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April 6, 2023

Certified Mail #70182290000117919052

Mr. John Rhoderick, Director

Water Protection Division

New Mexico Environment Department
P.O. Box 5469

Santa Fe, New Mexico 87502

Dear Mr. Rhoderick:

Re: Draft Feasibility Study (FS) for the
Smelter Tailing Soils Investigation Unit — Chino AOC

Freeport-McMoRan Chino Mines Company (Chino) submits under separate cover the Draft
Feasibility Study (FS) for the Smelter Tailing Soil Investigation Unit (STSIU) under the Chino
Administrative Order on Consent (AOC). This Draft FS is submitted per Appendix A, Section 2.7.7.
of the AOC to the New Mexico Environment Department (NMED). Per the AOC Definitions

Section, Item 10:

‘Feasibility Study (FS) shall mean a comprehensive, written review, screening, and
evaluation of alternatives developed during the Remedial Investigation to define the
objectives of the response action, and to develop appropriate and necessary Remedial
Action plans to be implemented at each Investigation Unit."

Prior to the development of this Draft FS and per Appendix A, Section 2.7, Chino provided a letter
detailing the Commencement of the FS and FS Schedule on November 19, 2010, and submitted
the Final FS Proposal for the STSIU on October 17, 2011 to NMED. Per the approved FS
Proposal in support of developing the draft FS, Chino completed the following activities:

e Chino completed survey and soil sampling requirements in 2011.

Chino performed a phytotoxicity and vegetation study in 2014, as discussed below,
following data evaluation of the 2011 sampling results.

¢ Chino completed the STSIU Amendment Plot Study in 2013, and provided a 5 Year
Monitoring Report as discussed below.

e Chino completed a 5-year study with annual sampling to evaluate the effect of the 2008
“white rain” event within the STSIU. The resulting report is discussed below.

e The process for Use Attainability Analysis (UAA) Hydrology Protocol for drainages in the
STSIU was completed with the acceptance by the NM Water Quality Control Commission
(WQCC) in 2015.

¢ Chino performed site-specific copper toxicity studies for the STSIU and successfully
petitioned the WQCC to amend the Surface Water Quality Standards (20.6.4 NMAC) in
2015.

e Chino implemented a supplemental field study to identify suitable reference areas for
vegetation community sites in terms of soil toxicity to plants from copper for the FS
analysis in October 2018 (resulting report is discussed below).
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Additional interim remedial actions (IRA) within the STSIU were completed following the
approval of the FS workplan. These include the Hurley Railroad IRA completed in 2012,
the Razorback Ridge IRA completed in 2014, and the B-Ranch IRA completed in 2019.

the Draft STSIU FS appendices bring forward previous studies to support remedy option

discussions and the FS decision-making making process.

The Year 5 Monitoring Report for the STSIU Amendment Study Plots, dated December
2017, is attached as Appendix A. NMED provided a response letter dated January 8,
2019, for this report in agreement with Chino to include in the FS in order to review in
context of this attached submittal.

The revised Year 5 Report on pH Monitoring to Evaluate the Effect of the White Rain on
the STSIU is attached as Appendix B. The previous draft was submitted to NMED in April
2017. The revised report with attached response document addresses NMED comments
received September 18, 2017. Chino deferred submitting the revised report with NMED
approval dated March 19, 2018, until it could be provided with the draft FS.

A Phytotoxicity and Vegetation Community Study Workplan was submitted March 6, 2014,
and conditionally approved by NMED in a letter dated March 10, 2014. Following the field
investigation performed by Chino with NMED support and lab analysis of samples as per
the workplan, a draft Phytotoxicity and Vegetation Community Study report was provided
for informal review to NMED in 2018. The finalized report under Appendix C is formally
submitted to NMED as part of and in support of this draft FS, which incorporates edits and
technical group discussions generated from the NMED informal review. A response
document is provided with the study to facilitate NMED’s review.

In October 2018, a supplemental field study was performed by Chino with NMED support
to identify suitable reference areas for vegetation community sites in terms of soil toxicity to
plants from copper. The results of this field study titled 2078 Reference Area Evaluation
Technical Memorandum are provided as Attachment A in Appendix D under Methods and
Results for Upland and Drainage Bank Analysis.

The Draft FS was submitted today in electronic form to Mr. David Mercer. Please contact Ms. Pam
Pinson at (5§75) 912-5213 with any questions or comments concerning this draft feasibility study for
the STSIU.

Sin% /Q |

herry Burt-Kes
Manager, Environmental Services

SBK:pp

20230406-001

CC:

(via email)

Joseph Fox, NMED
David Mercer, NMED
Petra Sanchez, US EPA
Mike Steward, FCX
Nina Cerno, Chino
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1. Introduction

The Feasibility Study (FS) was prepared for Freeport-McMoRan Chino Mines Company (Chino) to develop and
evaluate potential remedial alternatives for the Smelter Tailing Soils Investigation Unit (STSIU) at the Chino Mine
Investigation Area, Grant County, New Mexico (site). This FS has been developed in accordance with the
requirements in the Administrative Order on Consent (AOC) following the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) guidance. The AOC, effective December 24, 1994,
distinguishes between historical mineral processing activities and current operations at Chino.

1.1 Background

The STSIU is one of the Investigation Units identified within the Investigation Area (IA) of the AOC. The IA
includes all areas in which environmental media may have been affected by historical operations at mining and
processing facilities. The STSIU is located approximately 12 miles southeast of Silver City, and includes historical
smelting facilities, mineral processing facilities, tailing impoundments, and surrounding areas (Figure 1-1). The
STSIU is located to the east of the town of Hurley, New Mexico which contained the Hurley Smelter, and has
previously been defined as all areas containing and proximal to Chino’s former copper smelter and ancillary
facilities, including the tailings disposal facility (SRK, 2008a).

In accordance with the AOC Scope of Work, a Remedial Investigation (RI) for the STSIU was conducted to
generate the data necessary to evaluate the potential effects to human health and the environment from
historically affected media in the STSIU. Data has been collected in the STSIU starting in 1995 and continuing to
present day to determine potential impacts to soil, sediment, and surface water from historical mineral processing
activities. The human health risk assessment (HHRA) and ecological risk assessment (ERA) have shown that
areas of the STSIU have elevated metals concentrations and depressed pH in soil and surface water, as
described in Section 3.1.1 and 4.1.1. The FS Proposal for the STSIU presented activities necessary to evaluate
remedial alternatives that comply with New Mexico Environment Department (NMED) Pre-FS remedial action
criteria (RAC) (Arcadis 2011a).

NMED issued Pre-FS RAC for the STSIU (NMED, 2010, 2011) including:
Soil

e 27 mg/kg arsenic (0-17)

e 100,000 mg/kg iron in soil (0-1”)

e 5,000 mg/kg copper (0-1”)

e 1,600 mg/kg copper (0-6")

e Cupric ion activity (pCu?*) (hereafter referred to as “pCu”) > 5 where copper > 327 mg/kg. Note: Chino
interprets this to actually mean NMED selected the STSIU Pre-FS RAC cupric ion activity (pCu2+) < 5 where
copper is > 327 mg/kg.

Surface Water

o Water quality criteria contained in New Mexico Administrative Code (NMAC) §20.6.4.

These Pre-FS RAC values were developed based on the evaluations conducted in the RI, HHRA, and ERA. The
FS and Record of Decision (ROD) will be completed consistent with the National Contingency Plan (NCP). Pre-
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FS RAC are consistent with the use of preliminary remediation goals (PRG) by EPA in the NCP; therefore, new
information can be used to refine the Pre-FS RAC and selection of alternatives (§300.430(e)(2)(i) NCP). Final
remediation goals will be determined in the ROD. Further details about the Pre-FS RAC are presented in
Section 2.4.

1.2 Objectives

The primary objectives of this FS, as initially presented in the FS Proposal (Arcadis 2011a), are to identify
potential remedial areas and remedial technologies to address contaminated soil, sediment, and surface water in
the STSIU. To achieve this, remedial action objectives (RAOs) were developed to define the basis for
remediation, including numerical Pre-FS RAC as discussed in the previous section. Remedial technologies
described in this document were assessed using the CERCLA FS criteria (Section 4.3, USEPA, 1988) to
determine their potential to meet the project RAOs.

As part of the FS Proposal, a comprehensive literature review was completed, and potential remedial
technologies were identified for application at the STSIU (Arcadis 2011a). Remedial technology alternatives
evaluated in this report are unchanged from the FS Proposal and analysed individually and in comparison with
each other using the following criteria: overall protection of human and ecological receptors, compliance with
applicable or relevant and appropriate requirements (ARARSs); long-term effectiveness and permanence;
reduction in toxicity, implementability; and cost. The FS process followed to conduct the evaluation of alternatives
presented in the FS includes the following steps:

e Summarize RAOs and Pre-FS RAC that address the key risk drivers and potential routes of exposure;
o |dentify areas where potential remedial action(s) may be necessary to address RAOs and Pre-FS RAC;
¢ |dentify and screen potential remedial technologies;

e Develop remedial alternatives; and

e Evaluate the remedial alternatives considering the FS criteria.

The above steps will be used to guide the selection of the preferred remedial alternatives.

1.3 Summary of Related Current Activities

Between the start of the AOC process in April 1995 and July 2022, there have been a number of site
characterization or remediation activities in or near the STSIU at Chino. These include the following:

e AOC Interim Removal Action Work Plan and Completion Report for Interim Remedial Action, Hurley Soils
Investigation Unit, (Golder, 2006, 2008)

e Phase 1 Remedial Investigation Proposal, Hanover and Whitewater Creeks Investigation Unit (Golder, 1999a)
e Comprehensive Groundwater Characterization Study (CGCS) (Golder 1999b)
o Phase Il Revised Remedial Investigation Report, Hurley Soils Investigation Unit (Golder, 2000a)

e Phase 1 Revised Remedial Investigation Report, Hanover/Whitewater Creek Investigation Unit (Golder,
2000b)

o Remedial Investigation Proposal, Smelter Tailings Soils Investigation Unit (SRK, 2004)
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Slag Pile Characterization (Golder 2007a)

Remedial Investigation, Smelter Tailings Soils Investigation Unit (SRK, 2008a,b)

Smelter Tailings Soils Investigation Unit Ecological Risk Assessment (NewFields, 2008)
Smelter Tailings Soils Investigation Unit Human Health Risk Assessment (Gradient, 2008)

Smelter/Tailing Soils Investigation Unit Interim Removal Action Completion Report (“Golf Course IRA” Arcadis
2009)

STSIU Terrestrial Invertebrate Bioaccumulation and Bioavailability Study (Arcadis, 2010a)
Groundwater Quality Pre-FS RAC for Drainage Sediments Study (Arcadis, 2011b)

Chino Mines Tailing Pond 1 & 2 Construction Quality Assurance Report (Golder, 2013a)
Tailing Pond B/C Construction Quality Assurance Report (Golder, 2013b)

Supplemental Completion Report, Interim Removal Action, Smelter/Tailing Soils Investigation Unit (“Railroad
IRA” Golder, 2013c).

Development of Site-Specific Copper Criteria Interim Report (Arcadis 2013a,b).
Construction Quality Assurance Report, Lake One Reclamation (EMC?, 2014)

Supplemental Completion Report, Razorback Ridge Area, Interim Remedial Action, Smelter/Tailing Soils
Investigation Unit (Golder 2015)

Year 5 Monitoring Report for STSIU Amendment Study Plots (Arcadis 2017) (Appendix A)

Year 5 Report on pH Monitoring to Evaluate the Effect of the White Rain on STSIU (Arcadis 2023) (Appendix
B)

B-Ranch Interim Remedial Action Completion Report Smelter/Tailing Soils Investigation Unit (Arcadis 2020)
Assessment Report for Apache Tejo Wash (Golder 2023)
Phytotoxicity and Vegetation Community Study (Arcadis 2018, Appendix C)

Reference Area Technical Memorandum (Arcadis 2022, Attachment A in Appendix D)

A brief overview of the above reports for 2011 and prior years was included in the approved FS Proposal
(Arcadis, 2011a). Several of the above reports have been updated or are new since the submittal of the FS
Proposal in 2011. These reports are summarized below including reports that followed the FS Proposal.

Interim Removal Action for STSIU - Golf Course and Railroad

The Interim Removal Action (IRA) for the STSIU (Arcadis, 2006, 2009) and Supplemental IRA for the STSIU
(Golder, 2013c) addressed elevated copper in surface soil to the north and west of Hurley, New Mexico. A former
golf course existed to the north of the Town of Hurley. The North and South Golf Course designation refers to this
area; the division between the north and south is the access road to the Chino facility entrance in Hurley. Areas to
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the east and west of Highway 180 on the west side of the Golf Course were included (Arcadis 2009) as well as
acres alongside the railroad (Golder 2013c)".

The objective of the IRA was to remove areas where soil copper concentrations were greater than 5,000 milligrams
per kilogram (mg/kg) (lateral delineation). Chino applied the NMED-approved residential RAC for the HSIU as a
conservative measure in 2008. STSIU Pre-FS RAC was defined by NMED in 2009. Within the area exceeding 5,000
mg/kg copper, the excavation was completed vertically until the soil did not exceed 2,700 mg/kg copper or bedrock
was encountered and, as a result, the spatially weighted 95 percent upper confidence limit (UCL) copper
concentration in the 0-6 inch depth interval is estimated to be 1,314 mg/kg. Therefore, while this remedy was
implemented prior to NMED issuing final pre-FS RAC, the soil removal meets the bird pre-FS RAC of 1,600 mg/kg.

Freeport-McMoRan Reclamation Services (FMRS) performed the IRA excavation activities in partnership with
Arcadis, who conducted the field engineering services, which took place from January 2008 to August 2008. A
supplemental IRA excavation of the remaining 32 acres between the town of Hurley and the golf course sites was
conducted from August 2012 to December 2012 by TIPE Construction with oversight by Golder. Excavation
depths during the IRA activities averaged three inches bgs for the total removal area. Based on confirmation
sampling and refinement of the removal areas, approximately 170 acres of the proposed 190 acres in 2008 and
approximately 32 acres in 2012 were ultimately remediated for a total of 202 acres. Final excavation volumes
were determined by contractor load counts. The total volume removed during these IRAs are estimated at 68,112
cubic yards (Arcadis, 2009) and 22,125 cubic yards (Golder, 2013c).

