 0.43 1.50 1.02 1.00 

Alkalinity (as CaCO3) mg/L 28 11.00 289.00 72.45 61.00 106 73.00 335.00 148.13 140.00 22 110.00 320.00 220.18 245.00 

Alkalinity, Phenolphthalein mg/L 3 6.00 6.00 6.00 6.00 44 6.00 6.00 6.00 6.00 18 6.00 33.00 7.50 6.00 

Bicarbonate (calculated by 
M&A) 

mg/L 28 13.00 353.00 88.29 74.00 106 73.80 409.00 179.23 170.50 22 59.00 390.00 263.09 299.00 

Bicarbonate Alkalinity 
(as CaCO3) 

mg/L 28 11.00 289.00 72.45 61.00 106 60.50 335.00 146.89 139.50 22 48.00 320.00 215.67 245.00 

Carbonate (calculated by 
M&A) 

mg/L 28 0.00 0.00 0.00 0.00 106 0.00 36.50 0.75 0.00 22 0.00 39.00 2.70 0.00 

Carbonate Alkalinity 
(as CaCO3) 

mg/L 28 1.00 6.00 4.75 6.00 106 1.00 60.90 6.40 6.00 22 1.00 65.00 9.23 6.00 

Chloride mg/L 29 3.52 57.00 26.43 27.00 106 4.20 24.70 7.39 5.90 22 5.80 26.00 15.75 17.00 

Dissolved oxygen mg/L 6 1.12 4.42 2.71 2.90 5 1.00 5.75 2.75 2.97 3 1.25 1.52 1.34 1.25 

Fluoride mg/L 29 0.04 0.45 0.33 0.40 106 0.20 1.05 0.44 0.40 22 0.12 4.10 1.52 0.68 

Hardness (as CaCO3) mg/L 19 74.60 370.00 164.79 120.00 81 63.00 345.00 125.31 94.00 22 2.82 700.00 338.22 270.00 

Hydroxide Alkalinity 
(as CaCO3) 

mg/L 21 2.00 6.00 5.81 6.00 87 2.00 6.00 5.82 6.00 19 6.00 6.00 6.00 6.00 

Nitrate as N mg/L 22 0.20 16.00 2.04 0.20 63 0.20 1.60 0.50 0.49 10 0.20 1.40 0.53 0.28 

Nitrate+Nitrite as N 
(calculated by M&A) 

mg/L 22 0.00 16.00 1.93 0.00 63 0.00 1.60 0.50 0.49 10 0.00 1.40 0.43 0.18 

Nitrate+Nitrite as N mg/L 11 0.03 2.22 0.82 0.40 53 0.02 2.57 1.34 2.00 14 0.16 2.00 1.31 1.71 

Nitrite as N mg/L 22 0.10 0.20 0.16 0.20 63 0.10 0.20 0.17 0.20 10 0.03 0.20 0.16 0.20 

pH (Laboratory) S.U. 26 5.54 8.20 6.74 6.82 98 7.01 9.79 7.72 7.65 22 7.00 9.38 7.72 7.45 

Silica mg/L 28 30.00 43.60 36.87 37.60 106 6.98 75.00 58.81 62.00 22 5.80 87.00 30.45 24.00 

Specific Conductance 
(Laboratory) 

μS/cm 22 218.00 1,100.00 470.00 420.00 96 220.00 843.00 326.91 275.00 19 260.00 1,800.00 882.63 570.00 

Sulfate mg/L 29 10.90 450.00 113.92 53.40 106 1.40 163.00 18.07 4.70 22 2.00 840.00 245.24 39.85 

Sulfide mg/L 28 0.04 0.45 0.12 0.04 96 0.04 0.77 0.08 0.05 22 0.02 12.00 0.68 0.05 

Temperature (Laboratory) C 20 17.80 22.20 19.73 19.55 85 17.70 22.50 19.50 19.50 19 17.30 24.10 19.89 19.70 
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Shallow 
Groundwater 
(alluvium or 

shallow bedrock) 

Apache Leap 
Tuff Aquifer 

Deep 
Groundwater 

System 

Units Number of 
Samples Minimum Maximum Mean Median Number of 

Samples Minimum Maximum Mean Median Number of 
Samples Minimum Maximum Mean Median 

Total Dissolved Solids 
(Laboratory) 

mg/L 29 135.00 750.00 316.90 240.00 106 140.00 579.00 247.58 218.50 22 92.00 1,400.00 609.23 410.00 

Total Suspended Solids mg/L 3 10.00 18.00 12.67 10.00 7 10.00 12.00 10.29 10.00 2 10.00 10.00 10.00 10.00 

Aluminum mg/L 28 0.05 1.01 0.22 0.20 106 0.02 0.50 0.21 0.20 22 0.03 4.50 0.37 0.20 

Antimony mg/L 27 0.00 0.00 0.00 0.00 100 0.00 0.02 0.00 0.00 22 0.00 0.06 0.00 0.00 

Arsenic mg/L 27 0.00 0.00 0.00 0.00 100 0.00 0.01 0.00 0.00 22 0.00 0.13 0.01 0.00 

Barium mg/L 28 0.03 0.22 0.10 0.10 106 0.00 0.06 0.02 0.02 22 0.00 0.48 0.06 0.03 

Beryllium mg/L 28 0.00 0.00 0.00 0.00 106 0.00 0.00 0.00 0.00 22 0.00 0.00 0.00 0.00 

Boron mg/L 25 0.02 0.20 0.15 0.20 99 0.02 0.50 0.19 0.20 21 0.06 1.50 0.25 0.20 

Bromide mg/L 28 0.05 0.50 0.41 0.50 97 0.07 1.00 0.48 0.50 22 0.07 0.50 0.40 0.50 

Cadmium mg/L 27 0.00 0.00 0.00 0.00 101 0.00 0.01 0.00 0.00 22 0.00 0.02 0.00 0.00 

Calcium mg/L 29 21.40 130.00 50.63 37.00 106 1.16 91.10 35.05 28.00 22 1.13 270.00 101.19 58.00 

Chromium mg/L 28 0.00 0.01 0.01 0.00 106 0.00 0.01 0.00 0.00 22 0.00 0.61 0.03 0.00 

Cobalt mg/L 25 0.00 0.04 0.01 0.00 99 0.00 0.05 0.00 0.00 21 0.00 0.06 0.00 0.00 

Copper mg/L 28 0.00 0.19 0.01 0.01 106 0.00 0.06 0.01 0.00 22 0.00 1.80 0.09 0.00 

Cyanide, Amenable mg/L 22 0.02 0.05 0.03 0.03 90 0.01 0.05 0.03 0.03 11 0.01 0.05 0.02 0.01 

Cyanide, Total mg/L 5 0.00 0.00 0.00 0.00 6 0.00 0.01 0.01 0.00 10 0.00 0.05 0.02 0.01 

Iron mg/L 28 0.05 30.00 6.03 3.40 106 0.02 10.00 0.70 0.14 22 0.05 1,100.00 53.19 1.90 

Lead mg/L 27 0.00 0.02 0.00 0.00 100 0.00 0.01 0.00 0.00 22 0.00 0.43 0.02 0.00 

Magnesium mg/L 29 5.13 26.00 10.58 7.80 106 0.04 28.50 6.45 4.70 22 0.04 43.50 21.25 24.00 

Manganese mg/L 25 0.02 2.06 0.44 0.35 99 0.00 1.30 0.11 0.03 22 0.00 15.00 0.84 0.14 

Mercury mg/L 27 0.00 0.00 0.00 0.00 104 0.00 0.00 0.00 0.00 22 0.00 0.00 0.00 0.00 

Molybdenum mg/L 28 0.00 0.02 0.01 0.01 106 0.00 0.05 0.01 0.00 22 0.00 0.27 0.03 0.01 

Nickel mg/L 28 0.00 0.02 0.01 0.01 106 0.00 0.05 0.01 0.00 22 0.00 0.22 0.02 0.00 

Potassium mg/L 29 0.60 4.37 2.18 2.00 106 0.85 5.80 1.92 2.00 22 0.53 39.00 12.66 5.10 

Selenium mg/L 27 0.00 0.02 0.00 0.00 100 0.00 0.02 0.00 0.00 22 0.00 0.04 0.00 0.00 

Silver mg/L 27 0.00 0.00 0.00 0.00 101 0.00 0.01 0.00 0.00 22 0.00 0.02 0.00 0.00 

Sodium mg/L 29 7.00 55.00 23.96 18.20 106 16.00 69.30 28.49 25.00 22 13.00 160.00 64.99 33.35 

Strontium (by isotope 
dilution) 

mg/L 14 0.17 1.00 0.39 0.28 72 0.09 0.52 0.19 0.16 22 0.00 41.83 4.51 0.61 

Thallium mg/L 27 0.00 0.00 0.00 0.00 100 0.00 0.01 0.00 0.00 22 0.00 0.02 0.00 0.00 

Uranium mg/L 12 0.00 0.00 0.00 0.00 63 0.00 0.02 0.00 0.00 22 0.00 0.01 0.00 0.00 

Zinc mg/L 28 0.01 0.60 0.09 0.05 106 0.01 1.97 0.26 0.09 20 0.00 1.70 0.16 0.05 

Gross Alpha, Adjusted pCi/L 0 – – – – 36 −10.70 7.00 −0.77 −0.36 20 −13.70 49.00 3.72 -0.79

Gross Alpha pCi/L 12 1.00 8.60 2.68 1.55 64 1.00 10.00 2.66 2.00 22 1.80 49.00 15.42 4.45 

