
LAC MINERALS (USA) LLC 
CUNNINGHAM HILL MINE RECLAMATION PROJECT 
582 COUNTY ROAD #55 
CERRILLOS, NM 87010 
TELEPHONE: 505.471.0434 
FAX: 505.474.8582 

 

 
October 8, 2021 
 
Carmen Rose, Permit Lead  Carmen.Rose@State.nm.us 
Reclamation Specialist Mining and Minerals Division 
Mining Act Reclamation Program 1 
220 S. St. Francis Drive 
Santa Fe, NM 87505 

 
RE:  Revised 2021 CCP update for MMD Permit No. SF002RE, LAC Minerals (USA) 

LLC Cunningham Hill Mine 
 

Dear Ms. Rose: 
 

This letter is to re-instate a formal request to revise Permit No. SF002RE by updating the 
Closeout/Closure Plan (CCP) for the LAC Minerals (USA) LLC, Cunningham Hill Mine 
Reclamation Project.  On October 9, 2020, the New Mexico Mining and Minerals Division 
(“MMD”) received an updated Closure/Closeout Plan (“CCP”) from John Shomaker & 
Associates, Inc. (JSAI) on behalf of LAC Minerals (USA) LLC (“LAC”).  Attached is a 
revision to the October 9, 2020 CCP.  The updated and revised CCP details the scope of 
work for closure/closeout of the Cunningham Hill Mine under the New Mexico Water 
Quality Act and the New Mexico Mining Act.  The Cunningham Hill Mine CCP update 
reflects changes due to ongoing reclamation activities and the request for a pit waiver. 
 
A draft of the public notice pursuant to 19.10.5.502.D(9) NMAC has been provided via a 
separate email.  It is our understanding, that the application fee for Permit Revision 20-1 
received on August 7, 2020 will be applied to this Permit Revision Application submitted 
by LAC. 
 
A hard copy of the revised CCP report will be sent by mail.  Do not hesitate to contact 
me at (801) 990-4833 if you have any questions or concerns regarding this report. 

 
 

Sincerely, 
 
 
 
 
 

LAC Minerals (USA) LLC 
Kevin Hamatake 
Barrick Gold of North America, Inc. 
Cunningham Hill   

           Kevin Hamatake



Ms. Carmen Rose 
Mining and Minerals Division 
October 8, 2021 
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CC: (electronic copies) 
C. Burton, LAC 
D. Wykoff, LAC 

 
Bcc: (electronic copies) 
Brad Reid, NMED GWB 
Friends of Santa Fe County, w/enclosure 
Gold Fields Mining Company, w/enclosure 
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DEFINITIONS 

 
AP-27 - the Abatement Plan for the Cunningham Hill Mine Open Pit Facility issued by the 

New Mexico Environment Department 
 
ARD - Acid Rock Drainage 
 
AWS - Acid Wall Seeps 
 
CHMRP - Cunningham Hill Mine Reclamation Project 
 
CCP - Closure/Closeout Plan 

 
Closeout Plan  means the Cunningham Hill Mine Reclamation Project Closeout Plan submitted 

February 1996 as a revision to permit SF002RE that provides a detailed description of 
how disturbed areas within permit area will be reclaimed to meet the requirements of the 
Act and the Rules.  “Closeout Plan” also means those documents listed in Appendix A. 

 
DP-55 - the Discharge Permit for the Cunningham Hill Mine Facility issued by the New Mexico 

Environment Department 
 
Important Species - a species which provides at least 1 percent absolute ground cover or 

2 percent relative cover 
 
JSAI - John Shomaker & Associates, Inc. 
 
LAC - LAC Minerals (USA) LLC  
 
MMD - the New Mexico Mining and Minerals Division within the New Mexico Energy, 

Minerals and Natural Resources Department 
 
NMAC - New Mexico Administrative Code 
 
NAG - Non-Acid Generating material 
 
NMED - the New Mexico Environment Department 
 
NMMA - the New Mexico Mining Act, NMSA 1978, §69-36-1, et seq. (1993, as amended 

through 1999) 
 
NMMA Rules - Title 19, Chapter 10, Parts 1 through 14 NMAC, and any amendments thereto 
 
NMOSE - New Mexico Office of the State Engineer 
 
NMSA - New Mexico Statutes Annotated 
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NMWQA - New Mexico Water Quality Act 
 

NMWQCC - the New Mexico Water Quality Control Commission, and the regulations 
associated with title 20, Chapter 6, Parts 1 and 2, NMAC and any amendments thereto 

 
NRCS - Natural Resources Conservation Service 

 

Open Pit - the Cunningham Hill Mine Pit from which the ore bearing and non-ore bearing rocks 
have been removed by surface mining 

 

Open Pit Water Body - the surface water and groundwater that has collected in the 
Cunningham Hill Mine Pit 

 
Order - means the Director of MMD’s Order approving the Permit Revision 96-1 
 

Permit - the original permit, SF002RE, issued to LAC by MMD dated August 31, 1995 
 
Permit Revision (96-1) - the December 12, 2020 permit revision which sets forth and approves 

a closeout plan for the Cunningham Hill mine 
 
PMLU - Post Mining Land Use means a beneficial use or multiple uses which will be 

established on a permit area after completion of a mining project. 
 
PRP - Permit Revision Package 
 
Reclamation - the employment during and after a mining operation of measures designed to 

mitigate the disturbance of affected areas and permit areas and to the extent practicable, 
provide for the stabilization of a permit area following closure that will minimize future 
impact to the environment from the mining operation and protect air and water resources.  

 
RUSLE - Revised Universal Soil Loss Equation 
 

Self-Sustaining Ecosystem - reclaimed land that is self-renewing without augmented seeding, 
amendments, or other assistance, which is capable of supporting communities of living 
organisms and their environment. A self-sustaining ecosystem includes hydrologic and 
nutrient cycles functioning at levels of productivity sufficient to support biological 
diversity.  

 
TDS - Total Dissolved Solids 
 

Waste Rock Pile - all non-ore grade material from the Open Pit, exclusive of ore-grade material 
sent to the ore treatment unit 

 
WQA - New Mexico Water Quality Act NMSA 1978 §§74-6-1 through 74-6-17 
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CUNNINGHAM HILL MINE RECLAMATION PROJECT 

CLOSURE/CLOSEOUT PLAN UPDATE 

1.0  INTRODUCTION 

The Cunningham Hill Mine Reclamation Project (CHMRP) is located in Santa Fe 

County, approximately 6 miles south of Cerrillos, New Mexico.  The project is located entirely 

on private land on the East Ortiz Mine Grant.  Figure 1 shows the regional location, and Figure 2 

shows the LAC property boundary and reclaimed mine facilities.  Gold Fields Operating Co.-

Ortiz (Gold Fields) conducted mining and processing at the Cunningham Hill Mine from 1979 

until 1987.  The mine ceased operation in 1987.  The original closeout plan was submitted by 

Pegasus Gold Corporation (Pegasus) and LAC Minerals (USA) LLC (LAC) in conformance with 

19.10.5.506 NMAC and the New Mexico Mining Act (NMMA) Rules.  Subsequently, the New 

Mexico Mining and Minerals Division (MMD) issued Permit No. SF002RE.  In a letter dated 

September 26, 2019 to LAC, the MMD requested an update to the CHMRP Closure/Closeout 

Plan (CCP).  This updated closeout plan addresses reclamation necessitated by Gold Fields' 

mining and processing operations under the responsibility of LAC. 

1.1  Purpose of Plan 

The updated CCP describes closure, remediation, and reclamation actions which LAC 

will take for those areas not yet fully reclaimed.  Figure 3 is a site map showing the facilities that 

have undergone reclamation and financial release, and the facilities not yet fully reclaimed.  The 

primary facilities requiring additional reclamation include: 

1. Open Pit 

2. Waste Rock Pile 

3. RO Pond 

4. Dolores Gulch Acid Rock Drainage (ARD) treatment system 

CHMRP will be completed to the standards set forth in 19.10.5 NMAC as well as New 

Mexico Water Quality Control Commission (NMWQCC) regulations as specified in Discharge 

Plan DP-55 and Abatement Plan AP-27.   
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Figure 1.  Regional map showing the location of LAC Minerals (USA) LLC property, Santa Fe County, New Mexico. 
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Figure 2.  Map showing access roads and mine facilities, Cunningham Hill Mine Reclamation Project, Santa Fe County, New Mexico. 
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Figure 3.  Aerial photograph showing locations of Gold Fields operation mining and  

processing units, and borrow areas used for reclamation. 
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1.2  Regulatory Authority 

The New Mexico legislature enacted the New Mexico Mining Act (NMMA) requiring 
that closeout plans be put in place for applicable mines within the State in 1993.  Rules to 
implement the requirements of the NMMA were promulgated in 1994.  This CCP was prepared 
to comply with applicable regulations and requirements stipulated in the NMMA and NMAC 
Title 19, Chapter 10, Part 5, New Mexico Water Quality Act (NMWQA), and the New Mexico 
Water Quality Control Commission (NMWQCC) Regulations (NMAC Title 20, Chapter 6, 
Parts 2 and 4).  The requirements of those laws are addressed in the conditions of LAC’s permits 
SF002RE (permit revision 96-1), DP-55 (renewal permit pending), and AP-27 (re-issued 2002).  

1.3  Project History 

Mining in the vicinity of the CHMRP dates back at least to 1828, when gold was discovered 
by Mexican citizens.  By 1865, the first stamp mill was operating in the Ortiz Mountains.  
Numerous owners and operators explored and mined in the area before Gold Fields developed the 
Cunningham Hill deposit in 1979. 

Gold Fields developed and operated an open pit mine and processed the ore using cyanide 
heap leach methods.  Waste rock material mined from the Open Pit was placed in the Waste Rock 
Pile.  Ore was crushed and placed on an impervious asphalt leach pad, where it was leached with a 
dilute cyanide solution to extract the recoverable gold.  Following leaching, the spent ore was rinsed 
with fresh water, removed from the leach pad, and placed in the Residue Pile.  The mine operated 
until 1987 under New Mexico Environment Department (NMED) Discharge Plan 55 (DP-55). 

Following Gold Fields operations, the mining and processing units remaining at CHMRP 
site included the Open Pit, Waste Rock Pile, ore treatment unit, Residue Pile, roads, and ancillary 
units.  Operations had disturbed approximately 305 acres.  For several of these units—including 
the Waste Rock Pile and the Residue Pile—groundwater is being remediated and protected under 
plans approved in DP-55 by the NMED pursuant to the NMWQA.  The locations of mining, 
processing units, and borrow areas are shown on Figure 3.  

Between 1996 and 2020, reclamation has been completed and financial release has been 
issued for most of the disturbed areas created by the Gold Field Operations (Fig. 3).  Significant 
strides in groundwater and surface water remediation have been achieved, such as groundwater 
plume clean up downgradient of the Residue Pile, reduction in ARD generated from the Waste 
Rock Pile, reduction in contaminants in the Dolores Gulch groundwater plume downgradient of 
the Waste Rock Pile, and ARD source controls for the Open Pit water body. 
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Remaining reclamation efforts are required for the following units: 

1. Open Pit reclamation and water treatment as required by AP-27 

2. Final cleanup of Residue Pile groundwater plume (DP-55) 

3. Removal and reclamation of Dolores Gulch ARD treatment system (SF002RE, DP-55) 

4. Final cleanup of Dolores Gulch groundwater plume (DP-55)  

5. Open Pit Reclamation (Permit No. SF002RE) 

6. Waste rock pile erosion repairs (Permit No. SF002RE, DP-55) 

7. RO Pond reclamation (Permit No. SF002RE, DP-55) 

8. Residue Pile Remediation Treatment Ponds (Permit No. SF002RE, DP-55) 

1.4  Description of Updated Plan 

 A significant portion of CHMRP has been reclaimed and released from financial 
assurance (Table 1; Fig. 3).  The updated plan addresses the remaining facilities undergoing final 
reclamation efforts, which include the Open Pit, the Waste Rock Pile, ARD Treatment Facility in 
Dolores Gulch, Freshwater Makeup Ponds, and plugging and abandonment of monitoring wells.  
The acreage of disturbance is summarized in Table 1.  This updated CCP also includes:  

Appendix A - the NRCS soil survey information for the site,  

Appendix B - an Updated Contingency Plan that describes measures which would be 
undertaken to address certain probable or possible future environmental 
conditions at CHMRP,   

Appendix C - the CHMRP Forest Management Plan that addresses wildfire mitigation 
measures, forest health improvements, and invasive species management,   

Appendix D - photographs of the current open pit conditions,  

Appendix E - Open Pit evaluation report that addresses revised open pit filling scenarios 
and the revised AP-27 open pit remediation plan,  

Appendix F - RO pond reclamation report that specifies closure design methods, 

Appendix G - CHMRP revegetation monitoring procedures, and  

Appendix H - report regarding justification for open pit waiver for self-sustain ecosystem 
requirements specified by the MMD, and request for open pit waiver. 
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Table 1.  Disturbed acreage summary table for 

Cunningham Hill Mine Reclamation Project 
 

unit 
acreage 

disturbed 
status 

Open Pit 34.13 

pit waiver requested for 14.53 
acres; pending 19.60 acres 

reclaimed; revised AP-27 open 
pit pool reclamation plan in 

progress 

Waste Rock Pile 71.43 pending; largely reclaimed,  
except for RO evap. pond 

Residue Pile 47.82 reclaimed and released 

Ore Treatment Unit and surface facilities 75.02 reclaimed and released 

borrow areas 120.70 reclaimed and released 

roads 11.60 primary access to  
remain for PMLU 

ARD Treatment Facility 2.26 pending ARD mitigation 

TOTAL 362.96  

Total released 243.54  

Total pending 107.82  

Total to remain for PMLU 11.60  

RO evap. – reverse osmosis evaporation 
PMLU – post-mining land use 
ARD – acid rock drainage 

 
 
 Documents cited in this CCP are incorporated by reference.  Copies of all cited 

documents have been provided to the Mining and Minerals Division (MMD) of the New Mexico 

Energy, Minerals and Natural Resources Department, provided to the NMED, or appended as 

part of this updated plan. 
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2.0  PERMITS AND REGULATORY REQUIREMENTS 

Section 69-36-11B(3) of the NMMA requires that the CCP specify the work to be done 

within a specific time frame that, if followed, will reclaim the physical environment to a 

condition that allows for the reestablishment of a self-sustaining ecosystem following closure, 

unless the Director waives the requirement to achieve a self-sustaining ecosystem.  The CCP is 

required under 19.10.5.506 NMAC to contain: 

1. a description of the work proposed and a schedule showing the incremental 
work to be performed and the time required for various phases of the closeout,  

2. a list of all state and federal permits required and evidence that they have been 
issued or a schedule of anticipated issue dates,  

3. a map of the permit area, and  

4. additional information needed for the Director to evaluate the plan. 

A description of the work proposed is contained in Sections 5.0, 6.0, and 7.0 of this 

updated CCP.  A schedule for completion of the work to be performed in the closeout is 

contained in Section 8.0 of this updated CCP.  A list of all state and federal permits is provided 

in Table 2.  A map of the permit area is shown as Figure 2.  Additional maps of the project area 

are provided in other figures included in this updated CCP.  Design limits and general 

engineering specifications for the initial reclamation at CHMRP were submitted with the 

original CCP. 

The CCP presents all of the information required by NMMA Rule 5.6 and, if followed, 

will achieve the requirements of Section 69-36-11B(3). 

Discharge plan DP-55 has significant impact on the site groundwater reclamation 

requirements.  It sets forth the specific plan for implementing the NMWQA and the NMWQCC 

regulatory requirements for protection and remediation of groundwater affected by the Waste 

Rock Pile and Residue Pile. 

Alternative Abatement Plan AP-27 sets forth the surface water and groundwater 

protection standards and monitoring requirements for discharges associated with the Open Pit 

water body. 

  



JSAI  9 
 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

 

 

Table 2.  Summary of Cunningham Hill Mine Reclamation Project Permits 
 

permit/approval agency purpose 

Discharge Plan DP-55 
(renewed 11/20/2020) 

NMED Groundwater 
Quality Bureau 

discharges to groundwater from Residue Pile, 
Waste Rock Pile 

Abatement Plan AP-27  
(update in progress) 

NMED Groundwater 
Quality Bureau 

Open Pit surface-water standards and discharges  
to groundwater 

Cunningham Hill Mine 
Reclamation Project 
Permit 

New Mexico Energy, 
Minerals and Natural 

Resources Department, 
Mining and Minerals 

Division 

Permit #SF002RE, issued August 1995 for the 
reclamation of disturbed lands related to the Gold 
Fields mining operation to achieve self-sustaining 
ecosystem status for the designated post mining 
land uses of wildlife and livestock 

RG-32970, RG-3707-A, 
RG-18479, 4775, and  
RG-36607 

New Mexico Office  
of the State Engineer 

• pit dewatering 
• supply wells (PW77-1, PW79-2) 
• diversion from Upper Cunningham Gulch 
• Interceptor Wall ARD diversions 
• Dolores Gulch recovery wells 
• Residue Pile recovery wells 
• Guest House Well (RG-36607-POD3) 

approved 1997, amended 2015 

National Stormwater 
Discharge Permit U.S. EPA 

submitted Notice of Intent September 1992; 
approval granted February 1993; modification of 
pollution prevention plan completed in 1996 

NPDES Permit  U.S. EPA permit for outflow from Open Pit into  
Cunningham Gulch  

Section 404 Permits U.S. Army Corps  
of Engineers 

nationwide permits applicable to road crossings 
and other disturbances 
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3.0  EXISTING FACILITIES AND CONDITIONS 

For the updated CCP, existing facilities include those that require reclamation or 

additional reclamation.   

3.1  Location and Mine Permit Area 

CHMRP is located on the northeast flank of the Ortiz Mountains, approximately 31 miles 

southwest of Santa Fe and approximately 46 miles northeast of Albuquerque, New Mexico.  The 

legal description for the CHMRP area is as follows: 

➢ An unsurveyed portion of Township 13 North, Range 8 East; and 

➢ An unsurveyed portion of Township 13 North, Range 7 East. 

The project is accessed by traveling south on Highway 14 from Santa Fe to County Road 55 

and proceeding south on County Road 55 to the end of Gold Mine Road.  Figures 1 and 2 show 

location and access. 

3.2  Description of Existing Mine Facilities 

3.2.1 Cunningham Hill Mine Open Pit 

The Cunningham Hill Open Pit is located on the northeast flank of the Ortiz Mountains.  

Cunningham Hill forms the northeast side of the Open Pit.  Excavation of the Open Pit began at 

an elevation of approximately 7,200 feet above mean sea level (ft amsl) on the south slope of 

Cunningham Hill.  Mining ceased at the 6,665 ft amsl.  Figure 4 presents a topographic map 

showing existing access roads.  Mining activities associated with the Cunningham Hill Open Pit 

disturbed approximately 34 acres.  The disturbed area now consists of: 

1. reclaimed area around the Open Pit rim 

2. Open Pit water body 

3. access roads 

4. areas to be reclaimed 

5. inaccessible disturbed areas that are naturally reclaimed 
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Figure 4.  Topographic map of Cunningham Hill Mine Reclamation Project showing  
DP-55 and AP-27 groundwater monitoring networks.  
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The pre-mining surface elevation of groundwater in the Open Pit area was approximately 

6,900 to 6,910 ft amsl near the center of the Open Pit and varied from about 6,925 ft amsl on the 

upgradient south side, to approximately 6,895 ft amsl on the downgradient northeast side 

(Hydro-Geo Consultants, Inc., 1994a).  Dewatering from the open pit, PW77-01, and PW79-02 

by Gold Fields during mining lowered the water level approximately 235 ft.  The water level in 

the Open Pit rebounded from 6,660 to 6,780 ft amsl in the 10-year period after mining ceased.  

The surface elevation of the Open Pit waterbody was approximately 6,800 ft amsl as of 

June 2020. 

Following the cessation of mining from the Cunningham Hill Open Pit in 1987, there has 

been localized raveling of slopes in the Open Pit, with the most pronounced area being the south 

wall.  A geotechnical investigation was conducted to evaluate the probable long-term stability of 

the Cunningham Hill Open Pit slopes (Call & Nicholas, Inc., 1994).  The Open Pit walls and 

topography were examined and pre-mining geology reports were reviewed in support of the 

study.  The evaluation concluded that the current post-mining configuration is stable and that the 

probability of the occurrence of a large-scale slope failure is low.  As previously noted, localized 

raveling of Open Pit walls will continue to occur naturally over time, with the upper south wall 

already being predominantly a talus slope.  Localized raveling will not impact post-reclamation 

land uses or public safety. 

Originally, it was predicted that the Open Pit would fill from the Upper Cunningham 

Gulch surface water diversions to an elevation of 6,900 ft amsl in 35 years (Adrian Brown 

Consultants, Inc., 1997).  Furthermore, it was predicted that filling with stormwater would 

inundate Acid Wall Seeps (AWS) and improve water quality.  Secondary benefits of the Open 

Pit filling included a more favorable Open Pit waterbody configuration for wildlife access.  The 

study concluded that the Open Pit waterbody would not become acidic with time and would not 

detrimentally affect local surface and groundwater resources. 

Infiltration of stormwater through fractures to the pit walls resulted in oxidation of 

sulfides causing AWS and degraded the quality of the Open Pit waterbody.  The original remedy 

specified in AP-27 included Reverse Osmosis treatment to reduce sulfate and TDS 

concentrations followed by filling of the Open Pit with stormwater.  Reverse Osmosis treatment 

was performed in 2002 and 2003.  The treatment efforts were not successful for the long term 

because of the lack of AWS source controls and effects of RO treatment method on open pit pool 

water quality.   
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JSAI (2011) prepared a revised Open Pit waterbody reclamation plan for AP-27 to 

address source controls followed by treatment to meet AP-27 water quality standards.  The 

revised AP-27 remediation plan was approved by NMED (2012).  Implementation of source 

controls occurred between 2012 and 2018, and included: 1) repairs to the Upper Cunningham 

Gulch diversion to mitigate the infiltration of stormwater into fractures that report to the open pit, 

2) stormwater controls in and around the Open Pit, and 3) resurfacing access roads and some 

bench areas with caliche.  The revised AP-27 remediation plan does not rely on filling of the 

Open Pit with stormwater to meet water quality standards; instead, the revised plan relies on 

source controls to prevent AWS.  As determined by long-term monitoring and model calibration, 

the Open Pit water body has achieved near steady-state level at 6,800 ft amsl elevation (JSAI, 

2011; JSAI, 2020).   

3.2.2  Reclaimed Waste Rock Pile 

The Waste Rock Pile (Fig. 2) was created during the Cunningham Hill Mine Open Pit 

and heap-leach operations between 1979 and 1987.  The Waste Rock Pile contains overburden 

(with disseminated pyrite) removed from the Cunningham Hill Mine Open Pit that was placed in 

Upper Dolores Gulch.  The Waste Rock Pile covers an area of about 72 acres.   

Leachate from the Waste Rock Pile discharged to groundwater in Dolores Gulch during 

the early 1990s.  The leachate contained ARD with low pH, elevated total dissolved solids 

(TDS), and elevated metals concentrations.  The ARD Interceptor Wall was constructed at the 

toe of the Waste Rock Pile prior to reclamation of the Waste Rock Pile in 1995. 

Reclamation of the Waste Rock Pile included re-contouring, addition of lime to the upper 

12 in. of scarified waste rock, placement of soil cover, construction of 5,000 ft of synthetically-

lined stormwater channels, and re-vegetation (Golder Associates and Schafer and Associates, 

1993).  Approximately 300,000 cubic yards (yd3) of rock-fill material were added to the Waste 

Rock Pile for re-contouring.  Lime was applied to the re-contoured surface at 20 to 60 tons per 

acre, which resulted in an 8- to 10-in. layer.  Approximately 155,000 yd3 of imported cover soil 

was spread evenly across the Waste Rock Pile resulting in an average thickness of 18 in.  This 

cover was applied in two “lifts.”  The lower lift consisted of 6 to 8 in. of subsoil, which was a 

coarser material high in natural lime, while the upper lift consisted of 10 to 12 in. of topsoil 

composed of a sandy-clay loam.   
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The Waste Rock Pile reclamation was completed around 1996, but the vegetative cover 

did not mature until 2005.  An RO evaporation pond was constructed on top of the Waste Rock 

Pile as part of the Open Pit water treatment conducted in 2002 to 2003.  Between 2011 and 2016, 

significant improvements were made to shed stormwater runoff and reduce the potential for 

cover erosion.  The stormwater diversion features also assisted with reducing infiltration and 

generation of ARD.  During 2019, the East Groin stormwater channel was investigated and 

found to be a potential source for infiltrated stormwater into the Waste Rock Pile (WRP).  In 

2021, repairs to the East Groin stormwater channel were made by filling voids in the East Groin 

rip rap with a two-part polyurethane resin (Meridiam Partners, 2021). 

The DP-55 groundwater monitoring system includes monitoring wells in Dolores Gulch 

downgradient of the ARD Interceptor Wall and two wells completed beneath the Waste Rock 

Pile.  Monitoring wells are shown in Figure 4. 

3.2.3  ARD Treatment Facility 

The ARD treatment facility in Dolores Gulch is for treatment of intercepted leachate 

from the Waste Rock Pile, which consists of ARD.  The ARD is collected behind a grouted 

Interceptor Wall in French drains, and reports to the ARD collection ponds.  The collected ARD 

is gravity-fed from ARD collection ponds, to ARD treatment ponds and evaporation ponds.  The 

ARD collection, treatment, and evaporation ponds are shown in Figure 3.  The ponds are 

synthetically-lined, with liners that are made of 80-millimeter high-density polypropylene 

material.  There is a network of monitoring wells downgradient of the ARD ponds that provide a 

leak detection system.   

ARD in the collection pond downgradient of the Interceptor Wall (sometimes referred to 

as “pond A”) is transferred via gravity to a second collection pond (sometimes referred to as 

“pond B”) adjacent to two ARD treatment ponds.  Before the ARD collection ponds reach 

capacity, the ARD is transferred to one of the two treatment ponds (synthetically-lined ponds 

adjacent to pond B), where it is treated with lime solution.  The treated water is released to the 

two synthetically lined ARD evaporation ponds, located northeast of the treatment ponds, for 

passive evaporation.  A 1-ft freeboard is maintained in all ponds.  Three recovery wells are 

operated below the Interceptor Wall, and captured groundwater is discharged into ARD 

collection pond A.  
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To maintain capacity in the treatment ponds, sludge was removed and disposed of on top of 

the Waste Rock Pile in a designated disposal area (see Fig. 3).  The NMED approved the sludge 

disposal plan as part of DP-55.  ARD sludge was removed, disposed in the designated area, covered 

and revegetated.  Vegetation surveys have been performed to evaluate revegetation efforts. 

Visual inspections of the recovery wells, collection lines, and lined ponds are performed 

monthly (NMED, 2020).  The visual inspection includes checking for the presence of leaks, 

condition of liners and equipment, and pond freeboard.  During times of excessive precipitation 

events, more frequent visual inspections are made on the ARD flow, pond capacity, and freeboard. 

In the event that the total storage capacity of the ARD system of 7.8 acre-feet is exceeded 

and all treated ARD cannot be evaporated, LAC will discharge the excess treated ARD to the 

permitted land application areas.  The land application areas will only receive treated ARD on an 

emergency basis, such as during high precipitation, to avoid overflows or spills at the ARD 

treatment and evaporation ponds.  The ARD flows to the collection pond and recovery wells are 

measured or metered, and the volume of water collected is reported quarterly to the NMED as part 

of the DP-55 monitoring report. 

As a result of source controls implemented between 2011 to current, Waste Rock Pile ARD 

flows have significantly decreased to where only ARD ponds A and B have been utilized for 

discharge by evaporation.  The lime treatment system and ponds have not been in use for over a 

decade. 

3.2.4  Access and Haul Roads 

All haul roads associated with Gold Field operations have been reclaimed, and only 

access roads remain at the site.  As part of the CHMRP Forest Management Plan, access roads 

will be maintained for County and State firefighting needs and Post Mining Land Use (PMLU).  

Existing access roads are shown on Figure 4. 

3.2.5  Ancillary Units 

Remaining ancillary units include the Office/Maintenance shop building and surrounding 

area (see Fig. 3).  Utilities constructed in support of the project include power lines, septic 

systems, and a water distribution system for the Office/Maintenance shop building. The 

Office/Maintenance shop building is a prefabricated structure located approximately 700 ft 

southeast of the reclaimed leach pad.   
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Previously existing aboveground tanks have been removed from the site.  The tanks 
included a diesel tank, and an unleaded gasoline tank located in the vicinity of the 
Office/Maintenance shop building.  The residual hydrocarbon-contaminated soils were excavated 
and removed from the site.  A letter report was submitted to NMED describing the results of 
implementing the Corrective Action Plan (Camp Dresser & McKee, Inc., 1995).   

The Office/Maintenance shop building and surrounding area has been designated for 
industrial use during reclamation and post-mining land use (Approved in MMD Permit 
Modification 17-1 for Permit No. SF002RE).  No reclamation efforts are anticipated.  Section 9.A.2 
of Permit Modification 17-1 to Permit No. SF002RE requires a building inspection certification 
once every 5 years for the duration of Permit No. SF002RE. 

3.3  Past and Current Land Uses 

The pre-mining uses of the land at the site were primarily livestock grazing, wildlife 
habitat, and mineral exploration and development.  Mineral exploration activity has occurred on 
and off since 1836.  Figure 5 is a July 8, 1958 aerial photograph of the Open Pit and Waste Rock 
Pile areas prior to Gold Fields mining operation.  Prior to mining, the Open Pit area was about 
75 percent disturbed from historical mining, with about 25 percent undisturbed.  Vegetation is 
relatively sparse for the undisturbed area. 

PMLU, as anticipated by this updated CCP, is and will continue to be for wildlife habitat.  
Livestock grazing may occur in the future if landownership changes.  Currently, no livestock 
graze on the permit area.   

3.4  Environmental Setting 

The environmental setting of the CHMRP area is described in the site assessment 
(WESTEC, 1994a) that was prepared pursuant to NMMA (69-36-5).  The site assessment was 
submitted to the MMD on July 7, 1994.  Updated site assessment information was included in 
the Permit Application (WESTEC, 1994b) submitted to MMD on December 29, 1994. 

3.4.1  Topography 

The CHMRP site is located on the northern flank of the Ortiz Mountains.  The landscape 
is classified as fault-block mountains with low-hill landforms (NRCS, 2007).  Slopes range from 
20 to 50 percent.  Land surface elevation ranges from 6,500 to 7,500 ft amsl (Fig. 4).  In general, 
the topography is rugged with moderate to steep slopes throughout the permit area. 
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Figure 5.  Aerial photograph from July 8, 1958, showing historic mining disturbance  

prior to Gold Fields mining operations. 
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Cunningham Hill, Cunningham Gulch, and Dolores Gulch are the primary topographic 

features in the permit area.  Upper Cunningham Gulch, receiving watershed to the Open Pit, 

includes an area of about 1,300 acres with an elevation range of 7,000 to 8,900 ft amsl.  The 

Waste Rock Pile and Residue Pile were re-contoured to match the undisturbed area topography.   

3.4.2  Geology 

The oldest rocks exposed in the CHMRP area are sedimentary rocks of the Cretaceous 

Mesaverde Group.  They range from coarse-grained quartzites to fine-grained argillites and shales.  

Clastic sedimentary rocks of the early Tertiary Galisteo Formation unconformably overlie the 

Mesaverde rocks.  Igneous rocks ranging in age from 62 to 30 million years before present intrude 

the Mesaverde and Galisteo section.  Volcanics and volcanic-vent breccia associated with the 

intrusives locally host sulfide and gold mineralization (Lindquist, 1980; Maynard, 1990). 

The northeast-trending Tijeras-Golden fault system and the northwest-trending La Bajada 

fault and dike trend converge in the Ortiz Mountains.  Mineralization in the CHMRP area is 

associated with a pipe-like body near the intersection of the Tijeras-Golden fault zone and cross-

cutting faults in Cunningham Gulch (Lindquist, 1980; Maynard, 1990).  Mine dewatering 

primarily occurred from the open pit, PW77-01, and PW-79-02 completed in the Golden Fault 

zone.  Some alluvium can be found along Dolores Gulch. 