Following the completion of the IRAs in 2008 and 2012, five years of monitoring was completed for both sites to
document the successful revegetation of the IRA footprint (Arcadis 2014, Golder, 2018). The results of the five-
year monitoring effort demonstrated the successful development of an early-seral stage mixed grama herbaceous
alliance across the Golf Course sites. The canopy cover levels exceed the reference area guidance for canopy
cover, and the data indicated that native species colonized the site with minimal cover from non-native species.
Further, the vegetation limited erosion and controlled dust.

Interim Removal Action for STSIU — Razorback Ridge and B-Ranch

An IRA was completed east of Lake One in areas adjacent to the Whitewater Creek Diversion Channel and
James Canyon in 2013 and 2014 in an area referred to as Razorback Ridge (Golder 2015). The objective of this
IRA was to remove soils in areas with copper concentrations higher than 5,000 mg/kg, delineated laterally, as per
the STSIU pre-FS RAC. Within the areas with higher than or equal to 5,000 mg/kg, soils were removed vertically
to a depth of 1 to 2 feet as this surface soil volume was utilized as borrow fill material for reclamation. The final
excavation area for the Razorback Ridge Area (which includes the East Removal Borrow Area) addressed in
2013 and 2014 was 94 acres. An additional 29 acres within the IRA Area were remediated through operational
construction excavation and borrow activities prior to 2002. Soils were excavated to a depth of approximately 12
inches down to 40 feet during excavation for borrow material, exceeding the target remediation depths. See next

The Highway 180 right-of-way (ROW) extends 50 feet on either side of the roadway and is considered by the New
Mexico Department of Transportation (NMDOT) to be under its management. Any impacted soils within the Highway
ROW will be addressed by NMDOT as part of their planned expansion of Highway 180 from a 2-lane roadway to a 4-
lane roadway for the entire corridor between Bayard and Deming (NMDOT 2021). Chino expects to coordinate with
NMDOT prior to planned construction and anticipates proposing an option for disposal of copper contaminated soils in

compliance with existing regulatory requirements.
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bullet section below. In all areas of removal, the Pre-FS RAC for the STSIU of 5,000 mg/kg for copper was
achieved (Golder 2015). Approximately 113,000 cubic yards of soil (73 acres) from Razorback Ridge and 34,000
cubic yards of soil (21 acres) from the East Removal Borrow Area were removed between 2013 and 2014 and
used for borrow material, specific to the IRA requirements.

An additional IRA was completed in 2019 for the B-Ranch area located adjacent to the reclaimed Slag Pile, the
Golf Course IRA sites, as well as the Town of Hurley. Approximately 16,000 cubic yards of soil (22 acres) from B-
Ranch site were removed. In all areas of removal, the Pre-FS RAC for the STSIU of 5,000 mg/kg for copper was
achieved (Arcadis 2020).

Lake One and Tailing Pond Reclamation — Borrow Fill

As part of the CCP reclamation activities, Chino removed borrow fill, including wind-blown tailings (WBT), from the
east and west sides of the historic tailings dams in 2013 (Golder, 2013a, 2013b, and 2013d) and 2014 (EMC?2,
2014). The extent of the borrow removal of more than 520 acres of land included the Razorback Ridge Borrow
Area (87 acres), the South James Canyon Borrow Area (90 acres), Borrow Area A (71 acres), Borrow Area B (41
acres), Borrow Area C (50 acres), and Borrow D (153 acres). There was an additional 574 acres of WBT utilized
as grading fill material where only the surface one foot depth was borrowed for Tailings Pond 1, 4, and 6. Borrow
Areas A, B, and C, as well as Razorback Ridge, were used for fill and cover material for Tailings Pond 1, 2, B, C,
4, 6E and 6W and for Lake One. The top 2 feet of surface areas on the Razorback Ridge Areas and South James
Canyon Borrow Area were removed and used as grading fill (i.e., below the base of the cover) within Lake One.
Once placed, the WBT fill material also received a minimum 3-foot thickness of cover material along with the rest
of the Lake One reclamation area. These borrow areas are addressed under the CCP.

Site Specific Copper Criteria Study

Arcadis conducted a copper water effect ratio (WER) study for the STSIU surface waters in 2011. As described in
the WER work plan (Arcadis, 2011c), the purpose of the WER study was to evaluate the site-specific toxicity of
copper in STSIU surface waters and to determine whether the hardness-specific copper criteria accurately reflect
site-specific copper bioavailability and toxicity. A total of 24 STSIU water samples were collected in the WER
study, including 18 toxicity test samples and an additional 6 analytical chemistry samples.

Results from the WER study were described in the Development of Site-Specific Copper Criteria Interim Report
submitted to NMED in March 2013 (Arcadis, 2013a). The primary objectives of this Criteria Adjustment Interim
report were to report all data collected as well as any deviations from the work plan, evaluate all collected data
with quality control criteria described in the WER guidance (USEPA 1994, 2001), and determine if the collected
data are sufficient to develop copper site-specific criteria (SSC) that can be applied to STSIU surface waters.
Broadly, this study demonstrated that hardness-adjusted copper criteria are overly protective for surface waters of
STSIU drainages, and the methods listed in Section 20.6.4.10, part D of NMAC can be successfully applied to
surface water in STSIU drainages. The Interim WER Report also established that the toxicity and chemistry data
collected were acceptable for deriving WERs when these data are compared to USEPA (1994 and 2001) WER
acceptability criteria. Preliminary WERs were calculated according to USEPA guidance (USEPA 1994, 2001) and
presented in that report. A site-specific copper WER model was subsequently developed to derive adjusted
copper criteria in STSIU surface waters in the Revised Site-Specific Copper Toxicity Model Report submitted to
NMED in October 2013 (Arcadis, 2013b). The site-specific criteria for STSIU surface waters were adopted by
NMED and are contained in NMAC §20.6.4.809.
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STSIU Amendment Study Plots

Chino implemented the STSIU Amendment Study in 2008 based upon an NMED-approved work plan to explore
the possible remedial options to determine if lime and organic matter amendments with or without tilling could be
an effective and feasible remedial action to address the elevated copper concentrations and depressed pH in
surface soils within the STSIU (Arcadis, 2008a). The study tested the longevity of pH stabilization, copper
sequestration ability, vegetative re-colonization, and constructability (Arcadis 2017, see Appendix A).

In June of 2008, Chino applied lime and organic matter to three test plots, and one test plot was used as a control
with no amendments or tilling. A control plot with no treatment was also established adjacent to each of these four
plots. During the application of lime and organic matter, two of the test plots on relatively level ground were also
tilled. Chino conducted monitoring of the copper, pH, and vegetation cover before and after amendment
application. The results from the monitoring events were presented in the Year 5 Monitoring Report for
Smelter/Tailings Soils Investigation Unit Amendment Study Plots (Arcadis 2017). In summary, an unexpected
white rain (discussed in next section) increased pH and pCu significantly and reduced copper uptake to plants of
all the plots, which was sustained over the 5-year monitoring period. As a result, the treatments added to the soil
in the plots provided minimal if any additional benefit in further reducing copper impacts to the plant community
because the white rain already significantly improved the soil chemistry. The white rain increased plant species
richness but had a small effect on total plant cover. The vegetation community of the steeper plot was degraded
by the two amendments, with a loss of rangeland grasses and desirable shrubs. The tilling and mixing of lime
amendments into the soil tended to increase pH but degraded the plant community on the fair rangeland plot and
improved the plant community on the poor rangeland plot; however, the recovery of degraded conditions could
take decades. Liming and tilling are only recommended in relatively flat, poor rangeland rocky areas where
phytotoxicity from copper can be demonstrated. Tilling alone has been shown to be effective and should be tried
first at an 8-inch depth and deeper to evaluate the proper depth but only on slopes < 13% and where the
rangeland condition is poor. Organic matter application was not recommended.

STSIU pH Monitoring

A significant shift in pH upward was observed in the STSIU following a “white rain” precipitation event on January
7, 2008 (Arcadis, 2008b). To quantify the permanence of this trend, Chino submitted, and NMED approved, the
Soil pH Monitoring Work Plan in 2010 (Arcadis, 2010b). The Work Plan outlined eighteen locations (increased to
22 in 2011) to monitor soil pH over 5 years?, with annual reports provided to NMED after each sampling event and
a final, Year 5 report summarizing the results of the pH monitoring effort (Arcadis 2023, see Appendix B).

The results of the 5-year study showed that the 2008 white rain greatly benefitted the STSIU soils by increasing
the pH and pCu of the acidic soils, making copper less bioavailable due to the increase in copper adsorption by
secondary soil minerals, such as iron hydroxide, at higher pH values (Arcadis 2023). The increase in pCu led to a
decrease in the uptake of copper into living organisms. The ultimate result appears to be reduced toxicity to
wildlife and their food sources and improved wildlife and rangeland habitat. Based on Mining and Minerals
Division (MMD) guidelines and mineralogical analysis, the potential of STSIU soils to generate acid is consistently
low in most areas. Based on results reported in the Year 5 Report on pH Monitoring to Evaluate the Effect of the
White Rain on the Smelter/Tailings Soils Investigation Unit (Arcadis 2023), persistence in the future cannot be
predicted with certainty, and additional five-year monitoring is recommended as part of the STSIU FS to confirm

2 Soil excavations from reclamation borrow activities over the monitoring period removed five of the sample locations,

so five additional locations were added in 2012. Overall, 17 locations were monitored all five years.
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the prediction that the pH increase should be sustained. Appendix B includes the revised report plus a brief
response to NMED comments (see Appendix | of the report for all response to comments).

Phytotoxicity and Vegetation Community Study

The site-wide and STSIU-specific ERAs stated that elevated concentrations of copper and other metals,
combined with depressed soil pH, have led to a risk of phytotoxicity for some areas of the Site based on site-
specific greenhouse phytotoxicity studies and plant community surveys in 1999 (NewFields 2006, NewFields
2008, Schafer and Associates 1999a,b). For plants, these ERAs linked the toxic action of total copper in the
shallow surface layer of the soil to cupric ion activity, quantified as pCu. Site conditions changed since the original
studies, however, requiring additional studies; specifically, the two historical smelter stacks were shut down in
2002 and demolished in 2007. Reclamation of Lake One and older tailing dams was also completed. Additionally,
a significant upward shift in soil pH was observed at STSIU following the “white rain” precipitation event on
January 7, 2008. The change in soil pH due to the white rain event has lowered cupric ion activity of the soil
(Arcadis 2023) and, more importantly, possibly changed the complex soil geochemistry (e.g., cation exchange
capacity) in a manner that could shift the relationship between pCu and plant and community endpoints. In
addition, the 1999 phytotoxicity and community studies did not explicitly account for site-specific seeds,
representative background, or potentially confounding physical and chemical factors across various soil types.

New studies were proposed by Chino in 2013 to address these changes, approved by NMED in 2014. Data
collection was completed in 2015, results submitted in April 2017 and re-submitted in August 2017 for NMED
review. The report in Appendix C was updated in 2018 and addresses the last set of NMED comments provided
in January 2018; the response to NMED comments are attached at the end of the report. The results generally
support that the ranges of the probable effects level (PEL) and de minimis effects level (DEL) could be lower than
the 1999 study. The native site species did not always perform better than non-native species, and their addition
produced less of a change in the results relative to 1999 results. Dose-response models for each category of soll
(bedrock, steep slope, flat granular, flat rocky) produced a different DEL or PEL. The variable DEL and PEL
values, depending on soil conditions, create uncertainty around the application of a pre-FS RAC for vegetation
across all soil types, and on whether more harm than good will result if simple cleanup criteria are used across
the entire IU. This study’s information was useful for the FS because it defines areas on the site by the four soil
categories of bedrock, steep slope > 13%, flat granular, and flat rocky soils that strongly influence plant responses
to pCu. The community study was based on site soils that were not homogenized in the laboratory (maintaining
pCu stratification) and are the most representative of field conditions.

Draft Technical Memorandum on pCu Reference Area Visit and Analysis

Based on NMED comments regarding the phytotoxicity report and an August 2018 meeting between Chino and
NMED, Chino proposed sampling additional locations for “reference” or “background” to increase confidence in
conclusions. Reference areas were identified in the field with NMED, and Chino sampled the community metric
endpoints of cover, richness, and rangeland condition (via Observed Apparent Trend [OAT] score) as well as soil
chemistry (pH, total copper, and sulfate) across all four soil categories identified in the phytotoxicity study (Arcadis
2018): flat granular, flat rocky, bedrock, and steeper slopes (>13%). Eight reference areas were sampled for soil
and surveyed for three plant endpoints (OAT score, richness, cover) in October 2018, bringing the total reference
area dataset to be used for comparing plant communities on site to reference areas off site to ten, given that two
reference sites (wildlife reference north and STS-PT-2013-26) had been sampled previously. Three additional
STSIU onsite locations were sampled or surveyed. Two of these were sampled for soil chemistry and/or plant
community data to evaluate pCu at highly overgrazed areas on the site, and one (wildlife reference south plot)
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was sampled and surveyed along with the wildlife reference north location to calibrate changes?® in plant cover
due to the climatic differences over 3 different years of sampling (2011, 2014, 2018); this repeat survey ensured
that on-site and off-site area data are comparable.

Like the two previously sampled reference locations, all new reference locations had sulfate concentrations and
pH in the soil within the expected range for the geology and soils of the location, indicating that they do not have
any smelter or windblown tailing impacts. These results support that the new reference locations adequately
represent background conditions without mining impacts. The new reference area data are not incorporated in
the phytotoxicity study report, however, because it has been through several review cycles with NMED. Instead,
data from the new reference locations are evaluated in this FS as to how they affect DELs and PELs for pCu
impacts on the vegetation community. DELs and PELs presented in the community section of the phytotoxicity
report were recalculated with the new data. The recalculation is important because the phytotoxicity study did not
have any reference areas representative of flat rocky, bedrock, or slopes > 13%. Previous community PEL and
DEL were based on the flat granular reference area, underestimating the values for the other 3 soil categories.
When averaged across all three endpoints, the DELs ranged from 5.83 to 8.08, and PELs ranged from 2.97 to
4.60, with the highest values in the flat rocky soil category. The Tech Memo (Arcadis 2022) is provided as
Attachment A to Appendix D.