Gross Beta pCi/L 12 2.00 6.00 3.31 2.70 64 2.00 9.70 3.75 3.85 22 2.60 56.00 18.88 9.70 

Radium 226 + Radium 228 pCi/L 12 0.00 3.05 0.77 0.15 64 0.00 2.50 0.39 0.00 22 0.00 16.00 3.67 0.64 

Radium 226 pCi/L 12 0.10 0.60 0.27 0.23 64 0.08 0.69 0.21 0.19 22 0.08 11.00 2.82 0.60 

Radium 228 pCi/L 12 0.85 2.80 1.40 1.20 64 0.47 2.60 1.28 1.20 22 0.57 5.30 1.39 0.98 
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Shallow 
Groundwater 
(alluvium or 

shallow bedrock) 

Apache Leap 
Tuff Aquifer 

Deep 
Groundwater 

System 

Units Number of 
Samples Minimum Maximum Mean Median Number of 

Samples Minimum Maximum Mean Median Number of 
Samples Minimum Maximum Mean Median 

Radon 222 pCi/L 0 – – – – 5 130.00 530.00 360.00 470.00 4 24.00 2,400.00 1,781.00 2,350.00 

U-234/U-238 Ratio 0 – – – – 30 0.40 8.70 2.61 1.90 7 0.60 15.00 7.61 7.00 

Uranium 234 pCi/L 12 0.20 0.20 0.20 0.20 64 0.20 7.50 1.73 1.25 22 0.20 46.00 9.44 1.10 

Uranium 235 pCi/L 12 0.20 0.20 0.20 0.20 64 0.10 1.30 0.69 0.97 22 0.10 5.00 1.25 1.00 

Uranium 238 pCi/L 12 0.20 0.20 0.20 0.20 64 0.20 6.05 1.14 1.00 22 0.10 6.29 1.95 1.10 

Uranium Activity 
(Calc 907_0) 

pCi/L 12 0.20 0.20 0.20 0.20 28 0.20 6.40 1.55 1.15 2 0.20 0.30 0.25 0.25 

Notes: M&A = Montgomery & Associates; Dash indicates no analysis available for this parameter 
Units: C = degrees Celsius; gpm = gallons per minute; mg/L = milligrams per liter; meq/L = milliequivalents per liter; mV = millivolts; NTU = Nephelometric Turbidity Units; pCi/L = picocuries per liter; per mil = parts per thousand; PMC = percent modern carbon; ratio = mathematical comparison of two strontium isotopes; S.U. = standard units;  

T.U. = tritium units; μS/cm = microSiemens per centimeter  
The database of groundwater quality results is extensive; this table is meant to be a summary and necessarily requires assumptions about processing and using reported data. The following assumptions were used when compiling and assessing the data: 

1) For any samples reported as less than the detection limit, concentrations were set to the detection limit. While other methods could be used (such as setting these values to zero), this method specifically avoids underreporting concentrations.
2) For any samples reported as simply “non-detect,” without a quantified detection limit, concentrations were set to zero. 
3) Samples reported with certain data qualifiers were not used. These include samples reported with insufficient sample amount, data not usable, or lost samples. 
4) The database used to compile this table used all available data, regardless of whether the sample had been filtered or not. Therefore, this table includes reported results for total, total recoverable, and dissolved concentrations. This method was deemed appropriate because Arizona aquifer water quality standards are not specific to total 

or dissolved concentrations, unlike Arizona surface water quality standards. 

Table N-2. Summary of filtered surface water quality samples for major stream systems in the analysis area 

Upper Devil’s Canyon Middle Devil’s Canyon Lower Devil’s Canyon Upper Queen Creek Lower Queen Creek Mineral Creek 

Parameter Units Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median 

Alkalinity (as CaCO3) mg/L 50.3 38.8 26.1 16.4 135.0 20.0 125.0 125.0 – – – – 262.0 153.0 182.3 176.0 137.0 0.0 137.0 137.0 – – – – 

Bicarbonate Alkalinity 
(as CaCO3) 

mg/L 50.3 38.8 26.1 16.4 135.0 21.0 124.5 124.5 – – – – 262.0 153.0 182.3 176.0 137.0 0.0 137.0 137.0 – – – – 

Carbonate Alkalinity 
(as CaCO3) 

mg/L 1.0 0.0 1.0 1.0 1.6 0.6 1.3 1.3 – – – – 1.0 0.0 1.0 1.0 1.0 0.0 1.0 1.0 – – – – 

Chloride mg/L 14.6 11.7 7.6 5.4 9.5 2.5 8.3 8.3 – – – – 33.6 24.8 17.9 11.3 12.6 0.0 12.6 12.6 – – – – 

Dissolved Organic Carbon mg/L 8.1 1.9 7.1 7.0 2.0 0.0 2.0 2.0 – – – – 10.4 5.7 8.0 8.5 – – – – 7.1 5.4 3.3 2.8 

Fluoride mg/L 0.18 0.08 0.13 0.10 0.42 0.21 0.29 0.23 – – – – 0.13 0.01 0.12 0.12 – – – – – – – – 

Hardness (as CaCO3) mg/L 47.8 36.0 26.8 19.3 87.9 69.6 65.3 85.0 – – – – 311.0 251.4 195.1 187.0 69.4 20.4 59.2 59.2 363.0 173.0 250.6 196.0 

Silica mg/L 54.8 36.6 33.3 32.1 73.2 51.9 46.9 43.7 47.4 16.8 36.9 32.7 51.2 51.0 25.2 25.4 39.3 32.1 26.2 23.8 64.0 34.5 47.5 42.9 

Sulfate mg/L 8.6 7.9 3.3 0.7 3.5 0.8 3.1 3.1 – – – – 29.6 15.7 19.9 16.2 56.9 0.0 56.9 56.9 – – – – 

Aluminum mg/L 2.200 2.186 0.192 0.080 0.165 0.151 0.072 0.080 0.080 0.040 0.067 0.080 0.200 0.178 0.076 0.080 0.790 0.776 0.177 0.080 0.200 0.186 0.066 0.080 

Antimony mg/L 0.006 0.006 0.003 0.003 0.006 0.006 0.003 0.003 0.003 0.003 0.003 0.003 0.015 0.014 0.003 0.003 0.003 0.002 0.002 0.002 0.003 0.003 0.002 0.003 

Arsenic mg/L 0.025 0.024 0.012 0.007 0.025 0.024 0.012 0.007 0.025 0.022 0.008 0.004 0.051 0.047 0.023 0.025 0.027 0.025 0.017 0.024 0.037 0.036 0.020 0.025 

Barium mg/L 0.054 0.052 0.015 0.012 0.043 0.032 0.022 0.023 0.054 0.041 0.028 0.025 0.075 0.064 0.039 0.036 0.044 0.031 0.028 0.034 0.054 0.025 0.039 0.037 

Beryllium mg/L 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 0.001 0.002 0.002 0.001 0.001 

Boron mg/L 0.040 0.025 0.032 0.040 0.040 0.031 0.021 0.014 0.009 0.000 0.009 0.009 0.200 0.180 0.087 0.040 0.068 0.051 0.049 0.061 0.200 0.187 0.064 0.021 

Bromide mg/L 0.350 0.250 0.176 0.120 0.150 0.050 0.123 0.120 – – – – 0.240 0.100 0.190 0.190 – – – – – – – – 

Cadmium mg/L 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.005 0.000 0.000 0.001 0.001 0.000 0.000 0.001 0.001 0.000 0.000 

Calcium mg/L 13.0 9.2 7.6 6.2 26.6 2.7 25.3 25.3 – – – – 89.0 46.0 64.7 63.5 57.0 40.0 37.0 37.0 54.0 0.0 54.0 54.0 



Appendix N 

N-6

Upper Devil’s Canyon Middle Devil’s Canyon Lower Devil’s Canyon Upper Queen Creek Lower Queen Creek Mineral Creek 

Parameter Units Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median 

Chromium mg/L 0.006 0.006 0.005 0.006 0.006 0.006 0.005 0.006 0.006 0.006 0.005 0.006 0.006 0.006 0.005 0.006 0.010 0.009 0.002 0.001 0.001 0.000 0.001 0.001 

Cobalt mg/L 0.006 0.005 0.005 0.006 0.006 0.005 0.004 0.006 0.006 0.004 0.005 0.006 0.006 0.005 0.005 0.006 0.010 0.009 0.004 0.004 0.006 0.005 0.004 0.006 

Copper mg/L 0.028 0.027 0.007 0.005 0.013 0.012 0.004 0.002 0.010 0.009 0.005 0.003 0.051 0.050 0.009 0.007 0.062 0.060 0.020 0.020 0.013 0.012 0.002 0.001 

Iron mg/L 3.640 3.580 0.400 0.128 0.115 0.095 0.057 0.060 0.060 0.012 0.056 0.060 0.180 0.160 0.060 0.060 0.560 0.540 0.114 0.060 0.230 0.212 0.059 0.060 

Lead mg/L 0.003 0.003 0.002 0.003 0.003 0.003 0.001 0.000 0.003 0.003 0.002 0.003 0.005 0.005 0.001 0.000 0.005 0.005 0.001 0.000 0.003 0.003 0.000 0.000 

Magnesium mg/L 3.4 2.2 2.0 1.6 5.6 0.2 5.5 5.5 – – – – 18.0 9.5 14.3 15.4 12.4 10.3 7.2 7.2 15.0 0.0 15.0 15.0 

Manganese mg/L 0.824 0.820 0.113 0.019 0.032 0.031 0.010 0.008 0.252 0.250 0.086 0.004 2.600 2.598 0.184 0.030 0.500 0.496 0.077 0.010 0.136 0.134 0.029 0.010 