3.4.3  Climate 

The project site is located in the Central Highlands climatic region of New Mexico.  The 

area has a mild, semi-arid, continental climate, characterized by light precipitation totals, 

abundant sunshine, low relative humidity, and wide annual and daily temperature ranges. 

Average annual precipitation for the Golden station, three miles southwest of the project 

site, at an elevation of 6,650 ft amsl, was 12.4 in. for the period 1944 to 1981, and 16.42 in. for 

the period 1979 to 1989 (NOAA, 1989).  Most of the annual precipitation falls during the 

summer rainy season.  Summer thunderstorms are usually brief but intense, and occur when 

moisture from the Gulf of California moves over the area.  Annual precipitation measured at the 

site has ranged from 7.49 to 18.55 in./yr, and has averaged 13.27 in./yr over the last 22 years. 

Winter precipitation is caused mainly by Pacific Ocean storm fronts moving from west to 

east.  Most of the precipitation during the winter falls as snow.  Average snowfalls for December 

through February are 4 to 5 in./month; however, snowfall events over 24 in. have been measured.  

In contrast, during drought years, a snowpack may not even develop. 
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Potential evapotranspiration has been estimated from regional weather station data to be 

57.1 in./yr on average.  Potential evapotranspiration is the maximum evaporation and plant 

transpiration that can occur given full availability of water, and is a function of geographical and 

climatic conditions.  Average temperatures at CHMRP in 2019 ranged from 32 degrees Fahrenheit 

in the winter (January, February, and December) to 69 degrees Fahrenheit in the summer (June, 

July, and August). 

LAC maintains a weather station on top of the reclaimed Waste Rock Pile near the RO 

evaporation pond, as well as a heated precipitation gage near the Office/Maintenance shop 

building.  Weather station data were submitted as part of the annual DP-55 report, which 

primarily include temperature and daily precipitation. 

Meteorological data for air quality baseline studies were collected during 1990 for the 

area.  The monitoring station is located approximately 1.5 miles north of the village of Golden 

and approximately 1,000 ft east of New Mexico State Highway 14.  Air quality in the project 

area is characterized as rural with negligible urban effects. 

3.4.4  Surface Water 

Surface water in the CHMRP area is primarily in the form of ephemeral streams that flow 

as the result of spring snowmelt and from summer rainfall. 

In general, two watersheds contribute to surface-water flow in the CHMRP area: 1) the 

Dolores Gulch and 2) Cunningham Gulch watersheds.  Flow in these watersheds is intermittent 

and no historical gaging stations existed.  Runoff derived from Upper Cunningham Gulch 

diverted to the Open Pit has been measured since 2011 at an established weir equipped with a 

transducer (Table 3).  Measured stormwater diversions are reported to the New Mexico Office of 

the State Engineer (NMOSE).  

Measurable flows from Upper Cunningham Gulch did not occur until after repairs were 

made to the diversion channel in 2015 (Table 2).  The relatively high flows recorded in 2019 are 

likely a result of watershed thinning that occurred in 2018 combined with a few large 

precipitation events. 

The only permanent surface-water body at the mine site is the waterbody formed from the 

Open Pit.  The elevation of the water in the Open Pit in June 2020 was 6,800 ft amsl, equivalent 

to a calculated water volume of about 190 acre-feet. 
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Table 3.  Measure flow from Upper Cunningham Gulch 
 

year 
Upper Cunningham Gulch diversion 

channel weir flow (ac-ft) 

2011 0.00 
2012 0.00 
2013 0.01 
2014 0.00 
2015 0.79 
2016 0.15 
2017 1.73 
2018 1.54 
2019 20.15 
2020  

ac-ft - acre-feet 

3.4.5  Groundwater 

Subsurface waters in the CHMRP area lie in the alluvium and in the deeper bedrock, 
which consists of fractured weathered and unweathered igneous and sedimentary rocks.  
Hydraulic conductivity and storage coefficient for the bedrock units is exceptionally low except 
in the immediate vicinity of the fractured ore body at the Open Pit.   

The groundwater is typically either a calcium-carbonate type, calcium-bicarbonate type, 
or calcium-sulfate type.  The variability in water type occurs mainly due to differences in 
lithologies along groundwater flow paths.  The DP-55 and AP-27 groundwater monitoring 
networks can be referenced from Figure 4.  Additional groundwater characteristics can be 
referenced from DP-55 annual reports. 

3.4.6  Soils 

Soils in the permit area have been mapped by the Natural Resources Conservation Service 
(NRCS) (formerly Soil Conservation Service).  Figure 6 is an NRCS (2007) soils map for the 
CHMRP area.  The predominant soil type is the Pegasus extremely cobbly loam (map unit 514); 
previously mapped by the NRCS as Rock Outcrop (SCS, 1975).  Pegasus extremely cobbly loam 
profile is typically less than 14 in. with the parent material consisting of slope alluvium and 
colluvium derived from monzonite.  The soil has a water holding capacity of 1.2 in., and is 
considered well drained.  NRCS soil survey information can be referenced from Appendix A.   
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Figure 6.  Soil survey map for Cunningham Hill Mine Reclamation Project, Santa Fe County, New Mexico. 
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3.4.7  Vegetation 

A vegetation baseline study was prepared for the CHMRP area (Elliott, 1991).  This 

study identified and sampled eight native plant communities for species composition, canopy 

coverage, production, and the presence of rare or sensitive plants.  The flora of the project area is 

composed of elements typical of the Rocky Mountains, Great Basin, and Sonoran/Chihuahuan 

Desert areas.   

The lower elevations of the CHMRP area consist of blue grama grasses with less 

dominant grass species such as ring muhly, galleta, and Western wheatgrass.  Vegetation within 

the mid-elevations of the project area include piñon pine, one-seed juniper woodland, Gambel 

oak, hairy grama grass, and mutton grass. Vegetation at the highest elevations includes a mixture 

of conifers such as piñon pine, Douglas fir, white fir, ponderosa pine, and Rocky Mountain 

juniper.  Dominant shrubs at high elevations include rock-spiraea, chokecherry, and mockorange. 

Sensitive plants are those species listed pursuant to the federal Endangered Species Act 

as threatened or endangered, or candidates for federal protection.  In addition to federally 

designated species, the New Mexico Forestry and Resources Conservation Division (1995) has 

designated State List 1 species.  State List 1 plant species are defined as follows: 

➢ The taxon is listed as threatened or endangered under the provisions of 
the federal Endangered Species Act (16 U.S.C. Sections 1531 et seq.), or 
is considered proposed under the tenets of the Act; or 

➢ The taxon is so rare across its range within the state and of such limited 
distribution and population size that unregulated collection could 
jeopardize its survival in New Mexico. 

Surveys for threatened, endangered, and sensitive plant species were conducted in June 

1991 (Elliot), in the vicinity of CHMRP.  No federally threatened or endangered species were 

found in the CHMRP area.  Wright's fishhook cactus, a State List 1 species, was identified in the 

Carache Canyon and Lucas Canyon areas of the Ortiz Mountains. 

The NRCS (2007) includes the following potential native vegetation for Pegasus extremely 

cobbly loam: two-needle pinyon, one-seed juniper, true mountain mahogany, blue grama, and 

sideoats grama (see Appendix A). 
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3.4.8  Wildlife 

Wildlife populations and habitat were surveyed during 1990 and 1991 within proximity 
to CHMRP (Metric Corporation, 1991).  Three primary wildlife habitats were identified: piñon-
juniper woodland habitat, upper slope habitat, and drainage habitat.  No evidence of golden eagle 
nesting sites was observed in the environmental study area, which included the CHMRP site.  
One golden eagle nest site is known in the Ortiz Mountains; however, it is several miles away 
from CHMRP.  Two red-tailed hawk nests (one abandoned), one possible Cooper's hawk 
territory, and one flammulated owl territory were recorded on the south side of the Ortiz 
Mountains.  Wildlife observed within proximity to the project site are shown in Table 4, and 
photographs can be referenced from Appendix D.  No threatened or endangered wildlife species 
were identified to occur within proximity to the CHMRP area. 
 

Table 4.  Wildlife observed within proximity to the  

Cunningham Hill Mine Reclamation Project site 
 

common name scientific name 

desert cottontail rabbit Sylvilagus audubonii 

woodrat Neotoma lepida 

black-tailed jackrabbit Lepus californicus 

mule deer Odocoileus hemionus 

cougar Felis concolor 

bobcat Felis rufus 

coyote Canis latrans 

black bear Ursus americanus 

skunk Mephitis californium 

Bewick's wren Thryomanes bewickii 

plain titmouse Parus inornatus 

Rufous-sided towhee Pipilo erythrophthalmus 

mountain chickadee Parus gambeli 

red-breasted nuthatch Sitta canadensis 

white-breasted nuthatch Sitta carolinensis 

scrub jay Aphelocoma coerulescens 

Source:  Metric Corporation, 1991. 



JSAI  24 
 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

4.0  RECLAMATION COMPLETED 

Mining at the Cunningham Hill site ceased in 1987.  Reclamation activities completed 

thus far for the Waste Rock Pile include grading, recontouring, placing soil cover, revegetating, 

diverting surface waters around and away from the Waste Rock Pile, re-completion of the Upper 

Cunningham Gulch surface-water diversion to the Open Pit, and stormwater controls within the 

Open Pit watershed.  This work has been conducted pursuant to discharge plan DP-55 under the 

supervision of NMED to satisfy the requirements of the NMWQA and NMWQCC regulations.  

In addition, LAC has regraded and seeded the original borrow area; removed the crushing 

facilities; and removed the metallurgical laboratory and the process plant.  

Reclamation of the units at CHMRP were completed so that the physical environment of 

the site would allow for the reestablishment of a self-sustaining ecosystem, pursuant to Section 

69-36-11B(3) of the NMMA.  Previous closure, remediation, and reclamation activities are 

discussed for each unit at CHMRP in the following sections. 

4.1  Reclaimed Topography 

Post-reclamation topography at the Cunningham Hill Mine site has been designed to 

blend with the surrounding natural topography and to ensure long-term stability.  The post-

reclamation topography provides effective protection from water and wind erosion and facilitates 

the reestablishment of productive vegetative communities which are beneficial to wildlife found 

in the project area.  Post-reclamation topography for the Cunningham Hill Mine site is shown on 

Figure 4. 

The Open Pit was designed to remain as a topographic depression containing a freshwater 

body.  The Cunningham Gulch Diversion Channel was constructed to route surface-water flows 

from Upper Cunningham Gulch into the Open Pit.  The channel has a grade of approximately 

0.5 percent and was constructed with maximum side slopes of 2.5H:1V.  An outlet control 

structure from the Open Pit at 6,990 ft amsl elevation and a channel were constructed to route 

flow from the Open Pit to the lower Cunningham Gulch drainage course.   

The final Open Pit waterbody elevation will vary between 6,800 and 6,840 ft amsl (JSAI, 

2020).  Overall slopes in the Open Pit above the final Open Pit waterbody elevation will range 

from 1H:1V to 3H:1V.  Catch benches are spaced vertically on the Open Pit walls at intervals 

generally ranging from 25 to 50 ft.  The talus slope above the south wall of the Open Pit, which 

will not be disturbed, slopes at approximately 1.3H:1V. 
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The Waste Rock Pile has been regraded leaving maximum slopes of approximately 

3H:1V.  Benches were constructed on long slopes at intervals of approximately 35 vertical ft. 

All structures in the ore treatment unit area, including crushers, leach pad, ponds, and 

process plant, have been removed, the area was regraded to blend with the surrounding 

topography, and the lower Cunningham Gulch drainage course was restored. 

The Residue Pile surface was reconfigured to produce a more natural appearing land 

form which includes two minor hills.  The Residue Pile side slopes were recontoured to an 

average overall slope of 3.5H:1V.  Intermediate slopes of 3.0H:1V were separated by catch 

benches at intervals of approximately 35 ft.  The surface of the Residue Pile was recontoured to 

promote surface water drainage toward the back and sides of the Residue Pile, from where a 

perimeter diversion ditch conveys the stormwater flows into natural drainage courses 

downgradient of the Residue Pile.  In conjunction with the recontouring of the Residue Pile, the 

Residue Pile catchment pond was eliminated.  Regrading of the east slope of the Residue Pile 

filled in the majority of the pond.  The catchment embankment was regraded to the west to fill in 

the remainder of the pond. 

The primary access roads will remain in place for post-mining land uses.  Other roadways 

have been reclaimed and graded to blend with the surrounding topography. 

4.2  Open Pit 

In 1992, the uppermost portions of the north, west, and east sides of the Open Pit were 

graded and 8-ft-high berms were placed to intercept and divert runoff.  The remaining berms 

were completed during reclamation.  The existing Cunningham Hill Channel was blocked at its 

junction with Cunningham Gulch and the area regraded to direct surface water flowing in Upper 

Cunningham Gulch into the Open Pit via a new Cunningham Gulch Diversion Channel.  Riprap 

was placed in the Open Pit along the path of flow as required to provide for erosion protection 

while the Open Pit is filling.  An outlet control structure was constructed at the low point of the 

Open Pit crest at the 6,990-ft amsl elevation to regulate flows from the Open Pit waterbody.   

In the event that the Open Pit filled, a channel was constructed to route flow from the 

Open Pit outlet control structure to the lower Cunningham Gulch channel when outflows occur 

(Adrian Brown Consultants, Inc., 1996).  The channel is designed to carry the 100-year, 24-hour 

storm event (Adrian Brown Consultants, Inc., 1996). 
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The Open Pit perimeter was fenced with a 5-ft-high, five-strand wire fence.  Approaches 

to the Open Pit were posted with weather-resistant metal signs warning of steep slopes in the 

Open Pit.  Gates preventing vehicle access are maintained at the entrance to the property on the 

access road, and on the access road adjacent to the Open Pit area. 

The Open Pit slopes on the northwest, west, and south walls above the Open Pit access 

road were locally regraded as practicable to achieve gradients of approximately 3H:1V or less.  

Regraded areas were covered with 12 in. of growth medium and seeded.  Open Pit benches on 

the upper southeast wall above the access road were graded as practicable to blend with the 

adjacent talus slope.  The benches were covered with 12 in. of growth medium and seeded.  

Figure 7 illustrates the current post-reclamation topography in the area of the Open Pit. 

The uppermost portions of the north, west, and east sides of the Open Pit were graded and 

8-ft-high berms were placed to intercept and divert runoff away from the edge of the Open Pit.  

Stormwater collecting on roadways in the Open Pit has been directed away from benches into the 

Open Pit waterbody. 

In the mid-1990s, the original intent for reclamation of the Open Pit was to allow 

stormwater runoff from Upper Cunningham Gulch to fill the Open Pit and inundate the AWS.  

The Open Pit rim area was reclaimed with cover material, and filling of the Open Pit with 

stormwater was to reclaim the remaining benches and pit walls below the 6,945-ft amsl 

elevation.  The CCP was approved in 1996, and then amended in 2001 to accommodate AP-27.  

As approved in 1996, approximately 7.24 acres of Open Pit walls and benches would remain un-

reclaimed.  Filling of the Open Pit with stormwater is to reclaim 13.8 acres of Open Pit benches 

and walls. 

Figure 7 presents the Open Pit watershed and status of areas within the Open Pit watershed.  

The original Open Pit reclamation plan recognized 34.13 areas of disturbed area from the Gold 

Fields mining operation, and called for reclamation of 26.89 acres (78.8 percent of disturbed area).  

For the updated plan, the 1996 reclaimed areas were adjusted to include portions of the Open Pit 

watershed, which changes the total area from 34.13 acres to 40.26 acres (see Fig. 7; 

70.51-acre watershed minus 30.25 undisturbed acres).  The Open Pit waterbody has achieved a 

current steady-state water-level elevation of about 6,800 ft amsl, which has a surface area of 

2.82 acres. 

Over the last 6 years, approximately 3,500 yd3 of caliche has been added to roads and 

accessible benches within the open pit. 
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Figure 7.  Aerial photograph of Open Pit showing undisturbed, disturbed, and  

reclaimed areas, Cunningham Hill Mine Reclamation Project. 
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4.3  Waste Rock Pile 

The Cunningham Hill Waste Rock Pile is located west of the Open Pit (Fig. 3) and covers 
an area of approximately 72 acres.  An estimated 10 million tons of waste material were mined from 
the Cunningham Open Pit and placed in the Waste Rock Pile. 

The reclamation activities completed by LAC on the Waste Rock Pile relate to remediation 
measures that were approved by NMED in DP-55.  These activities have been undertaken on the 
Waste Rock Pile in order to decrease runoff infiltration into the Waste Rock Pile, thereby lowering 
the volume of water flowing from the toe of the Waste Rock Pile.  Specifically, the Waste Rock Pile 
has been recontoured and revegetated, and drainage control has been added.  Monitoring has shown 
revegetation success with the reestablishment of a stable and productive vegetation community 
appropriate for PMLU.  There has been a substantial decrease in the volume of water emanating 
from the toe of the Waste Rock Pile (see DP-55 annual reports). 

4.3.1  Recontouring and Cover System 

Between fall 1991 and spring 1992, a remediation plan (Golder Associates and Schafer & 
Associates, Inc., 1992) was prepared for the Waste Rock Pile.  The plan was submitted to and 
approved by NMED under DP-55, and the remediation work was largely completed in October 
1992.  The work included regrading and recontouring to an overall slope of 3H:1V (horizontal to 
vertical), constructing diversion structures to control stormwater run-on, covering with growth 
medium and revegetating the Waste Rock Pile; and constructing the Interceptor Wall and 
treatment system to intercept and treat leachate. 

The surface of the Waste Rock Pile was regraded in 1992 to a maximum overall slope of 
3H:1V.  Benches were constructed at intervals of approximately 35 vertical ft.  The Waste Rock 
Pile was covered in two steps.  First, a layer of lime was spread over the surface of the Waste 
Rock Pile and disked into the waste rock material.  Then an 18-in.-thick layer of cover soil was 
applied.  The cover was designed to reduce the infiltration of surface water into the Waste Rock 
Pile, limit oxygen diffusion, and provide the growth medium necessary to support revegetation.  
Subsequent to the lime addition and cover soil placement, the Waste Rock Pile was seeded.  

In 1994, a site investigation was conducted (Schafer & Associates, Inc., 1995a) to evaluate 
2.5 acres on the north face of the Waste Rock Pile which had not received adequate soil cover 
during previous reclamation activities.  The site investigation concluded that the upper benches of 
the face of the Waste Rock Pile needed to be regraded to reestablish drainage to the east channel.  
Reclamation measures to increase top soil depth and regrade the drainage were completed in 1995. 
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The soil cover was seeded with grasses and forbs and growth medium was established.  In 
addition, trees and shrubs, primarily consisting of piñon pine and ponderosa pine, were planted on 
north- and east-facing slopes.  Initial vegetation surveys of the reclaimed Waste Rock Pile were 
conducted in September 1993, 1994, and 1995 (Metric Corporation, 1993, 1994, 1995c).  Results of 
the vegetation monitoring program are presented in Table 5.  As shown, the area reclaimed in 1992 
and seeded in 1993 supported an herbaceous cover primarily consisting of annual grasses 
(0.3 percent).  Perennial grasses and forbs account for the remaining vegetative cover (20.6 and 
13.7 percent, respectively).  A second planting program for the Waste Rock Pile and surrounding 
area was completed in July 1994, at which time over 13,310 tree and shrub seedlings were planted.   

Vegetation monitoring results indicate that revegetation efforts conducted to date have been 
successful at re-establishing a productive vegetation community (Metric, 1995c, 1995d).   

Cedar Creek Associates, Inc. has performed vegetation surveys of the reclaimed areas 
approximately every 3 years since 1999.  An established reference area (approved by MMD in 
1997) was sampled to facilitate comparison to the reclaimed areas.  The 2017 revegetation survey 
indicated ground cover data and associated species diversity collected from the Waste Rock top and 
slopes areas are in excellent condition and readily pass bond release standards for ground cover and 
species diversity (Cedar Creek Associates, Inc., 2018). 

 
Table 5.  Vegetation monitoring results 1  

 

 
reclamation year 

lifeform 

1993 

(percent cover) 

mid-1990s 

(percent cover) 

undisturbed 5 

(percent cover) 

1993 1 1994 1 1995 2 1993 3 1994 3 1995 4 1993 1994 1995 

annual grass 17.0 0.2 0.3 0.0 0.1 0.3 0.0 0.0 0.0 
perennial grass 2.9 7.7 20.6 18.5 16.7 22.5 24.5 25.7 21.6 
forbs 7.3 17.4 13.7 6.6 2.1 8.8 3.2 3.3 3.9 
shrubs 0.0 0.0 0.0 0.1 0.1 0.0 11.9 10.4 13.6 
trees 0.0 0.1 0.0 4.5 3.6 0.0 0.0 0.0 0.0 
litter 23.7 17.3 18.9 11.8 12.1 28.1 2.1 3.1 6.8 
standing dead 0.0 7.3 1.5 5.0 3.0 5.9 0.0 0.0 0.0 
Source: Metric Corporation, 1995c 
1   Includes transects PR-1, PR-2, PR-3 and PR-6. 
2   Includes transects PR-1, PR-2 and PR-3. 
3   Includes Transects PR(O)-4 and PR(O)-5. 
4   Includes transect PR(O)-5. 
5   Includes transect P-7. 
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4.3.2  Surface-Water Diversions 

In 1992, four diversion structures were constructed to route surface water run-on from 

upgradient watersheds across and around the Waste Rock Pile (Fig. 8).  The location of these 

diversion structures is specified in DP-55.  Three of the structures are synthetically-lined 

channels referred to as the Cunningham Channel, Dolores Channel, and South Channel.  The 

geomembrane-lined channel is known as the Rock Lined Channel or the East Groin Channel. 

Cunningham Channel is blocked at the Upper Cunningham Gulch diversion, so surface 

water from Upper Cunningham Gulch routes into the Open Pit.  Dolores Channel intercepts 

surface water from Dolores Gulch and routes it around the northwest boundary of the Waste 

Rock Pile for discharge into a separate subdrainage of Dolores Gulch.  The South Channel 

collects runoff from the area immediately south of the Waste Rock Pile and directs it to the 

Cunningham Channel which runs across the top of the Waste Rock Pile and discharges into a 

separate subdrainage of Dolores Gulch.  The East Groin Channel, located on the east side of the 

face of the Waste Rock Pile, intercepts runoff from the west slope of Cunningham Hill and 

collects runoff from the face of the Waste Rock Pile.  These flows are then diverted into Dolores 

Gulch downgradient of the Waste Rock Pile and Interceptor Wall. 

JSAI (2012) performed liner inspections on Cunningham and South Channels.  Trees 

removed from the channels were found to be growing on top of the liner, and the liner was found 

to be in excellent condition.   

During 2015, stormwater runoff from the north slope of the Waste Rock Pile was 

evaluated and improvements were made to shed stormwater to the west along the western edge 

of the Waste Rock Pile, and to convey collected stormwater into HDPE piping along the East 

Groin Channel.  North slope stormwater runoff direction is illustrated on Figure 9.  

 The East Groin Channel was repaired during April 2021. The purpose of the East Groin 

stormwater channel was to limit infiltrated stormwater into the WRP.  The repairs to the East 

Groin stormwater channel were made by filling voids in the East Groin rip rap with a two-part 

polyurethane resin (Meridiam Partners, 2021). 
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Figure 8.  Map showing surface-water diversion channels, Waste Rock Pile, Cunningham Hill Mine Reclamation Project, 
Santa Fe County, New Mexico. 
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Figure 9.  Aerial photograph showing direction of stormwater flow from benches on the north slope of the Waste Rock Pile, 

Cunningham Hill Mine Reclamation Project, Santa Fe County, New Mexico. 
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4.3.3  ARD Mitigation 

In December 1993, NMED required that LAC develop a plan for the remediation of a low-

pH groundwater plume in Dolores Gulch, downgradient of the Waste Rock Pile.  In response to this 

request a report was prepared (Hydro-Geo Consultants, Inc., 1994b) describing a proposed remedial 

plan which included installing a grout curtain underneath and at the ends of the Interceptor Wall.  

This work was incorporated into a modification to DP-55 that was approved by NMED in October 

1994 (Secretary of Environment, 1994). 

Groundwater monitoring conducted in 1993 after installation of the Interceptor Wall 

indicated the presence of low-pH water downgradient from the Interceptor Wall.  A geophysical 

survey (Zonge Engineering and Research Organization, Inc., 1993) was conducted to identify zones 

of higher hydraulic conductivity.  Based on results of the survey, a program was developed to 

remediate the plume of low-pH groundwater downgradient of the Interceptor Wall in Dolores 

Gulch. 

The remediation plan included the installation of a grout curtain in the underlying bedrock 

near the Interceptor Wall.  The grouting program is described in detail in Report in Support of the 

Proposed First Modification of DP-55, Ortiz Project, Santa Fe County, New Mexico (Hydro-Geo 

Consultants, Inc., 1994b) and Grouting Program, Dolores Gulch, Ortiz Project (Hydro-Geo 

Consultants, Inc., 1994c). 

Evaluations of water-quality data and water-level data from monitoring wells downgradient 

of the grouted Interceptor Wall indicate that the grouted Interceptor Wall is working effectively to 

control the flow of ARD from the Waste Rock Pile (JSAI, 2020a). 

The Interceptor Wall ARD collection system gravity drains ARD to collection ponds and 

treatment system; collectively called the ARD Treatment System.  Impacted groundwater in 

Dolores Gulch downgradient of the Interceptor Wall is remediated by Dolores Gulch Recovery 

wells RW97-01, RW97-02, and RW97-03. 

A soil moisture monitoring system was installed on the top and north face of the Waste 

Rock Pile and monitoring was performed from 2012 to 2016 (JSAI, 2016).  The source of ARD was 

identified as originating from preferential flow path(s) rather than infiltration through cover.  The 

soil moisture sensors showed that the store-and-release cover material performed as designed by 

limiting infiltration during a very wet monsoon season; meanwhile, repaired stormwater controls 

were effective in minimizing infiltration along preferential flow paths, and ultimately minimizing 

ARD (JSAI, 2016).   
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Additional investigation on the East Groin Channel of the Waste Rock Pile north slope was 
performed by JSAI (2019).  It was recommended to remove the HDPE piping system and evaluate 
the option of installation of a liner type material that does not require removal of the boulders and 
riprap.  The renewed DP-55 required a corrective action plan that addressed potential issues with the 
East Groin Channel stormwater controls.  Repairs were implemented in April 2021 (see 
Section 4.3.2) 

4.4  ARD Treatment System 

In 1992, the leachate interceptor and ARD Treatment System were installed, with NMED 
approval under DP-55, to intercept alluvial and surface water in Dolores Gulch moving 
downgradient from the Waste Rock Pile and to chemically treat this low-pH water.  The system 
consists of the following: 

➢ An Interceptor Wall installed in bedrock across Dolores Gulch below the 
toe of the Waste Rock Pile; 

➢ A collection system to transfer ARD collected at the Interceptor Wall 
via gravity to a lined collection pond; 

➢ A lime treatment system with lined settling ponds; and 

➢ Two lined ponds to evaporate lime-treated water. 

Design details of the leachate interceptor and ARD Treatment System are contained in 
Cunningham Hill Waste Rock Storage Facility Water Treatment and Reclamation Plan (Golder 
Associates and Schafer & Associates, Inc., 1993).  The lime and evaporative treatment system was 
designed to have the capacity to store the flow from the interceptor system, precipitation from a 
maximum wet year, and the precipitation from a 100-year, 24-hour storm event, while retaining 
adequate freeboard.  Figure 10 is an aerial photograph showing the ARD Treatment System. 

During February 2010, a weir box equipped with a transducer was installed on the line to 
ARD Collection Pond A.  Continuous monitoring of ARD flows has been ongoing since March 
2010.  ARD flow averaged 7.3 acre-feet per year (ac-ft/yr) from 1991 to 2005, and from 2005 to 
2019 ARD flow has averaged 0.7 ac-ft/yr (0.43 gpm).  ARD flow was 0.23 ac-ft in 2020. 

For the past 12 years, the lime treatment system and associated settling and evaporation 
ponds have not been needed because ARD flows have been significantly reduced as a result of 
stormwater controls implemented on the north slope (JSAI, 2020a).  Currently, intercepted ARD 
is gravity drained to ARD Collections A and B, and evaporated.  
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Figure 10.  Aerial photograph showing ARD Treatment Facilities, Dolores Gulch, Cunningham 

Hill Mine Reclamation Project, Santa Fe County, New Mexico. 
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5.0  RECLAMATION PERFORMANCE OBJECTIVES 

Additional reclamation activities to be completed in the future include: 

➢ Waste Rock Pile - reclaiming the RO evaporation pond on top of the 
Waste Rock Pile, and improvements to the East Groin drainage, Waste 
Rock Pile cover maintenance and/or improvements, as needed; 

➢ Open Pit – Open Pit water treatment as required by AP-27; Self-
Sustaining Ecosystem evaluation, regrading, placing growth medium, 
and revegetating portions of the Open Pit;  

➢ ARD Treatment System - remove the lime treatment system 
downgradient of the Waste Rock Pile Interceptor Wall; grading, 
recontouring, placing growth medium as necessary; and 

➢ Residue Pile Treatment Ponds 

Reclamation goals and objectives are designed to be consistent with the NMMA.  The 

goals are to provide short-term and long-term stabilization, closure, and reclamation of the site.  

Short-term goals include interim reclamation activities and management practices to control and 

prevent soil loss emanating from water and wind erosion, and to promote wildlife use of the site.  

The long-term goal of reclamation is to establish a post-operation environment that is compatible 

with existing and future land uses.  An additional goal at this site has been to remediate and 

protect groundwater and surface water to comply with the NMWQA and NMWQCC regulations.  

This goal is being actively pursued under the supervision of NMED pursuant to DP-55 and 

AP-27, as specified in the Updated Contingency Plan (Appendix B). 

A wildlife impact analysis was completed (Metric Corporation, 1995b) in September 

1995 to analyze the long-term implications for wildlife of implementing the reclamation 

measures proposed in the CCP.  The study concluded that the reclamation plans to be 

implemented at the Cunningham Hill Mine site will produce vegetative communities similar to 

native surrounding areas and result in habitats that will be beneficial to the wildlife found in the 

project area.  However, the study did not recognize that the pre-Gold Fields mining vegetative 

communities were stressed from historical human activities (for example, see Fig. 5).  
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The reclamation performance objectives should also reflect the undisturbed area as modified 
by the CHMRP Forest Management Plan (Wood, 2017) (see Appendix C).  The Forest 
Management Plan calls for selective thinning to accomplish the following: 1) enhance the stand 
composition, 2) return ecosystem function by improving habitat and food for wildlife, and 3) reduce 
the risk of uncharacteristic fire.  Approximately 250 acres in the permit area have already been 
treated.  Total treatment area can be referenced from Appendix C.   

Undisturbed reference area has been established for assessing reclamation success standards 
for the previously reclaimed areas (see Cedar Creek Associates, Inc., 2018).  Additional reclamation 
of remaining disturbed areas related to the Open Pit should consider a separate reference area. 

The following sections discuss the reclamation goals and PMLU at CHMRP and 
addresses remaining reclamation activities.   

5.1  Open Pit 

A waiver for the Open Pit Self Sustaining Ecosystem requirements is requested, as detailed 
in Appendix H.  Given that the open pit has not, and likely will not, fill with stormwater as 
originally planned, it has been determined that the open pit cannot feasibly re-establish a self-
sustaining ecosystem as defined by 19.10.1.7.S(2) NMAC.  The PMLU will remain the same.  The 
pit waiver is for 16.55 acres of un-reclaimed open pit walls and benches illustrated on Figure 7. 

Reclamation performance objectives are to protect livestock and wildlife and to maintain 
water-quality standards specified in the NMED updated AP-27 permit (pending).  AP-27 requires 
that the open pit pool meets applicable water-quality standards.  Wildlife habitat has already been 
documented for the Open Pit waterbody (see photographic documentation in Appendix D), in which 
perimeter fencing will be installed to limit entry from humans and wildlife (see Section 6.1).  
Reclamation performance objectives include the following: 

1. Plan according to the steady-state Open Pit waterbody elevation equal to or 
greater than 6,800 ft amsl 

2. Perform water treatment on Open Pit waterbody following successful source 
control measures (in progress). 

3. Reclaim portions of the Open Pit area that will assist with source controls, and 
sustain water-quality standards (see Fig. 7).  Allow for natural revegetation of 
inaccessible pit walls and benches, such as what has already occurred over the 
last 25 years.    