Assessment Report for Apache Tejo Wash

Chino documented completion of an NMED request for a “ground survey” of the entire Apache Tejo drainage
system in 2021. The “ground survey” includes historical information, as well as reconnaissance results and
property ownership information. The “ground survey” covers the entire wash from the Chino tailing impoundments
to Whitewater Creek, including two tributaries to Apache Tejo Wash. Chino also characterized tailing and other
materials along the wash and interpreted the data with respect to the potential for exposure and the potential for
re-release to other media, including groundwater. The Assessment Report concluded that the potential for
constituents to infiltrate to groundwater is low; the tailing in the channel and the Big Berm generally showed little
to no potential to generate acid or leach metals (Golder 2023). The depth to groundwater is 100 feet along the
wash, and the vadose zone is comprised of alluvium and Gila Conglomerate with neutralizing potential. Also,
there is limited potential to re-release constituents to surface water because recent, cleaner sediment has
covered much of the historical tailing along the wash with a couple limited exceptions. The data were screened
against STSIU Pre-FS RAC for birds and vegetation and no further action was recommended. Apache Tejo Wash
will be further considered under Discharge Plan DP-1340 Sitewide Abatement.

1.4 AOC Requirements

The AOC between Chino and NMED became effective on December 24, 1994 and requires Chino to conduct the
following work:

o Assess present STSIU condition in the investigation area associated with risks to public health and welfare of
the environment;

o To the extent necessary to select a remedy, or remedies, evaluate alternative remedial technologies
appropriate for the IU in the investigation area; and

Wildlife Reference North and South locations were sampled each year of community sampling to calibrate cover. The wildlife reference
south location was originally thought to be a reference area but had lower pCu once sampled and became a “de minimis” location along
with three bedrock reference locations that had lower pCu than 5 (see phytotoxicity report).

www.arcadis.com
Smelter Tailings Soils IlU FS_Draft 03-31-2023 8



DRAFT Smelter/Tailing Soils Investigation Unit Feasibility Study
Smelter Tailings Soil Investigation Unit

Implement the selected remedy or remedies.

FS activities that were identified in the AOC Scope of Work and described in the FS Proposal (Arcadis 2011a)
include, but are not limited to:

Description of current situation;

Treatability studies and identification and screening of potential applicable technologies;
Development of remedial alternatives;

Initial screening of remedial alternatives;

Detailed evaluation of remedial alternatives;

Description and justification of preferred alternative; and

Production of the FS report.

This FS addresses the above bullets.

1.5 Organization of FS

This FS was prepared to determine and fulfil the needed data requirements of the AOC identified FS activities.
The FS is organized as follows:

Section 1.0: Introduction

Section 2.0: Regulatory Components of the FS

Section 3.0: Description of Current Situation: Soil

Section 4.0: Description of Current Situation: Surface Water

Section 5.0: Identification and Screening of Potential Applicable Technologies
Section 6.0: Assembly and Development of Remedial Alternatives

Section 7.0: Analysis of Alternatives

Section 8.0: References
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2. Regulatory Components of the FS

There are a number of regulatory components associated with an FS. Section 2.1 presents the specific FS tasks
that are stated and required in the AOC associated with STSIU. Section 2.2 presents the ARARs associated with
the STSIU. Sections 2.3 and 2.4 provide details on the RAOs and the Pre-FS RAC that have been developed for
the STSIU. Finally, Section 2.5 describes the AOC STSIU study boundaries.

2.1 AOC FS Tasks

AOC FS Tasks were presented in the FS Proposal (Arcadis 2011a) and are updated herein based on additional
work completed.:

Description of Current Situation
Updates to the current situation are detailed in Sections 3 and 4.

Treatability Studies and Identification and Screening of Potentially Applicable Technologies

Technologies were identified in the approved STSIU FS Proposal (Arcadis 2011a). There were no treatability
studies identified but the Amendment Study is an example of an on-going treatability study that was started before
the FS Proposal was submitted and approved. The technologies that were identified to carry forward are
incorporated into remedial alternatives herein.

Development of Remedial Alternatives

Remedial alternatives were developed in the FS Proposal (Arcadis 2011a) and no updates were identified through
the implementation of that proposal.

Initial Screening of Remedial Alternatives

The initial screening of remedial alternatives was completed in the FS Proposal (Arcadis 2011a) and no additional
alternatives were identified for screening following the implementation of that proposal.

Evaluation of Remedial Alternatives

Remedial alternatives were evaluated in the FS Proposal (Arcadis 2011a) and no changes to that evaluation have
been identified through the implementation of that Proposal. The remedial alternatives identified in the FS
Proposal that were carried forward into the FS include the following:

Soil

e No Action

e Monitoring

e Excavation and Reuse

e Excavation and Disposal

¢ Limestone and Organic Matter Soil Amendment
e Tilling

e Ferrihydrite Soil Amendment

e Soil Cover
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¢ Phytostabilization

Surface Water

e No Action

e Monitoring

e Excavation (In-Drainage, Upland, or Stock Ponds)
e In-Stream Removal of Suspended Sediments

e Limestone Treatment

e Sediment and Erosion Control

Description and Justification of Preferred Alternative
In the FS Report, Chino shall describe and justify its preferred alternative based on the criteria listed above.

2.2 Applicable or Relevant and Appropriate Requirements

Applicable or Relevant and Appropriate Requirements (ARARSs) are those cleanup standards, standards of
control, and other substantive environmental protection requirements, criteria, or limitations promulgated under
federal or state law that specifically address the situation at a CERCLA site. The requirement is applicable if the
jurisdictional prerequisites of the standard show a direct correspondence when objectively compared to conditions
at the site. An applicable federal requirement is an ARAR. An applicable state requirement is an ARAR only if it is
more stringent than the federal ARAR.

If the requirement is not legally applicable, then the requirement is evaluated to determine whether it is relevant
and appropriate. Relevant and appropriate requirements are those cleanup standards, standards of control, and
other substantive environmental protection requirements, criteria, or limitations promulgated under federal or state
law that, while not applicable, address problems or situations similar to the circumstances of the proposed
response action (relevant) and are well suited to the conditions (appropriate) of the site. A requirement must be
determined to be both relevant and appropriate in order to be considered an ARAR.

The criteria for determining relevance and appropriateness are listed in the Code of Federal Regulations
(40 CFR), Section 300.400(g)(2), and include general comparisons between the following:

e The purpose of the requirement and the purpose of the action;
e The medium regulated or affected by the requirement and the medium contaminated or affected at the site;
e The substances regulated by the requirement and the response action contemplated at the site;

e Any variances, waivers, or exemptions of the requirement and their availability for the circumstances at the
site;

e The type of place regulated and the type of place affected by the release; and

e Any consideration of use or potential use of affected resources in the requirement and the use or potential
use of the affected resources at the site.

According to the USEPA CERCLA guidance, a requirement may be “applicable” or “relevant and appropriate” but
not both (USEPA, 1988). Identification of ARARs must be done on a site-specific basis and involves a two-part
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analysis: first, a determination of whether a given requirement is applicable; and then, if it is not applicable, a
determination of whether it is, nevertheless, both relevant and appropriate. When the analysis determines that a
requirement is not applicable but is both relevant and appropriate, the requirement must be compiled with the
same degree as if it were applicable.

ARARSs are generally divided into three categories: chemical specific; location specific; and action specific in
accordance with USEPA guidance (USEPA, 1988):

o Chemical Specific: Chemical specific ARARs are generally health or risk based numerical values or methods
applied to site-specific conditions that results in the establishment of a cleanup level. Many potential ARARs
associated with particular response alternative (such as closure) can be characterized as action-specific but
include numerical values or methods to establish them so they fit in two categories, chemical-specific and
action-specific.

e Location Specific: Location specific ARARs are included for environmentally sensitive areas including riparian
and other hydrologic resources, and biological and other natural resources are the resource categories
relating to location-specific requirements potentially affected by the STSIU remedial actions.

e Action Specific: Action specific ARARs are included for the potential remedial actions that will be used in the
STSIU.

This classification was developed to aid in the identification of ARARs. Some ARARs do not fall precisely into one
group or another. ARARs are identified on a site-specific basis for remedial actions where CERCLA authority is
the basis for cleanup.

For the determination of relevance and appropriateness, the pertinent criteria were examined to determine
whether the requirements address problems or situations sufficiently similar to the circumstances of the release or
response action contemplated, and whether the requirement is well suited to the site. A negative determination of
relevance and appropriateness indicates that the requirement does not meet the pertinent criteria.

To qualify as a state ARAR under CERCLA, a state requirement must be:
o A state law or regulation;

e An environmental or facility law or regulation;

e Promulgated;

e Substantive;

e More stringent than federal requirements;

e |dentified in a timely manner; and

e Consistently applied.

To constitute an ARAR, a requirement must be substantive. Therefore, in some cases only the substantive
provisions of requirements identified as ARARs in this analysis are considered to be ARARs. Permits are
considered to be procedural or administrative requirements though may contain substantive requirements that are
ARARs which must be attained and/or qualify as “to be considered” (TBC) materials that may be used in
determining the necessary level of cleanup for protection of human health or the environment.
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Provisions of generally relevant federal and state statutes and regulations that were determined to be procedural
or not environmental in nature, including permit requirements, are not considered ARARs. CERCLA Section
121(e)(1), (42 USC Section 9621(e)(1)), states that “No Federal, State, or local permit shall be required for the
portion of any removal or remedial action conducted entirely on-site, where such remedial action is selected and
carried out in compliance with this section.” Consistent with 40 CFR, the term “on-site” is defined for purposes of
this ARARs discussion as “the areal extent of contamination and all suitable areas in very close proximity to the
contamination necessary for implementations of the response action.

In addition to ARARs, non-promulgated advisories, proposed standards, criteria, guidance, or policy documents
developed by the federal or state government, or other information referred to as TBC materials may also be used
in conjunction with ARARs to achieve an acceptable level of risk at a site. Although not legally binding, TBCs may
be used when determining protective cleanup levels or response actions where no ARARSs exist, or where ARARs
alone would not be sufficiently protective of human health and the environment. Because TBCs are not ARARs,
their early identification is not mandatory.

The state permit conditions for the Chino Mine shall be considered TBC materials and considered in the FS for
developing remedial alternatives.

Chino had the primary responsibility for identifying federal ARARs for the STSIU. Potential federal ARARs that
have been identified for the remediation of STSIU were determined in the RI (SRK 2008) and FS Proposal
(Arcadis 2011a) and are presented in Tables 2-1, 2-2, and 2-3. Pursuant to the definition of the term “on-site” in
40 CFR Section 300.5, the area that is considered part of the remedial action is STSIU (see Section 2.5).

2.3 Remedial Action Objectives (RAOs)

This section identifies the environmental media for the STSIU where potentially unacceptable risks were
determined to exist through the risk assessments completed during the RI, as well as the constituents determined
to be responsible for the potential for unacceptable risk. This section also presents the specific RAOs developed
for the STSIU for each media of interest.

RAOs are medium-specific goals designed to protect human health and the environment. RAOs serve to focus an
FS and provide context for the overall scope of potential cleanup activities at a site. Each RAO specifies: the
contaminant of concern; the relevant exposure routes and receptors; and an acceptable contaminant
concentration or range of concentrations for each exposure pathway.

The STSIU RI referenced the completed STSIU HHRA and ERA to determine if any constituents present in the
environmental media should be considered Constituents of Potential Concern (COPCs). The sitewide and STSIU-
specific ERAs (NewFields 2006, 2008) considered sensitive representative receptors from a number of receptor
classes including mammals, birds, plants, and invertebrates. NewFields evaluated direct contact for plants and
invertebrates and incidental soil ingestion and food-chain transfer for birds and mammals. The RI also referenced
the comprehensive HHRA performed by Gradient (2008) to determine if any chemicals present in environmental
media at the site are responsible for potentially unacceptable risk to human receptors in the context of plans for
future site use. Accordingly, the human receptor classes evaluated in the HHRA included current resident, future
resident, trespasser, construction worker, rancher, industrial worker, recreator swimmer, and trespasser swimmer.
Specific pathways considered during the HHRA included direct dermal contact with surface soil, incidental
ingestion of surface soil, inhalation of surface soil, dermal contact with surface water, and incidental ingestion of
surface water. The risk assessments were implemented according to appropriate guidance and methodologies,
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which along with the detailed results from the assessments, were previously presented in the STSIU HHRA and
ERA reports (Gradient 2008 and NewFields 2006, 2008).

NMED, after reviewing the HHRA and ERA, concluded that arsenic, copper, and iron are potential soil-based risk
drivers for at least one human receptor evaluated, and that copper and pCu are potential soil-based risk drivers
for at least one ecological receptor evaluated for the STSIU. The Gradient HHRA and NewFields ERA will be
discussed in detail in Section 3.1.1.

Based on the findings from the STSIU RI Report, HHRA and ERAs (SRK, 2008a,b, Gradient 2008, NewFields
2006, 2008), the RAOs for the STSIU include:

e Protection of human receptors, as represented by current and future resident or industrial workers, from
exposure to arsenic, copper and iron from ingestion of contaminated soil.

e Prevent the ingestion of copper by the small ground-feeding bird (SGFB) receptor at levels that result in
unacceptable population-level risks.

e Toxicity to vegetation or other biological elements of habitat should be reduced to levels that allow for a self-
sustaining ecosystem and prevent adverse impacts on local wildlife populations or subpopulations. In areas
where habitat function is degraded due to toxicity of elevated copper concentrations and/or decreased pH
from either smelter emissions or contamination released from tailings impoundments, remedial actions should
focus on the restoration of wildlife habitat.

o Restore water quality to water quality objectives that are protective of beneficial uses within reasonable
timeframe and maintain existing water quality that complies with water quality objectives. RAOs should
reduce the likelihood of contact between surface water and soils/sediments that contain heavy metal
contaminants at concentrations that could cause deleterious effects to aquatic receptor populations.

2.4 Pre-FSRAC

In a letter dated September 16, 2010 and then amended via a dispute resolution letter dated March 3, 2011,
NMED provided Chino with a Pre-FS RAC for the STSIU (NMED, 2010, 2011). Based upon the information
documented in the ERA, HHRA, as well as the comments and input provided from all parties, NMED has
determined the Pre-FS RAC values for soil and surface water as discussed below.