Mercury, Low Level ng/l 12.0 11.3 4.0 1.6 1.0 0.5 0.6 0.5 – – – – 2.5 1.8 1.4 1.1 0.9 0.0 0.9 0.9 0.5 0.0 0.5 0.5 

Mercury mg/L 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0001 0.0000 0.0002 0.0002 0.0001 0.0001 

Molybdenum mg/L 0.008 0.008 0.006 0.008 0.028 0.026 0.007 0.008 0.008 0.003 0.007 0.008 0.049 0.047 0.011 0.008 0.020 0.019 0.007 0.007 0.012 0.010 0.007 0.008 

Nickel mg/L 0.010 0.009 0.006 0.010 0.010 0.009 0.005 0.004 0.010 0.009 0.007 0.010 0.010 0.009 0.005 0.003 0.010 0.009 0.002 0.002 0.010 0.009 0.003 0.002 

Potassium mg/L 2.5 0.6 2.2 2.3 2.4 0.8 1.9 1.9 – – – – 7.6 4.5 4.6 3.8 4.2 0.0 4.2 4.2 2.0 0.0 2.0 2.0 

Selenium mg/L 0.001 0.000 0.001 0.001 0.001 0.000 0.000 0.001 0.001 0.000 0.001 0.001 0.010 0.009 0.003 0.001 0.002 0.002 0.001 0.001 0.002 0.001 0.001 0.001 

Silver mg/L 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.005 0.000 0.000 0.001 0.001 0.000 0.000 0.001 0.001 0.000 0.000 

Sodium mg/L 9.0 4.9 5.8 4.3 21.9 4.9 19.4 19.4 – – – – 27.0 18.3 17.6 17.3 14.5 0.0 14.5 14.5 24.0 0.0 24.0 24.0 

Strontium mg/L 0.143 0.122 0.056 0.040 0.190 0.159 0.123 0.140 – – – – 0.364 0.314 0.182 0.175 0.200 0.131 0.135 0.135 0.349 0.169 0.275 0.272 

Thallium mg/L 0.002 0.002 0.001 0.001 0.002 0.002 0.001 0.001 0.002 0.002 0.001 0.002 0.005 0.005 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Zinc mg/L 0.024 0.023 0.008 0.010 0.010 0.010 0.007 0.010 0.010 0.010 0.008 0.010 0.050 0.050 0.009 0.010 0.050 0.048 0.010 0.010 2.600 2.598 0.073 0.010 

Units: mg/L = milligrams per liter; ng//L = nanograms per liter 
Dash indicates no analysis available for this parameter 
The database of groundwater quality results is extensive; this table is meant to be a summary and necessarily requires assumptions about processing and using reported data. The following assumptions were used when compiling and assessing the data: 

1) For any samples reported as less than the detection limit, concentrations were set to the detection limit. While other methods could be used (such as setting these values to zero), this method specifically avoids underreporting concentrations.
2) For any samples reported as simply “non-detect,” without a quantified detection limit, concentrations were set to zero. 
3) Samples reported with certain data qualifiers were not used. These include samples reported with insufficient sample amount, data not usable, or lost samples. 

Table N-3. Summary of unfiltered surface water quality samples for major stream systems in the analysis area 

Upper Devil’s Canyon Middle Devil’s Canyon Lower Devil’s Canyon Upper Queen Creek Lower Queen Creek Mineral Creek 

Parameter Units Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median 

E. coli MPN/100ml 1,600 1,598 234 3 900 898 65 5 50 48 9 3 900 898 106 2 99 99 99 

Total Coliforms MPN/100ml 1,600 1,592 682 170 1,600 1,579 457 185 1,600 1,589 315 130 1,600 1,588 766 300 2,420 2,420 2,420 

Alkalinity (as CaCO3) mg/L 81.5 77.4 23.7 17.0 177.0 167.3 109.7 116.5 225.0 206.9 124.9 129.0 333.0 280.5 175.8 170.0 287.0 249.5 132.5 84.0 364.0 222.0 245.2 206.0 

Bicarbonate Alkalinity 
(as CaCO3) 

mg/L 81.5 77.4 23.7 17.0 177.0 167.3 109.5 116.0 225.0 206.9 124.9 129.0 381.0 328.5 177.1 170.0 287.0 249.5 132.1 84.0 364.0 222.0 244.1 203.5 

Carbonate Alkalinity 
(as CaCO3) 

mg/L 6.0 5.0 1.1 1.0 8.3 7.3 1.2 1.0 1.0 0.0 1.0 1.0 27.5 26.5 2.2 1.0 6.0 5.0 2.7 1.0 8.4 7.4 1.9 1.0 

Chloride mg/L 27.3 25.4 8.3 6.4 12.4 9.6 7.6 7.4 11.4 8.0 8.4 8.7 43.0 39.7 13.7 12.4 28.8 26.8 12.6 7.5 20.5 14.5 13.7 12.5 

Fluoride mg/L 0.57 0.49 0.14 0.10 0.56 0.46 0.24 0.23 0.24 0.14 0.17 0.17 0.40 0.30 0.17 0.14 0.50 0.40 0.25 0.18 0.53 0.36 0.32 0.31 

Hardness (as CaCO3) mg/L 92.0 91.9 18.1 0.5 46.0 45.9 7.5 0.3 37.0 36.8 8.5 5.0 74.0 73.9 6.8 0.2 0.5 0.4 0.3 0.2 0.5 0.4 0.3 0.3 

Nitrate as N mg/L 2.5 2.4 0.4 0.2 1.0 0.9 0.2 0.1 0.2 0.1 0.1 0.1 5.6 5.5 0.7 0.2 4.6 3.9 2.4 1.9 0.4 0.2 0.3 0.3 

Nitrite as N mg/L 1.0 0.9 0.1 0.1 1.0 0.9 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.2 0.0 0.2 0.2 



Appendix N 

N-7

Upper Devil’s Canyon Middle Devil’s Canyon Lower Devil’s Canyon Upper Queen Creek Lower Queen Creek Mineral Creek 

Parameter Units Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median 

Nitrate+Nitrite as N mg/L 2.5 2.4 0.4 0.2 2.0 2.0 0.3 0.2 0.2 0.1 0.2 0.2 2.1 2.0 0.7 0.3 1.9 1.2 1.5 1.8 2.0 1.9 0.6 0.4 

Ortho-Phosphate mg/L 5.0 4.5 0.7 0.5 0.5 0.0 0.5 0.5 0.5 0.0 0.5 0.5 0.5 0.0 0.5 0.5 

pH (Laboratory) S.U. 7.0 0.1 7.0 7.0 8.1 0.3 7.9 7.9 8.1 0.0 8.1 8.1 8.0 0.2 7.9 7.9 8.4 0.7 8.0 7.9 8.4 0.8 8.0 8.0 

Silica mg/L 53.6 40.7 30.5 31.0 82.3 57.3 52.1 50.7 53.8 26.4 41.4 43.1 69.7 42.6 40.4 40.0 120.0 96.0 51.5 45.1 62.9 23.6 51.8 52.5 

Specific Conductance 
(Laboratory) 

μS/cm 133 52 107 107 333 60 309 316 300 0 300 300 650 288 506 506 860 720 554 789 704 315 514 481 

Sulfate mg/L 58.0 57.7 13.0 10.6 71.1 70.6 9.3 6.6 41.6 30.7 19.7 15.6 70.7 62.4 31.1 27.9 150.0 143.0 60.4 35.4 103.0 86.1 51.5 49.7 

Sulfide mg/L 1.00 0.61 0.97 1.00 1.00 0.61 0.89 1.00 1.00 0.61 0.93 1.00 1.00 0.95 0.90 1.00 0.39 0.00 0.39 0.39 1.10 1.05 0.69 0.81 

Total Dissolved Solids 
(Laboratory) 

mg/L 224 194 101 96 320 247 177 182 321 232 202 200 473 353 270 250 580 458 296 207 498 247 368 344 

Total Suspended Solids mg/L 171 166 16 5 11 6 6 5 5 0 5 5 173 168 18 5 10 5 7 6 2,630 2,625 78 5 

Gross Alpha pCi/L 20.8 19.8 4.4 1.6 3.9 2.4 2.4 2.3 2.0 0.0 2.0 2.0 4.7 2.8 2.8 2.5 5.9 1.6 5.1 5.1 7.5 5.8 3.5 3.0 

Gross Beta pCi/L 18.4 15.8 5.7 4.0 4.3 1.6 3.7 3.7 4.1 0.0 4.1 4.1 6.2 3.3 4.0 3.4 14.0 9.8 9.1 9.1 8.1 6.5 4.1 4.0 

Aluminum mg/L 2.5 2.5 0.5 0.2 0.9 0.9 0.1 0.0 0.7 0.6 0.1 0.0 9.3 9.3 0.7 0.0 67.0 66.8 11.1 1.2 0.2 0.1 0.1 0.1 

Antimony mg/L 0.006 0.006 0.003 0.003 0.006 0.006 0.003 0.003 0.003 0.003 0.002 0.003 0.015 0.015 0.003 0.003 0.004 0.004 0.002 0.002 0.015 0.015 0.002 0.003 

Arsenic mg/L 0.038 0.037 0.012 0.006 0.025 0.024 0.011 0.005 0.025 0.022 0.008 0.005 0.045 0.041 0.024 0.025 0.072 0.071 0.021 0.025 0.043 0.042 0.017 0.025 

Barium mg/L 0.036 0.031 0.014 0.012 0.041 0.033 0.024 0.023 0.054 0.037 0.033 0.026 0.078 0.076 0.036 0.028 0.380 0.364 0.061 0.028 0.857 0.828 0.072 0.040 