4. Adhere to water-quality protection requirements in AP-27 or AP-27 as may be 
updated in the future, such as pH mitigation. 
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As required by the NMMA Rules, the revised surface-water standards in 20.6.4.99 NMAC 

will replace the current AP-27 surface-water standards (see Appendices E and H).  One of the 

Open Pit waterbody AP-27 performance standards will be meeting surface water quality standards 

for wildlife specified in 20.6.4.99 NMAC.  As indicated in JSAI (2020 revised 2021), included as 

Appendix E to this CCP, “The January 2021 open pit water-quality results meet the revised surface 

water quality standards for wildlife, livestock, and secondary contact.”  Appendices E and H 

provide additional details on surface water quality standards and the Open Pit waterbody. 

5.2  Waste Rock Pile 

The reclamation performance objective for the reclaimed Waste Rock Pile is based on 

achieving a self-sustaining ecosystem for wildlife by performing four criteria:  

1. Reclaim RO evaporation pond after successful completion of Open Pit 
waterbody treatment, as specified in DBS&A (2018),  

2. Improve stormwater conveyance along the East Groin of the North Slope 
(completed), 

3. Add soil-mulch-seed mix to localized areas eroded prior to completion of 
stormwater drainage improvements (a timeline to complete improvements 
will be provided with workplan), and  

4. Limit the production of ARD to where passive treatment is self-sustaining. 

5.3  ARD Treatment Facility 

The reclamation performance objective for the ARD Treatment Facility is to remove 

components of the facility that are no longer needed, reclaim the disturbed area, and establish a 

self-sustaining ARD treatment system where passive treatment is available using only collection 

ponds A and B.  Vegetation monitoring of reclaimed areas will be performed using the same 

methods are previous reclaimed areas that have been released. 
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6.0  RECLAMATION PLAN 

This chapter discusses the methods and materials for implementing the final reclamation 
of remaining selected disturbed areas at CHMRP.  The Office/Maintenance shop building and 
adjacent two freshwater ponds will remain for industrial PMLU.  Access roads, as identified on 
Figure 4, will remain to accommodate site access, to implement the Forest Management Plan, 
and to provide access for emergency services such as firefighting.  

6.1  Open Pit 

Existing Open Pit reclaimed areas are shown on Figure 7.  Reclamation of 21.92 acres 
around the open pit perimeter has been completed. A pit waiver is requested for 14.60 acres of 
disturbed area related to the open pit walls and benches. 

The roadway around the northeast side of the Open Pit has been reduced to minimal size, 
and will be maintained for access to the Upper Cunningham Gulch area.  Approximately 12 in. 
of caliche have already been added to access roads in and around the open pit.  Some additional 
mulch and seed mix may be added to the area adjacent to the access roads and where needed to 
stabilize stormwater controls.  As required by MMD, to prevent humans and wildlife from 
entering the pit area, an 8-ft-high chain-link fence buried 2 ft below ground where practicable, 
will be installed around the open pit perimeter. 

Un-reclaimed portions of the Open Pit will remain as naturally reclaimed disturbed area.  A 
Pit Wavier for self-sustaining ecosystem is requested, as described in Appendix H (Section 4.3).  

No re-vegetation of the 14.60 acres of open pit walls, and benches are proposed.  Native 
grasses, shrubs and trees have already been established in places of the Open Pit undisturbed area 
(see photographic documentation in Appendix D).   

6.2  Waste Rock Pile 

Closure of the RO evaporation pond includes removal of the upper portion of the HDPE 
liner, regrading and vegetation of the pond area, and installation of stormwater and subsurface 
seepage control measures (DBS&A, 2018).  Total area is 3.85 acres.  The report by DBS&A (2018) 
is included as Appendix F.  The bottom and a 1-ft height of liner will be left in place in order to 
capture any seepage water that infiltrates the regraded soil cover.  After the upper portion of liner is 
removed, regrading will commence using the stockpiled cover soil immediately surrounding the 
pond as a source of fill.  The soil from the soil stockpile located northeast of the Office/Maintenance 
shop building will be used for the upper portion of soil cover. 



JSAI  40 
 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

A few areas of localized erosion on the North Slope have been identified by JSAI (2019).  
Erosion of these areas occurred before stormwater conveyance improvements were made between 
2012 and 2016.  Total area is less than 0.25 acre.  These localized areas will be filled with soil-
mulch mix stockpiled near the Office.  The approved grass seed mix used for other WRP 
reclamation efforts will be placed after cover placement.   

East Groin improvements will include the installation of a fill-type material that functions as 
a liner but does not require removal of the boulders and riprap, by creating a liner in the void spaces 
between the boulders and riprap.  No soil cover or seed mix will be required.   

6.3  ARD Treatment Facility 

The first phase will include removal of lime treatment system, and ARD lime treatment 
ponds (also sometimes referred to as settling ponds) illustrated on Figure 10.  Total area is 1.1 acres.  
The lime silo and all related lime treatment equipment will be removed from the site.  Closure of the 
ARD treatment ponds includes removal of the upper portions of the HDPE liners, and regrading and 
vegetation of the pond area, and installation of stormwater control measures.  The bottom and a 1-ft 
height of liner will be left in place in order to capture any seepage water that infiltrates the regraded 
soil cover.  After the upper portion of liner is removed, regrading will commence using the soil 
immediately surrounding the ponds and lime treatment unit.  Based on results from nearby 
monitoring well drilling, there is significant thickness of un-contaminated sulfide-free soil and 
colluvium.  A minimum of 18 in. of soil cover will be placed over the reclaimed areas.  Mulch from 
the stockpile located northeast of the Office/Maintenance shop building will be applied to the 
regraded area.  A reclamation plan will be submitted to the MMD and NMED for approval 30 days 
prior to commencing the ARD treatment facility reclamation. 

Closure and reclamation of ARD evaporation ponds will occur after ARD has reduced to 
an average flow rate of 0.5 ac-ft/yr for a 10-year period, with a maximum probable annual peak 
flow rate of 1.5 acre-feet.  ARD evaporation ponds will be reclaimed in the same way as the 
treatment ponds.  Following closure of the ARD evaporation ponds, a passive ARD treatment 
facility using collection ponds A and B will be implemented. 

6.4  Residue Pile Remediation Ponds 

The Residue Pile remediation ponds (Fig. 3) will be closed and reclaimed when DP-55 

obligations are achieved.  As specified in renewed DP-55, “the permittee shall implement the 

approved closure plan for each mine unit once it is no longer required as a component of the 
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groundwater abatement systems.”  Closure of the Residue Pile Remediation ponds includes 

removal of the upper portions of the HDPE liners, and regrading and vegetation of the pond area, 

and installation of stormwater control measures.  The bottom and a 1-ft height of liner will be left 

in place in order to capture any seepage water that infiltrates the regraded soil cover.  After the 

upper portion of liner is removed, regrading will commence using the soil immediately 

surrounding the ponds.   

Based on results from nearby monitoring well drilling, there is significant thickness of un-

contaminated sulfide-free soil and colluvium.  A minimum of 18 in. of soil cover will be placed 

over the reclaimed areas.  Mulch from the stockpile located northeast of the Office/Maintenance 

shop building will be applied to the regraded area.  A reclamation plan will be submitted to the 

MMD and NMED for approval 30 days prior to commencing the reclamation.  Revegetation will be 

performed according to the specifications provided in Sections 6.5 through 6.7. 

6.5  Growth Medium for Final Reclamation 

Top soil or growth medium was not salvaged prior to the construction of mining and 

processing facilities at CHMRP, and growth medium produced on-site from borrow areas has 

been fully utilized.  Growth medium for remaining reclamation projects will include soil and 

mulch stockpiled from previous projects at the site, and imported caliche.  Stockpiled trees will 

need to mulched and mixed with stockpiled soil. 

The growth medium volumes needed to reclaim the remaining facilities at CHMRP are 

presented in Table 6.  The volume of available on-site growth medium is approximately 8,000 yd3. 

 

Table 6.  Growth medium volume requirements 
 

area 
total volume 

(yd3) 

Open Pit 0 

Waste Rock Pile 200 

Reverse Osmosis (RO) Ponds 2,200 

Acid Rock Drainage (ARD) Treatment Facility 2,420 

Residue Pile Remediation Ponds 2,000 
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6.6  Seeding 

Seeding techniques will be similar to those used previously to reclaim the Waste Rock 

Pile and the original borrow area.  However, the shrub mix and seedlings will be exclusive of 

grass seedings, and will be sown in a mosaic pattern so that each seed mixture will be planted as 

a non-continuous strip running on the contour.  This technique will minimize plant establishment 

competition, thereby allowing for a more hardy, tolerant plant population for long-term success.  

The approach to revegetation presented in the following sections is based on previously 

approved CCP, and reclamation methods employed. 

Tables 7 and 8 present the proposed seed mixtures and application rates for use at 

CHMRP, except for the Waste Rock Pile and the original borrow area, which have already 

been revegetated using seed mixtures and application rates approved by MMD.  The seed 

mixtures in Tables 7 and 8 were developed based on climatic conditions at the site and the 

pre-mining vegetative community.  The species list includes warm season grasses, cool season 

grasses, and forbs.   

The seed mixes in Tables 7 and 8 will be used on all areas to be reclaimed in the future 

after cover placement.  Some substitutions to the proposed seed mixtures may be necessary 

depending on seed availability and seasonal conditions.  Any substitutions will be evaluated 

for consistency with the proposed seed mixtures and the climatic conditions at the site and the 

pre-mining vegetative community.  LAC will request approval of substitutions from MMD 

prior to seeding.  

Seeding rates will vary according to seeding conditions and methods.  In general, seeding 

rates will be doubled when broadcast seeding is used.  Seeding will be coordinated to occur as 

soon after seedbed preparation as possible.  Drill seeding will be used on all accessible slopes.  

Broadcast seeding or hydroseeding will be used on slopes which are narrow, small, or 

inaccessible by drill seeding equipment. 

Grass hay or straw mulch at the rate of 1 ton/acre will be applied to drill-seeded areas, 

followed by application of a tackifier.  Wood fiber mulch will be applied to hydroseeded areas at 

a rate of 2 tons/acre followed by application of a tackifier. 
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Table 7.  Cunningham Hill Mine Reclamation Project Seed Mix 1  

for warmer and drier site conditions 
 

species 

drill seed rate  

pure live seed  

(lbs/acre) 

species 

characteristics 

blue grama; Bouteloua gracilis 2.0 warm season 

indian ricegrass; Oryzopsis hymenoides 1.0 warm season 

sideoats grama; Bouteloua curtipendula 1.0 warm season 

galleta; Hilaria jamesii 1.0 warm season 

sand dropseed; Sporobolus cryptandrus 0.25 warm season 

Great Basin wildrye; Elymus cinereus 2.0 cool season 

purple prairie clover; Petalostemum purpureum 0.2 Forb 

palmer penstemon; Penstemon palmeri 0.1 Forb 

lewis flax; Linum lewisii 0.5 Forb 

scarlet globemallow; Sphaeralcea coccinea 0.1 Forb 

TOTAL 8.15  

 
 
 

Table 8.  Cunningham Hill Mine Reclamation Project Seed Mix 2 

 for wetter and cooler site conditions 
 

species 
drill seed rate pure live 

seed (lbs/acre) 

species 

characteristics 

spike muhly; Muhlenbergia wrightii 0.5 warm season 

blue grama; Bouteloua gracilis 2.0 warm season 

indian ricegrass; Oryzopsis hymenoides 2.0 cool season 

lewis flax; Linum lewisii 0.5 Forb 

purple prairie clover; Pentalostemum purpureum 0.5 Forb 

Rocky Mountain penstemon; Penstemon strictus 0.5 Forb 

prairie coneflower; Ratibida columnifera 0.25 Forb 

TOTAL 6.25  
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6.7  Trees and Shrubs 

Native tree and shrub species will be planted within the areas previously designated for tree 

planting where soil and water conditions will support growth.  No trees are proposed for the RO 

evaporation pond reclamation area on the Waste Rock Pile.  A map showing proposed grassland-

revegetated and woodland revegetated units for the ARD Lime Treatment system and pond area 

and Residue Pile Remediation Pond area will be submitted with the perspective reclamation plans. 

Favorable sites for trees and shrubs include drainages, east- and north-facing slopes.  Table 

9 lists tree and shrub species proposed for reclamation.  Piñon pine will be planted on warmer and 

drier slopes, while ponderosa pine and piñon pine will be planted on cooler, wetter slopes.  Tree 

and shrub species including one-seed juniper, Gambel oak, mountain mahogany, New Mexico 

Locust, fourwing saltbush, and skunkbush sumac will be planted in selected reclaimed areas.   

Trees will be planted in groups at a closer spacing (4 to 8 ft), with planting groups spaced 

farther apart (50 to 75 ft).  The pattern is designed to simulate the natural density and arrangement 

of trees.  The planting pattern will be limited to areas such as the ARD lime treatment system and 

ponds.  Containerized tree saplings will be planted one per hole. 

 

Table 9.  Woody species to be used for reclamation 
 

species 

drill seed rate  

pure live seed  

(lbs/acre) 

value 

piñon pine; Pinus edulis sapling seeds, cover 

New Mexico Locust; robinia neomexicana 4.0 seeds, cover 

ponderosa pine; Pinus ponderosa sapling seeds 

Gambel oak; Quercus gambelii 3.0 cover, browse 

mountain mahogany; Cercocarpus montanus 4.0 cover, browse 

fourwing saltbush; Atriplex canescens 5.0 cover, browse, seeds 

skunkbush sumac; Rhus trilobata 4.0 browse, berries, cover 

chamisa; Chrysothamnus nauseosus 1.5 cover, seeds, browse 

apache plume; Fallugia paradoxa 0.5 shrub 

TOTAL 22.0  
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The planting time will be determined by site conditions such as soil moisture, soil 

temperature, air temperature, aspect, and accessibility.  Generally, mid-summer or early fall 

plantings are preferable to take advantage of late summer rains and winter precipitation.  Nursery 

stock will not be handled when the air temperature is below freezing.  Planting will not be 

conducted when the ground is frozen or completely dry. 

Depending upon the condition of the planting area and the type of stock, trees and shrubs 

will be planted using hand tools and/or power-driven augers.  Stems will be planted in the 

appropriate diameter hole according to the size container stock.  Planting will involve placing the 

roots against the rear vertical wall of the hole and spreading the roots in a fan shape.  Each hole 

will then be filled with moist soil.  A shallow basin will be constructed around each seedling to 

trap water.  Controlled release fertilizer or organic amendments will be applied in shallow 

pockets near each seedling. 

Trees will be salvaged in the Forest Management plan areas to the extent practicable for 

use in revegetation of the reclamation areas suitable for trees.  Piñon pines are amenable to 

salvage and replanting operations; however, junipers are not considered candidates for salvage 

because of their root system configuration. 

Equipment-accessible benches and areas above the final Open Pit waterbody elevation 

that are impractical to regrade as described in the previous paragraph will be ripped, covered 

with growth medium and seeded with the appropriate seed mix.  The westside roadway and 

access road corridors in the Open Pit above the final elevation of the Open Pit waterbody will be 

covered with caliche, 12 in. of growth medium, and seeded with appropriate seed mix.  A 

roadway of minimal size will be maintained around the northeast side of the Open Pit for access 

during the post-reclamation monitoring period.   

Portions of the Open Pit and pit slopes that cannot be reached by construction equipment 

but exhibit characteristics amenable to vegetative establishment will be seeded as practicable 

using the appropriate seed mix.  The rock outcrop created by the exposed benches and walls will 

create habitat for deer, birds (canyon wren, cliff swallows), and rock squirrels, similar to the pre-

mining Rock Outcrop Complex mapped by the NRCS (see Appendix A).   
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6.8  Revegetation Success Monitoring 

 Revegetation success will be evaluated based on the following factors: 

➢ Comparison to an approved reference area representative of the pre-existing 
vegetation communities and/or desirable ecological conditions; 

➢ Plant species present in the proposed (and planted) seed mixes; and 

➢ The PMLU (wildlife and livestock grazing). 

From a baseline vegetation survey conducted in 1991 (Elliot), existing vegetation at the 
mine site consists of 1) piñon pine/one-seed juniper/muttongrass in the lower elevations, 2) piñon 
pine/Gambel oak communities in the mid elevations, and 3) a mixed conifer/Gambel oak 
community in the higher elevations of the site.  Because all three of these are late seral and 
perhaps disclimactic communities, certain allowances must be made when comparing them to 
early seral revegetated communities, otherwise comparisons would be scientifically invalid.  The 
two principal allowances involve the density of woody species and the overall species 
composition.  Details of these allowances are presented in subsequent sections. 

Total vegetative cover, composition, and to a lesser degree density of woody species are 
important factors in determining the success of revegetation efforts.  However, of primary 
importance to reclamation success is the achievement of soil stabilization.  Without soil stability, 
revegetation efforts may regress along the successional continuum and thereby preclude the 
achievement of long-term land use goals.  If revegetation success criteria are achieved, it can 
reasonably be assumed that soil stability will be achieved. 

The long-term goal of revegetation efforts at the CHMRP site is to restore the permit area 
to a self-sustaining ecosystem which advances along the successional continuum.  This does not 
necessarily mean that the reclaimed area will exactly replicate the surrounding vegetation 
communities, but that it will successfully support the designated post-mining land uses.  In fact, 
it is a desirable condition that the reclaimed area not exactly match the surrounding vegetation 
communities as such community diversity adds significantly to the overall wildlife and habitat 
diversity of the project area.  In this regard, the target reclamation communities include:  1) areas 
of grassland with grasses and forbs dominant, however, an occasional shrub and/or tree may 
occur; and 2) areas of grass/shrub/woodland which exhibit a significant herbaceous component, 
but also a sufficient density of woody plants to place the community structurally midway 
between the existing adjacent woodlands and the newly created and developing grasslands. 
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6.8.1  Proposed Revegetation Standards 

Revegetation success1 in revegetated units planted primarily as grassland will be assessed 
against performance standards for (1) vegetative ground cover, and (2) species diversity.  
Revegetated units planted as shrubland or woodland with woody plants for wildlife habitat must 
meet those same performance standards, plus a performance standard for woody plant density.  
Revegetation efforts will be considered successful when standards have been met at the end of 
the 12-year responsibility period. 

1.  Vegetative Ground Cover Standard 

Vegetative ground cover must meet at least one of the following two tests:  
a)  the total vegetative ground cover (exclusive of annual species)2 in the revegetated 

unit equals or exceeds 75 percent of the approved reference area's total 
vegetative ground cover (exclusive of annual species), with 90 percent statistical 
confidence; or 

b)  the total vegetative ground cover (exclusive of annual species) in the revegetated 
unit equals or exceeds 50 percent of the approved reference area's total 
vegetative cover (exclusive of annual species) with 90 percent statistical 
confidence, and predicted values of soil loss using the Revised Universal Soil 
Loss Equation (RUSLE) are equal to or less than the comparison "T" value (see 
Section 4.4.4), which essentially is the soil genesis rate in tons per acre per year. 

2.  Species Diversity Standard 
Diversity, as indicated by number of important species3 (exclusive of annual 
species and classified noxious weeds) in each revegetated unit, equals or 
exceeds 50 percent4 of the number of important species (exclusive of annual 
species and classified noxious weeds) in the approved reference area. 

3.  Woody Plant Density Standard 
The density of live shrubs and trees (in revegetated units where shrubs and 
trees were specifically planted for wildlife habitat) must be 220 per acre or 
more.  (This standard does not apply to grassland revegetated units.)   

 

    1  The original proposal for determination of revegetation success (Metric Corporation, 1995) required modification to 
more appropriately account for the early stages of development (seral stages) of vegetative communities in 
revegetated units, and to facilitate a "same time" evaluation with a comparison area, thereby avoiding incorrect 
conclusions due to differences in climatic influences over time between comparison areas and the reclaimed areas. 

    2  Annual species are exempted in both the cover and diversity standards because the project area is in a favorable 
climatic environment (e.g., rainfall is sufficient to support a majority of perennial species). 

    3  An important species is defined as one which provides at least 1 percent absolute ground cover or 2 percent relative 
cover, and therefore, contributes more significantly to the community.   

    4  The value of 50 percent is used because the revegetated areas will be early seral communities and the approved 
reference area is late seral.  It is a commonly accepted tenet of ecology that diversity in late seral communities is 
typically much greater than in early seral communities. 
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The reference area for final comparisons to previous reclamation efforts was reviewed 

and approved by MMD personnel on September 2, 1997.  It is located as two side-by-side 

parcels immediately north of the "old topsoil borrow area" which in turn is immediately east of 

the main project facilities.  The reference area is approximately 6.25 acres and is dominated by 

native grassland with scattered mature piñon and juniper (see Map 1 provided by Cedar Creek 

Associates (2020)).  In the interest of maximal comparability between the late seral reference 

area and the early seral revegetated units, ground cover sampling in the reference area will 

exclude mature piñon and juniper trees (any tree over 5 feet in height).  If a mature tree is 

intercepted by a sampling transect, the area internal to the "drip line" of the canopy of the tree 

will be skipped (i.e., the transect will be interrupted and then resumed on the opposite side of the 

tree).  Ground cover of any immature trees intercepted by sampling efforts on either the 

reference or reclaimed area will be appropriately recorded and used in the comparison. 

6.8.2  Revegetation Monitoring 

Reclamation efforts will result in two vegetation types.  The first type is a grassland 

community, with grasses and forbs dominant and a few shrub and tree species.  The second type 

is piñon/juniper community. 

Vegetation success will be monitored through annual inspections, as well as surveys of 

reclaimed areas in years 3, 5, 8, 11, and 12 following reclamation.  Vegetative cover, tree and 

shrub density, productivity, and species diversity within revegetated areas and adjacent 

undisturbed plots will be sampled as described in the revegetation monitoring procedures 

outlined in Appendix G. 
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7.0  POST-RECLAMATION MONITORING AND MAINTENANCE 

The post-reclamation monitoring program for CHMRP is set forth in detail in the 

Updated Contingency Plan which accompanies this CCP as Appendix B.  References to 

Performance Standards in the following sections are to the Performance Standards presented in 

the Updated Contingency Plan.  Waste Rock Pile and Dolores Gulch groundwater quality 

monitoring, performance standards and contingencies are to be specified in DP-55 renewal.  The 

monitoring program will include: 

➢ Open Pit water quality (AP-27 and NMAC); 

➢ vegetation success; 

➢ erosion control; 

➢ drainage channel and diversion structure monitoring; 

➢ slope stability; 

➢ wildlife monitoring, including inspection for damage from burrowing animals; 

➢ site security; and 

➢ routine inspections of all reclaimed units to assess their condition and to detect 
any unusual conditions. 

If the monitoring program described above reveals that repair of any reclaimed feature is 

required, then LAC will proceed with necessary repairs as specified in the Contingency Plan.  

The monitoring period under this CCP will be 12 years from the completion of reclamation 

activities, except for water-quality remediation under DP-55.  If, at the end of 12 years, a 

monitored condition exists that does not meet NMMA requirements, monitoring and remedial 

actions for that condition will be extended beyond 12 years as determined by MMD. 

7.1  Waste Rock Pile and Dolores Gulch Groundwater Monitoring 

All groundwater monitoring, including monitoring of seeps and springs downgradient of the 

Waste Rock Pile, will be conducted in accordance with DP-55 under the supervision of NMED.   
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7.2  Open Pit Waterbody Monitoring 

The monitoring schedules for the Open Pit waterbody are set forth in Performance 

Standard CHP-1:  Open Pit Water Quality.  The long-term monitoring program for the Open Pit 

waterbody is specified in Performance Standard CHP-2:  Open Pit Hydrological Model. 

7.3  Residue Pile Water-Quality Monitoring 

Groundwater monitoring downgradient of the Residue Pile will be conducted in 

accordance with DP-55 under the supervision of NMED.   

7.4  Revegetation Success Monitoring 

Revegetation success monitoring will be conducted in accordance with Permit No. 

SF002RE in addition to Performance Standard SW-1:  Vegetation Standards, and in Section 6.7 

of this CCP.  Monitoring results will be reported as provided in Performance Standard SW-1. 

7.5  Erosion Control 

Monitoring activities for control of erosion of the Residue Pile cover system will be 

conducted in accordance with DP-55 under the supervision of NMED.  The monitoring program 

for the Residue Pile cover is set forth in Performance Standard RP-5:  Breach of Low 

Permeability Layer.  The general site-wide monitoring program for all reclaimed areas is set 

forth in Performance Standard SW-2:  Erosion Control. 

7.6  Drainage Channel and Diversion Structure Monitoring 

Monitoring activities for the Residue Pile drainage structures and drainage channels will 

be conducted in accordance with DP-55 under the supervision of NMED.  The monitoring 

program for the Residue Pile diversion structures and drainage channels is set forth in 

Performance Standard RP-5:  Breach of Low Permeability Layer.  The monitoring program for 

all other drainage channels and diversion structures is set forth in Performance Standard SW-3:  

Maintenance of Drainage Channels and Diversion Structures. 
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7.7  Slope Stability 

The monitoring program for slope stability is set forth in Performance Standard SW-4:  

Slope Stability. 

7.8  Wildlife Monitoring 

The monitoring program for animal damage to the Residue Pile cover is set forth in DP-

55 Performance Standard RP-5:  Breach of Low Permeability layer.  Additionally, the Open Pit 

water quality will be monitored for adverse wildlife impact as set forth in Performance Standard 

CHP-1:  Open Pit Water Quality. 

7.9  Site Security 

Access roads to the permit area will be fenced and appropriate signs will be posted to 

discourage trespassing.  The fencing and the signs will be inspected each quarter for signs of 

deterioration.  The berms, fencing, and warning signs around the Open Pit will be inspected each 

quarter for signs of deterioration. 

7.10  Reporting 

As required by 10.5.509 NMAC, LAC will prepare annual reports and submit them to the 

MMD on or before April 30 of each year.  The reports will describe reclamation activities 

completed the preceding calendar year and, at a minimum, will include the following 

information: 

➢ Status of operation; 

➢ Map(s) delineating the locations of disturbed areas and, if reclaimed, the 
year in which the work was completed; 

➢ Number of acres disturbed, number of acres reclaimed during the 
reporting year, and number of acres which have not yet been reclaimed; 

➢ An assessment of the current market value of any collateral posted as 
financial assurance;  

➢ Compliance status of all existing State and Federal environmental 
permits held by LAC for CHMRP. 
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8.0  RECLAMATION SCHEDULE 

The reclamation schedules for the Open Pit and Waste Rock Pile (RO pond) are 

contingent on successful completion of the Open Pit waterbody treatment as required by AP-27 

(update is in progress by NMED).  Water treatment began in 2021, and will continue for an 

additional three to 4 years (completed by 2025).  Following water treatment, AP-27 requires 

meeting Performance Standard APS-1 which includes Trigger No. 1 (Open Pit pool exceeds 

1,000 mg/L sulfate for a period of eight consecutive quarters) and Trigger No. 2 (Open Pit pool 

exceeds 600 mg/L sulfate but remains below 1,000 mg/L sulfate for a consecutive period of 

8 years (32 quarters)), or according to requirements defined in the pending updated AP-27 

permit. 

The RO Pond reclamation will be performed 8 years after water treatment is completed 

and Performance Standard APS-1 has been met.  The reclamation schedule for the ARD 

Treatment Facility is contingent on requirements to be specified in DP-55 renewal by the NMED 

(2020).   

Estimates of completion times for CHMRP reclamation activities are given below: 

➢ Waste Rock Pile planting (34 days) 

➢ Open Pit reclamation (62 days) 

➢ ARD Treatment Facility (31 days) 

The start-up date for CHMRP reclamation activities is dependent upon permit approval, 

season, and required contractor mobilization time. 
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Soil Survey of Santa Fe County Area, New Mexico 

501—Truehill extremely gravelly loam, 25 to 55 percent 
slopes 

Map Unit Setting 
Major Land Resource Area: 36 
Elevation: 5,500 to 7,400 feet (1,676 to 2,256 meters) 
Mean annual precipitation: 10 to 13 inches (254 to 330 millimeters) 
Mean annual air temperature: 50 to 52 degrees F (10.0 to 11.1 degrees C) 
Frost-free period: 150 to 170 days 

Map Unit Composition 
Truehill and similar soils: 90 percent 
Minor components: 10 percent 

Component Descriptions 

Truehill soils 

Landscape: Fan piedmonts 
Landform: Fan remnants (fig. 60) 
Position on landform: Riser 
Parent material: Alluvium derived from monzonite 
Slope: 25 to 55 percent 
Shape (down/across): Linear/linear 
Surface fragments: About 2 percent well rounded stones; about 15 percent well 

rounded cobbles; about 41 percent well rounded gravel 
Depth class: Very deep 
Drainage class: Well drained 
Slowest permeability: 0.2 to 0.6 in/hr (moderately slow) 
Available water capacity: About 2.8 inches (very low) 
Shrink-swell potential: About 2.8 percent (low) 
Runoff class: High 
Calcium carbonate average in horizon of maximum accumulation: About 40 percent 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 1 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 2 

(slightly sodic) 
Ecological site: Pinus edulis-Juniperus monosperma/Quercus gambelii/Bouteloua 

gracilis 
Potential native vegetation: blue grama, New Mexico feathergrass, black grama, 

sideoats grama, galleta, oneseed juniper, twoneedle pinyon 
Land capability subclass (nonirrigated): 8 

Typical Profile 

A—0 to 4 inches; extremely gravelly loam 
Bt—4 to 7 inches; very gravelly clay loam 
Btk—7 to 12 inches; very gravelly clay loam 
Bk1—12 to 22 inches; extremely cobbly sandy loam 
Bk2—22 to 40 inches; extremely gravelly coarse sandy loam 
Bk3—40 to 49 inches; extremely gravelly coarse sand 
Bk4—49 to 67 inches; extremely gravelly sandy clay loam 
Bk5—67 to 80 inches; extremely gravelly loamy coarse sand 
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Minor Components Composition 

Ildefonso and similar soils: About 5 percent 
Cerropelon and similar soils: About 2 percent 
Sedillo and similar soils: About 2 percent 
Rock outcrop: About 1 percent 
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509—Puertecito-Wandurn-Rock outcrop complex, 30 to 
60 percent slopes 

Map Unit Setting 
Major Land Resource Area: 36 
Elevation: 6,100 to 7,600 feet (1,859 to 2,316 meters) 
Mean annual precipitation: 10 to 15 inches (254 to 381 millimeters) 
Mean annual air temperature: 48 to 52 degrees F (8.9 to 11.1 degrees C) 
Frost-free period: 130 to 170 days 

Map Unit Composition 
Puertecito and similar soils: 60 percent 
Wandurn and similar soils: 20 percent 
Rock outcrop: 10 percent 
Minor components: 10 percent 

Component Descriptions 

Puertecito soils 

Landscape: Fault block mountains (fig. 67) 
Landform: South-facing high hills 
Position on landform: Shoulders, backslopes 
Parent material: Colluvium derived from monzonite over residuum weathered from 

monzonite 
Slope: 30 to 60 percent 
Shape (down/across): Convex/convex 
Surface fragments: About 2 percent angular stones; about 10 percent angular 

cobbles; about 50 percent angular gravel 
Depth class: Shallow 
Depth to restrictive feature: 10 to 20 inches to bedrock, lithic 
Drainage class: Well drained 
Slowest permeability: 0.2 to 0.6 in/hr (moderately slow) 
Available water capacity: About 1.2 inches (very low) 
Shrink-swell potential: About 4.5 percent (moderate) 
Runoff class: Very high 
Calcium carbonate average in horizon of maximum accumulation: About 14 percent 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 1 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 2 

(slightly sodic) 
Ecological site: Hills 
Potential native vegetation: blue grama, Gambel oak, oneseed juniper, black grama, 

broom snakeweed, galleta, twoneedle pinyon 
Land capability subclass (nonirrigated): 7s 

Typical Profile 

A—0 to 2 inches; extremely gravelly coarse sandy loam 
Bt1—2 to 6 inches; very gravelly sandy clay loam 
Bt2—6 to 10 inches; very gravelly clay loam 
Btk—10 to 12 inches; very gravelly loam 
2R—12 to 22 inches; cemented bedrock 
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Wandurn soils 

Landscape: Fault block mountains (fig. 67) 
Landform: North-facing high hills 
Position on landform: Backslopes 
Parent material: Slope alluvium and colluvium derived from monzonite 
Slope: 30 to 60 percent 
Shape (down/across): Linear/linear 
Surface fragments: About 9 percent subangular stones; about 40 percent subangular 

cobbles; about 25 percent subangular gravel 
Depth class: Deep 
Depth to restrictive feature: 39 to 59 inches to bedrock, lithic; 39 to 59 inches to 

bedrock, paralithic 
Drainage class: Well drained 
Slowest permeability: 0.2 to 0.6 in/hr (moderately slow) 
Available water capacity: About 3.2 inches (low) 
Shrink-swell potential: About 4.5 percent (moderate) 
Runoff class: High 
Calcium carbonate average in horizon of maximum accumulation: About 6 percent 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 1 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 2 

(slightly sodic) 
Ecological site: Pinus edulis-Juniperus monosperma/Cercocarpus montanus-

Chrysothamnus nauseosus/Bouteloua gracilis 
Potential native vegetation: oneseed juniper, twoneedle pinyon, muttongrass, true 

mountain mahogany, sideoats grama 
Land capability subclass (nonirrigated): 7s 

Typical Profile 

A—0 to 2 inches; extremely cobbly sandy clay loam 
Bt1—2 to 7 inches; cobbly clay loam 
Bt2—7 to 14 inches; very cobbly clay loam 
Bt3—14 to 25 inches; extremely cobbly sandy clay loam 
Btk—25 to 40 inches; extremely cobbly sandy clay loam 
2Bt4—40 to 43 inches; sandy clay loam 
2Cr—43 to 50 inches; cemented bedrock 
2R—50 to 60 inches; cemented bedrock 

Rock outcrop 

Description: Rock outcrop consists of exposed monzonite bedrock. It occurs as 
steeply sloping bedrock, short cliffs, and knobs intermingled with the Puertecito 
and Wandurn soils. 