Surface Soil

NMED has determined a Pre-FS RAC for metals that potentially pose human health and ecological risk based on
the information documented in the ERA, HHRA, and probability analysis. NMED established HHRA Pre-FS RAC
values for arsenic, copper, and iron as follows:

e Arsenic: NMED selected the cancer target risk with a Pre-FS RAC of 27 mg/kg. This value is supported by the
probability analysis (Arcadis 2010c,d,e) and is consistent with the range of arsenic clean-up levels previously
set in New Mexico by USEPA.

o Copper: NMED selected the non-cancer risk human health Pre-FS RAC as previously determined for the
Hurley Soils IU of < 5,000 mg/kg copper at private, commercial, and public developed properties.

¢ Iron: NMED selected the non-cancer risk Pre-FS RAC based on the probability analysis (Arcadis 2010c,d,e) of
100,000 mg/kg.
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NMED established ecological Pre-FS RAC values for copper as follows:
e To reduce soil toxicity to plants from copper to pCu = 5 where copper is > 327 mg/kg.

e To reduce soil toxicity to SGFB of 1,600 mg/kg. The SGFB Pre-FS RAC is applicable to the 95 percent upper
confidence limit (UCL) of the area-weighted average concentration of copper in surface soil (0-6”) within
exposure units in the STSIU. In addition, NMED required monitoring for copper concentrations in surface soil
between 1,100 and 1,600 mg/kg.

Based on the final Pre-FS RAC issued in a letter dated March 2011, NMED stated:

Since the FS and ROD will be completed consistent with the NCP, new information can be used to refine
RACs and selection of alternatives. This is supported by the NCP in §300.430(e)(2)(i) which states “Establish
remedial action objectives specifying contaminants and media of concern, potential exposure pathways, and
remediation goals. Initially, preliminary remediation goals are developed based on readily available
information, such as chemical-specific ARARs or other reliable information. Preliminary remediation goals
should be modified, as necessary, as more information becomes available during the RI/FS. Final remediation
goals will be determined when the remedy is selected. Remediation goals shall establish acceptable exposure
levels that are protective of human health and the environment...” It must be noted that NMED'’s pre-FS RACs
are equivalent to preliminary remediation goals referred to in the NCP.”

Thus, Pre-FS RAC are consistent with the use of PRG by EPA in the NCP, and new information can be used to
refine the Pre-FS RAC and selection of alternatives. Additional information is provided herein in Section 1.3 and
Appendices A, B, C and D. As discussed in Section 1.3, based on discussions and field work conducted with
NMED, soil sampling and vegetation community measurements were conducted in 2018 from new agreed-upon
locations. Results were incorporated into calculations of DELs and PELs presented in the phytotoxicity study for
four soil types (see Appendix C). The average PELs for pCu across the soil types ranged from 2.97 to 4.60, with
the highest values in the flat rocky soil category. Based on this new information, the PELs are used to identify
acres for remedial alternative evaluation herein. Moreover, percent cover, richness and OAT are used to further
identify poor rangeland as described in the approved FS Work Plan (Arcadis 2011a).

In cases where the above criteria overlap for a given area, the constituent which requires the largest remedial
footprint will be considered the “risk driver” and the remedial technology will be selected to address this “driver”.
The selected remedial technology will be evaluated to confirm that all “non-risk driver” constituents are in
compliance with their respective RACs. With the issuance of the Pre-FS RAC, constituents identified in the Rl and
risk assessment as COPCs are now considered constituents of concern or COCs. The FS and ROD will be
completed consistent with the NCP. Final remediation goals will be documented in the ROD.

Surface Water

NMED selected the Pre-FS RAC for surface water based upon the State of New Mexico Standards for Interstate and
Intrastate Surface Waters, Part 20.6.4 NMAC for risk to aquatic life. The Pre-FS RAC for all constituents is Part 20.6.4
NMAC, including all approaches and tools listed in the Code which provide options for site-specific application.

Ground Water

NMED discovered a data gap in the Rl Report during the preparation of Pre-FS RAC letter. Drainage sediment
sample results exceed the NMED Dilution Attenuation Factors (DAF) developed to protect ground water. Although
this potential impact was included in the conceptual site model (CSM) and in the risk assessments, NMED
requested Chino to further investigate this potential pathway. NMED requested that Chino collect additional
samples from all the drainages that currently exceed the DAF 1 as listed in NMED’s Technical Background
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Document for Development of Soil Screening Levels, Revision, 5.0 (NMED, 2009) or exceed background
concentrations for the following COPCs: arsenic, barium, cadmium, copper, iron, molybdenum, and selenium.

Chino submitted a work plan on October 20, 2010 and NMED approved the work plan on November 10, 2010.
Chino implemented the work plan in December 2010 with NMED participation. The samples were analyzed using
1) SPLP and 2) Acid-base Accounting (ABA) and the results were compared to Ground Water Quality Standards
to determine if this potential pathway may impact groundwater and if potential remedial alternatives should be
developed in the FS. The results showed that there is no risk associated with sediments leaching to groundwater;
therefore, groundwater will not be evaluated as part of the STSIU FS. The results from the sampling effort were
presented in the Groundwater Quality Pre-Feasibility Study Remedial Action Criteria for Drainage Sediments
(Arcadis 2011Db).

2.5 AOC Study Boundaries

As specifically described in the AOC Scope of Work (NMED, 1994), the STSIU includes all areas containing and
proximal to Chino’s copper smelter including the slag, all areas containing or which contained facilities ancillary to
the primary smelter, and the soil adjacent or impacted by the tailings facility (excluding the Hurley Soils 1U). The
investigation area is contained in section 31 of T18S, R12W and sections 4, 5, 6, 7, 8, 9, 16, 17, 18, 19, 20, 21,
28, 29, 30, 31, 32, and 33 of T19S, R12W. The above township-range sections, as shown in Figure 2-1, include
the town of Hurley, Chino operational area, and all tailings ponds; however, the town of Hurley and the former
Hurley Operations Area are excluded from the IU because applicable remediation or closure of these areas are
covered under separate regulatory activities. The western extent of the 1994 AOC area is Highway 180, the
eastern extent is approximately a quarter mile east of the toe of Tailings Pond 7, and the southern extent is
approximately 1 mile south of Tailings Pond 7.

The former Hurley Smelter was decommissioned and demolished in 2007. The Hurley Operations Area is
bounded by the Town of Hurley to the west, Whitewater Creek to the northeast, Lake One to the east, and the
tailings impoundments to the south. Current land uses adjacent to the former Hurley Operations Area are
residential in the towns of Hurley and North Hurley, tailings disposal south of the operational area, and livestock
grazing elsewhere. Chino owns the majority of land included in the STSIU and the majority of this land is currently
leased for livestock grazing.

The above investigation area has been expanded over the last 15 years as sampling events have delineated the
boundaries of the smelter impacted soils with greater accuracy. The current smelter investigation area now
includes areas to the north, east, and west of the original Smelter Investigation Unit located in section 31 of T18S,
R12W that have copper concentrations greater than the established background value of 327 mg/kg.
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3. Description of Current Situation: Soil

The following sections describe the current understanding of the physical characteristics of the STSIU surface soil
based on previous field investigations.

e Section 3.1 summarizes the conceptual site model,

e Section 3.2 addresses how the Pre-FS RAC may be applied across the relatively expansive area
encompassed by the STSIU as exposure units, and

e Section 3.3 discusses the upland areas that require potential remedial action as a result of the evaluation.

3.1 Conceptual Site Model

The CSM for sources associated with the STSIU was originally presented in the Rl Proposal for STSIU (SRK,
2004) as well as in the risk assessments (Gradient, 2008, NewFields, 2006, 2008). Figure 3-1 illustrates a CSM
via pathway segments and mechanisms required to understand how potential contamination occurred, including
the source, release and transport of mineral processing constituents. Primary sources listed in this CSM are
historical mineral processing activities and tailing impoundments including historical and current facilities.

Soils within the STSIU were affected by historical stack and fugitive dust emissions from historical mineral
processing activities associated with the former Hurley Operations area and the tailings area. The AOC
Background Report (Chino, 1995) identified the primary sources of contamination in the former Hurley Operations
Area resulting from historical smelting, milling, concentrating, and handling of copper bearing material. For the
tailings area of the STSIU, the tailings impoundments are considered the primary source of constituents of
interest that have the potential to affect environmental media. Both historical and currently operational tailing
impoundment may have affected surrounding media; however, DP-214, DP-484 and DP-1340 address any
groundwater impacts from the historical or current impoundments due to infiltration to groundwater. Other
pathways such as historical run-off and fugitive dust emissions transported constituents in tailings to surrounding
soil and drainages. Fugitive dust emissions from the tailings ponds occur when high winds mobilized tailings
resulting in transport and subsequent deposition of constituents to the surrounding soil.

Prevailing winds tend to be south-easterly (Chino, 1995); therefore, surface soils in areas to the south and east of
the former Hurley Operations Area and the tailings impoundments are likely to be the most affected by dryfall from
these aerial sources. Following airborne deposition onto soils, metals and other inorganic constituents may be
further redistributed by a combination of physical (air and water erosion) and/or chemical (leaching) processes.

Figure 3-1 identifies the following potential release mechanisms associated with affected surface soil:
e Direct Contact: Exposure associated with direct contact with affected surface soil;
¢ Re-suspension: Mobilization of affected surface soil to air by wind;

e Run-off: Transport of suspended or dissolved constituents in surface water run-off. Potentially affected
sediments may be generated as a result of surface water erosion of surface soil;

o Infiltration: Infiltration of surface water through affected surface soil may potentially release constituents of
interest from affected surface soil; and
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e Absorption: Constituents from affected surface soil may bioaccumulate in garden foods that could be
consumed by persons. In addition, grazing animals, either directly or through plant consumption, could ingest
constituents from affected surface soil. Constituents could, in turn, be absorbed through consumption of these
animals.

The potential exposure routes for current and future human receptors include:

e Inhalation;

e Ingestion of contaminated food items; and

e Direct contact (ingestion and dermal).

The potential exposure routes for current and future ecological receptors include:
e Direct contact (root uptake and incidental ingestion); and

¢ Ingestion (contaminated biota).

The above potential human health and ecological exposure routes were evaluated in the STSIU HHRA (Gradient,
2008) and STSIU ERA (NewFields, 2008). Since the completion and approval of the risk assessments, the STSIU
has been naturally “limed” by the “white rain” event as described in Section 1.3. This natural event has shifted the
geochemistry of the soils and affected the bioavailability of contamination in the STSIU, as documented in the
Year 5 pH Monitoring Report for STSIU (Arcadis 2023).

In addition to the white rain event, historic sources to STSIU were fully reclaimed, as described further below in
Section 3.1.2.

3.1.1 Previous Investigations

The upland soil in the STSIU was evaluated in the STSIU RI (SRK, 2008a,b), the HHRA (Gradient, 2008), and the
ERA (Newfields, 2008) prior to the development and issuing of the Pre-FS RAC. The following sections
summarize the findings of these three reports.

Remedial Investigation

The STSIU RI Proposal was completed by SRK in 2004 and the Rl Report was submitted in 2006 and
resubmitted in 2008 with supplemental data (SRK, 2008a,b). Surface soil samples were taken at 165 locations in
the STSIU during the Rl sampling efforts (SRK, 2008a,b).

The RI concluded that copper is the primary metal elevated in surface soils in the STSIU. In addition, arsenic,
cadmium, and iron were also detected above the decision criteria, but their respective concentrations largely fall
within the range of reference, and elevated concentrations of these metals generally fall within the footprint of
copper concentrations. Consistent with conclusions reported in the AOC Background Report (Chino, 1995) and
the Phase Il Remedial Investigation Report for the Ecological Investigation Unit (Arcadis 2001), copper
concentrations in surface soil exhibit strong spatial characteristics with decreasing concentrations as distance in
the direction of prevailing winds increases (SRK, 2008a).

Human Health Risk Assessment

In 2008, Gradient evaluated the risks to human health posed by constituent concentrations in the STSIU. Gradient
calculated both cancer risks and non-cancer hazards for potential receptors on the site. The methodology used
for this risk assessment was consistent with USEPA guidelines and used conservative, default assumptions,
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whenever site-specific data were not available. The receptors evaluated in the HHRA included current and future
residents, adolescent recreators, adolescent trespassers, ranchers, construction workers, and industrial workers.
The upland risk assessment evaluated exposures to soil, windblown dust in air, and locally produced food items.

Gradient indicated that site exposure could result in unacceptable cancer risks for current and future residents.
However, these cancer risks are largely driven by the consumption of locally grown foods. Gradient stated that the
“consumption of locally grown food” pathway was evaluated using conservative assumptions and tends to
overestimate risk. Gradient also found that 90% of the excess lifetime cancer risk is attributed to arsenic. All other
receptors (recreators, trespassers, ranchers, construction workers, and smelter workers) did not have
unacceptable cancer risk.

The HHRA indicated that site exposures could result in unacceptable non-cancer hazards for residents in all five
exposure areas. However, these non-cancer hazards are also largely driven by consumption of locally grown
foods. Gradient stated that the “consumption of locally grown food” pathway was evaluated using conservative
assumptions and tends to overestimate risk. Furthermore, all residential non-cancer risks in the STSIU were lower
than residential RME non-cancer hazard calculated for the reference area. All other receptors (recreators,
trespassers, ranchers, construction workers, and smelter workers) had acceptable non-cancer hazards.

Gradient evaluated copper risks separately using a probabilistic method, only for ingestion of soil. The most
sensitive endpoint for copper toxicity is nausea; therefore, copper risks were based on estimating the annual
number of nausea episodes that an individual might experience, at a given soil copper concentration. Overall, the
industrial worker in the smelter area had the highest copper risk, with an estimated 65 nausea events per year.

NMED established human health RACs for three constituents, including arsenic, copper, and iron, as discussed in
Section 2.4.