Beryllium mg/L 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.004 0.003 0.001 0.001 0.005 0.005 0.002 0.002 

Boron mg/L 0.040 0.033 0.035 0.040 0.040 0.033 0.033 0.040 0.040 0.033 0.034 0.040 0.200 0.193 0.044 0.040 0.082 0.059 0.050 0.040 0.200 0.186 0.041 0.040 

Bromide mg/L 0.470 0.387 0.136 0.100 0.573 0.503 0.118 0.100 0.190 0.130 0.117 0.100 1.110 1.040 0.215 0.160 0.500 0.449 0.158 0.106 0.500 0.420 0.141 0.115 

Cadmium mg/L 0.002 0.002 0.001 0.000 0.005 0.005 0.001 0.000 0.002 0.002 0.000 0.000 0.005 0.005 0.001 0.002 0.004 0.004 0.001 0.001 0.005 0.005 0.002 0.002 

Calcium mg/L 22.3 19.2 9.3 7.3 41.4 36.3 24.2 25.9 55.9 48.1 32.0 30.2 112.0 93.6 58.3 56.1 210.0 191.9 65.4 35.9 95.1 51.1 68.8 60.9 

Chromium mg/L 0.006 0.006 0.005 0.006 0.006 0.006 0.005 0.006 0.006 0.006 0.005 0.006 0.006 0.006 0.005 0.006 0.071 0.071 0.009 0.006 0.058 0.058 0.006 0.006 

Cobalt mg/L 0.006 0.005 0.005 0.006 0.006 0.005 0.005 0.006 0.006 0.005 0.005 0.006 0.006 0.005 0.005 0.006 0.028 0.028 0.005 0.001 0.005 0.004 0.002 0.001 

Copper mg/L 0.088 0.087 0.012 0.010 0.015 0.014 0.007 0.010 0.011 0.009 0.007 0.010 0.144 0.141 0.015 0.010 0.680 0.677 0.074 0.023 0.702 0.701 0.025 0.010 

Cyanide, Amenable mg/L – – – – – – – – – – – – 0.008 0.000 0.008 0.008 – – – – 0.008 0.000 0.008 0.008 

Cyanide, Free mg/L 0.100 0.000 0.100 0.100 0.100 0.000 0.100 0.100 – – – – 0.100 0.000 0.100 0.100 – – – – – – – – 

Cyanide, Total mg/L 0.010 0.005 0.009 0.010 0.010 0.006 0.007 0.005 0.010 0.006 0.007 0.007 0.010 0.005 0.008 0.010 0.005 0.000 0.005 0.005 0.004 0.000 0.004 0.004 

Iron mg/L 8.260 8.200 1.299 0.436 0.454 0.430 0.128 0.094 0.328 0.304 0.090 0.060 5.110 5.097 0.418 0.048 56.000 55.730 9.374 1.210 0.337 0.283 0.157 0.119 

Lead mg/L 0.010 0.010 0.003 0.003 0.005 0.005 0.003 0.003 0.005 0.005 0.003 0.003 0.022 0.021 0.003 0.003 0.380 0.380 0.031 0.003 0.222 0.222 0.008 0.003 

Magnesium mg/L 6.3 5.3 2.6 2.0 8.8 7.5 5.1 5.3 11.4 9.6 6.6 6.3 23.7 20.4 11.7 11.5 29.0 25.6 13.6 8.7 36.1 26.0 21.0 16.5 

Manganese mg/L 1.060 1.056 0.147 0.064 0.137 0.133 0.023 0.014 0.276 0.275 0.043 0.013 2.700 2.696 0.212 0.086 3.900 3.896 0.384 0.016 8.230 8.226 0.259 0.017 

Mercury mg/L 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Molybdenum mg/L 0.008 0.008 0.007 0.008 0.008 0.005 0.007 0.008 0.009 0.007 0.007 0.008 0.014 0.011 0.009 0.009 0.010 0.009 0.003 0.003 0.005 0.002 0.003 0.003 

Nickel mg/L 0.010 0.009 0.008 0.010 0.010 0.008 0.008 0.010 0.010 0.009 0.008 0.010 0.010 0.009 0.009 0.010 0.047 0.046 0.009 0.006 0.114 0.113 0.010 0.010 

Potassium mg/L 8.8 7.7 2.3 2.0 3.1 2.1 1.7 1.5 3.7 2.2 2.2 2.1 7.6 6.2 3.8 3.3 17.0 15.5 3.9 3.0 19.9 19.2 1.8 1.4 

Selenium mg/L 0.005 0.005 0.002 0.003 0.006 0.006 0.002 0.001 0.003 0.003 0.002 0.003 0.010 0.010 0.002 0.001 0.004 0.004 0.001 0.001 0.010 0.010 0.001 0.001 

Silver mg/L 0.005 0.005 0.002 0.000 0.005 0.005 0.002 0.000 0.005 0.005 0.001 0.000 0.005 0.005 0.003 0.005 0.005 0.005 0.003 0.002 0.005 0.005 0.003 0.005 



Appendix N 

N-8

Upper Devil’s Canyon Middle Devil’s Canyon Lower Devil’s Canyon Upper Queen Creek Lower Queen Creek Mineral Creek 

Parameter Units Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median Max Range Avg Median 

Sodium mg/L 13.2 10.0 6.7 6.0 30.9 26.4 19.8 19.1 32.2 26.5 19.9 19.3 28.0 23.6 13.1 14.6 46.3 44.1 18.4 11.1 36.5 22.9 27.8 26.9 

Strontium (by isotope dilution) ppm 0.100 0.075 0.048 0.045 0.161 0.070 0.127 0.120 – – – – 0.310 0.174 0.210 0.205 0.204 0.000 0.204 0.204 0.369 0.183 0.274 0.266 

Thallium mg/L 0.002 0.002 0.001 0.001 0.002 0.002 0.001 0.001 0.002 0.002 0.001 0.002 0.005 0.005 0.001 0.001 0.002 0.002 0.001 0.001 0.005 0.005 0.001 0.001 

Uranium mg/L 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.001 0.001 0.005 0.005 0.003 0.003 0.004 0.004 0.002 0.002 

Zinc mg/L 0.020 0.018 0.008 0.010 0.016 0.015 0.007 0.010 0.020 0.018 0.008 0.010 0.090 0.089 0.012 0.010 1.300 1.297 0.105 0.010 0.784 0.783 0.028 0.010 

Radium 226 + Radium 228 pCi/L 1.40 1.40 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.10 1.10 0.33 0.00 0.00 0.00 0.00 0.00 1.30 1.30 0.15 0.00 

Radium 226 pCi/L 1.00 0.81 0.43 0.35 1.10 0.90 0.44 0.35 0.30 0.00 0.30 0.30 0.90 0.70 0.50 0.41 0.26 0.05 0.23 0.23 0.26 0.20 0.18 0.20 

Radium 228 pCi/L 1.50 0.30 1.38 1.40 1.50 0.30 1.37 1.40 1.40 0.00 1.40 1.40 1.50 0.40 1.28 1.20 1.40 0.20 1.30 1.30 1.50 0.92 1.11 1.10 

* mg/L = milligrams per liter; MPN/100ml = most probable number per 100 milliliters; pCi/L = picocuries per liter; ppm = parts per million; S.U. = standard unit; μS/cm = microSiemens per centimeter 
Dash indicates no analysis available for this parameter 
The database of groundwater quality results is extensive; this table is meant to be a summary and necessarily requires assumptions about processing and using reported data. The following assumptions were used when compiling and assessing the data: 

1) For any samples reported as less than the detection limit, concentrations were set to the detection limit. While other methods could be used (such as setting these values to zero), this method specifically avoids underreporting concentrations. 
2) For any samples reported as simply “non-detect,” without a quantified detection limit, concentrations were set to zero. 
3) Samples reported with certain data qualifiers were not used. These include samples reported with insufficient sample amount, data not usable, or lost samples. 

Table N-4 summarizes the number of samples that were identified as exceeding Arizona surface water quality standards. Grayed areas indicate that no standard exists, for either that chemical constituent or for the specific water use (Arizona 
Administrative Code, R18-11 Article 1). Cited standards for constituents that are not based on the hardness of the water are shown in bold at the head of each constituent section. Where no standard is listed, the applicable standard is based upon 
the hardness of the water (the amount of calcium and magnesium in the water) and is variable. 