Landscape: Fault block mountains (fig. 67) 
Landform: High hills 
Parent material: Monzonite 
Slope: 40 to 160 percent 
Shape (down/across): Linear/linear 

Minor Components Composition 

Paraje and similar soils: About 6 percent 
Penistaja and similar soils: About 3 percent 
Rubble land: About 1 percent 
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Figure 67.—An area of Puertecito-Wandurn-Rock outcrop complex, 30 to 
60 percent slopes. The Puertecito soils are on areas with less trees. 
The Wandurn soils are on areas where the tree density exceeds 35 
percent. 
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510—Cerrillos-Sedillo complex, 1 to 5 percent slopes 
Map Unit Setting 

Major Land Resource Area: 36 
Elevation: 5,600 to 7,200 feet (1,707 to 2,195 meters) 
Mean annual precipitation: 10 to 13 inches (254 to 330 millimeters) 
Mean annual air temperature: 50 to 52 degrees F (10.0 to 11.0 degrees C) 
Frost-free period: 150 to 170 days 

Map Unit Composition 

Cerrillos and similar soils: 60 percent 
Sedillo and similar soils: 30 percent 
Minor components: 10 percent 

Component Descriptions 

Cerrillos soils 

Landscape: Fan piedmonts (fig. 68) 
Landform: Fan remnants (fig. 60) 
Position on landform: Tread 
Parent material: Eolian deposits derived from sandstone and shale over alluvium 

derived from monzonite 
Slope: 1 to 3 percent 
Shape (down/across): Linear/linear 
Surface fragments: About 5 percent subrounded gravel 
Depth class: Very deep 
Drainage class: Well drained 
Slowest permeability: 0.2 to 0.6 in/hr (moderately slow) 
Available water capacity: About 9.7 inches (high) 
Shrink-swell potential: About 4.5 percent (moderate) 
Runoff class: Low 
Calcium carbonate average in horizon of maximum accumulation: About 28 percent 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 2 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 1 

(slightly sodic) 
Ecological site: Loamy 
Potential native vegetation: blue grama, black grama, galleta, ring muhly, broom 

snakeweed 
Land capability subclass (nonirrigated): 6c 

Typical Profile 

A—0 to 4 inches; fine sandy loam 
Bt—4 to 12 inches; clay loam 
Btk—12 to 20 inches; clay loam 
Bk1—20 to 36 inches; gravelly sandy clay loam 
Bk2—36 to 46 inches; sandy clay loam 
Bk3—46 to 59 inches; gravelly sandy clay loam 
Bk4—59 to 86 inches; gravelly sandy clay loam 
Bk5—86 to 94 inches; sandy clay loam 
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Sedillo soils 

Landscape: Fan piedmonts (fig. 68) 
Landform: Fan remnants (fig. 60) 
Position on landform: Tread 
Parent material: Eolian deposits and alluvium derived from sandstone, shale, and 

monzonite 
Slope: 2 to 5 percent 
Shape (down/across): Linear/linear 
Surface fragments: About 5 percent subrounded gravel 
Depth class: Very deep 
Drainage class: Well drained 
Slowest permeability: 0.2 to 0.6 in/hr (moderately slow) 
Available water capacity: About 5.9 inches (low) 
Shrink-swell potential: About 3.4 percent (moderate) 
Runoff class: Low 
Calcium carbonate average in horizon of maximum accumulation: About 40 percent 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 1 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 8 

(slightly sodic) 
Ecological site: Gravelly 
Potential native vegetation: blue grama, black grama, galleta, New Mexico 

feathergrass, oneseed juniper, sideoats grama, twoneedle pinyon 
Land capability subclass (nonirrigated): 6c 

Typical Profile 

A—0 to 3 inches; very fine sandy loam 
BA—3 to 9 inches; loam 
Btk—9 to 15 inches; very cobbly clay loam 
Bk1—15 to 25 inches; extremely gravelly loam 
Bk2—25 to 39 inches; very cobbly sandy loam 
Bk3—39 to 52 inches; cobbly sandy clay loam 
Bk4—52 to 69 inches; gravelly sandy clay loam 
Bk5—69 to 80 inches; gravelly sandy loam 

Minor Components Composition 

Penistaja and similar soils: About 5 percent 
Truehill and similar soils: About 3 percent 
Ildefonso and similar soils: About 2 percent 
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Figure 68.—An area of Cerrillos-Sedillo complex, 1 to 5 percent 
slopes. The Cerrillos soils are in the foreground. The Sedillo 
soils are in the background, where the density of trees is 
greater. 
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511—Wandurn-Alchonzo-Rubble land complex, 35 to 90 
percent slopes 

Map Unit Setting 
Major Land Resource Area: 36 
Elevation: 6,200 to 8,900 feet (1,890 to 2,713 meters) 
Mean annual precipitation: 14 to 18 inches (356 to 457 millimeters) 
Mean annual air temperature: 45 to 49 degrees F (7.2 to 9.4 degrees C) 
Frost-free period: 110 to 150 days 

Map Unit Composition 
Wandurn and similar soils: 50 percent 
Alchonzo and similar soils: 30 percent 
Rubble land: 10 percent 
Minor components: 10 percent 

Component Descriptions 

Wandurn soils 

Landscape: Fault block mountains 
Landform: South-facing mountains 
Position on landform: Mountainflank 
Parent material: Slope alluvium and colluvium derived from monzonite 
Slope: 35 to 75 percent 
Shape (down/across): Linear/linear 
Surface fragments: About 10 percent subangular stones; about 40 percent 

subangular cobbles; about 25 percent subangular gravel 
Depth class: Deep 
Depth to restrictive feature: 39 to 59 inches to bedrock, lithic 
Drainage class: Well drained 
Slowest permeability: 0.2 to 0.6 in/hr (moderately slow) 
Available water capacity: About 3.7 inches (low) 
Shrink-swell potential: About 4.5 percent (moderate) 
Runoff class: High 
Calcium carbonate average in horizon of maximum accumulation: None 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 0 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 0 

(nonsodic) 
Ecological site: Pinus edulis-Juniperus monosperma/Quercus gambelii/Bouteloua 

gracilis 
Potential native vegetation: Gambel oak, twoneedle pinyon, muttongrass, oneseed 

juniper, sideoats grama, wolftail 
Land capability subclass (nonirrigated): 7e 

Typical Profile 

A—0 to 3 inches; extremely cobbly loam 
Bt1—3 to 11 inches; very cobbly sandy clay loam 
Bt2—11 to 20 inches; very cobbly sandy clay loam 
Bt3—20 to 30 inches; very gravelly sandy clay loam 
Bt4—30 to 40 inches; extremely gravelly sandy clay loam 
Bt5—40 to 47 inches; extremely gravelly sandy clay loam 
R—47 to 57 inches; cemented bedrock 
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Alchonzo soils 

Landscape: Fault block mountains 
Landform: North-facing mountains 
Position on landform: Mountainflank 
Parent material: Slope alluvium and colluvium derived from monzonite 
Slope: 45 to 90 percent 
Shape (down/across): Linear/linear 
Surface fragments: About 5 percent subangular stones; about 10 percent subangular 

cobbles; about 60 percent subangular gravel 
Depth class: Moderately deep 
Depth to restrictive feature: 20 to 39 inches to bedrock, lithic 
Drainage class: Well drained 
Slowest permeability: 2.0 to 6.0 in/hr (moderately rapid) 
Available water capacity: About 0.9 inches (very low) 
Shrink-swell potential: About 1.5 percent (low) 
Runoff class: Very high 
Calcium carbonate average in horizon of maximum accumulation: None 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 0 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 0 

(nonsodic) 
Ecological site: Pinus ponderosa-Juniperus scopulorum/Quercus gambelii 
Potential native vegetation: 

Common trees: ponderosa pine 
Other plants: Gambel's oak, muttongrass, mountain muhly, sedge, eriogonum 

Land capability subclass (nonirrigated): 8 

Typical Profile 

Oi—0 to 2 inches; slightly decomposed plant material 
A—2 to 12 inches; extremely gravelly sandy loam 
Bw1—12 to 27 inches; extremely gravelly sandy loam 
Bw2—27 to 29 inches; very gravelly sandy loam 
R—29 to 39 inches; cemented bedrock 

Rubble land 

Description: Rubble land consists of talus of irregularly shaped cobbles, stones, and 
boulders that are devoid of vegetation. It is on very steeply sloping backslopes 
below basalt cliffs and is the result of parts of the cliff breaking off and tumbling 
downslope. 

Landscape: Fault block mountains 
Landform: Mountains 
Parent material: Monzonite 
Slope: 40 to 80 percent 
Shape (down/across): Linear/linear 
Depth to restrictive feature: 0 to 10 inches to bedrock, paralithic 

Minor Components Composition 
Rock outcrop: About 6 percent 
Cochiti and similar soils: About 3 percent 
Pastorius and similar soils: About 1 percent 
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512—Cochiti extremely cobbly loam, 15 to 35 percent 
slopes 

Map Unit Setting 
Major Land Resource Area: 36 
Elevation: 6,200 to 8,300 feet (1,890 to 2,530 meters) 
Mean annual precipitation: 13 to 15 inches (330 to 381 millimeters) 
Mean annual air temperature: 48 to 50 degrees F (8.9 to 10.0 degrees C) 
Frost-free period: 140 to 160 days 

Map Unit Composition 
Cochiti and similar soils: 90 percent 
Minor components: 10 percent 

Component Descriptions 

Cochiti soils 

Landscape: Fault block mountains 
Landform: Mountains 
Position on landform: Mountainbase 
Parent material: Slope alluvium and colluvium derived from monzonite 
Slope: 15 to 35 percent 
Shape (down/across): Concave/concave 
Surface fragments: About 3 percent subangular boulders; about 7 percent 

subangular stones; about 40 percent subangular cobbles; about 25 percent 
subangular gravel 

Depth class: Very deep 
Drainage class: Well drained 
Slowest permeability: 0.06 to 0.2 in/hr (slow) 
Available water capacity: About 4.7 inches (low) 
Shrink-swell potential: About 6.0 percent (moderate) 
Runoff class: High 
Calcium carbonate average in horizon of maximum accumulation: None 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 1 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 0 

(nonsodic) 
Ecological site: Pinus edulis-Juniperus monosperma/Cercocarpus montanus-

Chrysothamnus nauseosus/Bouteloua gracilis 
Potential native vegetation: Gambel oak, twoneedle pinyon, mountain mahogany, 

blue grama, oneseed juniper, sideoats grama 
Land capability subclass (nonirrigated): 7s 

Typical Profile 

A—0 to 4 inches; extremely cobbly loam 
Bt1—4 to 10 inches; extremely cobbly clay loam 
Bt2—10 to 31 inches; very cobbly clay loam 
Bt3—31 to 57 inches; extremely cobbly sandy clay loam 
BC—57 to 80 inches; extremely cobbly sandy loam 
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Minor Components Composition 

Rubble land: About 3 percent 
Predawn and similar soils: About 2 percent 
Wandurn and similar soils: About 2 percent 
Alchonzo and similar soils: About 2 percent 
Pastorius and similar soils: About 1 percent 
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513—Pedregal very cobbly loam, 8 to 15 percent slopes 
Map Unit Setting 

Major Land Resource Area: 36 
Elevation: 6,300 to 7,800 feet (1,920 to 2,377 meters) 
Mean annual precipitation: 13 to 15 inches (330 to 381 millimeters) 
Mean annual air temperature: 48 to 50 degrees F (8.9 to 10.0 degrees C) 
Frost-free period: 140 to 160 days 

Map Unit Composition 

Pedregal and similar soils: 90 percent 
Minor components: 10 percent 

Component Descriptions 

Pedregal soils 

Landscape: Fan piedmonts  
Landform: Fan remnants 
Position on landform: Tread 
Parent material: Alluvium derived from monzonite 
Slope: 8 to 15 percent 
Shape (down/across): Linear/linear 
Surface fragments: About 1 percent subrounded stones; about 15 percent 

subrounded cobbles; about 25 percent subrounded gravel 
Depth class: Moderately deep 
Depth to restrictive feature: 2 to 6 inches to abrupt textural change; 20 to 36 inches to 

petrocalcic 
Drainage class: Well drained 
Slowest permeability: 0.0 to 0.001 in/hr (impermeable) 
Available water capacity: About 2.6 inches (very low) 
Shrink-swell potential: About 3.5 percent (moderate) 
Runoff class: Medium 
Calcium carbonate average in horizon of maximum accumulation: About 60 percent 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 1 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 2 

(slightly sodic) 
Ecological site: Juniperus monosperma-Pinus edulis/Fallugia paradoxa-

Chrysothamnus nauseosus/Bouteloua hirsuta-Bouteloua gracilis 
Potential native vegetation: oneseed juniper, true mountain mahogany, twoneedle 

pinyon, pricklypear, skunkbush sumac 
Land capability subclass (nonirrigated): 7s 

Typical Profile 

Oi—0 to 1 inch; slightly decomposed plant material (fig. 69) 
A—1 inch to 3 inches; very cobbly loam 
Bt1—3 to 7 inches; very cobbly clay loam 
Bt2—7 to 12 inches; very cobbly clay loam 
Btk—12 to 18 inches; very cobbly clay loam 
Bk1—18 to 25 inches; very gravelly sandy loam 
Bkkm—25 to 33 inches; very gravelly sandy loam 
2Bk2—33 to 42 inches; very gravelly loamy coarse sand 
2Bk3—42 to 79 inches; extremely gravelly coarse sand 
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Minor Components Composition 

Cochiti and similar soils: About 6 percent 
Predawn and similar soils: About 3 percent 
Pastorius and similar soils: About 1 percent 
 
 

 
Figure 69.—Typical profile of Pedregal very cobbly loam, 8 to 15 percent 

slopes, with the dark surface, red subsoil, and white substratum. A well 
developed petrocalcic horizon, cemented by calcium carbonate, exists 
in this soil in the upper part of the white area. There are many rock 
fragments throughout this soil. 
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514—Pegasus extremely cobbly loam, 20 to 50 percent 
slopes 

Map Unit Setting 
Major Land Resource Area: 36 
Elevation: 5,700 to 7,700 feet (1,737 to 2,347 meters) 
Mean annual precipitation: 13 to 15 inches (330 to 381 millimeters) 
Mean annual air temperature: 48 to 50 degrees F (8.9 to 10.0 degrees C) 
Frost-free period: 140 to 160 days 

Map Unit Composition 
Pegasus and similar soils: 90 percent 
Minor components: 10 percent 

Component Descriptions 

Pegasus soils 

Landscape: Fault block mountains 
Landform: Low hills 
Position on landform: Summits, backslopes, shoulders 
Parent material: Slope alluvium and colluvium derived from monzonite 
Slope: 20 to 50 percent 
Shape (down/across): Convex/convex 
Surface fragments: About 2 percent angular stones; about 35 percent angular 

cobbles; about 35 percent angular gravel 
Depth class: Shallow 
Depth to restrictive feature: 10 to 20 inches to bedrock, lithic 
Drainage class: Well drained 
Slowest permeability: 0.2 to 0.6 in/hr (moderately slow) 
Available water capacity: About 1.2 inches (very low) 
Shrink-swell potential: About 4.5 percent (moderate) 
Runoff class: Very high 
Calcium carbonate average in horizon of maximum accumulation: None 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 0 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 0 

(nonsodic) 
Ecological site: Pinus edulis-Juniperus monosperma/Cercocarpus montanus-

Chrysothamnus nauseosus/Bouteloua gracilis 
Potential native vegetation: twoneedle pinyon, oneseed juniper, true mountain 

mahogany, blue grama, sideoats grama 
Land capability subclass (nonirrigated): 6s 

Typical Profile 

A—0 to 4 inches; extremely cobbly loam 
Bt1—4 to 10 inches; cobbly loam 
Bt2—10 to 14 inches; very gravelly clay loam 
2R—14 to 24 inches; cemented bedrock 

Minor Components Composition 

Rock outcrop: About 4 percent 
Wandurn and similar soils: About 4 percent 
Alchonzo and similar soils: About 2 percent 
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515—Pastorius very cobbly loam, 3 to 5 percent slopes 
Map Unit Setting 

Major Land Resource Area: 36 
Elevation: 6,000 to 8,100 feet (1,829 to 2,469 meters) 
Mean annual precipitation: 14 to 18 inches (356 to 457 millimeters) 
Mean annual air temperature: 43 to 45 degrees F (6.1 to 7.2 degrees C) 
Frost-free period: 110 to 130 days 

Map Unit Composition 

Pastorius and similar soils: 90 percent 
Minor components: 10 percent 

Component Descriptions 

Pastorius soils 

Landscape: Fault block mountains 
Landform: Low stream terraces on valley floors 
Position on landform: Tread 
Parent material: Alluvium derived from monzonite 
Slope: 3 to 5 percent 
Shape (down/across): Linear/concave 
Surface fragments: About 25 percent subrounded gravel; about 20 percent 

subrounded cobbles 
Depth class: Very deep 
Drainage class: Well drained 
Slowest permeability: 0.6 to 2.0 in/hr (moderate) 
Available water capacity: About 3.9 inches (low) 
Shrink-swell potential: About 3.9 percent (moderate) 
Runoff class: Medium 
Calcium carbonate average in horizon of maximum accumulation: None 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 0 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 0 

(nonsodic) 
Ecological site: Pinus ponderosa/Festuca arizonica-Danthonia parryi 
Potential native vegetation: ponderosa pine, Gambel oak, mountain muhly, 

muttongrass, blue grama 
Land capability subclass (nonirrigated): 4c 

Typical Profile 

Oi—0 to 2 inches; slightly decomposed plant material 
A—2 to 6 inches; very cobbly loam 
Bt1—6 to 17 inches; very cobbly loam 
Bt2—17 to 28 inches; extremely cobbly loam 
Bt3—28 to 43 inches; extremely cobbly loam 
Bt4—43 to 82 inches; extremely cobbly loam 

Minor Components Composition 
Pedregal and similar soils: About 5 percent 
Cochiti and similar soils: About 3 percent 
Riverwash: About 2 percent 
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521—Devargas-Riovista-Riverwash complex, 0 to 5 
percent slopes, flooded 

Map Unit Setting 
Major Land Resource Area: 36 
Elevation: 5,400 to 7,400 feet (1,646 to 2,256 meters) 
Mean annual precipitation: 10 to 13 inches (254 to 330 millimeters) 
Mean annual air temperature: 50 to 52 degrees F (10.0 to 11.1 degrees C) 
Frost-free period: 140 to 170 days 

Map Unit Composition 
Devargas and similar soils: 50 percent 
Riovista and similar soils: 30 percent 
Riverwash: 10 percent 
Minor components: 10 percent 

Component Descriptions 

Devargas soils 

Landscape: Fan piedmonts (fig. 78 and fig. 79) 
Landform: Stream terraces (fig. 60) 
Position on landform: Tread 
Parent material: Alluvium derived from monzonite and sandstone 
Slope: 1 to 5 percent 
Shape (down/across): Concave/linear 
Surface fragments: About 5 percent rounded gravel 
Depth class: Very deep 
Depth to restrictive feature: 20 to 39 inches to strongly contrasting textural 

stratification 
Drainage class: Well drained 
Slowest permeability: 0.2 to 0.6 in/hr (moderately slow) 
Available water capacity: About 3.9 inches (low) 
Shrink-swell potential: About 2.3 percent (low) 
Runoff class: Low 
Calcium carbonate average in horizon of maximum accumulation: About 6 percent 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 1 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 2 

(slightly sodic) 
Ecological site: Loamy 
Potential native vegetation: blue grama, galleta, ring muhly, black grama, broom 

snakeweed 
Land capability subclass (nonirrigated): 6c 

Typical Profile 

A—0 to 2 inches; sandy loam 
Bt—2 to 6 inches; loam 
Btk1—6 to 18 inches; loam 
Btk2—18 to 30 inches; sandy loam 
2BCk—30 to 60 inches; extremely cobbly coarse sand 
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Riovista soils 

Landscape: Fan piedmonts (fig. 78 and fig. 79) 
Landform: Flood plain steps on valley floors (fig. 60) 
Position on landform: Tread 
Parent material: Alluvium derived from monzonite 
Slope: 0 to 2 percent 
Shape (down/across): Linear/linear 
Surface fragments: About 1 percent rounded stones; about 10 percent rounded 

cobbles; about 15 percent rounded gravel 
Depth class: Very deep 
Drainage class: Excessively drained 
Slowest permeability: 6.0 to 20 in/hr (rapid) 
Available water capacity: About 1.6 inches (very low) 
Shrink-swell potential: About 1.5 percent (low) 
Flooding hazard: Rare 
Runoff class: Very low 
Calcium carbonate average in horizon of maximum accumulation: None 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 0 mmhos/cm (nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 1 

(slightly sodic) 
Ecological site: Gravelly 
Potential native vegetation: blue grama, New Mexico feathergrass, black grama, 

galleta, juniper, sideoats grama, twoneedle pinyon 
Land capability subclass (nonirrigated): 7s 

Typical Profile 

A1—0 to 5 inches; cobbly sandy loam 
A2—5 to 14 inches; extremely cobbly sandy loam 
C1—14 to 30 inches; extremely cobbly coarse sand 
C2—30 to 60 inches; stratified coarse sand to extremely cobbly loamy sand 

Riverwash 

Description: Riverwash consists of unstable sand and gravel that is reworked by water 
so frequently that it supports little or no vegetation. Riverwash occurs in arroyos and 
is subject to frequent, extremely brief periods of flooding from prolonged high-
intensity storms. In some places it is intermingled with the Riovista soil. 

Landscape: Fan piedmonts (fig. 78 and fig. 79) 
Landform: Channels on valley floors (fig. 60) 
Parent material: Alluvium derived from mixed 
Slope: 0 to 2 percent 
Shape (down/across): Linear/linear 
Surface fragments: About 5 percent rounded cobbles; about 20 percent rounded gravel 
Drainage class: Excessively drained 
Slowest permeability: 2.0 to 6.0 in/hr (moderately rapid) 
Available water capacity: About 2.9 inches (very low) 
Shrink-swell potential: About 1.5 percent (low) 
Flooding hazard: Frequent 
Runoff class: Negligible 
Calcium carbonate average in horizon of maximum accumulation: About 1 percent 
Gypsum average in horizon of maximum accumulation: About 1 percent 
Salinity average in horizon of maximum accumulation: About 1 mmhos/cm (nonsaline) 
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Sodium adsorption ratio average in horizon of maximum accumulation: About 1 
(slightly sodic) 

Land capability subclass (nonirrigated): 8 

Minor Components Composition 

Penistaja and similar soils: About 6 percent 
Ildefonso and similar soils: About 4 percent 
 
 

 
Figure 78.—An area of Devargas-Riovista-Riverwash complex, 0 to 5 percent 

slopes, flooded. This is a typical area of the Devargas soil.  

 
 

 
Figure 79.—An area of Devargas-Riovista-Riverwash complex, 0 to 5 percent 

slopes, flooded. This is a typical area of Riovista soil. Notice the amount of 
surface rock fragments and sparseness of vegetation as opposed to the 
Devargas soil in the previous picture. 
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550—Pits, mine 
Map Unit Setting 

Major Land Resource Area: 36 
Elevation: 6,500 to 8,000 feet (1,981 to 2,438 meters) 
Mean annual precipitation: 13 to 15 inches (330 to 381 millimeters) 
Mean annual air temperature: 48 to 50 degrees F (8.9 to 10.0 degrees C) 
Frost-free period: 140 to 170 days 

Map Unit Composition 

Pits, mine: 85 percent 
Minor components: 15 percent 

Component Descriptions 

Pits, mine 
Parent material: Mine spoil or earthy fill derived from monzonite 
Slope: 8 to 40 percent 
Shape (down/across): Convex/convex 
Surface fragments: About 5 percent subrounded cobbles; about 35 percent 

subrounded gravel 
Drainage class: Well drained 
Slowest permeability: 0.6 to 2.0 in/hr (moderate) 
Available water capacity: About 4.5 inches (low) 
Shrink-swell potential: About 1.5 percent (low) 
Runoff class: Medium 
Calcium carbonate average in horizon of maximum accumulation: About 4 percent 
Gypsum average in horizon of maximum accumulation: None 
Salinity average in horizon of maximum accumulation: About 1 mmhos/cm 

(nonsaline) 
Sodium adsorption ratio average in horizon of maximum accumulation: About 2 

(slightly sodic) 
Land capability subclass (nonirrigated): 8 

Minor Components Composition 
Pegasus and similar soils: About 5 percent 
Pedregal and similar soils: About 4 percent 
Cochiti and similar soils: About 2 percent 
Wandurn and similar soils: About 2 percent 
Alchonzo and similar soils: About 2 percent 
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CUNNINGHAM HILL MINE RECLAMATION PROJECT 

UPDATED CONTINGENCY PLAN 

1.0  INTRODUCTION 

This Updated Contingency Plan is submitted as part of the updated Closeout Plan (JSAI, 2021) 
for the Cunningham Hill Mine Reclamation Project.  This plan, submitted on behalf of LAC 
Minerals (USA) LLC (LAC), includes activities conducted under the supervision of New Mexico 
Environment Department (NMED) to comply with the New Mexico Water Quality Act as 
defined in 20.6.2 and 20.6.4 New Mexico Administrative Code (NMAC). 

This Updated Contingency Plan is intended to help fulfill the purposes of the New Mexico 
Mining Act (NMSA 1978 §§ 69-36-1 et seq) to promote responsible utilization and reclamation 
of lands affected by mining.  In particular, it is intended to promote the closeout plan goal of 
reestablishing a self-sustaining ecosystem in the permit area, appropriate for the life zone of the 
surrounding areas, to the extent consistent with technical and economic feasibility and 
environmental soundness (19.10.5.507 NMAC). 

Portions of this plan are also intended to promote compliance with the New Mexico Water 
Quality Act.  In particular, they are intended to promote compliance with New Mexico water 
quality standards, which may be modified, if appropriate, due to an unreasonable burden (see 
20.6.2.1210 NMAC) or on technological or economic grounds (20.6.2.4103.E NMAC). 

The Updated Contingency and Closeout Plans address only those conditions in the permit area 
resulting from the "existing mining operation" (see the New Mexico Mining Act (NMSA 1978 § 
69-36-3.E)) conducted by Gold Fields Operating Company - Ortiz ("Gold Fields") from 1979 
through 1987.  Any other conditions in the permit area are not subject to this Plan.  

Throughout this plan "the appropriate State agency'' shall refer to: 

• New Mexico Environment Department (NMED) where the matter directly relates 
solely to water quality; 

• New Mexico Energy, Minerals and Natural Resources Department Mining and 
Minerals Division (MMD) where the matter directly relates solely to non-water 
quality aspects of reclamation under the New Mexico Mining Act; or 

• Both NMED and MMD in other cases. 

Performance Standards and their associated contingency plans are arranged by facility in 
subsequent sections.  Separate sections are included for specific performance standards that 
relate to the Waste Rock Pile and Dolores Gulch (Section 2.0), the Open Pit (Section 3.0), and 
the residue pile (Section 4.0). Specific performance standards and contingency plans that are not 
included in the foregoing sections are included in Section 5.0. 
 



JSAI  2 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

2.0  WASTE ROCK PILE AND DOLORES GULCH GROUNDWATER 

Performance standards and contingencies for groundwater cleanup related to discharges from the 
Waste Rock Pile to Dolores Gulch are specified in DP-55: particularly in the DP-55 renewal that is 
underway.   

Performance standards and contingencies related to reclaimed lands on the Waste Rock Pile and 
Dolores Gulch (water treatment system) can be referenced from Section 5.0.  

3.0  CUNNINGHAM HILL OPEN PIT 

3.1  Performance Standard CHP-1: Open Pit Water Quality 

The quality of the water in the Cunningham Hill Open Pit water body shall meet applicable New 
Mexico surface water quality standards for wildlife habitat, livestock watering, and limited 

aquatic life use.  Specifically, water in the Open Pit water body shall "be free from any substance at 
concentrations that are toxic to or will adversely affect plants and animals that use these 
environments for feeding, drinking, habitat, or propagation; can bioaccumulate; or might impair the 
community of animals in a watershed or the ecological integrity of surface waters of the state 
(20.6.4.900.G NMAC).  LAC may propose revised standards which are based on a site-specific 
ecological risk assessment (Use Attainability Analysis as defined in 20.6.4.15 NMAC) to NMED 
for review and approval.  The open pit pool surface water standards were updated according to 
20.6.4.99 NMAC and NMED (2021).  Applicable Open Pit water quality standards are summarized 
in Table 1.  Sampling methods and frequency are specified in AP-27. 

3.2  Contingency Plan CHP-1 

Resampling: If a surface sample of the water body exceeds the surface water quality standards 
specified in Table 1, then LAC shall collect a conformation sample for analysis within 1 week of 
identified exceedance.  The Cunningham Hill Open Pit pool sampling should be conducted in 
accordance with New Mexico Environment Department Surface Water Quality Bureau (NMED 
SWQB) Standard Operating Procedures for Lake Sampling (20.6.4.14.C.3 NMAC; SOP 12.1, 
Section 6.2 – Collecting Lake Water Samples), which is described as follows. 

Open Pit Sampling SOP--Collecting Lake Water Samples for Chemical Analysis (Deep and 

Shallow Stations):  Double rinse collection equipment with lake water when used for multiple 
sites, such as the Kemmerer, or 5-gallon carboy. Collect water samples in accordance with 
Subsection C Paragraph (3) of 20.6.4.14 NMAC.  Use a plastic (acrylic) or fluoropolymer 
Kemmerer for collecting water chemistry (TDS, anions, metals).   

During periods of lake stratification (thermocline is present) TDS, dissolved metals, and total 
metals, are integrated from the top, middle and bottom of the entire water column by taking three 
Kemmerer samples.  If any of the Kemmerer samples fall at the same depth as the thermocline, 
collect from one meter above.  For the bottom sample, keep the Kemmerer at least 1 meter away 
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from the bottom to avoid stirring up sediments. Composite three 5-liter Kemmerer samples in a 
5-gallon carboy.  All water-quality samples are poured off from the composited sample into their 
respective containers; 1-liter Cubitainers® or other containers as prescribed by the analysis to be 
performed. Dissolved metal samples are typically filtered within 15 mins of sample collection and 
prior to being poured into 1-liter Cubitainers®. All lake samples which require preservation will be 
preserved within 15 minutes of sample collection in accordance with 40 CFR 136.3 (e) Table II. 
However due to wind, waves, weather and unforeseen events preservation may not occur within 
15 mins of sample collection but as soon thereafter as practically possible.  