Ecological Risk Assessment

The Site Wide BERA (NewFields, 2006) was completed and used as the basis to streamline the 1U-specific ERA
for the STSIU (NewFields, 2008). These ERA reports evaluated the risks from soil to terrestrial receptors. The
methodology used for this risk assessment was consistent with USEPA guidelines, and used conservative, default
assumptions, whenever site-specific data were not available. The methodology and parameter selection are
described in Technical Memo 1 — ERA Workplan and the sampling and analytical approach are described in
Technical Memo 2 (Schafer and Associates, 1999a, 1999b). The receptors evaluated in the terrestrial ERA
included terrestrial vegetation, herbivorous birds, omnivorous birds, raptors, herbivorous mammals, omnivorous
mammals, ruminants, and mammalian predators. The risk assessment evaluated exposures from direct contact,
incidental soil ingestion, and ingestion of prey items.

It was concluded that the risks to plants and wildlife were primarily related to elevated copper concentrations and
depressed pH in soil (NewFields, 2008). The risks to the SGFB, the most sensitive receptor evaluated, appear to
be elevated in the STSIU due to exposure to copper. The potential for risk, for both plants and the SGFB, is
greatest in the areas immediately to the east of the smelter and the tailings impoundments and decreases with
the increased distance to the east of those features.

Since 2008, when the NewFields STSIU ERA was approved by NMED, there has been further analysis of the risk
to the SGFB. The following studies and updated exposure parameters have led to a decrease in predicted
exposure levels for the SGFB.

e Ingestion Rate of Food and Soil: The ingestions rates used by NewFields in the ERA were updated to more
recent allometric-based values in the literature (Nagy, 2001).
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e The dose equation was updated to model all potential dietary intakes in dry weight.

o Insect tissue concentrations: Additional insect tissue was collected in 2010 to supplement the tissue that was
collected and analysed for in the ERA. The results of this sampling event are presented in the Terrestrial
Invertebrate Copper Bioaccumulation and Bioavailability Study (Arcadis 2010a). These results were used to
update the relationship between copper in soil and insect tissue and to more accurately estimate
bioavailability from insect tissue.

When the above refinements are incorporated into the dose model for the SGFB, there is a decrease in the
predicted exposure associated with the SGFB. The approved Site Wide ERA (Newfields, 2006) documents a
prediction of population level risk based on the earlier limited data. With the uncertainties in mind, Chino
developed and NMED approved the Terrestrial Invertebrate Copper Bioaccumulation and Bioavailability Study for
STSIU (Arcadis 2010a), and subsequently field data were collected with NMED. The results of the data indicate
that exposure levels have changed for the SGFB. If the Site-Wide ERA had been formally amended to include
such data, the updated exposure parameters would result in lower LOAEL HQs and would update the conclusions
of the Site-Wide ERA (Arcadis 2011d).

As summarized in Section 1.3, the amendment study, pH monitoring report, and draft phytotoxicity report, were
submitted subsequent to the approval of the FS Proposal, and all three are referenced herein as Appendices A, B, and
C, respectively.

3.1.2 Previous Reclamation and Interim Actions

The Hurley Mill and Smelter were closed and demolished in 1985 and in 2003 and 2007, respectively, and the
historical mineral processing operational area was fully reclaimed with 3 feet of borrow fill including slag,
improving overall air quality, and eliminating the source of acid and copper to STSIU soils. Closure plans were
implemented under DP-1340 for the reclamation of historical tailing impoundments (Tailings Pond 1, 2, B, C, 4,
6E and 6W) (Golder 2013a,b). The Town of Hurley, which is located in the HSIU, was remediated in 2006 and
2007. In addition, also under DP-1340, Condition 90, the Lake One Closure Plan was submitted to NMED in
December 2012, approved by NMED, implemented in 2013 (EMC?2 2014). Borrow fill for reclamation was taken
from within the STSIU boundaries, outside of the operational footprint as discussed in Section 1.3.

Additionally, interim actions were completed in 2008 and 2012, as summarized in the STSIU Interim Removal
Action Completion Report (“Golf Course IRA”) and the Supplemental STSIU Interim Removal Action Completion
Report (“Railroad IRA”) (ARCADIS, 2009 and Golder, 2013c). Specifically, these areas included the area west of
Highway 180, the South Golf Course, the North Golf Course, the Alley Way adjacent to the South Golf Course,
the area east of Highway 180, and other sites located at the end of the South and North Golf Courses. The
objective of the interim actions were to remove soils where copper concentrations were greater than 5,000 mg/kg
(lateral delineation) at 0 — 1” based on the 2005 NMED-approved residential RAC for the Hurley Soils IU (and
later formally issued in 2011 as pre-FS RAC for STSIU), as the acres were deemed future residential as
extensions of the town of Hurley and fall within the current city limits. Within the areas with higher than or equal to
5,000 mg/kg, soils were removed vertically until the copper concentrations were less than 2,700 mg/kg or
resistance met.

Later interim actions were also completed in 2014 and 2019 as summarized in the STSIU Razorback Ridge
Interim Remedial Action Completion Report (Golder 2015) and the B-Ranch Interim Remedial Action Completion
Report (Arcadis 2020). The Razorback Ridge IRA is located east of Lake One in areas adjacent to the Whitewater
Creek Diversion Channel and James Canyon. The B-Ranch IRA is located adjacent to the reclaimed slag and the
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Golf Course IRA with Whitewater Creek bounding the east side of the site. The objective of the IRAs was to
remove soils in areas with copper concentrations higher than 5,000 mg/kg, delineated laterally, as per the STSIU
pre-FS RAC. As the soil removed from the Razorback Ridge Area was being utilized as borrow fill material,
removal depths were at 1 to 2 feet depth and only post removal sampling was performed. Post-confirmation and
post-removal data associated with the above-described removals was incorporated into Chino’s maps and
databases, as summarized in Table 3-2.

3.1.3 FS Proposal Data Collection

The FS Proposal summarized additional sampling needed to refine the potential remedial areas for all
constituents that exceed their respective Pre-FS RACs (Arcadis 2011a). Additional soil samples were collected to
more accurately define the current extent of contamination for copper and pCu in surface soil. The exact sampling
locations and methods were presented in the Upland Sampling Work Plan (Appendix A) of the FS Proposal.

Additionally, exposure units are delineated via desktop evaluation with field verification. The Upland Sampling
Work Plan (Appendix A) of the FS Proposal described the methodology that is used to perform rangeland and
drainage habitat surveys to better understand the potential habitat units in the STSIU. NMED required that the
SGFB copper Pre-FS RAC be applied as a 95UCL area-weighted average over a habitat unit. Through use of
vegetation alliance polygons (DBS&A 1999, Newfields 2006), SGFB habitat units are defined for the STSIU and
presented herein. Similarly, the pCu Pre-FS RAC is applied as an average concentration over a habitat unit, as
described in Appendix D. Datasets and exposure units are described further below in Section 3.2.

3.2 Nature and Extent of Contamination

According to the AOC, the soils of concern in the STSIU are the areas that exceed the Pre-FS RAC values
described in Section 2.4 of:

e < 5,000 mg/kg copper at 0-1” bgs,

e 1,600 mg/kg copper surface weighted 95 UCL for a habitat unit for 0-6” bgs,
e 27 mg/kg arsenic at 0-1” bgs, and

e 100,000 mg/kg iron at 0-1".

In addition to the Pre-FS RAC described above, based upon new information submitted herein and summarized in
Sections 1.3 and 2.4, pCu less than 5 with soil copper concentration greater than 327 mg/kg for 0-6” bgs as well
as richness, cover and rangeland condition (measured with the OAT score) are used to identify acres of soils of
concern.

There are three constituents that exceed NMED’s Pre-FS RAC for soil in the STSIU. Copper and iron have
exceedances of the NMED human health criteria, while copper and pCu fail their respective ecological criteria.
Each constituent is described further in sub-sections below.

3.2.1 Arsenic

Of the 165 samples collected for the STSIU RI, there are no exceedances of the human health Pre-FS RAC of 27
mg/kg (Table 3-1). Therefore, arsenic will not be further evaluated in the STSIU FS.
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3.2.2 Copper

There have been approximately 450 pre-IRA surface soil samples (0-1” bgs and 0-6” bgs) collected in the STSIU
through December 2012. These samples were taken during the following investigations: AOC Background Report
(Chino, 1995), Site Wide ERA (NewFields, 2006), STSIU RI (SRK, 2008a,b), pH monitoring (Arcadis 2023),
amendment study (Arcadis 2017), phytotoxicity and community study (Arcadis 2018), and the STISU FS Upland
Sampling Plan (Arcadis 2011a). The results from the FS Upland Sampling Plan are discussed in Appendix D.
About 1,500 samples were collected during four IRAs: Golf Course (Arcadis 2009), Railroad (Golder 2013c),
Razorback Ridge (Golder, 2015), and B-Ranch (Arcadis 2020). Table 3-2 summarizes all samples collected in
STSIU. All IRA delineation and confirmation samples were analysed using XRF and corrected using the
regression equation based on a subset of the samples analysed by a laboratory. The regression equation and
methodology were presented in the IRA Completion Reports.* All borrow areas, which were excavated at depths
of 1 to 12 feet, were assumed to have copper concentrations at background, equal to 327 mg/kg.®

The risks from copper in the STSIU are driven by exceedances of the pre-FS RAC for both human health and
ecological receptors. The human health risks were evaluated with copper sampled in the 0-1” bgs interval, sieved to
< 0.25 mm. The risk to ecological receptors is evaluated using the soil horizon of 0-6” bgs, sieved to <2 mm.
Historically, most copper samples were sampled from the 0-1” bgs interval to determine potential risk to human
health. Using the methodology presented in Appendix A of the FS Proposal (Arcadis, 2011a), for ecological
evaluations, the copper results from the 0-1” were adjusted to 0-6” using the median ratio between the two depths
(0.7 unless in windblown tailing area, where it was 1.5, Table 3-2). This adjustment provided a more robust 0-6”
dataset to evaluate the remedial alternatives. The locations and concentrations of the copper samples evaluated in
the pre-IRA dataset are shown in Figure 3-2. As presented in Figure 3-2, copper concentrations were the greatest to
the east of the historical smelter and decrease with increased distance from the historical smelter’s location. There
were also areas of elevated copper on the north, south, and west of the town of Hurley from smelting and other
historical mineral processing activities. Similar to the elevated areas to the east, copper concentrations to the north,
south and west decrease with increased distance from Chino’s operational area.

As discussed in Section 2.4, the March 3, 2011 NMED Chino AOC Informal Dispute Resolution STSIU memo
states that the copper SGFB Pre-FS RAC value of 1,600 mg/kg is intended as the 95UCL area-weighted average
concentration within an exposure unit, and the exposure unit should be delineated based on habitat. The habitat
polygons represented by the vegetation alliance map developed by DBS&A (1999) (and referenced by NewFields
(2006)) were used as habitat units for upland areas (Figure 3-3) as discussed in the approved FS Proposal
(ARCADIS, 2011a).% During the 2011 field effort, a subset of the STSIU drainages was evaluated to determine if
the avian habitat along the drainage banks was different from the adjacent upland. It was determined that the
STSIU drainage banks were not significantly different from the adjacent upland (Appendix D); therefore, the
existing vegetation alliance polygons that encompass the upland and banks of the drainages were used as the
ecological exposure unit for SGFB, without differentiating between upland and banks of drainages.

After determining the best interpolation method for copper, the datasets for each exposure unit for the SGFB were
determined by intersecting the ArcGIS interpolated copper Thiessen polygons with the DBS&A vegetation

4 The Razorback Ridge and B Ranch Completion Reports did not report corrected XRF data; however, paired datasets with XRF and
laboratory copper results were reported and a regression was developed and used to correct the data reported in Table 3-2.

5 As part of the borrow excavation, some surficial wind blown tailings were also removed but not sampled. Any older samples previously
located in these areas were substituted with 327 mg/kg before performing the interpolation.

6 Alliance polygon size shifted for several polygons based on updates to the habitat map and an addition of “mine facilities/other” category.
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alliances for the post-IRA dataset (includes effect of borrow removal) as shown in Figure 3-4. All Thiessen
polygons with either lab or XRF sample results? that exceed the human health RAC of 5,000 mg/kg have already
been remediated for compliance with the human health RAC.8 Based on the monitoring criteria for the avian pre-
FS RAC, exposure units (or habitat polygons) which intersected a copper Thiessen polygon with a concentration
= 1,100 mg/kg were retained for further evaluation.® For each retained exposure unit, a 95UCL area-weighted
average concentration was calculated, using the percentile bootstrap method.'® Table 3-3 includes the exposure
units that have 95UCL concentrations in excess of 1,100 mg/kg. The colors of the exposure units in Figure 3-5
identify which of these post-IRA exposure units require remedial technology evaluation, additional monitoring, or
no further action to be in compliance with the avian pre-FS RAC, depending on the 95UCL copper concentration
of the unit. There were no exposure units with 95UCL concentrations exceeding the avian RAC of 1,600 mg/kg.
Exposure units in yellow have a 95UCL between 1,100 mg/kg and 1,600 mg/kg and will require additional
monitoring for the protection of the small ground-feeding bird (alliance polygons 1-3, 10-16, and 88-15). Exposure
units in green do not require any additional action.

3.2.3 lIron

Two of the 165 soil samples collected for the Rl and analysed by EPA 6010 exceed the human health Pre-FS
RAC of 100,000 mg/kg (Table 3-1). The locations of these samples (SS145 & SS148) are along the eastern
border of Tailing Dam 7 as seen in Figure 3-6. The iron results from SS145 & SS148 only slightly exceed the
human health Pre-FS RAC with concentrations of 141,000 mg/kg and 123,000 mg/kg, respectively. However, the
area encompassing these two sample locations fall within the currently operational Tailing Pond 7 footprint and
will be addressed under the CCP and DP-1340. Thus, iron is not retained for further evaluation.

3.2.4 pCu

Cupric ion activity (pCu) was directly measured in 0-6” bgs soil at 17 sites in the STSIU in 1999 and was strongly
related (R2 = 0.97) to copper concentrations and pH in the following equation (upland equation from Sitewide ERA,
Newfields, 2006):

pCu = 734+(093*DH)-(1 A 5*|n[Cutot])

" Results based on 0-1” and sieved to < 0.25 mm.

