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Executive Summary

The soil in some areas of the Smelter and Tailing Soil Investigation Unit (STSIU) at
the Chino Mine in New Mexico is characterized by depressed pH and elevated copper
concentrations. Freeport-McMoRan Chino Mines Company (Chino) submitted an
Amendment Study Work Plan for the STSIU (Work Plan) to the New Mexico
Environment Department (NMED) in 2006, finalized in 2008 (Arcadis 2008), and
approved by NMED in 2008 (NMED 2008). The approved Work Plan summarizes the
study design for the evaluation of three remedial technologies (application of lime,
organic matter, and tilling to the soil) and their potential application to the STSIU. The
evaluation is a pilot-level effort that includes qualitative and quantitative analyses to
provide a preliminary recommendation of the usefulness of each of these technologies
for remediating the soil.

When this study was originally proposed and defined, the goal was to test the remedial
technologies for effectiveness and permanence of the remediation to: (1) reduce risk of
copper exposure to small, ground-feeding birds, and (2) improve habitat and rangeland
for wildlife and livestock. After the Work Plan was formally approved and implemented,
NMED issued revised pre-feasibility study remedial action criteria (pre-FS RAC) for the
STSIU in March 2011, which, along with other factors, ! changed the study. The copper
pre-FS RAC is the threshold for total soil copper concentration that may be hazardous
to small ground-feeding birds (1,600 milligrams per kilogram [mg/kg]), and the pCu
pre-FS RAC is a threshold for a soil-based metric called cupric ion activity? for the

" The study objectives, specifics of the remedial techniques, monitoring approach, and
methods described in the approved Work Plan were modified due to: (1) field constraints, (2)
establishment of the pre-FS RAC for plants, (3) a white rain event that altered the soil
chemistry, (4) observed greater soil variability on study plots than expected, and (5) comments
from NMED. These modifications, implemented over the course of the pilot study, are
described in each annual Amendment Study report or in this report (Arcadis 2010b, 2011b,
2012, 2013; in particular, see Appendix A of the Year 2 Amendment Monitoring Report,
ARCADIS 2011b). Amendments and/or tilling were applied to three test plots on June 17 and
18, 2008 and conditions monitored semi-annually until October 2013. Table 1 outlines
changes that occurred in the study design and monitoring over time.

2 Cupric ion activity is referred to as pCu, where pCu = -log{Cu?*}, and meets criteria
requirements when pCu is greater than or equal to 5 in areas where the total copper
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protection of wildlife habitat and rangeland for livestock. Through reclamation borrow
activities and interim remedial actions in the STSIU, currently Chino believes that there
is little to no area remaining with impacts above the pre-FS RAC copper concentration
for birds. Soil in large areas has been removed and re-seeded to meet the reclamation
need for borrow areas to cover tailings. The pending STSIU Feasibility Study (FS) will
delineate reclaimed areas and evaluate and define additional small areas if
concentrations are still present that exceed pre-FS RAC. The three technologies
evaluated in this report, therefore, will potentially be used to improve wildlife habitat and
livestock rangeland areas and secondarily to reduce risk to birds via a reduction in plant
uptake of copper and the subsequent reduction of copper exposure to birds.

The primary objectives of this study were to test the effectiveness of lime, organic
matter, and/or tilling in: (1) increasing and then stabilizing pH and pCu, (2) reducing
copper uptake into plants, and (3) improving the vegetative community structure and
composition for wildlife and livestock. Results of this study will be used to determine if
amending copper-impacted soils using lime and/or organic matter, with or without
tilling, should be advanced to full-scale implementation via the STSIU FS. The primary
metrics used to assess the effectiveness of the remedial technologies in this pilot study
are pCu, plant uptake of copper, plant species richness, percent vegetative cover, and
plant species composition.

The pilot study was performed on four square 0.25-acre plots. In June 2008, two plots
were amended with lime (1.3 tons/acre [t/ac]) and organic matter (as manure) and
subsequently tilled (East and North amendment plots), one plot was amended with
lime (1.3 t/ac) and organic matter without tilling (Northeast amendment plot), and one
was a control plot without amendments or tilling (West control plot). Three levels of
organic matter were tested for performance, with the highest application rate (72 t/ac)
on the Northeast plot, a mid-level rate (47 t/ac) on the East plot, and lowest rate (24
t/ac) on the North plot (see Table 1: Study Design Revised in March 2008). No
treatments were performed without organic matter additions. The plots were located
on different qualities of rangeland (poor on East plot and fair or good to fair on the

concentration is greater than 327 mg/kg (<327 mg/kg is soil background concentration, and
pCu criteria is not needed for such low copper areas). Note: an increase in pCu is a reduction
in cupric ion activity and potential phytotoxicity. Though pCu was measured using selective
electrode potential for a subset of the data, the analyses in this report were based on pCu
estimated from predictive regressions (r? = 0.97) of total copper and pH.
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others) and slope conditions (steep [>13%] slope on Northeast, relatively level slopes
on others) to evaluate the appropriateness of the technologies across a broad
spectrum of upland environments. Each study plot represented a different combination
of the three technologies and environmental conditions (i.e., each is a single replicate
of treatment combinations) but was paired with a nearby untreated reference plot for
comparison. Treated plots were not seeded.

Success of the remedial technologies was gauged using the primary metrics. Success
is defined as an increase in soil pCu, decrease in copper concentration in plant tissue,
an increase in plant species richness and cover, an increase in rangeland grass cover,
and a reduction in undesirable plant species (toxic, non-native). Additionally, re-
establishment of the vegetation community after tilling or disturbance from placing
amendments on plots was evaluated using the mine’s reclamation success criteria
(Daniel B. Stephens & Associates, Inc. 1999 and Chino 2007). Of these, the vegetation
community parameters’ response to the chemistry changes (not the soil chemistry)
were the most important metrics for evaluating remediation success because the
objective of the remediation is to improve wildlife habitat and rangeland for livestock.

A range of supporting (“secondary”) metrics was used to interpret the study findings.
Secondary metrics were soil pH (higher pH reduces copper availability to plants), total
soil copper, and acid generation potential of soil. Total organic carbon (TOC), carbon
to nitrogen ratio (C:N), and supplemental nutrient data (e.g., nitrogen species) were
secondary metrics that affect cover and richness. Water-soluble copper concentration
determined by synthetic precipitation leaching procedure (SPLP) was also used as a
secondary metric to gauge amendment success by evaluating the potential mobility of
copper from soils upon contact with natural precipitation. Vegetation re-establishment
and other diversity measures (Shannon diversity and evenness) supplemented the
primary vegetation metrics by informing decisions on whether the remedial
technologies caused more harm than good to the vegetation community.

The pilot study was designed to determine the most effective combination of the three
treatments (lime, tilling, organic matter) tested, with the intent to further investigate which
individual treatments were most effective once the best combination is identified. To
evaluate each treatment’s effectiveness separately, evidence from two other events was
gathered: (1) a “white” rain event in January 2008 and (2) a haul road ripping event in
2003. For the first, an alkaline “white” rain fell on the amendment plots before treatment
in January 2008, altering soil chemistry (higher pH). This unanticipated event
confounded interpretation of the pilot study results because it effectively limed the site
and elevated soil pH right before treatment with lime was planned in May 2008.
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However, the event provided an opportunity to evaluate the effect of lime additions
without vegetation community disturbance, tilling, or organic amendments. The haul
road reclamation in 2003 provided information on the effect of tiling without
amendments. Haul roads traversing poor rangeland areas were ripped to a depth of 12
to 18 inches with no amendments or seeding applied (similar to tilling of the North plot
and ripping of the East plot; for the purposes of this report, ripping is hereafter included
as part of the definition of “tilling”3). Photographs and observations of the results of haul
road ripping were reviewed. Changes in the amendment plots that differed from changes
seen with the white rain liming and haul road reclamation were evaluated as to whether
they could be ascribed to organic matter additions on the amendment plots.

For the pilot study, the conclusions on the effectiveness of the tested remedial
technologies in improving pCu and plant community parameters when applied
individually or in combination are based on comparing responses of treated plots and
adjacent reference plots, as well as interpreting the results of the ancillary white rain
and haul road ripping events.

The results of these comparisons and additional events will help inform decisions on the
individual remedies and combination of remedies that might be best for the STSIU. The
main conclusions drawn from the Amendment Study and recommendations on when
and where to use each remedial technology are summarized in the following
subsections.

Lime

The 2008 white rain event was effective at: (1) increasing pCu, (2) decreasing plant
uptake of copper, and (3) improving plant community richness. The white rain was
particularly effective on the level plots that were not located on steep slopes, whether
in poor or fair rangeland. The pH monitoring program (Arcadis 2017a) evaluated the
persistence of the improvement in pH and pCu from the white rain, and demonstrated
that the improvement has been sustained after 5 years, consistent with the results of
this study. Low pCu plots in the relatively level areas improved to pCu above 5 or near
5. In areas exhibiting continual improvement in pCu, monitoring natural attenuation is
recommended as the best remedial technique.

3 Whether tilled or ripped depended on rockiness of soil, where the rockier site was ripped.
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More time may be needed to statistically demonstrate if pCu is increasing in some
areas. While the white rain event did not result in the establishment of plant species
that are potentially toxic or of low value to wildlife or livestock, vegetation cover was not
increased enough to show benefit to wildlife habitat or improved rangeland quality.
Overall, lime alone does not appear to change the community enough to enact the
plant community changes desired.

Combined Technologies

While the white rain event was effective, the remedial technologies applied after the
white rain were not as effective above and beyond the white rain effect. When all three
technologies were combined (lime, organic matter, tilling) on the relatively level plots,
pH was increased (with 90 percent confidence). However, the three technologies did
not significantly improve soil pCu. Possibly the lack of significant change in pCu overall
may have been due to high variability in pCu resulting from heterogeneity of the field
soils, sampling error, analytical error, and using an equation to calculate pCu.

In parallel with the insignificant change in pCu, reduction in copper uptake into plants
from the three technologies combined also was minimal, as the white rain was
responsible for most of the reduction in the copper uptake. Tilled plots (to 8 inches
deep) did not show improved pCu relative to untilled plots in the study. The effect of
tilling deeper (to 12 to 18 inches) on the plant community was demonstrated by an
example outside this specific study. A haul road traversing poor rangeland condition
with no vegetation initially was tilled, and that action did result in high abundance of
diverse grasses after 11 years. This example supports the concept that vegetation
changes could be from decompacting the soil on the road.

The finding on amendment plots of no clear benefit from all three treatments (in
increasing pCu and decreasing uptake of copper in plants after the white rain)
suggests that chemical changes from mixing are not the driver of the large community
changes, but rather that tilling physically decompacts soil, allowing plants to re-
establish on poor rangeland. In contrast, the fair rangeland on relatively level ground
undergoing the same treatments did not increase in cover or richness and reversed
succession toward an earlier seral stage with loss of grasses. The fair rangeland plot
on steeper ground also experienced a setback in succession to an earlier stage with a
loss of desirable grasses. Unlike the poor rangeland plot, these areas already had a
diverse plant community and rangeland grasses present, even before the white rain,
despite a low pCu of approximately 2 to 3 at that time.
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The benefit from decompacting soil by tilling is large and should be considered as a
remedial technology after evaluating the appropriate depth in the FS. However, it is
warranted only if erosion of surface soil resulting in a compacted or rocky surface was
caused by a loss of the roots of a plant community impacted by pCu in the past, rather
than from overgrazing. Lime does not need to be combined with tilling, unless it is
required for effectiveness in very low pCu areas (< 2).

Amendment with Organic Matter

Organic matter, in combination with the other technologies, did not improve pCu or
reduce copper uptake significantly. Organic matter may have exacerbated annual
weed invasion and slowed recovery after the plots were disturbed from tilling or
amendment application. Unlike the white rain effect alone, the disturbance from tilling
combined with the effect of applying amendments in the form of lime and organic
matter increased undesirable annual weeds substantially (e.g., golden crownbeard,
carelessweed), some of which are potentially toxic to livestock.

At the end of 5 years, weeds increased less on the steep plot that was not tilled but
also less on the haul road that was tilled (after 11 years), which suggests that factors
other than tilling may have increased the invasion of undesirable weeds. However,
organic matter may not be responsible because organic matter was applied at high
amounts on the steeper plot with less weed invasion, and was not applied at all on the
tilled haul road, which also experienced less weed invasion. The plot with less invasion
was steep and subject to runoff of the organic matter, which may explain why it
exhibited less invasion than the more level plots amended with organic matter. The
weed invasion may be short term, as seen on the haul road that was tilled. However,
after 8 years, the fair and poor rangeland plots on relatively level ground still support a
fair number of potentially toxic annual weed species. Organic matter added to soils for
reclamation rarely has been shown to be beneficial in arid or semi-arid areas (Paschke
et al. 2005, Bay et al. 2010).Therefore, organic matter amendments are not
recommended.

Steep Slopes

The three remedial technologies at the levels evaluated in this pilot study are not viable
for increasing pCu in steeper areas (> 13% slope). Tilling is not a feasible method for
slopes too steep or too rough (high amount of boulders) for the equipment. It is also not
feasible for areas with shallow or exposed bedrock. Liming and organic matter
application were not effective at increasing pCu on steeper areas, which generally are
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in fair rangeland condition in the STSIU. Even the lime in the white rain had only a
small effect on pCu on the steeper areas.

After disturbance from amendment application or tilling, the vegetation was
successfully re-established with minimal erosion on all treated plots at the level
expected for the 5-year successional stage.

Multiple Soil Categories

Guidelines for remediation of different soil categories on impacted areas of the STSIU
from this assessment are as follows for the three following soil categories investigated
in this report:

1. Poor rangeland with rocky soils in relatively level areas:

e Tilling is recommended in depressed pCu areas pending further
evaluation in the FS.

2. Fair to good quality rangeland with granular soils in relatively level areas:
e Technologies evaluated in this study are not recommended.
3. Fair to good quality rangeland on steeper slopes (> 13 percent):
e Technologies evaluated in this study are not recommended.
Lime amendment is recommended only in poor rangeland areas with very low pH (< 2),
if tilling is not found to be fully effective. These recommendations should provide the
highest net environmental benefit.
The conclusions and recommendations documented in this pilot study will be considered
in combination with findings from other relevant STSIU studies (Arcadis 2011a, 2017a,

2017b) to determine remedial actions that should be advanced to full-scale
implementation via the FS.

ES-7



Year 5 Monitoring Report for
Smelter/Tailing Soils

Investigation Unit Amendment
@ ARCADIS Study Plots

Freeport-McMoRan Chino Mines
Company, Vanadium, New Mexico

1. Introduction

On December 23, 1994, Freeport-McMoRan Chino Mines Company (Chino) and New
Mexico Environment Department (NMED) entered into an Administrative Order on
Consent (AOC). The AOC addresses the possible environmental impacts within the
defined Investigation Area (IA) at the Chino Mine in Vanadium, New Mexico (the Site)
due to mining operations and historical releases. The AOC directs evaluation of remedial
strategies if problems are identified. The upland Smelter and Tailing Soil Investigation
Units (STSIUs) are two of the six investigation units within the IA (Figure 1). A draft
Amendment Study Work Plan for the STSIU (Work Plan) was submitted to NMED in
2006, finalized in 2008 (Arcadis 2008), and approved by NMED in 2008 (NMED 2008).
The approved Work Plan summarizes the study design for the evaluation of three
remedial technologies (application of lime, organic matter, and tilling to the soil) and
their potential application to STSIU.

The study objectives, specifics of the remedial techniques, monitoring approach, and
methods described in the approved Work Plan were modified due to: (1) field constraints,
(2) establishment of the pre-Feasibility Study Remedial Action Criteria (pre-FS RAC)
for plants, (3) a white rain event that altered the soil chemistry at the Site, (4) observed
higher soil variability on study plots than expected, and (5) comments from NMED.
These modifications, implemented over the course of this exploratory pilot study, are
described in each annual Amendment Study report or this report (Arcadis 2010b, 2011b,
2012, 2013; in particular, see Appendix A of the Year 2 Amendment Monitoring Report,
ARCADIS 2011b). Four 0.25-acre amendment plots were established for the study with
four adjacent 0.25-acre reference plots. Amendments (lime at the same application
rate, organic matter at three application rates) and/or tilling were applied to three of
the amendment plots on June 17 and 18, 2008 (the fourth plot was a control). Soll
conditions were monitored semi-annually and vegetation periodically on all plots for 5
years per the Work Plan, with the final monitoring completed in October 2013. Table
1 outlines the study, timing of sampling, and changes that occurred in the study design
and monitoring over time, which are explained in more detail in Section 2.

When this study was originally proposed and defined, the goal was to test the remedial
technologies for effectiveness and permanence to: (1) reduce risk to small, ground-
feeding birds and (2) improve habitat and rangeland for wildlife and livestock. After the
Work Plan was formally approved and implemented, NMED issued pre-FS RAC for the
STSIU in September 2010. The pre-FS RAC included a 1,600 milligrams per kilogram
(mg/kg) threshold for total soil copper concentrations that may be hazardous to small
ground-feeding birds and a threshold for a soil-based metric called “cupric ion activity”
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(pCu; quantified as pCu = -log{Cu?*} 4) for protecting plants in wildlife habitat and
livestock range. As the value of pCu decreases, cupric ion activity and potentially
phytotoxicity increases. Due to reclamation borrow activities and interim remedial
actions that have occurred to date in STSIU, Chino currently believes that there is little
to no area remaining that is impacted above the pre-FS RAC copper concentration for
birds. Soil in large areas has been removed and re-seeded to meet the reclamation need
for borrow areas to cover tailings®. The pending STSIU FS will delineate reclaimed areas
and evaluate and define additional small areas if concentrations still exceed pre-FS
RAC. The technologies evaluated in this report, therefore, would likely be used primarily
to improve wildlife habitat and livestock rangeland areas and secondarily to reduce risk
to birds via a reduction in plant uptake of copper and the subsequent reduction of copper
exposure to birds.

The primary metrics of concern to be improved with the remedial technologies evaluated
in this pilot study are not only pCu, but also plant uptake of copper, plant species
richness, plant cover, and plant community composition. The Site-Wide Ecological Risk
Assessment (ERA) identified these vegetation parameters as potentially adversely
affected by pCu (Newfields 2005). A further description of the STSIU and environmental
conditions within the STSIU is provided in the STSIU Remedial Investigation Report
(RI; SRK 2008), the Site-wide ERA Report (Newfields 2005), the STSIU ERA
(Newfields 2008), and the approved Work Plan (Arcadis 2008).

1.1 Background on Contaminant of Concern for Plant Communities

Based on laboratory phytotoxicity studies and plant community surveys, the Site-wide
ERA stated that elevated concentrations of copper, combined with depressed soil pH,
may lead to a potential risk of phytotoxicity for some areas of the Chino Mine Site,
which could adversely affect the wildlife habitat quality provided by the vegetation
community (Newfields 2005, Arcadis 2017b). Uptake of high amounts of copper into
plants can cause iron deficiency, chlorosis, and stunted growth (McBride 2001). The

4 Cupric ion activity, referred to as pCu in this report, should be greater than or equal to 5 in
areas where the total copper concentration is greater than 327 mg/kg to protect wildlife habitat
and livestock rangeland (<327 mg/kg is background; pCu criteria are not needed for such low
copper areas).

5 See aerial photographs in Arcadis 2017a.
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effects of copper on plants growing in Chino soils were shown to be highly dependent
on soil pH (Newfields 2005, Arcadis 2017b). These studies also found that pCu was a
predictor of potential impacts on vegetation species richness and to a lesser extent
canopy cover, depending on the soil condition, slope, and amount of bedrock at a
location (Arcadis 2017b). It was also noted that pCu correlated closely with differing
species composition (Newfields 2005).

Estimating pCu in soil samples requires a sophisticated method using a calibrated
cupric ion-selective electrode (Newfields 2005). Therefore, Newfields (2005) derived
a simpler approach for estimating soil pCu using a site-specific regression equation,
where pH and total copper concentration were found to be the input parameters most
predictive of pCu. They developed such a regression for all areas, upland areas (with
and without off-mine reference area data), and ephemeral drainage areas. For upland
areas in the STSIU and upland reference areas (defined in the Site-wide ERA) that are
the focus of this amendment study, the regression model using these two parameters
was closely positively correlated with measured pCu values (r2 = 0.97; Newfields
2005). This “upland with reference” regression model® was applied to all copper and
pH data to predict pCu in soils for this pilot study. The method was validated during
the final sampling event by measuring pCu with electrodes in October 2013 and
comparing results to the predicted pCu. Hereafter, “calculated pCu” refers to pCu
estimated from the Newfields (2005) regression on pH and copper, and “measured
pCu” refers to pCu estimated from electrodes. When no prefix is given for presented
data, pCu refers to calculated pCu.

Cupric ion activity is believed to be closely related to copper bioavailability because it
measures the activity of the free copper ion (Cu?*), which is the form of copper most
easily taken up by plants (Barker and Pilbeam 2007). The lower the pH, the more
copper converts to this free ion and becomes available to plants. The plant takes up
the copper and, if it concentrates to toxic levels, may experience reduced reproduction,
growth, and survival. Therefore, increasing the soil pH and reducing plant-available
copper should be objectives of any selected remedial technologies.

¢ Calculated pCu = 7.34 + 0.93pH- 1.15 In(Cu).
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Objectives and Hypotheses Tested

Chino is exploring if the use of lime (i.e., Ca[OH]z) and organic matter amendments, with
or without tilling, are effective and feasible remedial actions that ameliorate the elevated
copper concentrations and depressed pH in surface soils within the STSIU. The study
was designed to test whether these remedial actions increase pH, reduce copper
concentrations, increase pCu, increase plant community cover and richness, and
improve the plant community composition to include more favorable rangeland grasses
and less undesirable (non-native, toxic) species. The 5-year monitoring after treatment
was designed to determine if any observed improvements are sustained.

The overall objectives of this Amendment Study are to determine the:

® Effectiveness of tilling, lime, and organic matter application as treatment methods
for long-term pCu improvement and stabilization

® Effectiveness of the amendmentst/tilling in reducing copper uptake by plants into
stems and leaves from surface soils

® Effectiveness in improving quality (richness, cover, composition) of plant
communities for wildlife and livestock through the reduction of bioavailable copper

® Extent of natural re-colonization (i.e., percent native species cover and species
diversity) of vegetation after lime and organic matter amendments

* Determine which remedial technology or technologies are appropriate based on
rangeland conditions and slope of the site in question.

The conceptual model is summarized for each of the three technologies as follows.

®* Amending with lime will increase pH by neutralizing acidity, which will decrease
free copper ion activity (i.e., raising pCu; Mortvedt 2000). These changes will be
sustained over the 5-year period of the study because of the low acid generation
potential (AGP) in the soils. The predicted increase in pCu will result in lower
concentrations of bioavailable copper, decreased plant uptake of copper,
and increased plant species richness and percent cover.
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®* Amending with organic matter will further increase pCu in proportion to amounts
applied by complexing with copper (Pandey et al. 2000), making it less available to
plants.

® Tilling after the application of lime and organic matter will further improve pCu by
dispersing the amendments through the soil layers and mixing more alkaline, high-
copper soil with the less alkaline, low-copper soil in the subsurface.

This conceptual model was tested as a series of individual hypotheses in this report
(see Table 2 for specific hypotheses). Chino recognizes that the pilot study design was
not amenable to comparing the effect of each individual remedial action to fully test
the conceptual model, but rather, is restricted to evaluating the various combinations
and conditions representative of the few plots treated. Therefore, information was
reviewed from other report and events (white rain and road haul ripping) to supplement
the study and inform the final conclusions.

Results of this study will be used to determine if amendments and tilling are effective
remedial actions to address the elevated copper concentrations and depressed pH in
the STSIU for full-scale implementation via an FS.

1.3 White Rain Event

In the years preceding the Amendment Study, surface soils in the STSIU exhibited
elevated copper concentrations and depressed pH that extended eastward following
a gradient consistent with wind-blown deposition from the smelter and tailing
impoundments (Newfields 2005). On January 7, 2008, several months before
amendment/tilling in the study area, a white rain event took place (Arcadis 2010a).
During the event, a milky alkaline rain containing calcium oxides and hydroxides (e.g.,
lime) was deposited across southwest New Mexico, including the Chino IA. The white
rain event stretched across Grant County, NM and included Gila Cliffs Dwellings National
Monument, located 40 miles north of Chino. The pH measurements in the rainwater
sampled at Gila Cliffs Dwellings National Monument are likely representative of the
event, which is described in detail in the white rain report (Arcadis 2017a).

A rain water pH of 7.2 was obtained at a weather station at Gila Cliffs Dwellings National
Monument. The pH average in rain water measured at the weather station ranged from
4.8 to 5.3 pH over the 20 years before this event. An increase in soil pH was observed
in several areas of the STSIU, including the Amendment Study area, following this white
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rain precipitation event. Moreover, the calcium concentration in this rain was higher than
had been observed in the previous 12 years (Arcadis 2017a).

Alkaline rains are not uncommon in arid regions around the world, as soils in arid regions
are often high in carbonate (COs?), bicarbonate (HCOs'), and calcium (Ca?*; Zhang et
al. 2012a). The chemical makeup of the precipitation is dependent on the concentrations
of the soil constituents and the chemical transformations that occur during cloud
formation (Mouli et al. 2005). The source of the residues in the white rain event at Chino
was found to be evaporates from playas to the southwest of Chino, as evidenced by the
finding that 75 percent of the residues in the white rain matched the chemical signatures
of the evaporites in the Willcox playa in southeastern Arizona and the Lordsburg playa
in western New Mexico (Arcadis 2017a). Although alkaline rains regularly occur in many
locations, the event at Chino, with enough alkaline minerals to produce a milky
appearance in the rain, appears to be an infrequent occurrence.

A comparison of surface soil samples from 0 to 6 inches below ground surface (bgs) at
Chino before and after (2009) the white rain event indicated an increase in soil pH across
the STSIU (Arcadis 2017a). The persistence of the effects of the white rain was
monitored annually for 5 years through 2014 based on the pH Monitoring Work Plan,
dated July 2010 and approved by NMED in 2010. The results of this monitoring indicate
that effects on the soil are persistent after 5 years and are presented in the 5-year final
pH monitoring report referred to as the White Rain Report (Arcadis 2017a). These results
were considered when performing this study and evaluating the results.

The 2008 white rain event slightly changed the conceptual model being tested. The
white rain event essentially added a serendipitous treatment component to the study
by adding readily available alkalinity before the Amendment Study was implemented.
The white rain essentially allowed the study of the effects of liming alone. The white
rain applied lime (calcium hydroxide and oxides were in the rain water; Arcadis 2017a)
de facto on all the plots (including reference plots). This event allows evaluation of the
effectiveness of alkaline rain events in increasing pCu and vegetation quality, and
provides information on rates of natural attenuation of the adverse effects of copper
thereafter.

The Work Plan initially described different lime application rates for each amended
plot based on the 2006 pH data, but after the white rain increased pH on all the plots,
the application rates were lowered to 1.3 tons per acre (t/ac) as CaCOs for each of
the limed plots (Table 1). The white rain did not alter the conceptual model; the
hypotheses on the effects of the amendments are as before, but the magnitude of the
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improvement from the amendments and tilling in pCu is expected to be lower because
of the white rain already improving pH and pCu. The effect of the white rain first was
tested by evaluating the hypothesis that pH and pCu increased, and plant tissue
copper concentrations decreased, after the January 2008 event on both the
amendment and reference plots. Any additional effects of the amendments and tilling
were then evaluated.

2, Study Design and Description of Remedial Technologies
21 Study Design

The Amendment Study was performed on four square 0.25-acre (104 foot x 104 foot)
plots (see Figure 2) identified as the:

e West amendment plot, representing good to fair rangeland condition (control plot)
e North amendment plot, representing fair rangeland condition

e East amendment plot, representing poor rangeland condition

e Northeast amendment plot, representing fair rangeland condition on steeper slopes.

Plots with different rangeland conditions may respond differently to the remedial
technologies depending on their initial rangeland condition. Therefore, rangeland
condition was considered when interpreting study results. Baseline rangeland
conditions and criteria were determined in 1997 for the STSIU in rangeland polygons
(polygon map is included in Appendix A) using methods derived by Woodward Clyde
(1997). Many decision criteria on vegetation and soil condition were ranked within each
polygon as good, fair, and poor (see field datasheets included in Appendix A) or
ranked to develop an observed apparent trend (OAT) score (Appendix B-19). The
observer applied professional judgment across the criteria categories to determine a
rangeland condition (good, fair, or poor, or a combination of two if the rangeland falls
between classes).

The 1997 ratings were confirmed with later surveys in 2011 or 2014 using the OAT
scores. The West plot rating of good-fair was confirmed in the field based on the OAT
score for the West reference plot in 2011 (> 22 OAT score is considered good-fair, see
Arcadis 2011a). In 2014, an OAT score was also assigned to the East reference plot
that confirmed its 1997 rating. The OAT score ratings in 2011 and 2014 were
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conducted with participation by NMED as part of field work for FS studies (2011 and
2014 OAT score sheets are included in the phytotoxicity report, Arcadis 2017b). The
North and Northeast plots were not assigned field OAT scores in these later years, and
instead were confirmed using a remote-sensing based map of “poor” and “good-fair”
ratings that were based on the OAT score (if < 22, “poor”, if > 22, “fair-good”). This
predictive map (88% accuracy), developed for the FS, assigns both areas a “fair-good” ¢
ondition, which confirms that the 1997 ratings are appropriate to characterize baseline ra
ngeland conditions (before treatment).

Each of the four plots, including the West control plot, had an adjacent reference plot
that was not treated (see Figure 2). These reference plots provide comparison data on
the natural recovery of the soil and plant communities in areas with high copper content.
The pCu values in the reference plots and other upland areas are predicted to improve
naturally over time due to the cessation of the Hurley Smelter operations in 2002 and
occurrence of the white rain event, though they are expected to improve more slowly
than in the amended plots. The amendment plots and corresponding reference plots
were located in areas with higher copper levels averaging between 1,100 and 4,800
mg/kg. Except for the West plots, these areas also exhibited low pCu (< 5) before the
white rain event (Table 1).

Two or more of the three active remedial technologies of lime, organic matter, and tilling
were applied to three of the four amendment plots, with the treatment protocol differing
for each plot (Table 1). The most efficient way (in terms of cost-benefit) to address the
hypotheses for this type of pilot study is to use sampling times as replicates with one
control and one impact site sampled at the same time, with each sampling time
represented as the difference between the impact and control (Stewart-Oaten et al.
1986). This allowed for the study to be efficient for a small, exploratory pilot study and to
try the experiment on a small scale, given the initial limited knowledge on how the
ecosystem would respond and given lack of information on which factors would be most
variable and require the most replication.

Three plots were amended with lime and organic matter (North, East, and Northeast,
see Table 1). Lime was applied in the same amount on the three plots, but organic matter
was applied at three rates, with the highest (72 t/ac) in the Northeast plot, the next
highest (47 t/ac) on the East plot, and the lowest (24 t/ac) on the North plot. Only two
plots were additionally tilled: the North and East plots. The Northeast amendment plot
was on a steep slope and was not tilled. The East amendment plot, representing poor
rangeland condition, and the North plot, representing fair rangeland condition, were on
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flatter ground and could be tilled. Note that this study tested three rates of organic matter
application but did not test the effect of not adding organic matter after liming and tilling.

The plot locations were shifted to a nearby location in some cases before application of
the amendments. Two of the four amendment plots (North and Northeast) and their
associated reference plots were moved just before amendment application (new location
called “post-amendment plots” on Figure 2). This was due to the need for a more level
surface to bring in equipment for amendment application (Northeast location) and to
avoid excessive erosion (North location, see Table 1). The new locations were near the
original locations. The data obtained from the plots before the move still were used to
provide insight into baseline conditions before amendment application in these two
general areas.

Reference plot locations close to the amendment plots were selected based upon similar
species composition, topography, and soil type. These reference plots initially were used
for vegetation sampling from 2008 to 2009, with sampling conducted on one 0.01 ha
circular vegetation subplot within each 0.25-acre plot. No soil sampling for lab analysis
was conducted on reference plots during those early years. However, soil pH was
sampled using field paste pH methods in the 0.25-acre reference plots as well as in the
adjacent amendment plot areas in May or early June 2008 after discovering elevated pH
as a result of the white rain. These data were used in the statistical analyses requiring
“before amendment” pH on reference areas (Appendix C-1) and in graphs showing pH
trends. From 2010 through 2013, the reference plot sampling area was within the 0.25-
acre square plots (of the same size and shape as amendment plots) and sampled for
more extensive soil chemistry beyond pH in the same manner as the amendment plots.
When copper concentrations were required for “before amendment” on reference areas
for statistical analyses, data from the closest plot in the general vicinity of the reference
plot sampled as part of the AOC background report (Chino 1995) or STSIU Remedial
Investigation Report (SRK 2008) were used (Appendix C-2).
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2.2 Description of Remedial Technologies
Lime

The white rain event reduced the large differences in pH among the three plots planned
for treatment; therefore, the same amount of lime was applied at each of the three
amendment plots, and the effects of only one application rate were monitored during this
study as described in Section 1.3. The lime application rate was based on the soil
chemistry documented in May 2008 following the white rain event (see Table 1), with a
target of maintaining a more alkaline pH of at least 5.5 to 6.5. In 2006, the pH of the
amendment plots to be treated ranged from 3.7 (North amendment plot) to 5.4
(Northeast amendment plot). After the white rain in 2008, just before amendment
application, pH ranged from 5.7 (Northeast and East amendment plots) to 6.6 (North
amendment plot).

The increase in pH between 2006 and 2008 was due to the alkaline deposition in the
January 2008 white rain, which distributed calcium oxide and hydroxides (e.g., lime)
across the area. Due to the relatively high pH values on the North, Northeast, and East
amendment plots in 2008, the same lime application rate of 1.3 (t/ac) was used at three
amendment plots. The application rate was consistent with guidance from the New
Mexico State University (NMSU) Cooperative Extension Service (CES), which
suggested an application rate of 1.5 to 2.0 t/ac for each pH unit increase. Due to its very
high pH (> 8), no lime was added in the West amendment plot, and it became a control
plot.

Lime amendments were applied as a slurry (oxide or hydroxide) using a modified water
truck and a broadcast sprayer. In rough terrain, manual spraying was implemented
when necessary.

Organic Matter

Manure from a nearby cattle farm was spread after lime application using a 966
backhoe loader (driving on plot), or manually when necessary. Application rates for the
organic matter were varied to determine which rate would provide the best plant
community response. The final rates selected differed from those suggested in the
Amendment Study work plan (Arcadis 2010b) because manure chemistry data became
available. The final rates were based on the assumption that 20 t/ac of manure will
provide 2 percent additional soil organic matter (given that an acre-furrow slice of 6-inch
depth weighs about 2,000,000 pounds) and that soils to be treated had approximately 2

10



Year 5 Monitoring Report for
Smelter/Tailing Soils

Investigation Unit Amendment
@ ARCADIS Study Plots

Freeport-McMoRan Chino Mines
Company, Vanadium, New Mexico

to 3 percent soil organic matter (based on 0.7 to 1.07 percent total organic carbon [TOC]
measured in 2006, see Section 6). The 20 t/ac for each 2 percent added was adjusted
upward to 24 t/ac to add a 20 percent safety factor and to ensure that results meet
success criteria, given high decomposition and oxidation rates of organic matter in semi-
arid areas with warm, sandy soils (Parton et al. 1993). The organic matter in soils
generally does not exceed 8 percent (NRCS 2001, 2013); therefore, the initial target soil
organic matter percentage range was between 3 and 7 percent, with a target of
maintaining the percentage over the long term at 3 percent. To meet this target would
require organic matter additions ranging from 24 to about 48 t/ac. It was noted that,
however, unlike the other plots, the Northeast plot is on a steeper slope (see Table 1)
and organic matter additions may partially run off after application (which was observed).
Therefore, the Northeast plot organic matter addition rate was increased to 72 t/ac to
allow for sufficient organic matter to infilirate into the soils during natural rain events,
offsetting the losses possible with runoff. The East amendment plot was assigned
approximately 48 t/ac (actual application was 47 t/ac) because it was of “poor” rangeland
condition (see Table 1), and the North plot was assigned 24 t/ac.

Organic matter was selected not only because the dissolved organic matter from the
manure may bind copper, decreasing copper availability to plants initially (Schnitzer and
Kodama 1977), but also because it will enrich the soil, increasing plant productivity.
Increased plant productivity forms more stable humus that provides for long-term binding
of copper within the root zone of the soils (Pandey et al. 2000), especially at moderate
to high pH (Suave et al. 1997). Application of animal manure can sometimes create
problems, however, such as being a source of high copper concentrations (if cows
receive high amounts of mineral additives; Zhang et al. 2012b); a source of acidity; and
containing seeds of weedy annuals, some that can be toxic to livestock when consumed
in large amounts. The animal manure was tested and did not exhibit high copper levels
(~250 mg/kg, see Section 6).

Though ammonium present in the organic matter and released through future
ammonification will undergo nitrification and release acidity to the soil, measurable
decreases in soil pH through nitrification are most often associated with high application
rates of highly soluble inorganic nitrogen fertilizer, such as ammonium nitrate application
in larger-scale agricultural operations. The ammonium present in organic matter applied
as manure in this study will be released much more slowly, and only a fraction of the
ammonium released will undergo nitrification; the remainder will be taken up directly by
plants, synthesized by soil heterotrophs, and some will become fixed by soil minerals.
The addition of lime in conjunction with the organic matter also provides an additional
level of protection from depressed soil pH.

11
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Tilling

When tilling was specified by the Amendment Study, all vegetation was cleared and
grubbed within the pilot study areas in May 2008 using a bulldozer and/or excavator.
Tilling was subsequently completed using a 140 cm wide tilling blade with teeth to
cross-rip the organic material into the soil to a depth no greater than 8 inches bgs. In
the East plot, it was not possible to till the soil using standard machinery due to the
rocky nature of the soil. Therefore, the plot was ripped rather than tilled. For the
purpose of this study, tilling refers to either tilling or ripping of the substrate.

Soil ripping has been shown to be an important component of revegetation success in
other areas of the STSIU. The results of the Golf Course — Interim Remedial Action
(Arcadis 2014), showed that soil ripping to 2 feet, seeding, and hydromulch following
surface removal of a few inches of soil is an effective preparation method for
revegetation.

In addition, roads throughout the STSIU were effectively revegetated using ripping with
no seeding or other amendments. It follows that tilling or ripping of site areas exhibiting
sufficient equipment access and appropriate terrain slopes may be a viable remedial
technology. To evaluate the effect of tilling or ripping alone, which was not directly
assessed on the amendment plots (though it was statistically evaluated by comparing
tilled and untilled plots), photographs and site observations of the reclaimed haul roads
ripped to 12 to 18 inches deep were reviewed and compared to results from amendment
plots that were tilled and amended, as described in Appendix B-21 (see Photos No. 6
and 7 for September 2014 in Appendix D and closeups of vegetation in Appendix B-
21).

2.3 Best Management Practices

Two best management practices (BMPs) were used to reduce erosion on the
amendment plots. Silt fencing was used around the perimeter of all four plots. A wattle
was also used in the middle of the North amendment plot to further maintain soil
stability. Seeding of the disturbed areas was initially considered as a third potential
BMP if 70 percent of the average percent native cover of adjacent reference sites was
not achieved before the second rainy season following implementation. However, by
October 2009, the average native cover on the amendment plots exceeded 70 percent
of the reference plots (Arcadis 2011b); therefore, a native seed mix was not applied.

12
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3. Success Criteria

Success of each remedial technology was evaluated using the following criteria
associated with the primary metrics measured for success, which were pCu, plant
copper uptake, plant richness, plant cover, and plant community composition:

31 Sustained Increase in pCu

In this study, pCu was used as a measure of plant-available copper in the soil. A
statistically significant and sustained increase in pCu to greater than 5.0 was
preliminarily established as the success criterion because the pre-FS RAC for
acceptable soil pCu is > 5.0 in areas with copper concentrations exceeding 327 mg/kg
(NMED 2011). This success criterion could change after reviewing results of studies
completed to inform the FS after the criterion was set (Arcadis 2017a, Arcadis 2017b).
Statistical significance of a difference (hereafter referred to as a significant difference)
is defined as P < 0.05 for all analyses with n > 6 for a statistic, and at P < 0.10 for a few
tests with smaller sample size because of low power (given variability in the samples)
to detect differences.

Note that another measure of copper availability was evaluated to improve
understanding of mechanisms and interpret results, but is not a primary metric for
measuring success, and is considered a “supporting” metric. Specifically, copper
leachability within the top 6 inches of soil, as a measure of copper solubility in water,
was compared to pre-amendment baseline conditions and adjacent untreated
reference plots as another indicator to evaluate success. Synthetic precipitation
leaching procedure (SPLP) evaluates the potential mobility of copper from soils upon
contact with natural precipitation. If soluble copper by SPLP (referred to herein as
soluble copper) is not significantly reduced by the treatments or relative to the adjacent
reference plots, the treatments might be considered unsuccessful.

Soluble copper was evaluated because the Site-wide ERA identified it as correlated to
plant toxicity endpoints, but it was not as strongly correlated as pCu (Newfields 2005).
This is expected considering that soluble copper includes complexed copper species,
such as dissolved organic carbon complexes. Such complexes are not taken up by
plants (Sauve et al. 1997), and if the addition of organic matter increased these
complexes, soluble copper may not decrease. A potential lack of success with respect
to this parameter, therefore, must be evaluated in this context and, for this reason, is
just a supporting metric, not a primary metric key to determining success of the
technology.

13
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Lime was intended to increase soil pH, which should then increase pCu and improve
conditions for plant survival and growth. Thus, pH was also evaluated for success as a
supporting, rather than primary, metric by determining if the target pH of greater than or
equal to 5.5 was achieved and then sustained over the 5-year monitoring period.
Initially, an upper bound of pH of 6.5 was provided as a guideline in the approved Work
Plan. However, the upper bound is inappropriate because plant communities have
adapted to higher pH soils typical of New Mexico (e.g., 6.5 to 8.0; Flynn 2012, see
discussion in Arcadis 2013), and these higher pH values (greater than 6.5 s.u.)
potentially can be beneficial and further reduce availability of copper to plants (e.g.,
Elbana and Selim 2011).

Similarly, the lower bound pH of 5.5 is a general guideline, and most important to
achieve in soils with high copper, and is less important in soils with low copper (e.g.,
less than 327 mg/kg as defined by the pre-FS RAC). Thus, pH is a supporting metric
because ultimately, plants are responding to the combination of copper and pH,
quantified as pCu, rather than pH alone. Similarly, net neutralization potential,
measured as part of acid base accounting (ABA), supported interpretations of the
observed persistence of pH increases.

3.2  Reduction of Copper in Plant Tissue

A reduction in uptake and translocation of copper into leaf and stem tissue was
evaluated by sampling plant tissue to directly assess effects on the plant of the change
in bioavailability of copper (as measured by pCu). Success is indicated by a statistically
significant reduction in copper in plant tissues following amendments and relative to
reference plots. For this report, uptake of copper is defined as uptake of copper into the
aboveground stems, leaves, and reproductive parts of the plant.

3.3 Increased Plant Cover and Richness and Improved Community Composition

The percent cover and species richness (number of species) of the plant community
present in amendment plots after 5 years were compared to data collected before
amendment/tilling treatments and from adjacent reference sites. Success is considered
an increase in these parameters 5 years after treatment and compared to reference
plots (unlike pCu, the increase is not expected 1 year after treatment because it takes
time for plant communities to respond to soil chemistry changes). Success is also
measured by a change in the community composition that improves wildlife habitat and
livestock range.
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The supporting metrics for evaluating community composition included Shannon
diversity and Shannon evenness (Gotelli and Chao 2013). Shannon evenness is a
measure of the relative proportions of each species, with even proportions indicating
lack of dominance by any one species. Shannon Diversity combines evenness and
richness to develop an index to overall diversity.

Other soil variables evaluated as supporting metrics that influence plant communities
were TOC and carbon:nitrogen (C:N) ratio. The ideal target for good community
development following the treatment disturbance is an organic matter content of at
least 3 percent, equivalent to approximately 1% TOC (Konare et al. 2010) and a C:N
ratio between 8:1 to 15:1 (Ward Laboratories 2014). However, as long as C:N is less
than 20:1, a ratio below which NH4* becomes available to plants through nitrogen
mineralization (Whalen and Sampredo 2010), the soil metric was considered
acceptable and met the remedial objective. C:N ratios below 8:1 result in volatilization
and loss of nitrogen, which is less than ideal, and may hinder community development.
The 3 percent organic matter target is an intermediate level of organic matter believed
to be achievable in sandy soils.

Other nutrient concentrations were evaluated as supporting metrics to help interpret
the primary metric results including nitrate/nitrite, ammonia, total Kjeldahl nitrogen
(TKN), and total calcium and potassium.

3.4  Vegetation Establishment Success Guidelines

Before assessing the primary or secondary metrics, the treated plots must first meet
vegetation establishment success criteria to show that native communities re-establish.
In other words, if predominately native vegetative communities cannot re-establish after
amendmentftilling, remediating to reduce phytotoxicity is counter-productive because
the disturbance would have caused a greater reduction in services than the reduction in
copper bioavailability.

Short-term (2-year) and longer-term (5-year) success criteria were established to
evaluate vegetation establishment after disturbance from amendment and tilling
activities (Arcadis 2011b). The criterion for the short-term goal of vegetation re-
establishment was defined as native vegetation cover greater than 70 percent of the
native cover of adjacent reference plots (Arcadis 2008) before the end of the second
rainy season. The goal of the short-term criterion was to provide a benchmark for the
amount of cover needed to limit problems associated with soil erosion and from not
seeding.
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In general terms, the longer-term 5-year success criteria for vegetation re-establishment
include:

® Colonization of a diversity of native species important to a native plant community
typical of the region, where important species are defined as perennial grasses
and forbs of high quality for livestock and wildlife

* Development of horizontal and vertical complexity (heterogeneity) important to
wildlife habitat (i.e., development of multiple vegetative strata including shrubs)

®* Low proportion of exotic/invasive plant species characteristic of areas of natural
and/or anthropogenic disturbance

® Increasing total vegetation percent cover and decreasing total percent cover of
bare soil.

NMED requested that the success criteria from the Closure/Closeout Plan (CCP)
reclamation guidelines based on the Tailings Reference Area just west of Tailing Pond
7 be used as the specific, quantitative, long-term criteria for the Amendment Study after
5 years. Those criteria were developed for a 12-year-old restored plant community
(Daniel B. Stephens & Associates, Inc. 1999 and Chino 2007). Therefore, not all of these
criteria may be met in the 5 years during which the vegetation community was evaluated.
The CCP requirements are provided in Table 3.
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4. Monitoring Activities

The following section provides an overview of the Amendment Study monitoring
activities including the monitoring approach, BMP inspection, and soil and vegetation
sampling and analysis.

41 Overview and Work Plan Modifications

As discussed previously, the monitoring approach described in the Work Plan evolved
over time. Additionally, statistical power analyses conducted after 3 years of sampling
(described in Arcadis 2012) led to increasing sample sizes for surface soils for years 4
and 5. The monitoring approach included the following tasks:

® Establish and Monitor Baseline Conditions: Baseline soil conditions were
established and monitored with lab analyses of the soil at the four amendment
plots. Baseline conditions at the reference plots were established in March 2008
(see Table 1, copper was not sampled in 2006 but was sampled in 2008).
Vegetation baseline conditions were established on the four amendment plots in
March 2008 by sampling the cover by species, total vegetative cover, and
aboveground plant tissue for copper concentrations. These same variables were
sampled on the reference plots except for copper concentrations in plant tissue.
Soil pH also was sampled in May 2008 or June 2008 on reference plots. Note, the
white rain fell between the two (2006, 2008) baseline sampling events.

®* Post-Amendment BMP Inspection: BMPs were inspected through one rainy
season for effectiveness and repair as necessary. Each plot was inspected to
assess the integrity and effectiveness of installed BMPs. Inspections were
conducted at 2 weeks, 6 weeks, 6 months, and 18 months after amendment
implementation.

®* Post-Amendment Soil Sampling and Analysis: Sampling and analyses of soils
was conducted semi-annually for 5 years in the amendment plots and 4 years in
the adjacent reference plots (starting in 2010 on reference plots, except pH was
also sampled in 2008, see Table 1). The exception was ABA, which was
conducted once on amendment plots in December 2008 and annually in the fall on
adjacent reference plots from 2010 to 2013. Except for pH, reference plots were
not sampled before amendment application or in 2008 and 2009 because, unlike
vegetation, soil data in reference plots were not part of the success criteria.
However, starting in fall 2010, in response to NMED comments on the Year 1
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monitoring report (NMED 2010) and recognizing the high variability in soil
parameters on the amendment plots, reference plot soils were sampled to evaluate
the degree of change caused by temporal and spatial variability unrelated to the
amendment application. Measured pCu was sampled only once in October 2013.

®* Post-Amendment Vegetation Sampling and Analysis: Vegetation was sampled
and analyzed in the first (December 2008), second (October 2009), third (April and
October 2010), and fifth (October 2013) years following amendment to evaluate
community composition and vegetation colonization. The short-term percent cover
targets were met during the first monitoring season; therefore, it was agreed that
semi-annual or yearly monitoring of vegetation provided little benefit to the overall
study. The final vegetation survey was completed during year 5 (fall 2013). This
approach is consistent with CCP recommended protocols (Daniel B. Stephens &
Associates, Inc. 1999 and Chino 2007), which require sampling in the fall, and
provided enough data to assess effectiveness of amendments and tilling in
increasing plant cover and richness. Plant tissue was sampled in 2013 at the
amendment and reference plots to evaluate concentrations of copper in
aboveground biomass.