When the lake is well mixed (thermocline is not present), all samples are collected from the top, 
middle, and bottom of the euphotic zone.  Composite three 5-liter Kemmerer samples in a 5-gallon 
carboy.  All water quality samples are poured off from the composited sample into their respective 
containers. Dissolved metal samples are typically filtered within 15 mins of sample collection and 
prior to being poured into 1-liter Cubitainers®. All lake samples which require preservation will be 
preserved within 15 mins of samples collection in accordance with 40 CFR 136.3 (e) Table II. 
However due to wind, waves, weather and unforeseen events preservation may not occur within 
15 mins of sample collection but as soon thereafter as practically possible. 

If re-sampling confirms that the pit water body exceeds the water quality standards, then appropriate 
exclusion measures should be taken as described below. 

Restricting Wildlife Exposure: If the pit water body exceeds the standards for wildlife use, as 
described above, LAC shall take immediate measures to prevent, to the extent practicable, wildlife 
exposure to the pit water body.  Unless inappropriate, alternative water sources for wildlife use shall 
be provided.  In addition, a follow-up investigation shall be conducted as described below. 

Follow-Up Investigation: A follow-up investigation, if required, shall be conducted by LAC to 
identify the reason for observed changes in water quality that cause exceedances of the wildlife 
water quality standards.  The investigation may include additional water sampling and analysis, site 
investigation, source controls, and determination of potential effects on down-gradient surface-
water or groundwater quality.  If the investigation indicates that the changes in water quality are 
adversely affecting or will adversely affect wildlife using the pit water body, or will cause a failure 
in down-gradient water quality, then a mitigation plan shall be developed by LAC as described 
below. 

Mitigation Plan: The mitigation plan, if required, will evaluate alternative measures for reducing 
the impacts associated with the pit water body identified in the follow-up investigation. LAC shall 
submit the plan to NMED for review and approval, after which LAC shall implement the approved 
plan in a timely manner. 

Additionally, LAC shall submit annual reports for review by NMED describing the measures taken 
under the approved mitigation program, and the observed results.   Alternatively, LAC may choose 
to remove a designated use by performing a “Use Attainability Analysis” (“UAA”) pursuant to 20.6.4.15 
NMAC.  If LAC seeks to remove a designated use or to propose site-specific surface water standards for 
the open pit water body, the NMED SWQB will be consulted regarding this process. 
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Table 1.  Open Pit waterbody water-quality standards 

constituent unit 

AP-27 

groundwater 

discharge 

Standard 

surface-

water 

trigger level 

Livestock 

Watering 

Standard 

Wildlife 

Habitat 

Standard 

Limited 

Aquatic Life 

- Acute 

Standard 

alkalinity mg/L  <20    
pH S.U. 6 to 9     
chloride mg/L 250     
Sulfate mg/L 1,200 b     
TDS mg/L 2,000 b     
conductance µS/cm  6,300    
aluminum  mg/L 5    10.07 
arsenic mg/L 0.01  0.2  0.34 
boron mg/L 0.75  5.0   

cadmium  mg/L 0.005  0.05  0.0065 
chlorine residual mg/L    0.011 0.019 
chromium III  mg/L     1.77 
chromium VI mg/L     0.016 
chromium mg/L 0.05  1.0   

cobalt mg/L 0.2 b  1.0   

copper  mg/L 1  0.5  0.05 
iron mg/L 1     

lead  mg/L 0.002  0.1  0.28 
manganese  mg/L 4.0 b    4.738 
mercury mg/L 0.002   0.01 0.0014 
molybdenum mg/L 1    7.920 
nickel mg/L 0.2    1.51 
selenium mg/L 0.05  0.05 0.005 0.02 
silver  mg/L 0.05    0.035 
vanadium mg/L   0.1   

zinc mg/L 10  25  0.564 
b - applicable water-quality standard defined in NMAC 20.6.4.97.C.1(a) 
TDS - total dissolved solids 
S.U. - standard units 
mg/L - milligrams per liter 
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3.3  Performance Standard CHP-2: Open Pit Hydrological Model 

A hydrogeochemical model of the Open Pit water body was developed by LAC for predicting 
the rate of inflow and the water quality.  The hydrogeochemical model was revised 1999, 2001, 
2010, and 2020 (JSAI, 2020).  Steady-state Open Pit water levels are predicted to range between 
6,800 to 6,840 ft above mean seal level (amsl).  

A hydrologic investigation shall be conducted by LAC if Open Pit water levels rise above 6,840 ft 
amsl to identify the changes in groundwater levels in portions of Dolores Gulch in the vicinity of the 
Waste Rock Pile that result from recovery of the water levels in the Open Pit.  The investigation 
shall include an evaluation of the surface and groundwater quality down-gradient of the Open Pit, 
and an analysis of samples taken from AP-27 groundwater monitor wells to evaluate groundwater 
quality.  Information used from the hydrologic investigation, the observed rate of inflow, rainfall, 
evaporation, and the observed Open Pit water chemistry shall be used to recalibrate the model and 
to refine the long-term prediction of water quality in the Open Pit water body. 

3.4  Contingency Plan CHP-2 

If the investigation(s) indicate that the Open Pit water body will fail to meet water quality standards 
for wildlife use, specified in CHP-1 above, the findings shall be reported by LAC to NMED within 
7 business days.  Additionally, LAC shall conduct a follow-up study and, if required, shall develop 
a mitigation plan as described in CHP-1. 

If resampling results, four quarters of AP-27 sampling results, and the results of the 
hydrogeochemical model indicate that standards described in CHP-1 will be exceeded, then 
mitigation measures will be employed.  Mitigation measures may include, but not be limited to, pH 
mitigation, membrane filtration treatment, or other water quality treatment methods.  A mitigation 
workplan must be submitted to the NMED for approval, prior to commencing the work. 

4.0  CUNNINGHAM HILL RESIDUE PILE 

Performance standards and contingencies for groundwater cleanup related to discharges from the 
residue pile are specified in DP-55 as renewed November 20, 2020.   

5.0  SITE-WIDE PERFORMANCE CRITERIA 

5.1  Performance Standard SW-1: Vegetation Standards 

Vegetation on the reclaimed residue pile, reclaimed Waste Rock Pile, reclaimed portions of the 
ore treatment unit area, borrow areas, reclaimed roads, and areas within the Open Pit where 
topsoil has been applied, shall be subject to the monitoring requirements and performance 
standards described below.  Areas of the Open Pit where no topsoil has been applied, as well as 
roads used for permanent access, shall not be subject to vegetation standards. 
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Vegetation success will be monitored through annual inspections, as well as by surveys of the 
reclaimed areas in years 3, 5, 8, 11, and 12 following completion of reclamation activities.  LAC 
shall submit reports to the appropriate State agency describing the results of these revegetation 
surveys within 90 days after completion of data collection and monitoring activities.  The reports 
shall include an assessment of vegetation success.  Climatic variation and its effects on 
vegetative growth rates will be considered in this assessment. 

Vegetation establishment and success on the Waste Rock Pile shall be monitored through the 
establishment of six 50-meter transect lines. 

Transect locations for all other reclaimed areas shall be selected by LAC in consultation with the 
appropriate State agency. 

Vegetation success for all reclaimed areas shall be determined by comparison with historic 
record sampling.  Historic record sampling shall be performed in representative undisturbed 
areas for a minimum of 5 years, with sampling not necessarily conducted during consecutive 
years.  Vegetation inspections of all reclaimed areas shall follow the following guidelines: 

• Visual inspections of vegetation cover by life-form will be conducted (including annual 
grass, perennial grass, forbs, shrubs, trees, litter, and standing dead). Evidence of 
dieback, subsidence, slope failures, or erosion will be noted. 

• Inspections will be conducted on ten 1-meter frames spaced every 5 meters on each 
transect. 

• Pedestrian traffic will be restricted to the downhill side of the transect line and people 
will not be allowed to walk on the plots. 

• Vegetation monitoring will be conducted once each year during peak standing biomass. 

Revegetation efforts shall be considered successful when the following conditions are met: 

• The total vegetative cover of perennial species in each revegetated area is equal to or 
exceeds 90 percent of the historic record, with a 90-percent statistical confidence limit; 

• The density of actively growing shrubs and trees is within a 90-percent statistical 
confidence of the historic record; 

• The total annual herbaceous productivity is within a 90-percent statistical confidence of 
the historic record; and; 

• Species diversity is as follows: 

◇ The reclaimed area has at least three grasses present and a relative herbaceous 
cover value equal to or greater than 5 percent, with no one grass species 
comprising more than 70 percent relative cover, 

◇ The reclaimed area has at least two species of trees and two species of shrubs 
present, with each species comprising no less than 5 percent or no greater than 
95 percent of the relative density value. 
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5.2  Contingency Plan SW-1 

If vegetation monitoring indicates that, due to natural or other causes, a reclaimed area does not 
exhibit the potential to achieve the revegetation standards described above, a report shall be 
prepared which describes the area in question, the situation as identified, and probable causes.  
This report shall be submitted by LAC to the appropriate State agency within 30 days of problem 
identification.  A corrective action plan shall be submitted by LAC to the appropriate State 
agency for review and approval within 75 days of the date of problem identification. Following 
approval of the plan by the appropriate State agency, LAC shall implement the plan in a timely 
manner.  The corrective actions to be taken may include, but need not be limited to, 
reestablishment of topsoil thickness, reseeding, and replanting of trees and shrubs. 

5.3  Performance Standard SW-2: Erosion Standards 

All reclaimed areas shall be inspected quarterly for 5 years following completion of reclamation 
activities for signs of excessive erosion.  After the first 2 years of monitoring, LAC may propose to 
the appropriate State agency that inspection be conducted less frequently if appropriate.  Routine 
monitoring shall include a visual assessment of rills and gullies. Erosion features deeper than 8 in. 
shall be repaired in a timely manner. 

Erosion of applied cover-soil from the Waste Rock Pile shall not expose significant contiguous 
areas of sulfide-enriched waste rock or otherwise be allowed to significantly decrease the 
performance of the reclaimed soil cover in minimizing infiltration into the pile.  Erosion of applied 
cover-soil from the residue pile shall not expose significant contiguous areas of the unclassified fill 
layer within the cover system. 

Erosion of applied cover-soil from reclaimed haul roads, portions of the Open Pit in which cover-
soil has been applied, the ore treatment area, and other reclaimed areas, shall not be permitted to 
significantly decrease the performance of the reclaimed soil cover in supporting vegetation. 

5.4  Contingency Plan SW-2 

If erosion features deeper than 8 in. develop, LAC shall repair the damaged areas in a timely 
manner.  If large numbers of significant erosion features are evident during an inspection period 
(more than 25 rills per acre over an area of 1 acre or more), then a mitigation plan to prevent 
recurrence of the erosion shall be developed and implemented by LAC.  Elements of such a 
mitigation plan may include, but need not be limited to, regrading or otherwise re-directing 
surface runoff away from the affected areas. 

If potentially destructive levels of erosion are identified, LAC shall notify the appropriate State 
agency within 2 business days. In addition, LAC shall determine the extent of erosion and shall 
submit a report describing the situation identified and probable causes to the appropriate State 
agency within 30 days of the date of problem identification.  A corrective action plan shall be 
submitted by LAC to the appropriate State agency for review and approval within 75 days of the 
date of problem identification.  Following approval of the corrective action plan by the 
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appropriate State agency, LAC shall implement the plan in a timely manner.  This work may 
include, but need not be limited to, regrading, armoring of drainage features, reestablishment of 
topsoil thickness, reseeding, and replanting of trees and shrubs. 

5.5  Performance Standard SW-3: Maintenance of Drainage Channels and Diversion 

Structures 

All drainage channels and diversion structures installed during reclamation of the Cunningham Hill 
Mine shall be subject to the routine inspection and maintenance requirements described below. 

In order to ensure that the drainage channels and diversion structures are functioning properly, they 
shall be inspected quarterly for signs of excessive erosion for 5 years following completion of 
residue pile reclamation activities. After the first 2 years of monitoring, LAC may propose to the 
appropriate State agency that inspection be conducted less frequently if appropriate.  During the 
5-year period, drainage channels and diversion structures shall be inspected as soon as possible 
following storm events in excess of 1 in. of rainfall in 24 hours for signs of deterioration and 
erosional damage as well as sedimentation. 

During the remainder of the post-closure monitoring period described in SW-3., drainage channels 
and diversion structures shall be inspected after each storm event that exceeds the largest prior 
storm that has occurred since completion of reclamation. More frequent inspection may be required 
during the post-closure monitoring period by the appropriate State agency if the drainage channels 
and diversion structures are shown to require frequent maintenance or repair. 

Routine inspections and inspections completed after major storm events shall be subject to the 
following requirements: 

• Physical damage, trash build-up and sedimentation shall be recorded on field inspection 
sheets. 

• Diversion intake and outflow areas shall be inspected for evidence of scouring or bypass. 

• Any areas needed maintenance or repair shall be reported on the field inspection sheets. 

5.6  Contingency Plan SW-3 

If damage is noted, appropriate repairs shall be completed by LAC in a timely manner.  A summary 
of all observed damage requiring repair shall be submitted by LAC annually to the appropriate State 
agency, including as-built reports verifying the completion of the required repair. 

If significant damage or overflow is caused by storms that are smaller than the structure's storm 
design, LAC shall conduct an investigation to identify the cause of significant damage or overflow 
of diversions.  A report shall be prepared by LAC, identifying the extent of the problem and the 
probable causes. The report shall be submitted by LAC to the appropriate State agency within 
30 days of the date of problem identification.  A corrective action plan shall also be submitted to the 
appropriate State agency for review and approval within 75 days of the date of problem 
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identification.  The corrective actions to be taken may include, but need not be limited to, regrading, 
armoring of drainage features, redesign and reconstruction of channel cross-section and alignment, 
replacement of topsoil, reseeding, and replanting of trees and shrubs.  After approval by the 
appropriate State agency, LAC shall implement the plan in a timely manner. 

5.7  Performance Standard SW-4: Slope Stability 

Quarterly inspections of all reclaimed areas for evidence of slope instability shall be made in 
years 1, 2, 3, 4, and 5 following completion of reclamation activities. LAC shall submit a slope-
stability report annually to the appropriate State agency, summarizing the findings of the quarterly 
inspections. 

Waste Rock Pile: The slopes and benches of the Waste Rock Pile shall remain in a stable 
condition. 

Residue Pile: The slopes and benches of the residue pile shall remain in a stable condition. 

Other Reclaimed Areas: The slopes of other areas throughout the permit area, including 
the ore treatment facility, borrow areas, reclaimed exploration roads, access roads, and 
other support facilities shall remain in a stable condition. 

Mass instability, including slope failure and subsidence in the above areas, shall be subject to the 
contingency requirements described below. 

5.8  Contingency Plan SW-4 

Waste Rock Pile: If slope movement, subsidence, or other mass instability which threatens the 
performance of the reclaimed soil cover occurs, LAC shall notify the appropriate agency within 2 
business days of problem discovery, and shall take timely action to prevent excessive entry of 
surface water into the waste rock pile. Additionally, a geotechnical investigation shall be conducted, 
and a report describing the cause of the failure and appropriate remedies for preventing future slope 
movement shall be submitted by LAC to the appropriate State agency for review. After review and 
approval of the plan by the appropriate State agency, LAC shall implement the corrective measures 
described in the plan in a timely manner. 

Open Pit: If large-scale highwall failure occurs, LAC shall notify MMD within 2 business days of 
problem discovery, shall conduct a geotechnical investigation to determine the cause of such failure 
and shall propose a corrective action plan to MMD for review and approval.  LAC shall implement 
the approved plan in a timely manner.  Damage to adjacent portions of the Waste Rock Pile or to 
drainage diversions caused by the large-scale failure shall be promptly repaired by LAC. 

If the currently unstable area on the southern highwall increases in extent by more than 100 vertical 
ft, then a geotechnical investigation shall be conducted to identify the cause of the problem and to 
develop an appropriate remedial action plan.  (Minor raveling of the southern highwall is currently 
occurring.  Analysis of this condition indicates that the shallow failure is expected to stabilize in a 
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few years and the uphill extent of raveling is expected to remain within 100 vertical feet of current 
extent. No attempts to regrade this area will be made at present, because such actions would likely 
disturb more surface area than would naturally be affected.) LAC shall submit the proposed plan to 
MMD for review and approval.  LAC shall implement the approved plan in a timely manner. 

Residue Pile: If slope movement, subsidence, or other mass instability is observed in the reclaimed 
residue pile, LAC shall notify the appropriate State agency within 2 business days of problem 
discovery. A geotechnical investigation shall be conducted to ascertain the extent of the problem, 
and a report describing the situation as identified, including estimates of the volume affected by the 
instability and potential consequences of the instability with respect to its effect on the integrity of 
the impervious soil barrier and drainage features, shall be developed by LAC and submitted to the 
appropriate State agency within 30 days of the date of problem identification.   A corrective action 
plan shall be submitted by LAC to the appropriate State agency for review and approval within 
75 days of the date of problem identification. Any remedial measures undertaken in conjunction 
with the corrective action plan shall be completed by LAC in a timely manner which minimizes 
disturbance to reclaimed areas and meets all original design criteria for the residue pile. 

Other Reclaimed Areas: If slope movement, subsidence or other failure which threatens the 
integrity of any other reclaimed area occurs, LAC shall notify the appropriate State agency 
within 30 days of problem discovery and shall repair any damage that could affect other 
reclaimed facilities in the timely manner. 

If perimeter fences or signs are disturbed by slope movement, the fencing shall be immediately 
relocated or repaired as required. 

5.9  Performance Standard SW-5: Newly Discovered Environmental Contamination 

Newly discovered environmental contamination which is subject to the Cunningham Hill Mine 
Contingency Plan and which violates or threatens to violate State of New Mexico water quality 
standards or the New Mexico Mining Act shall be subject to the following contingency 
measures. Such newly discovered environmental contamination may include, for example, 
contaminated seeps, springs, or surface runoff. 

5.10  Contingency Plan SW-5 

Any suspected newly discovered environmental contamination shall be reported to the 
appropriate State agency within 2 business days of discovery. When notice is provided, LAC 
shall promptly determine whether the newly discovered environmental contamination requires 
routine repair, follow-up investigation, enactment of a mitigation plan, or emergency measures.  
Such determination shall be subject to review and approval by the appropriate State agency. 

Routine Repairs: Newly discovered environmental contamination requiring no additional action 
other than routine repairs shall be remedied accordingly. The actions taken shall be documented and 
reported to the appropriate State agency in routine reports. 
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Follow-Up Investigation: If such contamination cannot be adequately remedied by routine repairs, 
then LAC shall investigate to determine whether the contamination is newly discovered 
environmental contamination.  LAC shall (a) collect and analyze additional samples as appropriate 
to confirm whether the contamination in fact violates or threatens to violate New Mexico water 
quality standards or the New Mexico Mining Act, and (b) they shall determine whether the 
contamination is in fact the result of Gold Fields' mining activity.  If the results of (a) and (b) 
indicate that contamination is newly discovered environmental contamination subject to the 
Cunningham Hill Mine Contingency Plan is confirmed, then (c) an analysis shall be conducted, as 
appropriate, to determine whether the change in concentration is statistically significant. 

If newly discovered environmental contamination attributable to Gold Fields is confirmed as 
described above, then LAC shall conduct a site investigation to identify the source of the 
contamination. Elements of such an investigation may include, among other things, installation of 
additional groundwater monitor wells, collection of additional samples, measurement of additional 
constituents, and performance of aquifer tests. 

Mitigation Plan: If the foregoing investigation confirms that the contamination is newly discovered 
environmental contamination, then an appropriate mitigation plan shall be developed by LAC and 
submitted to the appropriate State agency for review and approval after which the Companies shall 
implement the approved plan in a timely manner. Additionally, LAC shall submit annual reports for 
review by NMED describing the measures taken under the approved mitigation program, the 
observed results, and a summary of long-term implications. 

Emergency Measures: If an environmental emergency arises, the contingency plan described in 
SW-6 shall be executed. 

5.11  Performance Standard SW-6: Environmental Emergency 

In the event of an environmental emergency, LAC shall take immediate action as necessary to 
minimize immediate environmental impacts. 

5.12  Contingency Plan SW-6 

LAC shall report the emergency to the appropriate State agency within 24 hours of discovery and 
shall describe emergency measures being taken and shall thereafter take no action disapproved by 
the appropriate State agency.  Absent State agency approval  (either formal or informal), in the 
event of an environmental emergency LAC shall not construct on-site any new remediation or 
reclamation facilities or structures that cannot subsequently be removed or mitigated, or undertake 
any new remediation or reclamation programs that are inconsistent with response actions detailed in 
DP-55, the Cunningham Hill Mine Reclamation Project Closeout Plan, or the Cunningham Hill 
Mine Reclamation Project Contingency Plan, which cannot subsequently be removed or mitigated. 
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Appendix C.   

 

Cunningham Hill Mine Reclamation Project Forest Management Plan 
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Appendix D.   

 

Photographs of native vegetation and wildlife in the Open Pit area at  

Cunningham Hill Mine Reclamation Project 
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Appendix D.  Photographs showing native grasses, shrubs, trees, and wildlife in the open pit area, 
Cunningham Hill Mine Reclamation Project. 
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Appendix D.  Photographs showing native grasses, shrubs, trees, and wildlife in the open pit area, 
Cunningham Hill Mine Reclamation Project. 
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Appendix D.  Photographs showing native grasses, shrubs, trees, and wildlife in the open pit area, 
Cunningham Hill Mine Reclamation Project. 
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Appendix D.  Photographs showing native grasses, shrubs, trees, and wildlife in the open pit area, 
Cunningham Hill Mine Reclamation Project. 
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Appendix D.  Photographs showing native grasses, shrubs, trees, and wildlife in the open pit area, 
Cunningham Hill Mine Reclamation Project. 
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Appendix D.  Photographs showing native grasses, shrubs, trees, and wildlife in the open pit area, 
Cunningham Hill Mine Reclamation Project. 
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Appendix D.  Photographs showing evidence of  wildlife in the open pit area, Cunningham Hill 
Mine Reclamation Project. 
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Appendix D.  Photographs showing wildlife in the open pit area, Cunningham Hill Mine 
Reclamation Project. 
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Appendix D.  Photographs showing wildlife in the open pit area, Cunningham Hill Mine 
Reclamation Project. 
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Appendix D.  Photographs showing wildlife in the open pit area, Cunningham Hill Mine 
Reclamation Project. 
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Appendix E.   

 

Open Pit evaluation report by JSAI (2020) 
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EVALUATION OF  

OPEN PIT CLOSURE/CLOSEOUT PLAN AND 

ABATEMENT PLAN 27,  

CUNNINGHAM HILL MINE RECLAMATION PROJECT,  

SANTA FE COUNTY, NEW MEXICO 

1.0  INTRODUCTION 

 John Shomaker & Associates, Inc. (JSAI) has prepared this report in response to the 

Mining and Minerals Division of the Energy, Minerals and Natural Resource Department (MMD) 

request (letter dated September 29, 2019) for Closure/Closeout Plan (CCP) revision for Permit 

No. SF002RE.  The MMD-requested permit revision is based on changes to the Open Pit AP-27 

reclamation plan. Locations of the Cunningham Hill Mine Reclamation Project (CHMRP) site 

and Open Pit are shown on Figure 1.  

MMD concerns with the CCP are with the timing and reclamation of 13.8 acres of pit 

walls and benches by filling with stormwater (see Table 4; Fig. 12).  The basis for these 

concerns is that the Open Pit has not filled as originally predicted.   

LAC Minerals (USA), LLC (LAC), JSAI, MMD, and New Mexico Environment 

Department (NMED) representatives discussed CCP issues and options during a meeting held 

November 12, 2019.  The group agreed that LAC will evaluate options and report back with 

justification for selected option before the MMD September 29, 2019 requested Permit 

Revision Application was due in 160 days (March 7, 2020). 

As discussed during the meeting, there are three options to address these issues: 
1. Clarify probability of Open Pit filling and timing with model considering a 

range of scenarios including the revised AP-27 reclamation plan. 
2. Request a pit waiver and permit revision for Open Pit that does not fill. 
3. Revision of CCP to address pit that does not fill and reclaim walls and benches. 

The updated report, herein, addresses MMD comments submitted to LAC on April 21, 

2021 and NMED comments submitted to LAC on June 4, 2021.   
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Figure 1.  Map showing location of Cunningham Hill Mine Reclamation Project, the Open Pit, and  
receiving watershed, Santa Fe County, New Mexico. 
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1.1  Background 

 In the mid-1990s, the original intent for reclamation of the Open Pit was to allow 

stormwater runoff from Upper Cunningham Gulch to fill the pit and inundate the acid wall 

seepage (AWS).  The pit rim area was reclaimed with cover material, and filling of the Open Pit 

with stormwater was to reclaim the remaining benches and pit walls below the 6,945-ft 

elevation.  The CCP was approved in 1996, and then amended in 2001 to accommodate AP-27.   

1.1.1  Closure/Closeout Plan (CCP) 

 The CCP for the Open Pit (Permit No. SF002RE) includes the following reclamation 

measures:  

A. The uppermost portions of the north, west, and east sides of the Open Pit were graded 
and 8-ft-high berms were placed to intercept and divert runoff.   

B. Cunningham Hill channel was blocked at its junction with Cunningham Gulch and the 
area was regraded to redirect surface water flowing in Cunningham Gulch into the 
Open Pit via a diversion channel.  Erosion control measures were taken for flow paths 
into the pit.  An outlet control structure was constructed at the low point of the Open Pit 
area to regulate flows.  A channel was constructed to route flow from the Open Pit 
outlet control structure to the lower Cunningham Gulch channel when outflows occur.  

C. The Open Pit was fenced and approaches to the Open Pit are posted to warn of steep 
slope hazards in the Open Pit.  LAC will maintain gates preventing vehicle access to 
the entrance of the property and on the access road adjacent to the office site area.   

D. Slopes on the northwest, west and south walls above the Open Pit access road were 
locally regraded as practicable to achieve gradients of approximately 3:1 or less.  
Regraded areas were covered with 12 in. of growth medium and reseeded.  Open Pit 
benches on the upper southeast wall above the access road were graded.  The benches 
were covered and reseeded.  

E. Some benches were impractical to grade.  They were ripped, covered with 12 in. of 
growth medium and reseeded.  Roadways in the Open Pit above the final elevation of 
the Open Pit water body were ripped, covered with 12 in. of growth medium and 
reseeded.  A roadway of minimal size was maintained around the northeast side of the 
Open Pit for access during the post-reclamation monitoring period.  Following post-
reclamation monitoring, the track will be reseeded.  

F. Portions of the Open Pit and Open Pit slopes which cannot be reached by construction 
equipment but which exhibit characteristics amenable to vegetative establishment, 
including the upper portion of the south wall talus slope, were seeded as practicable.   

G. Pit highwalls to be stabilized with wire mesh near the area of the access road.  
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 Most of the items A through G listed above were implemented in the 1990s, and 
additional work has been performed as part of the 2011 revised reclamation plan (JSAI, 2011).  
In addition to requirements A through G, LAC installed stormwater conveyance and protection 
measures, caliche on road and benches, where accessible, as a source control measure, and 
thinned excessive undergrowth in the Upper Cunningham Gulch watershed.   
 The 1996 reclamation areas for the approved Open Pit CCP are illustrated on Figure 2.  
As approved, approximately 7.24 acres of Open Pit walls and benches remained un-reclaimed.  
Filling of the Open Pit with stormwater is to reclaim 13.8 acres of open pit benches and walls. 
Figure 3 is a graph of model-simulated open pit filling. 

1.1.2  Abatement Plan 27 (AP-27) 

 The un-reclaimed Open Pit has been impacted by AWS, resulting in elevated 
concentrations of sulfate, total dissolved solids (TDS), manganese, and cobalt.  AP-27 
acknowledges, as the Open Pit fills, some of the impacted water will migrate into the 
surrounding groundwater.  AP-27 applies to alternative abatement standards for sulfate, TDS, 
manganese, and cobalt in groundwater outside of the Open Pit and within a defined area inside 
the LAC property boundary.  The gradual filling of the Open Pit with water is expected to reduce 
contaminant concentrations in the Open Pit and the impact on surrounding groundwater system. 
 Abatement Plan AP-27 requirements: 

1. Impacts to groundwater quality shall be addressed through diversion of Upper 
Cunningham Gulch into the pit and short-term treatment of the Open Pit using 
reverse osmosis. 

2. Comply with Performance Standard APS-1 and Contingency Plan APC-1. 
3. Observe sulfate trigger levels for Open Pit pool as outlined in APS-1 and APC-1. 
4. Surface water quality addressed as outlined in Performance Standard CHP-1. 
5. Perform quarterly monitoring as outlined in CHP-1. 
6. Perform monitoring of Open Pit pool and groundwater monitoring wells  

MW84-7 and MW79-3 as described in Performance Standard APS-1.  NMED 
added monitoring requirements for MW95-53 and MW95-54 as part of the revised 
reclamation plan (JSAI, 2011) (see Fig. 4 for locations). 

 No diversion and a diversion of 82 acre-feet per year (ac-ft/yr) were simulated by JSAI 
(1999) (Fig 3).  The model-simulated Open Pit filling graphs were submitted for AP-27 
(NMED, 2002) and to the MMD to fulfill the requirements for a reclamation schedule for the 
Open Pit (MMD, 2002).   
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Figure 2.  Map showing 1996 CCP Open Pit reclaimed areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Graph of model-simulated Open Pit filling with no diversion and  
with 82 ac-ft/yr diversion (from JSAI (1999) original model). 
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Figure 4.  Map showing locations of Open Pit and surrounding monitoring wells,  

Cunningham Hill Mine Reclamation Project, Santa Fe County, New Mexico. 
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1.1.3  Timeline 

 The following is a timeline regarding Open Pit AP-27 reclamation efforts and compliance: 

 

2001 

JSAI model report states Open Pit will fill to the 6,945-ft elevation in 50 years, 
considering: 

1. an average runoff of 82 ac-ft/yr 

2. maximum 100-year 24-hr precipitation event = 3.6 in. 

2002 AP-27 issued (NMED, 2002) and  
CCP permit revision 96-1 to permit SF002RE (MMD, 2002) 

2003 Reverse osmosis (RO) treatment completed, but removed more water than 
anticipated due to extreme drought and low treatment efficiency 

2009 AP-27 pilot program employed to mitigate APC-1 Trigger No. 1 (JSAI, 2009) 

2010 Model recalibrated as required by AP-27 APC-1 Trigger No. 2 (JSAI, 2011) 

2011 Revised Open Pit Reclamation Plan submitted to NMED (JSAI, 2011) 

2014 Status report regarding revised reclamation plan (JSAI, 2014) 

2015 to 2018 

Implement source controls: 

1. repairs to Upper Cunningham Gulch diversion structures 
2. stormwater controls for receiving runoff area west of pit 
3. in pit stormwater controls 
4. repair access roads by installing caliche base 
5. cap largest remaining bench area with caliche and install runoff 

controls 
6. thinning LAC controlled properties in receiving watershed 

2018 to current Implement Open Pit treatment 

2019 

Precipitation event 2.5 in. in less than 30 minutes occurred and generated  
15 acre-feet runoff.  The event was more concentrated than the 100-year 24-hr 
Probable Maximum Precipitation (PMP), and considered outside of the realm of 
probabilities known from existing datasets. 

 

AP-27 water-quality standards are projected to be met after implemented source-water 

controls and Open Pit treatment.  
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2.0  REVISED OPEN PIT FILLING SCENARIOS 

 The purpose of this section is to clarify the probability of Open Pit filling and timing 

with the model, considering a range of scenarios including the revised AP-27 reclamation plan.   

2.1  Calibrated Model 

 The AP-27 groundwater flow and transport model was updated and recalibrated in 

2011 (JSAI, 2011).  Improvements to the updated and recalibrated model included the 

following: 

1. Revised Open Pit evaporation rate of 40 in./yr 
2. Recalculated stormwater runoff rate from upper Cunningham Gulch to 

better reflect watershed conditions from 2001 to 2011 (0 to 14.5 ac-ft/yr). 
3. Recalibration of vertical conductance in the Open Pit area. 

 The recalibrated model provided an excellent match to observed data (JSAI, 2011), and 

is the proper tool for evaluating stormwater runoff and pit filling scenarios.  The biggest water 

budget component affecting the Open Pit filling and fill rate is stormwater runoff from Upper 

Cunningham Gulch.  

2.2  Stormwater Runoff  

 Stormwater runoff from Upper Cunningham Gulch has been difficult to predict, 

because runoff rates and volumes depend on watershed conditions and precipitation patterns.  

