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Education
B.S. Geology from Sul Ross State University, 1985
M.S. Geology from Northern Arizona University, 1991

Professional Certifications and Registrations
American Institute of Professional Geologist CPG-9590
Texas Professional Geoscientist PG-5302

Relevant Experience
28+ years as hydrogeologist-geochemists at JSAI
Copper Rule Technical Advisory Committee
Experience with Copper Flat property – 1992 to current
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20.6.7.11K&P NMAC
Regional and Permit Area
- Geology    
- Hydrology
- Hydrologic Conceptual Model
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Regional Geologic Setting 
20.6.7.11.P(2) NMAC 

bedrock
(near pit)

Santa Fe Group aquifer
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Regional Geologic Setting 20.6.7.11.P(2) NMAC 
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 Structure
◦ Rio Grande Rift with south-north trending faults
◦ Animas Uplift contains crystalline bedrock

 Crystalline Bedrock
◦ Cretaceous-age andesite volcano
◦ Very low permeability rock

 Santa Fe Group Sediments
◦ Unconsolidated sediments consisting of clay, silt, 

sand, and gravel
◦ Variable permeability
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Regional Hydrologic Setting 20.6.7.11.K&P NMAC 
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Wells and Surface Water within ½ Mile of Permit Area 
20.6.7.11 J(7,9) NMAC 
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40 years of data from:
 Exploration drilling
 Field mapping
 Monitoring wells
 Aquifer testing
 Water-level monitoring
 Groundwater-quality samples
 Surface-water samples
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Copper Flat Geologic Model
20.6.7.11.K(3) subsurface conditions

Animas 
Peak
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Hydrologic Information
20.6.7.11.K(3) NMAC



Groundwater Elevation Contours
20.6.7.11.P(1) NMAC
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Copper Flat Geologic Model
Open Pit line-of-section



Copper Flat Open Pit 
Hydrogeologic
Cross-Section
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Andesite
Quartz 
Monzonite
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Copper Flat Geologic Model
Grayback Arroyo line-of-section



Andesite

Alluvium

SFG

Grayback Arroyo 
Hydrogeologic
Cross-Section
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water table
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Copper Flat Geologic Model
TSF line-of-section



Tailings Storage Facility 
Hydrogeologic Cross-Section
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Andesite Santa Fe
Group



Whose Fault is it?
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Pre-Discharge TDS 20.6.7.11 G NMAC
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 Geologic Model
◦ Detailed understanding of rock type distribution
◦ Mapped faults and structures

 Aquifer Characteristics
◦ Groundwater elevations and direction of flow
◦ permeability of rock units

 Baseline Water Quality
◦ Over 30 years of water quality data
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Site Map of Proposed Facilities 20.6.7.11 J(1) NMAC 

Open Pit
WRSF

TSF
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Monitoring 20.6.7.28 NMAC
Closure 20.6.7.33 NMAC 
Post Closure 20.6.7.35 NMAC 

26



20.6.7.7.B.(42) NMAC
 The area in which storm water drains into 

open pit and cannot feasibly be diverted by 
gravity outside the pit perimeter, and the 
underlying groundwater is hydrologically 
contained by pumping or evaporation of 
water from the open pit. 
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Open Pit Surface Drainage Area
and Groundwater Monitoring
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reclaimed watershed

reclaimed 
haul road

rapid fill to 
4894 ft 
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◦ Rapid fill with low TDS alkaline groundwater
◦ Rapid fill to steady-state conditions for 

maintaining hydrologic evaporative sink
◦ Steady-state open pit water level for maintaining 

hydrologic evaporative sink is 435 ft below 
current level (which is also a hydrologic 
evaporative sink)
◦ Evaporation from 22-acre water surface will 

maintain hydrologic sink conditions
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Existing 
pit

Future 
pit

water level (ft amsl) 5,433 4,894
water surface area (acres) 5 22

Catchment surface area (acres) 218 314

water balance (acre-feet per year)
precipitation and runoff 18 57

groundwater inflow 7 36
Total In 25 93

Evaporation Out 25 93

Open Pit Water Budgets
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Aquifer Evaluation
20.6.7.21.B.(1) NMAC

Monitoring
20.6.7.28 NMAC
Cover System
20.6.7.33 NMAC
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Aquifer 
Evaluation
Aquifer characteristics 
and the hydrogeologic 
controls on the 
movement of leachate 
from waste rock 
stockpile and 
groundwater impacted 
by the waste rock 
stockpile based on 
actual field data 
20.6.7.21.B.(1)(d)(vi)

GWQ-5R

36

daf artificial fill
Qaf alluvial fan
Qamh alluvium
Tsf Santa Fe Group
Ki intrusive rocks
Ka andesite
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38
Photograph of WRSP 2&3 site



WRSP Operational Conceptual Model
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Vertical exaggeration 1:5



 Storm water diverted away from WRSP
 Low moisture content and high negative soil pore-

water pressure of the coarse-grained waste rock 
prevents downward migration of surface infiltration

 Toe drain allows for capture of impacted storm 
water

 Andesite permeability is less than 1x10-6 cm/s
 Infiltration through WRSP is not expected during 

the operation period – consistent with 30 years of 
observations from existing WRSPs on-site
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 Storm water diverted away from WRSP
 Installation of 36-in.-thick store-and-release 

cover system
 Vadose zone modeling indicates discharge to 

groundwater will be nil when considering:
◦ Limited time between operations and reclamation 

for development of conditions for net infiltration
◦ Store and release cover system
◦ Low permeability of andesite
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WRSP 2&3 Groundwater Monitoring
20.6.7.28.B. NMAC
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WRSP 2&3 Surface-Water Monitoring
20.6.7.28.B. NMAC
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Aquifer Evaluation
20.6.7.22 (4)(d)(vi) NMAC

Monitoring 
20.6.7.28 NMAC
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TSF Aquifer Evaluation
20.6.7.22.B(4)(vii)   

TSF aquifer evaluation considered 
potential liner leak, water quality 

of seepage, and groundwater 
mixing and transport calculations



 The projected rate of potential leakage from 
the liner is insignificant (0.5 gpm).

 The hydraulic gradient will be reduced as a 
result of the reduced recharge from the liner 
in the TSF footprint.

 Groundwater beneath the TSF will have a low 
travel velocity.

 Potential leakage, if percolates to 
groundwater, will blend or remain beneath 
the TSF for hundreds of years.
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TSF Groundwater 
Monitoring



 There is high confidence in the understanding of the 
hydrogeologic setting and groundwater protection 
measures due to the abundance of site data and 
detailed evaluations.

 Copper Rule (20.6.7 NMAC) requirements were 
considered for aquifer evaluation and monitoring for 
each proposed facility. 

 Operational and post mining conditions are 
considered for groundwater protection measures.

 Groundwater and surface-water monitoring plan is 
designed to protect from potential discharges.

 In my professional opinion NMCC DP-1840 is 
compliant with the Copper Rule 20.6.7 NMAC
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