8 There are sample points identified in Table 3-2 with copper greater than 5000 mg/kg where bedrock was noted (where the sample result
represents dust that could be wiped off the rock), or steep slope, infrastructure, or ROW was encountered and thus cannot be remediated.
? Appendix A of the FS Proposal included Table 3 which summarized vegetation polygons with copper greater than 1,600 mg/kg. The
number of polygons was increased to 18 to include those with a maximum concentration greater than 1,100 mg/kg. There were 298
samples across 9,121 acres identified in the FS Proposal representing polygons with maximum concentrations greater than 1,600 mg/kg,
and 1,922 samples across 9,760 acres herein representing polygons with maximum concentrations greater than 1,100 mg/kg. Bedrock
samples where the sample result represents dust that could be wiped off the rock were removed from the dataset for the bird Pre-FS RAC
evaluation. Older sample locations removed via an IRA were changed from the reported result to 327 mg/kg (NMED background value
noted in the Pre-FS RAC).

10 5,000 iterations (USEPA 2010a) implemented by a macro developed for EXCEL. Several polygons had more samples than the
maximum allowed by the macro (29-1, 137-7, 137-8 and mine facilities/other) and the lowest weight samples had acreages binned and a
spatially weighted average used so macro could run due to array size. Bedrock sample points were removed in the post-IRA copper
dataset evaluation. Samples located in borrow were substituted with background (327 mg/kg). Polygon 1-2 was overlapping a borrow pit
on the south side of Hurley and was reclaimed. Polygon 128-7 is a stock tank and the upland surrounding it was added to Polygon 138-
8.
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This equation was applied to available copper and pH data sampled after the white rain event at 0-6” bgs and
sieved to < 2 mm to estimate pCu and its spatial distribution on STSIU (Table 3-4). Post-white rain samples best
define areas that might require remediation because they best represent current conditions. Of 155 pCu locations,
102 were sampled in the STSIU after the white rain event. These 102 samples did not fully cover the outer edges
of the STSIU, however, and 56 pre-white rain samples were added to fill in the gaps (plots shown in Figure 3-7
and Table 3-4). All pre-white rain samples used to bound the post-white rain samples had pCu > 5 with the
exception of a few locations directly north of Hurley and just east of Tailing Pond 7. The use of pre-white rain pCu
concentrations to develop the pCu contour map in Figure 3-8 is conservative as there is no new source of acidity
and natural attenuation is currently taking place.

As discussed in Section 1.3, the results of the 5-year pH Monitoring Study showed that the 2008 white rain
benefitted the STSIU soils by increasing the pH and pCu of the acidic soils, making copper less bioavailable. The
increase in pCu led to a decrease in the uptake of copper into living organisms and improved wildlife and
rangeland habitat as a result. In addition, the potential of STSIU soils to generate acid is consistently low in most
areas (Arcadis 2017 in Appendix B).

Using the above calculated pCu dataset, pCu contours were developed using natural neighbor' interpolation as
shown in Figure 3-8. As proposed in the FS Proposal, Chino selected the pCu exposure units to be the polygon
boundaries defined by combinations of different soil and vegetation types. These are the same boundaries that
were used for the rangeland condition analysis in Woodward Clyde (1997) and thus are referred to as “rangeland
polygons” (Figure 3-9). Only rangeland polygons that intersected average pCu < 5 and copper > 327 mg/kg (i.e.,
below the Pre-FS RAC) that failed the criteria below for rangeland (OAT score) and wildlife habitat quality
(richness and cover) were retained for further remedial evaluation. The criteria remove polygons from remedial
consideration where the destruction of the existing vegetation and inevitable increase in soil erosion associated
with remediation could lead to a loss of long-term environmental benefits to the vegetation, causing more harm
than good.

o Except for bedrock, if the observed apparent trend (OAT) score of the rangeland polygon was = 22 for all soil
categories, the polygon was considered to have “fair-good” rangeland condition (acceptable condition) and,
therefore, was excluded from further evaluation. If the OAT score was < 22 (or < than 13 for bedrock, see
Attachment A of Appendix D), the polygon’s rangeland condition was considered “poor” and it was retained
for further evaluation. The cutoff of 22 was based upon data in 1997 rangeland condition datasheets (see
Woodward Clyde 1997) showing most rangeland polygons had fair to good condition with OAT > 22 on
STSIU, as described in the approved FS Workplan (Arcadis 2011a). The 2011 OAT scores (see Appendix D)
were used to determine current rangeland condition for this FS.

e If the percent vegetation cover of a rangeland polygon was > a targeted percentage of a reference mean area
value based on variability of the background value of its soil category, the polygon was considered to have
“acceptable” cover for wildlife habitat (see Attachment A of Appendix D for details). Flat granular soil, flat
rocky soil, bedrock (> 60%), and steep slopes are the four soil categories with different targeted percentages.
Unacceptable polygons based on cover were retained for further evaluation.

o |If the vegetation species richness of a rangeland polygon was > a targeted percentage of reference area
mean values based on variability of the reference values of its soil category (Attachment A of Appendix D),

Natural Neighbor was used, rather than kriging discussed in the Work Plan, because the final dataset supplemented with 2011 data did not
produce a semi-variogram that met assumptions of a kriging model, as discussed in Appendix D.
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the polygon was considered to have “acceptable” richness for wildlife habitat. Unacceptable polygons were
based on richness were retained for further evaluation.

OAT scores, percent vegetation cover, and species richness for each polygon were obtained using remote-
sensing-based maps developed from Ikonos imagery that covered the site on September 4, 2011 (Appendix D).
These maps were classified into two categories: acceptable and unacceptable, as discussed above. evaluated for
accuracy using the percent cover and species richness that were sampled in the field on 100 ft2 plots and the
OAT score data collected on 200-m transects that were alongside the plots in 2011, 2014, or 2018 (plots are
shown in Figure 3-10, see Appendix D for details). All field sample locations had been grazed, as almost all of the
STSIU has been grazed, and therefore the criteria for success was a comparison to reference plots. 12

All plots with field data for vegetation cover and species richness were used to evaluate map accuracy because
the locations were independent of the high and low value endpoints used to calibrate the vegetative cover model
and training sites for richness. However, for rangeland condition (OAT score), 3/4 of the ground samples were
used for training and thus only 1/4 of the samples were used for accuracy assessment (see Appendix D). The
accuracy of the OAT score, vegetation cover, and species richness maps in identifying the two classes
(acceptable vs. unacceptable) was relatively good at 88%, 74%, and 71%, respectively, meeting the goal of at
least 70% accuracy (Tables 3-5, 3-6, and Appendix D).

For the final classification of a rangeland polygon as containing vegetation that may have been degraded in
quality by pCu, the polygon had to be rated unacceptable for the OAT score (rangeland condition) and
unacceptable for either richness or cover (wildlife habitat quality). The retained rangeland polygons classified as
unacceptable (overlaid on the four soil categories) with pCu lower than the pre-FS RAC where copper is > 327
mg/kg are shown on Figure 3-11. The mapped acres in Figure 3-11 with pCu < 5 that had greater than 327 mg/kg
copper were 796 acres of bedrock, 218 acres of steep sloped areas (steep slope defined as > 13%), and 415
acres of flat rocky soil areas. Because vegetation response to pCu varies by soil category and its buffering
capacity (see Appendices C and D), the retained rangeland polygons were further evaluated as to whether their
average pCu exceeded their PEL based on the polygon’s soil category, as shown in Table 3-7 and described in
Appendix D. If a retained rangeland polygon had an average pCu 2 its PEL, it was removed from further analysis.

The pCu contour map in Figure 3-8 represents the post-white rain conditions before more recent interim actions
and soil removals described earlier occurred. Areas reclaimed or with wind-blown tailing or borrow material
removal were assumed to have pCu above the pre-FS RAC of 5 because depths over one to 12 feet were
excavated (copper and pH effects are in shallower layers). These areas and associated polygons dominated by
these areas were excluded from further analysis.

The retained rangeland polygons after accounting for areas already reclaimed or removed are largely dominated
by flat rocky areas and exposed bedrock (Figure 3-11), with the latter mostly classified as Mountain Mahogany
Shrubland Alliance in the DBS&A vegetation alliances. To further evaluate the bedrock areas, Chino worked with
NMED in September 2012 to compare bedrock areas within the STSIU to an agreed upon reference bedrock area
outside of the STSIU. However, NMED later deemed the area selected to not to be an adequate bedrock

Based on the FS work plan that specified grazed plots will be evaluated for habitat quality by comparing to reference plots. The plots
included one north- and one south-facing grazed “wildlife reference” plot and an “overgrazed reference” plot (Figure 3-13). However, the
“wildlife reference plot south” and “overgrazed reference” plot were downgraded to site plots with “de minimis” impacts after reviewing their
pCu estimates when chemistry was later collected (see Appendix C and D) and were not used as reference plots. Eight additional reference
plots, representing the four major soil categories on the site were sampled in 2018 and, along with previously collected data on two other
reference plots (SPS- and wildlife reference plot north in Figure 3-11) were used to estimate target thresholds, as described in Attachment
A of Appendix D.
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reference area because it was found to have pH lower than background (Appendix D). A reference area study
was initiated in 2018 to identify adequate references areas east of the former smelter that would represent all four
soil categories, including bedrock (see Attachment A to Appendix D). Using the observation and numeric results
from that study, Chino excluded three of the four soil categories (including bedrock) from further consideration for
remediation, as their mean concentrations in all exposure units were less than their respective PEL. The
exception was the flat rocky category, which had exposure units exceeding the rocky flat PEL (Table 3-7). Thus,
the retained rangeland polygons were all in flat rocky soils with average pCu < 4.6, which is the flat rocky PEL,
and the acreage of these polygons totaled 113 (Figure 3-12).

3.3 Soil Exposure Units to be Evaluated for Remedial Alternatives

This FS evaluates all areas where Cu in soil is greater than 1600 mg/kg, Cu in soil is within the monitoring range
of 1100 — 1600 mg/kg, and pCu in soil is equal to or less than the PEL for the soil category (which is 4.6 for flat
rocky soils) and considers which technologies are feasible. There are no polygons with a 95UCL area-weighted
average for Cu greater than 1,600 mg/kg and there are three polygons carried forward for monitoring: 1-3 (23
acres), 10-16 (71 acres), and 88-15 (46 acres). There are 113 acres carried forward for the pCu evaluation.
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4. Description of Current Situation: Surface Water

4.1 Conceptual Site Model

As discussed in the AOC Background Report (Chino, 1995) and the STSIU RI (SRK, 2008a,b), the surface
waters'® and drainages in the STSIU include Bolton Draw, Rustler Canyon, Martin Canyon, and other un-named
tributaries of Whitewater Creek and Lampbright Draw. Previous investigations including the Rl and ERA have
noted the majority of these drainages are considered ephemeral, with surface water flow generally occurring
during and immediately after a precipitation event. Other than these drainages, the remaining surface water
bodies present in the STSIU are livestock watering tanks. The livestock tanks are generally designed to catch
surface water run-off and/or spring or well water, and to hold water for extended periods of time.

Fate and Transport of COCs in STSIU Drainages

The primary sources of surface water impacts in the STSIU drainages are due to the presence of COCs in
surface water runoff and leaching of COCs from sediments (Figure 3-1).

Surface Water Run-off

For the STSIU drainages, runoff from the upland environment is considered to be a source of potential COC
impacts to surface water. COCs from COC-affected soils, from either smelter emissions or fugitive dust, have the
potential to be sorbed to/incorporated into suspended particles or dissolved in runoff during precipitation events,
leading to increased total and dissolved surface-water concentrations of COCs in the receiving drainages.

Leaching from Sediments

STSIU surface water also has the potential to be affected by the remobilization of COCs from sediments in
drainages during stream flow events. Constituents in COC-affected sediments, derived from smelter emissions,
historical upland runoff, or fugitive dust, may be remobilized during precipitation events, leading to possible
increased total and dissolved surface water COC concentrations in the receiving drainages. In addition, leaching of
COCs from COC-affected sediment may occur during times when water is present in a drainage after a storm event.

The leaching potential of sediments in STSIU drainages was evaluated for samples collected at select locations
within the STSIU during a December 2010 sampling event, and the results were reported in the Groundwater
Quality Pre-Feasibility Study Remedial Action Criteria for Drainage Sediments (ARCADIS 2011b). These results
demonstrate that, with the exception of copper, sediments in the STSIU drainages do not have the potential to
leach COCs to surface water at concentrations that might adversely affect the surface water quality at
concentrations above acute aquatic life criteria.

Summary

The primary mechanisms for loading of COCs to surface water in STSIU drainages is transport of metals in hill
slope runoff (dissolved COCs as well as COCs associated with soil/sediment) derived from COC-affected soil in
the STSIU. Since sediments in drainages are derived from hill slopes above the drainage, the presence of COCs
in hill slope runoff, surface water, and sediments are intimately linked.

13 The term “surface waters” is used in this document to reflect the common meaning of the term, not any legal meaning. Use of this term is

not intended to imply that there has been a determination that any particular surface water or drainage constitutes a “surface water of the
state” or “waters of the United States.”
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Fate and Transport of COCs in Stock Tanks

Stock tanks that receive the majority of their water from surface runoff are a key focus for the CSM because the
COC sources described above for surface water will affect the quality of water in the stock tanks. Stock tanks
might also receive water from springs or windmill-pumped groundwater, but these tanks do not have a large
surface-water runoff component. The water quality in stock tanks may also be affected by the potential
regeneration of COCs stored in stock tank sediments.

Surface Water Inflow

Stock tanks receive the majority of their water from surface drainages, which in turn receive the majority of their
water from surface runoff. As stated above, there is potential for COCs in soils to be sorbed to/incorporated into
suspended particles or dissolved in runoff during precipitation events. In addition, leaching of COCs from drainage
sediments and mobilization of COC-affected sediments may occur during the brief period of time when stream
flow occurs. These mechanisms may lead to input of dissolved and solids-associated COCs to the stock tanks
during runoff events.

Cycling of COCs from Sediments

For stock tanks, the cycling of COCs from sediment to surface water may present a continued source of COC
impacts to stock tank surface water. If there is no outflow from a stock tank, all COC-affected sediments
transported to a stock tank during a runoff event will accumulate in the stock tank. These COC-affected sediments
may present a long-term COC source for stock tank surface water. When a new inflow event occurs, the already
present mass of COCs in the stock tank is increased by the constituents present in the incoming surface water.
The combination of COC-affected surface water and the remobilization of COCs from COC-affected sediments in
the stock tanks may result in the potential for COCs in stock tank water to exceed surface water criteria.