Table N-4. Summary of exceedances of Arizona surface water quality standards by existing surface water quality 

Number of Exceedances by Major Stream System, for Arizona Surface Water Quality Standards 

PARAMETER Stream System DWS FC PBC FBC A&Ww 
Acute 

A&Ww 
Chronic 

A&We 
Acute 

A&W edw 
Acute 

A&W edw 
Chronic AgL 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Gross Alpha pCi/L 15 

Upper Devil’s Canyon 1 

Middle Devil’s Canyon 0 

Lower Devil’s Canyon 0 

Upper Queen Creek 0 

Lower Queen Creek 0 

Mineral Creek 0 

Antimony 0.006 T 0.640 T 0.747 T 0.088 D 0.030 D 

Upper Devil’s Canyon 3 0 0 0 0 

Middle Devil’s Canyon 2 0 0 0 0 

Lower Devil’s Canyon 0 0 0 0 0 

Upper Queen Creek 2 0 0 0 

Lower Queen Creek 0 0 0 0 0 0 

Mineral Creek 1 0 0 0 0 
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Number of Exceedances by Major Stream System, for Arizona Surface Water Quality Standards 

PARAMETER Stream System DWS FC PBC FBC A&Ww 
Acute 

A&Ww 
Chronic 

A&We 
Acute 

A&W edw 
Acute 

A&W edw 
Chronic AgL 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Arsenic 0.010 T 0.0080 T 0.280 T 0.340 D 0.150 D 0.440 D 0.200 T 

Upper Devil’s Canyon 20 21 0 0 0 0 0 

Middle Devil’s Canyon 16 18 0 0 0 0 0 

Lower Devil’s Canyon 2 2 0 0 0 0 0 

Upper Queen Creek 38 38 0 0 0 0 0 

Lower Queen Creek 10 10 0 0 0 0 0 

Mineral Creek 25 25 0 0 0 0 0 

Barium 2.0 T 98.0 T 

Upper Devil’s Canyon 0 0 

Middle Devil’s Canyon 0 0 

Lower Devil’s Canyon 0 0 

Upper Queen Creek 0 0 

Lower Queen Creek 0 0 

Mineral Creek 0 0 

Beryllium 0.004 T 0.084 T 1.867 T 

Upper Devil’s Canyon 0 0 0 

Middle Devil’s Canyon 0 0 0 

Lower Devil’s Canyon 0 0 0 

Upper Queen Creek 0 0 0 

Lower Queen Creek 0 0 0 

Mineral Creek 1 0 0 

Boron 1.400 T 186.667 T 1.000 T 

Upper Devil’s Canyon 0 0 0 

Middle Devil’s Canyon 0 0 0 

Lower Devil’s Canyon 0 0 0 

Upper Queen Creek 0 0 0 

Lower Queen Creek 0 0 0 

Mineral Creek 0 0 0 

Cadmium 0.005 T 0.084 T 0.700 T 0.700 T 50 T 

Upper Devil’s Canyon 0 0 0 0 9 24 0 

Middle Devil’s Canyon 0 0 0 0 0 2 0 

Lower Devil’s Canyon 0 0 0 0 3 21 0 

Upper Queen Creek 0 0 0 0 0 1 0 

Lower Queen Creek 0 0 0 0 1 2 1 2 0 

Mineral Creek 0 0 0 0 0 1 0 
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Number of Exceedances by Major Stream System, for Arizona Surface Water Quality Standards 

PARAMETER Stream System DWS FC PBC FBC A&Ww 
Acute 

A&Ww 
Chronic 

A&We 
Acute 

A&W edw 
Acute 

A&W edw 
Chronic AgL 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Chromium III 75.000 T 1,400 T 1,400 T 

Upper Devil’s Canyon ND ND ND ND ND 

Middle Devil’s Canyon ND ND ND ND ND 

Lower Devil’s Canyon ND ND ND ND ND 

Upper Queen Creek ND ND ND ND ND 

Lower Queen Creek ND ND ND ND ND ND ND 

Mineral Creek ND ND ND ND ND 

Chromium VI 0.021 T 0.150 T 2.800 T 2.800 T 0.016 D 0.011 D 0.034 D 

Upper Devil’s Canyon ND ND ND ND ND ND ND 

Middle Devil’s Canyon ND ND ND ND ND ND ND 

Lower Devil’s Canyon ND ND ND ND ND ND ND 

Upper Queen Creek ND ND ND ND ND ND ND 

Lower Queen Creek ND ND ND ND ND ND ND 

Mineral Creek ND ND ND ND ND ND ND 

Chromium (Total) 0.100 T 1 T 

Upper Devil’s Canyon 0 0 

Middle Devil’s Canyon 0 0 

Lower Devil’s Canyon 0 0 

Upper Queen Creek 0 0 

Lower Queen Creek 0 0 

Mineral Creek 0 0 

Copper 1.300 T 1.300 T 1.300 T 0.500 T 

Upper Devil’s Canyon 0 0 29 33 0 

Middle Devil’s Canyon 0 0 7 10 0 

Lower Devil’s Canyon 0 0 31 40 0 

Upper Queen Creek 0 0 4 8 4 8 0 

Lower Queen Creek 0 0 0 13 18 1 

Mineral Creek 0 0 0 0 1 

Cyanide (as free cyanide) 0.200 T 16.000 T 18.667 T 18.667 T 0.041 T 0.0097 T 0.084 T 0.200 T 

Upper Devil’s Canyon 0 0 0 3 3 3 0 

Middle Devil’s Canyon 0 0 0 2 2 2 0 

Lower Devil’s Canyon 0 0 0 0 0 0 0 

Upper Queen Creek 0 0 0 1 1 1 0 

Lower Queen Creek 0 0 0 0 0 0 0 0 

Mineral Creek 0 0 0 0 0 0 0 
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Number of Exceedances by Major Stream System, for Arizona Surface Water Quality Standards 

PARAMETER Stream System DWS FC PBC FBC A&Ww 
Acute 

A&Ww 
Chronic 

A&We 
Acute 

A&W edw 
Acute 

A&W edw 
Chronic AgL 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Fluoride 4 T 140 T 140 T 

Upper Devil’s Canyon 0 0 

Middle Devil’s Canyon 0 0 

Lower Devil’s Canyon 0 0 

Upper Queen Creek 0 0 

Lower Queen Creek 0 0 0 

Mineral Creek 0 0 

Iron 1 D 

Upper Devil’s Canyon 2 

Middle Devil’s Canyon 0 

Lower Devil’s Canyon 0 

Upper Queen Creek 0 

Lower Queen Creek 0 

Mineral Creek 0 

Lead 0.015 T 0.015 T 0.015 T 0.100 T 

Upper Devil’s Canyon 0 0 0 36 0 

Middle Devil’s Canyon 0 0 0 21 0 

Lower Devil’s Canyon 0 0 0 57 0 

Upper Queen Creek 1 1 0 3 0 3 0 

Lower Queen Creek 2 2 2 0 4 1 

Mineral Creek 1 1 0 0 1 

Manganese* 0.98 130.667 

Upper Devil’s Canyon 2 0 

Middle Devil’s Canyon 0 0 

Lower Devil’s Canyon 0 0 

Upper Queen Creek 1 0 

Lower Queen Creek 1 0 

Mineral Creek 1 0 

Mercury 0.002 T 0.280 T 0.280 T 0.0024 D 0.00001 D 0.005 D 0.010 T 

Upper Devil’s Canyon 0 0 0 29 0 0 

Middle Devil’s Canyon 0 0 0 27 0 0 

Lower Devil’s Canyon 0 0 0 9 0 0 

Upper Queen Creek 0 0 0 20 0 0 

Lower Queen Creek 0 0 0 0 6 0 0 

Mineral Creek 0 0 0 0 6 0 0 
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Number of Exceedances by Major Stream System, for Arizona Surface Water Quality Standards 

PARAMETER Stream System DWS FC PBC FBC A&Ww 
Acute 

A&Ww 
Chronic 

A&We 
Acute 

A&W edw 
Acute 

A&W edw 
Chronic AgL 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Nickel 0.210 T 0.511 T 28.000 T 28.000 T 

Upper Devil’s Canyon 0 0 0 0 5 

Middle Devil’s Canyon 0 0 0 0 0 

Lower Devil’s Canyon 0 0 0 0 2 

Upper Queen Creek 0 0 0 0 0 0 0 

Lower Queen Creek 0 0 0 0 0 1 

Mineral Creek 0 0 0 0 0 0 

Nitrate* 10 T 3,733.333 

Upper Devil’s Canyon 0 0 

Middle Devil’s Canyon 0 0 

Lower Devil’s Canyon 0 0 

Upper Queen Creek 0 0 

Lower Queen Creek 0 0 

Mineral Creek 0 0 

Nitrite* 1 T 233.333 

Upper Devil’s Canyon 1 0 

Middle Devil’s Canyon 1 0 

Lower Devil’s Canyon 0 0 

Upper Queen Creek 0 0 

Lower Queen Creek 0 0 

Mineral Creek 0 0 

Nitrate + Nitrite 10 T 

Upper Devil’s Canyon 0 

Middle Devil’s Canyon 0 

Lower Devil’s Canyon 0 

Upper Queen Creek 0 

Lower Queen Creek 0 

Mineral Creek 0 

Radium 226 + Radium 228 5 pCi/L 

Upper Devil’s Canyon 0 

Middle Devil’s Canyon 0 

Lower Devil’s Canyon 0 

Upper Queen Creek 0 

Lower Queen Creek 0 

Mineral Creek 0 
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Number of Exceedances by Major Stream System, for Arizona Surface Water Quality Standards 

PARAMETER Stream System DWS FC PBC FBC A&Ww 
Acute 

A&Ww 
Chronic 

A&We 
Acute 

A&W edw 
Acute 

A&W edw 
Chronic AgL 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Selenium 0.050 T 0.667 T 4.667 T 4.667 T 0.002 T 0.033 T 0.050 T 