4.2  Monitoring Soil Conditions

Before implementation of the Amendment Study, baseline soil sampling was conducted
within the four amendment plots in July 2006 and May 2008. The 2006 soil sampling
was reconnaissance sampling, and thus was not as extensive as sampling conducted in
2008. Baseline sampling was conducted to establish a pre-amendment condition to
which subsequent data analyses could be compared. The 2008 baseline soil data
allowed for assessment of the effects of the amendments/tilling on soil chemistry rather
than white rain, whereas the 2006 soil data compared to the 2008 soil data allowed an
assessment of the role of white rain. Post-amendment soil sampling was semi-annual
from December 2008 to October 2013 and was more extensive.

4.21 Baseline Soil Sampling

Soils were sampled for pH, TOC, nitrogen species, and copper (total and soluble) in
2006 and 2008 to estimate baseline soil conditions prior to the Amendment Study. Within
each of the amendment plots in 2006, a soil sample was collected at a single random
surface location (Appendix C-3), at 0 to 4 inches or 0 to 5 inches bgs (the East plot with
windblown tailings on the surface was further split into 0 to1 inch and 2 to 4 inch strata).
In 2008, about 1 month before application of the amendment, the number of random

18



Year 5 Monitoring Report for
Smelter/Tailing Soils
Investigation Unit Amendment

@ ARCADIS Study Plots

Freeport-McMoRan Chino Mines
Company, Vanadium, New Mexico

samples was increased to two samples per plot and two depth strata in order to better
capture soil heterogeneity. At each sample location in 2008, soil was collected from the
surface (a depth of 0 to 6 inches) and subsurface (targeted 18 to 24 inches if possible).

The shallow surface sampling specifically focused on soil within the target mixing zone
(i.e., top 75 percent of the tilling zone), whereas the deeper sampling was intended to
monitor for the potential downward migration of amendments through the soil column
over time and show whether copper or acidity have changed over time with depth in the
lime-treated plots, indicating some migration of hydrogen or cupric ions after treatment.
A hard pan clay layer underlies the soil throughout the study areas, and the depth of
deeper samples was adjusted accordingly. Specifically, the deeper samples were
collected in the lowest 6 inches of the deep stratum (if clay hard pan was present, from
top of clay hard pan layer upward for 6 inches). The hard pan clay layer was too difficult
to penetrate during soil sampling, and the depth of the subsurface samples was selected
based on the assumption that leaching does not occur below this clay hard pan layer.
Actual sample depths for subsurface samples collected from 2008 to 2013 are provided
in Appendix C-4.

4.2.2 Post-Amendment Soil Sampling

Following amendment application, from December 2008 to 2011, two or three sail
samples were collected at each amendment and reference plot at depths of 0 to 6 inches
(Appendix C-3) and 18 to 24 inches (adjusted depending on clay hard pan layer depth),
as detailed above for baseline soil sampling (see Appendix C-4, C-5 for subsurface
data). Random (rather than permanent) sample locations were established to evaluate
the changes in the soil concentrations throughout the study area and capture spatial
variability. However, variability was found to be high, and sample size was increased
from two or three up to eight samples to estimate total copper, soluble copper, pH, and
pCu in surface soils in 2012 and 2013 to increase the statistical power to detect
significant differences (see Arcadis 2013 and Section 7.2). Sampling protocols
established for subsurface soil and other parameters for surface soil were not changed.

4.2.3 Soil Analytical Methods
Soil samples collected for the Amendment Study were subjected to the testing program

detailed below. Samples were air-dried at 34 degrees Celsius before analysis, and all
estimates were based on dry weight.
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Total Copper: Total copper in soil was determined by subjecting samples to acid
digestion using U.S. Environmental Protection Agency (EPA) 3050B followed by
inductively coupled plasma-atomic emission spectroscopy (ICP-AES) analysis (EPA
6010B) with a method detection limit of 1 mg/kg.

Soil pH: Soil pH was analyzed using deionized water at a 1:1 soil to solution ratio (EPA
9045C) or saturated paste.

Soluble Copper: Soluble copper was determined by modified SPLP (EPA 1312) using
a 5:1 ratio with CaCl2 extraction fluid without pH adjustment. The method was
inadvertently switched to the standard SPLP method, which is based on a 20:1 water to
sample ratio, using deionized water adjusted to pH 5, when laboratories were switched
from SVL Analytical (Kellogg, Idaho) to ACZ Laboratories (Steamboat Springs,
Colorado) from fall 2011 through spring 2013. Samples collected in fall 2013 were
subjected to both methods. Comparison of results (see Section 6) showed that a scaling
factor was not appropriate; therefore, the associated statistical analyses were based on
the soluble copper by the modified 5:1 ratio method (20:1 ratio samples were dropped
from the analyses).

Nutrients: The nutrient analyses included nitrogen speciation (nitrate/nitrite as N-soluble
[EPA 3533.2], ammonia as N [EPA 350.1], TKN [SM 4500]), TOC by EPA 9060 or ASA
No. 9 29-2.2.4, and calculated C:N).

ABA: Soils subjected to ABA were sieved to less than 250 microns (um) following
standard procedures. The ABA included measurement of neutralization potential and
sulfur forms (total sulfur, pyritic/sulfide sulfur, sulfate sulfur, and organic/insoluble sulfur)
using the Modified Sobek procedure (EPA M600/2-78-054), specifically:

* Neutralization potential in percent as calcium carbonate (CaCOs3) was determined
using EPA M600/2-78-054 3.2.3, with a 0.1 percent method detection limit. The
laboratory calculated acid neutralization potential (ANP) in t CaCOs per kiloton (t
CaCOgs/kt) by multiplying the neutralization potential by 10.

®  Sulfur forms (total, pyritic/sulfide sulfur, sulfate sulfur, and organic/insoluble sulfur)
were determined using EPA M600/2-78-054 3.2.4 with a 0.01 percent detection
limit. Total sulfur content was determined by combustion via Leco furnace. Sulfur
forms were analyzed on separate sample aliquots, with a subsampling digested in
hydrochloric acid (HCI) and another digested in nitric acid (HNO3). The term pyritic
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sulfur (or pyritic/sulfide sulfur) is used; however, this methodology does not
distinguish between pyritic (FeSz) and non-pyritic sulfide minerals (e.g., CuS).

® The acid generation potential (AGP) in t CaCOzs/kt was calculated by the
laboratories or Arcadis by multiplying the sulfide sulfur content (reported as pyritic
sulfur by SVL and pyritic/sulfide sulfur by ACZ laboratories) in percent by a
conversion factor of 31.25, based on acidity generated by pyrite oxidation
(assuming all sulfide sulfur oxidation is represented by pyrite oxidation).

ABA results were used to determine the neutralization potential ratio (NPR = ANP/AGP)
and net neutralization potential (NNP), where NNP is the difference between the ANP
and AGP (i.e., NNP = ANP - AGP). These criteria are commonly used to categorize
material into potentially acid-generating (PAG) or non-potentially acid-generating (non-
PAG). Numerous interpretation schemes have been developed to assess the potential
for acid generation using either criterion. For example, a sample with an NPR less than
1.0 will typically be characterized as PAG, whereas an NPR greater than 2.0 represents
anon-PAG sample (i.e., at least twice as much ANP as AGP). A sample with NPR values
between these designations is considered to exhibit uncertain acid-generating
characteristics (Arcadis 2017a). The New Mexico Mining and Minerals Division (MMD)
soil and overburden suitability guidelines, which are directly applicable, rate soil material
as good based on an NNP of -5 t CaCOgs/kt or greater and unacceptable based on an
NNP of less than -5 t CaCOs/kt (MMD 1996).

Measured pCu: The Cu?* activity in soil, reported as pCu, was measured only in October
2013 using a calibrated Cu?* lon-Selective Electrode (Cu-ISE) as detailed in Arcadis
2014. The Cu-ISE was calibrated in an aqueous solution containing a specified
concentration of dissolved Cu and adjusted to a variety of pH values to produce a
corresponding variety of pCu values. The resulting pCu calibration curves were used to
calculate the pCu of soil extracts from the Cu-ISE millivolt (mV) readings (Appendix C-
6).

Calculated pCu: pCu data reported herein are calculated from total copper
concentration and pH unless specified otherwise (as measured). The equation used to

determine calculated pCu values is discussed and presented in Section 1.2.

Additional Analyses: Total calcium and potassium were determined by acid digestion
using EPA 3050B followed by ICP-AES analysis (EPA 6010B).
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The approved Work Plan (Arcadis 2008) did not require the soil samples to be sieved
before analysis. Soils collected from the Amendment Study areas were not sieved in
2006, 2008, 2009, or 2010. However, the Pre-FS RAC (NMED 2011) data are based
on sieved samples, and thus, the FS will use results from sieved soil. For consistency
with the FS, soils were sieved for copper and pH analysis to less than 2 mm in spring
and fall 2011 and 2012. Regression equations displaying a strong, significant
relationship between sieved and unsieved soils were developed by analyzing sieved and
unsieved soils for pH and copper in spring 2011 (Arcadis 2012). Equations were:

° pHSieved = 1.2424pHunsieved - 18933, r2= 082, P< 0001,
e  Cusieved = 1.0341CuUunsieved+233.13, r2=0.86, P < 0.001

Unsieved soils tend to exhibit lower copper concentrations and higher pH, though
estimates did not show large changes (see Arcadis 2012 comparison). All pH and copper
measured in years for which soils were not sieved were adjusted to estimate sieved
values using the regression equation. The results in the tables and text of this report are
based on sieved or estimated sieved values.

4.2.4 Statistical Analysis of Soil Data

Effect of Amendments and Tilling. This section provides an overview of the
statistical Before-After-Control-lmpact (BACI) design used to evaluate whether
significant changes from the amendmentst/tilling were observed in the soil during the
Amendment Study. McDonald et al. (2000), Smith (2002), and Schwarz (2015) explain
the BACI method and provide other references. The BACI design examines the Before
(pre-amendment baseline) and After (post-amendment) conditions of the area, as well
as comparing a Control (reference site) with the Impact site (remediation site). The pre-
amendment conditions in this analysis exclude conditions before the white rain so that
the effectiveness of the amendment/tilling alone can be evaluated.

Before and After sampling determines how the remediation process changed the Site
through time from its trajectory had the treatments not been applied. Control and
Impact sampling will identify if the change occurring ostensibly from the remediation
(impact site) also occurred in the untreated reference site (control site), and thus was
not from the remediation. The BACI design allows discernment of effects of remedial
actions from natural variability and underlying trends in the larger area. For example,
BACI data analysis can compare pre- and post-amendment pH and provide confidence
that a difference in pre- and post-amendment pH is due to the amendment activity
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rather than a regional or locational effect that is changing both the reference and
amended plot in the same direction.

Figure 3 illustrates how BACI data are compared to detect if there is a significant
change in the mean of a parameter immediately after the impact relative to a control
plot (e.g., if significant interaction term in a two-way analysis of variance [ANOVA]).
The BACI analysis was conducted on pH, total copper, and pCu. Data on reference
plots or similar nearby areas were unavailable for the pre-amendment period for the
other soil constituents (soluble copper, TOC, C:N).

The “impacts” tested in this BACI analysis were: (1) lime and organic matter application,
which should increase pH and pCu, and (2) “tilling,” which should decrease total copper
and increase pH and pCu by mixing the copper and lime in the top 6 inches of soil with
lower subsurface soil (designed to assist plant establishment). The BACI only evaluates
the change in means in two periods (the before and after periods), not persistence of the
initial impact (treatment).

Mixed model ANOVAs were used for the BACI analysis. A mixed model ANOVA
evaluating differences in means of soil parameters includes “fixed” factors and “random”
factors, where a factor is a categorical variable. Fixed factors of plot type (amendment
or reference plot) and period (before, after) are the focus of the investigation. Fixed
factors test two main effects to evaluate amendment (lime, organic matter) effectiveness:
Main Effect 1, which compares means of amendment plots vs. reference plots, and Main
Effect 2, which compares means of the pre-amendment period vs. post-amendment
period. Most importantly, the interaction of these two fixed factors is tested (amendment
vs. reference x pre-amendment vs. post-amendment) to determine if the treated plots
respond differently between the pre- and post-treatment period than the untreated plots.

If the interaction is statistically significant (P < 0.05), then the treatment had an effect. To
evaluate tilling, the same factors are investigated, except the Main Effect 1 compares
tilled plots to all untilled plots?. The Main effect 1 and 2 of the ANOVA may or may not
be significant, but their significance is not important to the interpretation of the results.
For example, if both the reference and amendment plots significantly increase pCu after
amendment application, the increase cannot be presumed to be from the amendment
unless the amendment plot increased more than the reference plot (see Figure 3). This

7 Untilled plots include untreated plots and plots amended but not tilled.
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larger increase would be demonstrated by a significant interaction term and different
magnitude of change in the means in the ANOVA results.

Random factors influence the comparisons and must be included but are nuisance
factors measured on a subset of units from a larger population of units in the area. For
example, the four plot locations are selected from a very large population of possible plot
locations on the STSIU. Ideally, the locations should be randomly selected or at least
representative of the larger population, but the model is fairly robust to deviations from
the ideal. The model assumes that selected plots are representative of the main habitats
in the STSIU. Though there is uncertainty in that assumption, it was believed to be
reasonable.

Results also can be strongly influenced by the characteristics of the habitat at the plot
location (slope, rangeland condition, geology) regardless of treatments. Plot location
(North, West, East, Northeast) is included as a random factor (nuisance variable) that
must be taken into account to assess the effect of the treatment. Sampling event
(season, year) is also a random factor nested within the larger pre- and post-amendment
periods. The sampling events in the model are a subset of many possible sampling
events over the years, and should be representative of the time period of interest (fall or
spring season of each year during study), which they mostly are—spaced every half year
with some exceptions (they are systematically spaced over time to capture the
characteristics of the period).

The pre-amendment period is very short but represents an interval in time (half year)
similar to the the post-period units8. A random factor interaction term (multiplying plot
location by sampling date nested within period) was included in the model because
interactions are possible between plot and sampling event. The least square means for
the four categories of the main effects (e.g., pre-amendment amendment plot, post-
amendment amendment plot, pre-amendment reference plot, post-amendment
reference plot) are the ANOVA means, which are simply the soil means at each plot
location within a sampling date averaged across these four categories. Each mean is
given equal weight (not weighted by sample size when averaged) when calculating the

8 2006 originally was planned to be part of the baseline but when the white rain event
happened, it could no longer be included because it would represent effects before both the
white rain and treatments, not just the treatments.
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least square mean to prevent any biases toward a plot location or date that had a higher
sample size in the analysis.

As shown in Table 1, soil data for copper and pCu collected following the Work Plan for
the pre-amendment period were not collected on the adjacent reference plots until 2010,
which could have prevented the use of the BACI design for the Amendment Study for all
but pH due to the lack of available data on reference plots before amendment
application. For pH, data were available for the BACI because 5 months after the white
rain in May 2008, field soil paste pH in 0 to 6 inch depth soil was sampled in the reference
and amendment plots before the amendment application in June 2008. These pH data
were used as pre-amendment pH data for the BACI. Ten surface soil samples (0 to 6
inches), each from the amendment and reference plots, were analyzed using field paste
pH methods for each location (80 samples total, see Appendix C-1). These data were
collected to better understand the large increase in pH observed, which was later
determined to be from the white rain.

Two additional 0 to 6 inch samples on the amendment plots were sent to the laboratory
for pH analysis on the North, Northeast, and East plots in accordance with the Work Plan
(results in Table 4 and Appendix C-3). For those three plots, the results using field paste
pH methods combined with laboratory samples were not significantly different from
laboratory soil pH data collected in the same plots during the same sampling event (two-
way ANOVA with factors of plot and method, P = 0.294, data shown in Table 4).
Therefore, the combined pH field and laboratory data in 2008 were deemed adequate
for evaluation of white rain effects and for the BACI analysis.

To fill the data gap for copper data (and pCu, which is calculated from copper data)
missing on adjacent reference plots before treatment, copper concentrations in soil
collected in areas near the amendment plots in the 1990s and early 2000s (reported in
other reports) were used. These data often are less collocated spatially with the
amendment plots than the data collected on the reference plots. Data collected on the
adjacent reference plots that were part of the study design are referred to herein as
“collocated” with the amendment plots because they were collected at a short distance
of 272 feet or less from the treated plots (Figure 2). The newly added locations are
referred to as “less collocated” data to fill the data gap. The less collocated data were
collected within 1,130 feet, recognizing that some were much closer (one at 139 feet
distance; most were within 660 feet, shown on maps in Appendix C-2, Figure C-2-1
and C-2-2). The less collocated copper data came from the STSIU Rl report (SRK 2008),
sitewide ERA (Newfields 2005), and AOC background report (Chino 1995).
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With one exception, the less collocated plots are in the same geologic unit (Figure C-2-
1 in Appendix C-2) and soil category (Figure C-2-2)° as their nearby amendment plots,
and thus are likely representative of the nearby amendment plots. The one exception
was the less collocated plot U04-1037 used for the North amendment plot’s reference,
which was on an ash-flow tuff (Trt) rather than a rhyolite-based fan deposit (Qfr) and a
relatively flat rocky type rather than relatively flat granular soil type. However, pH from
this plot (and other less collocated plots) was not used, just its total copper concentration
(for pH, the adjacent collocated plot’s pH was used).

Total copper on average probably would not change much whether deposited by the
smelter on ash-flow tuff rocky soils or rhyolite-based, more granular soils. As long as its
distance from smelter is similar to that of the amendment plots, even this plot should not
represent a copper concentration biased high or low. The greater issue is the high
variability in copper within and among locations, as discussed below.

The less collocated copper data are reported in Appendix C-2'° and were treated as
pre-amendment reference copper data to complete a BACI analysis for total copper and
pCu. In addition to their spatial proximity, these data were deemed acceptable because
copper concentrations, though variable due to spatial heterogeneity of the soil, have not
changed greatly over this time period (1995 to 2004, see Arcadis 2017a). The less
collocated copper data and calculated pCu data (calculated in Appendix C-2 using the
collocated pH with the less collocated copper data) are shown on Figures 4a and Figure
4b, but are not connected by a line to the other data because they are estimates. These
reference data are included to better approximate the variability and trend in pCu from
events unrelated to amendment and tilling, including mine operation changes, changing
laboratory conditions, long-term effects from the white rain, and variable climatic effects.
Smokorowski and Randall (2017) discuss the advantages of BACI analyses, if designed
correctly, over suboptimal designs without reference data, and they discuss uncertainty
around poorly designed BACIs. Using different reference plots in early years from those
in later years creates uncertainty, however, because copper differences may be due to
inherent differences in the copper concentrations of the different reference plots, rather

9 Soil categories are defined in the phytotoxicity study (Arcadis 2017b) as: bedrock, slope, flat
granular, and flat rocky soils (see map in Appendix C-2-2).

10 After copper data were standardized to 0-6 inch depth and 2 mm sieve, as shown in
Appendix E of the white rain report (Arcadis 2017a).
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than representing trends in untreated plots over the early year period (prior to 2010).
Consequently, copper and pCu statistical comparisons without the less collocated plots
were also conducted. Specifically, the means of these two constituents were compared
across space and then time.

For the comparison across space, collocated reference plot estimates, averaged over
the post-treatment period of 2010 to 2013, were compared to amended plot averages
for the same period for the following constituents: pH, copper, pCu, soluble copper, TOC,
and the C:N ratio. This analysis was conducted for each individual plot location, and
provided supporting information for copper and pCu that does not rely on less collocated
data (the other four constituents never relied on less collocated data). For this
comparison across space, ANOVAs were run separately on each of the four locations
(North, West, East, Northeast), and year was included as a blocking factor to avoid
biasing results toward years with more samples.

If the reference plots had the same average values as amendment plots before
treatment, improved values after treatment on the amended plots would indicate remedy
effectiveness. However, this approach assumes that copper and pCu averaged the
same values in the amendment and reference plots before treatments were applied,
which was unlikely because pH was different between the two plots before treatment
(Appendix C-1). Therefore, a second comparison (a comparison in time) was conducted
without the less collocated plots or any reference plot data. Pre- and post-treatment
period means were compared for copper and pCu on the amendment plots. Results are
presented in the Alternative Analyses in Section 7.2.2, and all analyses of pCu and
copper compared to identify the uncertainty in the results. Overall, the alternate analyses
for copper and pCu did not change conclusions obtained from the BACI.

A BACI analysis could not be completed for soluble copper, C:N, or TOC because
reference data before amendment application were unavailable. Not being primary
metrics, these are less critical for interpreting trends over time than pCu; hence, the other
methods of analysis, comparing effects in space and time separately, were employed
for these. Evaluations were conducted with: (1) ANOVAs for each location comparing
soil means of reference and amended plots averaged over the 2010 to 2013 period as
discussed above and (2) mixed model ANOVAs comparing amendment plot means in
May 2008 before a particular treatment (lime and organic matter, till) and afterward for
one or two sampling events with no reference plots included. For the second comparison
across time, all locations were included in one ANOVA, and plot location was included
as a random variable. For TOC and C:N, 2006 data were available, and thus the pre-
amendment period for the comparison in time was the mean for two sampling events
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(July 2006 and May 2008) based on the assumption that the white rain between these
periods likely did not impact these soil variables. Also, because changes from the added
organic matter appeared to be slow to incorporate into the soil, TOC and C:N were
evaluated for two sampling events after amendment application (after 6 months and 1.5
years).

Because the BACI design does not evaluate persistence of the effect of the treatment
(only compares means of before and after period), a separate persistence analysis was
conducted on the 5 years of data collected after amendment application. This analysis
evaluates if the slope of the linear regression in a parameter (e.g., pH) over time was not
significantly different from zero, meaning the value of the parameter in each post-
amendment sampling event has remained relatively constant over time (can fluctuate
but is not increasing or decreasing) and thus is persistent. If the BACI analysis supported
that the amendment caused the initial change predicted for the parameter (e.g., initial
increase in pCu) and then the linear regression shows that the parameter remained
constant for 5 years, one might conclude that the hypothesis of the predicted change
being sustained for 5 years was supported. However, the reference plot may show a
different trend in the soil over the 5 years (e.g., increase in pCu rather than constant
pCu), which brings into question why the reference plot changed or improved over time
and the treated plot did not under the same climatic conditions. If the reference plot
improved in pCu over time, and the pCu of the treated plot remained constant after the
initial increase, resulting in the same pCu for both plots at the end of 5 years, the
treatment provided no long-term benefit and was not successful. Therefore, to evaluate
if the treatments are beneficial, the “difference in soil chemistry” plotted over time
between an amendment plot and its adjacent reference plot fitted to a regression line
was used to identify whether persistence was beneficial relative to the reference plot. If
the initial difference between the reference and amended plot resulting from treatment
remains constant over time, and the slope of the regression fit to the difference data are
not significantly different from zero, the effect of the remediation was considered
persistent and beneficial (a success). If the difference decreases to zero after 5 years,
the amendment improvement was not beneficial. In other words, the difference between
the plots from the amendments and/or tilling should be maintained (slope of the
difference regression not significantly different from zero) if the effect is persistent and
beneficial.

Effect of the White Rain. White rain effects were not evaluated with a BACI because no
reference plots existed that were not exposed to white rain. To evaluate the effect of the
white rain, a blocked ANOVA comparing pre-white rain data (2006) to post-white rain
data (May/June 2008) on amendment plots was conducted, where the four plot locations
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were the blocks. To support the validity of the analysis, the magnitude of the white rain
effect on pH, copper, and pCu was compared to the magnitude identified for the STSU
in the white rain report (Arcadis 2017a) for ERA plots with pH < 5.5. Plots with such
levels of pH exhibited low buffering capacity and responded to the white rain, whereas
plots with higher pH did not.

Effect of Organic Matter Alone. The effect of organic matter additions applied at three
different rates could only be evaluated qualitatively with considerable uncertainty
because of too many confounding factors (different rangeland condition, slope, tilling
treatments). These factors cannot be separated in statistical analyses given the small
sample size (only three plots received the organic matter). Lime effects evaluated
included organic matter because organic matter was always applied with the lime. Large
changes in pH, however, were predicted based on the lime, not the organic matter.

Surface versus Subsurface Soils. All analyses discussed above were performed on
surface soils of 0 to 6 inches bgs. Surface soil parameters were also compared to those
of the subsurface to monitor the downward migration of amendments through the soil
column and address concerns that the lime addition will infiltrate downward beyond the
shallow soil zone with precipitation and would not be effective at increasing pH in the
shallow soil in the long term. Additionally, the analysis examined whether copper is
moving downward and eventually out of the main root zone. To address these questions,
the trends in pH and copper concentrations over time in each plot in the surface and
subsurface soil were qualitatively evaluated to determine if copper or acidity have
changed over time at depth during surface treatments.

Subsurface soil pH and copper also were plotted against surface soil pH and copper in
a regression. The regression should exhibit no relationship between surface and
subsurface soils in reference plots if high copper and depressed pH from the smelter
have not reached the deeper soil layers and in amended plots if the lime and
amendments have not impacted the deeper layers after 5 years.

4.3  Monitoring Vegetation Conditions

Vegetation sampling included: (1) sampling plant tissue to analyze copper
concentrations and (2) measuring vegetation community parameters. Baseline
vegetation sampling within the four amendment plots and adjacent reference plots was
conducted in March 2008, a few months before amendment application (Appendix B).
Post-amendment sampling of community parameters occurred on five occasions that
were wet enough to adequately characterize the vegetation, mostly in the fall: December
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2008, October 2009, April 2010, October 2010, and October 2013. Plant tissue was
sampled before amendment application in March 2008 (only in amendment plots) and
post-application in October 2013 (on both amendment and reference plots).
Photographs from the fall and spring sampling of the amendment and adjacent reference
plots before and after amendment over the 5-year monitoring period are provided in
Appendix D.

4.3.1 Baseline Vegetation Sampling

In March 2008, during the non-growing season (representing plant uptake during the
previous growing season before the white rain), plant tissue samples were collected
throughout the amendment plots. Samples included the entire aboveground plant
(shoots, leaves, and seeds) and were not washed before lab analysis. During this same
sampling period, two permanent 0.01-acre (11-foot radius) vegetation circular subplots
were established in each amendment plot and a single 0.01-acre circular subplot was
established in the associated reference plot. Each subplot was identified using a 24-inch
black steel marker with pink flagging attached. Global positioning system (GPS)
coordinates were recorded for each subplot using a hand-held GPS unit.

A professional botanist identified species present within each 0.01-acre circular
subplot. The total number of species present per plot was used to estimate species
richness (number of species), and species cover per plot was used to calculate
Shannon Evenness and Shannon Diversity. Canopy cover midpoints (Table 5) were
assigned to each species following Daubenmire (1959). Canopy cover summed over
all species in a plot can exceed 100 percent due to overlap; therefore, in addition, total
vegetation cover and percent bare ground were estimated, which total to 100 percent.
Percent of vegetation that was native or composed of annual species was also
assessed for each plot. In the original work plan (Arcadis 2008b), shrub cover was
also planned to be sampled in a 0.1-acre circular plot (a larger plot may be more
accurate for shrubs than a small plot), and was sampled at baseline and in Year 1 of
monitoring. However, this plot was removed from future monitoring and all analyses in
this report because there was little difference between shrub cover in the small and
large plots.

4.3.2 Post- Amendment Vegetation Sampling
In October 2013, plant tissue samples were collected from throughout the amendment

plots, as in 2008, and included the entire aboveground plant (shoots, leaves, and seeds).
When honey mesquite (Prosopsis glandulosa) was collected, 5 percent of the weight
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was seeds and the rest was foliage. It was estimated that 15 percent of the weight of the
whole aboveground tiller for the grasses collected were seeds and the rest was foliage.
Copper concentrations were analyzed on washed and unwashed samples of the same
species. Appendix B-1 contains the standard operating procedure (SOP) for collecting
seeds and foliage. A regression was then developed (see Appendix B-2) to predict
washed from unwashed concentrations or vice versa, given that data collected on plants
before 2013 were from unwashed samples. Washed results represent actual plant
uptake, but unwashed results were used to compare changes in copper concentrations
in tissue over time. Unlike the plant tissue collected in 2008, plants were collected during
the growing season in 2013.

In five sampling periods, from December 2008 to October 2013, the sampling of the
vegetation community parameters conducted at baseline was repeated after application
of amendments/tilling using the same methods described for baseline. In addition, to
evaluate success of vegetation establishment after disturbance using reclamation
criteria, CCP sampling methods were performed in October 2010 and October 2013 as
specified in the revised work plan schedule (see Appendix A of the Year 2 report for
revised schedule). CCP sampling methods must be used to compare to the CCP
reclamation criteria.

The CCP methods outlined in Daniel B. Stephens & Associates, Inc. (1999) and Chino
(2007) specify sampling in the fall. These methods were adapted to fit the small size of
the amendment plots. Specifically, quadrats were placed on transects to collect percent
cover and shrub density data. Each 0.25-acre amendment plot was divided into 25 20-
foot by 20-foot blocks, with five blocks randomly sampled in each amendment plot each
year. Two 20-foot transects were located in each randomly selected block in a dogleg
pattern. The first leg of a transect originated in the southeastern corner of each block. A
3.3-foot by 3.3-foot quadrat (i.e., 1 meter square) was placed at 5 and 15 feet along each
transect. CCP sampling was not conducted on the reference plots.

For the CCP sampling, conducted solely for comparing results to CCP success criteria,
total canopy cover, species canopy cover (aboveground), basal cover (on ground only),
surface litter, surface rock fragments, and bare soil were visually estimated in each
quadrat by a professional botanist. Canopy cover estimates included the foliage and
foliage interspaces of all individual plants rooted in the quadrat. As with the circular plot
sampling method described above, percent cover was estimated on a species basis and
totaled greater than 100 percent when summed across all species in individual quadrats
because foliage overlaps. In contrast, the sum of the total canopy cover, surface litter,
rock fragments, and bare soil does not exceed 100 percent. Species occurrence was
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determined by traversing the selected block and listing all the species encountered. In
addition, the number of individual shrub plants in each quadrat was counted by species
to estimate shrub density per square meter quadrat. Finally, the point-centered quarter
(PCQ) method (using distance to nearest shrub measurements, see Bonham 1989) was
used at each quadrat location to estimate woody plant density. The terminal nodes of
the dogleg transects were used as the fixed points for the PCQ distance measurements.

4.3.3 Vegetation Analytical Methods

Plant tissue samples collected in 2008 (unwashed) and 2013 (washed and unwashed)
were subjected to total copper analysis similar to the soil samples. The samples were
subjected to acid digestion using EPA 3050B followed by ICP-AES analysis (EPA
6010B) with a reporting limit of 1 mg/kg.

4.3.4 Vegetation Data Analysis

To compare mean plant tissue concentrations of copper between time periods and
between amendment and reference plots, one-tailed two-sample t-tests were performed
and test assumptions met. Tissue concentrations before and after the white rain were
first compared to evaluate the white rain effect. Tissue concentrations in the amendment
plot before the white rain and after the white rain plus treatments were compared relative
to the white rain effect to evaluate if treatment effects alone decreased copper uptake.
As aforementioned, to account for differences between unwashed (2008) and washed
(2013) plant tissue, a regression was developed between washed and unwashed tissue
concentrations in 2013 (Appendix B-2) to develop a correction factor (0.9282) that was
applied to unwashed tissue.

To account for differences between plant tissue collected in the spring 2008 (March),
when tissue is dormant, versus tissue collected in the fall, when plants are in their
growing cycle, a dormancy bias of 35 percent was estimated by comparing a
bioaccumulation model developed on an independent dataset to a bioaccumulation
model developed using the amendment plot soil and plant tissue data. The independent
dataset were the 21 upland ERA 1999 tissue copper concentrations, which were plotted
against pCu measured in 1999 to develop a bioaccumulation model. The regression
equation of this site-specific model should be applicable to the amendment plots.
Therefore, the dormancy bias was estimated by developing a similar bioaccumulation
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model with the amendment plot data'’, except the 2008 pre-treatment data first were
adjusted downward to compensate for the dormancy bias until the bioaccumulation
models were similar. A 35 percent decrease in 2008 data plotted with other 2013
amendment plot data produced a regression equation similar to the ERA equation
(Cutissue = 143.2-15.0*pCu for ERA plots versus Cuiissue = 143.2-18.7*pCu for amendment
plots). Therefore, the 2008 tissue data were adjusted downward in concentration by 35
percent before conducting any statistical analyses.

Trend analyses were performed on the circular plot vegetation community data to
evaluate changes in total percent cover, Shannon-Wiener species diversity, richness,
and evenness from each amendment protocol. Additionally, changes in percent of
vegetation that was native, annual, grass, or non-woody were evaluated. These
variables were plotted on graphs to qualitatively compare their values: (1) before and
after treatment, (2) between amendment plots and untreated reference plots, and (3)
over time after treatment. A statistical BACI analysis could not be completed on the
vegetation community parameters because only one sample was collected from the
0.01-acre circular plots on reference plots. Instead, as was conducted for soil, the trend
in the “difference between amendment and reference plots” for each community
parameter was statistically evaluated post-amendment over time (with linear or non-
linear regressions) and qualitatively compared before and after amendment/tilling and at
the end of 5 years to identify any improvements 2.

The vegetation characteristics were compared before and after the white rain in
reference plots to evaluate the effect of the white rain, and then compared before the
white rain to the community after it was affected by both the white rain and amendments.
The effect of the white rain was considered to evaluate the success of the treatments in
reaching the desired target of increasing diversity, cover, richness, and grass and non-

1 Bioaccumulation models were developed on unwashed data available for ERA plots;
therefore, the bioaccumulation model for amendment plots was also based on unwashed
tissue concentrations. Tissue concentrations for ERA plots were estimated using the approach
described in Section 7.7.

2 However, the mean value of a community parameter post-treatment was also compared
statistically to the single pre-treatment, pre-white rain estimate in a one-sample t-test to assist
in final qualitative interpretations as to whether the parameter might have changed relative to
the post-treatment variability in the parameter.
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woody cover without excessive annual species invasion In addition, a community
analysis (Canonical Correspondence Analysis [CCA]; ter Braak and Cajo 1986 and ter
Braak and Verdonschot 1995) was performed in the statistical program R (vegan
package, Oksanen et al. 2013) on vegetation data to determine the soil and
environmental parameters most correlated with differences in vegetative community
composition between the amended and adjacent reference plots. Such an analysis
assisted in identifying what aspects of the treatments (disturbance, organic carbon, lime
changing pH, tilling) were most strongly affecting the plant community.

4.4  Annual Reporting

Monitoring reports were completed annually (Arcadis 2010b, 2011b, 2012, 2013) to
satisfy the annual monitoring requirement stipulated in the Work Plan. This Report is
the final report and includes documentation of soil and vegetation sampling results
after 5 years, the final statistical evaluations of the amendment effectiveness, and
examines whether success criteria defined in the work plan were met (Arcadis 2008).
This report also assesses the usefulness of the three remedial technologies to be
formally evaluated as part of the STSIU FS.
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5. Results

Results are discussed in the following subsections based on the specific hypotheses
being tested as part of the study. Summary tables and figures are included at the end of
the document text, and additional data or analyses are presented in Appendix C (soil)
and Appendix B (vegetation). Photographs from the fall and spring sampling of the
amendment and adjacent reference plots pre-amendment over the 5-year post-
monitoring period are provided in Appendix D. Rangeland condition data are provided
in Appendix A. Data directly from the laboratories are provided in Appendix E'3. Soil
concentrations discussed in this report are for surface soils 0 to 6 inches deep, unless
otherwise noted. Subsurface soil data are reported in Appendix C and discussed in
Section 5.2.7.

Mean concentrations (see Table 4), temporal trends (see Figures 4a and Figure 4b),
and mean differences between amendment and reference plots (Table 6 and Figure 5)
for key soil parameters associated with these plots are discussed below. The parameters
include pH, total copper, TOC, soluble copper, pCu, and C:N ratio. Mean values for
copper concentration in plant tissue are provided in Tables 7 and Table 8 and are
illustrated on Figure 6. Soil ABA results are presented on Figures 7a and 7b.

Vegetation parameters important to wildlife and livestock are also discussed below
including trends over time in proportion of community in early successional annual life
forms (annual grasses and forbs), illustrated on Figure 8. The temporal trends in mean
percent cover and diversity measures (richness, Shannon diversity, and Shannon
evenness) are presented on Figures 9a and 9b. Figure 10 shows the proportion of
vegetation in non-woody and grass vegetation over time. Mean differences between
cover and diversity measures among amendment and reference plots are shown on
Figure 11. Figure 12 shows the change in the percent in native species over time.
Figures 13a, 13b, and 13c show the relationship between soil chemistry and species
composition in the plot communities. Details on changes in species composition are
discussed in Appendix B-3.

3 Except the oldest soil laboratory data for July 2008 and May 2008
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51 White Rain Effect

Hypothesis: Soil pH and pCu will increase, soluble copper will decrease, and plant
tissue copper concentrations will decrease on amendment and reference plots as a
result of the white rain that occurred in January 2008. The effect will persist.

Soil pH. Surface soil samples were collected in spring 2006 and spring 2008 to represent
baseline pH before treatment. The white rain fell between these two periods. As
hypothesized, the white rain significantly increased pH on amendment and adjacent
reference plots between spring 2006 and spring 2008 (ANOVA, P<0.0001, n = 41,
Appendix C-1). The mean pH increased significantly (P<0.0001, ANOVA) by 1.5
standard units (s.u.) in the plots planned to be amended (excludes West plot, which had
high initial pH, see data in Table 1)'. The pH increase in the steeper Northeast plot was
less than the other two plots (0.5 increase vs. 1.2 for East and 2.9 for North, significant
interaction term between location and year of P = 0.016) but still significant (f-test, P
<0.0001).

As a supporting line of evidence of the white rain effect, a comparison of 1999 and 2010
data on ERA plots that exhibited low pH (<5.5 s.u.) reported in Arcadis 2017a showed a
similar magnitude of increase after the white rain, an increase of 1.2 s.u. (from 4.7 t0 6.0;
t-test, P < 0.0001).

Notably, pH in the West amendment plot increased after the white rain (to pH 8.2 in
May/June 2008, Appendix C-1), despite having a high initial pH of 6.5 in 2006. As is
often seen in high pH soils that initially increased from the white rain event (see Figure
7 in Arcadis 2017a), this high West plot pH has been significantly but slowly decreasing
over time (see Table 4) in both the West amendment and reference plots (see Figure
4a, P = 0.002). By 2013, the two West plots averaged a pH of 7.6 (but was higher at a
pH of 8.0 by 2014 in the West reference plot monitored as part of the pH monitoring
program; Arcadis 2017a). The pH increase of the poorly buffered soils (more acidic pH)

4 The pH and pCu estimates may be reported slightly differently for 2008 in different tables
depending on whether field and lab pH data are combined and if plots were moved; see
Tables 1 and 4 and Appendix C-1; statistical analyses were performed on the all data.
Additionally, an error was found in previous annual reports. East and Northeast plots (formerly
East A and East B in 2006, renamed East B and East A in 2008, respectively) soil data were
switched in 2008 and 2009, which was corrected in this report.
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following the white rain event is consistent with neutralization of active acidity, whereas
the slow decrease in pH dropping from 8.3 in the higher pH West plot amendment and
reference plots suggests that the excess alkalinity associated with the white rain might
be slowly depleting from the surface soil. This is uncertain given the variability in pH and
more recent increase to 8.0. Overall, the pH monitoring program from 2010 to 2014,
which evaluated the permanence of the increase in pH in poorly buffered soils, found
that the initial increase from the white rain had been sustained through 2014 (Arcadis
2017a).

These pH changes, resulting from the white rain event, partially disrupted the
Amendment Study by effectively liming both the amendment and reference plots. After
the white rain, each of the amendment plots met the target goal of pH 5.5 or greater (see
Table 1, revised study design). The need for adding lime as part of this pilot study was
re-evaluated given that the target was already met. It was decided to add more lime
because of the possibility that plots would have fluctuated in and out of the target range
over time, as has been seen with the reference plots (see Table 4). It was necessary to
consider the increase in pH from the white rain when deciding how much lime to apply,
and the amount planned was reduced from 6.6 to 1.3 t/ac, making the treatment effect
smaller and likely more difficult to detect. However, the effect of the white rain can be
evaluated as another line of evidence for effectiveness of liming that does not also
include adding organic matter because the white rain essentially deposited lime,
neutralizing the active acidity that was present from the smelter (see Appendix B-21
where these other lines of evidence are considered).

Soil pCu. Total copper concentrations required to calculate pCu were not collected from
the amendment or reference plots before the white rain event; therefore, the effect of the
white rain on pCu is difficult to calculate for these plots. However, if total copper
concentrations just after the white rain in May 2008 are assumed to be comparable to
those before the white rain (collected in 2006), they can be used to calculate pCu in
2006. When this method is used with laboratory pH data, the increase in pCu from the
white rain is estimated to be from 2.04 to 4.31 in the North amendment plot, from 3.5 to
4.61 in the East amendment plot, and from 3.26 to 3.50 in the Northeast amendment
plot. These pCu increases are significant at P < 0.10 (two-sample t-test, P = 0.06), which
is the target level for assigning significance due to the low sample size and high variability
of these data (n = 5,6). The average increase in pCu across all three plots using this
method is 1.2 s.u., which would mean that the white rain increased the average pCu of
the three plots from about 2.9 to 4.1 s.u.
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The data presented in the white rain report (Arcadis 2017a) showed that pCu significantly
increased from 4.6 to 6.0 due to the white rain (P < 0.0001) in the STSIU by 2010 in
locations that exhibited low pH in 1999 (less than the 5.5 threshold). If it can be assumed
that the same happened on the three amendment plots, then pCu increased by about
1.4 s.u. on the amendment plots. Surprisingly, this 1.4 s.u. increase was predicted using
the method above of substituting 2008 copper data for 2006 copper data to calculate
pCu. This consistent result supports the hypothesis of the white rain increasing pCu by
at least 1 s.u. in low pH locations.

Soluble Copper. Similar to pCu, soluble copper was not estimated on the
amendment or reference plots before the white rain event. The only pre-event data
available are the 1999 ERA plot data. Average soluble copper in 1999 on non-
collocated ERA sites with pH below the pH 5.5 threshold (ERA 1, 2, 3, 4,7, 9, 13)
was 0.56 mg/L (n = 8). This soluble copper concentration did not significantly change
after the white rain, though it tended to be lower at 0.17 mg/L on amendment plots in
May 2008 after the white rain but before amendment (n = 6, one-way ANOVA on log-
transformed soluble copper, P = 0.219). No West plot data were included in this
analysis because they were unavailable in May 2008. The hypothesis that soluble
copper would significantly decrease from the white rain was not supported by ERA
data, but there is uncertainty as to the applicability of ERA results to the amendment
study area (see Section 7.2).

Persistence of pH and pCu. After the white rain, the pH and pCu increase observed in
the East and North reference plots was persistent for 5 years. Based on data in the
reference plots from 2010 to 2013, pCu (but not necessarily pH) increased to even higher
levels over time (Figures 4a and 4b). It is uncertain if the increase is from natural
attenuation or is an artifact of variability in the data from sampling period to sampling
period. Persistence of the pH increase from the white rain is supported for the reference
plots when evaluated over the 5-year period specified in the approved work plan, and it
is also supported in the draft white rain report up to 2014 (Arcadis 2017a). For example,
over the monitoring period, the pH in the North reference plot increased greatly from
about 3 s.u. before the white rain to 5.29 s.u. just after the white rain (based on the
adjacent amendment plot pH measurement of 3.7 in 2006, pH in the reference plot was
likely somewhere between 3 and 4 in 2006, likely at 3 s.u.'®). In October 2013, after 5

15 Note that the reference plot pH was not measured in 2006, but it is assumed to be lower
than that of the amendment plot based on the difference (0.84 s.u.) in pH observed between
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years, pH averaged even higher at 5.79. For the prior sampling period in April 2013, the
pH was at its highest level at 6.23. Therefore, the results do not show trends toward a
return of pH to the pre-white rain value of around 3. Also, the statistical analysis for both
the North and East reference plots support that the regression fit through the pH of
sampling periods post-white rain is not significantly decreasing (no minus sign next to
North or East reference plot legend on Figure 5) and therefore is not decreasing over
time (but the East reference plot is significantly increasing as indicated by its plus sign).
A slight decline over the last year in the North plot does not support a concern for lack
of persistence, given that the fluctuations are small relative to the large increase from

the white rain (true for both North and East reference plots).

The ABA data in this report (Figures 7a and 7b, see Appendix C-7) and in the white
rain report (Arcadis 2017a) also support persistence of the pH increase from the white
rain in the North and East reference plots, which is expected to continue over the long
term because they meet the MMD criteria of greater than -5 t CaCOgs/kt, which means
they have low likelihood of acid generation, and because additional sources of acidity
are unlikely after the cessation of the smelter operation and capping of the tailings. Also,
pH has been sustained at above 5.5 since 2012 in both plots (Figure 4a), indicating that
all active acidity likely has been neutralized in the plots based on Thomas (1996).

The steeper Northeast reference plot exhibits highly variable pH and pCu, and they also
show no upward or downward overall trend (Figures 4a and 4b). The lack of a significant
slope or trend over time indicates that there is no decrease in pH or pCu, which supports
persistence of the white rain effect to date. However, the Northeast reference plot pH
increased less from the white rain than the North and East reference plots (by only 0.5
s.u.). The fluctuations in the Northeast reference plot are large relative to the small
increase from the white rain, whereas the other two plots experienced a very large
increase in pH from the white rain with later fluctuations much smaller than the initial
increase. It is more difficult to assess persistence in the Northeast plot because a
fluctuation can dip into the range of the pre-white rain pH, whereas it would need to
decrease a large amount for the other plots to return to the pre-white rain pH. The ABA
data show that this plot met the MMD criteria of greater than -5 t CaCOgs/kt, but the pH is

the reference plot and amendment plot when measured extensively in 2008 (Appendix C-1).
Given that the amendment plot pH was 3.7, the reference plot pH could have been about 3.
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below 5.5, which supports uncertainty with regard to the future persistence of the white
rain effect on the Northeast plot.

For the pCu target of success, only the North reference plot achieved the pre-FS RAC
level of 5 or greater by 2013. As mentioned above, pH did not significantly change. The
increase appears to be due to a reduction in copper over time (significant trend in North
reference plot in Figure 4b) The pCu at the poor rangeland East reference plot was 4.86
in October 2013, and at 3.62 at the Northeast reference plot by that date (Figure 4b).
The significant upward trend of the pCu of the East reference plot (Figure 4b) suggests
that it may eventually reach that pre-FS RAC level. However, the trend is highly uncertain
because the white rain report (2017) indicates that the pCu of the East reference plot
dropped from 5.07 in 2013 to 3.93 in 2014'6. However, the sampling of this plot for the
white rain report covers a larger area (0.25 ha) than sampling for the amendment study
(0.09 ha) and may not be fully comparable. Also, soil pCu is variable (because pH and
copper are variable), reducing the ability to be certain if trends within 5 years are random
fluctuations are actual trends.

Plant Tissue Copper Concentrations. To evaluate white rain effects on plant uptake of
copper, mean copper concentrations of plant tissue collected from March 2008
amendment plots (representing pre-amendment and pre-white rain conditions) were
compared to tissue sampled in October 2013 on adjacent untreated reference plots
representing post-white rain samples (Tables 7 and 8). Though the March 2008 tissue
samples were collected post-white rain, they represent pre-white rain concentrations
because the leaves and seeds collected grew during the previous growing season before
the white rain (plants were still dormant in March 2008). The comparison to 2013 results
assumes that the white rain effect persisted through 2013.

Dormant season tissue can exhibit higher metal concentrations than growing season
tissue (Hunter et al. 1987, Johnson et al. 2006). Metals in the plant cells may be allocated
to cell wall material during dormancy (Koelling 1996), and the cytoplasm and soluble
content of the cell is reduced (especially if ruptured during freezing), which increases
metal concentrations in herbaceous plant tissue during dormancy (Lyons et al. 2012).
Therefore, the 2008 concentrations were reduced by 35 percent to account for this
dormancy bias before statistically comparing means, as discussed in Section 7.3.4.

16 Copper increased from 923 to 1,020 mg/kg and pH decreased from 6.0 to 4.9 between 2013
and 2014 on the East reference plot.
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Additionally, concentrations were adjusted to “washed” concentrations using the
regression discussed in that Section.

The plant concentrations in the West plots are expected to respond differently because
of their high soil pH before the white rain, and the Northeast plot may respond differently
than the tilled plots because it was not tilled. Therefore, tissue concentrations were
compared in several ways: with all plots but the West plots, with only the tilled plots, and
with the West plots only.

Ideally, concentrations of copper in the same species should be statistically compared
before and after treatments because copper uptake, translocation to leaves, and copper
tolerance mechanisms vary by species (Ross 1994). However, individual species could
not be compared because of data limitations. Species available in quantities sufficient to
sample on the untreated amendment plots changed between 2008 and 2013 (see
Appendix B-1 for foliage sampling methods). Though data are reported and compared
qualitatively by individual species (see Table 8), statistical analyses were performed on
averages calculated for all species combined (see Table 7) to have sufficient sample
sizes for such analyses.