Summary

The majority of the mass of COCs in stock tank surface water is derived from inflow during runoff events. Cycling
of COCs from COC-affected sediments that accumulate in the stock tanks may result in release of additional
COCs to surface water in the stock tanks.

Surface Water Conceptual Site Model

STSIU surface water, contained in drainages and stock tanks, has the potential to be affected by runoff interacting
with COC-affected surface soil and sediment during storm events, and ongoing leaching of COCs from COC-
affected sediments during times when water remains within a drainage or stock tank. The CSM for STSIU surface
waters (Figure 3-1) identified the following potential exposure pathways associated with COC-impacted surface
water:

e Direct Contact: Exposure associated with direct contact with affected surface water;
e Ingestion: Exposure associated with ingestion of affected surface water; and

e Absorption: COCs from affected surface water might bioaccumulate in foods that could be consumed by
grazing animals. COCs could, in turn, be absorbed through consumption of these animals.

e The potential exposure routes for current and future human receptors include:

e Direct contact (ingestion and dermal).
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The potential exposure routes for current and future ecological receptors include;
e Direct contact (dermal contact);

¢ Ingestion (drinking water); and

e Absorption (diet-borne exposure).

The above potential human health and ecological exposure routes were evaluated in the STSIU human health
risk assessment (HHRA; Gradient, 2008) and ecological risk assessment (ERA; NewFields, 2006, 2008).

4.1.1 Previous Investigations

Remedial Investigation

The STSIU Rl was completed in 2004, and then revised with the inclusion of new data and resubmitted in 2008
(SRK, 2004; SRK, 2008a). Twenty-four surface water samples were collected at 16 locations in the STSIU and
were used to evaluate surface water quality during the RI (SRK, 2008a). Those results were presented in the
Addendum to the RI (SRK, 2008b).

During the Rl sampling, aluminium, barium, beryllium, boron, cadmium, calcium, cobalt, copper, iron, lead,
manganese, molybdenum, nickel, vanadium, and zinc were detected in STSIU surface waters. Of these detected
constituents, only cadmium, copper, and lead were detected at concentrations that exceeded the chronic aquatic
life criteria (SRK, 2008b). Lead concentrations were not detected above acute aquatic life criteria. Cadmium
concentrations exceeded acute criteria in three drainage locations and two stock tanks. Copper concentrations
were consistently above acute criteria in drainage and stock pond locations.

Human Health Risk Assessment

The HHRA (Gradient, 2008) evaluated data generated from surface water samples collected within the STSIU.
The risk assessment calculated cancer risks and non-cancer hazards for potential receptors on the site. The
methodology used for this risk assessment was consistent with USEPA guidelines and used conservative, default
assumptions whenever site-specific data were not available. Gradient evaluated two scenarios, the recreational
swimmer and the trespasser swimmer, to determine the potential risk from exposure to STSIU surface water.

Gradient determined that site exposure to surface water did not result in unacceptable cancer risks or non-cancer risks
for either the recreational swimmer or the trespasser swimmer scenarios for any COCs identified for the STSIU.

Ecological Risk Assessment

The ERA (NewFields, 2008) evaluated the risks from surface water to aquatic receptors. The methodology used
for this risk assessment was consistent with USEPA guidelines and used conservative, default assumptions,
whenever site-specific data were not available. The receptors evaluated in NewFields’ ERA included amphibians,
aquatic invertebrate communities, and fish communities. NewFields only evaluated direct contact exposure for the
above aquatic receptors.

The ERA showed that where surface water exists in the STSIU, the COCs of most concern were cadmium, copper,
and lead (NewfFields, 2008). These three constituents exceed the chronic aquatic life NM WQS and/or the selected
amphibian TRVs (Harfenist et al. 1989; Schafer and Associates 1999a) at one or more RI surface water locations.

NewFields (2008) concluded that where water is present in the STSIU, copper concentrations are elevated above
acute and chronic water quality criteria at most locations. Risks to aquatic life from copper in surface water are
predicted for the limited aquatic habitat within the STSIU. However, the risks to aquatic receptors from chemical
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exposure need to be qualified given the overall physical quality of the aquatic habitat. Without persistent aquatic
habitat in the area, aquatic life is limited to invertebrate species that breed relatively rapidly in water and to
potentially breeding amphibians and their larval offspring, particularly in the stock tanks. Therefore, as stated by
NewFields (2008), the risk estimations presented for aquatic life are highly uncertain.

Remedial Investigation Technical Memorandum

The STSIU RI Surface Water Sampling and Analysis of Rainfall Pools Addendum was completed in 2008 (Chino,
2008). Seventeen surface water samples were collected at surface water drainage and stock tank locations in the
STSIU. These samples were used to evaluate occurrence of select metals (aluminium, cadmium, copper, iron,
lead, and manganese) within different size fractions based on filter pore size and to assess potential associations
of metals with dissolved organic matter.

During the RI Addendum sampling, all of the analysed metals were detected in surface water samples, but only
aluminium, cadmium, and copper were detected at concentrations that exceeded the chronic aquatic life criteria
(Chino, 2008). Aluminium and cadmium were primarily associated with particulate form and were mostly excluded
by filtration with 0.45 micron filter pore size. Concentrations of copper generally decreased with decreasing filter
size fraction. However, ultra-filtered (~0.001 micron effective pore size) copper concentrations exceeded aquatic
life criteria for about one half of the locations. Copper concentrations were positively correlated with dissolved
organic carbon (DOC) concentrations, suggesting that copper may be bound with DOC and thus may have a
lower toxicity. Based on these results, a more formalized surface water toxicity study was undertaken, as
described in the following section.

Water Effect Ratio Study

As discussed in Section 1.3, Arcadis conducted a copper WER study for the STSIU surface waters in 2011 and
results from the WER study were described in the Development of Site-Specific Copper Criteria Interim Report
submitted to NMED in March 2013 (Arcadis 2013a). A site-specific copper WER model was subsequently
developed to derive adjusted copper criteria in STSIU surface waters in the Revised Site-Specific Copper Toxicity
Model Report submitted to NMED in October 2013 (Arcadis 2013b). The site-specific criteria for STSIU surface
waters were adopted by NMED and are contained in NMAC §20.6.4.809.

2010 Wet Season Survey

Before the WER study work plan was developed, a preliminary 2010 Wet Season Survey was conducted to gain a
better understanding of water persistence, copper toxicity, and water chemistry variability in the STSIU surface
waters (Arcadis, 2013a). A total of 12 STSIU surface water samples were collected in that study (see Figure 4-1).
Surface water samples collected were analyzed for a complete set of water chemistry, including parameters such as
total and dissolved organic carbon, alkalinity, and total dissolved solids. Previous site investigations included only a
limited number of chemical parameters, which precluded estimation of site-specific metal toxicity using predictive
models such as the BLM.

Expedited Use-Attainability Analysis

In 2011, ARCADIS conducted an expedited Use Attainability Analysis based on NMED SWQB'’s Hydrology
Protocol to determine the appropriate hydrologic regime of STSIU surface water drainages. Hydrologic
classifications of STSIU drainages were proposed in the Application of the Hydrology Protocol to STSIU
Drainages report submitted in October 2012 (Arcadis, 2012). The revised hydrologic classifications were accepted
by the New Mexico Water Quality Control Commission without comment. The hydrologic classifications of STSIU
drainages are depicted in Figure 4-2. Non-ephemeral drainages include Rustler Canyon, Martin Canyon, Bolton
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Canyon, and immediately downstream of Ash Springs. All other STSIU drainage areas are designated as
ephemeral.

Surface Water Runoff Quality and Duration Sampling

Appendix E documents the collection and analysis of surface water runoff samples proposed in the STSIU FS
Proposal (Arcadis 2011a). The objectives of the surface water runoff investigation included providing additional
surface water quality data to support refinement of the conceptual site model and to support the STSIU FS. The
objectives of the sampling also included defining the duration of flow and presence of water to support
classification of drainage channels in the STSIU. However, the data associated with the duration of flow and
presence of water was used in the expedited UAA described above and is thus not included in Appendix E.

As described in Appendix E, both dissolved and total concentrations of metals in stormwater samples were
typically higher in samples collected from stormwater samplers installed at higher elevations above the creek
channel. This may be due to a longer contact time between runoff and COC-containing soil and sediment or may
be due to greater entrainment of COC-containing sediments at higher flows. Concentrations of total metals were
generally substantially higher than concentrations of dissolved metals. Most samplers contained substantial
quantities of sediment entrained within the samplers and the sample bottles at the time of sample retrieval and the
presence of these sediments may have resulted in elevated concentrations of total metals in the stormwater
samples. These sediments coupled with the uncertainty regarding the amount of time samples were in the sample
bottles prior to retrieval introduced uncertainty in the quality of the data. Because of this, the data in Appendix E
were evaluated qualitatively to guide the refinement of the conceptual site model.

4.1.2 Other Activities

Rangeland Improvements

Chino and their lessees periodically perform maintenance activities on the rangelands lying within site boundaries,
including removing earthen stock tanks that are no longer required either because they are no longer used or
because they are redundant due to other stock tanks located nearby. As part of these rangeland improvements,
stock tanks 15, 26, 29, and 60 were removed between 2013 and 2022 and were not replaced.

Additionally, the approximately 230-acre drainage basin feeding stock tank 06 is in the process of being improved
to provide for stable stormwater conveyance to the tank inlet. The drainage channel upgradient of the tank is
being improved for approximately 2 mile, beginning at stock tank 06 and extending northeast to the railroad
crossing immediately west of the intersection of North Hurley Road and A Street. In addition, five check dams are
being installed along the drainage to slow stormwater flows entering stock tank 06. These improvements will
achieve their desired effect and an improvement to water quality is also expected.

4.2 Nature and Extent of Contamination

Using the results presented in the 2008 RI Addendum, six constituents exceeded a surface-water criterion in the
STSIU (SRK, 2008b). Aluminum, cadmium, copper, nickel, silver, and zinc all had exceedances of their respective
chronic aquatic life NMWQC, and nickel is the only constituent that did not exceed its respective acute aquatic life
NMWQC. However, because the exceedances of the acute NMWQC for aluminum, cadmium, silver, and zinc are
insignificant when compared to those for copper, and that any measure taken to address copper in STSIU surface
water would also address the exceedances of these metals, copper is the constituent of focus for STSIU surface
water.
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Since acceptance of the RI, HHRA, and ERA in 2008, New Mexico updated their water quality criteria during the
2010 triennial review. This nature-and-extent section is based on the most recent §20.6.4.9001 NMAC.

As described in Section 4.2, additional STSIU surface-water studies were completed after the Rl Addendum
report was accepted. These studies include the Wet Season Survey conducted in 2010, the Criteria Adjustment
Study conducted in 2011, and the Expedited UAA Study and Surface Water Runoff Quality and Duration Study
conducted in 2011. Metal concentration data collected during the Criteria Adjustment and Wet Season studies are
included in this nature-and-extent section. Copper WERs calculated in accordance with NMAC §20.6.4.809 are
also considered herein for evaluating the nature and extent of copper contamination. Based on hydrologic
classifications shown in Figure 4-2, chronic aquatic life criteria are only considered for the non-ephemeral
drainages, whereas acute criteria are considered applicable to the ephemeral drainages.

4.2.1 Copper — Surface Water Drainages

Figure 4-3 presents a summary of copper compliance and areas of potential concern based on the site-specific
criteria and the revised hydrologic classifications for STSIU surface waters described in Section 4.1.1. Table 4-4
includes the WERSs used to evaluate the nature and extent of copper contamination in the drainages included on
Figure 4-3. Ephemeral streams are shown on Figure 4-3 as dashed lines and sections of drainages that are non-
ephemeral are shown as solid lines. Recognizing that aquatic habitat in STSIU surface-water drainages consists
entirely of isolated and distal pools in bedrock sections of drainage channels (with the exception of Stock Tanks),
Figure 4-3 also distinguishes the alluvium-dominated channels as white-dashed drainage lines. This depiction is
intended to highlight drainage areas in which significant pool habitats do not occur due to substrate limitations.
The green drainage lines (dashed and solid lines) shown in Figure 4-3 represent drainage areas in which copper
contamination is not expected to be of concern in drainage pools based on compliance with the NMAC
§20.6.4.809 based on the WERs included on Table 4-4.

Two surface water drainage locations in the STSIU exceed the hardness-adjusted acute aquatic life NMWQC for
copper, both of which are in the D-3 Drainage. The HQ for both these exceedances were approximately 8.8. The
WER-based Acute HQs are < 1 in samples associated with Lucky Bill Canyon, all but one sample in Martin
Canyon, all but one sample in Rustler Canyon, three samples in C-1 Drainage, one sample in C-2 Drainage, three
samples in D-1 Drainage, two samples in D-2 Drainage, Lampbright Draw and B and G Drainages, between

1 and 2 in samples associated with one sample in Martin Canyon, one sample in A Drainage, one sample in C-1
Drainage (upgradient of Bolton Canyon Confluence), one sample in D-1 Drainage, and one sample in D-2
Drainage, and above 2 in samples associated with one sample in Rustler Canyon, one sample in C-1 Drainage
(downgradient of Bolton Canyon Confluence), one sample in C-2 Drainage, and all three samples in D-3 Drainage
(Tables 4-5 and 4-6).

4.2.2 Copper — Stock Tanks

Water chemistry has been evaluated for some of the STSIU stock tanks during previous Site investigations,
including the STSIU ERA, STSIU RI, and Wet Season Survey, and from select stock tanks in 2021. The STSIU
stock tanks consist of concrete or steel tanks that receive water from springs or windmill-pumped groundwater,
and earthen tanks that receive the majority of their water from surface runoff. Earthen tanks in STSIU are typically
located in surface water drainages and thus collect water from upgradient drainage channels during precipitation
events. A few earthen tanks, however, are located outside of drainage channels and receive overland flow directly
from adjacent upland areas instead of upgradient drainage channels. Figure 4-4 shows the current and historical
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locations and type of known STSIU stock tanks and distinguishes individual tanks of potential concern based on
the WERs, as described below.