In the late 1980s to late 1990s, the Upper Cunningham Gulch was predominately vegetated 

with ponderosa pine and limited under brush.  Above-normal precipitation and snow pack 

resulted in measured runoff of near 80 ac-ft/yr.  Adrian Brown (1997) estimated Upper 

Cunningham Gulch stormwater inflow to range from 40 to 160 ac-ft/yr.  JSAI (1999) used an 

average value of 82 ac-ft/yr for Upper Cunningham Gulch stormwater runoff.  A precipitation 

event during the first week of August 1999 resulted in approximately 500 ac-ft of runoff; 

however, almost all of the flow was diverted to Dolores Gulch. 

 From 1995 to current, the Upper Cunningham Gulch watershed became severely 

overgrown with underbrush, and intercepted most of the potential stormwater flows.  Based on 

observed overgrowth conditions, JSAI (2011a) recalculated stormwater runoff from Upper 

Cunningham Gulch watershed at 14.5 ac-ft/yr.  It was identified in 2009, that the Upper 
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Cunningham Gulch diversion channel infiltrated stormwater up-gradient of the weir rather than 

convey stormwater to the Open Pit.  No significant stormwater was measured at the Upper 

Cunningham Gulch diversion channel weir from 2001 to 2015.  Measurable quantities of diverted 

stormwater began in 2015 after the diversion channel was fixed (Table 1).   

 

Table 1.  Summary of annual precipitation and measured  
Upper Cunningham Gulch stormwater diversions 

year 

total 

precipitation 

(inches) 

Upper Cunningham 

Gulch diversion 

channel weir flow 

(ac-ft) 

Open Pit 

watershed 

drain(s) 

(ac-ft) 

comments 

2011 11.17 0.00   

2012 8.72 0.00   

2013 16.51 0.01   

2014 13.09 0.00   

2015 18.55 0.79 1.13 fixed UCG diversion 

2016 12.96 0.15 0.30  

2017 15.46 1.73  watershed thinning 

2018 13.97 1.54  watershed thinning 

2019 16.78 20.15   
ac-ft - acre-feet 
UCG - Upper Cunningham Gulch 

2.2.1  Watershed Conditions 

 As identified in the revised AP-27 reclamation plan by JSAI (2011), the condition of the 

watershed affects the quantity of stormwater generated from Upper Cunningham Gulch.  LAC 

began a watershed thinning project in 2017, and approximately 90 acres were mechanically 

thinned.  Figure 5 is a map showing the areas thinned.  It is likely the measured stormwater 

diversion in 2019 (Table 1) was partly a result of the thinning project. 

 Forest fires have a major effect on post-fire stormwater runoff.  Typically, Ponderosa pine 

forests experience a fire return interval of 2 to 47 years (Fitzgerald, 2005).  The longer the fire 

return interval or fire suppression, the higher the potential for fire intensity.  There has not been a 

fire in Upper Cunningham Gulch watershed for over 40 years. 
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Figure 5.  Aerial photograph showing Upper Cunningham Gulch watershed,  

watershed sub-regions, and Open Pit watershed area. 
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Post-fire runoff will be significantly greater than current conditions, and can be up to 
45 percent of precipitation (Johansen et al., 2001).  Post fire runoff could be as high as 
172 ac-ft/yr (JSAI, 2011). 

2.2.2  Precipitation Patterns 

Over the last 20 years, measured annual precipitation at the Cunningham Hill Mine 
Reclamation Project has averaged 13.27 in./yr and varied from 7.49 to 18.55 in./yr.  Snowpack, 
snowmelt rates, rain-on-snow events, and precipitation events are more important to stormwater 
runoff than annual precipitation.  The frequency of these events and the magnitude are difficult to 
predict, particularly stormwater generated from rain-on-snow, and snowmelt events.  For 
example, during August 2019, 2.5 in. of precipitation fell in less than 30 minutes.  The event is 
more concentrated than the 100-year PMP, and considered outside of the realm of probabilities 
known from existing datasets. 

2.2.3  Revised Stormwater Runoff Scenarios 

Originally JSAI (1999) provided simulated Open Pit filling scenarios for two stormwater 
runoff conditions:  1) above-normal stormwater runoff conditions (82 ac-ft/yr), and 2) drought (no 
diversions of runoff) (Fig. 3).  The updated model by JSAI (2011a) provided an evaluation of 
stormwater runoff calculations based on changes in watershed conditions and concluded the 
average stormwater runoff of 4.5 ac-ft/yr best represented 2001 to 2011 conditions.  Effects of 
watershed thinning, and forest fire events on stormwater runoff, were not considered previously. 

A summary of four potential stormwater runoff scenarios (A through D) is presented in 
Table 2, and described as follows: 

1. Scenario A – no appreciable diversion of stormwater flows.  This condition 
actually occurred from 2001 to 2014 (see Table 1), largely due to issues with 
the Upper Cunningham Gulch diversion structure; therefore, the minimum 
diversion scenario is not expected to occur in the future. 

2. Scenario B - the minimum diversion of 4.2 ac-ft/yr, representative of 
persistent drought conditions with watershed over growth (no re-occurring 
forest fire).   

3. Scenario C - the average diversion of 14.5 ac-ft/yr of stormwater flows with 
some watershed over growth conditions.  

4. Scenario D - the average 14.5 ac-ft/yr of diverted stormwater flow with the 
inevitable re-occurring fires every 30 years generating 172 ac-ft per event.    

  Stormwater runoff Scenarios A through C most likely represent future conditions.   
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Table 2.  Summary of potential stormwater runoff scenarios for  

Upper Cunningham Gulch watershed 
 

scenario stormwater runoff scenario 

estimated 

diversion rate  

(ac-ft/yr) 

A no appreciable diversion of stormwater flows 0 

B minimum diversion of stormwater flows 4.2 

C average runoff with overgrowth 14.5 

D average runoff with overgrowth and 30-yr watershed fire frequency 14.5 (172 ac-ft) 
ac-ft/yr - acre-feet per year 
 

 

2.3  Model-Simulated Scenarios 

 The updated and recalibrated groundwater flow model (JSAI, 2011a) was used to 

evaluate Open Pit filling resulting from the stormwater runoff Scenarios A through C (Fig. 6).  

Current Open Pit water-level elevation is 6,798.5 feet above mean sea level (ft amsl).  The 

model-predicted steady state Open Pit water level is 6,800 ft amsl, with the potential to rise to 

6,840 ft amsl.  Regardless of the scenario, near steady-state Open Pit water levels are observed 

today.  The maximum expected Open Pit water level is 6,840 ft amsl (Fig. 6), which would 

require large stormwater events every 30 years and an average input of 14.5 ac-ft/yr of 

stormwater over the next 60 to 70 years.  The observed rise in Open Pit water levels over the 

last 4 years has been at an average rate of 2.0 ft/yr (Fig. 7).  The last 6 years have shown a 

10-ft rise in water levels at PW77-01 (Fig. 7), indicating a change in groundwater recharge up-

gradient of the Open Pit.   
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Figure 6.  Graph of observed Open Pit water levels, model-calibrated water levels, 
and model-simulated pit filling scenarios.  

 

 
Figure 7.  Graph showing observed water levels at the Open Pit and  

nearby monitoring wells, from 1994 through 2019. 
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 Pre-mining groundwater levels for the Open Pit area ranged from 6,895 to 6,925 ft 

amsl (Hydro-Geo Consultants, 1994) (Fig. 8).  The former up-gradient Open Pit dewatering 

well, PW77-01, had a water level of 6,920 ft amsl in 1977 (pre-mining), and currently has a 

water level of 6,805 ft amsl (Fig. 8).  Open Pit dewatering wells PW77-01 and PW79-02 are 

connected to the same fracture system (Golden Fault Zone).  PW77-01 is located up-gradient 

of the Open Pit and PW79-02 is located down-gradient of the Open Pit (Fig. 4).  Water-level 

data from PW77-01 indicate the fracture system connected to the Open Pit has not readily 

recharged and recovered from dewatering during mining that occurred between 1979 and 

1987.  Recharge to groundwater system up-gradient of the Open Pit is needed for efficient pit 

filling with diverted stormwater.   

 
 

 
Figure 8.  Graph showing observed water levels at the Open Pit and  

nearby dewatering wells, from 1976 through 2019. 
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3.0  ABATEMENT PLAN 27 (AP-27) 

 Implementation of the revised reclamation plan for AP-27 (JSAI, 2011) has resulted in 

significant progress with source controls.  The revised plan called for implementing source 

controls first, followed by pit water treatment, then improvements to facilitating stormwater 

diversions for pit filling.  It is important to note that the original plan involved partial filling of 

the Open Pit with diverted stormwater to an elevation of 6,925 ft amsl without the use of 

source controls.  The first 10 years of AP-27 resulted in drought (JSAI, 2011; 2011a) with 

little to no Open Pit filling, and it was found to be difficult to maintain AP-27 surface water 

standards for pH and alkalinity, and groundwater trigger concentrations for sulfate and TDS.  

With implementation of source controls, it was concluded the AP-27 standards could be 

maintained without filling the Open Pit to 6,945 ft amsl with stormwater (JSAI, 2011). 

3.1  Open Pit Pool Characteristics 

Since 2002, water quality from the Open Pit pool has been sampled quarterly at pool 

depths of 4, 15, 45, and 75 ft, according to requirements set forth in AP-27.  Water-

temperature data with respect to pool depth have shown that system turns over and mixes 

seasonally.  Presented as Figure 9 is a graph showing temperature profiles for year 2020.  

Temporary stratification occurs when a thermocline develops during the late summer months. 

Geochemical modeling was performed on AP-27 2nd Quarter 2021 field and lab 

analyses results from the Open Pit pool utilizing PH REdox EQuilibrium program written in C 

(PHREEQC), an open-source program developed and distributed by the United States 

Geological Survey (USGS).  The purpose of the geochemical equilibrium modeling was to 

evaluate current Open Pit chemistry and post nanofiltration (NF) treatment pit chemistry.  The 

intent of the NF treatment is to achieve AP-27 alternative abatement standards for discharge to 

groundwater.   

Based on the period of record (Appendix A), sulfate (SO4²-) and manganese (Mn) are 

the primary constituents of concern for meeting the Open Pit water-quality standards.  

Saturation indices (SI) show that the pit water is saturated with respect to iron (Fe) oxides, 

hydroxides, and oxyhydroxides, generally referred to herein as hydrous ferric oxides (HFO).  

The Open Pit pool is in near equilibrium with respect to SO4²- salts (e.g., gypsum).  
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Figure 9.  Graph showing Open Pit pool temperature profiles for year 2020. 
 

In order to simulate the blending of NF-treated pit water with alkaline groundwater 

sources, sulfate was adjusted to the target concentration of 600 milligrams per liter (mg/L), and 

calcium was reduced to achieve a charge balance.  Trace metal concentrations were adjusted 

down by the corresponding percentage reduction in dissolved solids, even though metal 

concentrations will be significantly reduced by NF treatment process (see Appendix B).  The 

PHREEQC model simulation results for the NF treatment were similar to the current chemistry, 

but with lower positive saturation indices for sulfate salts.  Mineral hardness will remain above 

400 mg/L. 

A mechanism that controls the concentration of dissolved metals in solutions is 

adsorption.  Adsorption occurs when an adsorbate accumulates on a solid surface (i.e., ions in 

solution attaching onto mineral precipitates, specifically HFOs).  Metal-oxide minerals, such 

as the HFOs, that are an abundant precipitate in the model-simulated pit water, and are one of 
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the most important sorbent minerals in natural systems (Smith, 1999).  When in contact with 

water, hydroxyl groups (OH-) form on the surface of metal-oxide minerals (Stumm, 1992; 

Smith, 1999).  The charge of the surface of the metal-oxide minerals is dependent on the pH of 

the water and as such pH is the controlling variable for surface-binding reactions of metals on 

oxide minerals.  Under acidic conditions, the surface of metal-oxide minerals retain excess 

protons.  This produces a net positive charge leading to anions being absorbed.  Neutral and 

alkaline pH values will produce the opposite, where the surface of the metal-oxide minerals 

have a net negative charge.  This results in metals being adsorbed onto the HFO (Smith, 1999).  

The point of zero charge (PZC) is the range of pH values in which the net surface 

charge is zero (Stumm, 1992; Smith, 1999).  As pH increases, cation adsorption will increase 

from zero to nearly 100 percent, typically within a pH range of 1 to 2 units (Smith, 1999).  

Generally, the PZC pH values for HFOs are 4.2 to 7.5 (Stumm, 1992; Smith, 1999).  At pH 

values greater than 7.5, sorption curves of metals onto HFOs are approaching or at 100 percent 

(Smith, 1999). 

The average field-measured pH for the pit water for 2nd Quarter 2021 was 7.28.  When 

combined with the model-simulated results of the pit waters being saturated to super-saturated 

with respect to HFOs, an ideal environment for the sorption of trace metals onto HFOs is 

achieved.   

3.2  Surface Water Quality Standards 

 Based on correspondence from the NMED (2021), AP-27 will be updated to include 

applicable surface-water standards related to 20.6.4.99 NMAC.  As specified by NMED 

(2021), Open Pit pool surface water quality requirements are for protection of livestock 

watering, wildlife habitat, and limited aquatic life.  Presented as Table 3 are the applicable 

water-quality standards for AP-27, as proposed by NMED (2021) for update, and the Open Pit 

pool 2nd Quarter 2021 water-quality results.  Time-series graphs of selected constituent 

concentrations for the Open Pit pool can be referenced from Appendix A.  Constituents of 

concern include sulfate, TDS, alkalinity, iron, and manganese.   

Established AP-27 surface-water quality standards along with January 2020 Open Pit 

water quality results are summarized in Table 3.   
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Table 3.  Summary of AP-27 groundwater and surface-water quality standards and monitoring results 
 

constituent unit 

AP-27 

groundwater 

discharge 

Standard 

surface 

water 

trigger 

level 

Livestock 

Watering 

Standard 

Wildlife 

Habitat 

Standard 

Limited 

Aquatic 

Life - Acute 

Standard 

Open Pit 

water body 

(4 ft depth) 2 

May 2021 

comment 

alkalinity mg/L  <20    37   
pH S.U. 6 to 9     7.6   
chloride mg/L 250     23.8   
sulfate mg/L 1,200 b     1,570   
TDS mg/L 2,000 b     2,340   
conductance µS/cm  6,300    2,670   
aluminum 1 mg/L 5    10.07 <0.40   
arsenic mg/L 0.01  0.2  0.34 <0.125   
boron mg/L 0.75  5.0      
cadmium 1 mg/L 0.005  0.05  0.0065 0.000527   
chlorine residual mg/L    0.011 0.019 <0.0002 January 2020 lab analysis 
chromium III 1 mg/L     1.77  total chromium is less than Cr III standard 
chromium VI mg/L     0.016 na need lab analysis 
chromium mg/L 0.05  1.0   <0.030   
cobalt mg/L 0.2 b  1.0   0.0469   
copper 1 mg/L 1  0.5  0.05 0.04 January 2020 lab analysis 
iron mg/L 1     <0.50   
lead 1 mg/L 0.002  0.1  0.28 <0.0075 January 2020 lab analysis 
manganese 1 mg/L 4.0 b    4.738 2.23   
mercury mg/L 0.002   0.01 0.0014 <0.00020   
molybdenum mg/L 1    7.920 <0.008 January 2020 lab analysis 
nickel mg/L 0.2    1.51 0.0237 January 2020 lab analysis 
selenium mg/L 0.05  0.05 0.005 0.02 <0.0030   
silver 1 mg/L 0.05    0.035 na need lab analysis 
vanadium mg/L   0.1   <0.005 January 2020 lab analysis 
zinc 1 mg/L 10  25  0.564 0.164   

b    AP-27 groundwater discharge standard TDS - total dissolved solids 
red indicates exceedance of applicable standard mg/L - milligrams per liter 
CHMRP - Cunningham Hill Mine Reclamation Project µS/cm - microsiemens per centimeter 
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 The Open Pit water-quality constituents of concern are likely manganese and copper for 

limited aquatic life.  Open Pit manganese concentrations tend to spike then attenuate (Fig. 10).  

Manganese and copper concentrations will be significantly reduced when the Open Pit is treated 

for sulfate and TDS.  A use-attainability analysis can be performed for limited aquatic life if 

elevated manganese concentrations are suspected to persist. 

 

 
Figure 10.  Graph showing manganese concentrations at the Open Pit and  

nearby monitoring wells, from 2002 through 2019. 
 
 

3.3  Discharges to Groundwater 

Based on observed water-level data (Figs. 6 and 7) and the recalibrated model (JSAI, 

2011a), the Open Pit water body has been near equilibrium with the adjacent groundwater.  As a 

result, there have been little to no discharges to groundwater over the past 19 years.   
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Model recalibration resulted in a maximum Open Pit discharge to groundwater rate of 

7.5 gpm (12 ac-ft/yr); however, water-level data suggest that prior to 2019 the Open Pit pool is 

not discharging to groundwater on the down-gradient side of the pit at the pit perimeter wells  

MW95-53 or MW95-54 (Fig. 7).  Recent water-quality data from MW95-53 suggest the Open Pit 

pool is discharging to groundwater as evidenced from elevated sulfate concentrations (Fig. 11).   

The current Open Pit water quality does not meet the AP-27 groundwater discharge 

standards for sulfate and TDS (Table 3).  Open Pit sulfate loading occurred after RO treatment 

(2002) and prior to implementation of source controls in 2014 (Fig. 11).  Sulfate concentrations 

appear to have stabilized since implementation of source controls in 2014 (Fig. 11).  

The post RO increase in sulfate concentrations activated AP-27 Performance Standard 

APS-1, Trigger 1: sulfate concentrations greater than 1,000 milligrams per liter (mg/L) for eight 

consecutive quarters.  JSAI assisted LAC with implementing the contingency plan required under 

AP-27, and determined that treatment of Open Pit pool water could not be performed until source 

controls were implemented (JSAI, 2011). 

Open Pit manganese concentrations have recently spiked above the AP-27 groundwater 

discharge standard of 4 mg/L (Fig. 10).  Down-gradient monitoring well MW95-54 has been 

below AP-27 sulfate, TDS, and manganese standards for discharge to groundwater.  Monitoring 

well MW95-53 is near or above the AP-27 sulfate, TDS, and manganese standards for discharge 

to groundwater (Figs. 10 and 11; Appendix A). 

JSAI (2001; 2011) extensively evaluated the transport of solutes from the Open Pit to down-

gradient groundwater.  For the pit filling scenario, there is a greater rate of discharge to groundwater 

from the Open Pit pool, but lower solute concentrations due to dilution.  For the drought scenario (no 

stormwater), there is a lower rate of discharge to groundwater (4 to 8 gpm) that results in a maximum 

transport distance of 750 ft down-gradient along the Golden Fault Zone toward dewatering well 

PW79-02.  Pit perimeter monitoring well MW95-53 would have the highest sulfate and TDS 

concentrations due to its proximity to the Open Pit pool (300 ft down-gradient).  Water-quality data 

from PW79-02 do not indicate impacts from the up-gradient open pit (Appendix A). 

 As described in the revised AP-27 remediation plan, with source controls in place, the 

Open Pit water body will need water treatment in order to meet the requirements of AP-27 

groundwater standards.  It is anticipated long-term AP-27 water quality standards will be obtained 

after water treatment and with continued inputs of diverted stormwater from Upper Cunningham.  
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Figure 11.  Graph showing sulfate concentrations at the Open Pit and  

nearby monitoring wells, from 1994 through 2020. 
 

3.4  Open Pit Pool Source Controls and Water Treatment 

Open Pit pool source controls have been implemented as part of the revised AP-27 

remediation plan (JSAI, 2011a).  The primary purpose of the source controls was to reduce or 

eliminate AWS in the open pit.  Source controls include repairs to the Upper Cunningham Gulch 

Diversion, implementation of storm water controls, and covering open pit access roads with 

caliche.  No AWS have been observed since source controls have been completed. 

Open Pit pool water treatment has included pH mitigation and membrane filtration.  The 

revised plan allows for the use of alkaline groundwater sources rather than hydrated lime for pH 

control.  It was determined that nanofiltration (NF) water treatment with addition of alkaline 

groundwater would be the recommended treatment method (JSAI, 2011).  A workplan for NF 

treatment and NMED approval is attached as Appendix B.  It is expected that NF treatment will 

also improve water quality at MW95-53. 
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4.0  CLOSURE/CLOSEOUT PERMIT 

The CCP is largely based on reclaimed areas for the Open Pit.  The 1996 reclaimed areas 
were based on an Open Pit water elevation of 7,000 ft amsl (Fig. 2, Table 4).  JSAI reconstructed 
the 1996 areas in GIS with a 2019 Digital Elevation Model (DEM) accurate to the 1-meter scale 
(Fig. 12).  Reclaimed areas include the re-vegetated areas, and the surface area of the Open Pit 
water body (Fig. 12, Table 4).  Un-reclaimed areas include the exposed Open Pit walls and benches. 

The 1996 reclaimed areas were adjusted to include portions of the Open Pit watershed 
(Fig. 13), which changes the total area from 34.13 acres (Table 4) to 40.26 acres (Table 5).  The 
changes in area reclaimed by elevation of Open Pit water surface were then evaluated.  Open Pit 
water-surface elevation of 6,795, and 6,840 ft amsl were considered.  The Open Pit water surface 
of 6,795 ft amsl represents current conditions.  The Open Pit water surface of 6,840 ft amsl 
represents modeled stormwater diversion Scenarios B and C (Table 2).   

 

Table 4.  Summary of 1996 CCP Open Pit reclaimed and un-reclaimed areas 
 

acreage CCP 1996 acreage percent of CCP 1996 acreage 

area of Open Pit and high walls 34.13 100.0 

area of Open Pit water surface 13.80 40.4 

un-reclaimed areas of pit walls (total) 7.24 21.2 

area revegetated 13.08 38.3 

total area reclaimed 26.89 78.8 
CCP – Closure/Closeout Plan 
 

Table 5.  Summary of reclaimed Open Pit watershed areas for  

different modeled water surface areas 
 

acreage 

Open Pit water 

surface at  

6,795 ft amsl 

percent 

of total 

acreage 

Open Pit water 

surface at  

6,840 ft amsl 

percent 

of total 

acreage 

area of Open Pit and high walls 40.26 100.0 40.26 100.0 

area of Open Pit water surface 2.82 7.0 4.65 11.6 

un-reclaimed areas of pit walls (total) 16.55 41.1 14.72 36.6 

area revegetated 20.89 51.9 20.89 51.8 

total area reclaimed 23.71 58.9 25.54 63.4 
ft amsl - feet above mean sea level 
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Figure 12.   Map showing 1996 reclamation plan for Cunningham Hill Mine Open Pit. 

Aerial photo April 27, 2020 
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Aerial photographs showing the calculated reclaimed and un-reclaimed areas for Open 

Pit water elevations of 6,795 and 6,840 ft amsl are presented as Figures 12 and 13.  The total 

reclaimed Open Pit watershed area slightly varies for each Open Pit water-surface elevation 

evaluated.  The difference in area between an Open Pit water elevation of 6,795 ft amsl 

(current condition) and 6,840 ft amsl (maximum future condition) is about 1.8 acres. 

4.1  Post-Mining Land Use (PMLU) 

The MMD regulations for mine closure are designed to achieve the requirements for 

Post-Mining Land Uses (PMLU) and a Self-Sustaining Ecosystem.  The approved PMLU for 

the permit area are wildlife habitat and livestock grazing.  The permit applicant has to 

demonstrate that the activities to be permitted or authorized will be expected to achieve 

compliance with all applicable air, water quality and other environmental standards if carried out 

as described in the Mining Act Closeout Plan, as required by §19.10.5.506.J(5) of the Rules.  The 

Open Pit pool water quality standards will likely change to livestock, wildlife, and limited 

aquatic life.  The underlining importance is the ability of the Open Pit to meet water quality 

suitable for the designated uses (Table 3). 

4.2  Self-Sustaining Ecosystem 

The MMD definition for "Self-sustaining ecosystem" is reclaimed land that is self-

renewing without augmented seeding, amendments, or other assistance which is capable of 

supporting communities of living organisms and their environment.  A self-sustaining 

ecosystem includes hydrologic and nutrient cycles functioning at levels of productivity 

sufficient to support biological diversity.  The Open Pit will not meet the Self-Sustaining 

Ecosystem requirements, because the pit will not fill beyond its current level.  However, the 

revised AP-27 reclamation plan includes source controls and does not require filling of the 

Open Pit beyond the current elevation to meet water-quality standards. 

Prior to the Open Pit, there was no surface water for wildlife and livestock.  The 

addition of a permanent water source that meets and self-maintains surface water quality 

standards will be an AP-27 requirement.   
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Figure 13.  Map showing reclamation plan for Cunningham Hill Mine Open Pit with fill level of 6,795-ft elevation. 

Aerial photo April 27, 2020 
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Figure 14.  Map showing reclamation plan for Cunningham Hill Mine Open Pit with fill level of 6,840-ft elevation.  

Aerial photo April 27, 2020 
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4.3  Evaluation of Permit Revision or Waiver 

"Revision" means a modification to a permit that has a significant environmental impact 
and requires public notice and an opportunity for public hearing.  The MMD regulations state the 
following for performance and reclamation standards and requirements: 
 
19.10.5.507 PERFORMANCE AND RECLAMATION STANDARDS AND REQUIREMENTS: 

A. The permit area will be reclaimed to a condition that allows for re-establishment of a 
self-sustaining ecosystem appropriate for the life zone of the surrounding areas following 
closure unless conflicting with the approved post-mining land use.  Each closeout plan 
must be developed to meet the site-specific characteristics of the mining operation and 
the site.  The closeout plan must specify incremental work to be done within specific time 
frames to accomplish the reclamation. 

B. Waiver for Pits and Waste Units An operator may apply for a waiver for open pits or 
waste units from the requirement of achieving a post-mining land use or self-sustaining 
ecosystem.  The operator must show that achieving a post-mining land use or self-
sustaining ecosystem is not technically or economically feasible or is environmentally 
unsound.  The Director may grant the waiver for an open pit or waste unit if he finds: 

(1) measures will be taken to ensure that the open pit or waste unit will 
meet all applicable federal and state laws, regulations and standards for air, 
surface water and ground water protection following closure; and 
(2) the open pit or waste unit will not pose a current or future hazard to 
public health or safety. 

The revised AP-27 remediation plan provided measures without a specific time frame to 
complete the reclamation.  Open Pit pool pH mitigation has been ongoing since 1996, and it is 
unknown if AWS source controls will eliminate the need for re-occurring pH mitigation.   The 
source control measures discussed in the AP-27 status report (JSAI, 2014) have been completed 
and implemented.  A water treatment system has been designed and constructed, with the system 
startup in summer of 2021.  The water treatment system will operate seasonally for several years 
until cleanup standards are achieved (Appendix B).   

The Open Pit currently contains a continuous source of water that is accessible to wildlife 
and livestock that was not there prior to the Open Pit.  Wildlife is currently using the Open Pit 
water, and there are no livestock on property.  The current Open Pit pool chemistry meets the 
standards for wildlife, as long as pH controls measures are maintained.  The CCP should be 
updated to provide additional technical analysis regarding the Justification for a pit waiver. 

A pit waiver for SSE is recommended if LAC chooses not to stick with the CCP as 
written in 1996.  The waiver would also result in an update of the required surface-water 
standards in AP-27 and update of the CCP.  The reason for a waiver is the remaining exposed pit 
walls, and benches are considered to not achieve the PMLU.   
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5.0  CONCLUSIONS 

5.1  AP-27 

The revised AP-27 remediation plan called for implementing source controls first 
followed by improvements to facilitating stormwater diversions for pit filling.  It is important 
to note that the original plan involved partial filling of the Open Pit with diverted stormwater 
to an elevation of 6,925 ft amsl without the use of source controls.  The first 10 years of AP-27 
resulted in drought (JSAI, 2011; JSAI, 2011a) with little to no Open Pit filling, and it was 
found to be difficult to maintain AP-27 surface water standards for pH and alkalinity, and 
groundwater trigger concentrations for sulfate and TDS.  With the implementation of source 
controls, the AP-27 standards may be maintained without filling the Open Pit to 6,945 ft amsl 
with stormwater. 
 With source controls in place, the revised AP-27 remediation plan requires Open Pit 
water treatment in order to meet the requirements of AP-27 groundwater standards.  It is 
anticipated long-term AP-27 water quality standards will be obtained after water treatment and 
with continued inputs of diverted stormwater from Upper Cunningham.  
 The expected steady-state Open Pit water levels is 6,800 with the potential for the pool 
level to rise to 6,840 ft amsl (Fig. 6).  The observed rise in Open Pit water levels over the last 
10 years has been at an average rate of 0.8 ft/yr (Fig. 7). 

5.2  Closure/Closeout Plan (CCP) 

The total reclaimed Open Pit watershed area varies for each Open Pit water surface 
elevation evaluated.  The difference in area between an Open Pit water elevation of 6,795 ft 
amsl (current condition) and 6,945 ft amsl (previous estimate) is about 11 acres. 

As long as AP-27 water-quality standards are maintained, the Open Pit should meet the 
PMLU for wildlife habitat and livestock watering.  Prior to the Open Pit, there was no surface 
water for wildlife and livestock.   

The CCP should be updated to provide additional technical analysis regarding the 

justification for a pit waiver for SSE.  Based on the analysis of stormwater flows, the pit walls and 
benches will remain un-reclaimed.   
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Appendix A.   

 

Time-series concentration graphs for open pit pool constituents of concern 
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Figure A1.  Time-series graph of sulfate Concentration 4 ft depth CHMRP Open Pit Water body.
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Figure A2.  Time-series graph of Total Dissolved Solids 4 ft depth CHMRP Open Pit water body.
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Figure A3.  Time-series graph of Alkalinity, 4 ft depth CHMRP Open Pit water body.
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Figure A4.  Time-series graph of  Total Aluminum Concentration 4 ft depth CHMRP Open Pit water body.



0

0.01

0.02

0.03

0.04

0.05

0.06

1/1/1990 1/1/1995 1/1/2000 12/31/2004 1/1/2010 1/1/2015 1/1/2020 12/31/2024

To
ta

l C
ad

m
iu

m
 C

on
cn

et
ra

tio
n 

(m
g/

L) AP-27 Standard

Livestock Watering Standard

Limited Aquatic Life

Results below detection 
limit are considered

1/2 detection limit value.

JOHN SHOMAKER & ASSOCIATES, INC.

Figure A5.  Time-series graph of  Total Cadmium Concentration 4 ft depth CHMRP Open Pit water body.
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Figure A6.  Time series graph of total Cobalt Concentration, 4 ft depth CHMRP Open Pit water body.
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Figure A7.  Time-series graph of total Chromium Concentration 4 ft Depth CHMRP Open Pit water body.
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Figure A8.  Times-series graph of total Iron Concentration 4 ft Depth CHMRP Open Pit water body.
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Figure A9. Time-series graph of total Manganese Concentration CHMRP Open Pit water body
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Figure A10.  Time-series graph of total Zinc Concentration, 4 ft Depth CHMRP Open Pit water body.
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Figure A11.  Time-series cobalt concentration graph for AP-27 monitoring network.

MW79-03

MW84-07

RW97-02

MW95-54

MW95-53

AP27 Discharge Standard

Results below detection limit are 
considered 1/2 detection limit value.

JOHN SHOMAKER & ASSOCIATES, INC.



0.00

1.00

2.00

3.00

4.00

5.00

6.00

1/1/1995 1/1/2000 12/31/2004 12/31/2009 1/1/2015 1/1/2020 12/31/2024

M
n 

Co
nc

en
tr

at
io

n 
(m

g/
L)

Figure A12.  Time-series manganese concentration graph for AP-27 monitoring network.
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Figure A13.  Time-series sulfate concentration graph for AP-27 monitoring network.
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Figure A14.  Time-series cobalt concentration graph for AP-27 monitoring network.
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1.0 INTRODUCTION 

The Cunningham Hill Mine Reclamation Project is owned and operated by LAC Minerals (USA) 
LLC (LAC). The site is a former open pit gold mine and heap leach facility located in Cerrillos, 
New Mexico, that was active from 1979 through 1987 (New Mexico Environment Department 
[NMED], 2002a). When mining activities ceased, surface runoff and groundwater began to 
partially fill the dewatered mine pit, resulting in a pit lake. The geology of the pit has contributed 
to the production of acid wall seepage (AWS), which has resulted in elevated concentrations of 
total dissolved solids (TDS), sulfate, manganese, and cobalt in the pit lake. Remediation of the 
pit lake and surrounding groundwater is directed by the NMED Ground Water Quality Bureau 
through Abatement Plan-27 (AP-27) (NMED, 2002b).  