Because deep-rooted woody plants may respond differently than herbaceous plants,
analyses were also conducted on just herbaceous species. Honey mesquite (known to
have very deep roots, Phillips 1963) was the only shrub sampled and was removed from
the mean tissue concentrations for this second analysis (Table 7). Of the species
sampled, mesquite exhibited the highest copper concentrations in 2013 (Table 8), and
its removal lowered the concentration average. Mesquite is not highly sensitive to copper
toxicity and survives even in sites with very low pCu (such as ERA 1, Newfields 2005).
The reduction in herbaceous species may be of most interest.

Post-white rain, plants on amendment study reference plots (excluding the West plot) in
fall 2013 exhibited substantially lower plant tissue copper concentrations (washed) than
pre-white rain estimates whether or not mesquite was included or West or Northeast
plots were included (P<0.03, Table 7). White rain reduced concentrations by 53 to 72
percent, depending on the plots and species included. The average concentration of all
species sampled in the untreated plots (excluding the West plots) decreased from an
average of 83 mg/kg before the white rain in March 2008 to an average of 32 mg/kg in
October 2013 after the white rain (Table 7), only 12 mg/kg higher than the upper limit of
the nutritional requirement range for agricultural crops of 8 to 20 mg/kg for copper
(Schulte and Kelling 1991). Similarly, the plant tissue from the two excluded West control
plots decreased considerably from 69 mg/kg in pre-white rain conditions to 25 mg/kg
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copper in 2013 after the white rain. When only herbaceous plants were included, the
post-white rain concentrations were even lower (excluding the West plots) at 23 mg/kg
when including the Northeast plot and at 20 mg/kg excluding that location (i.e., only
including the two tilled plot locations: North and East).'”

Table 8 shows the tissue concentrations by individual species when they were collected
unwashed in 2008, when they were adjusted to washed samples in 2008, and when they
were collected twice (as washed and unwashed) in 2013 (n = 1 composite collected
across the plot per species per sampling event). Separated by species, the results are
similar to the comparison of averages in that species with high copper concentrations
exhibited decreased copper levels after the white rain. Specifically, copper
concentrations in sideoats grama (Bouteloua curtipendula) tissue (washed) decreased
on untreated plots in the amendment study after the white rain affected the plants. The
decrease before adjusting for the dormancy bias was by 87 percent at the Northeast
plot, 37 percent at the West plot, and there was no decrease at the North plot (compare
pre-amendment washed data to October 2013 reference washed data in Table 8).

Results are not presented for the East plot because sideoats grama was not present on
the East plot before the white rain, and no other species comparisons to evaluate the
white rain effect were possible on that plot. The North plot exhibited no decrease in
sideoats grama because the concentration was already low in this species before the
white rain (only 10.2 mg/kg). In contrast, species with high copper concentrations before
the white rain (vine mesquite [Panicum obtusum]), exhibited copper levels that
decreased by 81 percent at the North plot.

Applying the dormancy bias adjustment shrinks the magnitude of the reduction down to
79 and 3 percent for sideoats grama in the Northeast and West plots, respectively. When
adjusted, the vine mesquite concentration in the North plot decreased by 71 percent.
Therefore, for plants and locations with high copper bioaccumulation, the white rain
effectively reduced uptake and appeared to meet the assumption of producing a
persistent effect through 2013.

Figure 6 illustrates the average reduction in tissue copper concentrations (washed)
across sampled species resulting from the white rain for the tilled plots (North and East),

7 Appendices B-16 and B-17 summarize the original data unwashed and washed,
respectively, before and after dormancy bias adjustments in the 2008 data.
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limed plot (Northeast plot), and West control plots, first unadjusted for the dormancy bias
and then adjusted. To evaluate if the dormancy bias adjustment is reasonable, Figure 6
also compares the amendment pre-white concentrations to an independent pre-white
rain dataset: the 1999 tissue concentrations at depressed pH ERA plots on the STSIU
(ERA1,2,3,4,7,9, 10, and 13 at pH < 5.5). This ERA dataset exhibits an average soil
pH similar to the three amendment plots (4.8 compared to amendment plot average of
4.6 when excluding West plots) but higher estimated average soil pCu (4.4 vs. 2.9;
Appendix B-15). Using these pCu estimates, the ERA pCu bioaccumulation model
predicts uptake during the pre-white rain period of 100 mg/kg and 77 mg/kg of copper
into plant tissue on average for the amendment plots and ERA dataset, respectively, a
23 percent difference. The observed difference is somewhat higher at 35 percent
(Figure 6). The dormancy adjustment in 2008 of 35 percent is within the “ballpark” of a
reasonable estimate, though it could be underestimating the magnitude of the white rain
effect.

5.2  Effectiveness of Amendment/Tilling at Improving Soil Quality

The following subsections discuss the effectiveness of the lime and organic amendments
and tilling at improving quality of the soil chemistry. Five hypotheses were identified for
soil chemistry. Each subsection below summarizes a hypothesis and provides the
statistical analysis and data interpretation used to evaluate it. Table 2 summarizes all
hypotheses tested statistically (except that No. 7 had a qualitative comparison of cover
and diversity measures) and the results.

5.2.1 Hypothesis No. 1: Amendment using lime with or without tilling will increase pH,
and the increase will persist and exceed the target pH of 5.5.

The before-amendment period (May 2008) and after-amendment period (average of all
sampling events after, up to, and through 2013) were statistically compared using BACI.
First, the effect of lime amendments was evaluated and then the effect of tilling combined
with lime amendments was evaluated (organic matter was also included with lime, but
pH changes are assumed to be from the lime). Only the surface layer chemistry was
analyzed because the subsurface was not affected to much extent, as discussed in
Section 5.2.7.

Although the lime amendment increased the mean soil pH by 0.12 s.u. beyond the white

rain effect (Table 9a), the BACI interaction term was not significant at P = 0.19 (Table
9b). The change in pH in unlimed reference plots was in the opposite direction (0.10
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s.u. decrease; Figure 14) but these magnitudes of change are too small to be significant.
Liming the plots after the white rain did not significantly change the pH.

The effect of tilling on pH was evaluated in a BACI by comparing all tilled plots to untilled
plots (i.e., northeast and reference plots). The interaction term was almost significant for
pH (P = 0.07), but not pCu (P = 0.20; Tables 9a and 9b). The pH result indicates that,
with 90 percent confidence (see Section 7.2), tilling plus lime amendments may have
increased soil pH on average from 6.8 to 7.1 mg/kg (0.3 mg/kg increase), which contrasts
with the slight drop in pH from 6.2 to 6.1 observed between pre- and post-treatment
periods in the untilled plots (Figure 15).

The slight increase in pH from the white rain and the tilling plus amendments persisted
over the 5-year Amendment Study period when considering only the amendment plot
trends (see Figure 4a). However, when the analysis is related back to the reference plot
trends, the East amendment plot regression results suggest that there may be a lack of
benefit from the tilling in the East amendment plot, but not in the North amendment plot,
when evaluating soil chemistry (when evaluating effect on vegetation, the North
amendment plot does not show benefits either; see Section 5.3.3) . The lack of benefit
for the East amendment plot is uncertain because in 2014, the upward pCu trend was
no longer obvious, as discussed above.

Figure 5 displays the differences in mean parameters between the amendment and
reference plots. The decline in the difference in mean pH between the amendment and
reference plots (East and North) is primarily due to an increase in pH over time on the
reference plots rather than a decline in pH on the treatment plots (significant increase in
both reference plots shown since 2010 on Figure 4a). The decline in the difference is
only significant on Figure 5 for the East plots, indicating that the benefit of amendments
and tilling is diminishing over time in this plot because the reference plot is increasing in
pH without such treatments. Specifically, after 5 years, the East amendment plot
exhibited a mean pH of 7.04, while the mean pH of the East reference plot increased to
5.95 in 2013 (see Table 4). This difference of 1.09 was about the magnitude of the
difference between the two plots before applying the treatments. In other words, by 2013,
the pH difference decreased to the same difference level observed before treatments for
the East plots (see Figure 4a), which suggests no benefit from treatment by 2013.

For the North plots, the decline in the pH difference is not statistically significant, and it
is unlikely that the benefit is diminishing (very low confidence of 56 percent that it is
diminishing; Figure 5). By 2013, the pH difference in this plot was still greater than the
difference before treatment by about 0.25 s.u. Although the North amendment plot
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shows a two sampling period (more than 1 year) decline in pH in 2013, the pH still falls
within the range of fluctuations observed in previous years (Figure 4a). Also, the pH is
very high: above 6.0 (Figure 4a). Therefore, tilling lime into the soil may have benefited
the soil chemistry in the North amendment plot (but not necessarily the vegetation
community; see Section 5.3.3).

The loss of benefit is different than lack of persistence in the pH data. The loss of benefit
means that the improvements can occur without the treatments; therefore, applying
treatments does not result in a benefit of higher pH beyond that which would occur
without applying any treatments (because natural attenuation was able to increase pH
instead). The loss of persistence means that the pH is declining over time, which has not
been observed on Figure 4a for the tilled plots. As discussed in the white rain report,
the tilling plus lime effect in these two plots is expected to persist because all active
acidity has been neutralized in plots that exhibit a pH above 5.5 (Thomas 1996), the
NNP meet MMD criteria, as discussed in the ABA results below, and additional sources
of acidity are unlikely with cessation of the smelter operation and capping of the tailings.
These two plots exhibit pH well above 5.5, even with the fluctuations.

The ABA results for the amendment plots (sampled only once post-treatment in
December 2008 on amendment plots; Figures 7a and 7b, see Appendix C-7) support
persistence of the increased pH in the plots where there was an almost significant
increase (North and East amendment plots). The North and East amendment plots
exhibited a positive NNP; therefore, the surface soils of these plots met the MMD soil
and overburden suitability guidelines of an NNP greater than -5 t CaCOas/kt (MMD 1996).

Notably, all of the other plots in the Amendment study also met this criterion. As
mentioned above, the most alkaline pH was observed for the West control reference plot
(mean pH 8.16), which also exhibited the highest mean NNP (141 t CaCOs/kt) and NPR
(308) compared to the other reference and amendment plots (even after the other plots
were amended with lime). The West control plots easily meet the NNP criteria because
of the abundance of calcium carbonates in the geological formation creating the soils,
but the other plots may nonetheless have enough calcium carbonates from the white
rain to avoid becoming strongly acid generating. The white rain may be influencing the
ABA results for the other reference soils by neutralizing considerable amounts of active
acidity. In addition to the NNP criteria, both the reference and amendment plots were
designated as non-PAG based on meeting or exceeding an NPR of 2, with the exception
of the East reference plot, which was designated as uncertain based on a mean NPR of
1.3. In contrast, a higher mean NPR of 84.8 was associated with the adjacent East
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amendment plot surface soil, consistent with residual alkalinity from the lime
amendment.

The Northeast amendment plot did not appear to benefit from treatments but averaged
pH at 5.49 after application of the amendments nonetheless because of the white rain
effect. Although its pH was less consistently above 5.5 than at the other plots, it exhibited
an NNP above the MMD criteria since December 2008, suggesting its pH may not revert
back to lower values. The white rain report (Arcadis 2017a) shows that soils with pH
above 5.1 almost always (with one exception) exhibit NNP above the MMD criteria and
likely will persist at pH levels observed. The Northeast amendment plot has exhibited pH
above 5.1 since fall 2009. The unusual low pH in December 2009 is based on two
samples and may be from very localized areas in the plot and not representative of the
plot average (when eight samples were taken later in 2012 and 2013, it is much higher
on average; Table 4). The Northeast amendment plot trend appears to be more
representative of trends observed after the white rain in the Northeast reference plot (if
the comparison of the two Northeast plots on Figure 4a is adjusted for the average pH
of the reference plot being lower; Appendix C-1), rather than responding to the
amendments. The pattern is consistent with finding no effect of treatments on this plot
(which was limed) but not tilled and was situated on a slope.

The pyritic/sulfide sulfur content analysis can also provide some insights into the
persistence of the pH changes, with low values indicating higher likelihood of
persistence. Sulfur content was low based on the mean pyritic/sulfide sulfur of 0.02
percent for the amendment plot surface soils and 0.05 percent for the reference plot
surface soils (see Appendix C-7). The pyritic/sulfide sulfur content of the reference plot
surface soils was skewed slightly higher by the East reference plot, which averaged 0.10
percent. The East reference plot has layers of windblown tailings, as represented by the
comparatively elevated pyritic/sulfide sulfur content, whereas the other reference plots
were not affected by tailings. The pH trend upward in the East reference plot may be due
to the white rain neutralizing the active acidity from sulfuric acid in this plot. However,
the pyritic/sulfide sulfur is not consistently decreasing, making the interpretation of the
trend uncertain.

In summary, the treatments were only beneficial for increasing pH on relatively flat plots
where the lime and organic matter were tilled into the soil at an 8-inch depth. Tilling may
distribute lime into these top inches and neutralize acidity in that depth layer more quickly
than not tilling. Without tilling, only the top couple of inches may be neutralized after
spraying the soil with lime (Peters and Kelling 1998); it may take several years for the
lime to migrate deeper into the soil without tilling (Mamo et al. 2009) unless organic acids
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are abundant enough to move the calcium carbonate downward more rapidly (high
organic matter has moved lime down to almost 8 inches; Bot and Benitas 2005).

Organic matter was added and may have facilitated downward migration of lime.
However, the results show that the pH in the tilled plots increased more than in the non-
tilled plots that received lime and organic matter. The white rain may have already
neutralized the first 2 to 3 inches at the surface. Further improvement in pH in the top 6
inches (surface depth analyzed for pH) may require tilling in the lime to at least this depth
or letting nature move it downward over a longer period of time than this 5-year study.

An uncertainty is that the increase in pH in the tilled plots may be unrelated to tilling. The
Northeast plot was not tilled, but it may not have demonstrated a response to pH possibly
because it was the only treated plot on a steep slope. The sprayed lime and organic
matter may have washed downslope before infiltrating, reducing its response to the
amendments. This location’s reference plot also exhibited the smallest improvement
from white rain (0.5 increase in pH), possibly because of its steepness. The increase in
pH observed in the more level plots may have occurred on the untilled Northeast plot as
well if it had been on relatively level ground.

Tilling is the more likely explanation because all plots exhibited pH of 5.5 or greater on
average in the 6-inch depth sample before treatment. Improvements in pH are unlikely
when the pH is that high because buffering capacity is typically high (Arcadis 2017a).
However, if the lower 4 inches of the surface 6 inches were still relatively acidic, and only
the surface 2 inches were very high in pH after the white rain (but average pH over 6
inches was still > 5.5), the tilling may have mixed the lime into deeper layers and
facilitated neutralization of the lower inches more quickly. The increase in pH after tilling
relative to reference was small (net difference of 0.3 s.u.; Figure 15), making it difficult
to detect pH changes with certainty given that the power of the tests are most confident
for detecting a 0.5 pH increase or more (see Section 7.2).

Tilling may accelerate neutralization, but may not be necessary if the white rain is
ultimately able to neutralize soils to the target pH of 5 without tilling. The East reference
plot had no amendments added, yet it also increased in pH by a small amount similar to
that of the East amendment plot by the end of 5 years (from about 4.5 to 6 in reference
plot compared to from about 5.5 to 7 in the amendment plot). The white rain’s lime may
have been infiltrating downward into the soil profile slowly over time in that plot. The
surface inch was tailing material already high in pH in 2006 in this area even before the
white rain (~6.5; Appendix C-3). Below the surface inch, the soil was very acidic (~4
s.u.). As such, the improvement from neutralizing the acidity would take more time for
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the East reference plot because it must migrate deeper to reach the acidic layer'®. This
delayed effect is less apparent in the North reference plot, probably because this plot did
not have tailing material on the surface and averaged pH above 5.5 consistently after
the white rain, whereas the East reference plot was below pH of 5 until 2012. Most of
the STSIU does not have an inch of tailing on top of the soil and may have responded
more quickly to the white rain, as observed in the white rain report (Arcadis 2017a).
However, for the Northeast reference plot, which did not have tailing on the surface, pH
fluctuated around 5 and did not improve over time, indicating that it probably did not have
improvement with lime infiltration to deeper layers after the white rain. Possibly, the lack
of improvement was because of runoff of lime from the steeper plot and its soil had more
buffering capacity (because of more topsoil) than the eroded East reference plot.

In summary, all treated plots successfully met the target criteria of pH 5.5 or greater in
fall 2013 (see Table 4) due to the white rain, the treatments, or both. The hypothesis that
an initial increase in pH would be observed as a result of simply applying a lime
amendment (plus organic matter) after the white rain was not supported by the study
findings; however, the addition of tilling likely does cause an increase in pH that persists
over time. It is unknown if the treatments are beneficial in the long term given that the
white rain contribution of alkalinity may still be migrating deeper into the sail.
Considerable uncertainty is associated with these conclusions, which is discussed in
Section 7.2.2.

5.2.2 Hypothesis No. 2: Tilling (to 8-inch depth) will decrease total copper in surface soil,
and the decrease will persist, whereas lime and organic matter (removing effect of tilling)
will not affect total copper because copper will remain in the surface soils.

The hypothesis that tilling to 8 inches would significantly decrease average total copper
in the top 6 inches was not supported by the study findings. The BACI results carry some
uncertainty because copper concentrations pre-amendment are estimated from less
collocated reference areas (see Appendix C-2), not from the exact adjacent reference
plot in the study. Tilling decreased total copper concentrations by a mean of 557 mg/kg
(least square mean difference in the two tilled plots compared to untilled plots, Table 9a
and Figure 15). The interaction term was not significant (P = 0.91) in the BACI, however,

8 This pH increase in East reference plot over time is uncertain because low pH was identified
again in this area in 2014, but the 2014 plot monitored for the pH monitoring program (see
Arcadis 2017a) is much larger and may not be representative.
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because the mean copper concentration of untilled plots (all untilled plots were used as
reference) also decreased by a similar amount (by 604 mg/kg; see Tables 9a and 9b,
Figure 15, and Figure 4a). Even if sample size were larger with greater power to detect
differences (power is low, see Section 7.2), the mean differences are too similar between
reference and amendment plots to support that treatments could have affected copper
concentration (also see analysis without less collocated plots in Section 7.3.3). If the
plots had been tilled to deeper than 8 inches, the reduction may have been larger and
significant.

The hypothesis that lime and organic matter would not change total copper was
supported, as shown by a non-significant interaction term in the BACI (P = 0.67, 500
mg/kg decrease in amendment plots, 659 mg/kg decrease in reference plots, see Table
9b and Figure 4a), indicating that copper concentrations did not decrease more than in
the adjacent unamended reference or control plots (Figure 14). Notably, copper
concentrations significantly decreased over time in both the North amendment and North
reference plots, whereas one of the West amendment plots exhibited a significant
increase in copper concentrations (see Figure 4a). It is uncertain if these are real trends
or random variability, given the high variability observed in copper concentrations (see
Section 7.2).

5.2.3 Hypothesis No. 3: Amendment of lime/organic matter and/or tilling will increase
pCu, and this increase will persist.

The hypothesis that an initial increase in pCu would occur from addition of lime/organic
matter was not supported. Although tilling plus addition of lime and organic matter
(regardless of the organic matter rate applied) increased mean pCu by an additional 1.2
s.u. beyond the white rain effect, the untilled plots also exhibited an increase between
the pre- and post-treatment periods of 0.41. (Table 9a, Figure 7b). As a result, the
increase of 1.2 was not significant (demonstrated by insignificant interaction term at P =
0.2; see Table 9b.) Also, lime/organic matter did not significantly increase pCu
(interaction term of P = 0.41, see Table 9b).

With larger sample sizes, the increases might be significant but are difficult to detect
because of the low power of the statistical test for the tilling analysis (see Section 7.2)
and because the expected increase in pCu from just increasing pH by liming is small for
the lime amendment analysis. Liming rates applied in this study were deliberately kept
low because white rain already limed the plots, and less was needed.
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If samples sizes were larger, providing more statistical power, it is possible that the
difference in the increase between tilled and untilled plots (1.2 — 0.41 = 0.79) could
become significant. The increase in pCu, whether significant or not, persisted over the
5-year monitoring period when evaluating only the amendment plot data. When
compared to reference plots, the increase relative to untreated plots in the East and
North amendment plots may be diminishing over time because the East and North
reference plots are increasing in pCu over time, whereas pCu has not increased in the
amendment plots during this post-amendment period (see Figure 4b). The diminishing
trend, based on the difference between reference and amendment plots since 2010, is
close to being significant, but not quite statistically significant for the North plot (too highly
variable; P = 0.1595), though it is significant for the East plot (see Figure 5, which
illustrates the difference in pCu between the treatment and reference plots).

The decline in the difference in mean pCu between the amendment and reference plots
(Figure 5) is due in large part to the gradual increase in pCu in the reference plots over
time (see Figure 4b). This trend applies mostly to the East plots, however, where the
trend is statistically significant. The difference between the plots before treatment is
about the same 5 years after the treatment in the East plot (but this conclusion depends
on the less collocated data, see Section 7.2). The North and Northeast plots exhibit a
slightly larger difference after 5 years, indicating that these plots possibly received some
benefit, but the fact that the pCu is almost the same between the two plots in 2013
indicates that the size of the benefit may be negligible. The results could indicate that
liming, tilling, and organic matter application is not very effective or needed because the
white rain and any natural attenuation would have had the same effect on soil pCu five
years after the white rain without treatment, as demonstrated by the untreated reference
plots.

These analyses were conducted on calculated pCu. Measured pCu could not be used
to evaluate effectiveness of treatments because it was only sampled in October 2013 on
amendment and reference plots; no measured pCu data on the plots are available for
the 10 other sampling periods or from before treatments or the white rain. Calculated
pCu was deemed an adequate surrogate because it was verified to be significantly and
highly correlated to measured pCu (r? = 0.75, P <0.0001; see Appendix C-8, C-9, C-
10), though it may be biased slightly low. In 2013, average calculated pCu consistently
underestimated average measured pCu in the amendment locations around the
historical smelter (by 0.93 s.u.), though sites around the smelter where pCu was
measured for the phytotoxicity study exhibited less of an underestimate (using data from

50



Year 5 Monitoring Report for
Smelter/Tailing Soils

Investigation Unit Amendment
‘? ARCADIS Study Plots

Freeport-McMoRan Chino Mines
Company, Vanadium, New Mexico

Arcadis 2017b)'°. The underestimation may be a result of calibration procedures used
by the laboratory, which demonstrated non-linearity when pCu was greater than 9. The
non-linearity outside of the pCu 4 through 9 range was ignored, and a regression fit was
applied through the entire range of data from pCu of 4 to 15, which inflates the measured
pCu slightly when pCu is greater than 5 (see Appendix C-6). Sample variability also
likely played a role in the differences in calculated versus measured pCu around the
smelter site.

The West control plots met the pre-FS RAC criteria before this pilot study began
because, as mentioned previously, the area west of the smelter influenced by the Gila
Conglomerate Formation and limestone outcrops naturally exhibits high pH and high
pCu. As discussed in Section 5.1, of the reference plots, the untreated North reference
plot recently reached the pCu pre-FS RAC of > 5 (due to decrease in copper); pCu is
also increasing in the East reference plot toward that threshold (due to increase in pH;
October 2013 pCu was 4.86 compared to 3.22 in April 2010, see Figure 4b). These
increases indicate that natural attenuation from and after the white rain could be
occurring. Unfortunately, the high copper variability affects calculated pCu and makes
this possibility highly uncertain, as seen by the decrease in pCu in the East reference
plot to 3.93 in 2014 reported in the white rain report (Arcadis 2017a) after the monitoring
for this amendment study was completed (but a larger area than the plot was sampled
in 2014).

Of the three limed plots, only the two tilled plots met the pre-FS RAC for pCu of > 5.0,
which might support that the combination of liming, organic matter application, and
tilling is effective for reaching the pre-FS RAC. However, the interaction term was not

19 Comparison of calculated and measured pCu (measured pCu is in parenthesis) in surface soil in fall

2013 (also see table by depth stratum in Appendix C-8):

E Amend E Ref N Amend N Ref NE Amend NERef W Amend W ref
6.14(7.13) 4.86(4.72) 5.43(5.99) 5.17(5.71) 3.72(4.50) 3.62(3.62), 5.96 (8.95) 6.53 (8.26)
In 2006, before white rain/amendment, calculated pCu estimates were (in same plot order):

4.41 2.13 3.26 5.07
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significant for pCu for any combination of liming, tilling, and organic matter additions
tested (P > 0.2). This suggests that the treatment effect in the tilled plots was too small
to detect with the power of the tests; the treatment did not improve the pCu enough
beyond the changes and variability in pCu already occurring in the untreated plots.

The untilled Northeast plot also demonstrates little response in pCu to liming or organic
matter additions (organic matter loading was highest in this plot), possibly because of
the steep slope causing the lime and organic matter to run off rather than infiltrate into
the soil. The number of different organic matter rates applied was too limited (n = 3) to
develop a quantitative correlation among rates and pCu change, particularly because
the plot with the highest rate was the steep-sloped plot that may have had organic
matter run off the plot (organic matter was observed downslope). Nevertheless, high
organic matter loadings were selected to offset the effect of organic matter runoff, and
yet no increase in pCu was observed on this plot. This suggests that organic matter
may not be helpful for improving pCu.

Overall, the results do not support that organic matter, lime, or tilling are significantly
changing pCu for any treated plot beyond the effect of the white rain. Power for
detecting a significant interaction term for pCu with a 1 pCu unit change was low at 45
percent, however (see Section 7.2), creating some uncertainty in this result.

5.2.4 Hypothesis No. 4: Amendment of lime, organic matter, and tilling will decrease
soluble copper, and the decrease will persist.

This hypothesis of a beneficial effect for soluble copper is not supported for the two
amendments applied together (lime and organic matter), nor with tilling added. Rather
than decreasing, soluble copper concentrations initially increased in the three plots
amended with lime and organic matter, whether tilled or not (see Figure 4a). When the
data for the sampling event before lime/organic matter application (May 2008) were
compared to the first sampling event after application (December 2008), soluble
copper increased significantly by 0.81 mg/L (based on least square means; P = 0.02;
Table 10). The increase was largest in the non-tilled Northeast plot, and smaller in the
tilled plots, but appears to fall within the variability observed in the reference plots over
time for all three, whether tilled or not (Figure 4a). Tilling and lime amendments
appeared to have little long-term effect on soluble copper. The copper concentration
increase in the North and East amendment plots was not persistent relative to their
reference plots, as illustrated by Figure 5, which shows the difference between the
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reference and treated plots significantly reduced to near zero by 201320, This change is
a result of the North and East reference plots having higher soluble copper
concentrations in 2010 and 2011 than the amended plots (though it is unknown if that
was true in early 2008 before amendments were applied). These levels in the North
and East reference plots have since been decreasing (significantly for the East
reference plot), in contrast to the North and East amendment plots, which are not
decreasing in soluble copper. Therefore, the two trends are converging to no difference
(see Figure 4a). The effect of tilling on soluble copper is evaluated in other ways in the
uncertainty section (Section 7.3.2), which also support no effect of treatments in
decreasing soluble copper.

Possibly, the initial increase in soluble copper was from the addition of manure in June
2008, which is an abundant source of dissolved organic carbon. The temporary
increase in soluble copper could be due to copper complexation with dissolved organic
carbon. Free cupric ion activity did not concurrently increase (as seen on North and
East amendment plots, which increased in both pCu and soluble copper right after the
amendment, see Figures 4a and Figure 4b), likely due to free cupric ion complexation
with the lime. The Northeast amendment plot, with the most organic matter applied (72
t/ac), exhibited a strong increase in soluble copper concentrations initially after organic
matter application but within the range of variability observed on its reference plot
(Figure 4a). Surprisingly, TOC was not significantly higher in the Northeast
amendment plot than in the adjacent reference plot (P = 0.385; see Table 11), even
though very large amounts of organic matter were spread on the site. This supports
that the soluble copper concentration increase may be a random fluctuation because
organic matter may not have mixed in well with the soil without tilling and was lost in
runoff.

Though soluble copper concentrations and pCu were inversely correlated in surface
soil samples (r =-0.80; P <0.0001; n = 141), pCu is more directly related to the free
cupric ion taken up by plants than soluble copper (which can occur in forms that are
not taken up). Therefore, soluble copper was not used to establish target success
criteria. Rather, because the mean value of pCu changed in the hypothesized direction

20 The Northeast plot also trended toward a reduction in the difference between amendment
and reference plots, but its high variability made the trend insignificant.
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after amendments and tilling (though not significantly), pCu was the metric selected for
target success criteria.

5.2.5 Hypothesis No. 5: Amendment of organic matter will increase TOC percentage and
decrease C:N ratio; these changes will persist, meeting the target of 1% TOC and C:N of
less than 20:1, preferably between 8:1 and 15:1.

The hypothesis for initial effects was supported for TOC after 1.5 years after
amendment application. TOC significantly increased in plots amended with organic
matter (P = 0.020) by an average of 0.38 percent (see Table 10) after almost 2 years
(increase was slightly less after 6 months). The increase persisted or, in the case of the
Northeast amendment plot (which had the highest amounts of organic matter applied),
continued to increase (see Figure 4b). Average TOC also was significantly higher in
the North and East amendment plots than in adjacent reference plots from 2010 to
2013 (see Table 11), and the difference persisted (see Figure 5). Post-amendment,
the Northeast plot tended to exhibit higher TOC on average than the adjacent
reference plot since 2010, particularly in 2013; although, as mentioned in the previous
subsection, not significantly higher due to high variability of TOC on both plots (see
Table 11 and Figure 4b).

As mentioned previously, the steeper slope caused the organic matter to wash down
the slope when it was spread during spraying of the lime, creating uneven application
of organic matter compared to that for the more level North and East plots. All plots
met the criterion of at least 1 percent TOC in fall 2013, indicating that the amendments
and then plant establishment or recovery, with the new plants adding new organic
matter over time, was effective at increasing carbon levels. The added TOC not only
increases nutrient- and water-holding capacity of soils, but may further bind copper,
possibly contributing to the increase in pCu observed with the decrease in pH.
However, soil data are too limited to positively identify this condition, and other results
discussed in this report suggest that the organic matter contribution to reducing
bioavailability of copper to plants was limited.

The North amendment plot gain in TOC was persistent (change over time was not
significant). However, the last TOC estimate in October 2013 (see Table 4) indicates
that the gain in TOC is possibly starting to be lost (or may be a result of variability in
sampling). Nonetheless, because its TOC was already relatively high before treatment
in May 2008 (1.25 percent), organic matter may not have been needed to increase
TOC on the North plot, based on these TOC estimates in April and October 2013 . The
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value of adding organic matter is uncertain, and may be best for plots that are not on a
slope and that exhibit <1 percent TOC.

Similar to TOC, the C:N ratio significantly decreased 1.5 after amendment application
(P = 0.04, see Table 10). The C:N ratio was not related to amount of organic matter
applied because it was significantly lower (by 3 or 4:1) in the amendment plots that
received the highest and lowest organic matter applications (Northeast and North plots,
respectively) than their adjacent reference plots (see Table 11). The increase in TOC
was greatest in the East plot, which fell in the middle of the range of t/ac added (47
t/ac). However, the difference from the reference was small and not quite significant for
this East amendment plot (P = 0.085; see Table 11).

The C:N ratio started out high before application, averaging 18:1 on the three plots
(based on least square means; see Table 10). It dropped to 13:1 at 1.5 years after
application. The organic matter added to the plots had higher C:N ratios (25:1, see
Appendix C-3) than the upper threshold target of 15:1; therefore, the ability of the
manure to lower C:N ratio may seem counterintuitive. However, the carbon and
nitrogen in manure is highly labile and easily used by microorganisms, which respire off
the carbon and retain the nitrogen, actually lowering the C:N ratio in the soil. All
amendment plots met the optimum criteria of C:N between 8:1 and 15:1 in fall 2013
except the East amendment plot, which fell below the lower threshold to a 7:1 ratio
(see Table 4). If the ratio drops too low, excess nitrogen is not used by bacteria or
plants, but is volatized and lost from the system. The organic matter application rate of
47 t/ac for the East plot probably was too high.

Since amendment application, the C:N ratio has been further decreasing over time
(see Figure 4b), though not more than reference plots. In fact, differences between the
two were closer to zero by 2013 (see Figures 4b and 5). All of the untreated reference
plots exhibited C:N ratios within the target range by 2013 (see Table 4), though they
were higher on average than those of the amendment plots. The C:N ratio in reference
plots is steadily improving, possibly due to better plant community development after
the white rain. These results suggest that organic matter application may not be
necessary to improve soil nutrients for plant growth, although it can boost organic
carbon and organic matter, which build better soil structure for retaining nutrients and
binding copper. The addition of organic matter not only increased TOC, as shown by
the correlation of r? = 0.714 between amount added and average increase in TOC from
May 2008 to 2013 (n = 4), but also increased plant available nitrogen (ammonium and
nitrate ions) and total nitrogen over time (see Appendix C-11, C-12). The organic
matter added appeared to contribute to and facilitate the increase in the supply of
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nutrients (see Appendix C-11, C-12), except in October 2013, when the surface soil
nitrates dropped to very low levels again in the North and East amendment plots.

5.2.6 Soil Data Variability

Spatial heterogeneity in soil parameters can be high, as seen by comparing results from
sampling the same reference location at the same time using two different sampling
methods (Table 12a). Surface soil pH and total copper were also being sampled for the
Amendment Study reference plots using pH monitoring program protocols since 2010.
Specifically, random sampling was used for the Amendment Study to capture the
average condition in the each plot. The pH monitoring program used composite sampling
in a plot that extended beyond the reference plot (2.6 times larger area sampled) but
sampled in similar locations (four corners and center of plot) each year, shifted in a
random direction by 5 meters each year (e.g., Arcadis 2014). Using the two different
sampling methods on the reference plots at the same time from 2010 to 2013,
differences in pH, total copper, and pCu can vary up to 37, 86, and 46 percent,
respectively (see Table 12a).

Repeatability of results based on comparisons to field duplicates indicates that copper
and pH met the Quality Assurance Project Plan (QAPP) standard (reference) of having
the relative percent difference between the original and parent duplicate of 50 percent
or lower for most of the samples. The soil pH and pCu always met these criteria, but
copper did not for 13 percent of the fall samples in 2012 and 2013 (Table 12b). If the
white rain had not happened, the quality of the data, despite its high variability for copper,
may have produced enough power to detect large differences expected from the
treatments. In fact, large differences in pH and pCu from the white rain were statistically
detected, indicating that the data were adequate to detect meaningful changes.
However, small changes expected after the white rain cannot be detected with much
confidence given the variability in the data.

5.2.7 Subsurface Soil Trends

The purpose of the subsurface sampling, as stated in the Work Plan, was to monitor the
downward migration of amendments through the soil column to address concerns that
the lime addition will infiltrate downward with precipitation. If lime is leached from the
surface soils, it may not be effective at increasing pH in the shallow soil in the long term.
The persistence results in Section 5.2.1 of this report and in the white rain report (Arcadis
2017a) support that an increase in pH in the shallow soil from the white rain and liming
has persisted for at least 5 years. The effect of lime added to the surface soil in the tilled
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plots on pH does not appear to be lost with precipitation in a 5-year period. The
persistence beyond 5 years is uncertain, though the ABA results and high pH in all the
plots (>5.5) show promise of continued persistence, as discussed earlier.

Though short-term persistence in the surface soil pH has been supported, the
subsurface pH data can further reveal if copper or acidity have changed over time at
depth in the lime-treated plots due to the migration of lime (or hydroxide ions) or cupric
ions after treatment. Appendix C-13 demonstrates that the positive relationship
between surface and subsurface pH is not very different between treated and untreated
plots, except that the untreated plots have more variability in the relationship, making the
relationship not quite significant. The positive but shallow slope of the relationship
suggests that some acidity from the smelter may have migrated deep enough to affect
the lower soil layer during the century of smelter operation, but to a limited extent. The
surface pH is still significantly lower than in the subsurface soils (6.3 vs. 7.2, P <0.0001),
indicating that the surface soil (0- to 6-inch depth) is the main location of pH impacts from
the smelter. It is also the layer that changed from treatments because the difference
between layers is reduced in the North and East tilled plots post-treatment compared to
the pre-treatment plots and post-treatment untilled plots due to an increase in pH in the
treated surface soil (Appendix C-14). The East plots exhibit the greatest reduction
(surface and subsurface layers became more similar in pH; Appendix C-14), but that
may be because subsurface samples were not as deep in the East plots as in the North
plots (see below and Appendix C-4).

The trends support the results in Section 5.2.1 showing that pH in the shallow soil in
these tilled plots increased after the amendments were tilled into the soil. The Northeast
plots do not show a reduction between surface and subsurface soils, possibly because
of runoff on the steeper slope removing lime that was not tilled into the soil. The West
control plots do not show much stratification in pH with depth (both layers exhibit high
pH) because of the surface soil’s high buffering capacity maintaining a pH similar to the
deeper strata. In conclusion, pH in the subsurface did not significantly increase between
the pre- and post-treatment periods, indicating very little downward migration of lime into
the deeper layers below 12 inches bgs during the 5 post-treatment years of the study.

For copper, concentrations are higher in the surface than in the subsurface soil, as
expected. Though variable, there is no obvious trend over time in the treated plots of
copper slowly decreasing in the surface and correspondingly increasing in the
subsurface layer (Appendix C-15). Therefore, copper does not appear to be migrating
into deeper layers during the study period. However, the relationship between surface
and subsurface copper was steeper in treated than in untreated plots (Figure C-13),
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mostly due to a few Northeast plot subsurface samples that were high in copper. If two
subsurface samples exceeding 1,400 mg/kg of copper in the Northeast amendment plot
in October 2009 and October 2013 were removed, the slope of the regression is almost
identical to that of the untreated plots and indicates no relationship between surface and
subsurface soil concentrations.

Soils on steeper slopes experience more erosion and accumulation of colluvium near
the slope bottom via gravity?!, which may create more heterogeneity in subsurface
chemistry profiles. Though concentrations higher than 1,000 mg/kg were not found in
the similarly steep-sloped Northeast reference plot, fewer years of data were obtained
in that plot; the more limited sampling may have missed some of the higher copper
concentrations in the subsurface. The low copper in the subsurface in untreated plots
may indicate that, over the years of smelter operation, copper may not have migrated
downward, and is not as mobile as the hydroxide ion. Overall, migration of copper and
acidity downward during the relatively short 5-year period after treatment appears to
have been limited, with the main effects occurring in the surface layer.

The limited migration of cupric and hydrogen ions over a 5-year period also indicates
that the hard pan clay layer did not play a major role in the effect of treatments on the
soil chemistry. The clay hard pan was most often below 12 inches (Appendix C-4 shows
that maximum depths of samples, which were controlled by hard pan refusal, were never
shallower than 12 inches). As concluded above, this depth probably was not reached by
migrating acidity and copper ions during the study. Also, the tilling was only to 8 inches
and thus avoided breaking up the hard pan layer. The only minor effect of the hard pan
was on pH samples of the subsurface because the maximum depth of the subsurface
samples often was controlled by the hard pan.

A “subsurface sample” was not always at the targeted 18- to 24-inch depth because of
refusal at the hard pan layer before reaching 12 inches. The maximum depth of
subsurface samples had a small positive significant effect on pH of the subsurface
samples, where r2 of linear regression was 0.16 (Northeast, P= 0.03), 0.26 (North,
P=0.004), and 0.34 (East, P = 0.0007) for the four amendment plots. The maximum
depth of these subsurface samples had no effect on copper (r2 ranged from 0.02 to 0.11,
P>0.05). The hard pan is deeper in the North plots than in the East plots (Appendix C-

21 Surface layers may have been buried as soil is eroded downslope and now are subsurface
layers that still have surface concentrations.
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4), and as such, the effect on pH is greatest in the East plots. Therefore, the effect of the
variable depth sampling on pH but not copper likely explains why the difference between
surface and subsurface samples for pH are smaller for the East plots than for the North
plots, and this pattern is not observed for copper. This is considered in the interpretation
of the results above.

5.3  Effectiveness of Amendment/Tilling at Improving Vegetation Community

The change in soil chemistry from amendments and tilling was expected to affect the
plant community in terms of bioavailable copper, uptake of copper, and plant cover, and
eventually increase species diversity measures (quantified as Shannon diversity,
Shannon evenness, and richness). The improvement should change species
composition, allowing more species beneficial to wildlife and livestock to thrive.
However, because the plots were disturbed by complete vegetation removal followed by
tilling, or by lime and organic matter temporarily covering plants in the untilled plot
(Northeast amendment plot), vegetation re-establishment and/or recovery were
evaluated before determining if the plant community changed. Of note, succession in
semi-desert systems takes much longer than 5 years (Romme et al. 2003; also see
Appendix B-3), and overall benefits in terms of species richness and cover from the
treatment may not be evident within the 5-year time frame of this pilot study.

To address effects of the remediation technologies on the vegetation, the following sub-
sections evaluate

® Section 5.3.1: Success of the vegetation re-establishment and recovery
®* Section 5.3.2: Plant uptake of copper

® Section 5.3.3: Effects of the treatments on cover, diversity, and species
composition from the reduction in pCu.

5.3.1 Vegetation Establishment

Although it was not the goal of this study to evaluate closure potential with regard to
reclamation success guidelines prepared as part of the CCP, several vegetation
parameters were evaluated with respect to these guidelines. Chino recognizes that
the CCP success criteria were created based on long-term goals with expected
vegetation community conditions equivalent to those produced over 12 years of
succession. These conditions would correspond to those found after a 12-year bond
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release period. Data evaluated in this report reflect a more early-successional stage
vegetative community present 5 years after remediation. Therefore, the success
criteria are intended to be applied to this project only as a benchmark for evaluating
progress of the restored plant communities toward the CCP success criteria after 5
years in relation to changes in copper uptake by plants. In addition, vegetation cover
was evaluated over the short term to assess and control the risk for erosion caused by
the amendment/tilling procedures.

5.3.1.1 Short-term — Erosion Risk

The criterion for the short-term goal of vegetation re-establishment was defined as native
cover that is 70 to 100 percent of the average percent native cover of adjacent reference
plots. The exact amount of native cover that resulted was uncertain because one species
of bristlegrass that colonized the East amendment plot could not be identified to species
with certainty and may have been a non-native annual grass (Setaria viridis) or a native,
perennial bristlegrass (Setaria leucopila). Both are known to invade disturbed areas. For
this report, it was assumed to be a native perennial because the perennial is common in
mesquite areas in the Chino area. Under that assumption, this criterion was met within
2 years and sustained during the vegetation sampling periods since October 2009
(Table 13). Even if the bristlegrass was the non-native species, the criterion was still
met within 2 years and sustained. These results indicate that, within a short period of
time, the vegetation recovered naturally (without a seed mix) to an extent that limits
erosion problems.

5.3.1.2 Longer-term — CCP Protocol

Based on CCP quadrat data (collected in October 2010 and October 2013), CCP
criteria were met in 2013 in all amendment plots including the undisturbed control plot
(West plot), except for cover by cool-season grasses, shrub density, and number of
shrub species (Table 14). Cool-season grasses also did not grow on the unimpacted
Tailing Pond site used to develop the criteria; therefore, it is unlikely that the cool-
season grass criteria could be met without seeding these species. Moreover, it is likely
that cool-season grasses will only be a minor to possibly absent component in a later
successional stage of these sites because they are not common in the mixed
herbaceous grama alliance or mesquite/mixed grama alliance of these communities,
as characterized in the Comprehensive Vegetation Survey of Chino Mine (Daniel B.
Stephens & Associates 1999) and in the site-wide ERA (Newfields 2005).
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Although the shrub cover criterion was met in all plots after 5 years, shrub density and
number of shrub species (shrub richness) did not meet the CCP success criteria of 0.5
shrub per square meter (m?2) and two shrub species for the tilled North and East
amendment plots (see Table 14 and Appendix B-4). This indicates that the
development of multiple strata to provide greater structural diversity for wildlife habitat
is still in progress, particularly in the East amendment plot. The North amendment plot
is closer to the density success criteria, with 0.3 shrub per m2, compared to very few
shrubs on the East amendment plot (none recorded on transects). For both plots, only
one shrub species (honey mesquite) was represented on the CCP transects. Although
these CCP criteria have not been met on the CCP transects, additional shrub species
were present in both the East and North amendment plots on the circular 0.01-acre
plots, indicating that shrub species are colonizing the plots. The East amendment plot
had three shrub species in 2013 (saltbush [Atriplex sp.], Yerba de pasmo [Baccharis
pteronoides], and honey mesquite), while the North amendment plot had two shrub
species (soaptree yucca [Yucca elata] and honey mesquite; see Table 15). Unlike the
tilled plots, the untilled Northeast amendment plot easily met the shrub density and
richness criteria, as expected because shrubs were not destroyed during application of
the remedy.

The lower density of shrubs in the North and East amendment plots relative to the
untilled Northeast plot is due to clearing and tilling that removed shrubs, which resulted
in high cover of early successional annuals on the North and East plots (see Figure 8).
The North amendment plot had a surprisingly high (20 percent cover), though stunted,
amount of mesquite shrub cover after only 6 months; this is likely a result of re-
sprouted mesquite root masses that remained due to the ineffectiveness of tilling to 8-
inch depth at destroying the deeper mesquite root masses (see Table 15). In contrast,
tilling was very effective at destroying shrubs on the East plot, which has averaged only
approximately 3 percent mesquite since tilling. The East plot soil is shallow and
probably did not support as deep-rooted mesquite. Successional patterns in other
semi-desert areas without chemical impacts suggest that, as perennial grasses and
forbs become established after about 20 years, annuals will be displaced, and a
greater cover by perennial forbs and grasses (as well as density of shrubs) will become
more prevalent (Romme et al. 2003; Appendix B-3). Shrub density and cover are
expected to increase over time, and will likely meet the CCP criteria within the time
frame set up by the CCP guidelines of about 12 years.

More detailed information pertaining to the vegetation community re-establishment

after disturbance and expected successional patterns is provided in Appendix B-3.
Overall, the results suggest that the amended plots are meeting the criteria of: (1)
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colonizing with a diversity of native species with a low proportion of exotic, invasive
species (see Figure 11), (2) progressing in the development of horizontal and vertical
complexity important to wildlife habitat, and (3) increasing by 2013 to high levels of
cover (Figure 9a) and low amounts of bare soil (Appendix B-5). The plots had
disturbance and manure added, however, which may have allowed more aggressive
annual forbs (and some annual grasses) to increase and dominate the tilled plots by
2013 (see Figure 8) and resulted in a loss of overall grass cover on the untilled
Northeast amendment plot (see Figures 13a, 13b, and 13c).

None of the invasive species on the list for New Mexico (Appendix B-18) were identified
in any of the plots of the Amendment Study. If tillage and disturbance occur on a large
scale with large barren areas, it is possible that tillage and plot disturbance will initially
increase the number of invasive species. Disturbed areas are subject to greater
invasiveness than non-disturbed areas. Tilling and other disturbance can increase
resource availability (e.g., growing space, light, or nutrients) by removing plant cover or
freeing nutrients that would be consumed by other plant species (Davis et al. 2000).
Burke and Grime (1996) found that invasiveness was strongly related to the availability
of bare ground, which would be greatest immediately following disturbance. Propagules
of native species growing nearby will also become established and over time will
outcompete weedy early successional species as the plots transition through
successional stages. It is unknown what the impact on vegetation composition will be
and for how long if tilling is implemented at a large scale. At a small scale, invasive
species were not a problem.

Despite the plots not having been seeded, vegetation re-establishment to conditions
similar to those before disturbance appears to be on an expected trajectory toward
eventual recovery. However, return of life forms in proportions observed before the
disturbance is still far from recovery. As discussed in Appendix B-3, the establishment
patterns observed on the tilled plots of increasing domination by annual forbs over the
first 5 years are typical for plowed fields. Additionally, the reduction in grasses
observed on the Northeast amendment plot should shift over time with the eventual
return of these species. Overall, the dominance of perennial species present before
amendments were applied may take a long time to recover on these plots, over many
decades (see Appendix B-3), but should eventually occur. In fall 2014, after this
amendment study was completed, some weedy annuals decreased in abundance, and
these conditions were sustained in 2016, looking very similar to those in 2014 (see
photolog in Appendix D showing carelessweed (Amaranthus palmeri) dominance
greatly reduced except still abundant in the North tilled plot). As discussed in detail in
Section 5 of Appendix B-3, vegetation succession has been set back in each of the
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treated plots, and recovery to a mature, healthy plant community may take at least 50
years.

The question remains whether the increase in pCu from the white rain and remedial
technologies (amendments and tilling) reduced copper uptake in plants and improved
the vegetation community as habitat for wildlife and livestock. That question is
addressed below in Sections 5.3.2 and 5.3.3 with two hypotheses. The additional time
needed for the vegetation communities to mature is considered in the analysis.

5.3.2 Hypothesis No. 6: The increase in pCu from lime, organic matter, and tilling will
reduce uptake of copper into plant tissue.

Based on the results of the test of hypothesis 3, soil pCu did not significantly increase
from the combination of white rain, lime/organic matter, or with tilling added, at least
not with high statistical confidence. Given that finding, this hypothesis does not need
testing because no increase occurred. However, power to detect statistical differences
in pCu was low (Section 7.2), and this result is highly uncertain because the mean pCu
was higher in amendment plots after treatment, particularly the tilled plots (Table 9a).
The tilled plots exhibited higher pCu after treatment but only with 80 percent
confidence. If an actual increase did occur, the higher pCu may have resulted in
reduced plant uptake of copper. Plant concentrations of copper were inversely
correlated to soil pCu but not quite with statistical significance (r2 = 0.28, P = 0.07, see
Appendix B-6, B-7). The hypothesis that the amendments and tilling reduced copper
uptake can best be evaluated by comparing the reduction in plant tissue
concentrations by the white rain event in January 2008 (discussed earlier under
hypothesis 1 in Section 5.1) to reduction in concentrations by both the white rain and
amendments/tilling (see Figure 6, and Tables 7 and 8). If the results also show no
change in uptake due to treatments, support is strengthened that the treatments
provided no additional benefit once the white rain had increased pCu.