Upper Devil’s Canyon 0 0 0 0 26 0 0 

Middle Devil’s Canyon 0 0 0 0 21 0 0 

Lower Devil’s Canyon 0 0 0 0 7 0 0 

Upper Queen Creek 0 0 0 0 17 0 0 

Lower Queen Creek 0 0 0 0 1 0 0 

Mineral Creek 0 0 0 0 4 0 0 

Silver 0.035 T 8.000 T 4.667 T 4.667 T 

Upper Devil’s Canyon 0 0 0 0 18 

Middle Devil’s Canyon 0 0 0 0 1 

Lower Devil’s Canyon 0 0 0 0 13 

Upper Queen Creek 0 0 0 0 0 

Lower Queen Creek 0 0 0 0 1 

Mineral Creek 0 0 0 0 0 

Thallium 0.002 T 0.001 T 0.075 T 0.075 T 0.700 D 0.150 D 0.700 D 0.150 D 

Upper Devil’s Canyon 21 38 0 0 0 0 0 0 

Middle Devil’s Canyon 17 34 0 0 0 0 0 0 

Lower Devil’s Canyon 7 9 0 0 0 0 0 0 

Upper Queen Creek 12 34 0 0 0 0 0 0 

Lower Queen Creek 1 7 0 0 0 0 0 0 

Mineral Creek 1 27 0 0 0 0 0 0 

Uranium 0.030 D 2.8 T 2.8 T 

Upper Devil’s Canyon 0 0 0 

Middle Devil’s Canyon 0 0 0 

Lower Devil’s Canyon 0 0 0 

Upper Queen Creek 0 0 0 

Lower Queen Creek 0 0 0 

Mineral Creek 0 0 0 

Zinc 2.100 T 5.106 T 28.0000 T 28.0000 T 25.000 T 

Upper Devil’s Canyon 0 0 0 0 0 0 0 

Middle Devil’s Canyon 0 0 0 0 0 0 0 

Lower Devil’s Canyon 0 0 0 0 0 0 0 

Upper Queen Creek 0 0 0 0 0 0 0 0 0 

Lower Queen Creek 0 0 0 0 0 0 0 

Mineral Creek 0 0 0 0 0 0 0 
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Number of Exceedances by Major Stream System, for Arizona Surface Water Quality Standards 

PARAMETER Stream System DWS FC PBC FBC A&Ww 
Acute 

A&Ww 
Chronic 

A&We 
Acute 

A&W edw 
Acute 

A&W edw 
Chronic AgL 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

E. coli† 235 cfu/100 mL 575 cfu/100 mL 

Upper Devil’s Canyon 3 3 

Middle Devil’s Canyon 1 1 

Lower Devil’s Canyon 0 0 

Upper Queen Creek 1 1 

Lower Queen Creek 0 0 

Mineral Creek 0 0 

Note: A&We = aquatic and wildlife ephemeral warm water; A&W edw = aquatic and wildlife (effluent-dependent waters); A&Ww = aquatic and wildlife warm water resource; AgL = agricultural livestock watering; DWS = drinking water standard; FBC = full body contact; FC = fish consumption; ND = no data; PBC = partial body contact;  
Units: cfu/100 mL = colony-forming units per 100 milliliters; D = dissolved; mg/L = milligrams per liter; pCi/l = picocuries per liter; T = total 
* Water quality standards based on dissolved concentrations, but nitrate, nitrite, and manganese exceedances determined based on total concentrations as that was all that was available. 
† E. coli data as reported are in units inconsistent with standards 

The analyses in section 3.7.2 rely on Arizona surface water and aquifer water quality standards as a comparison to provide context to modeled water quality results. Standards vary by use and in some cases, by hardness. For reference, table N-5 
summarizes all numeric surface water and groundwater quality standards (Arizona Administrative Code, R18-11 Article 1), and which standards are applicable to the water bodies of interest.  

Table N-5. Summary of numeric Arizona surface water and aquifer quality standards 

A&Ww 
Chronic A&Ww Acute A&We FBC PBC FC AgI AgL 

Surface Water 
Standard for 

Most Restrictive 
Use (Queen 

Creek) 

Surface Water 
Standard for 

Most Restrictive 
Use (Gila River 

at Donnelly 
Wash) 

Surface Water 
Standard for 

Most Restrictive 
Use (Gila River 

at Dripping 
Spring Wash) 

Surface Water 
Standard for 

Most Restrictive 
Use (Ephemeral 

Tributaries) 

Aquifer Water 
Quality Standard 

Gila River X X X X X X 

Queen Creek X X X X X 

Donnelly Wash, Potts Canyon, Roblas Canyon, Silver King 
Wash, Dripping Spring Wash 

X X 

Constituents with Numeric Standards 

Antimony 0.030 0.088 – 0.747 0.747 0.640 – – 0.030 0.030 0.030 0.747 0.006 

Arsenic 0.150 0.340 0.440 0.030 0.280 0.080 2 0.2 0.030 0.030 0.030 0.280 0.05 

Barium – – – 98 98 – – – 98 98 98 98 2 

Beryllium 0.0053 0.065 – 1.867 1.867 0.084 – – 0.0053 0.0053 00053 1.867 0.004 

Boron – – – 186.667 186.667 – 1 – 1 1 1 186.667 – 

Cadmium* – – – 0.7 0.7 0.084 0.05 0.05 0.0051 0.0049 0.0043 0.2175 0.005 

- At hardness = 242 mg/L 0.0043 0.0111 0.1681 – – – – – – – – – – 

- At hardness = 290 mg/L 0.0049 0.0135 0.2045 – – – – – – – – – – 

- At hardness = 307 mg/L 0.0051 0.0144 0.2175 – – – – – – – – – – 

- At hardness = 400 mg/L 0.0062 0.0191 0.2895 – – – – – – – – – – 

Chromium, Total – – – – – – 1 1 1 1 1 – 0.1

Chromium III* – – – 1,400 1,400 75 – – 0.1856 0.1772 0.1528 3.9385 – 

- At hardness = 242 mg/L 0.1528 1.1740 3.9385 – – – – – – – – – – 
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A&Ww 
Chronic A&Ww Acute A&We FBC PBC FC AgI AgL 

Surface Water 
Standard for 

Most Restrictive 
Use (Queen 

Creek) 

Surface Water 
Standard for 

Most Restrictive 
Use (Gila River 

at Donnelly 
Wash) 

Surface Water 
Standard for 

Most Restrictive 
Use (Gila River 

at Dripping 
Spring Wash) 

Surface Water 
Standard for 

Most Restrictive 
Use (Ephemeral 

Tributaries) 

Aquifer Water 
Quality Standard 

- At hardness = 290 mg/L 0.1772 1.3615 4.5675 – – – – – – – – – – 

- At hardness = 307 mg/L 0.1856 1.4265 4.7856 – – – – – – – – – – 

- At hardness = 400 mg/L 0.2305 1.7717 5.9436 – – – – – – – – – – 

Chromium VI 0.011 0.016 0.034 2.8 2.8 0.15 – – 0.011 0.011 0.011 0.011 – 

Copper* – – – 1.3 1.3 – 5 0.5 0.0234 0.0222 0.0191 0.0669 – 

- At hardness = 242 mg/L 0.0191 0.0308 0.0535 – – – – – – – – – – 

- At hardness = 290 mg/L 0.0222 0.0366 0.0634 – – – – – – – – – – 

- At hardness = 307 mg/L 0.0234 0.0386 0.0669 – – – – – – – – – – 

- At hardness = 400 mg/L 0.0293 0.0495 0.0859 – – – – – – – – – – 

Fluoride – – – 140 140 – – – 140 140 140 140 4 

Iron 1 – – – – – – – 1 1 1 – – 

Lead* – – – 0.015 0.015 – 10 0.1 0.0083 0.0078 0.0065 0.015 0.05 

- At hardness = 242 mg/L 0.0065 0.1665 0.3514 – – – – – – – – – – 

- At hardness = 290 mg/L 0.0078 0.2013 0.4248 – – – – – – – – – – 

- At hardness = 307 mg/L 0.0083 0.2136 0.4508 – – – – – – – – – – 

- At hardness = 400 mg/L 0.0109 0.2808 0.5926 – – – – – – – – – – 

Manganese – – – 130.667 130.667 – 10 – 10 10 10 130.667 – 

Mercury 0.0024 0.00001 0.005 0.28 0.28 – – 0.010 0.00001 0.00001 0.00001 0.005 0.002 

Nickel* – – – 28 28 4.6 – – 0.1343 0.1280 0.1098 10.7379 0.1 

- At hardness = 242 mg/L 0.1098 0.9887 8.7803 – – – – – – – – – – 

- At hardness = 290 mg/L 0.1280 1.1523 10.2327 – – – – – – – – – – 

- At hardness = 307 mg/L 0.1343 1.2092 10.7379 – – – – – – – – – – 

- At hardness = 400 mg/L 0.1680 1.5126 13.4319 – – – – – – – – – – 

Nitrate – – – 3,733.333 3,733.333 – – – 3,733.333 3,733.333 3,733.333 3,733.333 10 

Nitrite – – – 233.333 233.333 – – – 233.333 233.333 233.333 233.333 1 

Selenium 0.002 – 0.033 4.667 4.667 0.667 0.020 0.050 0.002 0.002 0.002 0.033 0.05 

Silver* – – – 4.667 4.667 8 – – 0.0221 0.0201 0.0147 0.0221 – 

- At hardness = 242 mg/L – 0.0147 0.0147 – – – – – – – – – – 

- At hardness = 290 mg/L – 0.0201 0.0201 – – – – – – – – – – 

- At hardness = 307 mg/L – 0.0221 0.0221 – – – – – – – – – – 

- At hardness = 400 mg/L – 0.0349 0.0349 – – – – – – – – – – 

Thallium 0.15 0.7 – 0.075 0.075 0.0072 – – 0.0072 0.0072 0.0072 0.075 0.002 

Uranium – – – 2.8 2.8 – – – 2.8 2.8 2.8 2.8 – 

Zinc* – – – 280 280 5.106 10 25 0.3031 0.2888 0.2477 2.8758 – 

- At hardness = 242 mg/L 0.2477 0.2477 2.3508 – – – – – – – – – – 

- At hardness = 290 mg/L 0.2888 0.2888 2.7403 – – – – – – – – – – 

- At hardness = 307 mg/L 0.3031 0.3031 2.8758 – – – – – – – – – – 
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A&Ww 
Chronic A&Ww Acute A&We FBC PBC FC AgI AgL 