Remediation activities specified in AP-27 include implementing source control measures and 
directing stormwater runoff from Upper Cunningham Gulch and areas west of the pit to drain 
into the pit lake to reduce AWS. Reverse osmosis (RO) treatment of the pit lake was previously 
implemented to reduce TDS and sulfate concentrations; hydrated lime was added to the pit lake 
to buffer the water. While the implemented source control measures appear to have caused 
sulfate concentrations to stabilize, the pit lake water quality continues to exceed the AP-27 
performance standards. 

The additional AP-27 activities described in this work plan are intended to reduce TDS and 
sulfate concentrations in the pit lake by nanofiltration (NF) of pit lake water and disposal of 
NF brine.  

 Abatement History 

In the mid 1990s, the original intent for reclamation of the open pit was to allow stormwater 
runoff from Upper Cunningham Gulch to fill the pit and inundate the AWS. 

AP-27 (NMED, 2002b) allowed temporary discharges to groundwater from the open pit lake with 
TDS, sulfate, and manganese concentrations above standards. In addition, AP-27 includes 
surface-water standards that must be met, with pH (greater than 6.0) and alkalinity (greater than 
20 milligrams per liter [mg/L] as calcium carbonate [CaCO3]) determined to be the most critical 
to maintain. 

During 2001 and 2002, RO treatment of the open pit lake was performed to reduce TDS and 
sulfate concentrations. Since 2003, TDS and sulfate concentrations have increased due to 
inputs from AWS sources. The RO treatment reduced TDS and sulfate concentrations, but the 
treatment also stripped the alkalinity from the open pit lake. As a result, hydrated lime was 
added to the open pit lake several times to buffer AWS inputs. The addition of hydrated lime to 
buffer the pit lake water resulted in increased calcium concentrations. 

Open pit lake sulfate concentrations from AWS inputs remained greater than 1,000 mg/L from 
2006 to 2010. This increase in sulfate activated AP-27 Performance Standard APS-1, Trigger 1: 
sulfate concentrations greater than 1,000 mg/L for eight consecutive quarters. LAC 
implemented the contingency plan required under AP-27 and determined that treatment of open 
pit lake water could not be performed until additional source controls were implemented. 

In 2011, the NMED approved a Revised Open Pit Remediation Plan (John Shoemaker & 
Associates, Inc. [JSAI], 2011). The revised plan included recommendations for pH control of the 
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open pit lake, for source controls to eliminate AWS inputs, and for treatment methods to reduce 
TDS and sulfate concentrations within the open pit lake. The revised plan also recommended 
establishing source controls before treating the open pit lake. 

Implemented source controls included the following: 

 Repairing Upper Cunningham Gulch diversion structures 

 Implementing stormwater controls for receiving runoff from areas west of the pit 

 Incorporating in-pit stormwater controls 

 Repairing access roads by installing caliche base 

 Capping of the largest remaining bench area with caliche and installing stormwater runoff 
controls 

Pumping alkaline water from the residue pile recovery wells and Guest House Well to the open 
pit lake has improved pH control in the pit lake. The AWS inputs have been reduced, and sulfate 
concentrations have stopped increasing and are potentially decreasing, indicating that source 
controls are working. Input of clean stormwater runoff from Upper Cunningham Gulch has been 
significantly reduced by overgrowth, particularly underbrush, as evidenced when comparing 
precipitation and Upper Cunningham Gulch runoff data from the 1990s to the present 
(JSAI, 2017). 

 Objectives and Scope 

The objective of the remediation activities specified in this work plan is to remove TDS, sulfate, 
and calcium from the pit lake to meet the AP-27 water quality criteria specified in the AP-27 
Open Pit Pool Performance Standard and Contingency Plan (NMED, 2002b).  

Open pit lake water will be treated using NF treatment. Clean water produced from the NF 
treatment system (permeate) will be pumped back to the open pit lake to reduce overall TDS, 
sulfate, and calcium concentrations, while brine water produced from the NF treatment system 
will be pumped to the onsite existing evaporation ponds for treatment though evaporation. Open 
pit lake water will be treated for approximately 5 months (May to September) each year. It is 
estimated that treatment will be required 3 to 4 years to meet the AP-27 water quality criteria.  
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2.0 MEMBRANE TREATMENT PLAN 

 Design 

The treatment system will use conventional NF membrane desalination (Figure 1) to selectively 
remove sulfate and calcium ions while passing a portion of the bicarbonate ion to help limit 
further reduction in pit lake alkalinity. Like RO, NF produces relatively pure water as the flow 
stream and a concentrated salt brine and media backwash as the waste stream. The flow 
stream will pass through the existing land application pond and then be pumped back to the pit 
lake, and the waste flow from the treatment system will be sent to the existing brine ponds for 
evaporation (Figure 2). 
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Figure 1. Conventional Membrane Desalination Process Flow Diagram 

A new pump will extract water from the pit lake and pump the water to the inlet of the 
containerized NF unit. The pit lake pump (a self-priming centrifugal pump) will be placed in the 
beach area of the pit lake (Figure 2). 

The NF unit will be a vendor-supplied packaged system containing filters, pumps, a four-stage 
NF membrane filtration, permeate and waste collection tanks, and chemical feeds. Feed water 
from the pit lake will be dosed with sodium hypochlorite to aid in the oxidation of manganese 
and iron and provide a constant regeneration source for the greensand filter media. The 
greensand will retain manganese and particulate matter, which will periodically be backwashed 
to the brine evaporation ponds. Greensand pressure media filtrate will proceed to the cartridge 
filters to remove finer particulates upstream of the NF membranes, while the periodic greensand 
pressure media filter backwash will be directed to the effluent tank for later disposal to the brine 
evaporation ponds. Sodium bisulfite will be injected into the process stream ahead of the 
cartridge filters to remove any remaining residual chlorine in the NF feed water, which would be 
detrimental to the NF membranes. Cartridge filter effluent will be dosed with antiscalant and, 
periodically, biocide to reduce NF membrane fouling. An NF high-pressure pump will elevate the 
pressure of the flow stream, which will then enter the four-stage NF membrane desalination 
system. Consumable process chemicals for the NF system are listed in Table 1. 
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FIGURE 2. SITE PLAN 
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Table 1. Consumable Process Chemicals  

Chemicals 
(Part of NF System Package)  Purpose  Product 

Sodium Hypochlorite  Manganese oxidation; 
regeneration of filter media 

Generic 

Sodium Bisulfite  Remove residual chlorine in NF feed  Generic 

Antiscalant  Prevent NF membrane scaling  Avista Vitec 7000 

Biocide  Prevent NF membrane fouling  DBNPA  

NF Clean‐in‐Place Solution 1  Remove metal fouling  Citric Acid 

NF Clean‐in‐Place Solution 2  Remove organic fouling  Versene 200 (Na‐EDTA) 

Notes: 
DBNPA = 2,2‐dibromo‐3‐nitrilopropionamide 
Na‐EDTA = Sodium ethylenediaminetetraacetic acid 

Permeate from the NF system will be directed to the permeate/flush/backwash supply tank. A 
permeate pump included in the packaged system will pump permeate from the package system 
througha new 4-inch high density polyethylene (HDPE) pipe that will discharge the permeate 
back to the pit lake. The permeate pump will also supply clean water for pressure media filter 
backwashing and flushing of the NF membranes upon system shutdown. Brine (reject) from the 
NF membranes and backwash/flush streams will be directed to the waste tank. A combination of 
three waste pumps within the packaged system will operate based on the level in the waste tank 
and will pump from the package system to the existing brine ponds (Figure 2) for evaporation. 

The brine ponds are existing evaporation ponds that sit atop the waste rock pile onsite and are 
regulated under AP-27. The brine ponds are lined with a single 60-mil HDPE geosynthetic liner. 
The brine ponds were developed for the previous RO treatment system that was used onsite, 
but they have been sitting idle since previous treatment stopped. The NF treatment system 
waste pumps will discharge via a new 4-inch HDPE pipeline to the brine ponds for evaporative 
disposal (Figure 2). 

 Construction 

The NF treatment system will consist of both new equipment and reutilized equipment already 
onsite. Figure 2 presents an overall site plan showing both existing and new equipment to be 
used for the NF treatment system.  

A new pit lake pump will be installed in the beach area on the northwest side of the pit lake.  
Power cable will be run from the power distribution located next to the new Water Treatment 
System at the pit rim. The pump intake will be located along the existing floating walkway over 
the water to the center of the pit. The pump intake will draw water from a depth between 15 and 
45 feet in the pit lake. New 4-inch HDPE will be installed to convey the pit lake water to the NF 
treatment system.  

The NF treatment system will be a vendor-supplied packaged system and will be located at the 
top of the pit near the road (Figure 2). The NF treatment system will be connected to electrical 
power via a new power cable from the existing onsite utility powerline.  The existing utility power 
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currently terminates on site about 1,500 ft from the new location of the Water Treatment 
System.Water (permeate) from the NF treatment system will be transferred to the pit lake via a 
new HDPE pipe connected to the treatment system.  

The existing brine ponds will be used for evaporative disposal of NF brine. The NF brine will be 
discharged to the brine ponds from the NF treatment system via new 4-inch HDPE piping. The 
existing, in-place, 3-inch HDPE piping used to dewater the brine ponds and direct water to the 
acid rock drainage collection and treatment ponds will be removed.  

The brine pond liners have minor known defects that must be repaired before use. Visible 
defects in the brine pond liners will be repaired by removing a section of liner larger than the 
defect, roughening the liner surface adjacent to the area to be patched, and then welding a 
patch in place. The patch (if suggested by the liner repair company) will be tested using the 
vacuum box method to verify its integrity. Repairs will be completed in a couple of phases in 
which, in 2018, the sidewalls and top of the liner will be patched and in 2019, prior to operation, 
sediment and water will be cleared from the bottoms and patched accordingly. After liner 
patching, the ponds will receive waste from the containerized NF treatment system.  

After installation, and before the start of treatment operations, all new HDPE pipes will be leak 
tested using hydrostatic pressure testing. The pipes will be filled with water, air will be removed, 
and pressure will be applied and held. The pipes will be monitored for any pressure drops. If 
leaks are identified, they will be corrected before treatment operations begin.  

 Operations 

The NF treatment system is expected to operate continuously withdrawing approximately 100 
gallons per minute (gpm) of water from the pit late from May 1 to September 30 each year for an 
estimated 3 to 4 years. 

 Pit Lake Pumping 

Manual valving on the pump discharge will be used to throttle the flow. The pump will be 
interlocked with the NF treatment system’s programmable logic controller (PLC) via an 
unlicensed (licensing not required) 900-megahertz radio telemetry system. This system will 
consist of radio transmitters/receivers at the pump control panel and the NF treatment system. 
At system startup, the NF system PLC will allow an operator to turn on the pump to feed pit lake 
water to the NF unit. Upon system shutdown, the NF system PLC will send a signal to 
automatically turn off the pit lake pump. The pit lake pump will include a HAND-OFF-AUTO 
(HOA) control station at the pump. In HAND mode, the operator can control START-STOP at 
the HOA. In AUTO mode, STOP will be controlled based on commands from the NF treatment 
system PLC. Upon generation of a FAULT within the NF treatment system, the pit lake pump 
will shut down until the cause of the fault is investigated.  

The pit lake pump discharge line will be equipped with a flowmeter that will shut down the pump 
if the discharge flow exceeds 150 gpm. The pit lake discharge line will also include a pressure 
indicator and high/low pressure switches that will shut down the pump if the discharge pressure 
exceeds the pump shutoff head or falls below 100 pounds per square inch.   

A flowmeter located on the pit lake pump gravity feed portion of the pipeline, at the inlet to the 
NF treatment system container, will be used in tandem with flowmeters on the treatment system 
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waste and permeate discharges to facilitate flow balance accounting within the NF treatment 
system.  

 Nanofiltration Treatment System 

The NF packaged treatment system will be controlled via a PLC. Operators can make setpoints 
and process adjustments via a local control panel mounted within the container. The NF 
packaged treatment system will include pretreatment, NF membranes, a permeate pump, and 
waste pumps. The permeate pump will pump NF system permeate (clean water) back to the pit 
lake. The waste pumps will pump NF system brine and filter backwash waste to the brine 
ponds.  

One greensand filter will periodically be taken out of service and backwashed, with the 
permeate pump supplying the backwash water. 

If the system shuts down due to operator initiation or a fault (for example, high feed oxidation 
reduction potential to the NF membranes, low antiscalant flow, or high permeate conductivity), 
the pit lake pump will turn off, the NF high-pressure pump will turn off, the inlet valves to the 
greensand media filters will close, the NF system concentrate control valve will open fully, and 
the NF system will undergo a flush with permeate. 

The permeate pump will serve three purposes. During normal operation, the pump will transfer 
NF permeate from the NF system to the pit lake. During the periodic greensand media 
backwash (approximately twice daily), the permeate pump will increase speed and permeate 
will be diverted to supply the media filter backwash. Upon system shutdown, the permeate 
pump will supply a source of clean water to flush the NF membranes. 

The waste pumps will operate based on the level in the waste tank. When a high level is 
detected, one or more of the three waste pumps will turn on and discharge the waste to the 
brine ponds. During the backwash of the media filters, all three waste pumps will operate 
simultaneously to meet the increased flow demand. Each pump is equipped with a variable 
frequently drive to accommodate these varying flow conditions, with typical brine receiving at a 
rate of 19 gpm (one pump) versus backwash waste receiving, which may be up to 150 gpm (all 
three pumps). When a low level is detected, all waste pumps will turn off. The waste pump 
effluent line will be equipped with three flowmeters: one at the NF treatment package system 
discharge, one midway to the brine ponds, and one just upstream of the pipe split into each of 
the two brine ponds. The two flowmeters located midway and at the brine ponds will be battery-
powered. The flowmeter at the NF package system discharge will tie back into the NF treatment 
package control system PLC directly, while the two battery-powered flowmeters will 
communicate via the radio telemetry system to facilitate flow accounting and leak detection. The 
line will also be equipped with a pressure indicator and high-pressure switch that will shut down 
the pump if the discharge pressure exceeds pump shutoff head. 

 Land Application Pond and Pumping 

There will be no change to the current operation and use of the Land Application Ponds. 

 Waste Disposal 

The containerized NF system will generate clean product water (permeate) and a continuous 
effluent stream consisting of pressure media filtration backwash and concentrated NF brine 
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containing salts that were rejected by the membranes during treatment. This continuous waste 
from the system will require onsite disposal using the existing lined brine ponds. Table 2 shows 
the estimated water quality of the permeate, brine, and backwash waste. Water will be passively 
removed from the brine via evaporation, leaving the other brine constituents in the pond bottom 
as a salt layer. The salt concentration in the brine ponds will not be high enough to produce a 
significant salt buildup in the brine ponds, and no salt removal will be required during the 
treatment system operations (Figure 3). 

To maintain performance, the NF membranes will require periodic chemical cleaning, estimated 
at a frequency of once per year. This clean-in-place waste will need to be collected and trucked 
offsite. 

Table 2. Estimated Permeate, Brine, and Filter Backwash Water Quality 

Constituent  Units  Permeate  Brine 
Filter Backwash 

Waste 

pH  s.u.  6.1  6.9  8.4 

TDS  mg/L  270  10,800  2,271 

Total Alkalinity as CaCO3  mg/L  35  41   460 

HCO3 Alkalinity as CaCO3  mg/L  3.2  10   430 

Calcium  mg/L  31  2,074   420 

Magnesium  mg/L  6   440   97 

Potassium  mg/L  2  16   4.5 

Sodium  mg/L  43  190   106 

Sulfate  mg/L  130  7,092   1,570 

Chloride  mg/L  40  66  33 

Mercury  mg/L  <0.001   <0.001   <0.001 

Total Recoverable Selenium  mg/L  <0.02   <0.02   <0.02 

Total Recoverable Iron  mg/L  <0.1   0.3  12 

Total Recoverable Manganese  mg/L  <0.1  0.3  130 

Total Recoverable Aluminum  mg/L  <0.1  1.6   0.3 

Total Recoverable Arsenic  mg/L  <0.1   <0.1   <0.1 

Total Recoverable Chromium  mg/L  <0.03   <0.03   <0.03 

Total Recoverable Cadmium  mg/L  <0.01   <0.01   <0.01 

Total Recoverable Cobalt  mg/L  <0.1  0.5   0.1 

Total Recoverable Zinc  mg/L  <0.1   1.2   0.3 

Barium  mg/L  <0.01  0.13   0.02 

Strontium  mg/L  0.2  6   1.6 

Silica  mg/L  14  17   15 



Cunningham Hill Mine Reclamation Project Pit Lake Work Plan 

9 

Constituent  Units  Permeate  Brine 
Filter Backwash 

Waste 

Fluoride  mg/L  1.3   1.3   1.3 

NO3‐N  mg/L  <0.2   <0.2   <0.2 

NH3‐N  mg/L  <0.1   <0.1   <0.1 

Turbidity  NTU  <0.1  5  10 

Total Suspended Solids  mg/L  <0.1   <5   10 

Total Organic Carbon  mg/L  <1   <1   <1 

Ortho‐Phosphate  mg/L  <0.05   <0.05   <0.05 

Notes: 
HCO3 = bicarbonate 
NH3‐N = ammonia as nitrogen 
NO3‐N = nitrate as nitrogen 
NTU = nephelometric turbidity unit 
s.u. = standard unit 

 

Figure 3. Brine Pond Depth and Salt Deposition over Time 
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 Sampling Plan 

 Startup Sampling 

LAC will conduct startup sampling to assure that the system is functioning as designed. Process 
streams to be sampled may include influent (pit lake water), permeate, and waste brine. Startup 
sampling is expected to be conducted for the first few weeks of operations and will be described 
in the treatment system specifications and documented in an as-built report.  

 Operations Sampling 

Once routine operations are underway, water sampling will be conducted to demonstrate the 
water quality being discharged to the pit lake and brine being discharged to the brine ponds. 
Water discharged to the pit lake and brine ponds will be sampled quarterly during the months 
the treatment system is operating. The treatment system is expected to run from May through 
September each year, indicating that two quarterly samples would be collected each year. 
Samples will be analyzed for Profile 1 field parameters and the Profile 1 analyte suite listed in 
Table 1 of DP-55 (NMED, 2002a). Results will be reported to the NMED as part of the quarterly 
and annual monitoring reports provided to the NMED as required by AP-27. Table 3 
summarizes the proposed sampling.  

All other sampling, including pit lake water, required at the site will be conducted in accordance 
with approved documents (AP-27 and DP-55) and is not modified by this work plan.  

Table 3. Proposed Sampling 

Sampling Location  Analytes  Frequency 

Permeate Discharge Line  Field Parameters: pH, water level, 
electrical conductivity 

Laboratory Analyte Suite: bicarbonate, 
calcium, copper, cobalt, cyanide (total), 
cyanide (weak acid dissociable), iron, 
manganese, nitrate as nitrogen, 
sulfate, TDS 

Quarterly during treatment system 
operation months 

Brine Discharge Line  Field Parameters: pH, water level, 
electrical conductivity 

Laboratory Analyte Suite: bicarbonate, 
calcium, copper, cobalt, cyanide (total), 
cyanide (weak acid dissociable), iron, 
manganese, nitrate as nitrogen, 
sulfate, TDS 

Quarterly during treatment system 
operation months 

 Reporting 

The following reporting will be completed as part of this project:  

1. LAC will notify the NMED via e-mail within 7 days of completing all repairs to the brine 
pond liners.  

2. LAC will notify the NMED via e-mail at least 7 days prior to the beginning of startup 
sampling of the NF treatment system.  
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3. LAC will notify the NMED of any unauthorized discharges from the NF treatment system, 
should they occur, in accordance with the New Mexico Administrative Code 20.6.2.1203. 

4. LAC will notify the NMED via email of any significant problems encountered during 
operation of the NF treatment system within 7 days of discovery.  

5. An as-built report will document the construction and startup of the pit lake water 
treatment system and will be submitted to the NMED within 45 days of completion of 
construction.  

6. Continued operation of the NF treatment system and operations sampling results will be 
documented in the quarterly and annual reports provided to the NMED per the 
requirements of AP-27. 
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3.0 SCHEDULE 

Construction and startup testing are expected to be completed by May 1, 2019. The treatment 
system is expected to operate continuously from May 1 to September 30 each year for an 
estimated 3 to 4 years. 

Table 4. Proposed Schedule for Membrane Treatment of Pit Lake Water 

Activity   Duration  Anticipated Start Date 

Work Plan Preparation 

Submit Membrane Filtration Treatment System Work Plan to NMED  1 day  July 2018 

NMED Review of Work Plan  90 days  July 2018 

Revise Work Plan based on NMED comments, if required  15 days  October 2018 

Submit Final Membrane Filtration Treatment System Work Plan to NMED  1 day  November 2018 

Treatment System Design and Construction  

Develop treatment system specification  30 days  November 2018 

Procure treatment system equipment   120 days  December 2018 

Repair brine pond liners  15 days  March 2019 

Treatment system construction onsite  120 days  March 2019 

Treatment System Operations  

Treatment system commissioning   14 days  July 2019 

Treatment system operations – Year 1  90 days  July 2019 

Treatment system operations – Year 1  150 days  May 2020 

Treatment system operations – Year 1  150 days  November 2019 
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Revegetation Monitoring Procedures 

Monitoring and eventual testing will involve sampling of ground cover and, where appropriate, woody 

plant density, within each revegetated unit under consideration for bond release, and in the reference 

area.  Species diversity information will be calculated from the ground cover data.  Sampling for ground 

cover will be accomplished utilizing the point-intercept procedure using modern instrumentation (e.g. 

lasers or optics) along transects of 100 intercepts each.  Long belt transects or near total population 

enumeration will be used for woody plant density determination.  Woody plants will be classified by age 

class and species. 

If the ground cover evaluation results in a "gray area" determination (between 50 and 75 percent of the 

reference area's ground cover value), then this aspect of success will be determined by evaluating the 

stability of the soil using the RUSLE protocol, described in Section 4.4.4 below. 

Sampling 

The first step of the vegetation protocol will be to obtain samples of the ground cover and, where 

appropriate, of woody plant density, from each revegetated unit to be evaluated.  [A revegetated unit 

consists of a defined area based on managerial criteria (e.g., areas with common revegetation 

procedures and initiation times, areas with a defined function such as a borrow area, or areas with other 

unique designations or segregation)].  Ground cover, but not woody plant density, samples also will be 

obtained from the reference area.  Sampling will occur during the peak biomass period of the year (late 

summer) and sampling locations will be determined utilizing a systematic (bias-free) method with a 

random start.i  This systematic procedure also provides proportionate representation from across each 

reclaimed unit for such characteristics as aspect. 

Sample Site Location.  The systematic procedure for sample location in both a revegetated unit and the 

reference area will occur in the following stepwise manner.  First, a fixed point of reference will be 

selected for the area to facilitate location of the systematic grid in the field.  Second, a systematic grid of 

appropriate dimensions will be selected to provide a reasonable number (e.g., 20) of coordinate 

intersections which could be used for the initial set of sample sites.  Third, a scaled representation of the 

grid will be overlain on field maps of the target unit extending along north/south and east/west lines.  

Fourth, the initial placement of this grid will be implemented by selection of two random numbers (an X 

 
    i   Systematic sampling is superior to other sample distribution procedures because it forces representation from 
across the reclaimed unit.  It accounts better for heterogeneous expressions of multiple seedings or revegetation 
conditions by "forcing" a patterned distribution of samples.  This method thus minimizes the risk that significant 
pockets will be either entirely missed or overemphasized.   
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and Y distance) to be used for locating the first coordinate from the fixed point of reference, thereby 

making the effort unbiased.  Fifth, where an excess number of potential sample points (grid intersections) 

is indicated by overlain maps, the excess will be randomly chosen for elimination (unless it is later 

determined that additional samples are necessary for meeting sampling adequacy).  Sixth, utilizing a 

handheld compass and pacing techniques, the sample points will be located in the field. 

Ground Cover Determination.  Ground cover at each sampling site will be determined utilizing the point-

intercept methodology (Bonham 1989) as illustrated on Exhibit 1.  This methodology has been utilized for 

range studies for over seventy (70) years and will occur as follows:  First, a transect of 10 meters length 

will be extended from the starting point of each sample site toward the direction of the next site to be 

sampled.  Then, at each one-meter interval along the transect, a “laser point bar” or “optical point bar” will 

be situated vertically above the ground surface, and a set of 10 readings recorded as to hits on vegetation 

(by species), litter, rock, or bare soil.  Hits will be determined at each meter interval as follows.  When a 

laser point bar is used, a battery of 10 low-energy (0.5 mW), 635 nM  - λ lasers situated along the bar at 

10 centimeter intervals will be activated and the variable intercepted by each of the narrow (0.020”) 

focused beams will be recorded (see Exhibit 1).  If an optical point bar is used, intercepts will be recorded 

based on the item intercepted by fine crosshairs situated within each of 10 optical scopes located at 10 

centimeter intervals.  In either situation, a total of 100 intercepts per transect will be recorded resulting in 

1 percent cover per intercept.  This methodology and instrumentation facilitates the collection of the most  

Woody Plant Density Determination. Woody plant density will be determined in one of two manners 

depending upon a visual evaluation of the variability of the expressed population by an experienced field 

ecologist.  If the population of woody plants appears to be sufficiently homogenous across the 

revegetated unit, density will be determined through a systematic sampling protocol utilizing large 

quadrats or belts.  If the population appears to be too heterogeneous, enumeration of the entire 

population, or nearly the entire population, may be the only reliable means available to determine density 

of woody plants. (Newly establishing woody plant communities are often so inherently variable that no 

sampling protocols presently known to the scientific community could be practically or cost-effectively 

used to obtain a viable estimate of the population’s parameters.)   

If it is determined that belt sampling can be used, belts will be sized to absorb as much of the “between 

sample” variability as possible, and then fixed at this size for the duration of the sampling effort.  Typical 

belt dimensions might be 2 meters X 50 meters, however, it is possible that 4 meter X 100 meter belts 

could be utilized.  Then all woody plants rooted within each belt would be recorded by species and age 

class.  Seedlings (one year old plants) will not be counted toward the total as this age class has 

extraordinarily high mortality rates.   
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If near-total population enumeration is deemed most appropriate then the following protocol would be 

initiated.  First, the various stands of woody plants within a revegetated unit would be delineated and their 

respective acreages determined.  Then beginning with the largest stands and working down to the 

smallest, each will be subjected to total count procedures until a large percent of the area (e.g., 90%) has 

been counted.  This procedure maximizes use of personnel and resources, and the vast majority of the 

population will be entirely enumerated with the worst possible error equivalent to the uncounted portion of 

the population (e.g., 10%).  If total enumeration were impractical, an alternative procedure would involve 

randomly selecting stands to be counted until a large proportion of the acreage (e.g., 50%) has been 

selected.  Then the value obtained can be extrapolated with confidence to the entire population.   

Counting procedures would occur as follows.  Once a stand of woody plants is delineated, it would be 

subdivided into long manageable strips using hip chain thread or similar means and observers would 

progress slowly across each strip, shoulder to shoulder, recording each plant by species and age class.  

Use of hand-held “tally meters” facilitate uninterrupted viewing of the subject area and appropriate 

communication among the observers will preclude gaps in the field of coverage or duplication of effort 

(overlapping fields of view). 

Sampling Adequacy.  Data collection will continue within each discrete sampling unit (revegetated unit or 

reference area) for each variable until a statistically adequate sample has been obtained.  Adequacy of 

sampling will be achieved when, for each discrete unit, the number of samples actually collected (n) 

provides a level of precision within 10% of the true mean with 90% confidence (nmin), i.e., when nmin ≤ n.  

Then nmin is calculated as follows:  

nmin = (t 2s 2) / (0.1 x )2 
 

where: n  =  the number of actual samples collected with a minimum of 10 in  
  each unit; 

 t  =   the value from the t  distribution for 90% confidence with n-1 degrees 
  of freedom; 

 s 2  =  the variance of the estimate as calculated from the initial samples; 

 x  =  the mean of the estimate as calculated from the initial samples. 

As indicated above, this formula provides an estimate of the sample mean to within 10% of the true 

population mean (µ) with 90% confidence.  Calculations of the mean and variance will be based on "total 

vegetation ground cover" exclusive of litter or, in the case of woody plant density, "total live plants" (two 



 

  
July 6, 1998 Cunningham Hill Mine Reclamation Project Closeout Plan 4 - 9 
 LAC Minerals (USA) LLC 

years old or older).  Furthermore, a minimum sample size of ten (10) samples will be collected from each 

discrete revegetated unit or the reference area.  If the initial ten samples do not provide an adequate 

estimate of the mean (e.g., the inequality above is false), additional samples will be collected until the 

inequality is satisfied.  However, in no case will more than 40 ground cover transects or woody plant 

density samples be collected in any given sampling unit. 

Ground Cover Comparison Standard 

After adequate sampling, the comparison process will be initiated by calculating the mean ground cover 

value for non-annual plants only (non-annual ground cover, or "NAGC") for each revegetated unit and the 

reference area.  The test for revegetation success for ground cover will include the following steps.  

Step 1:  The first step is to determine whether the mean NAGC of the revegetated unit(s) exceeds 75 
percent of the mean NAGC for the reference area.  If x (rv ) ≥ 0.75 ( x (co) ), then the ground cover test has 

been passed and the soils are assumed to be stable.  

Step 2:  If the mean NAGC of the revegetated unit equals or exceeds 50% (but is less than 75%) of the 

mean NAGC for the reference area, then a "gray area" determination will be conducted to evaluate soil 

stability.  The evaluation of soil stability using the RUSLE model is detailed in subsection 4.4.4 below.  

Species Diversity Standard 

Revegetated units that pass the ground cover standard will also be evaluated for composition (species 

diversity).ii  Prior to testing, the number of important species must be determined for the revegetated unit 

and for the reference area.  An important species is one that is not an annual species or noxious weed 

(as defined by the county extension service) and that contributes at least 1% absolute ground cover (or 

2% relative cover)iii to the area.  Passing this test will satisfy the species diversity standard.  

Under this test the number of important species for the revegetated unit must equal or exceed 50% of the 

number of important species identified from the reference area.  If so, then the composition (diversity) 

standard has been passed which then indicates successful composition (diversity) for an early to mid-

seral community.  The specific species identified as important from each of the two areas do not need to 

be identical.   

 

 
    ii  For these tests, no statistical confidence level formulas will be used. 

    iii  "Relative cover" for a species refers to the percentage of total vegetation ground cover in an area that is 
attributable to this individual species. 
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Woody Plant Density Standard 

The woody plant density standard will be met if either the sample mean (using an adequate sample, 

described above) or the population mean (if the majority of the population is counted rather than sampled) 

exceeds 220 plants per acre.  If the revegetated unit’s value is greater than 180 but less than 220 plants 

per acre, the Companies may consult with MMD to determine if the actual density is adequate to support 

the intended post-mining land use.  If MMD determines the density is adequate for this purpose, the test 

is passed.  

Soil Stability Protocol for “Gray Area” Evaluations 

For those revegetated units with NAGCs between 50% and 75% of the reference area NAGC, a "gray 

area" evaluation protocol will be used to determine whether the potential for soil erosion is sufficiently low, 

and for surface stability sufficiently high, to conclude that stability has been achieved, and therefore, 

vegetation ground cover is adequate.  The protocol to be used is the Revised Universal Soil Loss 

Equation (RUSLE), which employs site-specific climatic, edaphic, topographic, and vegetation data.  The 

standard will be met if the soil loss value determined by RUSLE for the revegetated unit is less than the 

"T" value appropriate to the site.  
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The RUSLE equation (model) is the best available for predicting potential soil loss at Cunningham Hill.  