It is difficult to separate the early effects of white rain from lime and tilling effects by
comparing tissue concentrations before and immediately after amendment application
because no copper concentrations representative of post-white rain tissue before
amendment application are available. The plants sampled in March 2008 on the
amendment plots (none were sampled on reference plots in 2008) were dormant (old
leaves), not growing new leaves in the winter. Therefore, the plants represent pre-white
rain conditions because the white rain event was in January 2008 after the growing
leaves accumulated copper. Deciduous shrubs had not yet put on leaves (which is why
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mesquite was not sampled in 2008). Therefore, as discussed previously, plant tissue
concentrations from March 2008 were considered pre-white rain estimates.

To evaluate the effect of treatments alone, rather than combined with white rain,
several steps were required. First, the pre-treatment amendment plots were compared
to reference plots in 2013 after the white rain (see Section 5.1) to identify the effect of
the white rain on mean tissue concentrations. Second, the pre-treatment amendment
plots were compared to post-treatment amendment plots in 2013 to identify the
combined effect of treatments plus white rain. Third, the effect of white rain alone was
subtracted from the effect of white rain and treatments combined, which is the
reduction in tissue concentrations that resulted from application of the treatments alone
(Table 7).

Another way to evaluate the treatment effect and reach the same result is to subtract
the mean tissue concentration of the untreated post-white rain reference plot from the
adjacent treated post-white rain amendment plot?2. Both methods assume that the
white rain affected both plots equally, and the difference in tissue concentrations is
mainly from amendments and/or tilling, not from inherent differences in the soil or
original concentration of soil copper among the adjacent plots.

Figure 6 shows the reduction in tissue concentrations (washed) from the white rain
and white rain plus treatments with and without the dormancy bias adjustment. With
the dormancy adjustment, the reduction from the treatment alone (after removing the
white rain effect) is statistically significant (significance set at P< 0.10 due to low
sample size), but only for herbaceous vegetation (when mesquite is removed, P<0.09,
bottom analysis in Table 7). Tissue concentrations in the treated plots were reduced
by 7 mg/kg in the herbaceous vegetation. If the less sensitive but high copper-
accumulating species of mesquite is included, the difference is 12 mg/kg (also see
Figure 6); however, that difference is no longer statistically significant (Table 7). The
white rain reduced concentrations by up to 60 mg/kg (Table 7) and as such, had a
much larger effect. The small effect from the treatments is not unexpected given that

22 This second method produces same final result (Table 7) because no difference could exist
between concentrations in amendment and reference plots pre-treatment/white rain, given
there was no reference plot in May 2008 for soil sampling, and the first method substitutes the
amendment plot for the reference plot during that period.
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the white rain had already neutralized a considerable amount of acidity. Unlike the tilled
plots, the Northeast plot (which was only limed, not tilled) did not exhibit a reduction in
copper in the plant tissue (0 difference, Table 7). The two plots that responded with a
reduction in uptake (North and East plots) were on relatively flat ground and tilled.
Tilling of lime into the soil on flat ground that limits runoff may improve effectiveness.

After the white rain and treatments, the final tissue concentration average in the North
and East plots in 2013 was low at 18 mg/kg (washed)?3, no longer high enough to be of
great concern because it falls within the range of nutritional sufficiency (Schulte and
Kelling 1991) for copper and below phytotoxicity levels tissue toxicity thresholds
(McBride 2001), though higher than background concentrations observed off the mine
site near the airport of 8 mg/kg on ERA reference plots in 1999 (see Figure 6). When
mesquite was removed, the tissue copper concentration averaged even lower at 13
mg/kg (Table 7). As mentioned above, the Northeast plot did not improve with addition
of lime and organic matter and still exhibited high tissue concentrations in 2013 of 34
mg/kg (Table 7). The lack of a response in the Northeast plot is consistent with the
results, showing that pH increased the most (and almost significantly) on the tilled and
amended relatively flat plots, but not in the untilled Northeast plot.

The estimates of copper reduction from treatments assume that tissue concentrations
were the same before treatment in the reference and amendment plots. However, for
the three plots, the pCu was estimated to be about 8 percent lower in reference plots
than in amendment plots before the amendments were applied (Table 124), which,
using the bioaccumulation equation for amendment plots in Appendix B-7, could
account for 6 of the apparent 7 mg/kg “reduction” in tissue concentration observed.
This means that most of the reduction did not occur from the tilling and amendments
because it can be attributed to inherent differences between the amendment and
reference plots. This result is consistent with the conclusion in Section 5.2.3 that, after

23 See Appendix B-16 values for North and East amendment plots in 2013, multiply by 0.9282
to convert to washed and average to obtain 18 mg/kg.

24 Pre-treatment (but after white rain), amendment plots averaged a pH of 4.14 (North = 4.31,

Northeast = 3.50, East = 4.61) vs. 3.81 for reference plots (North = 4.43, Northeast = 3.41,
East = 3.59).
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the white rain, the amendments and tilling provided little additional benefit in pCu
relative to the reference plots after 5 years.

The white rain alone reduced copper uptake into aboveground plant tissue by an
average of 36 mg/kg in the North and East amendment plots and by 60 mg/kg on
average when the Northeast plot was included (Table 7). The 36 mg/kg reduction is
commensurate with the average pCu increase by 1.7 s.u. in the two plots (North and
East) from the white rain (bioaccumulation model predicts a 32 mg/kg change in tissue
copper with pCu change of 1.7).

The lack of significant change in pCu from additional liming with organic matter and/or
tilling after the white rain already increased pCu is consistent with the interpretation of
the tissue concentrations that the treatments did not reduce copper uptake into the
plants, or if a reduction occurred, it was very small (1 mg/kg), and only in herbaceous
plants. However, the decrease in copper in plant tissue, whether from the white rain
only or from the white rain combined with some minor liming and tilling effects, was
nonetheless beneficial in the relatively level plots because the concentrations in these
plots fell below the high end of the nutritional sufficiency range for copper.

Uptake of copper varies depending on the plant species, which introduces uncertainty
into the conclusions on limited or no effectiveness of the treatments on copper uptake.
A reduction in copper in plants could occur in the root tissue and be missed in the shoot
tissue for species that are excluders of copper (rather than accumulators, Baker 1981,
Tilstone and McNair 1997) and do not translocate much copper from the root to the
shoot. In general, a decrease in bioavailable copper (cupric ion) produces lower copper
concentrations in shoots, but the relative amount may vary by species (Korzeniowska
and Stanislawska-Glubiak 2003, Sheldon and Menzies 2004, Verdejo et al. 2015). Soil
pCu may be constant in a soil but produce variable copper uptake responses in individual
species. The toxicity of the copper in the tissue also will vary depending on the species
tolerance (Tilstone and McNair 1997). For this reason, community response endpoints
are the best indicators of the effect of pCu changes on toxicity, better than the tissue
concentration endpoint.

Community responses measured in the field also account for variability in uptake as a
result of variability in the chemistry of the in situ soil. The Terrestrial Biotic Ligand
Model indicates that other ions in the soil (H+, Ca?*, and Mg?*) compete with Cu?* for
ligand sites of the root and reduce copper uptake (Thakali et al. 2006). Toxicity is more
correlated with the fraction of ligand sites actually occupied by Cu?* than pCu (Verdejo
et al. 2015), which is why community variables must be evaluated to identify if there has
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been a toxic response to changes in pCu or tissue concentrations. The next section
evaluates the effect of treatments on community variables.

5.3.3 Hypothesis No. 7: The reduced uptake of copper will increase canopy cover and
richness. It will also increase evenness and overall diversity of the plant community by
2013 and change the community composition.

5.3.3.1Plant Cover and Diversity Measures

As stated in the previous section, reduced uptake of copper into plants from any of the
remedial technologies is highly uncertain, with the best estimate being at most a 1
mg/kg reduction in the herbaceous vegetation of the tilled plots. The hypothesis being
tested for this section-- that reduced copper uptake from the treatments will increase
canopy cover, richness, evenness, and overall diversity---depends on having met the
condition that copper uptake into plants was reduced. If treatments were ineffective
because the white rain already changed the pCu, and as a result reduced uptake and
improved the community composition, then any additional changes observed in the
community from the treatments after removing the effect of the white rain would not be
due to chemical improvements but rather due to four physical factors produced by the
treatments: (1) destroying the vegetation during tilling and re-starting succession; (2)
disturbing vegetation in untilled areas by driving over plants and spraying them, setting
the plot to an earlier stage of succession; (3) decompacting poor rangeland soils with
tilling; or (4) adding organic matter that structures and enriches the soil, favors different
species, and may contain weed species newly introduced to the area.

Because it is uncertain if treatments were effective in changing copper bioavailability to
plants, community changes in the treated plots may provide insight into their possible
effectiveness. Changes observed were identified after removing effects attributable to
the white rain and climate. The change in vegetative pre-white rain conditions sampled
in March 2008 to post-white conditions sampled in October 2013 on the reference plots
represents not only the white rain effect, but also the differences resulting from climatic
changes between those two periods. If changes from the treatments in the amendment
plots (after subtracting white rain/climatic effects) appear commensurate with expected
changes based on the treatment’s chemical effectiveness and not the four physical
factors listed above, the data may indicate positive chemical effects. Such effects may
have been missed in the statistical analyses for soil and copper uptake because of lack
of power in tests or lack of adequate reference areas. Examples of expected changes
from chemical improvements are an increase in grasses, non-woody vegetation,
species diversity, or richness in soils that do not have properties limiting plants
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physically (e.g., by compaction). Also, grass and other species associated with high
pCu (based on an ordination technique discussed below) should become more
abundant in treated plots. However, if changes in the vegetation community can be
solely ascribed to the four factors based on evidence in the literature, from the
ordination, and from other studies and analyses in the STSIU (e.g., the discussion in
Appendix B-21), then the results would support the conclusion that the remedies
applied in this study were not effective at remediating chemical impacts.

To identify treatment effects regardless of whether they are chemical or physical, the
white rain and climate effect (hereafter referred to as white rain effect) was first
identified by comparing seven vegetation measures (cover, richness, evenness,
Shannon diversity, non-woody cover, grass cover, and annual cover) before (March
2008) and after (October 2013) the white rain in the reference plots. The same
comparison was made for the amendment plots to assess the effect of the white rain
plus treatments. The difference in these two comparisons provides insight into the
effect of the treatments (Tables 16a and 16b). The community data comparisons were
insufficient for a statistical analysis (sample size of one in reference plot each sampling
period and two for amendment plots), so the analysis is a qualitative comparison of
estimates. However, if the difference due to the white rain in reference plots or due to
the white rain plus treatments in the amendment plot appeared to be small relative to
the variability in the trend of the vegetation characteristic over time on Figures 8, 9a,
9b, and 10 (tested with a one-sample t-test between pre-amendment value and mean
of post-amendment values in Appendix B-20a and 20b), the difference was assumed
to be unimportant or uncertain.

The differences in total cover, richness, evenness, and diversity between the
amendment and reference plots, rather than absolute values for the amendment plot,
were also evaluated graphically on Figure 11 (see Appendix B-3). The difference?®,
was examined to reduce the effect of seasonal and annual climatic differences when
comparing the pre-amendment period (which is in spring) to the post-amendment
periods (which are mostly in fall). Both the reference and amendment plots were
subject to the same climatic conditions and thus differences between the two types of

25 Difference between amendment and reference lines on Figures 9a and 9b.
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plots should reflect differences from treatments applied, not from precipitation or
weather?8. This assumption is investigated more thoroughly in Section 7.9.

Effect of White Rain. The white rain may have increased species richness because all
the reference and control plots showed increased richness after the white rain (Table
16a, Figure 9b). Even considering climatic and seasonal differences, richness was
still higher because the spring 2008 results were lower than the spring 2010 results,
despite spring 2010 having a slightly drier growing season than the growing season for
March 2008 (Figure 16). Shannon diversity also increased, but one plot did not exhibit
the increase (Northeast reference plot, Table 16a, Figure 9a). Evenness increased
only in half the plot locations. Percent cover did not change with any certainty in most
of the plots except the Northeast reference plot, which exhibited a decrease in cover
after the white rain?” (may not be related to white rain because it exhibited smallest
change in soil pH of only 0.5). The proportion in non-woody cover increased in all but
the West control plots (Table 16b). West plots already had high pCu before the white
rain, however, and their response may not be that informative. The change in
proportion in grasses after the white rain was uncertain or absent for more than half the
plots and showed a minor increase (Northeast plot) or decrease (one West control plot)
in the other plots. The change in the proportion in annual species was inconsistent,
either uncertain, an increase (North), or a minor decrease (East). White rain effects on
vegetation are evaluated using other data sources to confirm these conclusions in
Appendix B-21.

Effect of Treatments. After subtracting the white rain changes listed above, changes
observed from the treatments included an increase in the total vegetative cover in the
Northeast and East plots and a decrease in evenness in the North plot (Table 16a).
The proportion of the total cover in grasses decreased in the Northeast and North
amendment plots, but increased in the East amendment plot (Table 16b). The
proportion in non-woody species also increased in the East plot, with a minor increase
in the North plot (mostly due to annuals), and any change in this measure was
uncertain in the Northeast plot. Annual species increased in the tilled plots (North and

26 Similar to above, where white rain and climatic effects are removed by the difference in the
reference plots between October 2013 and March 2008.

27 The North reference plot exhibited an absolute increase in total cover of 25 percent, but that
level of increase falls within range of variability of cover.
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East) and changes in annual species were uncertain in the untilled Northeast plot
(Table 16b). The changes in evenness and richness were too uncertain in all the plots
falling within variability of these measures over time (Table 16a).

The decrease in grasses in the North and Northeast amendment plots and loss of total
cover in the North amendment plot from the treatments are of concern because the
objective was to improve grass cover. The decreases likely are because these plots
were in fair rangeland condition and the disturbance from tilling or spraying with lime
and depositing organic matter on the plants transitioned the plots to a more degraded
condition and earlier successional stage (see Appendix B-3, Section 5). In contrast,
the East amendment plot had been in poor rangeland condition, and decompacting the
soil may have been the factor that increased grass cover. The photographs of the soil
just after being tilled (see Appendix D) demonstrate how rocky and poor the soil was
on the East plot compared to the finer, more granular soil in the North plot.

Figure 11 shows whether initial changes from treatments and white rain28 persist over
the next 5 years relative to the reference plot trends (trends are differences between
the amendment and reference plots). For example, pre-treatment difference in cover of
the East amendment plots is low before treatment and the white rain, but becomes
high after and remains high (slope is not significantly different from zero) and therefore
is persistent (Figure 11). The North and Northeast amendment plots have more cover
than the reference plot, which is lost after treatments/white rain and not consistently
and significantly regained (insignificant slope). The negative effect is persistent.

Diversity and richness loss is significantly regained in the Northeast plot, so the
negative effect for those parameters is not persistent. All other trends on Figure 11 do
not show a significant lack of persistence. Sample sizes are probably too low to detect
trends statistically for the other plots with a noticeable non-zero slope in the regression
line. The high variability in the parameters over time makes conclusions of persistence
in non-significant regressions on Figure 11 less certain.

28 |f trends of the amendment plot lines on Figures 8 to 10 and 12 are evaluated only, the
trend represents white rain effects and climatic effects on top of treatment effects because
March 2008 represents pre-white rain conditions (though for soil, it is post-treatment
conditions). Tables 16a and 16b subtract the white rain and climatic effects (called white rain
effects in that table) to show the actual treatment effects, as does Figure 11.
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Figures 9a and 9b also show if the final plant community characteristic of the treated
plots is much higher than the reference plots by 2013 or if both communities look
similar at the end of the study. The results in those figures indicate that Shannon
diversity and evenness of the plant community have improved to levels similar to the
adjacent amended plots by 2013, indicating that strong departure from the reference
plot condition in 2013 is minimal for those community parameters.

Table 16a is the most informative for interpretation of treatment effects alone on cover,
richness, diversity, and evenness because it separates white rain and climate from
treatment effects, incorporates variability on Figures 9a and 9b, and accounts for
inherent differences in the plots before the white rain or treatments because it
evaluates differences over time within the same plot. Figures 9, 10, and 11 do not
separate out the white rain (March 2008 is a pre-white rain community). The trends in
plant community changes are discussed in more detail in Appendix B-3, and climatic
effects on trends are discussed in Section 7.9.

The following section evaluates the remedy effects as to whether they caused more
harm than good in some plots or were beneficial or likely to be beneficial in the long
term to the plant community. First, changes in community composition relative to
changes in soil chemistry and physical properties are evaluated. Species possibly
responding to chemical rather than physical changes are identified. Then each plot is
evaluated relative to those species to identify if remediation of the pCu might have
benefitted the plant community.

5.3.3.2 Overview of Changes in Community Composition

The change in community composition relative to soil chemistry was quantified using an
ordination technique. A CCA ordination was conducted on the plant community data for
vegetation sampling events that yielded corresponding soil data. A CCA is a multivariate
ordination method used to determine the relationships between plant communities and
environmental variables (ter Braak and Verdonschot 1995). CCA accounts for variation
in the community composition at each site that directly corresponds to the environmental
variables included in the analysis. In this case, the environmental variables include the
soil chemistry parameters (pH, pCu, copper, soluble copper) and physical parameters
strongly affecting the communities. The physical variables included “time since
disturbance”, tilling, and TOC. The time since disturbance variable provides information
regarding the effect of successional processes on community composition. The
disturbance variable was set to zero before amendments and on reference/control plots;
it was set to the highest disturbance (5) immediately after amendment application and/or
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tilling and then decreased (from 5 to 1) for each sampling event thereafter to represent
time since disturbance (see Appendix B-8) or the recovery trajectory. The tilling variable
(tilled, not tilled) accounts for some plots having complete removal of vegetation, thus
resetting vegetation succession completely. A summary of the statistics and variance
explained in the CCAs is provided in Appendix B-22.

Biplots were created that illustrate the relationship between soil chemistry parameters
and species with the West control plots included (Figure 13a) and without (Figure 13b)
because the West control plots represent a different vegetation alliance (Newfields
2005). The arrows (direction of gradient) point to the direction of most rapid positive
change in each environmental variable (negative change is in opposite direction of
arrow). The length of the arrow (strength of gradient) is proportional to the correlation
between the ordination and environmental variable.

The purpose of the CCA was to tease out the relationships between the chemical and
physical variables and each species making up the community structure. Species that
change in response to chemical parameters such as pH, copper, soluble copper, and
pCu but do not respond to physical variables or organic matter content (represented by
TOC) are of greatest interest. These species should increase in treated plots if soil
chemistry and not physical factors are a key driver of the community composition. When
vectors of environmental variables are at right angles to one another on the biplot, they
are relatively independent, making interpretations easier than if they are more parallel,
meaning they covary.

The biplot results provided on Figure 13a include all plots, including the West control
plots. As might be expected, the sampling events cluster together in the first biplot based
on: (1) the geographic locations of each sampling plot (North, East, Northeast, West),
except that East and North locations are intermixed, and (2) amendment status (treated
or not; Figure 13a). The biplot shows that the vectors for pH and pCu are almost parallel,
indicating that they covary, whereas the tilling centroids (if connected by an imaginary
line) and time since disturbance vector and are relatively independent of these chemical
variables at right angles to pH and pCu. Species that occur in high pH or pCu areas are
plotted near the end of the pCu and pH arrows of the second biplot (see Figure 13a).
Species far in the opposite direction of those arrows occur in the low pCu and pH soils
(arrows not drawn in opposite direction but would be the same length). The species
preferring high pH include many grasses (red labels on bottom graph) on the West
control plots, but these grasses also prefer less disturbance because they fall in the
angle between low disturbance and high pH vectors (Figure 13a), making it difficult to
identify if they are responding to disturbance or soil chemistry. The West control plots
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are driving this result because they are undisturbed and associated with high pH and to
a lesser extent high pCu compared to the other three plot locations, as shown in the first
biplot on Figure 13a.

Because the biplots on Figure 13a are so strongly affected by the high pH West plots,
the West plots were removed from the biplots on Figure 13b to better identify treatment
effects. The CCA without West plots produced environmental vectors at right angles to
each other, representing time since disturbance and pH/pCu. Species falling along and
near the end of either of one of these vectors represent species responding mostly to
that vector. The TOC vector fell between these two axes (Figure 13b). Two variables
difficult to separate on these biplots because they covaried were pH and tilling, which
have vectors nearly parallel with the horizontal CCA1 axis on Figure 13b. Fortunately,
Figure 13a can provide information for separating tilling effects from chemical effects,
and Figure 13b can separate chemical effects from time since disturbance. For
example, two species (CHVI = feather fingergrass [Chloris virgate], SESP = bristlegrass
[Setaria sp.] see Appendix B-9 for plant codes) appear to prefer high pH or pCu on
Figure 13b, but Figure 13a indicates that they are responding to the tilling (colonizing
tilled areas), which happened to be correlated to pH on Figure 13b. They are not strongly
correlated to the chemical parameters on Figure 13a. Red threeawn (ARPU) is more
consistent in that it grows often in high pH or pCu areas, as shown by both Figures 13a
and 13b, and disturbance may be less important to its presence. The literature supports
this CCA result, indicating that red threeawn can occur abundantly in either early
successional or climax stages (Clements 1916).

The environmental vector on Figure 13b that best separates East and North amended
plot communities from their untreated reference plots is TOC (higher TOC in plots with
organic matter added). The biplot showing that TOC is the main driver affecting the
community in the early successional stage for tilled East and North plots is supported in
the literature because disturbed soil with organic additions releases nutrients as
represented by TOC. The bare ground invites fast-growing pioneering species to invade
until later successional species that grow slower gain a foothold and can outcompete
them for the nutrients (Davis et al. 2000). The initial pioneer species are weedy annuals,
like Russian thistle (Salsola tragus, SATR; Figure 13b) and golden crownbeard
(Verbesina encelioides), not perennial grasses. The combination of disturbance from
tilling and TOC/nutrients from amendments facilitates dominance by these ruderal,
colonizing species, which are often annuals. A decrease in disturbance over time and its
soil nitrogen release should eventually result in a community increasingly dominated by
more competitive perennial species.
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In contrast, time since disturbance, not TOC, best separates the Northeast amended
plots from their untreated counterparts. Despite not being tilled, the spraying of lime and
spreading of organic matter (with backhoe) on the Northeast amendment plot caused
some disturbance and community changes. The disturbance on the Northeast plot
mainly degraded the complexity of the species composition initially and set succession
back with loss of grasses and succulents (see Section 5 in Appendix B-3), while tilling
as a disturbance set the successional stage back to the earlier simple Russian thistle
dominated community in the first year for the tilled plots. These results indicate that
surface disturbance in general, whether tilling or driving over plants, strongly influences
community composition.

To identify if chemical changes are shaping the treated community composition, the
percent cover of five indicator species discussed above was evaluated. The two grass
species (feather fingergrass and bristlegrass) and the forb golden crownbeard
associated with tilling and the early pioneering species of Russian thistle associated with
TOC and tilling are not responding to chemical factors, and they should increase if
disturbance and TOC are the factors most shaping the amended communities. On the
other hand, red threeawn should increase if chemical changes in pH or pCu are most
strongly affecting the communities.

Russian thistle increased dramatically and dominated the herbaceous vegetation in the
fall in the East and North plots immediately after tilling and application of organic matter,
which created ideal conditions for this pioneering species capable of rapid invasion;
however, it cannot persist long (Biondini et al. 1985). In the East amendment plot, it was
quickly replaced by another colonizing forb (golden crownbeard [VEEN]; Table 15), and
then partly replaced by bristlegrass, a more competitive colonizer that apparently
requires more time to respond to the resetting of the community to an earlier
successional stage (Roemer and Schultes 2010). Feather fingergrass also is a more
competitive colonizer able to invade near the end of the 5 years (Table 15). It
outcompeted bristlegrass only in the depression within a corner of one of the tilled plots,
where the soil is likely more saline (it is a halophyte, USDA Plants database, see
Appendix B-21). These species likely are responding most to physical changes and
access to the nutrients (in manure and decomposing plants), not pH or copper changes
(bristlegrass was present in low pCu soils in ERA 3 in 1999; Appendix B-21). Red
threeawn, which occurs in seral and climax communities, may be responding to the lime
increasing pH, because it appears in the East tilled plot in the last year. This may indicate
that the plant community in the East plot is beginning to respond to the liming by 2013.
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Notably, other grass species (such as the gramas and other threeawns) are most
abundant in low pH and pCu areas when West plots are excluded. They are not growing
in such soils because of chemical preference (see Figure 13b), but because these areas
are the least disturbed, represented by the untreated reference areas. These species
are late successional species (Appendix B-3). Sampling using the CCP protocols in
2013 indicated that sideoats grama had returned by 2013, and may spread over time as
the community recovers from the disturbance. It was not observed on the East reference
plot in 2013 (Table 15) or 2014 (Appendix B-21) or in similar rocky habitats (Appendix
B-21) after the white rain, which indicates that this species may be responding to
decompaction of the soil rather than chemical changes. Overall, in the first 5 years, the
species establishing on the East amendment plot indicate that tilling and TOC appear to
be mostly shaping the community composition more than the pH change.

In the North amendment plot, after Russian thistle died back, it was replaced by silverleaf
nightshade [Solanum elaeagnifolium; SOEL], the non-native lambsquarters
[Chenopodium album; CHAL], and carelessweed [AMPA]. Silverleaf nightshade and
carelessweed fall along the pH/pCu vector in the positive direction and may be
responding to both the tilling disturbance and the increase in pH and pCu (Figure 13b).
Both species increased on the North reference plot after the white rain (Table 15,
Appendix B-14), which may support that these species are responding to soil chemistry
changes, though it is unclear if the additional lime beyond the white rain contributed to
the change. Sideoats grama is sporadically present before (March 2008 tissue sampled
in Table 8) and after the white rain on the amendment and reference plots (Table 15,
Appendix B-14; present some years, not others), making it difficult to evaluate if it is
responding to pCu improvements from the white rain or amendments. The results
suggest that the community may be responding to pCu changes, but the weeds
responding to the change are outcompeting the more desirable grasses.

The Northeast plot experienced no change in pH or plant uptake of copper; therefore,
changes in the community are likely only due to disturbance from being sprayed or
crushed during amendment application. The rapid forb pioneers of bare soil did not
establish because the disturbance did not remove all plants. Instead, shrub cover
increased. More details on plant community changes progressing with succession are
provided in Appendices B-21 and B-3.

Precipitation for the 3 months prior to sampling was added to the CCA on Figure 13c
and did not change the biplots much or influence conclusions. Precipitation was highly
correlated and more significant than TOC (see Appendix B-22), which probably
indicates that the pioneer species taking advantage of conditions created by higher TOC
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also are abundant when precipitation is high. For example, the annual forb,
carelessweed (Amaranthus palmeri; AMPA) was common during the wet year in 2013.

The finding that higher pH (if it occurred) had a weaker positive effect (on the East plot),
no effect (on the Northeast plot), or negative effect (more weeds than rangeland grasses
on the North plot) compared to the TOC and tilling variables in the mesquite/grama
community suggests that the remedial actions are not always creating the intended
community changes within a 5-year time frame. Rather, they have increased ruderal,
annual species. The most aggressive annual species dominating the plots in 2013
(carelessweed and golden crownbeard are associated with tilling (blue labels on Figure
13b). These species can be toxic to livestock if consumed in large quantities, and thus
are not improving rangeland condition (see Appendix B-3 discussion). Golden
crownbeard also entangles nesting birds (HNIS 2005), though birds were observed
feeding on its seeds, so it has some wildlife value. Carelessweed is relished by livestock
but is poisonous when nitrates are higher in the soil, and thus this change from the
amendments is also not beneficial (TAES 2011, AgriLife Extension 2014). Nitrates were
elevated by the addition of organic matter, especially in the North and East plots
(Appendix C-11), which puts cattle at risk. Carelessweed also has low value to wildlife
according to the U.S. Department of Agriculture (USDA) plants database (USDA 2014).

Fortunately, these two species appeared to be on the decline when plots were observed
and photographed (see Appendix D) after this study was completed in fall 2014. Eight
years later in 2016, only the North amendment plot still supported a large amount of
carelessweed (see photolog in Appendix D). The East amendment plot still had a large
amount of golden crownbeard. These species were either a minor component or non-
existent in fall 2014 on the haul roads that were “tilled” in 2003 (see Appendix D). The
reasons for differences are discussed in Appendix B-21.

Because of concern about toxic species and loss of grasses, the section below
discusses how treatments changed the quality of the habitat for wildlife and livestock.

5.3.3.3 Amendment Plot Changes in Grasses, Annual Species, and Species Composition

When evaluated by each location, not all plots lost grass cover at the end of the 5 years
from the disturbance of the treatments. The East amendment plot increased its
rangeland grasses over time, whereas the North and Northeast amendment plots
reduced their rangeland grasses (see Figure 10). Because rangeland grasses are
important to livestock, trends in rangeland grasses, as well as changes in species
composition favorable or detrimental to wildlife or livestock resulting from each remedial
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technology, are discussed below in more detail by plot location. First, the effect of the
white rain on species present is discussed to separate changes due to white rain versus
the treatments. Then the effect of the treatments, whether from physical or chemical
changes, is evaluated.

The fact that the plots were treated with combinations of tilling, liming, and organic
matter added introduces uncertainty in the analyses as to which technology is
increasing each species. Appendix B-21 attempts to separate effects of the different
remedies to assist in FS decisions using information from other studies. That
information also is used in the following assessment.

East Plot White Rain Effect. The species that increased or appeared after the white
rain on untreated plots may represent species that were adversely affected by low pH
and pCu. However, reference plot species composition may be influenced by the
adjacent disturbed plot invaders spilling over into reference plots (see Appendix B-22).
Appendix B-21 discusses species that increased after the white rain in areas without
adjacent recently disturbed plots (ERA 2 and ERA 3). Species that appeared on the
East reference plot and these ERA plots after the white rain that were missing before
and might not be a spillover from the tilled plot include beardgrass (Bothriochloa
barbinodis), silverleaf nightshade, and carelessweed (Table 15, Appendix B-21). An
increase in these species on amendment plots may indicate a positive response to
pCu changes.

East Plot Treatment Effect. The shift in community composition in the East amendment
plot from amendment/tilling shown by the CCA appears to be from a large increase in
both non-woody, annual and grass life forms (Figures 10 and 11). In contrast, the East
reference plot had comparably few grasses and annuals (see Figures 8 and 10). After
the multiple treatments (white rain, tilling, and organic/lime amendments), the grasses
on the East amendment plot had increased to 39 percent of vegetative cover in 2013
compared to trace amounts on the pre-amendment and reference plot; forbs changed
less, increasing to 58 percent compared to 54 percent on the reference plot (see Figure
10). Most of this herbaceous increase, however, was from an increase in dominant
annuals (golden crownbeard, carelessweed, feather fingergrass, and possibly
bristlegrass, if it was an annual) rather than from an increase in perennial grasses
(Figure 8).

The tilling disturbance and increase in nutrients (associated with higher TOC) on the
East amendment plot apparently favored some annual species that dominated the
community, particularly golden crownbeard (which turns the plot yellow with its flowers
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in the fall), whereas it is not noticeable in the adjacent reference plot. Golden crownbeard
may have been introduced via seeds present in the organic matter (City of Ontario 2013),
especially because it has a synonymous common name of “cowpen daisy,” and because
manure for this pilot project came from cow pens. Also, golden crownbeard was not
common on the ripped haul roads and other disturbed areas that did not have manure
applied. However, it has been recorded in areas in the STSIU in 1997 (in rangeland
polygon with the North plots; Appendix A). After this study was completed, a field
inspection of the East amendment plot in 2014 (6 years after treatment) identified the
first evidence of a reduction in golden crownbeard, which was being replaced by more
bristlegrass growing on the plot (see photo in Appendix D).

As illustrated by the CCA, the increase in disturbance from tilling on the East amendment
plot did not favor most of the grass species (see Figure 13b), except bristlegrass and
feather fingergrass. These two species account for the large increase in grasses on the
East plot. As discussed in the previous section, the CCA results indicate that these
grasses are responding to the tilling disturbance rather than to pCu changes. The CCA
shows that late-successional grasses of the desert plains, particularly three grama
species and the more subclimax species Arizona threeawn (Aristida arizonica; Clements
1916), are reduced by the severe disturbance from tilling. In contrast, the two early seral
species of bristlegrass and feather fingergrass (Humphrey et al. 1932, Roemer and
Schultes 2010) were able to establish after tilling (when weedy, annual forbs were on
the decline). Red threeawn, which can be an early stage or climax species, also
established. These grasses of this early seral stage were gaining in cover toward the
end of the 5-year period; therefore, the late-successional stage species are likely to
require much more than 5 years to recover.

Tilling appears to be the main driver of grass cover and composition changes because
Russian thistle invasion after tilling followed by other weedy annuals and early
successional grass species is typical of what has been observed in unexposed study
areas (Gelt 1993, Biondini et al. 1985, Romme et al. 2003; also see succession section
in Appendix B-3). Although conclusions are uncertain because of many correlative
factors that occur in the field, the results tentatively suggest that equipment and
lime/manure disturbance or tilling causes a reduction in grass cover that does not
recover in 5 years (see Appendix B-21).

The lack of grasses on the East plot before treatment is most likely a relic of past or
current overgrazing (or past pCu impacts) that compacted or removed topsoil, which is
why it is in poor rangeland condition. The tilling converted the compacted rocky soil to a
more granular, favorable medium for growth, which increased total cover and grass
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cover. After tilling, this amendment plot was greatly improved and classified in fair/good
rangeland condition in 2014 as shown by a change in the OAT score from 13 to 39, the
latter assigned to it during the field work for the phytotoxicity and community study (STS-
PT-2013-17; Arcadis 2017b). Such a large change in rangeland condition probably
impacted the community composition more than the small change in pH that occurred
with the liming, especially because the white rain already increased pCu without
changing the rangeland condition, yet was ineffective at increasing grass or total cover
on the East reference plot. Logically, the increase in cover and grasses was from the
tilling, and this conclusion is further supported in Appendix B-21.

North Plot White Rain Effect. The white rain appeared to increase silverleaf nightshade
and carelessweed on the North reference plot (Table 15). Vegetation community data
are unavailable for other fair rangeland plots on relatively flat ground subject to the
white rain to confirm this finding.

North Plot Treatment Effect. Unlike the reference plot, the plant community on the North
amendment plot did not improve once accounting for the white rain plus treatments. The
North amendment plot was subjected to mostly the same treatment as the East
amendment plot (except lower rate of organic matter applied), but it responded
differently, probably because it is in fair rangeland condition. The North amendment plot
showed an increase in non-woody vegetation after treatment (see Figure 10). However,
grass percentages, total cover, and diversity measures did not improve (grass cover and
evenness actually decreased from treatments) relative to the reference plot, likely
because the North plot pre-treatment had more grass cover and species to begin with
from being in better rangeland condition (despite its estimated pre-white rain soil pCu of
about 2.0). Grass species before the white rain event included the following perennial
species: vine mesquite, Arizona threeawn, and to a lesser extent sideoats grama and
beardgrass; Table 15). Vine mesquite was thriving on the site before treatment (15.5
percent cover) despite tissue copper concentrations in the winter of 105 mg/kg. This
species has continued to be supported at similar cover levels post-amendment. Arizona
threeawn was present at 10.5 percent cover with 188 mg/kg copper in its tissue before
treatment. This species has not returned to the amended plot (and was never in the
reference plot) since the disturbance and lime/tilling treatment (see Table 15). Similarly,
beardgrass has not returned, though it increased in other areas without disturbance that
were altered by the white rain (Appendix B-21). Unlike the poor rangeland in the East
plot, disturbance to fair rangeland sites to enact a chemical remedy may do more harm
than good, causing a loss of grasses.
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Carelessweed, an annual forb, may be partially responsible for the lowered evenness
and loss of grass cover on the North amendment plot, as it characteristically
outcompetes other species under the right disturbed conditions. This aggressive species
appeared on all plots, but has most heavily invaded the North amendment plot,
appearing first in this plot in December 2008 and reaching its highest abundance on all
the plots in 2013. This species may be responding to the higher pCu resulting from the
white rain event (see Figure 13b where it is associated with higher pCu); it was not
prevalent on low pCu soils at 1999 ERA locations (Newfields 2005). It became common
throughout Chino (even in the seed collection area in Arcadis 2017b) in 2013, but was
especially abundant on the tilled North plot. It apparently invaded from nearby areas,
taking advantage of the wet conditions of 2013 following 2 years of drought that created
intermittent bare patches for invasion. It was present in the STSIU before the white rain,
documented as common in the rangeland polygon of the North plots in 1997 (see
Appendix A).

Carelessweed, though an aggressive annual, does not appear to be as good an initial
colonizer of disturbed areas as Russian thistle (Salsola tragus) or golden crownbeard,
but did well in the last year of the study. In the fall of 2014, after the study was completed,
a field inspection identified that carelessweed was greatly reduced on the North
amendment plot. However, grasses did not appear to be replacing the carelessweed
(see photolog in Appendix D). It disappeared from many areas in 2014, yet by 2016, it
was still present in moderate amounts in the North amendment plot.

Precipitation and season sampled also probably had little to do with loss of grasses in
the North amendment plot based on field observations and the data, though a wet year
following drought may have slowed grass recovery. Grasses could not gain much of a
foothold initially when Russian thistle dominated. When the thistle died out, other annual
weeds, like carelessweed, colonized and limited grass recolonization. The higher
precipitation in 2013 following 2 drought years increased weed abundance in 2013,
slowing recovery of the grasses, especially late successional grama species.

When precipitation and season were added to the CCA (Figure 13c), the following forbs
invading after tilling were associated with higher precipitation (species common on the
tilled plots): Russian thistle (SATR), golden crownbeard (VEEN), carelessweed (AMPA),
bristlegrass, silverleaf nightshade (SOEL), and scarlet globemallow (Sphaeralcea
coccinea; SPCO; Figure 13c). These forbs appear to have outcompeted the perennial
or late-successional grass species (e.g., gramas [BOCU, BOGR], Arizona threeawn
[ARAR]) that were originally present on the North plot; the grass species may be most
competitive with weedy annuals during drier years.
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The lack of improvement in grasses on the North amendment plot from treatments when
compared to the East amendment plot also may be related to less effective destruction
of mesquite. Mesquite re-sprouted quickly on the North amendment plot but not the East
plot, covering 20 percent of the North plot within 6 months. This suggests that mesquite
root masses (which sprout) survived the tilling on the North plot. Soils are deeper on the
North plot than the East plot, which may allow deeper mesquite root masses to survive.

Nevertheless, the most likely reason the vegetation quality in the North amendment plot
did not improve from the combined effects of the white rain and amendments, despite
its estimated low pCu of about 2.0 in 2006, is because it already had fair rangeland
condition with 29 percent of the vegetation cover in grasses and 49 percent of the cover
in herbaceous plants (see Figure 10) before amendment application and tilling. This plot
had less room for vegetation improvement from remediation than the East amendment
plot.

Northeast Plot White Rain Effect. Though the white rain lime may have decreased total
cover, it appeared to increase silverleaf nightshade, vine mesquite, tobosa, and
carelessweed on the Northeast reference plot (Table 15). Vegetation community data
are unavailable for other fair rangeland on slopes subject to the white rain to confirm this
finding.

Northeast Plot Treatment Effect. Relative to the Northeast reference plot, the CCA
showed that the Northeast amendment plot community shifted mostly along the time
since disturbance gradient. The Northeast amendment plot improved in total cover
(Table 16a) but lost most of its grasses (Table 16b) after the disturbance of
spraying/spreading lime and organic matter on the plants (Figure 10). Sideoats grama
and blue grama (Bouteloua gracilis) comprised about 10 to 15 percent of the vegetation
cover before amendment and on reference plots (see Table 15). Afterward, grasses in
2013 dropped to 2 percent of the vegetative cover on the circular sampling plots (Figure
10). Moreover, vine mesquite (a grass) is now more prevalent on the reference plot than
on the amended plot. However, grasses may be more prevalent than the circular plot
vegetation data indicate because cover of grasses was 6 percent (bristlegrass, vine
mesquite, tobosa [Pleuraphis mutica]) based on the CCP dataset. Nevertheless, grasses
were still low compared to pre-amendment levels. The disturbance from the
amendments (despite no tilling) apparently created the opposite effect desired; it
reduced perennial rangeland grasses rather than increasing them and set back the
community to an earlier successional stage (see Appendix B-3).
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It is likely that the disturbance, and not other environmental variables such as
precipitation, caused the initial reduction in grasses in the amendment plot because of
the opposite initial increase in grasses in the reference plot. Both plots were exposed to
the same amount of precipitation. The grasses did not recover in the 5-year period,
despite normal to good precipitation conditions in the subsequent years before the
drought in 2011 and 2012. Notably, non-woody cover (Figure 17), not grass cover
(Figure 10), was correlated with precipitation in the Northeast amendment plot over time.
Therefore, the grass reduction over time probably was not from precipitation changes
but likely from the disturbance setting the vegetation back to an earlier successional
stage. Honey mesquite, false mesquite, and whiteball acacia (Acacia angustissima)
shrubs increased in cover right after the disturbance, displacing the grama grasses. The
disturbance gave the shrub species an edge in the competition.

The number of shrub species before amendment application was eight, which reduced
to five species afterward by 2013 (see Table 15). The Northeast reference plot also
showed a similar decrease in shrub species, however, from three species pre-
amendment to two in 2013. Shrubs are common on steeper slopes in the area, where
grasses may be less important, and the benefit to the shrubs may be the focus of
remediation on the steeper slopes. However, the results do not support improvements
in number of shrub species or large improvements in shrub cover.

Like the North amendment plot, applying amendments to the Northeast amendment plot,
which was in fair rangeland condition pre-treatment, may have done more harm than
good for its rangeland grasses because the increased disturbance facilitated increased
dominance by the annual species carelessweed. This weed increased as it spread to
adjacent reference plots of the Northeast plot and other reference plots (see Appendix
B-3). This trend reversed, as carelessweed declined greatly in the Northeast plots in fall
2014 after the study was completed and was not evident when photographed in 2016.
The Northeast amendment plot likely will recover its perennial grasses more quickly than
the other plots, as seen by significant improvement relative to the reference plot on
Figure 11. The lime and organic matter likely were not the cause of improving total cover
(white rain did not improve cover, see Appendix B-21 on why organic matter is not a
good candidate). Because the results do not demonstrate that soil pCu or copper uptake
was reduced from amendments on this plot, the observed community changes were
likely due to disturbance or other non-chemical factors, which degraded rather than
improved the wildlife habitat and rangeland condition of the community (see Appendix
B-3).
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Summary of Changes in Grasses and Species Composition for all Plots.

These findings for all three amended plots suggest that remediating to increase pCu
with the combination of the three technologies evaluated in this pilot study may change
the community substantially and sometimes in a negative way. The resultant increase
in potentially toxic annuals is not beneficial, reducing rangeland grasses or species of
high importance to wildlife and livestock in the fair rangeland areas. More benefits are
observed in the poor rangeland areas, which improve in rangeland grasses. However,
it is not clear if the improvement was from increased pCu, given that pCu did not
significantly change in any treated plot. Also, the species that increased were species
that respond to heavy disturbance from tilling. Most likely, the improvement was from
tilling, improving the soil representing poor rangeland condition, which converted the
area to good rangeland condition.

The loss of good quality habitat on the North amendment plot and the finding that liming
and organic matter reduced grasses on the Northeast plot, in combination with the
finding of no concrete evidence that the treatments were effective in remediating
chemical impacts, suggests caution in applying treatments in situations that may cause
more harm than good. Possibly, the low pCu reduced vegetation cover in areas around
the smelter or tailings many years ago resulted in eroded, rocky soils in poor rangeland
condition. In that case, tilling could help remediate that resultant physical impact.
However, that is uncertain because many areas in the STSIU were overgrazed and no
method exists to identify which areas, if any, were physically degraded by historic mining
processes verses historic grazing. Given this uncertainty, the benefits and costs of
remediating should be carefully weighed.

Possibly, in the long term, after 15 to 20 years or more (see Section 5 in Appendix B-
3), the perennial species will return to fully dominate in areas remediated to increase
pCu, but the pilot study to date does not provide helpful information to support that the
resultant community will eventually improve in wildlife habitat or rangeland quality except
on poor rangeland sites. Periodic, long-term monitoring of the plots could provide more
information on recovery of the fair rangeland communities, and will reveal whether the
rangeland grasses will increase in cover compared to their cover before amendment.
However, the literature indicates uncertainty of recovery, even in 50 or 100 years. This
high uncertainty indicates that it is best not to remediate fair rangeland, where long-term
damage is highly likely with very slow recovery. Seeding desired species may accelerate
the return of perennials on more level ground that was tilled, but it is uncertain whether
it would be effective in already vegetated untilled locations on steeper slopes.
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Tilling of the haul road successfully established abundant grasses without seeding. Haul
roads on relatively level, poor rangeland areas with low pCu that were ripped 12 to 18
inches deep in 2003 without seeding or amendments have had desirable rangeland
grasses growing in the furrows for a number of years. Specifically, the poor rangeland
site ERA 2 documented in Newfields 2005 has a ripped haul road adjacent to it that has
abundant grasses growing in the furrows that established before the white rain. This
location had a measured and calculated pCu of 3.87 and 4.1 in 1999, respectively, and
of 6.9 (calculated) in 2013 (Arcadis 2017b) post-white rain. The adjacent unripped area
supports primarily mesquite (see photo in Appendix D). The haul road grasses became
abundant several years after their ripping, replacing weedy annuals that initially arrived
(such as Russian thistle). This pattern is similar to the successional trajectory observed
in the East amendment plot after tilling (see community composition descriptions in
Appendix B-3), except the East amendment plot became dominated by annual weeds.
This haul road example indicates that tiling alone may help improve vegetation
communities on poor rangeland areas that already benefitted from the white rain (pH
increased to more than 5). If the white rain did not increase pH enough, tilling plus lime
may be needed on these rocky, eroded areas. It is uncertain if remediation for copper is
needed on some poor rangelands, however, because the poor quality of the
communities may be due to overgrazing and the resultant loss of surface soil rather than
to copper toxicity. If copper phytotoxicity is demonstrated for an area, such remediation
may be beneficial. Toxicity could be demonstrated using results from the phytotoxicity
and community study (Arcadis 2017b) on site soils and with an evaluation of plant signs
of copper distress at specific locations (e.g., chlorotic or many dead leaves or branches
on shrubs). Notably, an improvement in soil chemistry (pCu) from the white rain event
and natural attenuation does not necessarily mean that grasses or cover will increase if
rangeland condition is poor. The East reference plot, despite its improvement in
chemistry, still has low cover of grasses. Remediation of poor rangeland using lime
and/or organic matter without tilling may not be successful because it will still be rocky,
compacted soil.

More discussion on integrating the phytotoxicity and community study results with the

weight of evidence from this study and other studies (see Appendix B-21) is provided
in Section 8 to assist in using this information in the FS.
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6. Weight of Evidence from Primary Metrics

The results for soil of the treatments for this amendment study support that pH may have
increased from tilling when combined with lime and organic matter amendments, even
though the plots exhibited high pH greater than 5.5. The effect on pCu from this
combination is uncertain due to high variability in copper and low power in the tests, but
the results suggest that the pH increase observed in the tilled plots has persisted. The
slight decrease in copper in the plant tissue from lime amendments (possibly only by 1
mg/kg) to non-toxic and near background levels of 13 mg/kg in herbaceous plants
suggests that the insignificant change in pCu may have had a small effect on copper
uptake. The white rain already accomplished most of the potential increase in pCu and
decrease in copper uptake. Because the reference plots also increased in pCu (e.g.,
East reference plot) or exhibited pCu after 5 years (North and Northeast reference plots,
Figure 4b) similar to the amended plots (possibly because lime took time to infiltrate
below a few inches), the chemical benefit of amending or tilling after the white rain
already limed the plot may be minimal to non-existent. This conclusion is uncertain
because the increases in the reference plot (East) may be just a natural long-term
fluctuation in pCu, and the amendment study period is too short to determine this.

The response of the primary metrics (pCu, copper in plant tissue, species richness,
percent cover, and the species composition that established) to each management
action (tilling, liming, organic matter, and white rain/natural attenuation) for each plot type
is indicated in Table 17. The effectiveness of each management action was evaluated
initially and after 5 years by determining: (1) if the response was an improvement from
reduction of copper bioavailability; (2) if so, did it meet target criteria (for metrics with
such criteria); and (3) if the response was an improvement greater than that observed
on the adjacent reference plot (if reference plot data were available). The
appropriateness of the management action for the plot type with its pCu was then
assessed and a recommendation made for that plot. The plot types represented
included:
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e Relatively flat slope in poor rangeland condition with pH over time averaging about
5.7 (with range over time of + 2.4) and pCu averaging about 4.6 (with range over
time of 2.1)2°, as represented by the East location

e Relatively flat slope in fair rangeland condition with pH averaging 6 to 6.6 (range
over time of 0.9) and pCu averaging 4.3 (range over time of 1.9), as represented by
the North location

e Steep slope that cannot be tilled that is in fair rangeland condition with pH averaging
5.7 t0 5.9 (range over time of 1.2) and pCu averaging 3.5 (range over time of 2.5)
as represented by the Northeast location.