Surface Water 
Standard for 

Most Restrictive 
Use (Queen 

Creek) 

Surface Water 
Standard for 

Most Restrictive 
Use (Gila River 

at Donnelly 
Wash) 

Surface Water 
Standard for 

Most Restrictive 
Use (Gila River 

at Dripping 
Spring Wash) 

Surface Water 
Standard for 

Most Restrictive 
Use (Ephemeral 

Tributaries) 

Aquifer Water 
Quality Standard 

- At hardness = 400 mg/L 0.3792 0.3792 3.5985 – – – – – – – – – – 

pH 6.5–9.0 6.5–9.0 6.5–9.0 6.5–9.0 6.5–9.0 – 4.5–9.0 6.5–9.0 6.5–9.0 6.5–9.0 6.5–9.0 6.5–9.0 – 

Constituents without Numeric Standards 

Sulfate – – – – – – – – – – – – – 

Total Dissolved Solids – – – – – – – – – – – – – 

Notes: A&Ww = Aquatic and Wildlife-Warmwater; A&We = Aquatic & Wildlife-Ephemeral; FBC = Full Body Contact; PBC = Partial Body Contact; FC = Fish Consumption; AgI = Agricultural-Irrigation; AgL = Agricultural-Livestock Watering 
Standards for A&Ww and A&We are for dissolved concentrations, except for selenium which is for total concentrations. All other standards are for total concentrations. 
All values shown in milligrams per liter. 
* These constituents have surface water standards that vary depending on hardness, with a maximum hardness of 400 mg/L. The four hardness values shown were chosen as follows: 

- 242 mg/L represents the hardness for the Gila River at Dripping Spring Wash, based on a sample collected November 19, 2018, calculated from a calcium concentration of 64.8 mg/L and a magnesium concentration of 19.4 mg/L. This hardness was used for ephemeral tributaries as well.
- 290 mg/L represents the hardness for the Gila River at Donnelly Wash, based on a sample collected November 13, 2018, calculated from a calcium concentration of 77.7 mg/L and a magnesium concentration of 23.4 mg/L 
- 307 mg/L represents the hardness for Queen Creek at Whitlow Ranch Dam, based on the lowest calculated hardness from five samples (August 25, 2017), calculated from a calcium concentration of 87.5 mg/L and a magnesium concentration of 21.4 mg/L 
- 400 mg/L represents the maximum hardness that can be used to calculate surface water standards. Many of the geochemical samples (synthetic precipitate leaching procedure [SPLP] results, for instance) exceed this hardness. 
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Appendix Q 

Q-1 

Introduction 
As described in chapter 1, if the land exchange is completed as specified in Section 3003 of Public Law 
113-291, and the preferred alternative is ultimately selected in the record of decision, the mineral 
extraction facilities, processing facilities, and tailings storage facility would be located on private land. 
Forest Service mining regulations at 36 Code of Federal Regulations (CFR) 228 Subpart A apply to 
operations conducted under the Mining Law (36 CFR 228.2). Mining operations that take place entirely 
on non-Federal lands are private mining operations, not operations under the Mining Law. Therefore, any 
associated uses of National Forest System (NFS) land such as roads, pipelines, and utilities are managed 
as special uses and regulated under 36 CFR 251.50.  

Rather than submittal of a mine plan, authorization for a special use or occupancy of NFS lands requires 
submittal of a special use application (SF-299). This application process is designed to ensure that 
authorizations to use and occupy NFS lands are in the public interest (36 CFR 251, Subpart B).  

The following applications have been submitted to the Tonto National Forest and are included in this 
appendix: 

• Salt River Project (SRP) would be the owner and operator of the power line to the tailings storage 
facility, largely co-located with the tailings slurry pipelines. SRP would be responsible for 
construction, operation, and maintenance of the power line and would hold the special use permit. 
SRP submitted an SF-299 Special Use Permit application on November 11, 2020. Tonto National 
Forest staff carried out initial and secondary screenings and accepted the application on 
November 18, 2020.  

• Under the likelihood that the land exchange would occur and the preferred alternative would be 
selected, Resolution Copper submitted an SF-299 Special Use Permit application on September 7, 
2020. Tonto National Forest staff carried out initial and secondary screenings and accepted the 
application on September 28, 2020.  

  



















Ms. Vicky Peacey 2 

be reviewed and signed by the Forest Supervisor.  

If you have any questions about the environmental review process, project documents, or your 

Special Use Permit, please contact your Permit Administrator, Mark McEntarffer, at  

602-225-5239 or Mark.McEntarffer@usda.gov. 

Sincerely, 

X

 
NEIL BOSWORTH 

Forest Supervisor 

 

cc:  mark.mcentarffer@usda.gov; mary.rasmussen@usda.gov; devin.quintana@usda.gov 
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	B. For cultural resource-related activities on Federal land, the Forest Service and/or BLM shall ensure that all agency personnel responsible for historic properties shall meet Professional Qualification Standards as defined by the Office of Personnel...
	C. For cultural resource-related activities on Federal land, Resolution Copper shall ensure that all necessary permits and permissions are obtained from the appropriate land-managing agency prior to any fieldwork, including applicable ARPA permits and...
	D. For all cultural resource-related activities on State Trust land, Resolution Copper shall ensure that its cultural resources contractors obtain an Arizona Antiquities Act (AAA) Permit from the ASM prior to conducting archaeological activities on St...
	E. In recognition of the special expertise of tribal experts concerning properties of traditional religious and cultural significance, the standards of 36 CFR 61 will not apply to tribally designated representatives carrying out or assisting in identi...

	III. COORDINATION WITH OTHER FEDERAL REVIEWS
	A. In the event that another Federal agency not initially a party to or subject to this Agreement receives an application for funding/license/permit for the Undertaking as described in this Agreement, that agency may fulfill its Section 106 responsibi...
	B. In the event that an above Federal agency’s application for funding/license/permit does not match the Undertaking as described in this Agreement, that agency may complete a separate review to fulfill its Section 106 responsibilities or request of t...

	IV. AREA OF POTENTIAL EFFECTS
	A. The APE consists of a 6-mile buffer around the Oak Flat Federal Parcel (selected lands), the GPO project areas, and tailings alternatives, except where it has been extended outward to 7 miles to the east to include the community of Top-of-the-World...
	B. Within the 6-mile APE, the Forest Service has identified three “zoned” sub-APEs to tailor its historic property identification efforts and assessment of effects. The Forest Service has identified one zone as the location where physical effects may ...
	C. Physical effects: The APE for physical effects will include the Oak Flat Federal Parcel (selected lands) leaving Federal management under the land exchange and the project areas associated with the GPO, which includes all areas likely to be affecte...
	D. Auditory effects: The APE for auditory effects including noise and vibrations shall be areas within 2 miles from any project component (including any access routes, facilities, and relocated facilities) per the noise analysis area of the EIS. The b...
	E. Visual/Atmospheric/Socioeconomic effects: The APE for visual/atmospheric/socioeconomic effects shall be areas within 6 miles from any project component (including any access routes, facilities, and relocated facilities), except where it has been ex...
	F. Cumulative effects: The APE for cumulative effects shall be the same as that for the physical, auditory, and visual/atmospheric/socioeconomic effects combined.
	G. The Forest Service shall ensure that any significant modification of the APE will occur in consultation amongst the Consulting Parties. The Forest Service shall notify the Consulting Parties to the Agreement in writing of any proposed modifications...

	V. TRIBAL CONSULTATION
	A. In compliance with Chapter 10, Consultation with Indian Tribes and Alaska Native Corporations of the Forest Service Handbook titled American Indian and Alaska Native Relations Handbook (FSH 1509.13), the Forest Service shall engage Tribes in govern...
	B. The Forest Service has prepared for the purposes of this project a Tribal Consultation Plan (see Appendix F) that was distributed to the Tribes and Signatories on October 29, 2019, for a 30-day comment period. Comments received were considered for ...
	C. Per the Tribal Consultation Plan (see Appendix F of this Agreement), the Tonto National Forest Supervisor, or other Tonto National Forest line officer as designated by the Forest Supervisor, and the appropriate tribal relations personnel will meet ...
	D. Pursuant to 36 CFR 800.2(c)(2) and 36 CFR 800.4, the Forest Service and other Federal land-managing agencies will make a good-faith effort to consult with Tribes on the identification of all historic properties, with an emphasis on those that have ...
	E. All parties to this Agreement shall respect confidentiality concerns expressed by Tribes to the extent allowed by law (see Stipulation XIII).

	VI. IDENTIFICATION OF HISTORIC PROPERTIES
	A. Physical APE Identification. The Forest Service will conduct a Class III pedestrian survey, per 36 CFR 800.4, to identify historic properties within the project’s ground disturbance footprint of the GPO, Oak Flat Federal Parcel (selected lands), an...
	B. Tribal Monitor Inventories. Separate inventories are being conducted with tribal monitors and tribal field visits to identify historic properties of traditional religious and cultural importance within the entire APE areas, including physical, audi...
	C. Inventory for Modifications. If additional areas are identified that need historic property inventories due to necessary changes in the GPO, alternative refinements, or permitting/licensing requirements after the signing of this Agreement, the Fore...
	D. Auditory and Visual/Atmospheric/Socioeconomic APE Inventories. Within 6 months of the issuance of the draft ROD, the Forest Service shall conduct an inventory of the auditory and visual/atmospheric/socioeconomic APEs through a Class I literature re...
	E. Review of Identification Efforts: The Forest Service shall ensure that the draft inventory report(s) generated through the identification efforts of historic properties will be reviewed and revised in three steps:
	F. Review of Identification Efforts by Tribal Monitors. The Forest Service shall ensure that the draft inventory report(s) generated from the work of the tribal monitor surveys showing the results of the efforts to identify historic properties of trad...