Consistent with the surface water drainage evaluation, NMAC §20.6.4.809 is used herein to evaluate the nature
and extent of copper contamination in stock tanks. As indicated in Figure 4-4 and Table 4-7, earthen stock tanks
are the major focus of this evaluation because these tanks receive their water from surface runoff, which can
potentially be contaminated by upland COC sources (in contrast to steel and concrete tanks that receive
groundwater via springs or windmill pumps). Surface water chemistry data are available for 11 earthen stock
tanks, which includes the majority of earthen stock tanks located in the general area of potential concern based
on proximity to the historic smelter location (i.e., within subwatersheds A through D) (Figure 4-4; Table 4-7).
WERSs determined in drainage pools are expected to represent conservative estimates of potential WERs for
stock tanks because organic carbon, which greatly mitigates copper toxicity, is generally greater in stock tanks
than in surface water pools (due to additional organic matter input from livestock use and aquatic vegetation).

Application of NMAC §20.6.4.809 for the stock tanks results in only marginal exceedances of the adjusted copper
criteria (i.e., the greatest adjusted acute HQ is 5.86 in the west drainage stock tank; Table 4-7). As shown in
Table 4-7, adjusted copper HQs were calculated for each stock tank using the watershed-specific WERs and the
STSIU WER. For stock tanks that were sampled multiple times throughout previous investigations, geometric
mean adjusted copper HQs were also calculated to provide a more robust estimate of tanks of potential concern.
Using the above methodology, stock tanks 6, 15, 26, 29, and 60 were determined to have concentrations of
potential concern to aquatic life (Table 4-7). However, stock tanks 15, 26, 29, and 60 were removed between
2013 and 2022 as part of rangeland improvements, as discussed in Section 4.1.2, and are thus not considered
further.

4.3 Surface Water Locations to be Evaluated for Remedial
Alternatives

Drainages

Surface water locations described above as areas of potential concern to aquatic life uses will be evaluated for
remedial alternatives. This includes the yellow drainage areas shown in Figure 4-3. As described above, potential
areas of concern may need to be revised based on the ongoing development of copper SSC.

Stock Tanks

Stock tank 6 was determined to have concentrations of potential concern to aquatic life uses and will be evaluated
for remedial technologies.
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5. Identification and Screening of Potentially Applicable
Technologies

5.1 Soil

As part of the FS Proposal, a range of potential soil remedial technologies have been identified and summarized
for the upland areas of the STSIU. In 2006, an extensive literature search was conducted consisting of a review of
over 500 abstracts related to potential soil remedial technologies for treatment and/or removal of the primary
constituent of concern for the site (copper). As a result of this review, 12 technologies have been identified and
included in this FS as Table 5-1 for a preliminary screening and evaluation. The preliminary screening and
evaluation of the potential soil remedial technologies has been performed to determine which remedial
technologies should be retained for consideration as part of the FS alternatives analysis, which will include a
comprehensive alternatives evaluation for remedial alternatives for the site. The preliminary screening of each
remedial technology is based on USEPA Guidance for Conducting Remedial Investigations and Feasibility
Studies under CERCLA (USEPA, 1988) and includes an evaluation of the effectiveness, implementability, and
cost. Potential use of institutional controls, consistent with CERCLA guidance (EPA 2010) may be warranted for
implementation of specific remedial technologies as described below.

Based on the preliminary screening conducted in the FS Proposal only a brief summary of the technology is
presented, with a summary of the effectiveness, implementability and cost presented in Table 5-1, if the remedial
technology is considered viable, it will be retained for consideration as part of the site-wide remedial alternatives
analysis in Section 6.

A brief explanation of these soil remedial technologies described below and a preliminary screening of each
technology in presented in Table 5-1.

5.1.1 No Action

This remedial technology consists of leaving the site soils in their current condition without performing any
soils/vegetation removal or treatment, engineering controls, or institutional controls as part of the remediation
efforts. This technology is provided as a baseline for screening other technologies and is summarized as
Technology No. 1 in Table 5-1.

Screening Result

No Action is being retained as a baseline for comparison with other remedial technologies in the FS and for
potential use in conjunction with other technologies where implementability may be low.

5.1.2 Monitoring

This remedial technology consists of leaving the site soils in their current condition without performing any
soils/vegetation removal or treatment, engineering controls, or institutional controls as part of the remediation
efforts. As part of this technology, a monitoring program would be implemented to observe and document the
occurrence of natural attenuation of site contaminants. Monitoring would include collection of qualitative and
quantitative samples of STSIU media such as surface soils, vegetation and other biotic media. This technology is
provided as a baseline for screening other technologies and is summarized as Technology No. 2 in Table 5-1.
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Screening Result

Monitoring is being retained as a baseline for comparison with other remedial technologies in the FS and for
potential use in conjunction with other technologies where implementability may be low.

5.1.3 Excavation and Reuse

This remedial technology consists of removal of soils with contaminants above the soil pre-FS RAC levels located 0-
to 1-inches to 6-inches bgs, depending on the potential receptor. Depth of potential removal could vary depending
on site features such as the presence of bedrock. Final lateral and vertical removal extents would be determined
during the remedial design. This technology would remove soils considered to be impacted for final onsite
management at the waste rock stockpiles or for future use as soil fill material for the Chino Mine tailings pond
closure activities or other operational areas of the site. This technology is summarized as Technology No. 3 in Table
5-1.

Screening Result

Soil excavation could be applied at the site for the overall site-wide remedy or applied at targeted locations with higher
concentrations of contaminated soils in conjunction with another technology. Although this technology may not be
implementable at all areas, this technology is being retained due to its high effectiveness at reducing site contaminants.

5.1.4 Excavation and Disposal

This remedial technology consists of removing soils above the soil RAC levels in the same manner as described
in the excavation and onsite management remedial technology described in Section 5.2. However, instead of final
onsite management of soils at the waste rock stockpiles or re-using the removed soils for fill material in the
operational areas of the site, the soils would be disposed of at an offsite commercial disposal facility.

Removed soils would be characterized in accordance with RCRA regulations to determine final offsite
transportation and disposition requirements. This technology is summarized as Technology No. 3a in Table 5-1.

Screening Result

Soil excavation could be applied at the Site for the overall site-wide remedy or applied at targeted locations with
higher concentrations of contaminated soils in conjunction with another technology. This technology would only
be implemented on a limited or case-by-case basis, in select areas. Therefore, this technology is not being
retained for development of remedial alternatives due to the high costs compared to excavation and re-use.

5.1.5 Soil Amendments — Limestone and/or Organic Matter

Many soil amendment technologies exist for reducing metals bioavailability, toxicity, and mobility in soils. They
rely on changing soil chemistry to affect the solubility or mobility of site contaminants within the soil column,
and/or improve vegetative cover or speciation. Several soil amendments are described further below including,
pH adjustment via lime addition and/or organic matter, tilling (Section 5.1.6), ferrihydrite (Section 5.1.7) and
chelating agents (Section 5.1.8). The pH adjustment and/or organic matter addition technology is summarized as
Technology No. 4a in Table 5-1. Arcadis (2017) indicates that liming is recommended for soils with pH < 2 but
liming is not that helpful above that pH, and soils pH identified herein are not less than pH 2. Organic matter was
not recommended after the amendment study was completed because cow manure brought in weedy plants that
degraded the habitat (however, other forms of organic matter could be considered).
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As included in the Amendment Study Work Plan (Arcadis, 2008a), data collected over the five years of monitoring
will be assessed to determine if a particular amendment, or combination thereof, can be successfully applied to
particular areas at the Site.

Screening Result

Soil amendment using lime or organic matter will be retained as a remedial technology to be considered as part of
the comprehensive remedial alternative for further evaluation in the FS.

5.1.6 Soil Amendments — Tilling

Soil mixing by using mechanical tilling technology is being evaluated as part of this FS for use at the site as part
of the comprehensive remedial alternative. This technology does not include the addition of other amendments
such as lime and/or organic matter; however, the subsurface soil at STSIU may include Gila Conglomerate
Formation which has high alkalinity and geochemistry that may serve as a naturally-occurring amendment. Tilling
will be conducted in a similar manner as performed in the soil amendment study. Initially, the ground surface
vegetation is cleared and grubbed using a bulldozer and/or excavator. Following vegetation clearing, the tilling is
conducted using a 140 blade (or similar) attached to a bulldozer to mix to a pre-determined depth of soil. In areas
requiring soil mixing with limited access to larger equipment, hand tilling equipment can be used as an alternative
to the bulldozer to mix soils. Tilling is less intrusive in general; it lowers disruption to habitat and lowers carbon
footprint compared to alternatives relying on excavation.

Tilling has the potential to provide additional attenuation of metals and to raise pH conditions to more neutral pH
conditions pending existing pH levels within the soil treatment area being tilled. Plant coverage, pH, and soil
chemistry would be monitored post-tilling operations. As part of the remedial design phase, additional soil
sampling (contaminant levels and soil chemistry) within the soil treatment column would be conducted to
determine if tilling alone would be appropriate technology and what is the appropriate soil mixing depth within
each soil treatment area to raise pH conditions. The soil amendments - tilling technology is summarized as
Technology No. 4b in Table 5-1.

Screening Result

Tilling is being retained for comparison with other remedial technologies in the FS and for potential use in
conjunction with other technologies where implementability may be low. Tilling could potentially be applied at the
majority of the site areas containing sufficient equipment access and appropriate terrain slopes or at targeted
locations where it is determined that lime and organic matter soil amendments are not warranted.

5.1.7 Soil Amendments — Ferrihydrite

The use of the soil amendment ferrihydrite as a potential soil remedial technology is being evaluated for use at
STSIU as part of a comprehensive remedial alternative. The addition of ferrihydrite to soils containing copper has
been observed to bind copper, reduce free Cu?* activity, and total soluble and labile concentrations of copper. The
soil amendments - ferrihydrite technology is summarized as Technology No. 4c in Table 5-1.

Screening Result

A site-specific data gap for this particular technology currently exists. And if this technology were to be considered
a pilot and/or bench-scale treatability study would be proposed. However, pilot and/or bench scale treatability
studies are not being proposed to be conducted at this time. This technology is not being retained for remedial
alternatives evaluation in Section 6.
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5.1.8 Soil Amendments — Chelating Agents

The application of chelating agents as a potential soil remedial technology is being evaluated for use at STSIU as
part of a comprehensive remedial alternative. Specifically, chelating agents are being evaluated for use in the
following soil remedial technologies:

e Phytoextraction;
¢ Soil Washing (Ex-Situ); and
e Soil Washing (In-Situ).

Chelating agents are compounds that are added to the soil to either assist in increasing the uptake of the
contaminant (i.e., copper) into plants for the phytoextraction process or for removing a metal from soils as part of
a soil washing technique. The use of chelating agents in the phytoextraction and soil washing processes are
discussed in detail below and are summarized as Technologies Nos. 4d1, 4d2, and 4d3 in Table 5-1.

5.1.8.1 Soil Washing (Ex-Situ)

Ex-situ soil washing is a soil remedial technique consisting of removing and concentrating contaminants from bulk
soil using separation methodologies. Soil washing can be applied to soils containing heavy metals. The resulting
concentrated soil containing the contaminants must be characterized for further treatment and/or offsite
disposition. The “clean” portion of the separated soil is also characterized to determine if it meets the criteria for
on-site reuse to be returned to the excavations or if it requires further treatment and/or offsite disposition.

The design of the soil washing process, including the size of scrubber unit, type of soil washing detergent, and
soil handling requirements, will be determined via a pilot treatability study and during the remedial design.

Screening Result

Although the cost of soil washing may be moderately lower than excavation, the uncertainty of this technology
and the access limitations of water and equipment to certain areas of the STSIU does not make it a viable
remedial technology. Soil washing is not being retained as a remedial technology for consideration as part of the
comprehensive remedial alternative for further evaluation in the FS Report.

5.1.8.2 Soil Washing (In-Situ)

In-situ soil washing consists of introducing a chelating agent into the soil. The chelating agent assists in mobilizing
the contaminant within the soil column and allows it to become more soluble in the groundwater. The
groundwater, containing the site contaminant, is then extracted with a groundwater extraction system for
treatment and/or disposal.

Screening Result

Due to the lack of infrastructure required for the groundwater extraction system, the high costs, and the
uncertainty in the effectiveness, in-situ soil washing is not considered a viable remedial technology. In addition,
site accessibility issues, including the remoteness of the site and incongruous nature of areas needing treatment,
will make soil washing less implementable or potentially infeasible for certain portions of STSIU. Therefore, in-situ
soil washing is not being retained as a remedial technology for consideration as part of the comprehensive
remedial alternative for further evaluation in the FS Report.
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5.1.8.3 Phytoextraction

Phytoextraction is the process of plants taking up contaminants (i.e., copper) located in the soils via the plant root
system. Once the metals have been transferred through the root system, the contaminants are subsequently
transferred and accumulated into the aboveground portions of the plant tissue. Once the phytoaccumulation
(contaminants transferred to the above ground plant tissue) has occurred, the contaminants are removed from the
site by harvesting the plants. An additional phytoextraction technology consists of the contaminant accumulation
occurring just in the root system, resulting in the need to harvest the entire plant (including the roots) to remove
the contaminants from the site. The plant species selected for phytoextraction must be able to tolerate the site
contamination (i.e., copper), must be fast growing, have a high biomass, and easily be harvested.

Screening Result

Although phytoextraction costs significantly less during the initial phase of treatment and is less invasive as compared
to other soil remedial technologies, the uncertainty of this technology being effective in the natural environment, the
potential of SGFBs consuming impacted vegetation and seeds, and the significantly increased treatment duration, does
not make it a viable option. Phytoextraction is not being retained as a remedial technology for consideration as part of
the comprehensive remedial alternative for further evaluation in the FS Report.

5.1.9 Containment — Soil Cover

The use of a soil cover is being considered as a potential remedial technology at the site to contain the impacted
soils and prevent exposure of site contaminants to potential site receptors. As part of this remedial technology, a
soil cover would be placed over existing soils with site contaminant levels above the Pre-FS RAC values. In
addition, areas of the site that currently consist of soils intermixed with exposed bedrock but have been
determined to historically contain fully established soil and vegetative covers will be considered for a soil cover.

The purpose of the soil cover is to place imported, approved soils upon impacted soils or exposed bedrock areas
to provide a layer of clean soil that would provide protection of SGFBs and would promote growth of local,
naturally occurring vegetation. Clean, approved soil cover material would be spread, graded, and compacted to
promote positive drainage. The minimum thickness and type of soil, includin