Because plots with lower pH and pCu were not treated, these recommendations do not
necessarily apply to plots that are more impacted. However, Appendix B-21 assesses
other information available for the STSIU combined with this study to assist in separating
effects of the three remedial treatments in different scenarios for different soil conditions
to ultimately inform FS decisions. This assessment is summarized in Section 8 and
Table 18.

After weighing the evidence presented in Table 17, the Amendment Study shows that
the white rain event and subsequent natural attenuation were effective at improving all
of the metrics except plant cover. However, pCu change from the white rain did not reach
the pre-FS RAC level for the poor rangeland (East) and steeper slope (Northeast)
areas®0,

Tilling, combined with lime and the white rain, at relatively flat locations was effective at
increasing pCu to above the pre-FS RAC levels and decreasing copper uptake in
herbaceous plants. It is unknown if the treatments added more to the uptake reduction
than white rain, and if so, likely the contribution was very small. The benefit of this change
in pCu to the plant community in terms of richness and cover was only observed on the
poor rangeland location (East). However, that benefit to cover likely was from

29 Average is before treatment but after white rain and range estimated from reference plot
range over time in Table 4.

30 Probably because white rain did not deliver enough lime on flat slope and also runoff losses
on steep plot.
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decompacting the soil after tilling (see Appendix B-21), given the low confidence that
the soil pCu changed from either lime additions or mixing the copper in the soil more
evenly to 8 inches. The high confidence result is that the white rain increased pCu.
Comparison to the reference plots receiving white rain liming shows that vegetation
cover changes in the poor rangeland are from decompacting the soil, not from the white
rain lime. The benefit was not observed in the fair rangeland North amendment plot,
which already had decompacted soil and relatively good grass cover and richness. Its
plant community did not improve relative to its adjacent reference plot because of the
disturbance from tilling and conditions favorable to weed invasion from both the organic
matter and disturbance. Statistical comparisons of tilled to untilled plots suggested that
tilling alone to an 8-inch depth was not effective at significantly reducing total copper
concentrations in the soil (and hence, probably pCu).

The amendment study did not evaluate a treatment of only tilling, but haul roads in low
pCu areas in poor rangeland condition (compacted with soil erosion) were ripped without
any other treatment and provide an approximate example of “tilling” only. However,
ripping was deeper than 8 inches, with the haul roads ripped to 12 to 18 inch depths.
The successful haul road results of an abundant growth of grasses suggest that deeper
tilling without other amendments than the white rain may be effective at creating granular
soils indicative of good rangeland condition, thus improving wildlife habitat and
conditions for livestock. It is unknown if copper concentrations were concurrently
reduced by mixing high concentration surface soils with subsurface soils during the
decompaction, and if the response was mainly from the physical changes or was a result
of both chemical and physical changes. Most likely it was both (see discussion of tilling
effects in Appendix B-21).

Spraying lime without tilling was only evaluated on the steeper slope location (Northeast)
and was not effective at increasing pCu or plant uptake of copper. However, when lime
was applied with tilling on the two relatively level plots, the combination was effective at
increasing pH, but not necessarily pCu. Effectiveness of spraying lime alone on relatively
flat areas is unknown because this combination was not evaluated in this pilot study.
However, the white rain deposited “lime” and indicated high effectiveness of lime alone
in increasing pH and pCu on relatively level areas, with more limited effectiveness on
steeper areas.

Though species richness increased, the large change in soil pCu from the white rain lime
(increased by more than 1 unit) did not result in a change in total vegetative cover
amounts on the relatively flat North and East areas that would benefit wildlife or livestock,
whether in poor or fair rangeland condition (see Appendix C-21 for discussion of white
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rain effects alone). Therefore, benefits of adding lime alone to the plant community seem
limited, especially if pH is high (above 5.5). The white rain report (Arcadis 2017a) showed
that pH increases from liming were generally restricted to plots with pH < 5.5.

Organic matter may not have been effective as measured by the primary metrics (pCu
did not significantly increase, nor copper uptake reduce) and possibly was detrimental
to the plant community. Statistical power was poor to detect a change in pCu, creating
uncertainty about its effects. Based on a literature review, organic matter applications in
semi-arid to arid areas often lead to decrease in species richness, invasion by weedy
annual species, and very little improvement in the vegetation community (see Appendix
B-21). Also, the haul road tiling produced a community with fewer annual species
invading, possibly because organic matter was not applied.

A thorough or quantitative evaluation of copper phytotoxicity was not conducted as part
of this study; however, copper phytotoxicity in individual plants, as indicated by visible
tissue necrosis, chlorotic leaves, dead stems, or browning that was different in amount
or timing from natural senescence, was not observed during surveys in either the treated
or reference plots. The health of the communities of the reference and treated plot
appeared the same. Notably, the signs of phytotoxicity may not have been seen due to
the timing of the first vegetation survey, which took place after the natural lime application
caused by the white rain.

The effect of the remediation on the plant community and ecosystem as a whole must
be evaluated before recommending which remedial actions are appropriate for each plot
type. The overall effect of the pilot study remediation was an increase in potentially toxic
and aggressive annual species of low value to livestock and wildlife, species that have
gained a foothold in response to the disturbance and possibly the increase in organic
matter, or from being introduced in the manure. The increase was large and of most
concern in the tilled plots. In particular, carelessweed became dominant, and this
species accumulates nitrates to high concentrations in its tissue from soils with high
nitrogen content. Soils in this study had elevated nitrogen from organic matter
applications, which puts cattle at risk to this toxic species. The nitrates can accumulate
to levels that can poison and kill livestock.

Chino is concerned about the ramifications of recommending remedial actions that may
result in death of livestock. Golden crownbeard, which may have been introduced in the
manure or just invaded after tilling, also is dominating and carries toxins of concern to
livestock. These aggressive species may be reduced over time, as seen during later
visits in 2014 and 2016, allowing more perennial grasses to establish, but carelessweed
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is still abundant in the North plot. In fair rangeland areas, the successional process after
a major disturbance can take many decades to recover its original perennial cover and
favorable rangeland grasses (see Appendix B-3). Disturbance on a large scale in the
STSIU may invite many invasive species as well as aggressive annuals and degrade
the quality of the current habitat for a long time.

Rangeland grasses in the area do best in soils with little disturbance and, therefore,
areas in fair rangeland condition similar to the North location should not be tilled or
damaged by spraying lime and spreading manure, even if pCu is low. The pCu was low
(estimated to be around 2) on the North plot in 20086, yet after the white rain in 2008 and
even 5 years thereafter, it decreased in cover, while the adjacent reference plot
increased in cover3'. Remediation is ultimately designed to improve plant communities,
not to increase pCu (because pCu is being increased only to improve plant
communities), and this study supports that the amendments and tilling did not improve
the plant communities in fair rangeland condition.

Considering the weight of evidence in Table 17, the best approach in areas where the
pCu has been steadily increasing after the white rain event (such as North and East
locations and locations identified in the white rain report, Arcadis 2017a) is to allow that
trend to continue and to monitor natural attenuation and assess if it reaches the pre-FS
RAC criteria. For relatively level areas showing no trend in improvement in pCu, and
where the rangeland condition is poor, the site could be considered for liming and tilling
to increase pCu if low pCu is the cause of its condition. Tilling is recommended before
trying the combination of liming and tilling given the high success rate of the tilled haul
road. Addition of organic matter is not recommended. Seeding with desirable species
may be a better choice than applying organic matter because organic matter increased
soluble copper and was not needed to establish grasses in low pCu, poor rangeland
soils that were ripped to reclaim haul roads. However, seeding is not necessary because
seeding was not necessary to establish desirable grasses on the haul roads.

For steeper slopes that cannot be tilled due to safety or equipment-related constraints in
rough terrain with boulders, the remedial options are limited, and none evaluated for this
study are beneficial. The results of this study supported no significant change in pCu or
reduction in copper uptake on the steeper slopes with any of the three remedial

31 Cover (but not richness) was still higher in 2013 in the North amendment plot than its
adjacent reference plot, but this was also the case before the white rain.
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technologies. Application of lime and organic matter mainly disturbed the plots,
increased soluble copper, and decreased rangeland grasses, appearing to do more
harm than good.

These conclusions, based on the weight of evidence, only apply to the remedial
techniques assessed in this study. Much uncertainty is associated with these
conclusions because this investigation was designed to be a simple, initial pilot study,
not a research study. Treatment combinations were not replicated, and each location
exhibited unique conditions that confound interpretation of the treatments on pCu and
limit generalization of results to the same type of areas. The conclusions may not be
easily extrapolated to the full diversity of types of areas found on the STSIU (e.g.,
bedrock areas, poor rangeland with granular soils). Uncertainties associated with this
amendment study are discussed in Section 7. After reviewing information beyond this
study, a summary of recommendations for each remedial technology based on
evaluating each separately is also presented in Section 8.

7. Uncertainty

This study was designed as an exploratory pilot study intended to evaluate the effect of
amendments on copper, assuming that a large effect would occur that would be
detectable with a simple design with four plots. As it was not a research study, it is difficult
to interpret the results with complete certainty. However, using quantitative tools and
qualitative concepts and graphs that analyze data in different ways, support for the
conclusions may be enhanced and the degree of uncertainty reduced. A drawback of
the study design is that the 2 years of monitoring data before treatment had to be
reduced to one sampling period after the white rain.

The white rain weakened the ability of tests to detect differences, but at the same time
provided a valuable natural experiment of the effect of lime on the soil and vegetation
communities across the STSIU. This section discusses uncertainty associated with
conclusions that depend on: (1) shifted locations of some study plots just before
treatment, (2) adequate power to detect differences, (3) limited reference data and
substitutions of less collocated data, (4) ERA plots, (5) assumptions of persistence of
effects, (6) accuracy of dormancy bias adjustments, (7) assumed long-term recovery,
and (8) no climatic interactions biasing results.
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71 Moved Plots

As discussed in Section 2.1, the North and Northeast amendment and reference plots
were moved from their original 2006 locations in July 2008 and May 2008, respectively.
Although the new locations were nearby (Figure 2) and chosen so that pre-amendment
site conditions were as consistent as possible with the original locations, underlying
differences exist. For example, the Northeast plots were both moved to a less steep
location, the North reference plot was moved to a less rocky and erosive location, and
the North amendment plot was moved to a less erosive location. Baseline vegetation
condition was sampled before plots were moved, and the baseline soil condition was
sampled in the North plot before the plot was moved (whereas baseline soil but not
vegetation was sampled after being moved for the Northeast plot). It is uncertain how
representative the moved plots are of the original locations for the vegetation for both
locations and for soil at the North location. If they are very different, the results may partly
reflect these differences, not differences from treatments.

7.2 Statistical Power

The inherent variability in sampled soil constituents and sampling error introduce
uncertainty in conclusions. If the statistical power of the analyses is too low to detect a
significant and biologically important difference resulting from treatments, the results and
study conclusions become more uncertain. The lack of power to detect significant
differences can occur when sample sizes are insufficient or when soil constituents are
highly variable. Power results are presented in detail below for the various statistical
comparisons in this report that were statistically insignificant to identify which results may
pose highest uncertainty.

7.21 Comparison of Amendment and Reference Plots (Table 11)

A sample size analysis was conducted in 2012 to evaluate if differences in soil pH and
pCu likely could be detected between amendment and reference plots in a paired t-test
with sufficient power. This paired t-test evaluates changes in space, not time (same
years compared but one is a treated and one a reference plot). Such an analysis requires
specifying the standard deviation®32 obtained from statistical tests applied to past data. It

32 For ANOVAs, the standard deviation is the square root of mean square error in the ANOVA
table.
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also requires specifying the sample size planned, desired confidence, and desired target
effect size (e.g., change in pH in units or percent change in copper) considered
biologically meaningful. A power analysis in 2012 (Arcadis 2013) indicated that sample
size needed to be increased from three to eight per plot. Switching to eight samples was
estimated to provide:

e 87% power to detect a difference of 1 s.u. in pH with 95% confidence, using
a standard deviation of 0.79

e 70% power to detect a 1.5 unit pCu difference with 90% confidence, using a
standard deviation of 1.75 units

When only three samples were collected, the data provided

e 25% power to detect a difference of 1 s.u. in pH with 95% confidence, using
a standard deviation of 0.79

e 27% power to detect a 1.5 unit pCu difference with 90% confidence, using a
standard deviation of 1.75 units

However, rather than comparing pairs of plots for each location individually, the final
statistical test used in Table 11 to detect differences from treatment was a two-way
ANOVA for each of the four locations with time and treatment as factors in each of the
26 comparisons (4 plots x 6 soil analytes each plot). This latter approach increases the
power of the test so that smaller differences (effect size) between the pairs of plots can
be detected with statistical significance. Both pH and pCu were significantly higher on a
mendment plots than reference plots at P < 0.05 for all except the North location, which
exhibited a significant difference at P < 0.10 (Table 11). Therefore, with the increase in
sample size in the latter 2 years, power was adequate to detect differences at the 90 or
95% confidence level between the amendment and reference plots in two main metrics
(pH and pCu), even though sample size was not the same in every cell of this two-way
ANOVA. The numbers of samples were equal or close to equal for each treatment within
each time period, however, and this increased robustness of the unbalanced ANOVA.
Unbalanced data are expected in environmental monitoring programs and often still give
acceptable results (Smokorowski and Randall 2017), particularly if every year is
sampled.

Below is a power analysis in SAS (GLMpower procedure) for comparisons in Table 11
that were not significant. Tests in that table that produced statistically significant results
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at P < 0.05 or near significant results (P<0.10) are not addressed because they had
enough power to identify differences with confidence of 90 to 95%. For all the soil
constituents tested, power was adequate to detect significant differences between
means of a 20% difference or more, as shown in P values in Table 11 (all significant)
except for copper in the North and Northeast plot locations and soluble copper in the
North plots, as discussed below.

Copper. Ideally, power should be at least 80%, though lower levels of 60 to 80% indicate
that a significant difference still might be detected for the majority (at least 60 to 80%) of
the time. If the effect size for copper concentrations between treatment and reference
areas is targeted to be a 20% difference (and a maximum 20% difference through time)
with 95% confidence, then the power is 60% probability of detecting a difference in
copper for the Northeast plot (standard deviation of 880 mg/kg) and 33% probability for
the North plot (standard deviation of 466 mg/kg) based on results from the SAS
procedure GLMpower. This low power of the tests for these two plots as a result of high
variability in copper concentrations is creating uncertainty in the conclusion of no
difference from reference for copper in these two plots (but see Section 7.3.3 for more
complete assessment of uncertainty in copper results below).

Soluble Copper. The soluble copper for the North plot has even lower power than copper
because of low total sample size (n = 29 vs. 82 for other constituents). The low sample
size was a result of removing all 2011 and 2012 soluble copper results from the analyses
because they inadvertently were analyzed at a 20:1 SPLP dilution ratio, not 5:1. The
ANOVA for soluble copper had less than a 20% percent probability of detecting a 20%
difference from the treatment (with 1.62 log units SPLP standard deviation).
Nonetheless, a significant difference in SPLP was detected in the East and Northeast
plots because the difference in soluble copper between the two plots was much greater
than 20%. However, uncertainty is high around the conclusion that soluble copper did
not differ from reference for the North plots.

7.2.2 Differences over Time and Space: BACI Results (Tables 9a and 9b)

The results in Tables 9a and 9b using BACI analysis focus on effects of treatments over
time in addition to post-treatment differences in space between the adjacent paired plots.
The significance of the interaction term is key to determining treatment effects. As will
be discussed below, the results in Table 9a and 9b show trends of weaker power for
copper, soluble copper, and pCu in the BACI. The soil pH, however, had adequate
power.
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Copper. For copper tests in Table 9a, the power was not very high for the targeted effect
size scenario. If the amendment and reference plot have similar means (within 3%)
before treatment, and the targeted difference is to detect an increase by at least 20%
after treatment, then the power to detect the interaction term is only about 15%. The
power is also only 25 to 30% to detect significant main effects of treatment between plots
(space) and periods (time) (using standard deviation of 651 mg/kg for liming, 646 for
tilling from these tests).

pH and pCu. For pH and pCu tests in Table 9a (with 0.65 standard deviation for pH and
0.95 for pCu from these tests), the power is adequate for pH for the scenario tested but
is more limited for pCu. If pH and pCu means are similar between reference and
treatment plots before amendment or tilling application (within 0.05 s.u), and it is desired
to detect an increase by 0.5 s.u. post-treatment for pH and by 1 unit for pCu, the power
to detect the interaction term is 94% for pH (and main effects are 82 to 94%) and 45%
for pCu (and main effects are 50%).The higher power for pH is because pH has less
variability and was more intensively sampled than copper in May 2008 (pH had 10 to 12
samples per plot before treatment compared to 2 samples per plot for copper). The pCu
power of 45% falls between pH (94%) and copper (15%) as expected because it is
calculated from both, and the high copper variability reduces its power.

These power analyses indicate that it is unknown and uncertain if the insignificant
interaction term showing no benefit of the treatment for copper or pCu was because of
treatment ineffectiveness or because of weaker power of the test. For pH, the tests had
high power, and therefore the one significant interaction term in Table 9b (effectiveness
of tilling), provides some confidence (but only 90%) that tilling the lime into the soil
increased pH. It must be remembered that the focus of the treatments was on increasing
pH, not reducing copper, and to that end, the tests (and white rain report, Arcadis 2017a)
support that adding lime when tilled into the soil seems to be effective at changing pH,
which should boost pCu upwards. Because of the small effect on pH and high variability
in copper, the calculated pCu change from treatments was not detectable with the
available sample size and power but logically could have improved a small amount if pH
improved and copper did not change.

Soil pH uncertainty. Although the BACI tests had high power to detect small differences
in pH, it is difficult to interpret small changes in pH with certainty because of limited
confidence, lack of replication in the study design, variability in pH over time, moving the
North plot just before treatment, and uncertainty as to the depth of soil that was
neutralized. The conclusions of improved pH in tilled plots is based on 90%, not 95%
confidence. More importantly, the study design did not include replication of the same
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treatment in the same topography and rangeland conditions (n = 1 for each combination
of conditions). If the same results had been observed in a second set of plots with steep
versus level and fair versus poor rangeland condition, the results could be more
conclusive and the interpretation less speculative. Soil pH is variable from year to year
depending on the randomly chosen sample locations, making conclusions about pH
more difficult.

For example, this study shows that the East reference plot achieved a final pH of about
6 in 2013, while the white rain report (Arcadis 2017a) shows that the East reference plot
then decreased to lower pH in 2014 (down to 4.9), illustrating that conclusions based on
a short time frame of 5 years are uncertain. The North plot was moved just before
treatment (and not sampled in new location), which requires assuming that soil
conditions did not change from the move, an uncertain assumption. Finally, because pH
was not measured in different strata within the 0- to 6-inch zone, it is unknown exactly
how deep lime penetrated the soil in the amendment plots over the 5 years. Findings
reported in the literature support that migration of the lime initially may not reach a 6-inch
depth where many roots grow. In arid, sandy soils impacted by copper mine leachpads
in Australia, Golos (2016) tilled soil to 30 cm after liming and found that the lime did not
neutralize soil below 4 inches. Possibly, the lime will be more effective over time, but this
is unknown. For these various reasons, it is uncertain if the improvement in pH from the
treatments beyond the white rain effect is a real trend.

7.2.3 Early Year Differences over Time from Amendments for TOC and C:N (Table 10)

TOC and C:N did not have data available for a BACI analysis and were analyzed through
time before and after treatment without reference data for comparison. Using just one
sampling period (0.5 year) post-treatment for TOC and C:N, the power of the ANOVA
was limited to 50% to detect a target of a half percent difference in TOC and of detecting
a C:N ratio difference of 5 after a half year (using standard deviation of 0.442 for TOC
and 4.45 for C:N). However, when increased to two sampling periods to evaluate effects
after 1.5 years, the power was sufficient to detect significant differences (Table 10).
Thus, these data were adequate to identify trends in these soil constituents in the early
years following treatment if evaluated at least 1.5 years after treatment.

7.3  Limited Reference Data
The pilot study design of the Work Plan was not originally focused on understanding

regional variability of plant communities, copper, pCu, or nutrients, including the
variability created by the unanticipated white rain event. It is difficult to determine if
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changes are due to treatment or due to effects unrelated to treatment caused by climate,
operational changes, vegetation succession, or the white rain. Longer-term datasets in
reference (untreated) areas would be required to assess the variability in the measured
parameters in this study and if treatment effects fall within that variability, but are
unavailable. The study attempts to overcome this uncertainty by including reference data
where available or evaluating other datasets and information available for the region or
Site, but ultimately, the study results and conclusions carry a substantial amount of
uncertainty as discussed below.

7.3.1 White Rain Effects on pH, pCu, and soluble copper

The white rain analyses have the limitation of having no reference areas unaffected by
the white rain. Changes are ascribed to the white rain that could be from other factors
including operational changes over the years. Also, soluble copper data are not available
on amendment plots pre-white rain to evaluate white rain effects. The only soluble
copper data available to compare were the ERA data, and uncertainty exists on the
comparability of soil chemistry of ERA locations (with 1999 pH < 5.5) with the pre-white
rain chemistry in the amendment plots.

7.3.2 Treatment Effects on C:N, TOC, and Soluble Copper

Analysis of treatment effects on C:N, TOC, and soluble copper do not include data from
reference areas sampled in the pre-treatment period. Pre-amendment and pre-white rain
C:N and TOC were collected on the amendment plots before they were treated (in 2006
and 2008; see Table 4) but could not be paired with collocated or less collocated
reference plots for a BACI analysis because such data had not been collected elsewhere
nearby. Therefore, a BACI that accounts for regional trends and variability could not be
performed for these parameters. Instead, two ANOVA tests replaced the BACI.
Reference and treated plot means, averaged over the period of 2010 to 2013, were
compared (Table 11), and the treated plots before and then 0.5 year and 1.5 years after
treatment were compared (Table 10). More years were not compared because regional
trends may interact with treatment trends, which cannot be compared to reference areas
to remove the effect.

To evaluate uncertainty in these results, a graphical, more qualitative analysis of the
trends was additionally performed by examining trends of all study plots on Figure 4b.
This examination of Figure 4b trends, combined with results of statistical tests in Tables
10 and 11, support that, despite fluctuations, the TOC increased and C:N decreased
initially and the change persisted, with TOC being higher and C:N lower in the amended
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plots than in the reference plots. Evaluating all the data three ways helps reduce
uncertainty associated with not having a reference area pre-treatment.

Effects of adding lime and organic matter amendments on soluble copper were analyzed
similarly without a BACI, and supported that soluble copper significantly increased just
after amendments were applied (Table 10). However, Figure 4b (ignoring data from fall
2011 to spring 2013, which had 20:1 dilution ratio) shows soluble copper fluctuating
substantially in all the plots, and the initial increase may be a significant large fluctuation
that does not represent any meaningful increase when compared to the high variability
over time. Table 11 shows that soluble copper is significantly higher in the amendment
plots than in reference plots after 2010. These results do not foster a consistent
interpretation, and therefore, conclusions about lime and organic amendments on
soluble copper are not very reliable.

To evaluate the effect of tilling on soluble copper that incorporates variability over time,
a BACI was performed using the untilled Northeast plot as a control plot and the North
and East amendment plots as the treated (tilled) plots (Tables 19a and 19b), in the same
manner as pCu and copper were analyzed for tilling effects in Section 7.3.3 below.
Though the Northeast plot is an uncertain control because it has a steep slope, the
results show that the high variation in soluble copper, particularly in the Northeast plot,
obscures the initial increase in the East and North amendment plots in soluble copper
(log transformed) observed on Figure 4b (insignificant interaction term of P = 0.47,
Table 19b). As stated earlier, the soluble copper data are highly variable, tests have
low power, and much uncertainty exists around the results.

7.3.3 Alternate Statistical Analyses without Less Collocated Plots

The locations of reference plots in the pre-treatment year were not consistent for BACI
analyses of copper and pCu, as discussed in Section 5.2.4, creating some uncertainty.
The use of different reference plots in early pre-treatment years (less collocated plots)
than in later years (collocated plots) was required because no pre-treatment data for
copper or pCu were available. The use of inconsistent reference plots, some of which
are less well collocated, creates uncertainty because copper differences may be due to
inherent locational differences rather than representing trends in untreated plots over
time. Therefore, an alternate statistical analysis was performed for copper and pCu
without using the less collocated reference data. The alternate lime and organic
amendment analyses were chosen to be the same ANOVA analyses run on soluble
copper, TOC, and C:N discussed in Section 7.2.2. No reference data were included,
only a comparison of the pre- and post-amendment periods. The tilling alternate analysis
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selected excludes reference plots, but still includes the amendment plot that was not
tilled, which served as the only reference in a more limited BACI. Note that no alternative
analyses were needed or conducted on pH because the BACI included the same
consistent and collocated reference plots every year.

For the alternate statistical analyses on effects of lime and organic matter, a mixed model
ANOVA without reference plots (with plot location and sampling period as random
factors) was used. Because the soil copper may have decreased in many areas after
20103, later years were first excluded to avoid amendment effectiveness erroneously
being attributed to regional trends. In a second analysis, these later years were included
when calculating the post-treatment mean to determine if results were the same. In a
third step, the results were compared to graphs of trends for each study plot to assist in
the interpretation. Finally, the results were compared to the BACI analysis results in
Section 5.2.4 (Tables 9a and 9b) to see if conclusions differ and are uncertain or if the
various analyses evaluated together as a weight of evidence determination support a
reasonable final conclusion.

The mixed model ANOVA without reference plots produced the results discussed by
treatment in the following sections.

7.3.3.1Lime and Organic Matter

To evaluate lime and organic matter amendment effectiveness using an alternative
model, a mixed model ANOVA with no comparison to a reference area was the test
used. Copper decreased immediately after lime and organic amendments were applied,
but the decrease was not statistically significant in the first 0.5 year or 1.5 years (P >
0.45, Table 20). The difference was almost a significant decrease from 1,956 to 1,466
mg/kg, when averaging across all five post-amendment years (P = 0.095). Soil pCu also
did not show a significant increase in the first 1.5 years (P = 0.462) after amendment
application, but an almost significant increase (at 90% confidence) from 4.1 t0 5.1 in pCu
when averaging across all post-amendment years (P = 0.095, Table 20). A challenge
with only using the first 1.5 years post-treatment is that the sample size is low, reducing
power to detect differences given the high variability in copper and pCu. A challenge with
using all 5 years is that copper or pCu may be decreasing over time post-amendment

33 See white rain report (Arcadis 2010a) showing reduction in copper after 2010, which was
also observed on the North and Northeast amendment plots.
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affecting the post-treatment mean of both copper and pCu, and this decrease may be
unrelated to the treatment.

Based upon Figure 4a, the decrease in copper after treatment, whether measured after
0.5, 1.5, or 5 years, appears to be driven mostly by the North amendment plot, in which
copper concentrations continued to significantly decrease over time in the post-treatment
period (see minus sign next to legend on Figure 4a). This same downward trend was
observed in the North reference plot from 2010 to 2013 (Figure 4a). The BACI analysis
in Section 5.2 may shed light onto this result. The BACI indicated that the change in
copper was not due to treatment because both the amendment and reference plots had
a downward trend in mean copper (Table 9a), and therefore the interaction term was
insignificant (Table 9b). Though each analysis has shortcomings, the weight of evidence
based on these different analyses with and without reference plots suggests that the
addition of lime and organic matter did not change copper concentrations. Thus, despite
uncertainty, the conclusion from the BACI alone appears to be reasonable.

The increase in pCu in the 5-year analysis was influenced by pH changes in the later
years over time as well as the decrease in copper. However, the conclusion is the same,
that the increase in pH and decrease in copper in some reference plots (East and North
reference plots, respectively; Figure 4a) from 2010 to 2013 likely represents a regional
trend unrelated to the treatments. A decline in copper and increase in pCu after 2010
were also reported for the larger STSIU area in the white rain report (Arcadis 2017a),
though the high variability in copper makes significant trends over short 5-year periods
uncertain. The finding of no significant change from the lime and organic matter
treatment in the early post-treatment years supports the conclusion of minimal effect of
treatments on pCu, as does the BACI result in Table 9b.

The BACI is only reliable if the less collocated reference plots have copper
concentrations and variability similar to those of the collocated adjacent reference plots
in 2008. Because this is unknown, the above alternative analyses were evaluated in this
section. However, the less collocated reference plots might have been similar to the
collocated adjacent reference plots because the mean concentration of the less
collocated reference plots before the liming treatment was similar to the mean of
amendment plots before treatment (approximately 2000 vs. 2200 mg/kg for amendment,
Table 9a). It is unknown if the collocated reference plots would have exhibited the same
general concentrations (2200 mg/kg) during the pre-treatment period in 2008, but it is
quite likely because the slightly higher average copper in the less collocated reference
plots matches the finding that the pH tended to be slightly lower in the collocated
reference plots than in the amendment plots during the pre-treatment period (5.8 vs.
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6.0). It matches expectations because soil copper and pH often are negatively correlated
in this area due to stack emissions. The standard error of the mean of the less collocated
reference plots was also similar to the amendment plots during the pre-treatment period
(435 vs. 450 for lime, Table 9a). This suggests that the less collocated plots may have
been adequate substitutes for the adjacent, more collocated reference plots. However,
conducting the alternate analyses as well as the BACI provides the most complete
picture of the uncertainty of the results, given the limitations in the study design. The
more complete picture supports that lime and organic matter additions probably did little
to change copper and pCu.

7.3.3.2Tilling

For the alternate analysis, the Northeast amendment plot was used as the only untilled
reference (control) in a BACI. The BACI was a mixed-model ANOVA that included trends
in the tilled plot and untilled control over all 5 years post-treatment. The results showed
that copper did not change in a significantly different way in the tilled plots than on the
untilled plot; in other words, the interaction term was not significant (Tables 19a and
19b). Both the original BACI analyses in Table 9a and 9b (which included less
collocated plots) and the new analysis without adjacent reference plots support the
conclusion of no effect of tilling on copper concentrations. The graphs on Figure 4a
show that copper concentrations are highly variable in the untilled Northeast plot, making
it difficult to identify changes in copper in the tilled plots relative to the Northeast
amendment untilled control, even though the North amendment plot mean shows a drop
after treatment and a continued decline post-treatment (not evident in the East
amendment plot). Correspondingly, the power of the BACI tests with or without less
collocated plots are low with regard to copper (15 to 30%, see Section 7.2), and there is
uncertainty associated with conclusions of no effect of tilling.

The same analysis used for total copper was employed to evaluate the effect of tilling on
pCu using the Northeast amendment plot as the only reference plot. The Northeast
amendment plot was limed, however, which can potentially increase pH and influence
pCu. Therefore, this analysis evaluates if tilling contributes beyond the effect of the lime
on the Northeast plot. The tilled plots tended to increase in pCu more than the increase
in the untilled plots (Figure 4b), but the interaction term was not significant (Table 19b).
The tilled plots exhibited significantly higher pCu than the untilled plot, but this occurred
both before and after treatment (Table 19a). Thus, tilling had no significant effect on
pCu. A confounding factor is the steeper slope of the Northeast plot, which was limed
but not tilled, and the difference in the steepness of the plots may be influencing results,
not just the tilling difference. Additionally, the power is weak for these alternate pCu tests
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(about 30% for interaction term with standard deviation of 1.07), creating uncertainty
around this result. The original BACI with adjacent and less collocated reference plots
produced similar conclusions (Tables 9a and 9b), whereby the tilled plots tended to
increase in pCu more than the increase in the untilled plots (Figure 4b), but the
interaction term was not significant. Possibly, the lack of significance in the BACI is due
to low power, but both tests give similar results, with significance at an 80 to 82%
confidence level. Because copper is highly variable, detecting changes in copper or pCu
from the treatment is not possible without more sampling. The graphs on Figures 4b
and 5 also do not show any clear indication of beneficial effect of the treatments on pCu
in any of the amendment plots in 2013, because they have similar pCu in the reference
and amendment plots in 2013, or the difference between amended and reference plots
in 2013 is about the same as in early 2008 before amendments were applied.

Overall, the alternate analyses support conclusions of the original BACI analyses that
treatments did not significantly affect copper or pCu. However, the pCu results are highly
uncertain because although pCu improved after amendments and tilling, power to detect
whether the improvement was significant was poor.

7.4 Use of ERA Data

Using ERA plot data in soil comparisons (e.g., BACI) could create uncertainty because
they represent a dataset that averages lower copper concentrations and higher pH than
the data from the amendment study area. Therefore, use of ERA data was limited to
locations with depressed pH (<5.5) and then used only as supporting information in
graphs and tables for interpretation purposes only, and never combined with amendment
datain any analyses, with one exception. The exception was one ERA plot (ERA-2) used
as a less collocated reference for the East plot. The ERA-2 location was used because
it is a rocky, relatively flat site dominated by mesquite with low pCu (4.1; Appendix B-
15), very similar to the East reference plot (see Appendix B-21).

7.5 Persistent Effects of White Rain on pH and pCu

Current results indicate that the white rain had a beneficial effect on pH and pCu.
However, 5 years may not be long enough to evaluate persistence trends for the white
rain and amendments with certainty. Additionally, data are variable, particularly for the
Northeast plot, making persistence more difficult to detect or not detect when downward
fluctuations lead to values similar to those seen before the white rain event.
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Note also that if the white rain (which added lime to the soil) is not persistent, then liming
may not be an effective remedial alternative, at least for the amount of lime delivered by
the white rain. However, data to date suggest that the white rain is persistent and by
extension, liming at the level of the white rain (see white rain report, Arcadis 2017a) may
be effective in raising and sustaining pH where pH is low.

For pCu, copper declined since 2010 (with statistical significance) in many areas in the
site including the amendment locations (Arcadis 2017a). Along with pH increasing in the
East reference plot, this copper decrease may be contributing to the continued increase
in pCu over time in both of the reference plots; however, copper levels in soil
demonstrate high variability, making this possibility uncertain. Figure 4a shows that
copper concentrations decreased and pH increased in reference plots (except West plot)
between the pre- and post-periods, which supports the likelihood of attenuation due to
the effect of the white rain combined with other possible factors that may have reduced
copper, including cessation of the smelter operation in 2002 and subsequent surface
erosion of copper from surface soils (no longer being replaced by smelter deposits).
Although the East reference plot is trending upward and might reach the pre-FS RAC,
this is not guaranteed or very certain given the variability observed in estimated pCu
from 2006 to 2013 (Figure 4a), but should be considered when evaluating remedial
alternatives.

7.6  Persistent Effects in Soil Chemistry of Treatments

High variability in concentrations over time results in uncertainty in the ability to detect
small changes over time, particularly in the differences in pCu between plots. The
difference in pCu between treated and reference plots may or may not be real, and
tests had too little power to state which was the case conclusively. The difference
nonetheless was used to evaluate persistence of treatment effects, in case they were
real.

The appearance of a diminishing difference between the amendment and reference
plots in pCu observed in the East plots (Figure 4b) is important and could indicate a
“lack of benefit” of the amendments and tilling. These results could indicate that liming,
tilling, and organic matter application is not very effective or needed because natural
attenuation would have had the same effect on soil pCu 5 years after the white rain, as
shown by the untreated East reference plot. However, the North plot results present a
different conclusion. The regression slope (trend) for pCu is not significantly different
than zero for the difference in the North plots (P = 0.327), indicating no significant
change over time (Figure 5) and possible persistence. However, the North amendment
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plot declined in pCu slightly in 2013 during the last two sampling periods (see Figure
4b), which though not significant, creates some uncertainty as to the effectiveness of
the treatments in that plot in the last year. The plot still exhibits pH above 5.0 (above
the pre-FS RAC) after 5 years. There is uncertainty in identifying small changes over
time in the North plot, given the observed variability, and that the effect of tilling, adding
lime and organics to soils that already have relatively high pH may not be that
detectable relative to reference plot changes. Additionally, persistence of pCu changes
from the amendments and tilling was only evaluated for 5 years, and one cannot
predict with certainty the persistence longer than that. The East plot results suggest
natural attenuation may be as effective at changing the soil pCu as the treatments if
given enough time. The North plot results, which show no significant trend in the pH
difference, do not support nor refute that conjecture. The Northeast plot pCu shows no
significant slope in the difference over time either, but its final pCu is very similar
between the reference and amendment plots and as discussed previously, showed no
benefit from treatments. Overall, uncertainty exists as to whether treatments changed
the soil chemistry enough to provide any benefit, and persistence of the benefit may be
a moot point.

Factors that add to the uncertainty of the persistence are that the North amendment
plot for pH before treatment was not the same exact plot after treatment (moved 100
feet) and for copper, all reference plots before treatment also were not in the exact
adjacent reference plot, but were in less collocated plots nearby (see Section 7.1).
Also, in the early years, a sample size of two to three was too small to estimate mean
copper concentrations with much precision before and immediately after treatment,
even if in the same plot (see Section 7.3). Overall, the conclusion was that pCu results
from the BACI analysis suggest that the treatments may not be beneficial in terms of
improving the locally heterogeneous soil pCu, though pH was improved slightly when
lime was tilled into the soil. This conclusion is uncertain given the short time frame of
the study and variability in the data.

7.7 Dormancy Bias

The pilot study was not designed to evaluate change in plant copper uptake, and the
pre-treatment tissue samples were collected in a different season (dormant season) than
the post-treatment samples; therefore, there is much uncertainty in the results and
interpretation due to a dormancy bias. Adjustment for the dormancy bias was performed
nonetheless to facilitate interpretation of changes in plant uptake of copper to inform
decisions for the Feasibility Study.
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Copper concentrations measured in senesced vegetation in the winter dormant period
were adjusted to growing season concentrations using a bioaccumulation model
developed with ERA data (Appendix B-7). The use of a model to allow comparisons of
data carries a number of associated uncertainties. First, comparison to an ERA
bioaccumulation model in Appendix B required estimating proportion of grasses and
mesquite biomass in leaves vs. seeds because ERA tissue concentrations were not
reported for the whole plant. The proportions were assumed to be 15% of biomass for
seeds of grasses and 5% of biomass for pods of mesquite, based on the literature (see
footnote in Table 7) and field observations.

Second, the copper concentrations appeared to be biased high during the dormant
season and were adjusted downward by 35% to remove the bias based on the
bioaccumulation model. The literature supports that copper can be higher in senesced
vegetation than growing vegetation for grasses on a mine site. In a paper that described
copper sampling at a mine site in England with elevated copper (Hunter et al. 1987),
tissue concentrations in grass species were much higher in the dormant season,
possibly because copper moves into plant cell walls and can become more concentrated
as cytoplasm is lost when the plant cell dries or freezes, a process observed in trees
(Koelling 1996, Lyons et al. 2012).

However, some studies of herbaceous plants in areas without elevated copper show
copper moving into the seeds and roots just before the dormant season or as leaves
senesce, which produces a lower copper concentration during the dormant season
(Himmelblau and Amasino 2001, Mira et al. 2001, Sankaran and Grusak 2014). Copper
could also leach from leaves during winter from precipitation, resulting in lower
concentrations. Though precipitation during the months of November to mid-March 2008
was minimal (0 to 0.1 inch, Hurley weather station), the differing results of these group
of studies in the literature indicate uncertainty as to whether copper actually was biased
high in the senesced vegetation.

Both the unadjusted and adjusted concentrations are presented in this report because
of this uncertainty, though conclusions are based upon the adjusted concentrations. The
conclusions on the effect of the white rain and amendments on copper uptake should be
interpreted with caution, as the effect may be much larger or could be smaller than
reported with the adjustment.
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7.8  Long-term Effects of Amendments on Vegetation

Long-term recovery in the vegetation to its pre-white rain condition or natural condition
is uncertain. It may be so slow that it offsets any benefit of reducing copper uptake,
particularly for fair rangeland plots that lost their grasses. However, many uncertainties
are associated with evaluating effects on vegetation because of limited data, other
factors that affect vegetation in the field, and the study was not designed well to
separate effects. The CCA was used to identify if some species are responding more
to chemical than physical factors but the CCAs carry inherent uncertainties that have
the potential to lead to erroneous conclusions. The CCA is dependent on the few plots
used to develop the CCAs. If more plot data were obtained, the relationships may shift.
The many uncertainties associated with the vegetation results and interpretation are
discussed in Appendix B-21, which brings in information and data from other studies
to help reduce the uncertainties, when possible.

The overarching conclusions for the vegetation uncertainty are that any remediation
undertaken on the STSIU should be considered carefully as to its: 1) slow rate of
recovery of the vegetation after disturbance that may not offset the benefits and 2)
variability in copper and pCu making detecting differences or areas needing
remediation difficult. Unless an area is overgrazed and mostly barren with some
mesquite, remedies evaluated in this report may not produce any easily detectable
benefit now that the white rain has occurred. This leaves few options for remediation.
Scraping off topsoil with low pCu of fair rangeland areas without seeding could create
poor rangeland conditions that may never have grasses recover to original levels34.
Natural attenuation may be the best alternative, even for overgrazed barren areas that
already have little topsoil because the pCu may be improving over time (see East and
North reference plots, but more years of monitoring are needed to determine if they
continue to improve to meet success criteria). The improvement on untreated areas in
more recent years may be from mini-white rain events that some local individuals in a
Chino working group have observed since the large white rain event in 2008. The
possibility of doing more harm than good is of concern given the large uncertainty in

34 The top 2 to 3 inches were removed of the golf course (Arcadis 2014), which may have set
this fair rangeland area back to an earlier successional stage, but the vegetation was not
surveyed before removal to evaluate changes. The site was seeded, however, and showed
less annual weedy dominance and more perennial grasses than the unseeded amendment
plots.
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the outcome of the amendment study and known length of time it takes for vegetative
succession in arid areas to recover the community from disturbance (Appendix B-3).
If topsoil is lost, the area may never recover to original levels in fair rangeland areas.

7.9 Effect of Climate on Results

In arid environments, climate can have an effect on vegetation growth or cover and to a
lesser extent on species richness, particularly of annual species (Yan et al. 2015, Zhang
et al. 2016). Plant communities in arid areas tend to be somewhat resistant to droughts
(Miranda et al. 2011), but the climatic variation creates some uncertainty in the
amendment results. Though vegetation trends in the amendment plots were interpreted
relative to changes in the adjacent reference plot to reduce climatic influences on the
results (both are subject to same climate), climate could interact with the treatment in a
way that creates larger changes in wet periods than dry periods. Possible climatic
interactions are described below by first identifying climatic trends during the study, and
second, identifying correlations between climate and vegetation parameters.

Based on Hurley records, Figure 16 displays the average annual temperature and
precipitation during the monsoon months of July, August, and September, when most
vegetation growth occurs. Because the temperature trend appears to vary inversely with
the monsoon precipitation (rainfall), precipitation trends can represent the climatic
influences, especially given the area is an arid semi-desert with water limitations for plant
growth.

Figure 17 overlays precipitation trends during the 3 months before each sampling period
on the trend of the non-woody vegetation cover. Of the vegetation parameters, non-
woody cover percentages exhibited the best correlation to precipitation. This figure
shows that the non-woody cover in the pairs of East, North, and West plots was strongly
affected by the precipitation pattern, and the Northeast plots were less influenced
(Figure 17). In particular, the East and North plots most closely paralleled climatic
trends, likely because they had the highest proportion of cover in herbaceous vegetation
(Figure 10). Woody vegetation is less responsive to rainfall than herbaceous plants, and
herbaceous annual species are the most responsive (Miranda et al. 2011). Seasonal
weather patterns also influenced the vegetation results. The spring sampling periods
(March 2008, April 2010) exhibited consistently lower percent cover of herbaceous
plants than the fall growing seasons due to senescence of leaves and shoots in the dry
early spring. In contrast to the strong effects observed on non-woody cover, climatic or
seasonal changes did not have an obvious effect on richness or other diversity
measures.
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The changes due to precipitation can create uncertainty in the interpretation of the
vegetation cover results in two ways. First, the amount of precipitation can change the
magnitude of the difference between the treated and reference plots. The control West
plots were not treated, and as such, could be evaluated to determine if meteorological
conditions alone were expanding the inherent difference in non-woody cover between
the two plots more in the rainy fall than in the drier spring. The answer was “no” when all
autumn periods were compared to spring 2008, but “yes” when compared to spring 2010,
when the difference was much smaller than in the fall (Figure 10). Fortunately, spring
2008 was the pre-treatment period being compared to fall 2013 in Tables 16a and 16b
to detect treatment effects, and as such, no strong bias from precipitation differences is
expected.

The second way precipitation can influence results is by creating large variability in the
vegetation community data, making interpretations uncertain (particularly for vegetative
cover in North and East amendment plots, see Table 16a). For example, the East
amendment plot percent cover increases from amendments and tilling only when the
anomalous spring 2010 estimate is ignored. After tilling and amendment application, the
East plot became dominated by non-woody, herbaceous vegetation that decreased
greatly during the dry season in spring, a trend that did not occur during spring 2008
when woody vegetation dominated. The spring 2008 community represented the
community that grew during the growing monsoon season in 2007 and represented the
pre-white rain condition. The low precipitation in spring 2010, with its loss of woody
vegetation, created variability in the dataset that had to be removed to properly interpret
effects.

Precipitation patterns can also affect species composition. Including precipitation and
season in the CCA (Figure 13c) did not considerably change the CCA or conclusions
on species composition (compare to Figure 13b). However, the wetter years appear to
be influencing vegetation composition more than drier years, with more cover by annual
and perennial forb species during wet years. Figure 16 shows that 2011 and 2012 were
drought years. During these 2 years, vegetation was not sampled, though photographs
were taken (Appendix D). Because these 2 years were missed, the CCA does not fully
capture precipitation effects on herbaceous species composition.

The similarity in non-woody cover before and after the drought support that the drought
during those years did not have a large effect on non-woody cover once rainfall returned
to normal. However, annual herbaceous plants increased in abundance during the wet
year of 2013, consistent with other studies in arid environments (Yan et al. 2015). The
annual forb (carelessweed) invaded in abundance during the wet year of 2013,
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particularly in the North amendment plot, possibly because of the drought in the 2 years
prior, creating more barren locations for such weeds to invade. In the photolog
(Appendix D), the 2011 photos of the North amendment plot show a much more barren
area than in 2010, which is not very noticeable in the other plots, whether they are
reference or amendment plots. Tilling fair rangeland in the North plot may have made it
more susceptible to losing cover during drought and being invaded by annual weeds
when the drought ended. This may not have been observed in the East amendment plot
because it already was mostly barren (mostly mesquite) and could only improve
regardless of the weather conditions. Possibly the North amendment plot may have
shown greater improvement if no drought had occurred. The vegetation is responding to
confounding climatic factors that are difficult to tease apart, and as such, there is
substantial uncertainty in the factors causing the trends observed.

Because no areas in the study were not subjected to the white rain, climatic effects were
more difficult to separate when evaluating white rain effects alone on the plant
community. To adjust for climatic effects, graphs (e.g., Figures 9a and 9b) were
evaluated qualitatively, comparing pre-white rain conditions in spring 2008 to the same
season in 2010, after considering that the growing season for those dormant spring
periods the fall before was drier for the 2010 than the 2008 community. If conclusions
were the same with this comparison for the majority of the plots as when climate
differences were ignored (which was the case), then the climate effects were assumed
to not influence the results enough to be of concern.

7.10 Summary of Uncertainties

This study was not optimally designed to answer questions of interest for the FS. The
decisions for the FS will be better informed, however, using results from an uncertain
study with adjustments and assumptions rather than having no information. Adjustments
and assumptions were made to use this long-term dataset, which encompasses the
years 2006 to 2013.

The adjustments to the soil chemistry data included adjusting the data to represent
sieved data for years when not sieved, deleting SPLP data with 1:20 dilution ratio (only
those with 1:5 ratio retained), using post-white rain copper soil data in May 2008 (or 2010
for west plots) to represent pre-white rain soil copper in 2006 (assuming that white rain
did not change copper concentrations), using less collocated data to evaluate if changes
were different from regional trends in the early years, and using an equation to calculate
pCu.
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For tissue data, the adjustments were an unwashed to washed adjustment applied to
2008 data and a dormancy bias adjustment for that year. ERA data in a bioaccumulation
model were used to develop the dormancy bias, and uncertainty exists as to their
representativeness for the soil to plant bioaccumulation regression expected on the
amendment plots. The ERA data with pH < 5.5 were included on Figure 6 as a
comparison, but again, uncertainty exists as to the appropriateness of using ERA data
for this comparison. Locations with soil having pH < 5.5 generally responded to the white
rain in a way similar to that of the amendment plots, and for this reason, only those ERA
plots were included.

Additionally, plant tissue data were not collected in reference plots in the pre-treatment
period, nor were they collected again until the end of 5 years. Treatment effects had to
be restricted to comparisons of amended and reference plots in the last year, assuming
there were no plant concentration differences between plots before treatment.

Plant community data were collected on the reference plot before the white rain and
periodically thereafter, but were not replicated on the reference plot (n =1), which meant
that no statistical analysis was possible. These adjustments and data gaps make the
results and conclusions of this report uncertain. Additionally, the three remedies (lime,
organic matter, tilling) were not separated, which confounds decisions about whether
some components of the treatments should be included or excluded for remediation.
Chino drew from information from other studies (white rain report, phytotoxicity and
community study), anecdotal information (haul road ripping), and literature to assist in
providing additional information that can help separate out the effectiveness of the three
treatments (lime, tilling, and organic matter), as described in Appendix B-21. Final
conclusions are drawn from this study with the understanding of the high uncertainty in
the results due to the adjustments required to work around the various data gaps.