	VII. EVALUATION OF HISTORIC PROPERTIES
	A. The historic properties identified as of October 1, 2020, are listed in Appendix B of this Agreement. In total, 644 archaeological sites have been recorded within the Oak Flat Federal Parcel (selected lands), GPO project areas, and the proposed tai...
	B. The Forest Service shall evaluate cultural resources of traditional religious and cultural importance for NRHP eligibility in accordance with the criteria set forth in National Register Bulletin 38: Guidelines for Evaluating and Documenting Traditi...
	The Forest Service has identified one historic property of traditional religious and cultural importance in the physical APE, which has been listed on the NRHP as a historic district. Additional historic properties of traditional religious and cultura...
	C. The Forest Service shall ensure all cultural resources identified during any additional Class I literature review, Class III inventory, historic building surveys, and through tribal consultation will be evaluated by the Forest Service for their eli...
	D. If the NRHP eligibility of cultural resources cannot be determined at the time of initial inventory, the Forest Service shall either (a) ensure that an eligibility testing program is conducted according to the provisions outlined in Stipulation IX ...
	E. Should the SHPO or other Consulting Party disagree with the eligibility determinations, pursuant to 36 CFR 800.4(c)(2), the Forest Service shall obtain a determination of eligibility from the Keeper of the National Register pursuant to 36 U.S.C. 63...

	VIII. Findings of Effects
	A. The Forest Service has applied the criteria of adverse effect per 36 CFR 800.5(a) and finds that the Undertaking will have an adverse effect on historic properties. For the physical APE, there will be different strategies employed to assess effects...
	B. The Forest Service shall assess the visual effects on historic properties in the visual/atmospheric/ socioeconomic APE. These will include properties where the eligibility is in any way contingent on its visual setting using viewshed simulations of...
	C. The Forest Service shall assess effects, other than visual effects, on historic properties in the visual/atmospheric/socioeconomic APE using data collected on auditory and socioeconomic impacts for the final EIS and any supplementing information. T...
	D. For disputes regarding findings of effects, the Forest Service shall consult with the disputing party to seek agreement regarding the findings of effect. The Forest Service will notify the ACHP of the dispute, pursuant to 36 CFR 800.4(d)(1)(ii) and...

	IX. MEasures to ADDress Adverse Effects
	A. Overview
	Because of the size and complexity of the Undertaking, the Forest Service shall implement measures to resolve adverse effects on historic properties using multiple methods all aimed at providing a comprehensive program.
	There are two types of measures that have been developed: on-site and off-site measures. On-site measures are actions designed to address and/or resolve physical effects that will have an adverse impact on the historic integrity of properties such as ...
	B. On-site Measures
	C. Off-site Measures
	D. Oak Flat HPTP, GPO Research Design, including Treatment Plans, Funding Plans Implementation
	E. Document Review Process
	F. Preliminary Treatment Report(s)
	G. Results of work conducted, and deliverables completed.
	H. Monitoring and Discovery Plan
	I. NAGPRA Plan of Action and Burial Agreements

	X. TREATMENT OF HUMAN REMAINS AND FUNERARY OBJECTS
	A. For activities on Forest Service-administered land, ground-disturbing/GPO activities may be authorized by the Forest Service line officer once the Forest Service line officer and the Tonto National Forest Heritage Program Manager, in consultation ...
	B. For activities on BLM-administered land, ground-disturbing/GPO activities may be authorized once the Forest Service line officer, the Tonto National Forest Heritage Program Manager, the BLM Field Manager, and the BLM Cultural Heritage Program Speci...
	C. For activities on ASLD land, ground-disturbing/GPO activities may be authorized by the Forest Service line officer once the Forest Service line officer, the Tonto National Forest Heritage Program Manager, and the ASLD Cultural Resources Section Man...
	D. For activities located on non-Federal lands within the USACE’s permit area associated with a Section 404 permit, ground-disturbing/GPO activities may be authorized by the Forest Service line officer once the Forest Service line officer, the Tonto N...

	XII. COMMUNICATION AMONG PARTIES TO THE PROGRAMMATIC AGREEMENT
	XIII. CONFIDENTIALITY
	A. To the maximum extent allowed by Federal law, the Forest Service shall maintain confidentiality of sensitive information regarding historic properties that could be damaged through looting or disturbance, and/or to help protect a historic property ...
	B. The Forest Service shall evaluate whether a FOIA request for records or documents would involve a sensitive historic property, a historic property to which a Tribe attaches religious and cultural significance, or confidential information provided t...
	C. Information on historic properties of traditional religious and cultural importance will not be withheld from Tribal Council, Tribal Historic Preservation Officer, or Tribal Cultural Resource Program Director–designated tribal representatives.
	D. Per ARS 39-125, the release of information on archaeological discoveries and places or objects on State land is subject to approval by the appropriate officer. The officer may decline to release information if that release creates a reasonable risk...

	XIV. EMERGENCIES
	XV. CURATION
	XVI. ANNUAL REVIEW OF PROGRAMMATIC AGREEMENT AND ANNUAL REPORT
	A. The Forest Service shall host an annual meeting among the Consulting Parties within 60 days of the anniversary date of the execution of this Agreement to review the progress and effectiveness of this Agreement. The Forest Service is responsible for...
	B. No less than 60 days prior to the annual meeting, the Forest Service shall provide Consulting Parties with an Annual Report to review the progress under this Agreement and under the approved Oak Flat HPTP and GPO Treatment Plan. The Annual Report w...
	C. Consulting Parties will have 30 calendar days to review the Annual Report and provide comments to the Forest Service, which will then consolidate the comments to develop the agenda for the annual meeting.
	D. Within 14 calendar days after the annual meeting, the Forest Service shall summarize the meeting, including proposed action items and how they are to be addressed, in a letter to Consulting Parties. After the meeting, Consulting Parties will have 2...
	E. The Forest Service shall prepare and release a public version of the Annual Report based on the approved report and meeting notes within 30 days of the annual meeting. The public version will be intended to provide an update on the Undertaking to i...
	F. Evaluation of the implementation of this Agreement may also include in-person meetings or conference calls among Consulting Parties. If the Forest Service does not receive a response from a Consulting Party, the Forest Service shall make a good-fai...
	G. The Tribal Consultation Plan (Appendix F) will be reviewed annually in consultation with the affected Indian Tribes. The annual review will begin 30 days prior to the review of the Agreement to allow affected Tribes enough time to respond with sugg...

	XVII. Post-Review Discoveries of Cultural Resources
	A. The Forest Service shall ensure that procedures regarding post-review discoveries pursuant to 36 CFR 800.13 are included as provisions of the GPO or authorizing instrument. The protocol to be followed will also be identified in a Monitoring and Dis...
	B. In accordance with the Monitoring and Discovery Plan, the Forest Service shall ensure that the on-site project manager immediately halts ground-disturbing activities within a 100-foot radius of any new discovery of cultural resources, clearly marks...
	C. The Forest Service shall notify the SHPO, affiliated Tribes, and applicable land managers within 48 hours of the discovery and shall provide its assessment of the NRHP eligibility of the discovery and measures proposed to resolve adverse effects. T...
	D. If the post-review discovery consists of human remains, funerary objects, objects of cultural patrimony, or sacred objects, the Forest Service shall follow the procedures outlined in the applicable NAGPRA Plan of Action for discoveries on Federal l...
	E. The Forest Service, in coordination with any applicable land manager, may allow construction activities to proceed in the area of discovery after the Forest Service has determined that implementation of the actions taken to address the discovery pu...

	XVIII. AMENDMENTS
	A. This Agreement may be amended when such an amendment is agreed to in writing by all Signatories. Any Signatory may propose an amendment in writing to the Forest Service. The amendment will be effective on the date that a copy signed by all of the S...
	B. Copies of the amendment shall be provided by the Forest Service to all Signatories to this Agreement.

	XIX. DISPUTE RESOLUTION
	A. The Forest Service shall forward all documentation relevant to the dispute, including the Forest Service’s proposed resolution, to the ACHP. The ACHP shall provide the Forest Service with its opinion on the resolution of the objection within 30 day...
	B. If the ACHP does not provide comments regarding the dispute within the 30-day time period, the Forest Service may make a final decision on the dispute and proceed accordingly. At the time of reaching a final decision, the Forest Service shall prepa...
	C. The responsibilities of the Forest Service to carry out all other actions subject to the terms of this Agreement that are not the subject of the dispute remain unchanged.

	XX. Additional Invited Signatories
	XXI. TERMINATION, WITHDRAWAL, and Suspension
	A. If any Signatory to this Agreement determines that its terms will not or cannot be carried out, the Forest Service shall immediately consult with the other Signatories to attempt to develop an amendment per Stipulation XVIII. If, within 30 calendar...
	B. Once this Agreement is terminated, and prior to work continuing on the Undertaking, the Forest Service must either (a) execute a memorandum of agreement pursuant to 36 CFR 800.6, or (b) request, take into account, and respond to the comments of the...
	C. At any point after the execution of this Agreement, and after providing written notice to the Signatories and Invited Signatories, a Signatory Federal agency or Invited Signatory may determine that it no longer has Section 106 responsibilities asso...
	D. If the Resolution Copper Project is suspended or terminated for any reason, in-process mitigation will be completed according to the appropriate plan to the extent applicable. This includes data recovery and mitigation of adverse effects on histori...
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