Efforts to predict soil erosion from croplands mathematically were initiated approximately 50 
years ago.  A variety of factors were considered in attempting to develop prediction equations.  All 
of these earlier equations were essentially State or regional in nature and were applicable only 
under limited climatic/edaphic conditions.  These equations were considered useful, however, 
and an effort was initiated to develop an equation which would be applicable nationally under a 
variety of site conditions.  Work on this was begun in the mid-1950's by the Agricultural Research 
Service.  From this work the Universal Soil Loss Equation (USLE) was developed and refined 
during the 1960's and 1970's.  Continued refinements were made to the equation and the 
associated parameters based on site-specific research and general use by the public.  Additional 
data was continually gathered in an effort to update the equation and make it more useful 
(Renard et al. 1992). 

Based on this additional data and refinement, the RUSLE equation was developed.  Though still 
influenced by basic agronomic values in some instances, and using the same overall parameters 
as the USLE, the RUSLE equation is considered to be a significant step forward in more 
accurately predicting the potential for erosion under a variety of conditions.  Where the original 
USLE arrived at a potential soil erosion value through simple multiplication of selected parameter 
values, the RUSLE employs a computer-based model which involves sub-routines for various 
parameters to ultimately predict potential soil erosion.  Revisions and improvements in assessing 
values for the parameters which are used in RUSLE have also been made which render the 
model more useful.  Once believed applicable only to agronomic situations, RUSLE is now 
considered to be applicable to construction sites as well.  The term "construction sites" also 
includes mine sites if appropriate care is taken in applying this erosion prediction model (Renard 
et al. 1992).   

Though a reasonably advanced tool, it should be noted that there are limits with respect to the 
applicability of the model.  This model predicts erosion potential as a result of sheet and rill 
erosion.  Gully erosion is not a part of the predicative capability of RUSLE.  Where gullying may 
occur, the bearing that this type of erosion would have on soil stability must be judged 
independently.  RUSLE also does not, in and of itself, predict potential sedimentation.  Soil loss is 
predicted, but not the eventual fate of the eroded material.  RUSLE is a predictive model and 
must be used as such in the comparative sense against values which exhibit the same level of 
potential accuracy.  This is the intent of the application of this model as a part of the overall 
revegetation success protocol discussed in this document. 

The RUSLE model is based on six parameters utilized to estimate or quantify the factors which affect the 

potential for soil erosion.  The RUSLE model is as follows (Renard et al. 1992): 

 
 

A (soil loss in tons/acre/year)    =    R•K•L•S•C•P. 
 

"R" represents the rainfall-runoff erosivity factor.  The effects that climate, in terms of amount of incident 

precipitation, storm intensity, etc. have on erosion are accounted for by this factor.  Values for this factor 

are taken directly from soil surveys and related documents developed for and within the State of New 

Mexico by the Natural Resource Conservation Service (NRCS) (formerly Soil Conservation Service). 
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The "K", or soil erodibility, factor is related to the integrated effect of rainfall, runoff, and infiltration on soil 

loss.  It is typically considered to be the soil loss rate/unit for a specified soil as measured on a standard 

plot experimentally.  K-factors to be used for this protocol may be taken from a standard nomograph 

developed for this purpose (NRCS 1992) since the surface growth medium may not directly correspond to 

any recognized soil series.  The factors to be considered in developing the appropriate K-factor are 

texture, percent organic matter, soil structure, and permeability.  Alternately, average values for K-factors 

for growth medium textures occurring in the area to be evaluated may be used if considered appropriate, 

especially given that topsoil was obtained from borrow areas in the vicinity. 

Slope length (L) and gradient (S) will be combined into one factor using charts developed for this 

purpose.  Data have shown that this method offers the best means of integrating the effects of these two 

factors into the equation.  Slope length accounts for the effect topography has on erosion potential.  

Lengths will be measured in the field to supply the correct data for the L-factor and compound slopes will 

be defined if existing.  A maximum length of 400 feet will typically be assumed since surface runoff 

usually concentrates within this distance.  Slope lengths up to 1,000 feet, however, are possible.  Slope 

steepness, or gradient, is a representation of the percent slope and will also typically be determined in the 

field to supply the most relevant data.  Slope percents may be taken from post-reclamation contour maps 

if the maps accurately represent site conditions. 

The cover-management factor (C) reflects the effect of vegetation and related management practices on 

erosion rates.  This factor will be based largely on site-specific data collected from, or which is estimated 

to be relevant to, each area for which revegetation success is being evaluated.  The type of vegetation 

currently existing on site, estimated soil roughness, measured soil surface percent cover (vegetation, 

coarse fragments, litter, other non-erodible material) and height, measured plant canopy cover, and 

estimated above- and below-ground plant biomass factors will all be used to develop the C-factor using a 

computer program sub-routine run.  This factor may be the most influential factor in determining potential 

erosion from a site. 

The "P", or support practice, factor takes into account the effects of mechanical practices applied to the 

surface of the growth medium to increase infiltration, reduce runoff, and decrease erosion.  Such 

practices include ripping, pitting, and contour furrowing and result in a parameter value of less than 1.0.  

A value of 1.0 may be appropriate where no support practices have been employed on the reclaimed 

area.  The effects that basic tillage or fertility practices have on erosion potential are included in the cover 

management factor of the equation. 

Following data collection and parameter development, the RUSLE model will be implemented for each 

area requiring an evaluation.  A potential "soil" erosion value “A” in tons/acre/year of growth medium loss 
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will be estimated by the model.  This value will be compared to an acceptable soil loss tolerance value (T) 

which would be taken from the National Soils Handbook (NRCS 1993) for the type of surface materials for 

the area being evaluated.  The value will be assigned based on the limiting properties of the subsurface 

growth medium and/or geologic layers present beneath the reclaimed units.  Criteria for assigning a "T" 

value include the physical and chemical characteristics of subsurface layers and the properties of soil 

moisture and temperature as influenced by climate.  This process accounts for the weatherability and 

suitability as a growth medium of the subsurface materials (i.e. rate of genesis of suitable sub-soils).  

Acceptable soil loss tolerances typically range from 1 to 5 tons/acre/year depending upon subsoil and 

growth medium characteristics.  The local office of the NRCS or a certified soil scientist will be consulted 

to help calculate and agree upon the "T" values for the types of reclaimed sites to be evaluated.   

In lay terms, the “T” value approximates the rate of soil genesis.  If the potential loss of growth medium as 

predicted by the model (“A”) is less than or equal to the "T" value, the area will be considered stable and 

the test passed.  If the potential loss is greater than the "T" value, the area will not be considered 

sufficiently stable and the area will fail the success test. 

Contingency Plan and Conditions for Final Bond Release 

If at any time during or after Monitoring Year 5 for a revegetated unit, monitoring indicates significant 

potential for failure to meet any of the foregoing revegetation performance standards, the Companies will 

document such findings in a report to MMD within 60 days of problem identification.  The report will 

describe the area of concern, the perceived problem, and the probable causes.  Within 45 days of 

submission of the report, the Companies will submit a corrective action plan, with an implementation 

schedule, to MMD for review and approval.  Following MMD approval, the corrective action plan will be 

implemented by the Companies.  

If a revegetated unit fails to meet a performance standard following Year 11 monitoring after the 

Companies' substantial compliance with Sections 4.1, 4.2, and 4.3 of this Plan, and after the application 

of any appropriate corrective action procedures, the Companies may request a revision of the 

performance standard for any revegetated unit(s) on the grounds that either:  

(a) a revised performance standard is appropriate under 19 NMAC 10.2 Subpart 5, § 507.A (the permit 

area will be reclaimed to a condition that allows for re-establishment of a self-sustaining ecosystem 

appropriate for the life zone of the surrounding areas); or 

(b) the Companies qualify for a waiver under 19 NMAC 10.2 Subpart 5, § 506.C (the unit will meet all 

applicable federal and state laws, regulations and standards for air, surface water and ground water 

protection and will not pose a current or future hazard to public health or safety); or 
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(c) the Companies qualify for a variance under 19 NMAC Subpart 10 (the standard imposes undue 

economic burden, and the variance will not result in a significant threat to human health, safety, or the 

environment).  

Once all applicable revegetation performance standards have been met for a revegetated unit, and all 

other permit-related reclamation requirements for that unit have been satisfied, then conditions for final 

bond release and release from future responsibility will also be met and sureties covering that respective 

unit will be released.  
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CUNNINGHAM HILL MINE  

OPEN PIT WAIVER JUSTIFICATION,  

PERMIT NO. SF002RE,  

SANTA FE COUNTY, NEW MEXICO 

1.0  INTRODUCTION 

 This report was prepared for the Mining and Minerals Division (MMD) to provide technical 

and economic infeasibility and environmental unsoundness arguments in support of a request for a 

waiver from a self-sustaining ecosystem (SSE) for the LAC Minerals (USA), LLC (LAC) 

Cunningham Hill Mine Reclamation Project (CHMRP) reclaimed Open Pit (Fig. 1).  This pit wavier 

justification report is based upon the requirements of the New Mexico Mining Act, New Mexico 

Statutes Annotated (NMSA) 1978, §69-36-1, et seq. (1993, as amended through 2001), particularly 

19.10.5.507 of the New Mexico Administrative Code (NMAC).  This report also addresses specific 

waiver-related comments in MMD's April 21, 2021, letter on CHMRP Updated Closure/Closeout 

Plan (CCP), Permit No. SF002RE (JSAI, 2020a).   

1.1  CCP Background 

 In the original 1996 Closure-Closeout Plan (Westec, 1996), it was expected that the pit 

would recover to the pre-mining groundwater level condition of 6,900 feet above mean sea level 

(ft amsl), and that the addition of surface water from Upper Cunningham Gulch would cause the 

Open Pit to completely fill to the spill elevation of 6,990 ft amsl.  The filling of the Open Pit with 

water would mitigate water-quality issues and reclaim pit benches and walls by submergence.  

 In 2002, Alternative Abatement Plan AP-27 was issued by the New Mexico Environment 

Department (NMED) which included alternative abatement standards for groundwater outside of 

the pit area, performance standards for pit filling by diverted stormwater, and a contingency plan.  

In addition, the NMED required reverse osmosis (RO) treatment of the Open Pit pool.  In 2001, 

the CCP was updated (revision 96-1) to include reclamation plan specified in AP-27. 
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Figure 1.  Aerial photograph of Cunningham Hill Mine Reclamation Project showing locations of  

LAC property boundary, Open Pit, and other reclaimed facilities. 
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Due to lingering drought conditions and the dewatering and geochemical effects of the 

required RO treatment in 2002, the Open Pit was not filling to the proposed schedule, RO treatment 

had stripped the Open Pit pool of alkalinity needed for buffering capacity, and water-quality 

triggers for sulfate and total dissolved solids (TDS) were enacted by 2009.  A pilot program was 

implemented to determine if neutralization of in-pit generated acid wall seepage (AWS) could be 

remediated with alkaline water sources from the Residue Pile recovery system (JSAI, 2010).  It 

was recommended by JSAI (2010) to perform acid rock drainage (ARD) source control measures, 

and replace the use of hydrated line for ARD mitigation with on-site alkaline water sources such 

as from Residue Pile recovery system and the Guest House Well. 

JSAI (2011a) prepared a revised Open Pit waterbody reclamation plan for AP-27 to address 

source controls and Open Pit pool treatment to meet AP-27 water-quality standards.  

Implementation of source controls occurred between 2012 and 2018, and included: 1) repairs to 

the Upper Cunningham Gulch diversion, 2) stormwater controls in and around the Open Pit, and 

3) resurfacing access roads and some bench areas with caliche.  The revised AP-27 remediation 

plan does not rely on filling of the Open Pit with stormwater to meet water-quality standards; 

instead, the revised plan relies on source controls to minimize AWS.  The revised AP-27 

reclamation plan was approved by NMED (2012), and implemented as follows: 

2012 – Evaluate and design stormwater runoff source controls 
2014 – Obtain New Mexico Office of the State Engineer water right permit for the use 

of on-site alkaline water sources to add to Open Pit and build buffering capacity 
2015 – Perform pilot program to evaluate addition of alkaline water sources 
2016 – Repairs to Upper Cunningham Gulch Channel 
2017 – Add caliche to all roads within the pit watershed and to selected benches 
2018 – Performance monitoring of source controls 
2019 – Design and install nanofiltration (NF) treatment system 
2021 – Begin NF treatment 

MMD letter dated September 26, 2019 stated “The current and original CCP for 
Cunningham Hill was submitted on March 1, 1996 and approved by the MMD in Permit Revision 
96-1 to Permit No. SF002RE on December 13, 2002.  The 1996 CCP describes a reclamation plan 
that is no longer accurate regarding the reclamation of the Open Pit, and will be changed 
significantly to meet the requirements of the New Mexico Mining Act, NMSA 1978, §69-36-1, et 
seq. (1993, as amended through 1999). The status of the Open Pit and the need to change the 
reclamation plan of the Open Pit in the 1996 CCP…” 
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 The CCP was updated by JSAI (2020a), which included the Open Pit as achieving a self-

sustaining ecosystem by completion of the AP-27 updated reclamation plan and additional 

reclamation measures of accessible disturbed areas by addition of caliche, growth medium, mulch, 

and seeding.  On April 21, 2021, the MMD provided a letter to LAC regarding technical comments 

on application for revision 20-1 Closure/Closeout Plan Update, Cunningham Hill Mine, Permit 

No. SF002RE.  The MMD does not consider the Open Pit a self-sustaining ecosystem as defined 

in 19.10.1.7 NMAC, and recommended modifying the application to request a pit waiver as 

described in 19.10.5.507.B NMAC. 

1.2  Regulatory Requirements 

 The regulatory requirements for a pit waiver are defined in 19.10.5.507 NMAC 
Performance and Reclamation Standards and Requirements: 

B.  Waiver for Pits and Waste Units An operator may apply for a waiver for open pits or waste 
units from the requirement of achieving a post-mining land use or self-sustaining ecosystem.  
The operator must show that achieving a post-mining land use or self-sustaining ecosystem is 
not technically or economically feasible or is environmentally unsound. The Director may grant 
the waiver for an open pit or waste unit if he finds: 
(1)  measures will be taken to ensure that the open pit or waste unit will meet all applicable 

federal and state laws, regulations and standards for air, surface water and ground water 
protection following closure; and 

(2)  the open pit or waste unit will not pose a current or future hazard to public health or safety. 
[7-12-94, 2-15-96; 19.10.5.507 NMAC Rn, 19 NMAC 10.2.5.507, 05-15-2001] 

1.3  Objective 

 The objective of this report is to show that achieving a self-sustaining ecosystem (SSE) for 

the Open Pit is not technically or economically feasible, or is environmentally unsound as defined 

in 19.10.5.507.B NMAC.  LAC is not requesting a change to the Post Mining Land Use (PMLU).  

The CHMRP Open Pit PMLU of wildlife habitat and livestock watering will be maintained by 

meeting applicable Open Pit water-quality standards established by the New Mexico Water 

Quality Control Commission (NMWQCC) and requirements defined in 19.10.5.507.B(2) NMAC. 

 The MMD, the New Mexico Mining Act, NMSA 1978, §69-36-1, et seq. (1993, as 

amended through 1999), has specific requirements for a SSE that cannot be met for an open pit 

that is not fully reclaimed by filling, backfilling, or reclamation of all pit walls and benches.  The 

objective of this waiver justification is to demonstrate that it is technically infeasible to achieve 

SSE status for the CHMRP Open Pit.  
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2.0  CHMRP OPEN PIT BACKGROUND 

 The CHMRP site is owned by LAC Minerals (USA) LLC, and the property boundary is 

defined by the red line on Figure 1.  The Open Pit is within the CHMRP site boundary (Fig. 1). 

2.1  Open Pit History 

 The CHMRP Open Pit was created during the Goldfields’ mining operation that occurred 

between 1979 and 1987.  The pit had been mined to a total depth of 536 ft, and consisted of 

34.13 acres of disturbed area.  The mined waste rock was deposited in Dolores Gulch which is 

now the reclaimed Waste Rock Pile, and the processed ore was deposited and formed the Residue 

Pile, which is also reclaimed. 

 After mining ceased in 1987, the Open Pit began to fill with groundwater and stormwater 

runoff generated from within the Open Pit watershed.  In the 1990s, about 21 acres of the 

uppermost portions of the accessible areas of the Open Pit were reclaimed (Fig. 2) (also see JSAI, 

2020a).  The Open Pit pool is currently at an elevation of 6,800 ft amsl, and accumulated sediment 

has partially filled in about 35 ft of the pit bottom to where the maximum pool depth is currently 

about 100 ft. 

2.2  Original Conceptual Closeout Design 

 The conceptual closeout design is described in the CCP (JSAI, 2020a), and AP-27 (NMED, 

2002).  Most of the remaining disturbed area, such as the pit walls and benches, would be reclaimed 

by filling with stormwater from Upper Cunningham Gulch (Adrian Brown Consultants, Inc., 1996) 

to the 6,945 ft amsl elevation (Fig. 2).  It was predicted that pit filling would take approximately 

35 years, provided that Upper Cunningham Gulch would generate an average of 101 acre-feet per 

year (ac-ft/yr) of stormwater.  The filling of the Open Pit with stormwater was critical to reclamation 

of disturbed area and to improving water quality of the Open Pit.  Environmental permits, water right 

permits, and infrastructure were in place for diversion of Upper Cunningham Gulch stormwater to 

the Open Pit by 2001.  It was estimated that Open Pit filling would be completed by year 2036. 

2.3  Relevant Studies 

 Since the issue of AP-27 in 2001, there have been a number of studies conducted by LAC 

to evaluate the feasibility of implementing the Open Pit reclamation and remediation specified in 

the CCP and AP-27.   
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Figure 2.  Aerial photograph of Open Pit showing undisturbed, disturbed, and  
reclaimed areas, Cunningham Hill Mine Reclamation Project. 

Aerial photo April 27, 2020 
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2.3.1  Open Pit Pool Filling 

 A calibrated groundwater flow model was developed for AP-27 (JSAI, 1999), in which the 

model was updated in 2001 (JSAI, 2001) to evaluate the effects of NMED-required Open Pit RO 

treatment, in 2011 (JSAI, 2011) when AP-27 Triggers 1 and 2 were enacted, and in 2020 (JSAI, 

2020) as part of the CCP update.   

Since about 2010, the Open Pit pool has been in pseudo-equilibrium with the surrounding 

water table where it may seasonally act as a sink, discharge to groundwater, or neither (JSAI, 

2014).  The addition of stormwater to the Open Pit would primarily increase storage with some 

lost to evaporation as the pool area increases in size and lost to groundwater outflow.  Model-

simulated groundwater outflow has ranged between 4 to 8 gallons per minute (gpm).  Figure 3 is 

a graph showing the observed and model-simulated Open Pit water levels.  Observed water levels 

have closely followed the “no diversion” simulation. 

 

 
Figure 3.  Graphs showing observed Open Pit water levels and model-simulated  

Open Pit water levels (with and without stormwater diversion). 
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Considering there no losses to evaporation or groundwater outflow, approximately 890 acre-ft 

of water is needed to fill the Open Pit from 6,800 to 6,945 ft amsl.  The Upper Cunningham Gulch 

watershed is not able to produce the needed runoff for pit filing under the current watershed and 

climate conditions (JSAI, 2010; 2011).  The ongoing drought conditions and increase in vegetation 

are primary issues limiting runoff from Upper Cunningham Gulch and resulted in an overly 

conservative model projection of the ability to fill the pit with water.  The effects of these conditions 

on runoff were extensively examined by JSAI (2011; 2020), and it was concluded that the Open Pit 

would fill to about 6,810 ft amsl elevation rather than the originally modeled 6,945 ft amsl elevation.   

There are no alternate water sources that can be used to fill the Open Pit.  The only identified 

groundwater sources on-site, not connected to the Open Pit, include Residue Pile plume recovery 

wells and the Guest House Well (JSAI, 2010; JSAI, 2014).  The recovery wells yield approximately 

4 gpm or less, and the maximum capacity of the Guest House Well is about 15 gpm.  At a minimum, 

a groundwater source capable of continuously yielding more than 100 gpm for 10 years is needed to 

fill the Open Pit.  In the last 45 years of investigation, no such groundwater source disconnected from 

the Open Pit has been identified in the area. 

2.3.2  Open Pit Pool Water Quality 

 Extensive water-quality modeling of the Open Pit pool was initially performed by Adrian 

Brown Consultants, Inc. (1996), and solute-transport modeling of Open Pit pool discharges to 

groundwater was modeled by JSAI (1999; 2001).  Additional Open Pit pool water-quality 

evaluations were performed by JSAI (2010; 2011a).  It has always been recognized that AWS 

discharges have suppressed Open Pit pool pH and contributed to elevated dissolved solids 

(particularly sulfate, TDS, and metals).  Past geochemical modeling (Adrian Brown Consultants, 

Inc., 1996; JSAI, 2001; JSAI 2010) has considered the impact of AWS on the Open Pit pool 

chemistry.  The buffering capacity of the Open Pit pool and the rate and volume of introduced AWS 

have been the primary factors controlling Open Pit pool chemistry.  Maintaining pH control in the 

Open Pit pool is required for meeting water-quality standards.   

 Because the Open Pit was expected to fill with stormwater, interim AWS source controls 

were not considered as part of the original CCP and AP-27 plans.  From 1997 to 2010, pH 

mitigation was performed by addition of hydrated lime (JSAI, 2011a).  The Open Pit sulfate 

concentrations increased from 2003 to 2007, which initiated AP-27 Performance Standard APS-1 
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Trigger No. 1.  A pilot remediation program was implemented to mitigate AWS effects on the 

Open Pit pool chemistry, and a detailed water-quality evaluation was performed (JSAI, 2010).  It 

was concluded that source controls needed to be implemented before water-quality mitigation 

efforts can be effective and Open Pit pool chemistry could be predicted with confidence.  Figure 4 

is a time-series graph of Open Pit pool pH with notation regarding measures implemented for pH 

mitigation. 

 From 2015 to current, extensive AWS source-control measures were implemented as part 

of the revised AP-27 reclamation plan (JSAI, 2011a; 2014; 2020) (see Section 1.1).  It was 

identified that the primary cause of AWS was the infiltration of stormwater from Upper 

Cunningham Gulch through the lined channel into waste rock, which recharged the Golden Fault 

fracture system to the pit walls on the west side (JSAI, 2011).  AWS has not been observed since 

the Upper Cunningham Gulch diversion channel was properly repaired, in Open Pit watershed 

stormwater controls constructed, and covering selected benches and roads with caliche.  With 

AWS source controls successfully implemented, treatment of the Open Pit pool with NF has begun 

in 2021.  NF treatment is to primarily remove calcium and sulfate while preserving the Open Pit 

pool alkalinity.  In addition, alkaline groundwater source from the Residue Pile plume recovery 

system and the Guest House well are added to the Open Pit to maintain chemical alkaline balance 

and to replace volume losses from the NF treatment process.  It is anticipated that after completion 

of NF treatment, the open pit water chemistry will be maintained with maintenance of Open Pit 

source controls. 

2.4  Reclamation Efforts 

 As shown on Figure 2, approximately 21 acres around the Open Pit perimeter have been 

reclaimed by regrading, addition of cover soil, and re-vegetation.  With an approved pit waiver, 

the 16.55 acres of Open Pit walls and benches will remain un-reclaimed.  Open Pit access roads 

have been improved with stormwater controls and covered with caliche.  The Open Pit pool will 

likely stay around the current size of about 2.8 acres.  The repaired Upper Cunningham Gulch 

channel will remain in place to allow clean stormwater to flow to the Open Pit pool.  

 JSAI (2011a) prepared a revised AP-27 reclamation plan that was based on pilot studies 

and Open Pit pool investigations between 2009 and 2011.  The plan primarily included AWS 

source controls and water treatment (see Section 1.1).   
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Figure 4.  Time-series graph of Open Pit pool lab pH (4 ft depth) and pH mitigation measures. 



JSAI  11 
 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

Ongoing reclamation efforts related to the CHMRP Open Pit revised plan (JSAI, 2011) 

primarily include water treatment with NF.  The NMED approved the water-treatment system 

workplan in 2018, and the system was constructed between 2019 and 2020.  Water treatment began 

during the summer of 2021, with 1,582,560 gallons (4.9 ac-ft) treated as of August 2021.  It was 

proposed to operate the treatment system seasonally, and the anticipated treatment goal of achieving 

AP-27 water quality criteria would be achieved in about 4 years (Jacobs, 2018).   

An 8-ft chain-link fence will be installed around the Open Pit to restrict access to wildlife and 

humans (see updated CCP).  No other reclamation activities are currently planned, except monitoring 

the performance of and maintaining source controls and post-treatment Open Pit pool water quality. 

3.0  OPEN PIT WAIVER JUSTIFICATION ARGUMENTS 

 The CHMRP Open Pit waiver justification for SSE requirements is based on a combination 

of economic and technical infeasibility, and environmental unsoundness considerations.   

 The MMD (1998) published guidelines for SSE and how it is used in the context of the 

New Mexico Mining Act Rules.  The MMD definition of SSE is as follows: 

 "Self-sustaining ecosystem" means reclaimed land that is self-renewing without 
augmented seeding, amendments, or other assistance which is capable of supporting 
communities of living organisms and their environment. A self-sustaining ecosystem 
includes hydrologic and nutrient cycles functioning at levels of productivity sufficient to 
support biological diversity   

 The most important MMD factor for evaluating SSE is “any post-mine land use that will 

involve continued maintenance and input by man will not be considered self-sustaining 

ecosystems.”  In other words, perpetual care for achieving post-mining land use and maintenance 

of source controls is not self-sustaining.   

3.1  Likelihood of Pit Filling with Stormwater 

 Revised stormwater runoff scenarios were evaluated by JSAI (2011; 2020), and none of 

the scenarios generated enough stormwater to fill the Open Pit to the 6,945 ft amsl elevation as 

anticipated in the original CCP.  Significant changes to watershed conditions and above-normal 

precipitation for a prolonged time are required to fill the Open Pit.  It is technically infeasible to 

rely on prolong periods of above-normal precipitation to achieve reclamation goals with set 

schedules.  
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LAC has invested in a watershed management program that involves selective thinning (JSAI, 

2020a); however, LAC property only includes a portion of the Upper Cunningham Gulch watershed.  

With partial ownership of the watershed, it is technically not feasible to fully implement management 

programs for increasing watershed yield.  Furthermore, re-occurring watershed management practices 

for maintaining yield to the Open Pit may not be considered as self-sustaining.   

3.2  Feasibility of Backfilling 

Backfilling the Open Pit to the 6,945 ft elevation would require at least 2,000,000 yd3 of 

material.  The only available material on-site is the material that was mined from the Open Pit 

mine and placed in the Waste Rock Pile. Excavating the Waste Rock Pile for Open Pit backfill 

material would create over 100 acres of disturbed land that would require reclamation; however, 

the Waste Rock pile material is not suitable for Open Pit backfill due to the sulfide content and 

acid generating characteristics as demonstrated by the acid rock drainage (ARD) generated from 

the toe of the Waste Rock Pile when infiltration of meteoric water has occurred in the past (see 

DP-55 annual reports).  A backfilled Open Pit would behave as a flow through system, where 

recharge to the backfill material would generate ARD and discharge to groundwater which is 

environmentally unsound.  Backfilling the Open Pit with waste rock is environmental unsound, 

and would likely cause groundwater quality degradation. 

There are no other available sources for backfilling the Open Pit other than imported 

material.  The closest known source for imported backfill is 43 miles away located near Moriarty, 

New Mexico.  This is the same source used for covering access roads with caliche.  Theoretically, 

the quarry can produce 2,000,000 cubic yards of material (personal communication with 

EnviroWorks, LLC).  Presented in Table 1 is an estimate to import fill material from the Moriarty 

quarry, which is purely based on the cost of material, trucking, and placement; no other costs are 

included. 

The time to backfill by importing material is estimate to take 15.4 years, which is based on 

trucking 500 yd3/day for 5 days/week.  The cost analysis demonstrates that backfill with imported 

material is economically infeasible.  The trucking route would suffer significant damage, and 

communities along the trucking route, such as Madrid, would be significantly impacted.  For the 

reasons stated above, importing material for Open Pit backfill would be economically and 

technically infeasible.   
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Table 1.  Estimated cost to backfill CHMRP Open Pit 

item unit unit cost quantity cost 

backfill material cost yd3 $40.00 2,000,000 $80,000,000  

load/haul/place/reveg yd3 $42.50 2,000,000 $85,000,000 

dust suppression/road maintenance  month $68,369 185 $12,648,265 

construction management/support month  $33,770 185 $6,247,450 

indirect items (engineering, 
contingency, insurance, contractor 
profit, contract admin) 

lump sum $44,736,479 1 $44,736,479 

 
 

 
TOTAL $228,632,194 

Calculation tool Parshley et al., 2012 

4.0  ENVIRONMENTAL CONTROL MEASURES 

 CHMRP Open Pit environmental control measures are specified in Alternative Abatement 

Plan AP-27 (NMED, 2002).  AP-27 measures and future revisions of AP-27 measures will ensure 

that the Open Pit will meet all applicable federal and state laws, regulations and standards for air, 

surface water and ground water protection following closure.   

4.1  Surface Water 

 The current Open Pit pool water chemistry meets applicable surface water standards (as 

defined by NMED, 2021).  With implemented Open Pit source controls (2012 to 2019) the 

concentration of dissolved metals are expected to be maintained at concentrations less than 

applicable surface water standards.   

4.1.1  Chemical Treatment Methods 

 Surface water standards will also be maintained by implementing pH control as defined in 
the revised AP-27 remediation plan (JSAI, 2011).  Open Pit pool chemical treatment methods 
include pH mitigation with alkaline groundwater sources and nanofiltration treatment.  NMED 
issued permits DP-55 and AP-27 allow for the use of on-site alkaline groundwater sources from 
the Guest House well and Residue Pile Recovery wells for Open Pit pool pH mitigation.   
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4.2  Groundwater 

 The NMED approved membrane filtration treatment system work plan has been 
implemented, and the Open Pit pool is currently being treated to remove sulfate and TDS for 
compliance with AP-27 groundwater discharge standards.  NF treatment is currently in progress, 
and is primarily for mitigating Open Pit pool sulfate and TDS concentrations so AP-27 standards 
for groundwater discharge are maintained.  NF treatment is expected to be completed by 2024, at 
which time it is expected that pit-lake water quality will be sustained by the continued maintenance 
of source controls that ae currently in place. 

5.0  ACCESS CONTROLS 

 LAC owns the property containing the Open Pit, which allows for implementation of 
controls to ensure the Open Pit will not pose a current or future hazard to public health or safety.   

5.1  Human Health and Safety 

 Human health and safety concerns regarding the Open Pit are primarily controlled by 
limited access to authorized personnel.  The entrance to the LAC property is secured with a locking 
access gate and perimeter fencing with signs.  The Open Pit access road is maintained to prevent 
hazards related to access for permit compliance. 

5.2  Wildlife and Stock 

 Measures to protect wildlife include those in AP-27 to maintain surface water quality 
standards and specific requires in the CCP, such as fencing.  No other access controls are 
anticipated to protect wildlife.  Currently, LAC does not graze livestock, and will likely not graze 
livestock in the future, unless it is determined to be beneficial for watershed health.    

6.0  REQUEST FOR WAIVER 

As described in Section 3.0, the following alternatives were considered for reclamation of 
the Open Pit: 

A. Reclamation by revegetating the Open Pit slopes (as discussed in the updated CCP) 
B. Reclamation by filling with stormwater from Upper Cunningham Gulch 
C. Reclamation by filling with high yield supply wells 
D. Reclamation by backfilling the Open Pit 
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It is not technically feasible to completely reclaim the Open Pit.  However, it is technically 

feasible to reclaim portions of the Open Pit so: 

1. the recontoured and vegetated perimeter areas achieve the SSE requirements, and 
2. that water quality standards for PMLU are maintained for the Open Pit pool.   

Therefore, LAC is requesting an SSE waiver for a portion of the Open Pit.  The following 

has been reclaimed in an effort to comply with applicable state laws, regulations, and standards: 

• The pit perimeter has been recontoured with successfully established growth 
medium 

• AWS source controls have been implemented 

• The upper Cunningham Gulch stormwater water conveyance has been repaired 
and made functional 

• Stormwater controls have been implemented, such as collection on the northside, 
and properly established in pit drainage controls  

• All access roads and some bench areas have been covered with caliche 

• pH mitigation plan has been implemented so the Open Pit pool pH is maintained 
 

For the various reasons discussed in Section 3.0, LAC is requesting an SSE waiver for the 

un-reclaimed Open Pit walls and benches, which consist of 16.55 acres. 
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