8. Evaluation of Remedial Technologies Separately

Appendix B-21 discusses the effectiveness of each remedial technology separately in
changing the primary metrics of pCu, copper uptake, cover, richness, and species
composition (successional stage and grass proportions) if such information is available
for each metric. Information from the sitewide ERA (Newfields 2005), white rain report
(Arcadis 2017b), phytotoxicity and community study (Arcadis 2017b), and haul road
ripping project were reviewed to develop the conclusions and recommendations in
Table 18 for liming, tilling, and organic matter applied separately in three categories:
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1. Poor rangeland with rocky soils in relatively level areas (< 6% slope on
topographic maps, see Figure C-2-2)

2. Fair to good quality rangeland with granular soils in relatively level areas
3. Fair to good quality rangeland on steeper slopes.

Category 1 is represented by the East location, Category 2 by the North and West
locations, and Category 3 by the Northeast location.

The assessment revealed that liming alone, as seen by the effect of the white rain on
all three soil categories, can increase soil pH and pCu; decrease copper uptake into
plants; and increase species richness and the proportion of cover in non-woody plants
(also see main text). The increase in soil pH and pCu is smaller on the steep plot
because of runoff. On all the plots, effects on cover, grass proportions, and
successional stage appear to be at most minimal (Table 18).

Tilling has different effects, depending on whether it occurs in poor rangeland or fair to
good rangeland areas (Table 18). Tilling in the eroded rocky soil type characterized as
in poor rangeland condition increases grass cover to a much greater extent than lime
alone. The grass species present after tilling include more late successional species
over time than if the area is not tilled and only subjected to the white rain. However,
tilling in fair rangeland reverses positive trends of the white rain and causes a reduction
in diversity and percent in grass cover after 5 years. This reduction is not unexpected
because a granular soil located in an area with fair rangeland condition does not need
decompacting and would already have good grass growth, as long as low pCu was not
too limiting. The North amendment plot had acidic soil with low pCu (estimated to be
about 2.0) during the growing season before the white rain, yet grass species and plant
diversity in the plot were lost after the treatment. The evidence supports that copper
uptake in plant tissues is less of an impediment to a healthy grass and rangeland
community for fair rangeland than disturbance that can set succession back to an
earlier stage.

Organic matter may do more harm than good to rangeland and wildlife habitat. The
literature supports that organic matter is often of little benefit when reclaiming soils,
often decreases species richness, and increases invasion by annual weedy species.
Some plots lost vegetative cover and all lost desirable grasses, possibly from the
organic matter additions, though this is uncertain. What is certain is that desirable
grasses returned in the tilled haul road without organic matter applied, and
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considerable amounts of organic matter (manure) were observed moving downhill off
the steep plot, providing little benefit (Table 18).

Recommendations by soil category (categories shown on Figure C-2-2) are as follows:
1. Poor rangeland with rocky soils in relatively level areas (flat rocky):

e Tilling is recommended in areas of depressed pCu, pending further
evaluation in the FS.

2. Fair to good quality rangeland with granular soils in relatively level areas:

e No remedy was effective in increasing cover of desirable species
enough to improve wildlife habitat and livestock range. Therefore,
none of these three remedies are recommended.

3. Fair to good quality rangeland on steeper slopes:

o No remedy was effective in increasing cover of desirable species
enough to improve wildlife habitat and livestock range. Therefore,
none of these three remedies are recommended.

9. Conclusions and Recommendations

This Year 5 Monitoring Report presents the final results of the STSIU Amendment Study
that evaluates the effectiveness of three remedial techniques: tilling, liming, and organic
matter application. The effect of the natural white rain event and subsequent natural
attenuation, the effect of tilling via haul road ripping, and results from other studies were
considered together to develop the final conclusions and summary of recommendations
herein.

This study first identified the primary metrics important for assessing success of a
remedial technique and found the following:

e Soil pCu is the soil parameter most strongly correlated with plant uptake of copper
and thus is a possible indicator of potential adverse effects on the plant community.
It is a key primary metric to evaluate effectiveness of the different amendments, and
its interpretation was supported by data on pH, total copper, TOC, and ABA analysis.
Soil pCu has been used to assess the need for remediation when vegetation data
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are unavailable (e.g., the pCu STSIU pre-FS RAC), but vegetation community
metrics are more important when evaluating remediation effectiveness.

e Soluble copper is not as useful an indicator of soil toxicity as pCu because it includes
copper complexed with dissolved compounds that are not readily available to plants.
Moreover, these compounds may increase with additions of organic matter, resulting
in soluble copper increasing after remediation. Therefore, no target soluble copper
criteria should be established for success.

e Copper uptake, as represented by copper concentrations in aboveground plant
tissue, is a key parameter in determining exposure to plants in addition to the soil
pCu. The soil pCu does not represent all bioavailable copper that may be taken up
into a plant. The aboveground tissue concentrations, if high, indicate plant
absorption of copper, which may have a toxic effect. However, copper may not
translocate from the roots to shoots in some plants and evaluating both the soil pCu
and tissue copper concentration metrics provides a more complete picture of
exposure. Therefore, tissue copper was also considered an important primary
metric along with soil pCu for assessing remediation success.

e The most ecologically relevant primary metrics are plant species richness and
percent vegetative cover, two indicators of wildlife habitat and rangeland quality that
need to be protected. An evaluation of species composition was used in conjunction
with richness and cover to determine if the remediation improved the quality of the
plant communities for wildlife and livestock after reducing copper uptake into plants.
Notably, richness can increase with a few small plants of different species, and yet
wildlife and livestock forage and cover may not improve enough in the area to make
a difference in habitat quality if the new species are small and sparse. Therefore,
improvement of total vegetative cover composed of desirable species (in particular
perennial rangeland grasses) is the most ecologically important target.

The main conclusions from the Amendment Study are as follows:

e The white rain event, and subsequent natural attenuation, was effective at: (1)
improving pCu in low soil pH areas (< 5.5) across the STSIU; (2) reducing
bioavailability and plant uptake of Cu; and (3) improving plant community richness.
It was particularly effective on the relatively level areas, whether poor or good
rangeland. The pH monitoring program (Arcadis 2017a) evaluated the persistence
of the improvement in pH and pCu from the white rain, and demonstrated that the
improvement has been sustained after 5 years, consistent with the results of this

112



Year 5 Monitoring Report for
Smelter/Tailing Soils

Investigation Unit Amendment
@ ARCADIS Study Plots

Freeport-McMoRan Chino Mines
Company, Vanadium, New Mexico

study. Low pCu plots in the relatively level areas improved to pCu above 5 or near
5. In areas exhibiting continual improvement in pCu, monitoring natural attenuation
is recommended as the best remedial technique. More years may be needed to
statistically demonstrate if pCu is increasing in some areas. While the white rain
event did not result in the establishment of plant species that are potentially toxic or
of low value to wildlife or livestock, vegetation cover was not increased enough to
show benefit to wildlife habitat or improved rangeland quality. Overall, lime alone
does not appear to change the community enough to enact the plant community
changes desired.

e While the white rain event was effective, the remedial technologies applied after the
white rain were not as effective above and beyond the white rain effect. When all
three technologies were combined (lime, organic matter, tilling) on the relatively level
plots, pH was increased (with 90% confidence). However, the three technologies did
not significantly improve soil pCu. Possibly the lack of significant change in pCu
overall may have been due to high variability in pCu resulting from heterogeneity of
the field soils, sampling error, analytical error, and using an equation to calculate
pCu. In parallel with the insignificant change in pCu, reduction in copper uptake into
plants from the three technologies combined also was minimal as the white rain was
responsible for most of the reduction in the copper uptake. Tilled plots (to 8 inch
depth) did not show improved pCu relative to untilled plots in the study. The effect
of tilling deeper (to 12 to 18 inches) on the plant community was demonstrated by
an example outside this specific study. A haul road traversing poor rangeland
condition with no vegetation initially was tilled, and that action did result in high
abundance of diverse grasses after 11 years. This example supports the concept
that vegetation changes could be from decompacting the soil on the road. The
finding on amendment plots of no clear benefit of all three treatments (in increasing
pCu and decreasing uptake of copper in plants after the white rain) suggests that
chemical changes from mixing are not the driver of the large community changes,
but rather the tilling physically decompacts soil, allowing plants to re-establish on
poor rangeland. In contrast, the fair rangeland on relatively level ground undergoing
the same treatments did not increase in cover or richness and reversed succession
toward an earlier seral stage with loss of grasses. The fair rangeland plot on steeper
ground also experienced a setback in succession to an earlier stage with a loss of
desirable grasses. Unlike the poor rangeland plot, these areas already had a
diverse plant community and rangeland grasses present, even before the white rain,
despite a low pCu of approximately 2 to 3 at that time. The benefit from
decompacting soil by tilling is large and should be considered as a remedial
technology. However, it is warranted only if erosion of surface soil resulting in a
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compacted or rocky surface was caused by a loss of the roots of a plant community
impacted by pCu in the past, rather than from overgrazing.

e Organic matter, in combination with the other one or two technologies, did not
improve pCu or reduce copper uptake significantly. Organic matter may have
exacerbated annual weed invasion and slowed recovery after the plots were
disturbed from tilling or amendment application. Unlike the white rain effect alone,
the disturbance from tilling combined with the effect of applying amendments in the
form of lime and organic matter increased undesirable annual weeds substantially
(e.g., golden crownbeard, carelessweed), some of which are potentially toxic to
livestock. Weeds increased less on the steep plot that was not tilled but also less on
the haul road that was tilled, which suggests factors other than tilling may have
increased invasion of undesirable weeds; however, organic matter may not be
responsible because organic matter was applied at high amounts on the steeper plot
with less weed invasion, and was not applied at all on the tilled haul road that also
experienced less weed invasion. The plot with less invasion was steep and subject
to runoff of the organic matter, which may explain why it experienced less invasion
than the more level plots that were also subject to application of organic matter. The
weed invasion may be short-term, as seen on the haul road that was tilled. However,
after 8 years, the fair and poor rangeland plots on relatively level ground still support
a fair amount of potentially toxic annual weed species. Organic matter added to soils
for reclamation rarely have been shown to be beneficial in arid or semi-arid areas.

e The three remedial technologies at the levels evaluated in this pilot study are not
viable for increasing pCu in steeper areas (> 13% slope). Tilling is not a feasible
method for slopes too steep or too rough (high amount of boulders) for the
equipment. It is also not feasible for bedrock areas. Liming and organic matter
application were not effective at increasing pCu on steeper areas, which generally
are in fair rangeland condition in the STSIU. Even the lime in the white rain had only
a small effect on pCu on the steeper areas.

e The results support the following recommendations:
o Liming and tilling is 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.

e Organic matter application is not recommended.
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In summary, the white rain increased pH and pCu significantly and reduced copper
uptake into the plants of all the plots. 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 that is required to benefit wildlife and livestock. 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.
Recovery of degraded conditions could take decades. The weight of evidence supports
that, on plots such as the ones in this study with high copper (up to 2,900 mg/kg) and
low to moderate pH after the white rain (as low as 3.9 in one year in steep sloped plot
and as low as 5.7 to 5.9 in flatter plots), the treatments applied will likely produce no
easily discernible benefit in terms of reducing current phytotoxicity. The benefit of
remediation likely will be greatest in decompacting soils that may have been eroded and
degraded long ago from smelter or tailings impacts that destroyed the historical plant
community.

This pilot study is an initial assessment of the effectiveness of these three remedial
techniques, and these conclusions and recommendations were considered in
combination with findings from other relevant STSIU studies (Arcadis 2011a, 2014,
2017a, 2017b) to determine remedial actions that should be advanced to full-scale
implementation via the FS. Guidelines for remediation of different soil categories on the
STSIU from this assessment are based on obtaining a net environmental benefit and are
as follows:

1. Poor rangeland with rocky soils in relatively level areas (flat rocky soils on Figure
C-2-2) that are impacted by pCu:

® Tilling is recommended in depressed pCu areas, pending further evaluation in
the FS.

2. Fair to good quality rangeland with granular soils in relatively level areas (flat
granular soils on Figure C-2-2)

®* Technologies evaluated in this study are not recommended.
3. Fair to good quality rangeland on steeper slopes (> 13 percent):

® Technologies evaluated in this study are not recommended.
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As more information becomes available during the FS process, these recommendations
may be revised, and should be considered preliminary.
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Chronology of Study Design

Table 1
and i

Plot

Showing

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company

Vanadium, New Mexico

- Original and Revised

Chronology of Study by Plot Location and Changes

are

2008) Study Plan

Pre-White Rain in 2006

Plot Baseline Conditions - Pre-white rain Plot Amendments Originally Planned
Baseline pH, TOC, and C:N ratio sampled in July 2006
N Rangeland Lime Slurry Installation Date No reference plots sampled
°"°l Condition in Date Planned of | Application Rate (t/ac | OM Addition/
(@spect) 1997' Baseline pH/pCu 2006° | Amendment as CaCO;) Rate (t/ac) Application Method
West 6% (SE) | Fair-Good 6.49/5.06 June 2008 2 none Spray Only July 2006 White rain event in January 2008 changed design
North 6% (E) Fair 3.6912.04 June 2008 66 10 Spray and Till July 2006
Northeast 52% (S) Fair 54113.26 June 2008 25 none Spray Only July 2006
East 5% (E) Poor 455135 June 2008 66 20 Spray and Till July 2006
Study Design Revised in March 2008 after January 2008 White Rain Post-white Rain and Post-Amendment Sampling
Plot Baseline Conditions - Post-white rain Plot Amendments Planned after White Rain Baseline soil chemistry (pH, Cu, SPLP Cu, TOC, C:N, Ca, K, NH,
TKN, NO;/NO,) sampled and analyzed in lab in early May 2008
except Cu in West plot (n = 2 each)
Installation Date Baseline field paste pH of soil sampled in 4 plots in late May/early
June 2008 (n = 10 each)
Slope | Rangeland
(aspect) | condition in Date of Lime Application Rate| OM Addition/
1997" Baseline pH/pCu 2008> | Amendment (t/ac as CaCO;) Rate (t/ac) Application Method
West (control) 6% (SE) | Far-Good 8.16/5.91 ° NA (became a one none NA July 2006 All four amendment plots sampled for soil chemistry (pH, Cu, SPLP
control) Cu, TOC, C:N, Ca, K, NH4+, TKN, NO3/NO2-) post-amendment
semi-annually, starting December 2008 extending to October 2013.
North (Baseline Amendment| 6%, 8% Fair 6.61/4.31 6/17/2008 73 24 Spray and Till July 2006, June 17, 2008 __|Acid Base Accounting (ABA) conducted once in December 2008
Plot, Post-amendment Plot*) (E)
Northeast (Baseline 52%,14% Fair 5.02/3.50 6/18/2008 73 72 Spray Only July 2006, May 2008 Baseline vegetation community parameters (non-CCP methods) and|
Amendment Plot, Post- () tissue sampled in the four amendment plots in March 2008.
amendment Plot) Vegetation community parameters (non-CCP methods) sampled
b on these four plots in December 2008,
and in October 2009, April 2010, October 2010, October 2013,
Tissue sampled post-amendment only in Fall 2013. CCP methods
added to non-CCP methods of sampling in fail 2010 and fall 2013.
East 5% (E) Poor 5.68/4.61 6/17/2008 73 a7 Spray and Till July 2006
Study Design Revised in March 2008 after January 2008 White Rain -- by adding Reference Plots Post-white Rain and Post-Amendment Sampling
Baseline Conditions - Post-white rain Plot Amendments Planned and Implemented after White Rain Baseline Vegetation community parameters sampled on reference
plots in March 2008 in dormant season (thus representing pre-white
rain community growth). Vegetation sampled post-amendment on
Plot Installation Date reference plots in December 2008 for all four plots, and in October
Slope - !
e oateor | - OM Adition! 2008, April 2010, October 2010, October 2013 for all plots. Tissue
! ) . atalo Lime Application Rate ats - sampled in October 2013. No CCP methods used on reference plots.
1997 Baseline pH/pCu 2008> | Amendment | (Tons/acre as CaCOy) | (Tons/acre) Application Method
West Reference (confrol) | 6% (SE) | _Fair-Good 8.05/6.07 ° NA none none NA March 2008
North Reference (Baseline | 12%, 13% Fair 5.66/4.43° NA one none NA WMarch 2008/mid-June 2008
Plot, Post-amendment () Baseline field paste pH of soil sampled in late May/June 2008 (n =
Plot)
10 each)
Northeast Reference 50%, 26% Fair 5.50/3.41 NA none none NA ‘March 2008/ May 2008
(Baseline Plot, Post- (s)
amendment Plot)
East Reference 4% (E) Poor 4.92/3.59° NA none none NA March 2008 ABA, soil analytes other than pH, aand plant tissue not sampled on
reference plots during post-white rain baseline period so unavailable
for 2008 baseline.




Table 1
Chronology of Study Design Modifications and ion Showing Plot Specifications - Original and Revised

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Reference Plots Redefined in 2010 to Include all Soil Chemistry Sampling Post-Amendment Sampling Only
Plot Conditions of Installed Soil Reference Plots Plot Amendments Applied
Soil chemistry sampled for lab analysis (pH, Cu, SPLP Cu, TOC,
Slope | Conditionin [ First Post-Amendment Date of Lime Application Rate| OM Addition/ C:N, Ca, K, NH4+, TKN, NO3-/NO2-) on reference plots semi-
(aspect) 1997" pHIpCu April 2010 Amendment (¥ac as CaCO;) Rate (t/ac) Application Method Installation Date lannually from April 2010 to October 2013 (in post amendment
West Reference (control) 6% (SE) | Fair-Good 8.03/7.73 NA none none NA April 2010 period). ABA also conducted annually from 2010 to 2013 (part of pH

monitoring program).

North Reference 13% (E) Fair 5.26/4.35 NA none none’ NA April 2010
Northeast Reference 28% (S) Fair 5.76/4.87 NA none none NA April 2010
East Reference 4% (E) Poor 4.16/3.23 NA none none NA April 2010
Notes:

1 - Preliminary rangeland condition from Woodward Clyde (1997). Observed apparent trend (OAT) scores based on remote-sensing-based maps described in (ARCADIS 2011a) and field estimate of West plot had similar ratings of "good”, "fair-good", "fair-good", and "poor” for West, North, Northeast, and East plots
2- Unless stated otherwise, pH averaged over all available data (field and lab, n = 12), sieved or adjusted as f sieved to < 2 mm. pCu is calculated using lab pH data and total copper. pCu is often an estimate because Cu not sampled on plots in 2006, on reference plots, or in West plot in 2008 (see text for estimat
3- pH for these plots was based on average of 10 field samples (see Appendix A), which were only data available for these plots in 2008

4 - red indicates applies to moved plot (due to erosion problems for North and too steep slope for equipment for Northeast). Before being moved plot was baseline plot and after being moved is called post-amendment plot (Figure 2).

Uac = tons per acre OM = organic matter
pCu = cupric iron activity Catu; = calcium carbonate

NA = Not available



Table 2
Hypotheses Tested as Part of the Amendment Study Conceptual Model
Year 5 Amendment Study Monitoring Report
F P Chino Mines C
Vanadium, New Mexico

Hypothesis

Outcome

Effects of White Rain on Soil Chemistry and Plant Uptake of Copper

Soil pH and pCu will increase, soluble copper will decrease, and plant tissue copper
cor ions will d on 1t and plots as a result of the
white rain that occurred in January 2008, and the effect will persist.

Supported: Results suggest that the white rain event that limed areas increased pH and pCu and
decreased plant tissue copper concentration. The pCu increase has persisted.

Not Supported: There is not sufficient evidence to support a reduction in soluble copper due to the
white rain event.

Effects of ial T ies on Soil CI istry (7

No. 1: Amendment using lime (at 1.3 tons/acre for the North, Northeast, and East
plots) with or without tilling will increase pH and the increase will persist and exceed
the target pH of 5.5.

Partially Supported: Results suggest that lime and tilling, combined with white rain, increased pH initially
to above target levels and that the increase has persisted. Lime added after the white rain did not
increase pH in the steep-sloped, untilled plot.

No. 2: Tilling will decrease total copper in surface soil and the decrease will persist,
whereas lime and organic matter will not affect total copper because copper will
remain in the surface soils.

Supported: Results suggest that the application of lime and organic matter did not change
concentrations of total copper.

Not Supported: Evidence does not support a reduction in total copper due to tilling to 8 inch depth.

No. 3: Amendment of lime/organic matter and/or tilling will increase pCu, and this
increase will persist and show benefit relative to untreated plots.

Increase Not Supported: Soil pCu did not significantly increase in the amended and tilled plots. Though
means were higher in the tilled plots, istical power to detect signifi differences was low.

Benefit is Not Supported: Though persistent over the five years, the insignficant increase in pCu in the
amended, tilled plots relative to the reference plot in the poor rangeland plot is diminishing, rather than
being sustained over time because the reference plot pCu is increasing.

Not Supported: Evidence is insufficient to support an increase in pCu due to the application of lime and
organic matter alone beyond the effects of the liming from the white rain. Soil pCu did not increase on a
steep slope area (14% slope) treated only with organic matter and additional lime.

No. 4: Amendment of lime, organic matter, and tilling will decrease soluble copper and
the decrease will persist.

Not Supported: Soluble copper increased significantly just after application of the remedial
technologies, though the increase likely is part of large fluctuations observed through time.

No. 5: Amendment of organic matter will increase TOC percentage and decrease C:N
ratio; these changes will persist, meeting the target of 1% TOC and C:N of less than
20:1, preferably between 8:1 and 15:1.

'Supported: Results suggest that organic matter amendments increased TOC and decreased C:N ratio
to target levels, though the East amendment plot decreased C:N ratio to slightly below the target
threshold of 8:1. The changes persisted.

Effects of Changes in Soil Chemistry on Vegetation

No. 6: The increase in pCu from lime/organic matter and tilling will reduce uptake of
copper into plant tissue.

Not Clearly Supported: Soil pCu did not significantly increase from amendments and/or tilling beyond the
white rain, and uptake correspondingly did not decrease much, if at all. beyond hte decrease resulting
from the white rain. Though copper in the plants decreased to non-toxic levels, particularly in

) ion (13 mglkg, Figure 6. Table 7). most, if not all of the di was probably from
the white rain.

Not Supported. Application of organic matter and lime alone did not reduce copper in tissue.

No. 7: The reduced uptake of copper will increase canopy cover and richness. It will
also increase evenness and overall diversity of the plant community by 2013, and will
change the community composition.

Not Supported for Poor Rangeland: Though canopy cover, diversity, evenness and richness increased
on the poor rangeland area and the relative cover of the rangeland grasses i (Table 16a,b and
Figure 9a.b). little support exists for the assumption of a significant reduced uptake of copper or
increased pCu causing the changes. Therefore plant community changes are likely due to physical
(decompacting) changes. rather than chemical changes from the treatments.

Not Supported for Fair Rangeland: Canopy cover and richness did not increase on the fair rangeland
area with tilling and amendments (Figure 9a,b, Table 16 a.b). Evenness (Table 16a) or rangeland
arasses (Table 16b) were reduced on all fair rangeland plots. and changes were likely independent of
ical changes, but rather a result of setting back L ion to an earlier stage.

Notes:

C:N = carbon:nitrogen ratio
pCu = cupric iron activity
TOC = total organic carbon



Table 3
Closure/Closeout Plan (CCP) Reclamation Guidelines

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

CCP Performance Criteria after ~12 Years M|n|mu1m # Species
Cover

Total Canopy Cover (%) 38% -—-
Shrub Density (shrubs/mz) 0.5 -
Perennial Warm Season Grass Cover (%) 1.0% 3
Perennial Cool Season Grass Cover (%)° 0.5% 1
Perennial Shrub (%) 1.0% 2
Forbs (%)° 0.1% 1
Number of Species (total) -—- 8
Notes:

1 - Minimum cover is the cover level of the individual species with the least amount of cover.

2 - For the purposes of this guideline, intermediate-season grasses, like plains lovegrass (Eragrostis
intermedia ), were considered the functional equivalent of the more traditionally defined cool season grasses.

3 -The forb guideline was unqualified with respect to seasonality and could include a perennial, biannual, or annual species.
CCP = Closure/Closeout Plan

m? = square meters



Mean Surface (0 - 6 inches bgs) Soil Results for Amendment and Reference Plots

Table 4

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Sample

Mean Soluble

Average
Location and | Number of Mean pH' cv Y 1 Total Organic (SPLP) Cu Mean Carbon :
Date (month- Samples (s.u.) (r:pz(er) Carbon (%) Copper? P Nitrogen Ratio (X:1)
year) 9/kg (mg/L)
Northeast Amendment Plot - Lime (1.3 t/ac) and Organic Matter (72 t/ac) Only?>
Jul-06 1 5.41 - 0.70 - - 22
May-08 2/12 5.65/5.92" 2767 1.40 0.16 3.50 19
Dec-08 2 3.94 2462 1.15 9.65 2.04 16
Oct-09 3 5.42 2802 1.41 3.71 3.38 9
Apr-10 3 5.68 1456 1.21 0.26 4.37 12
Oct-10 2 5.50 1851 1.01 3.41 3.86 15
May-11 3 6.17 1890 2.18 0.56 4.64 15
Oct-11 3 5.57 2803 1.63 0.23 3.42 12
Apr-12 8/3° 5.19 2408 1.37 0.61 3.27 10
Oct-12 8/3° 5.64 2491 1.53 0.47 3.66 9
Apr-13 8/3° 5.86 2886 2.13 0.58 3.67 9
Oct-13 8/3° 5.70 2453 1.83 7.42 3.72 12
Northeast Reference Plot
May-08 10 5.50 - - - -- --
Apr-10 1 5.76 903 1.03 0.08 4.87 28
Oct-10 2 4.90 3423 1.34 2.80 2.66 14
May-11 2 4.58 2805 2.92 13.20 2.47 21
Oct-11 2 4.60 3235 1.30 3.25 2.36 10
Apr-12 8/3° 4.75 2606 1.20 0.48 2.73 11
Oct-12 8/3° 5.49 2268 1.65 0.36 3.66 23
Apr-13 8/3° 4.99 3039 1.50 0.92 2.78 7
Oct-13 8/3° 5.35 2023 1.10 8.65 3.62 10
East Amendment Plot - Lime (t/ac) and Organic Matter (48 t/ac) with Tilling
July-06° 4 455 - 1.15 - - 16
May-08 2/12 5.68/5.68* 1118 0.71 0.10 4.61 17
Dec-08 2 6.24 1019 1.30 0.31 5.22 18
Oct-09 3 7.25 798 1.50 0.26 6.49 9
Apr-10 3 7.24 892 1.52 0.30 6.31 10
Oct-10 2 6.28 1281 1.34 0.44 4.95 11
May-11 3 7.53 955 3.15 0.32 6.48 13
Oct-11 3 6.20 868 1.13 0.11 5.39 12
Apr-12 8/3° 7.18 790 1.27 0.42 6.49 8
Oct-12 8/3° 7.51 702 1.80 0.20 6.84 10
Apr-13 8/3° 6.41 805 1.10 0.39 5.73 7
Oct-13 8/3° 7.04 857 1.50 0.17 6.14 7
East Reference Plot
May-08 10 4.92 - - - -- --
Apr-10 1 4.16 1032 0.81 3.71 3.23 11
Oct-10 2 4.57 1243 0.81 6.22 3.40 11
May-11 2 4.87 1325 0.91 2.27 3.61 14
Oct-11 2 4.70 1320 0.65 0.23 3.45 11
Apr-12 8/3° 5.65 1205 0.60 0.14 4.46 10
Oct-12 8/3° 6.56 1187 0.85 0.19 5.32 13
Apr-13 8/3° 5.61 1100 0.75 0.24 4.52 9
Oct-13 8/3° 5.95 1100 0.65 1.12 4.86 9




Table 4
Mean Surface (0 - 6 inches bgs) Soil Results for Amendment and Reference Plots

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Sample Average Mean Soluble
Location and | Number of Mean pH' 1 | Total Organic (SPLP) c Mean Carbon :
Date (month- Samples (s.u.) e Carbon (%) Copper? ptu Nitrogen Ratio (X:1)

year) (mgfkg) (mglL)

North Amendment Plot - Lime (1.3 t/ac) and Organic Matter (24 t/ac) with Tilling®
Jul-06 2 3.69 -- 1.16 -- -- 15
May-08 2/12 6.03/6.61* 1982 1.25 0.26 4.31 23
Dec-08 3 6.59 1779 1.95 0.77 5.04 23
Oct-09 3 6.11 1519 1.59 0.24 4.65 12
Apr-10 3 6.68 1042 1.23 0.17 5.65 11
Oct-10 2 6.57 873 0.98 0.08 5.73 18
May-11 3 5.89 1617 1.96 0.53 4.44 17
Oct-11 3 5.70 1463 1.43 0.22 4.35 9
Apr-12 8/3° 6.71 919 1.37 0.33 5.96 11
Oct-12 8/3° 7.19 1136 1.90 0.29 6.08 10
Apr-13 8/3° 6.75 864 1.33 0.35 5.94 10
Oct-13 8/3° 6.18 972 1.17 0.59 5.43 14

North Reference Plot
May-08 10 5.88 - - - -- --
Apr-10 1 5.26 946 0.82 0.55 4.35 24
Oct-10 2 5.56 1280 0.73 0.69 4.29 28
May-11 2 5.72 1195 0.86 0.91 4.55 11
Oct-11 2 5.75 861 1.25 0.07 4.92 12
Apr-12 8/3° 5.74 1110 0.85 0.20 4.88 15
Oct-12 8/3° 6.04 1069 0.60 0.24 5.04 26
Apr-13 8/3° 6.23 503 0.95 0.06 6.21 11
Oct-13 8/3° 5.79 760 0.85 0.39 517 9

West Amendment Plot - Control
Jul-06 2 6.49 -- 1.91 -- - 24
May-08 10 8.16 - - - -- --
Dec-08 2 7.39/8.16" 1379 1.10 0.02 5.91 29
Oct-09 3 7.56 1029 0.95 0.04 6.48 9
Apr-10 3 7.71 691 1.13 <0.01 7.01 10
Oct-10 2 8.28 1066 1.09 0.02 7.03 11
May-11 3 7.54 2260 1.71 0.09 5.60 21
Oct-11 3 7.77 1360 1.60 0.04 6.43 11
Apr-12 8/3° 7.53 2129 1.30 0.20 5.63 16
Oct-12 8/3° 7.58 1815 1.10 0.07 5.88 11
Apr-13 8/3° 7.43 2174 1.10 0.17 5.45 11
Oct-13 8/3° 7.68 1767 1.13 0.03 5.96 10




Mean Surface (0 - 6 inches bgs) Soil Results for Amendment and Reference Plots

Table 4

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company

Vanadium, New Mexico

Sample Average Mean Soluble
Location and | Number of Mean pH' 1 | Total Organic (SPLP) c Mean Carbon :
Date (month- | Samples (s.u.) Copper Carbon (%) Copper? pLu Nitrogen Ratio (X:1)
year) (mgfkg) (mglL)
West Reference Plot
May-08 10 8.05 -- -- -- -- --
Apr-10 1 8.03 474 1.21 <0.01 7.73 10
Oct-10 2 8.48 1135 1.40 0.01 7.15 16
Oct-11 2 7.80 711 1.55 0.03 7.04 14
Apr-12 8/3° 7.64 1812 1.25 0.18 6.18 15
Oct-12 8/3° 8.03 1113 1.20 0.03 6.86 10
Apr-13 8/3° 7.69 1441 1.05 0.06 6.19 11
Oct-13 8/3° 7.64 1021 1.15 0.03 6.53 12
Notes:

1- All pH and total copper sample measured between 2006 and 2010 were not sieved but are adjusted to sieved (< 2 mm) concentrations using regression (see
text). 2011 to 2013 data were sieved to < 2mm in laboratory.

2 - All SPLP Cu analyzed using modified 5:1 ratio with CaCl,, except October 2011 to April 2013 used standard 1:20 ratio with DI water.
3- 2006 for Northeast and 2006 and Spring 2008 for North samples were collected from slightly different locations than December 2008 to 2012.

4 - Number before slash is pH averaged on two lab samples; number after slash is pH averaged on 12 samples (10 field paste pH and two lab samples). The
exception is West amendment plot, where number is mean of field paste pH data for May 2008 (n=10) because no lab data were collected in May 2008.

5 - Eight samples were analyzed for pH, copper, and soluble copper by SPLP while three of the eight samples were analyzed for the full suite of constituents.
6 - Weighted average 0-1" and 2-4" samples to represent each 0-4" sample (depths are given in Appendix A, Table A-3).
mg/kg - milligrams per kilogram
mg/L - milligrams per liter

SPLP - Synthetic Precipitation Leaching Procedure
s.u. - standard units

pCu = cupric iron activity

-- = not applicable




Table 5
Vegetation Cover Daubenmire Class Midpoints

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

1

Percent Cover Range Cover Class Midpoint
<1 0.5
1-5 3.0
6-15 10.5
16 — 25 20.5
26 - 50 38.0
51-75 63.0
76 — 90 85.5
> 95 98.0

Notes:
1 - Cover classes based on Daubenmire (1959) and modified to split 5-25% class into two classes.




Table 6
Mean Differences’ in Surface Soil Results for Amendment and Reference Plots

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Sample

. pH Treated Cu Treated SPLP Cu pCu Treated TOC Treated C:N Treated
Location and Number of . . . . . .
Date (month- Sl minus minus Treated minus minus minus minus

year) Reference Reference Reference Reference Reference Reference
Northeast - Amendment Plot (Lime and Organic Matter Only) and Reference Plot
Apr-10 3 -0.08 553 0.18 -0.50 0.18 -15.6
Oct-10 2 0.60 -1572 0.61 1.20 -0.34 1.1
May-11 3 1.60 -915 -12.64 217 -0.74 -6.2
Oct-11 3 0.97 -432 -3.02 1.06 0.33 2.0
Apr-12 8 0.44 -198 0.12 0.54 0.17 -1.9
Oct-12 8 0.15 224 0.11 0.00 -0.12 -13.7
Apr-13 8 0.87 -153 -0.34 0.89 0.63 2.0
Oct-13 8 0.35 430 -1.23 0.11 0.73 2.1
Average 0.61 -390 -2.44 0.74 0.11 -3.8
East - Amendment Plot (Lime and Organic Matter with Tilling) and Reference Plot
Apr-10 3 3.08 -141 -3.41 3.08 0.71 -0.9
Oct-10 2 1.71 37 -5.78 1.56 0.53 -0.2
May-11 3 2.66 -370 -1.95 2.88 2.24 -0.5
Oct-11 3 1.50 -452 -0.12 1.94 0.48 1.8
Apr-12 8 1.53 -414 0.29 2.03 0.67 -2.6
Oct-12 8 0.95 -485 0.02 1.51 0.95 -3.5
Apr-13 8 0.80 -295 0.15 1.21 0.35 -1.7
Oct-13 8 1.09 -243 0.00 1.28 0.85 -1.6
Average 1.90 -304 -1.83 217 0.85 -1.2
North - Amendment Plot (Lime and Organic Matter with Tilling) and Reference Plot
Apr-10 3 1.42 96 -0.38 1.29 0.41 -13.4
Oct-10 2 1.01 -407 -0.61 1.44 0.25 -9.3
May-11 3 0.17 422 -0.38 -0.11 1.10 5.6
Oct-11 3 -0.05 602 0.15 -0.57 0.18 -2.4
Apr-12 8 0.98 -192 0.13 1.08 0.52 -3.9
Oct-12 8 1.15 67 0.05 1.04 1.30 -15.2
Apr-13 8 0.52 360 0.29 -0.27 0.38 -0.7
Oct-13 8 0.39 212 0.20 0.25 0.32 4.2
Average 0.78 98 -0.17 0.70 0.56 -4.4
West - Amendment Plot (Control, No Treatment) and Reference Plot
Apr-10 3 -0.32 216 0.00 -0.72 -0.08 0.7
Oct-10 2 -0.20 -70 0.01 -0.12 -0.31 -4.6
Oct-11 3 -0.03 650 0.02 -0.61 0.05 -3.4
Apr-12 8 -0.11 317 0.01 -0.55 0.05 0.4
Oct-12 8 -0.45 702 0.04 -0.98 -0.10 0.7
Apr-13 8 -0.26 733 0.11 -0.74 0.05 0.0
Oct-13 8 0.04 745 0.00 -0.57 -0.02 -1.5
Average -0.22 363 0.02 -0.60 -0.05 -1.1
Notes:

1 - Positive values = Average amendment plot results are lower than the average reference plot results; see Table 5 for additional sample information.

C:N = carbon:nitrog
Cu = copper

en

pCu = cupric iron activity

SPLP = Synthetic Precipitation Leaching Procedure

TOC = total organic carbon




Table 7

y of y of Copper in Plant Tissue using one-tailed 2 sample t-test
Year 5 Amendment Study Monitoring Report
Freepor Chino Mines Company
Vanadium, New Mexico
Mean Tissue | Mean Tissue Decrease from
Ci ation | Ci i Sample treatment effect|
A (B) Sizes | Statistical Difference | beyond white
Comparison (mgl/kg) (mg/kg) Na, N Parameter | P-value (mgl/kg) rain (mglkg)2
White Rain Effect on Copper Concentration in Tissue
Comparison in Time (adjusted for washing, dormancy)

North, East, and Northeast plots only : (A) Tissue Cu 2008 (amendment
plots) vs. (B) Tissue Cu 2013 reference1 83 33 8,9 t=2.80 0.0152 50 -

. a1
Same as above row but with no mesquite 83 23 8,6 t=323 0.0068 60 .
North and East plots only : (A) Tissue Cu 2008 (amendment plots) vs. (B)
Tissue Cu 2013 reference1 68 32 7,6 t=237 0.0189 36 --

. a1
Same as above row but with no mesquite 68 20 7.4 t=374 0.0037 47 .
West plots only: (A) Tissue Cu 2008 vs. (B) Tissue Cu 20131 69 25 55 t=251 0.0294 44 -
White Rain plus T Effect on Copper Concentration in Tissue

Comparison in Time (adjusted for washing, dormancy, or unadjusted)

North, East, Northeast Amendment Plots only: (A) Tissue Cu 2008 vs. (B)
Tissue Cu 20131 83 23 8,11 t=3.11 0.0071 59 9

. a1
Same as above row but with no mesquite 83 16 8,8 t=357 0.0041 66 7
East and North Amendment Plots only: (A) Tissue Cu 2008 vs. (B) Tissue
Cu 20131 68 20 7,8 t=3.69 0.0033 48 12

. a1
Same as above row but with no mesquite 68 13 7.6 t=4.36 0.0019 54 7

Comparison in Space (washed data)

East, Northeast, and North Plots only: (A) Reference 2013 vs. (B)
Amendment 2013 33 23 11,9 t=-1.22 0.1195 - 9

. a1
Same as above row but with no mesquite 23 16 6,8 =154 0.0747 - 7
East and North Plots only: (A) Reference 2013 vs. (B) Amendment 2013 32 20 6,8 t=-1.25 0.1244 - 12

. a1
Same as above row but with no mesquite 20 13 4,6 t=-157 0.0870 - 7
Northeast Amendment Plot only: (A) Reference 2013 vs. (B) Amendment
2013 34 34 3,3 t=-0.011 0.2480 - 0

. a1
Same as above row but with no mesquite 28 25 2,2 =.0.340 0.3919 - 3
Notes:

1 - 2008 data corrected for dormancy bias (35% decrease) and to represent washed tissue (multiply by 0.9282).

2 - subtracting the difference from the "white rain” from the difference from the "white rain plus treatments" is the increase beyond the white rain. It is the same as the difference between 2013 amendment and reference pl
because the same 2008 pre-white rain plot is used to calculate the differences from it and each 2013 plot.

3 - More of this difference is attributed to the East plot (difference of 11 mg/kg) than to the North plot (difference of 3 mg/kg)

Bolded when P<0.05; italicized when P<0.10. When sample size for a group < 6 (almost all comparisons in space), then alpha for significance = 0.10, rather than 0.05.



Table 8

Plant Tissue Copper Concentrations by Species in Amendment Study1

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company

Vanadium, New Mexico

March 2008 March 2008° March 2008 October 2013
) .2 Pre-Amendment Pre-Amendment
Species/Location Pre-Amendment (adjusted) (adjusted) Post-Amendment Post-Amendment Reference
UNWASHED UNWASHED WASHED WASHED UNWASHED WASHED UNWASHED
Northeast - Amendment Plot (Lime and Organic Matter Only) and Reference Plot
Honey mesquite 51.50 56.40 45.80 41.00
Sideoats grama 302.00 202.34 187.81 33.30 25.10 32.80
Vine mesquite 16.20 31.90 30.50 31.90
East - Amendment Plot (Lime and Organic Matter with Tilling) and Reference Plot
Golden crownbeard 22.40 21.20 29.70 32.80
Green bristlegrass 9.88 12.30 19.00 22.80
Honey mesquite 37.70 38.40 71.40 42.50
Sideoats grama 7.02
Snakeweed 84.00 56.28 52.24
Unknown Aster #1 122.00 81.74 75.87
Vine mesquite 120.00 80.40 74.63 14.30
North - Amendment Plot (Lime and Organic Matter with Tilling) and Reference Plot
Arizona three-awn 188.00 125.96 116.92
Blue grama 126.00 84.42 78.36
Honey mesquite 39.40 33.50 39.70 51.20
Sideoats grama 16.40 10.99 10.20 6.91 20.10 14.40
Vine mesquite 105.00 70.35 65.30 19.80 16.10 12.30 14.20
West - Amendment Plot (Control, No Treatment) and Reference Plot
Arizona three-awn 223.00 149.41 138.68
Blue grama 114.00 76.38 70.90
Honey mesquite 41.10 45.00 53.70 49.10
Purple loco 108.00 72.36 67.16
Red three-awn 17.50 49.40 37.20
Sideoats grama 45.10 30.22 28.05 8.45 17.80 17.60 16.40
Snakeweed 63.00 42.21 39.18
Notes:

1 - 1f 2013 were available only as unwashed to compare to washed, then adjustment made to unwashed using regression equation between washed and unwashed of y =
0.9282x (R2 = 0.55, See Appendix B-2). Such calculated values are
2 - All samples consist of one above ground composite sample (n = 1) that includes seeds and above ground foliage from one species (collected throughout the plot).

3 - Copper is adjusted to remove dormancy bias downward by 35 percent.
Values provided are milligrams per kilogram (mg/kg); plant tissue includes combined seeds and foliage. Scientific names of plants are in Appendix B-1.




Table 9a
Before-After-Control-Impact (BACI) Means and Standard Errors - pH, Total Copper, and pCu means and Confidence Intervals

Year 5 Amendment Study Monitoring Report
Freepor Chino Mines C
Vanadium, New Mexico

Analyte by BACI Level Mean Estimate’ Emor | 95% Confidence Interval

| Lower Upper
pH (L = add lime/organics)
pre L Amendment 6.72 0.65 5.44 8.00
post L Amendment 6.84 0.62 6.54 8.10
pre Reference 6.11 0.65 4.84 7.39
post Reference 6.01 0.61 4.80 7.21
Cu in mg/kg (L = add lime/organics)
pre L Amendment 1,966 450 1081 2851
post L Amendment 1,465 342 791 2139
pre Reference 2,198 435 1342 3053
post Reference 1,538 341 866 2210
pCu (L = add lime/organics)
pre L Amendment 4.67 0.83 3.04 6.29
post L Amendment 5.55 0.69 4.19 6.90
pre Reference 4.27 0.81 268 5.86
post Reference 4.69 0.69 3.33 6.04
pH in mg/kg (till = add tilling)
pre till Amendment 6.83 0.61 5.64 8.02
post till Amendment 7.10 0.56 6.00 8.21
pre Reference 6.19 0.59 5.02 7.35
post Reference 6.08 0.59 4.98 718
Cu in mg/kg (till = add tilling)
pre till Amendment 2,005 488 1045 2964
post till Amendment 1,448 335 788 2107
pre Reference 2,134 412 1323 2946
post Reference 1,530 329 882 2178
pCu (till = add tilling)
pre till Amendment 461 0.80 3.02 6.19
post till Amendment 5.81 0.60 4.64 6.99
pre Reference 435 0.71 297 5.74
post Reference 476 0.59 3.60 5.92
Notes:

1- average of the average of categories (by plot type and sampling period), called least square mean.

BACI is a mixed model ANOVA with fixed factors of planned treatment of plot (reference vs. amendment plot) and time period (before and after
treatment) and random factors of plot location and sampling period.

Excludes white rain effect (no 2006 data)

L - plot that either will have or has had lime added (and organics always added with lime, though at different rates).

till - plot that either will be or has been tilled.

Amendment - plots that were either limed or tilled.

Reference - never limed for liming analyses, never tilled for tilling analyses (West Amendment Plot with its reference plot was included in the
reference plots, as it was never treated or tilled).

ANOVA = Analysis of Variance with Post-hoc Tukey's HSD test used to obtain 95% confidence intervals on least squares means

Figures 16 and 17 show bar graphs of the least square means in this table (and their differences). Least square means are the average of the
average values of the ANOVA categories by plot type and sampling period within the effect level of interest.

Cu = copper pCu = cupric iron activity



Table 9b

Before-After-Control-Impact (BACI) Mixed Model ANOVA Test Results - pH, Total Copper, and pCu

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Effect Level Num:frator Denominator df | F-Ratio P-Value
pH (Amendment = add lime/organics)

Pre- vs. Post-amendment Period 1 9 0.00 0.97
Lime + Organics Amendment Plot vs. Reference Plot 1 387 65.74 <0.0001
Interaction term of (Pre vs. Post-amendment Period) and (Lime+Amendment Plot vs. Reference Plot) 1 387 1.73 0.19
pH in mg/kg (till = add tilling)

Pre- vs. Post-amendment Period 1 9 0.15 0.71
Tilled vs. Untilled Plot 1 387 58.23 <0.0001
Interaction term of (Pre vs. Post-Tilling Period) and (Tilled Plot vs. Untilled Plot) 1 387 3.34 0.07
Cu in mg/kg (Amendment = add lime/organics)

Pre- vs. Post-amendment Period 1 9 6.366 0.03
Lime + Organics Amendment Plot vs. Reference Plot 1 314 0.643 0.42
Interaction term of (Pre vs. Post-amendment Period) and (Lime+Amendment Plot vs. Reference Plot) 1 314 0.179 0.67
Cu in mg/kg (till = add tilling)

Pre- vs. Post-Tilling Period 1 9 5.68 0.04
Tilled vs. Untilled Plot 1 314 0.24 0.63
Interaction term of (Pre vs. Post-Tilling Period) and (Tilled Plot vs. Untilled Plot) 1 314 0.01 0.91
pCu (Amendment = add lime/organics)

Pre- vs. Post-amendment Period 1 9 3.03 0.12
Lime + Organics Amendment Plot vs. Reference Plot 1 314 4.99 0.03
Interaction term of (Pre vs. Post-amendment Period) and (Lime+Amendment Plot vs. Reference Plot) 1 314 0.69 0.41
pCu (till = add tilling)

Pre- vs. Post-Tilling Period 1 9 4.34 0.07
Tilled vs. Untilled Plot 1 314 4.07 0.04
Interaction term of (Pre vs. Post-Tilling Period) and (Tilled Plot vs. Untilled Plot) 1 314 1.63 0.20

Notes:

" Log transformed means were used with standard errors and confidence intervals; means are back-transformed to original units.

BACI is a mixed model ANOVA with fixed factors of planned treatment of plot (reference vs. amendment plot) and time period (before and after treatment) and

random factors of plot location and sampling period.
Bolded P values are significant at P < 0.05. /talicized P values are nearly significant (P < 0.10).

See Table 9a for means for each category of the ANOVA and 95 percent confidence intervals from the Tukey's HSD Post-hoc comparison test

Amendment - plots that were either limed or tilled.

Reference - never limed or tilled (West Amendment Plot with its reference plot was included in the reference plots, as it was never treated or tilled).

ANOVA = Analysis of Variance Cu = copper pCu = cupric ion activity SPLP = Synthetic Precipitation Leaching Procedure mg/kg = milligrams per kilogram




Table 10
Mixed Model ANOVA' Results of Amendment Plots Before and After Amendment Application - Soluble Copper, TOC, and C:N Ratio

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Anal Mean Estimate Before Mean Estimate After PYeal
nalyte Amendments? Amendments ~value
Comparison to one sampling event after application (6 months later)

Soluble Copper ° 0.10 0.91 0.02
TOC 1.09 1.43 0.14
C:N Ratio 18.16 20.38 0.32
Comparison to two sampling events after application (1.5 years later)

TOC 1.09 1.47 0.02
C:N Ratio 17.84 13.07 0.04
Notes:

1 - No reference plots included because no data were available in the early years for reference plots (no BACI design). Amendments = lime and
organic matter.

2 - Mean is average of average of plot type and sampling period, referred to as least square mean
3 -Soluble copper was log transformed in the tests; means shown are back-transformed to original units.

ANOVAs for TOC and C:N included 2006 data because these parameters were assumed to be unaffected by the white rain event.

ANOVA = Analysis of Variance C:N = carbon:nitrogen ratio Cu = copper
mg/L = milligrams per litet SPLP = Synthetic Precipitation Leaching Procedure

TOC = total organic carbon
Bolded P values are significant at P < 0.05. /talicized are nearly significant (P < 0.10).

Degrees of freedom are 1,9 (numerator, denominator) for soluble copper, 1,14, for TOC/C:N for 6 months after, and 1,23 for 1.5 years after.



Table 11
ANOVA Results Comparing Amendment and Reference Plots from 2010 to 2013

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Variable | Mean Amendment | Mean Reference F-Ratio’ P-value
Northeast - Amendment Plot (Lime and Organic Matter Only) and Reference Plot
pH (s.u.) 5.67 (n=43) 5.02 (n=39) 10.75 0.002
pCu’ 3.84 (n=43) 3.05 (n=39) 10.69 0.002
SPLP Cu® (mg/L) 0.54 (n=16) 3.16 (n=13) 6.63 0.017
Total Cu (mg/kg) 2269.93 (n=43) 2642.7 (n=39) 2.40 0.126
TOC? (%) 1.62 (n=23) 1.52 (n=15) 0.78 0.385
C:N 11.68 (n=23) 14.97 (n=15) 5.59 0.025
East - Amendment Plot (Lime and Organic Matter with Tilling) and Reference Plot
pH (s.u.) 6.95 (n=43) 5.28 (n=39) 47.30 <0.001
pCu 6.08 (n=43) 4.11 (n=39) 60.96 <0.001
SPLP Cu’ (mg/L) 0.25 (n=16) 1.34 (n=13) 14.82 0.001
Total Cu (mg/kg) 884.08 (n=43) 1197.88 (n=39) 18.62 <0.001
TOC? (%) 1.6 (n=23) 0.75 (n=15) 26.75 <0.001
C:N 9.75 (n=23) 10.98 (n=15) 3.18 0.085
North - Amendment Plot (Lime and Organic Matter with Tilling) and Reference Plot
pH (s.u.) 6.46 (n=43) 5.77 (n=39) 16.01 <0.001
pCu 5.44 (n=43) 4.92 (n=39) 3.02 0.087
SPLP Cu” (mg/L) 0.19 (n=16) 0.36 (n=13) 1.47 0.238
Total Cu (mg/kg) 1114.89 (n=43) 979.36 (n=39) 1.13 0.292
TOC (%) 1.43 (n=23) 0.86 (n=15) 17.89 <0.001
C:N 12.36 (n=23) 17.1 (n=15) 4.94 0.034
West - Amendment Plot (Control, No Treatment) and Reference Plot
pH (s.u.) 7.67 (n=43) 7.91 (n=37) 15.14 <0.001
pCu 6.12 (n=43) 6.82 (n=37) 12.45 <0.001
SPLP Cu® (mg/L) 0.03 (n=16) 0.02 (n=11) 6.27 0.216
Total Cu (mg/kg) 1648.21 (n=43) 1079.86 (n=37) 5.98 0.017
TOC (%) 1.27 (n=23) 1.3 (n=13) 0.16 0.696
C:N 12.65 (n=23) 13.12 (n=13) 0.14 0.708

Notes:

Bolded values indicate a significant difference between the amendment and reference plot (P<0.05).

Italicized vaules means nearly significant (P<0.10).

n = count

ANOVA = Analysis of Variance

C:N = carbon:nitrogen ratio

mg/kg = milligrams per kilogram

mg/L = milligrams per liter

pCu = cupric iron activity

SPLP = Synthetic Precipitation Leaching Procedure

s.u. = standard units

TOC = Total Organic Carbon

1 - Blocked ANOVA with Year as Block. Year effect and interaction term not shown. Means are average of yearly means.
2 - Log transformed to meet test assumptions. SPLP Cu compared only for sampling events where lab used modified SPLP (with 5:1 ratio).



Variability in Soil Chemistry by Plot Using Different Sampling Approaches

Table 12a

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Sample Location and pH: pH: Total Copper: | Total Copper: pCu: pCu:
Date Amendment pH Monitoring Percent Amendment | pH Monitoring| Percent | Amendment |pH Monitoring| Percent
Study Method" Method? Difference | Study Method Method Difference |Study Method Method Difference
October 2013
Reference #1 (West) 7.64 7.50 -2% 1021 605 -69% 6.48 6.95 7%
Reference #2 (North) 5.79 6.00 4% 760 578 -31% 5.10 5.61 9%
Reference #3 (Northeast) 5.35 6.70 20% 2023 1090 -86% 3.56 5.53 36%
Reference #4 (East) 5.95 6.00 1% 1100 923 -19% 4.82 5.07 5%
October 2012
Reference #1 (West) 8.03 7.60 -6% 1113 1120 1% 6.74 6.33 -6%
Reference #2 (North) 6.04 5.80 -4% 1069 1170 9% 4.94 4.61 -7%
Reference #3 (Northeast) 5.49 5.10 -8% 2268 2250 -1% 3.56 3.21 -11%
Reference #4 (East) 6.56 4.80 -37% 1187 1210 2% 5.30 3.64 -46%
October 2011
Reference #1 (West) 8.78 7.50 -17% 711 597 -19% 7.95 6.96 -14%
Reference #2 (North) 5.75 6.00 4% 861 687 -25% 4.92 5.41 9%
Reference #3 (Northeast) 4.60 5.60 18% 3235 1950 -66% 2.32 3.84 39%
Reference #4 (East) 4.70 5.40 13% 1320 1130 -17% 3.45 4.28 19%
October 2010
Reference #1 (West) 8.48 7.85 -8% 1135 2153 47% 714 5.81 -23%
Reference #2 (North) 5.56 6.46 14% 1280 928 -38% 4.28 5.49 22%
Reference #3 (Northeast) 4.90 5.29 7% 3423 2773 -23% 2.54 3.14 19%
Reference #4 (East) 4.57 5.26 13% 1243 1699 27% 3.40 3.68 8%

Notes:

1 Amendment Study Method is average of eight 0-6" depth random samples in 104' x 104' square in 2012 and 2013. From 2010 to 2011, two samples were taken.
2 pH monitoring method is five composite samples in 50 m x 50 m square (taken at corners and center, shifted over each year).

pCu = cupric iron activity




Table 12b
Repeatability of Field Duplicates

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Sample Date Parent |Field Duplicate RPD
Analyte Units Result Result (%)
October 2013
10/24/2013 Copper, total (3050) mg/Kg 1450 101 170
10/24/2013 pH, Saturated Paste units 8 7 2.7
October 2012
10/9/2012 Copper, total (3050) mg/Kg 31200% 159 65
10/9/2012 pH, Saturated Paste units 780% 7.6 2.6

Notes:
Only sampling periods for which RPD is greater than 50% are displayed.
RPD = Relative Percent Difference



Table 13

Amendment Plot Percent Cover Relative to Short-Term Target of Greater than 70 Percent of Reference Plot

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines COmpany
Vanadium, New Mexico

October 2009 October 2010 October 2013
Total . Total Total Total Total
Total Nati . X
Plot Vegetative | o oy ve LG Vegetative | Native Rerformance Vegetative | Native Performance
Cover Target Result 1 Target Result 1 Target Result
Cover %) %) Cover Cover %) Cover Cover %)
(%) (% (%) %) (%) %)
Northeast 4 1
orheas 63 63 > 60 Met Target 63 S >43 Met Target 63 6 > 44 Met Target
Northeast reference 85 85 63 60 63 63
2 2 2
East ) 73 >44  |Met Target 4 63 >19 Met Target o 9% >44  |Met Target
East reference 63 63 38 31 63 59
North el 0 > 44 Met Target 63 %0 > 27 Met Target 85 81 >44 Met Target
North reference 63 63 38 36 63 63
West Ll “ > 60 Met Target Ll Ll > 44 Met Target Lo L >44 Met Target
West reference 85 85 63 63 63 63

Notes:

1 - Calculated by removing the estimated proportion of total cover (midpoint sums) of all species that were non-native (lambsquarters, Russian thistle, buffelgrass, and spreading fan petals).
2 - If Setaria sp. is the non-native green bristlegrass (Setaria viridis), then this percentage decreases to 72% in 2009, 73% in 2010, and 66% in 2013.




Table 14
Comparison of 2013 Cover Attributes to the Closure/Closeout Plan (CCP) Protocol Reclamation Success Guidelines

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Pl 2013 CCP Performance Criteria Target Result
o Min. Cover' # Species Min. Cover' # Species esu

Northeast - Lime and Organic Matter Only
Total Canopy Cover (%) 61.8% - 38.0% - Met Target
Shrub Density (shrubs/m?) 0.7 -—- 0.5 -—- Met Target
Perennial Warm Season Grass Cover (%) Trace 3 1.0% 3 Did Not Meet Target
Perennial Cool Season Grass Cover (%) 0% 0 0.5% 1 Did Not Meet Target
Perennial Shrub (%) 16.5% 3 1.0% 2 Met Target
Forbs (%) 2.4% 8 0.1% 1 Met Target
Number of Species (total) --- 14 --- 8 Met Target
East - Lime and Organic Matter with Tilling
Total Canopy Cover (%) 79.3% - 38.0% - Met Target
Shrub Density (shrubs/m?) 0 -—- 0.5 -—- Did Not Meet Target
Perennial Warm Season Grass Cover (%) 5% 4 1.0% 3 Met Target
Perennial Cool Season Grass Cover (%) 0% 0 0.5% 1 Did Not Meet Target
Perennial Shrub (%) 6.5% 1 1.0% 2 Did Not Meet Target
Forbs (%) 5.6% 6 0.1% 1 Met Target
Number of Species (total) --- 11 --- 8 Met Target
North - Lime and Organic Matter with Tilling
Total Canopy Cover (%) 57.5% - 38.0% - Met Target
Shrub Density (shrubs/m?) 0.3 -—- 0.5 -—- Did Not Meet Target
Perennial Warm Season Grass Cover (%) 3% 3 1.0% 3 Met Target
Perennial Cool Season Grass Cover (%) 0% 0 0.5% 1 Did Not Meet Target
Perennial Shrub (%) 19.2% 1 1.0% 2 Did Not Meet Target
Forbs (%) 1% 5 0.1% 1 Met Target
Number of Species (total) --- 9 --- 8 Met Target
West - Control
Total Canopy Cover (%) 66.3% - 38.0% - Met Target
Shrub Density (shrubs/m?) 0.6 - 0.5 - Met Target
Perennial Warm Season Grass Cover (%) 3% 8 1.0% 3 Met Target
Perennial Cool Season Grass Cover (%) 0% 0 0.5% 1 Did Not Meet Target
Perennial Shrub (%) 28.6% 2 1.0% 2 Met Target
Forbs (%) Trace 11 0.1% 1 Did Not Meet Target
Number of Species (total) - 21 - 8 Met Target
Notes:

1 - Minimum cover is the cover level of the individual species with the least amount of cover. Trace is < 0.01%
CCP = Closure/Closeout Plan

m? = square meters

--- = not applicable



Table 15
Canopy Cover of Each Species on Amendment and Adjacent Reference Plots

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company

Vanadium, New Mexico

Name

) as

of D

Class

[

Canopy Cover (0.01 acre

Region Plot # Common Latin | March 2008 [December 2008] October 2009] April 2010 | October 2010 [October 2013

West - Control Amendment 1
Broom sr d ia sarothrae 20.5 20.5 20.5 38 38 -
Honey mesquite Prosopis glandulosa 10.5 10.5 10.5 20.5 20.5 20
Sideoats grama Bouteloua curtipendula 38 38 38 63 63 63
Blue grama Bouteloua gracilis 3 3 - - 3 10
Ring muhly Muhlenbergia torreyi 3 3 20.5 3 10.5 3
Arizona three-awn Avristida arizonica 0.5 3 0.5 10.5 3 -
Purple loco Oxytropis lambertii 0.5 0.5 - - - -
Vine mesquite Panicum obtusum - 10.5 - - 3
Unidentified Muhlenbergia |Muhlenbergia sp. - 3 - - -
Beardgrass Bothriochloa barbinodis - - 0.5 - - -
Wait-a-minute bush Mimosa biuncifera - - 3 10.5 - 3
Silverleaf nightshade Solanum elaeagnifolium - - 3 3 3 3
Baby aster Chaetopappa ericoides - - 3 - -
Acacia seedling Acacia sp. - - - 0.5* 3* -
Spreading three-awn Aristida divaricata - - - - 3 -
Slender goldenweed Xanthisma gracile - - - - 0.5 -
Twin leaf senna Senna bauhinioides - - - - 0.5 -
Bristlegrass Setaria sp. - - - - 0.5 -
Ci d Amaranthus palmeri - - - - 0.5 38
Six week three-awn Aristida adscensionis - - - - - 3
Wild onion Allium macropetalum - - - - - 0.5
Spreading fan petals Sida abutifolia - - - - - 3
Blackfoot Melampodium leucanthum - - - - - 0.5
Dogweed Dyssodia papposa - - - - - 0.5
Bearded dalea Dalea pogonathera - - - - - 3
Hairyseed bahia Babhia absinfolia - - - - - 3
Unidentified forb - - - 0.5* -

West - Control Amendment 2
Honey mesquite Prosopis glandulosa 20.5 20.5 20.5 38 38 38
Broom sr d ia sarothrae 20.5 38 20.5 38 38 -
Arizona three-awn Aristida arizonica 10.5 3 0.5 10.5 10.5 0.5
Red three-awn Aristida purpurea 10.5 10.5 3 10.5 20.5 10.5
Beardgrass Bothriochloa barbinoidis 3 10.5 10.5 10.5 10.5 3
Sideoats grama Bouteloua curtipendula 3 3 3 3 10.5 10.5
Wait-a-minute bush Mimosa biuncifera 0.5 0.5 0.5 3 - -
Ring muhly Muhlenbergia torreyi 10.5 20.5 10.5 38 38 10.5
Purple loco Oxytropis lambertii 0.5 3 - - - 0.5
Soap tree yucca Yucca elata 3 0.5 3 3 3 -
Vine mesquite Panicum obtusum - 3 3 10.5 10.5
Prickly pear Opuntia sp. - - 0.5 - - -
Silverleaf nightshade Solanum elaeagnifolium - - 0.5 3 3 3
Twin leaf senna Senna bauhinioides - - 3 3 3 3
Baby aster Chaetopappa ericoides - 3 - - - -
Unidentified forb - 3* 0.5* 0.5* - -
Wild onion Allium macr I - - - 3 - -
Acacia seedling Acacia sp. - - - - 3* 3
Slender goldenweed Xanthisma gracile - - - - 10.5 -
C Amaranthus palmeri - - - - 0.5 38
Bearded dalea Dalea pogonathera - - - - - 0.5
Blackfoot Melampodium leucanthum - - - - - 0.5
Wild zinnia Zinnia grandiflora - - - - - 3

West Reference 1
Purple loco Oxytropis lambertii 3 10.5 - 0.5 - 3
Sideoats grama Bouteloua curtipendula 38 38 63 10.5 38 38
Arizona three-awn Aristida arizonica 20.5 10.5 10.5 - 10.5 10.5
Broom sr d ia sarothrae 10.5 20.5 20.5 10.5 10.5 3
Beardgrass Bothriochloa barbinodis 0.5 - - -
Wait-a-minute bush Mimosa biuncifera 0.5 3 3 10.5 3 3
Vine mesquite Panicum obtusum - 10.5 3 3 3 3
Blue grama Bouteloua gracilis - 3 - 10* - -
Ring muhly Muhlenbergia torreyi - 3 3 - - 3
Buffelgrass Pennisetum ciliare - 0.5 - -
Baby aster Chaetopappa ericoides - 3 0.5 10.5 - 3
Silverleaf nightshade Solanum elaeagnifolium - - 3 3 0.5 3
Honey mesquite Prosopis glandulosa - - 0.5 3 - -
Wild onion Allium macropetalum - - - 3 - -
Acacia seedling Acacia sp. - - - 3* 0.5*
Slender goldenweed Xanthisma gracile - - - - 0.5 -
Spreading three-awn Aristida divaricata - - - - 3 -
Unknown forb - - - - 3* -
Ci d Amaranthus palmeri - - - - - 38
Twin leaf senna Senna bauhinioides - - - - - 3
Spreading fan petals Sida abutifolia - - - - - 0.5
Blackfoot Melampodium leucanthum - - - - - 0.5
Dogweed Dyssodia papposa - - - - - 0.5




Table 15
Canopy Cover of Each Species on Amendment and Adjacent Reference Plots

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

| ies Name I Canopy Cover (0.01 acre subplot) as midpoint of Daub ire Class
Region Plot# | Common | Latin | March 2008 [December 2008] October 2009] April 2010 | October 2010 [October 2013

North - Lime and ~ [Amendment 1"

Organic Matter with Honey mesquite Prosopis glandulosa 205 20.5 205 20.5 38 38

Tilling Russian thistle Salsola tragus - 63 3 3 - 10.5
Silverleaf nightshade Solanum elaeagnifolium - 3 3 - 3 3
Whiteball acacia Acacia angustissima - 3 - - - -
Scarlet globemallow Sphaeralcea coccinea - - 10.5 3 10.5 -
Vine mesquite Panicum obtusum 10.5 - 20.5 20.5 20.5 20.5
Soap tree yucca Yucca elata 20.5 - 10.5 3 3 3
Unidentified saltbush Atriplex sp. - - - 3* - -
Composite seedling - - - 0.5* - -
Lambsquarters Chenopodium album - - - - 10.5 -
Narrowleaf goosefoot Chenopodium leptophyllum - - - - 38 -
Tansy aster Machaeranthera tanacetifolia - - - - 3 -
Many flowered blazing star |Mentzelia multiflora - - - - 3 -
Annual goldeneye Heliomeris longifolia var. annua - - - - 3 -
Arizona three-awn Aristida arizonica 10.5 - - - - -
Carel d Amaranthus palmeri - 3 - - 10.5 38

North - Lime and  {Amendment 2

_Ic_’illﬁ:;'c Matter with Soap tree yucca Yucca elata 10.5 3 10.5 - - -
Vine mesquite Panicum obtusum 20.5 3 20.5 20.5 20.5 38
Honey mesquite Prosopis glandulosa 10.5 20.5 20.5 20.5 38 20.5
Silverleaf nightshade Solanum elaeagnifolium - 10.5 20.5 0.5 3 -
Russian thistle Salsola tragus - 20.5 - - 10.5 -
Composite seedling - - - 0.5* - -
Scarlet globemallow Sphaeralcea coccinea - 3 10.5 3 3 -
Tansy aster Machaeranthera tanacetifolia - - 3 3 3 -
False mesquite Calliandra humilis - - 0.5 - - -
Unidentified saltbush Atriplex sp. - - - 3 - -
Lambsquarters Chenopodium album - - - 3 38 -
Narrowleaf goosefoot Chenopodium leptophyllum - - - - 10.5 -
Many flowered blazing star |Mentzelia multiflora - - - - 10.5 -
Whiteball acacia Acacia angustissima - - - - 3 -
Beardgrass Bothriochloa barbinodis 0.5 - - - - -
Sideoats grama Bouteloua curtipendula 3 - - - - -
Arizona three-awn Avristida arizonica 10.5 - - - - -
Composite seedling 3* - - - - -
Carel d Amaranthus palmeri - 10.5 - 3 - 63
Bearded dalea Dalea pogonathera - - - - - 3

North Reference 1"
Soap tree yucca Yucca elata 3 10.5 20.5 20.5 10.5 20.5
Vine mesquite Panicum obtusum 3 38 10.5 - 3 10.5
Honey mesquite Prosopis glandulosa 38 38 38 20.5 38 38
Sideoats grama Bouteloua curtipendula - 10.5 0.5 - - -
Silverleaf nightshade Solanum elaeagnifolium - 3 0.5 3 3 3
Whiteball acacia Acacia angustissima - 3 - -
Purple loco Oxytropis lambertii - 0.5 - - - -
Broom sr d e ia sarothrae - 0.5 3 - - -
Russian thistle Salsola tragus - 10.5 - - - -
Composite seedling - 0.5* - - - -
Scarlet globe mallow Sphaeralcea coccinea - - - 0.5 - -
Acacia seedling Acacia sp. - - - - 3* 0.5
Narrowleaf goosefoot Chenopodium leptophyllum - - - - 0.5 -
Tansy aster Machaeranthera tanacetifolia - - - - 3 -
Unidentified forb - - - 0.5% - -
Ci d Amaranthus palmeri - - - - 0.5 10.5

Northeast - Lime | aAmendment 1"

gr:ﬁyOrganlc Matter Sideoats grama Bouteloua curtipendula 20.5 10.5 - - - -
Honey mesquite Prosopis glandulosa 3 20.5 20.5 10.5 3 -
False mesquite Calliandra humilis - 10.5 - 20.5 10.5 3
Whiteball acacia Acacia angustissima - 20.5 3 - 3 38
Lote bush Ziziphus obtusifolia - 38 38 38 38 38
Rabbit thorn Lycium pallidum - - 10.5 10.5 10.5 20.5
Lambsquarters Chenopodium album - - - - 20.5 10.5
Bee brush Aloysia wrightii - - - 3 3 10.5
Soap tree yucca Yucca elata - - - - 0.5 3
Blue grama Bouteloua gracilis 20.5 - - - - -
Sotol Dasylirion wheeleri 3 - - - - -
Prickly pear Opuntia sp. 3 - - - - -
Wait-a-minute bush Mimosa biuncifera 3 - - - - -
Unidentified shrub 0.5* - - - - -
Unidentified forb 0.5* - - - - -
C Amaranthus palmeri - - - - - 3
Golden crownbeard Verbesina encelioides - - - - - 3
Silverleaf nightshade Solanum eleagnifolium - - - - - 3
Mountain mahogany seedlir| Cercocarpus montanus - - - - - 0.5
Bearded dalea Dalea pogonathera - - - - - 3




Table 15
Canopy Cover of Each Species on Amendment and Adjacent Reference Plots

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company

Vanadium, New Mexico

Region

Plot #

Name

) as

of D

Class

[

Canopy Cover (0.01 acre

Common

Latin

| March 2008 [December 2008] October 2009 April 2010 [ October 2010 [October 2013

Northeast - Lime

Amendment 2'

z(a)r:ﬁyOrgamc Matter Honey mesquite Prosopis glandulosa 20.5 20.5 38 38 38 38
Whiteball acacia Acacia angL 10.5 38 20.5 20.5 20.5 38
False mesquite Calliandra humilis - 10.5 - 20.5 10.5 -
Desert holly Atriplex hymenelytra - 0.5 - - - -
Curly mesquite Hilaria belangeri - - 3 - 3 -
Rabbit thorn Lycium pallidum - 10.5 3 3 - -
Vine mesquite Panicum obtusum - - 3 3 0.5
Silverleaf nightshade Solanum elaeagnifolium - - 3 3 10.5 10.5
Baby aster Chaetopappa ericoides - 3 - 3 0.5 -
Tobosa Pleuraphis mutica - - 10.5 - 3
Scarlet globemallow Sphaeralcea coccinea - - - 3 3 3
Bee brush Aloysia wrightii 10.5 - - 3 3 3
Lambsquarters Chenopodium album - - - 38 -
Purple or hoary aster Dieteria sp. - - - - 0.5 -
Slender goldenweed Xanthisma gracile - - - - 3
Russian thistle Salsola tragus - - - 3 -
Sotol Dasylirion wheeleri 3 -
Sideoats grama Bouteloua curtipendula 10.5 3
Tick clover Desmodium sp. 3 - - - - -
Yerba de pasmo Baccharis pteronoides 3 - - - - -
Four wing saltbush Atriplex canescens 10.5 - - - - -
Unidentified forb - 3* - - -
Carel d Amaranthus palmeri - - - - - 38
Six week three-awn Aristida adscensionis - - - - - 3

Northeast Reference 1
Sotol Dasylirion wheeleri 10.5 10.5 3 3 3 3
Sideoats grama Bouteloua curtipendula 10.5 3 10.5 10.5 3 3
Honey mesquite Prosopis glandulosa 3 10.5 20.5 38 38 38
Whiteball acacia Acacia angL 10.5 38 38 38 38 38
Silverleaf nightshade Solanum elaeagnifolium - 3 3 3 3 3
Vine mesquite Panicum obtusum - 20.5 38 20.5 20.5 20.5
Tick clover Desmodium sp. - - 3 3 10.5 10.5
Prickly pear Opuntia sp. 3 - - - - -
Tobosa Pleuraphis mutica 10.5 - 3 3 3
Lambsquarters Chenopodium album - - - - 3
False mesquite Calliandra humilis - - - - 3 -
Unidentified shrub 20* - - - - -

East - Lime and Amendment 1

Organic Matter with Honey mesquite Prosopis glandulosa 63 3 10.5 10.5 3 3

Tilling Russian thistle Salsola tragus - 38 0.5 - 38 3
Whiteball acacia Acacia angustissima - 10.5 - - 3
Golden crownbeard Verbesina encelioides - 20.5 38 3 63 38
Broom sr ia sarothrae - - 3 - 3 10.5
Yerba de pasmo Baccharis pteronoides - - 0.5 - -
Bristlegrass Setaria sp. - - - 3 - 38
Scarlet globemallow Sphaeralcea coccinea - - - 3 3 -
Unidentified forb - - - 0.5* - -
Narrowleaf globemallow Sphaeralcea angustifolia - - - 0.5 -
Tansy aster Machaeranthera tanacetifolia - - - - 3 -
Lambsquarters Chenopodium album - - - - 3
Silverleaf nightshade Solanum elaeagnifolium - - - - 0.5 3
Narrowleaf goosefoot Chenopodium leptophyllum - - - - 0.5
C Amaranthus palmeri - - - - - 20.5
Hog potato Hoffmannseggia glauca - - - - - 3
Saltbush sp. Atriplex sp. - - - - - 3
Red three awn Aristida purpurea - - - - - 3
Sideoats grama Bouteloua curtipendula - - - - - 3

East - Lime and Amendment 2

Organic Matter with Honey mesquite Prosopis glandulosa 38 - 3 3 3 3

Tilling Broom sr ia sarothrae 10.5 - - - 0.5 -
Ring muhly Muhlenbergia torreyi 0.5 - - - -
Russian thistle Salsola tragus - 63 0.5 - - -
Golden crownbeard Verbesina encelioides - 38 63 0.5 63 63
Silverleaf nightshade Solanum elaeagnifolium - - 20.5 3 10.5 20.5
Whiteball acacia Acacia angustissima - - 0.5 3 20.5 -
Bristlegrass Setaria sp. - - 3 3 10.5 63
Composite seedling 10.5* - - - - -
Scarlet globemallow Sphaeralcea coccinea - - - 3 0.5 -
Unidentified saltbush Atriplex sp. - - - 0.5 - -
Unidentified forb - - - 0.5* - -
Narrowleaf goosefoot Chenopodium leptophyllum - - - - 10.5 -
Tansy aster Machaeranthera tanacetifolia - - - - 3 -
Sideoats grama Bouteloua curtipendula - - - - 3 3
Feather fingergrass Chloris virgata - - - - 20.5
Carelessweed Amaranthus palmeri - - - - 38 20.5
Hog potato Hoffmannseggia glauca - - - - - 10.5




Table 15
Canopy Cover of Each Species on Amendment and Adjacent Reference Plots

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Name I Canopy Cover (0.01 acre subplot) as midpoint of Daub ire Class
Region Plot # Common Latin | March 2008 [December 2008] October 2009] April 2010 | October 2010 [October 2013
East Reference 1
Honey mesquite Prosopis glandulosa 38 20.5 38 20.5 20.5 20.5
Broom sr d Gutierrexia sarothrae 10.5 10.5 20.5 10.5 10.5 3
Russian thistle Salsola tragus - 3 - - 10.5 3
Whiteball acacia Acacia an, iSsil - 10.5 3 3 10.5
Silverleaf nightshade Solanum elaeagnifolium - - 3 3 3
Composite seedling 3* 3* - - 0.5* -
Unidentified forb - 10.5* - 0.5* - -
Lambsquarters Chenopodium album - - - - 10.5 3
Many flowered blazing star |Mentzelia multiflora - - - - 3
Tansy aster Machaeranthera tanacetifolia - - - - 3 -
Golden crownbeard Verbesina encelioides - - - - 3 10.5
Dropseed sp. Sporobolus sp. - - - - 0.5 -
Ci d Amaranthus palmeri - - - - - 38
Hog potato Hoffmannseggia glauca - - - - - 20.5
Wild zinnia Zinnia grandiflora - - - - - 3
Notes:

1 -March 2008 data for the North and Northeast plots were sampled in a slightly different location than data sampled from Dec. 2008 to 2013.
* - Unable to identify species due to lack of appropriate vegetative and/or reproductive material.




Table 16a
Difference’ and Veg ion Characteristics
before and after Amendment / White Rain Application

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Difference between before and after (Year 2013 minus Year 2008)
Amend Plot Amend I d or
Increased or Change (white rain plus| Change minus Decreased from
Reference Plot Change | Decreased from white | amendment effect by Reference amendment/tilling by
Variable (white rain effect by 2013) rain by 2013% 2013) Change 20132
Northeast

Percent Cover -22 Decreased -1 11 Increased
Species Richness 2 Increased 3 1 Uncertain
Shannon Diversity 0.01 Uncertain 0.13 0.12 Uncertain

Evenness -0.12 Decreased -0.05 0.07 Uncertain
East

Percent Cover 0.00 Neither 28.5 29 Uncertain/Increased’
Species Richness 6 Increased 7 1 Increased
Shannon Diversity 1.03 Increased 1.30 0.26 Increased

Evenness 0.15 Increased 0.45 0.31 Increased
North

Percent Cover 25 Uncertain® 22 -3 Uncertain
Species Richness 3 Increased -1 -4 Uncertain
Shannon Diversity 0.88 Increased -0.21 -1.09 Uncertain

Evenness 0.32 Increased -0.10 -0.42 Decreased
West (2 reference plots)

Percent Cover 0,-11 Neither to Decreased - - -
Species Richness 8,6.5 Increased - - -
Shannon Diversity 0.61,0.31 Increased - - -

Evenness 0.04, -0.04 Neither - - -
Note:

1 - Year 2008 is March 2008, which is dormant season representing pre-white rain community that grew in growing season of fall 2007. Numbers in the second column are the
absolute change between before white rain and last sampling year of 2013 in reference plots. However, effect of variabililty over time is missed in such comparisons and thus
statistical analyses in Appendix 20a (one-sample t test) compared the post-white rain mean to pre-white rain estimates, and if not significant then direction of change is
considered to be "neither", or if large change, "uncertain". The same process was used to evaluate change from treatments reported in the last column.

2 - Sample size is one (n=1) for each reference plot, and thus decision had to be based on professional judgment based on magnitude of difference at end of 5 years and variability
(if mean significantly different in Appendix 20a) during the 4 post-effect years.

3 -Though P = 0.53 in Appendix 20a, the high variability is driven by low cover during spring season 2010 when the herbaceous plant material that had become abundant after
tilling dies back; Excluding this spring season produces a significant increase in cover (P = 0.04).

4 - Though significant at P = 0.07 (Appendix B-20a), the low spring 2008 pre-white rain cover estimate occurs again in spring 2010 and during another fall period, falling within the
range of variability, creating uncertainy as to whether it increased or not (see Figure 9a).

-- means not evaluated. The two control West plots were not treated with amendment or tilling and are evaluated only for white rain effects
Italics means within magnitude of range of change of two West control plots that were not treated, making this conclusion less certain.




Table 16b

Difference’ between Amendment and Reference Vegetation Growth Forms

before and after Amendment / White Rain Application

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Difference before and after (Year 2013 - Year 2008)

Increased or Amendment Plot Increased or
Reference Plot Change Decreased from | Change (white rain plus| Amendment Decreased from
Variable (white rain effect) white rain’ amendment effect) minus Reference tilling2
Northeast
Proportion Cover in Non-woody 29% Increased 4% -25% Uncertain
Proportion Cover in Grasses 4% Minor increase -39% -43% Decreased
Proportion Cover in Annuals 0% Uncertain 20% 20% Uncertain
East
Proportion Cover in Non-woody 54% Increased 80% 26% Increased
Proportion Cover in Grasses 0% Uncertain 39% 39% Increased
Proportion Cover in Annuals 16% Minor decrease 50% 34% Increased
North
Proportion Cover in Non-woody 23% Increased 26% 3% Minor increase
Proportion Cover in Grasses 6% Uncertain -20% -26% Decreased
Proportion Cover in Annuals 13% Increased 47% 34% Increased
West
Proportion Cover in Non-woody -2%, 1% Neither - - -
Proportion Cover in Grasses -31%, 2% Neither to Decreased| - - -
Proportion Cover in Annuals 34%, 27% Uncertain - - -

Note:

1- Year 2008 is March 2008, which is dormant season representing pre-white rain community that grew in growing season of fall 2007. Numbers in the second column are the
absolute change between before white rain and last sampling year of 2013 in reference plots. However, effect of variabililty over time is missed in such comparisons and thus statistical
analyses in Appendix 20a (one-sample t test) compared the post-white rain mean to pre-white rain estimates, and if not significant then direction of change is considered to be
"neither”, or if large change, "uncertain”. The same process was used to evaluate change from treatments reported in the last column.

2 - Sample size is one (n=1) for each reference plot, and thus decision had to be based on professional judgment based on magnitude of difference at end of 5 years and variability (if
mean significantly different in Appendix 20a) during the 4 post-effect years.
-- means not evaluated. West plots were not treated with amendment or tilling and are evaluated only for white rain effects

Italicized values mean within magnitude of range of change of two West control plots that were not treated, making this conclusion less certain.




Table 17
Weight of Evidence Table for Primary Metrics by Amendment Type and Plot Type.

‘Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

pCu increase?’ If pCu increased, did Cu concentration decrease in tissue? s “:;, T | [y e | R A B o e e R T v
Initially Ertoct
Amendment Approach | nitially - Initially decrease? Decrease| increase permtmen Method Recommended for Plot
andPlotType | increasefrom |  Effect | Perselent |yeetp ground level for|  Effect relativeto | (fnotinitally | JUSINEESe il | All Short and Long-torm (5-year)Criteria Likely Mot Type?
technology or | persistent? RAC? (<13 | persistont? referenc (f | sffective, then with Method? Rangeland Grass
white rain? Reference? malka)? reforence | effective later)? | " 2vallable)? | effective, then
offective ater)?
available)?
T e
No critera; beardgrass, slveleat nightshade, and
Poor Rangeland (ast) Yes Yes (inc) - No Yesies Yes - ves Yes No No carelessweed newly esiablished in small amounts. NA
o crteria siverleaf mightshade and carelesswoed
Fair Rangeland (North) Yos Yes - Yos Vesives Yos - Yes No (uncerain) | Yes No 1l amounts NA
Stoep Siope, Fair Yes (smallor No ciera; iverieaf nightshade, vine mesauite, fobosa,
[Rangeland (Northeast) offect) Yes - No Yosio Yos - Yes Yos No No and carclesswoed newly ostablished in smal amounts NA
Yes (even No creria; carelessweed i high amount and some
No (but st before white other forbs and grasses established in small amounts
[West (control) Yes high) - vain) VesiYes Yes - Yes Yes No No (may have been prosent before) NA
[Tt el ptenl e 5o Gy
Yos. oxcept shrub density, shrub fichness need more
ime, and no cool season grasses (not expected in
future): also too many poteniially toxic annuals. Gained
Poor Rangeland (ast) No - - - - - - - - - - perennial rasses (possibly from decompacting soi). | No (not o only 6" deeper possibly)
Yes, except not quiteyet for shrub density, shrub
richness, and no cool season grassos (not oxpectad in
fotur: aiso, oo many potentially toxic annuais and loss|
of grass cover (ling removed grasses, eplaced with
Fair Rangoland (North) No - - - - - - - - - - annual forbs). Set back to carlr siage of succession No
Lime added (at 1.3 Vac) t Timed with ould furer,
Vs, except no cool season grasses; also 0ss of grass
cover (possibly from disturbance or TOC in organic
Steep Siope, Fair matter because liming from whie rain alone did not
[Rangeland (Northeast) No - - No No - No No - - - decrease grasses) No
T
Yes, only i (1) no steady
ed pCu naturally, and (2)
Ifincreased Yes, but uncertain| more time: no cool season grasses; also too many | degradation is due to copper toricly,
Not signifcant | beyond white ecause small pot als. Gained Mostof the
(P=02)but | rain Yes (mightbe| ctand may Yes (uncertain i  (possibly from fling Soi because of CC
low power so | (unceriin), YesiYes (might be from white | only from | Yes (might be only | No (becausa |not be due to pCu| Yes (uncerain f uoto|  duetopCu | - resutts and me in id not increase from white rain
Poor Rangeland (East) | _uncertain Yes No Yes white rain) | _from white rain) | referenceiinc.) | _change pCu change) change) grasses) increasing pCu.
Ves. ovcept Aot qute yeT for Shrub densy, Shrub
fincreased | Wincreased tichness: no cool season grasses: also, (00 many
Not signifcant | beyond whie | beyond white potentialy toric annuals and loss of grass cover (and
(P=02)but | rain rain Yes (might be| grasses not ost by iming rom white rain alone so may
low povier so | (uncertain), | (uncertain), [Yes Yes (might be from white|  only from | Yes (might be only be from tling and organic matter). Set back to earer
Fair Rangeland (North) | _uncertain Yes Yes Yes whit rain) | _from white rain) No No No - stage of succession No
Organic Mater Effectve?
a n:
steep Siope, Fair theirtoxicty: may decrease perennial rasses,
[Rangeland (ortheast) No No - No - faciitating high-nutient-loving annual weeds No
Notes
1~ Conclusions ae estimates based on weight of avidence forpots is and ar o by change e pots ut no o med-only plt) and AB founa : o
Mt pH crteiaof > 55 Soluble copp G not o
e ae o sty secsse I L 1 170 8 1 A 1 018 10, S S s orn s, s
at G- was lower targeton poor 751 ey ) in cover and by e gy, but powerof
tests.
3-Organic soor rang reltvly fme o ting ffects. U soorganic
BA=
c
mokg
NA = ot avalabio
Cu=copper
i = cuprc ron acty
pre-FS RAC = pre-Feasibily Study Remedial Acton Creria
OC = el orgac carbon

inc. = ncreased over fiv years



Evaluation of Weight of

Table 18

of Three T

for Eff

when Applied Separately

Year 5 Amendment Study Monitoring Report

Freepor Chino Mines C
Vanadium, New Mexico
Increase?
T reduction of
effect alone’ soil category2 copper uptake in| grass | successional
pH pCu plants cover | richness | cover stage Notes on Effect Recommended as a remedy alone?
\white rain report, this report, phytotoxicity & community
poor, flat rocky (East) yes yes yes No Yes Minor® Minor report. Sitewide ERA
Lime 3 \white rain report, this report, phytotoxicity & community No, because it did not increase total cover, which is needed to
fair, flat granular (North; yes yes yes Minor Yes Minor’ Minor report. Sitewide ERA improve habitat for wildlife and livestock.
\white rain report, this report, phytotoxicity & community No, because it did not increase total cover, which is needed to
fair, slope (Northeast) yes yes yes No Yes Minor® Minor report. Sitewide ERA improve habitat for wildlife and livestock.
Anecdotal observations of haul road in early years, photos in
later years, decompaction is key, but mixing surface and Yes, haul road tilling was effective in improving habitat for
Tilling poor, flat rocky (East) | unknown [ unknown unknown Yes Yes Yes Yes subsurface may increase pCu wildlife and livestock
Reversed successional stage by increasing annuals, No, more harm than good. Decompaction of granular soil not
fair, flat granular (North) unknown | unknown unknown No No No No decreasing grass cover needed, and disturbance will set back succession too long
fair, slope (Northeast) - - - -- - - Slope terrain is too rough and can not be tilled No, more harm than good, plus not feasible to till
TITTE A Mg CAUSET AT MCTease T TICNIESS; UTMRETy
organic matter increased it more based on literature. Unless
organic matter extremely low (not the case in test plots),
unlikely will increase cover. Tilling without organic matter
produced a beneficial outcome of high grass diversity and
abundance. Organic matter may have slowed succession to |No, generally not effective in semi-arid soils and possibly
poor, flat rocky (East) Nc>4 No No junknowr| No No No desired outcome. detrimental.
. Organic matter, lime and tilling reversed succession and
Organic matter decreased evenness and grasses. Though uncertain,
organic matter may facilitate weed invasion and slow down  |No, generally not effective in semi-arid soils and possibly
fair, flat granular (North; Nc>4 No No No No No No succession and reduce diversity. detrimental.
Driving on plot and spraying reversed succession; no pH
improvement or reduced pCu uptake from organics or lime,
possibly increased soluble copper. Though uncertain, organic
matter may facilitate weed invasion and slow down No, generally not effective in semi-arid soils and possibly
fair, slope (Northeast) N04 No No unknowr| unknown No No succession and reduce diversity. detrimental.

1- Based on white rain effects for lime (equivalent to light liquid spray), haul road effects for tilling or ripping (to 12 to 18 inches), and comparison of this study's combination of effects for organic matter and to literature.
2 - Bedrock not shown nor tested in this study, but showed no relationship with pCu in cover, though observed with richness. Bedrock runoff is high as on slope soils and remedies unlikely to be effective.

3 - Recorded as minor if uncertain or observed as minor (Table 16).
4 - Lime and organic matter combined (with no tilling) did not significantly change pH, so organic matter alone was assumed not to change pH (Table 9)




Table 19a
Before-After-Control-Impact (BACI) Means and Standard Errors - Copper, pCu, and Soluble Copper Without Less-Collocated plots

Year 5 Amendment Study Monitoring Report

Freepor Chino Mines Company
Vanadium, New Mexico
J | 95% Confidence Interval
Analyte by BACI Level Mean Estimate Error

| Lower Upper
Cu in mg/kg (till = add tilling)
pre till Amendment 1,550 343 872 2228
post till Amendment 976 147 685 1266
pre Reference 2,767 485 1808 3725
post Reference 2,445 208 2034 2857
pCu (till = add tilling)
pre till Amendment 4.46 0.64 3.19 5.73
post till Amendment 5.82 0.31 5.20 6.43
pre Reference 3.51 0.89 1.75 5.26
post Reference 3.58 0.44 2.72 4.45
Soluble Copper by SPLP” (till = add tilling)
pre till Amendment 0.09 2.09 0.02 0.38
post till Amendment 0.21 1.30 0.12 0.36
pre Reference 0.14 2.56 0.02 0.89
post Reference 072 1.38 038 1.37
Notes:

1- average of the average of categories (by plot type and sampling period), called least square mean. Post-treatment mean is based on all 5 years post-
treatment.

2 - Log transformed means (and 5:1 dilution) were used with standard errors and confidence intervals; means are back-transformed to original units.

BACI is a mixed model ANOVA with fixed factors of planned treatment of plot (reference vs. amendment plot) and time period (before and after treatment)
and random factors of plot location and sampling period.

Excludes white rain effect (no 2006 data)

till - plot that either will be or has been tilled (North and East Amendment plots)

Amendment - plots that were either limed or tilled.

Reference = northeast amendment plot

ANOVA = Analysis of Variance with Post-hoc Tukey's HSD test used to obtain 95% confidence intervals on least squares means

Least square means are the average of the average values of the ANOVA categories by plot type and sampling period within the effect level of interest.
Cu = copper pCu = cupric iron activity



Table19b
Before-After-Control-Impact (BACI) Mixed Model ANOVA Test Results - Copper, pCu and Soluble Copper Without Less-Collocated plots

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Effect Level Num:frator Denor:flnator F-Ratio P-Value
Cu in mg/kg (till = add tilling)

Pre- vs. Post-Tilling Period 1 9 2.56 0.14
Tilled vs. Untilled Plot 1 137 13.82 0.0003
Interaction term of (Pre vs. Post-Tilling Period) and (Tilled Plot vs. Untilled Plot) 1 137 0.20 0.65
pCu (till = add tilling)

Pre- vs. Post-Tilling Period 1 9 2.32 0.16
Tilled vs. Untilled Plot 1 137 5.43 0.02
Interaction term of (Pre vs. Post-Tilling Period) and (Tilled Plot vs. Untilled Plot) 1 137 1.79 0.18
Soluble Copper by SPLP (till = add tilling)

Pre- vs. Post-Tilling Period 1 5 3.16 0.14
Tilled vs. Untilled Plot 1 60 2.52 0.12
Interaction term of (Pre vs. Post-Tilling Period) and (Tilled Plot vs. Untilled Plot) 1 60 0.54 0.47
Notes:

BACI is a mixed model ANOVA with fixed factors of planned treatment of plot (reference vs. amendment plot) and time period (before and after treatment) and
random factors of plot location and sampling period.

Bolded P values are significant at P < 0.05. /talicized P values are nearly significant (P < 0.10).

See Table 9a for means for each category of the ANOVA and 95 percent confidence intervals from the Tukey's HSD Post-hoc comparison test

Amendment - plots that were either limed or tilled.

Reference - never limed or tilled (West Amendment Plot with its reference plot was included in the reference plots, as it was never treated or tilled).

ANOVA = Analysis of Variance Cu = copper pCu = cupric ion activity mg/kg = milligrams per kilogram



Table 20
Mixed Model ANOVA' on Copper and pCu without Reference plots

Year 5 Amendment Study Monitoring Report
Freeport-McMoRan Chino Mines Company
Vanadium, New Mexico

Analyte by Level | Mean Estimate Before | Mean Estimate After | P-value

Cu in mg/kg (L= add lime and organic matter) - Comparison to one sampling event after application (6 months later)

Mean copper | 1,956 | 1,661 | 0.48

pCu in mg/kg (L= add lime and organic matter) - Comparison to one sampling event after application (6 months later)
Mean pCu | 4.14 | 4.24 | 0.91

Cu in mg/kg (L= add lime and organic matter) - Comparison to two sampling events after application (1.5 years later)
Mean copper | 1,956 | 1,690 | 0.45

pCu in mg/kg (L= add lime and organic matter) - Comparison to two sampling events after application (1.5 years later)
Mean pCu | 414 | 4.59 | 0.46

Cu in mg/kg (L= add lime and organic matter) - Comparison to all 5 years after application

Mean copper | 1,956 | 1,466 | 0.064

pCu in mg/kg (L= add lime and organic matter) - Comparison to all 5 years after application

Mean pCu | 4.14 | 5.07 | 0.095

Notes:

1- Plot is random factor and sampling period is random factor when analyzed for all years.
Excludes white rain effect (no 2006 data)
Amendment plots only were included, that were either limed or tilled. No reference plots were included.

ANOVA = Analysis of Variance with Post-hoc Tukey's HSD test used to obtain 95% confidence intervals on least squares means
level of interest.

Cu = copper pCu = cupric iron activity




f2 ARCADIS

Figures



OFFICE: LAKEWOOD DB: MLM TM:

PROJE
Q-

0063543.0000
0

MX

LEGEND

I:l City Areas
L

- Stockpiles

Major Roads

TSIU Boundary Railroad

Town Roads

0 1 2
== —— V"™

GRAPHIC SCALE

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO

YEAR 5 MONITORING REPORT - AMENDMENT STUDY PLO
SITE OVERVIEW

FIGURE

f2 ARCADIS | ™




OFFICE: LAKEWOOD DB: MLM TM: MB
FREEPORT-MCMORAN, CHINO MINES (B0063543.0000)
Q:\FCX\CHINO\2013\MXD\PH_MONITORING\AMMENDMENTPLOTSOVERVIEW_022713.MXD

Baseline]Northy
Jimendment{RlcH

AN By
Beselins Ner
REferencelRIoH

LEGEND: Note:

North and Northeast amendment and reference plots were moved in May
l:l CITY AREA and June 2008 due to slope and erosion problems, just prior to amendment
I:l AMENDMENT AREAS applications, and are called Post-Amendment plots. The original plots are
called Baseline plots. Baseline data (prior to amendment) were not
== AOC BOUNDARY collected on the Post-Amendment plots except for soil data on the

Northeast plot.
—— DRAINAGE

TOWN ROADS

1,000

GRAPHIC SCALE

2,000
Feet

JimendmentRlod

s

ROSt*Amendment]Northeasy

FREEPORT-MCMORAN CHINO MINES COMPANY

VANADIUM, NEW MEXICO

YEAR 5 MONITORING REPORT - AMENDMENT STUDY PLO

f2 ARCADIS

FIGURE

2




N
o
]

[EEY
w
1

e v "» Impact

4

e v %

Y Variable
o

> @ Byl Control

0 T y
Before After
Time
Note: The arrows are not parallel ,and thus the average values of the control and FREEPORT-MCMORAN CHINO MINES COMPANY
. } . ) I VANADIUM, NEW MEXICO
impact locations have changed differently through time, indicating the treatment
caused a difference when compared to the control (if significant interaction term YEAR 5 MONITORING REPORT - AMENDMENT STUDY PLOTS

in analysis of variance [ANOVA], this difference is significant).

Schematic of Before-After-Control-impact Study
Design and Analysis

Fl

(@ ARCADIS | 3




Surface Soil Average pH: Tilled, Limed, and Organic

Surface Soil Average pH: Limed and Organic Matter-added
(NE) and Control (W) Plot

*

- - =

~

”*

9.0 -
* Matter-added (E, N) Plots 9.0 1
8.0 4
8.0 4
7.0 570
3 3
= 6.0 - 2 6.0 -
(5} -
n @
1] ] €
o 5.0 3 5.0
+« (%]
a
4.0 1 4.0
3.0 T \ T T T T T 1 3.0
o ~ o0 D o — (o'} [32] < o
< Q 4 4 < i i i i <}
c c c c fd fd c c c &
= = = =2 = = = = = K}

e— [ 35t
= 4= o EastRef+

@ White Rain Event (January 2008)

@= 4=« North Ref
< = = Amendment Date (June 2008)

Average Total Copper: Tilled, Limed, and Organic Matter-

4000 - added (E,N) Plots 4000
3500 A | 3500
& 3000 - | ® 3000
) [ B
E 2500 £ 2500
5 ! Y
2 2000 A 2 2000
8 &
O 1500 - Z‘t O 1500
2 =
S 1000 A = S 1000
- | -
500 A | 4 500
0 S A — 0
o ~ o] (o2} o - (o'} m <
o o o o i i i i -
< < < < & & & & &
s s s s i< i< < s s

== 4= o EastRef
w= 4= = North RefA-
( == = Amendment Date (June 2008)

i F35t
s NoOTth A -

@ White Rain Event (January 2008)

Average Water Soluble Copper by SPLP: Tilled, Limed, and
« Organic Matter-added (E,N) Plots

_100.0 I 100.0
- =
Z ! E
= I = 100
a, 100 q
5 l P g
z | \— z 1.0
= 10 \ + 5
g - I @
Q P"’ Qo
Q
2 o 0.1
() ()
(] [}
2 01 2
e 2
3 4 3 o0
3 | §
3 00 4 Y ; ; : . . 2 0
© w ~ 0 foa} o — o~ [32] < d i
= S S S e o < o < o s
c c c c c c c c c
k] K] K] K] K] < < g g

@= 4= o FastRef-
@= 4= < North Ref A
< == = Amendment Date (June 2008)

i a5t
ey NoOrth A

@ White Rain Event (January 2008)

Notes: The letter “A” next to a plot location in the figure legend indicates there is no
significant difference between the paired amendment and reference plots. The symbol +
or - next the legend plot location indicates trend post-amendment since December 2008
for amendment plots and since 2010 for reference plots is significantly increasing or
decreasing, respectively (only events with 5:1 method tested statistically for SPLP, which
are up to April 2011 plus October 2013). The asterisk above the white rain or amendment
date arrow indicates the event caused a significant change based on BACl or ANOVA
analysis. The significance of the amendment does not apply to the untreated west plots.
Points not connected by a line are estimated.

The May/June 2008 mean pH was calculated using average of soil laboratory and field pH
data. The field pH data are located in Appendix A-1.

Jan-07

el NOrtheast
et \\ @5t

«€—— White Rain Event (January 2008)

o — ~ ) <

i - -7 i i

c c c c c

© @ © © ]

3 3 3 3 3
= 4= o Northeast Ref

« West Ref -
= Amendment Date (June 2008)

<

Average Total Copper:Limed and Organic Matter-added

b (NE) and Control (W)

v
X} ~ e} fo2) o — o~ (32
o o o o — — — —
< < < < < < < <
s & & § 8§ S s 3

e Northeast A
eg—\\/eSt +

@ White Rain Event (January 2008)

= 4= = Northeast RefA
= 4= o \Nest Ref
< = = Amendment Date (June 2008)

Average Water Soluble Copper by SPLP: Limed and Organic
Matier-added (NE) and Control (W) Plots

i NoOrtheast

|
| R
1 /7 \
! %
|
- \
[

T T T T T T 1
© ~ ) ) o — ~ ) <
o o o =) — — — — ~
< < < < < < < < <
© © © @ © © © © ©
3 3 3 3 3 3 3 3 3

= 4= o Northeast Ref
= 4= o \\estRef+

e—\\/ @St

@ White Rain Event (January 2008)

< = = Amendment Date (June 2008)

FREEPORT-MCMORAN CHINO MINES COMPANY

VANADIUM, NEW MEXICO

YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS

Surface Soil pH, Total Copper, and Soluble Copper in
Amendment and Reference Plots over Time

f2 ARCADIS

FIGURE

4a




Average Soil pCu: Tilled, Limed, and Organic Matter-added
(E,N) Plots

Average Soil pCu:Limed and Organic Matter-added(NE)

8.0 - | 8.0 - and Cont_rﬁl (W) Plots
| ; - K
] N i_
| A *_ \+/'i_
6.0 A | 6.0 2
__‘?:h A I
5 4.0 - + / ¥ 3 40 !
Q [ | 'il— _{_+’+~*_ o - . ¥,
| st
204 A I 2.0 4 ! -1\-'-'_
' |
! |
0.0 'W‘Fﬁﬂﬂ‘ﬁlﬁlﬁw 0.0 \/v
s &5 3 s = 9 < 3 Te R e e o 4 & .«
S € £ = < = < c c < ? @ < i - - i -
< = = = = = = < = 5 5 5 5 5 5 5 5 &

el East = jems EastRef+
e North A @ e North Ref A +

@ White Rain Event (January 2008) ( = = Amendment Date (June 2008)

Total Organic Carbon: Tilled, Limed, and Organic Matter-
added (E, N) Plots

35 - 35
3.0 - 3.0
25 A 25
2.0 A R 20

—_ [S)

X 15 4 O 15

Q

© 10 .< 1.0

.K
05 - I ++ 0.5
0 e ¥V 0.0
o ~ o) D o - o~ o <
o o o o — — — - -
< < ! ! o L L L L
k] k] K] K] k] k] k] k] k]

= 4= o East Ref
«= 4= = North Ref
< = = Amendment Date (June 2008)

i £ 35t
s NOrth

@ White Rain Event (January 2008)

Average C:N: Tilled, Limed and Organic Matter-added (E, N) Plots
30 +

30
25 | 25
20 A 20
.2
2 5
w15 A e 15
o« z
= 19}
S 10 A 10
51 5
0 S . . . . . . 0
O ~ o) (2] o — o~ [32] <
o o o o — — — — —
c < < < < < < < <
| 8 8 | | 8 8 8 =

e East A-
s NoOFth -
@ White Rain Event (January 2008)

@= 4= o FastRefA
4= = North Ref

( == = Amendment Date (June 2008)

Notes: The letter “A” next to a plot location in the figure legend indicates there is no
significant difference between the paired amendment and reference plots from 2010
on. The symbol + or - next the legend plot location indicates trend post-amendment,
since December 2008 for amendment plots and since 2010 for reference plots, is
significantly increasing or decreasing, respectively. The asterisk above the white rain
or amendment date arrow indicates the event caused a significant or near significant
change based on BACI or ANOVA analysis. The significance of the amendment does
not apply to the untreated west plots. Organic matter added in northeast plot was
highest (72 t/ac), moderate in East (47 t/ac) and lowest in North (24 t/ac) plot. Points
not connected by a line are estimated.

el NOrtheast

——\\/ 05t -

«€—— White Rain Event (January 2008)

Total Organic Carbon: Limed and Organic Matter-
added (NE) and Control (W) Plots

== 4= o Northeast Ref
= 4= o West Ref
<€ = = Amendment Date (June 2008)

- *

T T T T T T 1
(o) ~ oo} (o)) o — o~ ™ <
< < < < i i - i b
c =t c c c c c c c
© © © © © © © © ©
- - - - - - - - -

i NoOrtheast A +
e——\\/ €5t B

@ White Rain Event (January 2008)

= 4= o Northeast Ref A
== 4= o \\estRefB
< == = Amendment Date (June 2008)

Average C:N: Limed and Organic Matter-added (NE) and Control (W) Plots

T T T T T T
© ~ 00 o o - ~ )
< < 2 < - - - -
< < < < < < < <
8 8 8 8 8 8 8 8

el NOrtheast
g \\ €5t A

@ White Rain Event (January 2008)

Jan-14 -

== 4= o Northeast Ref -
== 4= = \WestRefA
<€ — = Amendment Date (June 2008)

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO

YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS

Surface Soil pCu, Total Organic Carbon (TOC), and
Carbon: Nitrogen Ratio (C:N) in Amendment and
Reference Plots over Time

4b

f2 ARCADIS




Amendment Plot minus Reference for Average pH

Soil pH difference

3.5 -
3.5
30{ M 20
— [ ] ’
251 e R? = 0.7013, P = 0.0095 25
2.0 - - g 2.0
Teeel c
154 4 ¢ = . 5 L
2-0.1038,P=0436 A . )
04 A R u £ 10
_________________ - bS]
. ..J N 3 0.5
05 1 R? = 0.0003, P = 0.9668 * A r'y 2 (0
0.0 A X
21 e « X X 0.5
X % X
051 R?=0.0679, P = 0.572 -1.0
-1.0 . . . : : : ) 15
o o — — o~ o~ (a2} (a2}
— — — i — — — —
: ¢ 3 § 3 % § i
= < w n < o S z
# Northeast ®East A North xWest
Amendment Plot minus Reference for Total Copper
1000.0 - 2.00
2 = = - Q
g R? = 0.6688, P = 0.0246 % omme « g o000
g 5000 - 2
K £ 200
- ©
— 0.0 1 = -4.00
%) S~
& £
g wso00{ A B < -6.00
- oo R2=0.1947, P = 0.2738 g
N R2=0.1631, P = 0.3211 S 300
2 10000 - S
2 @ -10.00
S E
& -1500.0 A * S -12.00
(=] (%]
-
-2000.0 : : . . . . , -14.00
o o - — o~ o~ o (22}
- — — — - i - i
5 ¥ =2 s 5 08 5 3
= < w [ < o S z
@ Northeast mEast A North xWest
Amendment Plot minus Reference for Carbon: Nitrogen
10.0 - Ratio 2.50 -
50 - A N 2.00
2 — -
o R? = 0.2200, P = 0.241 R?=0.0657,P =0.579 . v
= 1.50
S 00 4 3 e
- (7]
5 (S
& £ 100
T 5.0 A 5
o 3
= < 050
2 = = -~
< 100 | AR?=0.1588, P =0.328 g
S © o000
A L 2
150 1 o A -0.50
-20.0 T T T T T T ] -1.00
o o — — o ~ (32} (221
— - — — — — i —
: ¢ 3 3 3 % §
3 = g ) < o s P4

@ Northeast ®East A North xWest

Notes: If regression lines do not have significant slopes (different from 0) as
indicated by P value > 0.05, then the initial amendment/tilling effect, if present,
is not changing (appears persistent). However, if the regression line is near or
approaching zero, then treatment in amendment plot may not have made a
difference in the parameter if adjacent plots were similar before treatment.
Figures 4a & 4b or Table 9 must be checked to interpret if reference areas
started out with a large difference from amendment plots before the treatment,
which may have diminished to near zero following the treatment (which could
mean treatment was effective even if difference near zero). When the West plot
(both plots are untreated) mean difference is not zero (e.g., for copper), it
suggests high spatial variability in the parameter and not to rely on zero
difference as meaning no effect. Difference data unavailable for 2008-09.

Amendment Plot minus Reference for pCu

Py
4 R?=0.1421,P = 0.404 X
o o — — o~ o~ (22} [22]
7 o A o o 0 i i
§ % $ 5 5 & § %
- < w w < (] s =
# Northeast ®East A North xWest
Amendment Plot minus Reference for Soluble Copper
R?=0.1963, P = 0.319 -
| E R? = 0.0274, P = 0.695
4 [ |
R?=0.6184, P = 0.0206
L 2
o o — — o~ o~ o la2}
5 iy o o < - o by
s ¥ 5 5 5 3 F 3
3 < fin A < o s P4
# Northeast ®East A North xWest
Amendment Plot minus Reference for TOC
[ |
R?=0.0269, P = 0.698 A
R? = 0.2807, P = 0.221
1 R2=0.3758,P=0.106
L 2
o o — — o~ o o [22]
- — Rl - - i - -
5 2 5 N 5 = 5 3
- < w (%] < o s =

@ Northeast ®East A North X West

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO

YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS

Mean Differences for Surface Soil Parameters in
Amendment and Reference Plots over Time - Post-
Amendment Application starting in 2010

(2 ARCADIS | 5

5




300

Copper Concentration in Plant Tissue (mg/kg)

200

North, East

plots

250

H Before white rain
200
150 B After white rain
100 -

m After white rain and

50 -
treatments
0 = T T ?? T - ?? 1

Northeast

plots

West control

plots

ERA plots Airport
background
plots

(mg/kg)

u
o
1

Adjusted Copper Concentration in Plant Tissue

Note: All data are means (+ 1 SE) washed (post-white rain data) or adjusted to washed (pre-white

North, East
plots

Northeast
plots

West control
plots

150 M Before white rain
100 B After white rain
m After white rain and
treatments
0 = T T ?? T — ?? 1

ERA plots Airport
background
plots

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO

rain data). Top graph is unadjusted for dormancy bias; Bottom graph is adjusted downward by YEAR 5 MONITORING REPORT - AMENDMENT STUDY PLOTS

35% for dormancy bias. Before white rain (blue) are amendment plots (North, East, Northeast,
West in March 2008), ERA plots (1999) with pH < 5.5 and airport background plots (1999). After

Comparison of Changes over Time in Copper

white rain (red) are reference plots (North, East, Northeast, West in October 2013). After white Concentration in Plant Tissue after White Rain and

rain and treatments (green) are amendment plots (North, East, Northeast in October 2013).
North and East plots were amended and tilled. Northeast plot has only one composite sample
and therefore no standard error bars and was not tilled. West plots are reference plots.
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Note: East amendment plot had Setaria sp. present, which may be a

perennial or annual, but was not identified to species. For this analysis, it was YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS
assumed to be a perennial.

Proportion of Vegetation in Annual Forbs and
Grasses for Amendment and Reference Plots
over Time

FIGURE

(2 ARCADIS | s
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Percent Cover and Species Diversity for Amendment
and Reference Plots over Time

9a

f2 ARCADIS




Evenness

Richness

Species Richness: Tilled and Limed (E,N) Plots

16 A

16 A

14 4

12

10

Richness
[o:]

o
Jul-08 €=

Mar-09 A
Dec-09 A
Aug-10 4
Apr-11 A
Dec-11 A
Aug-12 4
May-13

B e TN = 4= o EastRef.
s NOrth

<€ = = Amendment Date (June 2008)

@= 4= = North Ref.

Species Evenness: Tilled and Limed (E,N) Plots

Jan-14 4

el NOrtheast
&
< = = Amendment Date (June 2008)

1.00 - 1.00
0.90 0.90
0.80 0.80
0.70 A w» 0.70
(%]
(]
0.60 £ 0.60
Q
>
0.50 - Y 0.50
040 4 /I 0.40
|
0.30 | 0.30
0.20 V : . : : : . . . 0.20
~ 0 D [=2) o — — ~ (22} <
Q = S = o o i i < b
> = = [S3 oo 3 (S} Qo > c
¢ 5 = & 2 2 & 2 & =

e= 4= o EastRef.

= North Ref.

e a5t
e NOrth -

< = = Amendment Date (June 2008)

i NOrtheast

< = = Amendment Date (June 2008)

Species Richness: Limed (NE) and Control (W) Plots

A
A
|
| V¢
'AAH= u
' "sﬁ‘
-
&) = ~-+
= -
|
|
|
~N o o o o = @S- &~ onn <
O G vy vy A r S r N r ST
2 5 5 ¢ w5 9 & > c
z = = & 2 £ & 2 2 =

= 4= o Northeast Ref.

West West Ref.

Species Evenness: Limed (NE) and Control (W) Plots

L

€------"a37

0

£

|

|

|

|

|

|

|

Nov-07

Jul-08
Mar-09 -
Dec-09 A1
Aug-10 A

| Apr11-

Dec-11 1
Aug-12 A
May-13 1

Jan-14 A

+= o Northeast Ref.

West West Ref.

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO

YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS

Species Richness and Evenness for Amendment and
Reference Plots over Time

9b

f2 ARCADIS




Non-woody Cover: Tilled and Limed (E,N) Plots Non-woody Cover: Limed (NE) and Control (W) Plots

1.00
5 090 090 4 !
> - |
8 o030 - =t ¢ 080 R L
> - = o + —
B 170 = 4 o \
© 0. > 0704 | /
2060 E Y e e e ===+
+ U © 0.60 —
s 3
Z 0.50 € 050
£ 2 A
S 0.40 £ 040 F |
£ 030 + § 030 !
2 0.0 - 2 020 4 !
a - g v |
0.10 & 0104 1
0.00 + T T T T T T T T T 0.00 V T T T T T T T T T
2 & 8 g § 3§ 9§ § 8 3 8 & 8 § 8 3§ % ¥ 7 3
5 & = - 5 > & o 0y & 2 z I L L b - ) % -
¢ s 2 2 £ 2 & & z 2 g s = 2 2 = & & 2z 2
el st @= 4= o EastRef il NoOrtheast == 4= e Northeast Ref
s NOTth w= 4= = North Ref el West += = West Ref
( = = Amendment Date (June 2008) < = = Amendment Date {lune 2008)
. . 1.00 -+
Grass Cover: Tilled and Limed (E,N) Plots . Grass Cover: Limed (NE) and Control (W) Plots
1.00 1 090 1
0.90 0.80 ‘k |
0.80 N A+ T <
. 5 070 4 RS “Z ~
2 070 H e ! ~ o
S S 060 4 | \ / S o
o 0.60 a | -
a © 0.50 - \ S 4
& 050 G | \
£ £ 0.40 ./
= 040 <
) 2
£ 030 £ 030
%O.ZO 30.20 +_|_————————-|—
N a
a
0.10 —————"'"'-l 0.10
0.00 e PSR R 0.00 4 . . . : . . = S
5 8 3 S S 7 & o5 @9 2 8 8 g3 23 = ¥ % = 3
& - = - < s &L & &0 - o) - = = > 5 = o an =
g ¢ = 2 2 = & & 2 2 &g o 2 2 2 2 2 & 2 2
el East == o= == East Ref
e NoOTth w= = == North Ref i NoOrtheast = 4= o Northeast Ref
e \N @5t == 4= o \NestRef

= = Amendment Date (June 2008)
< < = = Amendment Date (June 2008)

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO

YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS

Proportion of Vegetation in Non-Woody and Grass
Cover for Amendment and Reference Plots over
Time
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particularly by October 2013 after 5 years of succession, then the treatment

may have had an effect. Linear and quadratic curves are fit to the data post- FREEPORTQ&%&gmN ﬁgwaéﬂ)l(rleg COMPANY

amendment only (not pre-amendment) to evaluate the trend post-

amendment. If these regression lines do not have significant slopes (different YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS

from 0) as indicated by P value > 0.05, then the initial amendment/tilling effect,
if present, is not changing (appears to be persistent). However, if it is or
approaches the same difference value as before the amendment, the

Mean Difference in Vegetation Parameters (Cover,
Richness, Evenness, and Diversity) between
Amendment and Reference Plots over Time

treatment appears not to be effective (unless it recovers to former difference

and then surpasses it by October 2013). a ARCADIS FIGURE




Native Cover: Tilled and Limed (E,N) Plots
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Note: East amendment plot had Setaria sp. present, which may be a native or

non-native species, but was not identified to species. For this analysis, it was YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS
assumed to be a native species.

Percent of Native Vegetative Cover for
Amendment and Reference Plots over Time
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Notes: CCA scores species or sampling events by location on two CCA axes that
explain variation in species and environmental variables. The letters in the top
figure represent time, where A is pre-amendment, B through F is in order from
just after amendment in December 2008 to the last sampling event in Oct 2013
(see Appendix B-8 for dates/data). The four letter species codes shown in the
bottom figure can be found in Appendix B-9. The species codes shown in red
denote a grass species. The species with blue letters are potentially toxic
annuals. The dashed vectors are not significantly correlated to the ordination

(all axes combined).
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Canonical Correspondence Analysis (CCA) of
Species Composition and Soil Chemistry on
Amendment and Reference Plots — All Plots
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Notes: CCA scores species or sampling events by location on two CCA axes that
explain variation in species and environmental variables. The letters in the top
figure represent time, where A is pre-amendment, B through F is in order from
just after amendment in December 2008 to the last sampling event in Oct 2013
(see Appendix B-8 for dates/data). The four letter species codes shown in the
bottom figure can be found in Appendix B-9. The species codes shown in red
denote a grass species. The species with blue letters are potentially toxic
annuals. The dashed vectors are not significantly correlated to the ordination

(all axes combined).
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Notes: CCA scores species or sampling events by location on two CCA axes that
explain variation in species and environmental variables. The letters in the top
figure represent time, where A is pre-amendment, B through F is in order from
just after amendment in December 2008 to the last sampling event in Oct 2013
(see Appendix B-8 for dates/data). The four letter species codes shown in the
bottom figure can be found in Appendix B-9. The species codes shown in red
denote a grass species. The species with blue letters are potentially toxic
annuals. The solid vectors represent environmental variables that are
significantly correlated with the ordination. The dashed vectors are not
significantly correlated (though 0.05 < P < 0.1 for precipitation, season, TOC) to
the ordination (all axes combined).
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Canonical Correspondence Analysis (CCA) of Species
Composition and Soil Chemistry on Amendment and Reference
Plots with Precipitation and Season — Excludes West Plots
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Notes:

1. Left graph shows least square means as averages with standard error bars
2. Right graph shows difference between least square means before and after
treatment periods for the amendment and reference plots.

3. Liming includes organic matter application and two of the three plots were
also tilled.
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Change in Soil pH, copper, and pCu before and
after amending with lime and organic matter

FIGURE
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Effect of Tilling on pH (after white rain)
Almost significant difference in response
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Notes:

1. Left graph shows least square means as averages with standard error bars

2. Right graph shows difference between least square means before and after

treatment periods for the amendment and reference plots.
3. Tilling occurred in two plots that also had lime and organic matter applied
when tilled.
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Change in Soil pH, copper, and pCu before and
after tilling (plus amending with lime and organic
matter)
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Monsoon Season Precipitation at Hurley, NM
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Notes:
1. Total Monsoon Season Precipitation includes all rainfall from July through YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS
September.

2. Climate data obtained from the Prism Climate Mapping Program (PRISM
Climate Group 2004). Accessed 3/14/17.

Total Monsoon Season Precipitation and Average
Annual Temperature at Hurley, New Mexico

FIGURE
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Non-woody Cover: Tilled and Limed (E,N) Plots
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Notes: Precipitation is estimated at Hurley, NM in Prism database for the sum
of the main monsoon season months (July to September) for fall sampling
periods and for three months prior to the sampling period for spring season.
Note that Figure 14 does not include the winter precipitation for spring
sampling periods shown on this graph.

Non-woody Cover: Limed (NE) and Control (W) Plots
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YEAR 5 MONITORING REPORT — AMENDMENT STUDY PLOTS

Proportion of Vegetation in Non-Woody and Grass
Cover Compared to Precipitation

FIGURE

f2 ARCADIS | 17




f2 ARCADIS

Appendices



£ ARCADIS

Appendix A

1997 Rangeland Condition
Datasheets



Qccular Reconnaisance F\ -

B g::“’“ "'? e
3| £ g B —~ SWA No. _tiu-\6f L
£ =2l 2 % é o ;‘_‘ Photo No. _<£-19
S w2l 8 al = =l © Sect. 7. :
= AEHE- S| 8| 3| 2 - - TbS  R3W
= = S| = al B = . :
I EE R i iasla
A | WTOZ =l 15 zel Al = ‘
€ P}gg)’\”‘ 3’ 2= L B L“"’;ﬁr““’ﬁ W ___Elevation ;
AROWA WA Ao - 0~ (30, BC B wfr@; —
DA A o -’YT - Preliminary Condition Cla:,slcA T]_f':) -~
2B AR T T et Active Erosion; @C;@ml’ ,
eR 4 T T 1 None (“Slight Mod < Gully
AT AD H1 1\ 2 Stand for S e
< Il > or Site: Full % % % 1/10
O e M M A M LI s R
PN m_uhmmu‘{éw) i - T‘ .'n‘ Rating:
ARCI, S oat(R0) Steche
HD_,\,?:SL":'- 3 < \ Past Disturbances (X7 2 = .
T g Y T '
ST A F IS = . wca “"é*;”f”’m;g'”‘*f/ﬂva
ASE..A’Lf \ T Foliar Coverage ~ " Othe -
(REOS = _— _Fern and Fem Allies e B2,
\jrﬁézax\ = e f S Gy S.:‘UW““‘
e T : . /. Forbs ) e
PYTINES L’q T T 2 2. Half-shrubs o7 Grave
A QA A LA ehondion - - JELECRE
M NTAZ =1 1 . 10 _T__Boulder
LEER = W 0?—' = _ — Exposed Bear
:gaup q T _r_' ’q — Cryptograms
Mo v Ave. hei .
Z (YW ‘:\ 1 P :;thjht-ﬁ dt:mmam, marurs woody species (R
LU 1 Wil =4
SA X A 5 GueL = S-F
(EL:-P\ \ |
TOAR S Y ‘ FIELD NOTES:
DEANS |
MEEN \ - — W
c?\_:/.cob S L) ¢ 1) =1t || . o =
: 13\% GlU"\AQ— & = 1. q., q 0 — - ~ =
; eoEpoe do LT T 2 past use as 4 (;
: \ - PR tends” rou el Srexdef
slirees o (g Tl L gt il aw lfvodar
' Y 3 - AW -
ULV N HEs 2:{?;1 > \}U'—L. L &  eccadse of \r\lﬁg
ATC 2 _ ELPogal a5 :
MBS Sl \ Slosened ’ AR
' 31T \ d e he ve N
A (D/\\f\(a 1 T :
QUM AR IEaE2 (0-27-97
| AL

ey N/A



03l

sde i we

Check appropriate box in each category which best fits area being observed. Points may vary within eac

VIGOR

Desiranic grasses, forps and shrubs are vt

BOTous, snowing good heaith. These piants have goo.
(10 points) color 2nd produce abundant herbage. .
(6 points) Desirable grasses, foros and shrubs have moderate vigor. They are medium size with fair color
and produce moderate amounts of herbage. Some seed stalks and seed heads are present.
(2 points) Desirable grasses, forbs and shrubs have low vigor. They appear unheaithy with small size and
poor color. Portions of clumps or entire plants are dead or dying. Seed stalks and seed heads
&re non-existent excepe in protected areas. &
SEEDLINGS  Thers is scodling establishment of dcsirable prassce, Torss oo shrubs. Seedlings are present in
(10 points) open spaces between plants and along edges of soil pedestals. Few seedlings of invader or
undesirable plants are present.
(6 points) Some seedlings of desiranle grasses, forbs and shrubs may or may not be present in open spaces
between plants. Some seedlings of invader or undesirable plant species may or may not be present.
(2 points) Few if any seedlings of desirable grasses, foros and shrubs are being csmblished. Seedlings of
invader or undesirable piants are present in open spaces between plants.
SURFACE LITTER
(5 points) Surface litter is accumulating in place.
(3 poinis) Moderate movement of surface litter is apparent and deposited against obstacies.
(1 poinr) Very little surtace litter 1s remaining.
PEDESTALS There 15 littie visuai evidence of pedestailing. Those pedestals present are sloping or rounding
(5 points) and accumulating litter. Desirable forage grasses may be found along edges of pedestals.
(3 points) There 15 moderate pedestalling with no visual evidence of healing or detenoration. Smail rock
and piant pedestais may be occurring in flow pattems.
(1 point) Most rocks and piants are pedeswallea. Pedestals are sharpsided and eroding, often exposing
BYass roots.
SURFACE CRUSTING
(5 points) There is lintle visual evidence of surface crustng.
(3 points) There is moderate surrace crusung with no visual evidence of heaiing or detenoration.
(Note reason for cause)
(1 pomnt) Severe surtace crusung. (Note reason for cause)
RILLS AND GULLIES
(5 points) Gullies (including rills) may be present in stable condition with moderate sloping or rounded sides.
Perennials are establishing themselves on bortom and sides of channel.
(3 points) Guilies are weil developed with small amounts of active crosion. Some vegetation may be present.
1 point) Sharply incised V-shaped gullies cover most of the area with most of the guilies acuvely eroding.
Gullies are mostly devoid of perennial plants. They have fresh cutting on the bottorn.
e ————————————————————————— _'—'-———_-—_—n—.___
Total:_2/) Rating: 35-40 = Upward, 26-34=Static,  16-25 = Downward

Field Notes:




AOC RANGELAND ECOLOGICAL CONDITION CRITERIA

-

(at a community level)

CRITERIA GOOD FAIR POOR
Phase-+—. Soil Stability
T —
A - horizon _Present and distribution | Present but fragmented | Absent, or present only in
unfragmented distribution developing “association prominent
or buried partly _plants or with other
’_/_\ obstruction bunied
Ty
Pedestaling No pedestaling of plants /ed’estals present, but on Most plants and rocks

4

___—-—’/

or rocks ( mature plants only, no /| pedestaled; roots exposed
\ = — =
Rills and gullies Absent, or with blunted | Stfall, embryonic, and not]  Well defined, actively
and muted features connected into a dendritig” |expanding, dendritic pattern
- established

Scouring or sheet No visible scouring or—<Ratches-ef-are soil or re areas and scours well
erosion sheet erosion ( scours developing; veloped and contiguous;

W{ght EW erosion severe

4‘-—"—";‘_-—__\;
Sedimentation or dunes /Neﬁibte soil depaosition™, Soil accumulating around

lants or small obstructions

Soil accumulating in large
barren deposits ordunsor | .
- behind large obstructions;
obvious tailings present

=

/Phasé‘z—\\\ Plant Distribution
Distribution of plants  }”  Most plants well > Maost plant distribution Plants clumped, often in
(Sociability Class) ~ pdistributed across.site—"  becoming fragmented association with prominent

individuals; large bare
areas between clumps

Litter distnbution and niform across sit Some litter present of litter Litter largely absent

incorporation becoming associated with

: prominent plants or other

— ) obstructions
Rooting structure . munity structure™~]  Community structure Community structure
indicates rooting ndicates absence of roots | indicates rooting in only
( throughout the soil unit from portions of the soil | one portion of the soil unit
unit
Phase 3: Re

Age-class distribution

Distribution reflects all
species, seedlings
generally present

plants of some taxa
missing

eedlingsand young |

Few to No seedlings,
D primarily old or
eteriorating plants present

Plant vigor ™

Plants display normal

ome plants developing
abnormal growth form_

)nost plants in abnormal
growth form

Germination microsite

icrosites present and
distributed across the site

(

Developing crusts, soil

degrading microsites,
developing crusts are
fragile

movement, or other factors
N | =

Soil movement or crusting
sufficient to inhibit most
germination and seedling
establishment

AOC RECC
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Check appropriate box in each category which best {its area being observed. Points may vary within each utegol;y.

VIGOR Desirable grasses, forbs and shrubs are vigorous, showing good hedzh. These plants have good size,
(10 points) color and produce abundant herbage.
(6 points) Destrable grasses, forbs and shrubs have moderate vigor. They are medium size with fair color

and produce moderate amounts of herbage. Some seed stalks and seed heads are present.
(2pouiﬂ).

Desirable grasses, forbs and shrubs have low vigor. ﬁeyappurunheﬂ:hymthsmallslzcand
poor color. Pommofdnmpsorumrephmmdendordymg. Swdstalksandswdhuds
mm—eummmpmwmdm

-
SEEDLINGS There is seedling establishment of desirable grasses, forbs and shrubs. Seedlings are present in
(10 points) open spaces between plants and along edges of soil pedestals. Few seedlings of invader or
undesirable plants are present, )
(6 poants)

Someseedlmg;ofdsmhlemforbsmdshmbsmayormyuotbepmentmopenspanu
between plants. Somsedhnpofhvadcmmdmhiep!mtspwnmymmaymtbepm

(2 points) Fmdmysadlmpafdmnbhmfmmmsmbmgmbbshed. Seedlings of
mvudawmdmblephnsuemmupm spaces between piants.

B ——————

SURFACE LITTER

(S points) Surface litter is accumulating in place.

(3 points) Moderate movement of surface litter is apparent and deposited against obstacies.

(1 point) Very little surface fitter is remaining.

‘PEDESTALS There is little visual evidence of pedestalling. Those pedestals present are sioping ot rounding

(5 points) and accumulating litter. Desirable forage grasses may be found along edges of pedestals. -

(3 points) “There is moderate pedestalling with no visual evidence of heaiing or deterioration. Smail rock
and plant pedestais may be occurring in flow panerns.

(1 point) Most rocks and plants are pedestailed. Pedestals are sharpsided and eroding, often exposing

. grass roots.

| S —————

SURFACE CRUSTING

(S points) *  There is little visual evidence of surface crusting. -

(3 points) ’ Ther: is moderate surface crusting wﬂh no visual evidence of healing or deterioration.
(Note reason for cause)

(1 point) Severe surface crusting. (Note reason for cause)

RILLS AND GULLIES

(5 points) Gullies (including rills) may be present in stable condition wn.h moderate slopmg or rounded sxds.
' Perennials are mbhshmg themseives on bottom and sides of channel,

(3 points) Guilies are well developed with small amounts of active erosion. Some vegetation may be present.

1 point) ?harpiy incised V-shaped gullies cover most of the area with most of the gullies actively eroding.
Guilies are mostly devoid of perennial plants. They have fresh cutting on the bontom. .

Total: 33 Rating: 35-40 = Upward, 16-25 = Downward

Field Notes:
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AOC RANGELAND ECOLOGICAL counmou CRITERIA

(at a community lavel)
- — - HE 142
CRITERIA _ GOOD FAIR ’ . POOR
Phase 1: /s::_nmk
A - horizon Present and distribution | P but fra Absent, or present only in
: unfragmented ution develop “association prominent
buried . - plants or with other
' cbstruction - buried
Pedestaling No pedestahng of plams Most piants and rocks
or rocks pedestaled; roots exposed
Rills and gulies | Absent, or with blunted . Well defined, actively
and muted features g |expanding, dendritic pattem
' established
Scouring or sheet No visibie scouring or 'Bare areas and scours well|
erosion sheet erosion developed and contiguous;
_ erasion severa
Sedimentation or dunes | No visible soil deposition d) | Soil accumulating in large
' ' ' pris| barren deposits or duns of
| behind large obstructions; |
' v obvious tailings present
Phase 2: Plant Distribution
Distribution of piants Most piants well Q@ Plants clumped, often in
(Sociability Class) distributed across site ming fragm association with prominent
: : individuals; farge bare
Litter distribution and Uniform across site | Some litter presentofitter{  Litter targely absent
incorporation o , becoming associated with >
: prominent piants or oth
Rooting structure . mmunity structu Community structure Comrunity structure
indicates rooting indicates absence of roots |  indicates rooting in only
hout the soil fmm portions of the soil | one portion of the soil unit
Phase3:  Recove .
Age-class distribution | Distribution refiects ail Seedlings and young) “Few to No seediings,
. species, seedlings plantsofsome primarily old or
generany present _ deteriorating ptants p:sent
Plantvigor ~ | Plants dispiay nom Some piants developing | Most plants in abnormal
Germination microsite Hruosumsen’t and | Developi Soil movement or crusting
] distributed across the s{ rs| sufficient to inhibit most
: germination and seedling
establishment

AOC RECC -
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Check appropriate box in each category which best fits area being observed. Points may vary within each categery:-“<
o T S R Y Y e I T e T

VIGOR Dmblegnsu,forbsandshmbsmwgomshowmggoodhwm. These piants have good size,
{10 points) color and produce abundant herbage.

(6 points) Desirable grasses, forbs and shrubs havemodemevigor. They ar:medium size with fair color
and produce moderate amounts of herbage. Some seed stalks and seed heads are present.

2 points) Desirable grasses, forbs and shrubs have low vigor. They appear unheaithy with smail size and
poor color. Portions of clumps or entire plants are dead or dying. Seedsmlksandseedheads
mmnmmmpmteacdm

e ———— T ———

SEEDLINGS There is scedling estabiishment of desirable grasses, forbs and shrubs. Seedlings are present in

{10 points) open spaces between plants and along edges of soil pedestals. Few seedlings of invader or
undesirabe piants are present.

(6 points) Some seedlings of desirabile grasses, forbs and shrubs may or may not be present in open spaces
between plants. Some seedlings of invader or undesirable piant species may or may not be preseat.

(2 poin1s) ~ Few if any seedlings of desirable grasses, forbs and shrubs are being established. Seedlings of
invader or undesirable plants are present in open spaces between piants.

e g ——

SURFACE LITTER

(S points) Surface litter is accumulating in place.

(3 points) Moderate movement of surface litter is apparent and deposited against obstacies.

(1 point) Very little surface litter is remaining.

e —————— ‘
PEDESTALS There is little visual evidence of ped:nlhng.jll'hose pedestais present are sioping or rounding
(5 points) and accumuiating litter. Desirable forage grasses may be found along edges of pedestals. .

(3 points) There is moderate pedestalling with no visual evidence of healing or deterioration. Smali rock
and plant pedestals may be occurring in flow pattemns.
1 point) Most rocks and piants are pedumllm are sharpsided and eroding, often exposing
grass roots.
L —————————
SURFACE CRUSTING
(5 points) There is little visual evidence of surface crusting.
(3 points) There is moderate surface crusting with no visual evidence of healing or detenomnon.
{(Note reason for cause)
(1 point) Severe surface crusting. (Note reason for cause)
RILLS AND GULLIES
(5 points) Guilies (including rills) may be present in stable condition with moderate sloping or rounded sldes.
Perenniais are establishing themselves on bottom and sides of channel.
(3 points) Gullies are well developed with smail amounts of active erosion. Some vegetation may be present.
1 point) Sharply incised V-shaped gullies cover most of the area with most of the gﬁﬁu actively eroding.
Gullies are mostly devoid of perennial plants. They have fresh cutting on the bottom.
Totai:_| > Rating: 35-40 = Upward, 26-34=Static,  16-25 = Downward
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Check appropriate box in exch category which best fits area being observed. Points may vary within eac,

VIGOR Desiranle grasses, forps ana sarubs are VIgOrous, snowing good heaith. These piants have gooa

(10 points) coler and produce abundant herbage. .

(6 points) Desirable grasses, forps and shrubs have moderate vigor. They are ‘medium size with fair color
,Cl7 and produce moderate amounts of herbage. Some seed stalks and seed heads are present.

(2 points) Desirable grasses, forbs and shrubs have low vigor. They appear unheaithy with small size and
poor color. Portions of clumps or entire plants are dead or dying. Seed stalks and seed heads
are non-existent except in protected areas. :

SEEDLINGS There is seedling establishment of desirable grasses, forbs and shrubs. Seedlings are present in

(10 points) open spaces between plants and along cdges of soil pedestals. Few seedlings of invader or

. . undesirable piants are present.
% (6 points) Some seedlings of desirable grasses, forbs and shrubs may or may not be present in open spaces
between plants. Some seedlings of invader or undesirable plant species may or may not be present.

(2 points) Few if any seedlings of desirable grasses, forbs and shrups are being established. Seedlings of
invader or undesirable plants are present in open spaces between plants.

SURFACE LITTER

(5 points) Surface litter is accumulating in place.

3 ' (3 points) Moderate movement of surface litter is apparent and deposited against obstacles.

(1 point) Very little surrace litter is remaining.

PEDESTALS There 15 littie visual evidence of pedestailing. Those pedestals present are sloping or rounding

(5 points) and accumuiating litter. Desirable forage grasses may be found along edges of pedestals.

(3 points) There 1s moderate pedestailing with no visual evidence of heaiing or deterioration. Small rock
and plant pedestals may be occurring in flow pagterns.

3 (1 pount) Most rocks and piants are pedestalled. Pedestals are snarpsided and eroding, often exposing
grass roots.

SURFACE CRUSTING

(5 points) There is little visual evidence of surface crusting.

(3 points) There is moderate surface crusting with no visuai evidence of heaiing or deterniorauon.

3 ' (Nov.;\r;:oaifn for cause)

ensuging  Couew

(1 poiny) Severe surtace crusung. (Note reason for cause)
RILLS AND GULLIES
(5 points) Gullies (including rills) may be present in stable condition with moderate sloping or rounded sides.
\{ Perennials are establishing themseives on bortom and sides of channel.
(3 points) Gullics are well developed with small amounts of active crosion. Some vegetarion may be present.
1 point) Sharpty incised V-shaped gullies cover most of the area with most of the gullics acuvely eroding.
Guilies are mostly devoid of perenniai plants. They have fresh cutting on the bottom.
Tost: 29 Rating: 3540 = Upward, 25@}93«, 16-25 = Downward
Ficld Notes:
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AOC RANG

ELAND ECOLOGICAL CONDITION CRITERIA

or rocks

mature plants on

no | pedestaled; roots exposed

(at a community level) ~ 10

' K15 5] o
CRITERIA GOO0D FAIR POOR

Phase 1: oil Stakility
A - horizon Present and distributio Present but m Absent, or present only in
unfragmented distribution developing ) “association prominent
or buried partly plants or with other
obstruction buried

Pedestaling No pedestaling of plants Pedestals present, bufon Most plants and racks

Rills and gullies

Absent, or with blunted ~Snall, embryonic, and Mot

—_Well defined, actively
eﬁpanding, dendritic pattemn

and muted featu connected into a dendriti
established
Scouring or sheet No visible scouring or Bare areas and scours well
erosion sheet erosion scours developing; developed and contiguous;
/A erate or slighte n erosion severe
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Appendix B-1
Standard Operating Procedure for Foliage Sampling for Copper at Four Amendment Areas

Foliage was sampled in October 2013 at all four amendment pilot study areas, as well as at associated
reference areas, to evaluate concentrations of copper in above ground biomass. October 2013 reflects
five years after completion of construction activities associated with the Smelter/Tailing Soils Investigation
Unit Amendment Study plots, and the conclusion of monitoring activities consistent with the approved
Administrative Order on Consent — Amendment Study Work Plan, Smelter/Tailing Soil Investigation Unit
(ARCADIS 2008).

Species selection for copper concentration analysis was performed at the beginning of the pilot study on
March 20, 2008. The plant species are summarized below.

West amendment plot: purple loco (Oxytropis lambertii), blue grama (Bouteloua gracilis), Arizona three-
awn (Aristida arizonica), snakeweed (Gutierrexia sarothrae), sideoats grama (Bouteloua curtipendula)
North amendment plot: sideoats grama (Bouteloua curtipendula), vine mesquite (Panicum obtusum),
Arizona three-awn (Aristida arizonica)

Northeast amendment plot: sideoats grama (Bouteloua curtipendula), blue grama (Boutelous gracilis)
East amendment plot: snakeweed (Gutierrexia sarothrae), Aster sp., vine mesquite (Panicum obtusum)

However, not all species could be included at the end of the five-year pilot study in 2013 due to
decreases in abundance of some of these species within the amendment plots over time (i.e., Gutierrexia
sarothrae). When such changes were required, ARCADIS attempted to best reflect (1) dominant
perennial grass, forb, or shrub species within a plot, and (2) consistency of species across the four
amendment pilot study areas where possible. An inventory of samples collected on October 8 to 10,
2013 to be analyzed is included in Table 8, and summarized below.

West amendment plot: sideoats grama (Bouteloua curtifpendula), honey mesquite (Prosopis grandulosa),
red three-awn (Aristida purpurea)

North amendment plot: honey mesquite (Prosopis grandulosa), vine mesquite (Panicum obtusum),
sideoats grama (Bouteloua curtifpendula)

Northeast amendment plot: sideoats grama (Bouteloua curtifpendula), honey mesquite (Prosopis
glandulosa), vine mesquite (Panicum obtusum)

East amendment plot: golden crownbeard (Verbesina encelioides), honey mesquite (Prosopis
glandulosa), green bristlegrass (Setaria viridis), sideoats grama (Bouteloua curtifpendula), vine mesquite
(Panicum obtusum)

Vegetative material was collected for each selected species (Table 8) from random individuals across
each amendment area. The sampler randomly traversed each amendment area, collecting vegetated
material from multiple individuals. For smaller herbaceous species, entire plants were harvested by
cutting vegetative material just above the soil surface including seeds and fruits. For shrub species,
leaves, petioles, and fruit material were collected. This approach followed the same approach used in
2008 of combining all plant material, whether foliage or seeds. No woody material was sampled. All
samples were collected in brown paper lunch bags to keep samples dry and prevent molding. Each bag
was labeled with species name, sampling location, name of sampler, and date. Consistent with
laboratory requirements, approximately half of a standard size brown paper lunch bag was filled with
vegetative material. For each species, two paper bags were filled for each amendment area as well as
the associated reference areas.



Two samples were collected for each species. One sample was cleaned to remove soil and dust. The
other sample was compared to previous survey results because sample cleaning was not performed at
the beginning of the 5-year study.

Cleaning was performed by filling three stainless steel bowls with distilled water. Vegetative material was
placed in the first bowl and effectively stirred, allowing dust and dirt to fall off. This was done three times
in each of the bowls to facilitate an effective cleaning of the collected vegetative material. Following
washing, each sample was patted dry with paper towel and allowed to dry overnight. Once the samples
were dry, the materials were placed in new brown paper lunch bags and a desiccant package added to
each. All samples were sent overnight express to the laboratory for analysis.

Cleaning activities were performed on one sample to address the concern of dust and/or soil material
biasing the analysis. While previous analyses associated with the risk assessment were focused on any
copper that may accumulate through the food chain, the focus of this analysis is on only the uptake of
copper in above-ground biomass to evaluate the effectiveness of the amendments on the plant
community. Given the limited size of each amendment plot, dust collected on each plant likely did not
originate within only the amendment plot area. Therefore, these cleaned samples will provide a more
accurate evaluation of copper taken up and stored in above-ground vegetative material. In addition, the
data collected in 2013 will provide comparisons within each amendment area to samples collected in the
associated reference areas (no reference data were collected in March 2008).
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Appendix B-3
Quality of Vegetation Re-establishment

This appendix evaluates if the vegetation re-establishment has produced a community similar to the one
present prior to disturbance or is on an expected trajectory toward such a community. In contrast, the main
text of the report evaluates if the reduction in pCu improved the plant community for use as wildlife or
rangeland habitat.

Arcadis assessed the success of vegetation re-establishment following disturbance caused by the remedial
actions by examining the (1) relative proportion of life forms (annual/perennial, grass/forb/shrub), (2)
vegetation cover, (3) species diversity measures, and (4) native species composition in amendment versus
reference plots. These metrics were measured in both the circular subplots established for this study
(ARCADIS 2008a and ARCADIS 2011b) and in Closure/Closeout Plan (CCP) quadrats (Daniel B. Stephens
& Associates, Inc. 1999 and Chino 2007). Results obtained from the CCP quadrats were compared to
criteria as discussed in the text. This appendix provides more details on trends in these characteristics and
relates the results to literature on vegetation successional processes.

Tables and figures cited throughout the text are associated with the main report or Appendix B as noted.
1. Life Forms Established by End of 5-year Sampling Period in 2013

West Amendment Plot. In fall 2013, five years after amendments and/or tilling, the West amendment plot
contained relatively even proportions of annual and perennial forbs, perennial grasses, and shrubs
(Appendix B-10). Heterogeneity was high in this plot in fall 2013 as compared to earlier sampling periods
(e.g., fall 2010) when perennial grasses dominated and shrubs and annual species were sparse on the
sampling transects. The West plot is a control plot because it is untreated. However, the West plot does
not characterize conditions targeted after re-establishment for the amended East, Northeast, and North
plots because it is in the mixed grama herbaceous alliance (Newfields 2005), a different, more grass-
dominated vegetation alliance than the mesquite/grama alliance of the other three plots. Nonetheless, this
control plot shows vegetation shifts commonly occur naturally over time.

Northeast Amendment Plot. The untilled Northeast amendment plot represents the steeper slopes that are
in the mesquite-and grama-dominated vegetation alliance (called mesquite/grama alliance, Newfields
2005), an alliance that is dominated by mesquite. In 2013, this plot was mostly dominated by perennial
forbs and shrubs, life forms that were common in the plot prior to amendments (Appendix B-10). Notably,
perennial grasses were more common prior to amendment application than in later sampling periods up to
2013 (Figure 10). Annual forbs were more common in 2010 but decreased by 2013 (Appendix B-10,
Figure 8). These results suggest that re-establishment of the original proportions of the life forms,
particularly grasses, is still in progress.

North and East Amendment Plots. Both the tilled North and East amendment plots are also in the
mesquite/grama alliance but showed the opposite pattern in annual forbs from the Northeast amendment
plot; these plots were dominated by annual forbs (early successional species), which have been steadily
increasing over time (Appendix B-10, Figure 8). The trends in species composition in the North and East
amendment plots were expected, given the effects of clearing and tilling that occurred in conjunction with




the amendment application. The application of manure on the tilled plots can distribute seeds carried in the
manure, and may have contributed to the large quantity of two highly aggressive species, carelessweed
(Amaranthus palmeri) and golden crownbeard (Verbesina encelioides), which are potentially toxic to
livestock (Kingsbury 1964). Current trends indicate that it may be decades before the communities on the
tilled plots reach a more stable composition of perennial species, which is not unexpected (Romme et al.
2003, Daniel B. Stephens & Associates, Inc. 1999, and Chino 2007). Not applying manure may reduce the
percent of annuals, as seen on the Golf Course remediation area (ARCADIS 2014a) that used hydro mulch
seeding instead of manure, where percentage of cover in annual species after five years was reduced to
28 percent from 46 to 59 percent in the first year.

2. Vegetation Cover

East Plot. The criteria of increasing vegetative cover and reducing bare soil was met in the first year after
treatment for the East amendment plot (Figure 9a, Appendix B-13). The high cover levels of non-natives
such as Russian thistle (Salsola fragus) and other species that invaded the site helped to achieve this goal
(Table 15). Though vegetative cover decreased the following year due to decrease in non-native cover the
levels of cover then increased to very high levels by 2013 (Figure 9a and Figure 12) due in part to the
establishment of native species (Table 15). Some of the variability over time is due to the artifact of the
season sampled. Spring (sampled in 2008 and 2010) has lower cover compared to fall in this region (Table
9a). Figure 11 displays the change in vegetative cover between amendment and reference plots over time,
which reduces this confounding seasonal effect. The “difference in percent cover” in Figure 11 for cover
on the East plot shows a horizontal regression line fit to the data, indicating that the cover in the East
amendment plot did not significantly change over time after amendment/tilling relative to the reference plot
(both plots increased in cover post-amendment); however, overall cover was higher on the amended East
plot after amendments were applied.

North and Northeast Plot. In contrast to the East plot, the North amendment plot cover decreased relative
to its reference plot but eventually recovered. Of the four amendment plots, bare soil